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DETAILED DESCRIPTION OF THE INVENTION 

[020] The present invention provides improved sodium nonatitanate compositions, a 

method using the composition for recovery of 82Sr from irradiated targets, and a method using 

the composition for generating 82Rb. The sodium nonatitanate materials of the invention are far 

more selective at separating strontium from solutions derived from the dissolution of in-adiated 

target materials than current ion exchange resins used in· the production of 82Sr. The present 

invention reduces the number of processing steps required, and thus leads to a decrease in target 

processing times and a reduction in the cost of the 82Sr product. Waste generation and disposal 

are also decreased. 

[021] According to the present invention, synthetic conditions are adjusted to produce a 

material with improved properties more applicable to 82Sr processing. The sodium nonatitanate 

of the present invention has been found to have a very low affinity for rubidium in addition to an 

exceptionally high affinity for strontium, making it ideal for use as a replacement for the hydrous 

tin dioxide used in current 82Rb generators. Sodium nonatitanate materials of this type will both 

impmve the retention of 82Sr and lead to a safer, more effective 82Rb generator system for clinical 

applications. 

[022] Sodium nonatitanate, Na4 Ti90 20xH20, is an inorganic ion exchange material that 

has been used for the removal of 90Sr from neutral and alkaline nuclear wastes. The sodium 

nonatitanate of the present invention has a number of advantages over conventional organic ion 

exchange resins (e.g., Che lex 100) that include: very high selectivity for trace levels of strontium 

in the presence of molar concentrations of other ions at alkaline pH; very low affinity for 

rubidium; excellent radiation, chemical and thermal stability so that there is no release of 

contaminants (e.g., Ti) into the 82Rb product; rapid reaction kinetics; high cation exchange 

capacity; absorbed ions are readily stripped by treatment with dilute mineral acid allowing the 

sodium nonatitanate to be recycled, if desired; scale up of similar synthesis has already been 

demonstrated; and the sodium nonatitanate powder can be manufactured into pellets appropriate 

for column operations. Other chemically related sodium titanate materials suitable for use in the 

same manner as the aforementioned sodium nonatitanate (N~Ti9020xH20) include other titanate 

materials exhibiting high Sr affinity and low Rb affinity, including Sr-Treat (available from 

Selion Oy) and monosodium titanate (available from Boulder Scientific) It is also anticipated 

that analogous zirconates may exhibit similar properties. 
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[023] The invention also provides important improvements in the processing of 

irradiated targets to recover 82Sr. Sodium nonatitanate has a much greater affinity for 82Sr than 

currently used ion exchange resins, and a low affinity for other radioactive isotopes. 

Consequently, the use of sodium nonatitanate greatly simplifies the extraction process by 

reducing the number of separation steps that are required to produce chemically pure 82Sr. Thus, 

targets can be processed more rapidly and the recovery of 82Sr improved. Improved isotope 

selectivity may also facilitate the isolation of other useful isotopes from the targets, leading to 

greater payback from target processing operations. 

[024] Furthermore, less than 1 g of sodium nonatitanate material is needed in a 82Rb 

generator and 1 kg of this material is expected to be sufficient to process a large number of 

targets, even if the sodium nonatitanate material is not recycled and is disposed of after one use. 

Consequently, the additional cost incurred by the use of sodium nonatitanate will be negligible in 

comparison with the cost savings achieved in the 82Sr production. 

[025] It has been determined that replacing hydrous tin dioxide with sodium 

nonatitanate reduces the amount of 82Sr released during the operation of the 82Rb generator, 

thereby reducing the exposure of the patient to 82Sr. Sodium nonatitanate is also more 

chemically stable and less likely to leach non-radioactive contaminants into solution during 

operation of the generator. The sodium nonatitanate is also more amenable to recycling since the 

82Sr can readily be stripped with mineral acid without producing additional impmities. 

Recycling of 82Sr generators is already being used as a source of additional 82Sr, and 

improvements to the recycling procedure (obtained by using a superior ion exchange material) 

will facilitate the recovery of 82Sr from this source. 

[026] Although the sodium nonatitanate may be used as a direct replacement for 

hydrous tin dioxide in the 82Rb generator, it is also possible to use sodium nonatitanate in the 

form of a disposable add-on filter that could be used to trap any 82Sr that is leached from the 

generator during the production of 82Rb. 

[027] The first step in preparing a 82Rb generator is to load the parent 82Sr onto the 

sodium nonatitanate material and place the ion exchange material into a suitable column. It is 

essential that sufficient time be allowed for the 82Sr to be absorbed by the sodium nonatitanate 

material in order to maximize the loading of the parent radioisotope per gram of ion exchange 

material. 
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[028] For an 82Rb generator, the sodium nonatitanate may be loaded into the column and 

then loaded with 82Sr although this method results in depositing a disproportionate amount of the 
82Sr at the top of the column with the remainder of the column remaining as a guard bed to 

collect any 82Sr that migrates down the column. Alternatively, the sodium nonatitanate may be 

loaded with 82Sr before being placed in an ion exchange column to avoid preferentially loading 

the 82Sr on the top of the ion exchange. A high concentration of radioactivity on a very small 

volume of sodium nonatitante may result in undesirable radiolytic problems. Although sodium 

nonatitanate has been shown to be highly resistant to radiation damage, it is always considered 

prudent to avoid any unnecessary radiation exposure. 

[029] In the medical field, use of the 82Rb generator preferably provides a saline solution 

that can be intravenously injected into a patient as an imaging agent at a pH of between about 4.5 

and about 7. To achieve the desired pH range of the eluted 82Rb solution, a neutralization step 

may be performed on the sodium nonatitanate to lower the pH of the sodium nonatitanate. An 
82Rb generator having sodium nonatitanate that has not been neutralized to a lower pH produces 

an 82Rb eluate solution having a higher pH than is desired for an injectable pharmaceutical in the 

medical field. For example, using a normal saline eluant having an initial pH of about 7.6 to 

elute 82Rb from an 82Rb generator having sodium nonatitanate that has not been neutralized to a 

lower pH can produce an eluate with a pH as high as 9.5. Even though over time the pH of the 

eluate slowly declines as more eluant is run through the generator, it is preferable and more 

efficient that the 82Rb eluate produced from the generator is immediately suitable for medical 

use. In one experiment, it was determined that a 2.92 g alkaline nonatitanate column required 

about 44 L of pH 6.2 saline eluant throughput to lower the pH level of the eluate to within the 

desired pH range. However, the use of such a high volume of eluant before the 82Rb solution is 

produced at a desired pH level is unacceptable. 

[030] The neutralization step added to the nonatitanate synthesis effectively lowers the 

pH of the ion exchanger and provides an 82Rb solution having the desired pH range from the first 

use of the generator. The neutralization step includes adding an acid to the final stage of the 

nonatitanate synthesis. This neutralization step has no significant effect on the high separation 

factor that the nonatitanate possesses for strontium and rubidium as required for use in an 82Rb 

generator. However, using the sodium nonatitanate that has been neutralized to a lower pH 

results in an 82Rb product having an acceptable pH difference of less than one pH unit between 

the eluant and the eluate. 
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[031] The neutralization step includes resuspending the sodium nonatitanate product in 

a liquid and then adding an acid to lower the pH to between about 7 and about 9, preferably 

between about 7.2 and about 8.5. The pH is more preferably lowered to between about 7.5 and 

about 8.3 and most preferably to between about 7 .8 and about 8.2. Sodium nonatitanate is 

partially neutralized by contacting the sodium nonatitanate product with the acidic liquid. The 

product may be centrifuged, the supernatant poured off, and, if desired, the process repeated to 

neutralize the sodium nonatitanate product again to obtain the target pH. The liquid may be any 

suitable liquid such as normal saline, dilute sodium chloride, water or preferably, deionized 

water. Any strong acid may be added to lower the pH such as, for example, nitric acid, sulfuric 

acid, or preferably hydrochloric acid. 

[032] It is important to maintain the pH of the sodium nonatitanate above a minimum 

pH during the neutralization step because lowering the pH below neutral also lowers the 

separation efficiency of Sr/Rb. There is a correlation shown in between pH and the uptake of 

both 85Sr and 82Rb. At high pH, the uptake of 85Sr is high while the uptake of 82Rb is low. At 

pH between about 6 and about 7, the uptake of 85Sr starts to decrease while the uptake of 82Rb 

remains the same or slightly increases. At pH values lower than about 4, the affinity for 85Sr 

decreases dramatically. 

[033] As the pH of the equilibrium saline solution passing through the column 

increases, the nonatitanate affinity for the strontium increases while the affinity for the rubidium 

decreases. Therefore, lowering the pH of the produced nonatitanate by performing a neutralizing 

step at the end of the method of producing the nonatitanate results in generator having a shorter 

life. To optimize the life time and separation efficiency, either the neutralization step may be 

omitted or a less complete neutralization step may be performed to achieve a lesser degree of 

neutralization. 

[034] Optionally, an adjustment may be made to the pH of the eluate product obtained 

from the nonatitanate column that was produced without a neutralization step or was only 

slightly neutralized during the neutralization step. If the eluate product from the generator has a 

pH above the desired range, the pH of the eluate product may be decreased to the desired pH 

range by adding an acid. Acceptable acids include any acid suitable for neutralizing the eluant 

without rendering the neutralized eluant unsuitable for injection into a patient during a medical 

procedure as known by those having ordinary skill in the art. Suitable acids woul~ include, for 
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example, hydrochloric acid (HCl) and acetic acid (CH3COOH). HCl is preferred because the salt 

produced by the neutralizing reaction is NaCl, which is already present in the solution. 

[035] The acid may be added automatically to adjust the pH or the acid may be added 

manually. A pH meter preferably measures the pH of the eluate product. Alternatively, other 

means, such as pH indicating strips, may be used to measure the pH of the eluate. Preferably a 

pH meter monitors the pH of the eluate as the acid is added to obtain the eluate target pH of 

between about 4.5 and about 7. The acid may be added using a gravity system to drip or pour the 

acid into the eluate. Alternatively, a pressure system, such as a syringe, a pump or a gas 

pressurized system may be used to add the acid to the eluate. When the acid is added 

automatically, a controller monitors the output signal from a pH meter and adjusts a valve or a 

pump rate to add the amount of acid necessary to obtain the eluate target pH. If adjusted 

manually, acid may be added to the eluate by an operator, preferably in pre-packaged amounts, 

until a pH meter or indicator strip indicates that the target pH has been achieved. Preferably, the 

acid is added automatically to the eluate as the eluate flows from the column. 

[036] The size of the sodium nonatitanate particles used in the generator is an important 

factor. The use of large particles of sodium nonatitanate in a column provides low flow 

resistance of the eluant through the column but large particles cannot be packed into a column or 

elutable container as densely as smaller particles may be packed. Furthermore, large particles 

create long diffusion paths over which the 82Rb generated by the decay of 82Sr atoms located 

deep in the particle must travel while diffusing from the centers of the large particles. In 

contrast, fine particles of sodium nonatitanate permit more material to be packed into a column 

of a given volume and provide shorter diffusion paths out of the particles, but the fine particles 

produce greater flow resistance to the eluant during the elution of the 82Rb from the generator. 

[03 7] Therefore, the 82Rb generator preferably includes smaller particles of sodium 

nonatitanate because the shorter diffusion path allows the particles to equilibrate with the eluant 

more quickly and because the smaller particles pack more densely into a column of a given size. 

Both of these factors together promote the elution of 82Rb using a small volume of saline solution 

as the eluant and obtaining a high concentration of 82Rb in the eluate. Preferably, the particles of 

sodium nonatitanate are made as small as possible without causing excessive back pressure from 

the flow of the eluant through the column. Preferably, the size of the particles used in the 82Rb 

generator range between about 50 µm and about 200 µm. More preferably, the particle size of 
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the sodium nonatitanate is between about 75 and about 150 µm and most preferably between 

about 7 5 and about 100 µm. 

[038] Low porosity is a preferred characteristic of the sodium nonatitanate particles for 

use in the 82Rb generator of the present invention. If the particles are highly porous, much of the 

parent 82Sr deposits within the pores, which creates a longer diffusion path for the 82Rb to diffuse 

from the pores into the saline eluant. The 82Rb generated from the 82Sr deposited deep within a 

pore continues to decay while diffusing from the pore into the eluant stream, which results in a 

loss of the generated 82Rb and thereby, a lower 82Rb yield. 

[039] The column aspect ratio is a factor that contributes to the optimum operation of 

the 82Rb generator of the present invention. The aspect ratio of a column is the column length 

over the column diameter. Increasing column length at constant diameter provides for greater 

retention of 82Sr and thereby minimizes the amount of leached 82Sr in the final eluate product. 

However, as the column length increases, total pressure drop through the column increases, 

causing higher back pressure at the inlet to the column. The column aspect ratio affects the 

properties of the 82Rb generator even at constant column volume and sodium nonatitanate mass. 

[040] A long, narrow column having a high aspect ratio offers greater resistance to the 

flow of the eluant and generates a higher backpressure at the inlet to the column. Because the 

velocity of a given volume of eluant is higher in a column having a high aspect ratio, the flow 

through the column having a high aspect ratio is more turbulent, which increases mixing within 

the eluant stream. Comparatively, a short, wide column having a low aspect ratio operates with a 

lower velocity of a given volume of eluant through the column and operates at lower pressure 

drop with less mixing. However, channeling through the bed can occur at low velocities 

resulting in the eluant bypassing some of the ion exchange material and providing a lower yield. 

While a wide range of column aspect ratios are acceptable, preferably, without limitation, the 

aspect ratio may be between about 4 and 50, more preferably between about 6 and about 20. 

[041] Preferably, the column or other elutable container is not loaded with uniform 

material over its entire length. The portion of the column closest to the generator outlet 

preferably holds sodium nonatitanate containing no 82Sr, serving as a guard bed to intercept any 
82Sr or 85Sr released from the generator. By intercepting and capturing any released 82Sr and 85Sr, 

the product eluant is safe for use as an 82Rb tracer. The guard bed may be formed with sodium 

nonatitanate that was produced without the neutralization step so that the affinity to capture 

strontium is at its highest level and the affinity to capture rubidium is at its lowest level. 
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Optionally, the guard bed may be placed in a second separate container, receiving the eluate from 

the outlet of the generator, to filt~ any strontium from the eluant eluted from the 82Rb generator. 

Alternatively, a guard bed may be installed in the generator as described above coupled with a 

separate filter containing sodium nonatitanate as an added precaution. 

[042] Optionally, the sodium nonatitanate may be supported on the surface of a non

porous support. Placing the sodium nonatitanate in a thin layer on a non-porous support provides 

the advantage of placing all of the sodium nonatitanate in close contact with the eluant, thereby 

minimizing the length of the diffusion path of the 82Rb from the nonatitanate to the eluant. 

Suitable non-porous support materials include inorganic materials that are not damaged in a high 

radiation field, such as fiberglass, fine glass beads, ceramics, and other similar materials known 

to those skilled in the art. It is critical that any material chosen for this function does not release 

anything into the eluate that could contaminate the product. 

[043] The examples that follow disclose the methods and materials for the 82Rb 

generator. Examples 12-18 further disclose the nonatitanate neutralized to a lower pH for 

providing an eluate having a pH within the desired range. 

EXAMPLES 

[044] These Examples investigated the suitability of sodium nonatitanate for the use in 

separating 82Sr from irradiated targets and in the construction of an 82Sr/82Rb generator. Initial 

batch experiments compared the rubidium and strontium selectivities of a number of different 

sodium nonatitanate samples with commercially available ion exchange materials (e.g., AW 500, 

Chelex 100) and some experimental materials that had also exhibited high strontium selectivities 

(e.g., sodium titanosilicate). Column experiments were then performed using target simulants 

and generator simulants on materials that exhibited favorable selectivity characteristics. Some 

work was also performed to investigate the likely interference from other isotopes present in 

irradiated targets on the production of 82Sr. 

Example 1 - Preparation of Sodium Nonatitanate 

[045] Sodium nonatitanate (NaTi) was synthesized hydrothermally as follows. 77.5 g of 

titanium isopropoxide was added to 84.35 g of a 50 wt% solution ofNaOH with vigorous stirring 

and 60 mL of deionized water was added. The resultant gel was heated at approximately 108 °C 
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for 3 hours, transferred to a hydrothermal pressure vessel with an additional 90 mL of deionized 

water, and heated at either 170 °C or 200 °C for times ranging :from 21 hours to 1 week. After 

the allotted time, the materials were filtered, washed with .ethanol to remove residual base and 

dried at 60 °C. The mass of sodium nonatitanate prodU:?ed was approximately 31 g. Each 

sample was characterized using x-ray powder diffractiofr (XRD). The reaction is outlined in 

Equation 1. 

[046] The crystallinity of the material was shgwn to be dependent upon the reaction 

time and temperature, with the most crystalline materials being produced after 1 week of 

hydrothermal treatment (200 °C for 7 days). Samples that received no hydrothermal treatment, or 

only a few days, were virtually amorphous with only a few very broad reflections visible on the 

XRDpattem. 

[047] The theoretical cation exchange capacity (CEC) of sodium nonatitanate is quite 

high and has a value of 4.74 meq/g, which compares favorably with organic ion exchange resins. 

[048] Alternative titanium salts that could be used to manufacture sodium nonatitanate 

include titanium tetrachloride, TiC14, and titanium sulfate, TiOS04.xH2S04.yH20. However, 

hydrolysis of these salts leads to the generation of hydrochloric acid and sulfuric acid, 

respectively, and thus additional base is required to neutralize the acids during the hydrothermal 

process. The final product also needed to be exhaustively washed to remove residual sodium 

chloride or sodium sulfate. Consequently, titanium isopropoxide (which hydrolyzes to form 

propanol) or titanium dioxide Ti02 is the preferred starting material because the final product is 

:free :from additional sodium salts. 

Example 2 - Determination of Strontium Selectivity 

[049] Sodium nonatitanate and a variety of other ion exchange materials were obtained 

and evaluated for use in the separation of 82Sr :from targets and in a 82Rb generator. These 

materials are described below in Table 1. 
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T bl 1 Ch a e - aractenstics o fl E h on xc ange Mt . I E 1 aena s va uate d. h" s d 1ll t IS tu lY 
Material Source Sample Preparation 

Na-Clinoptilolite GSA Resources, AZ, Ground to powder. 
AWSOO Aldrich (1.6 mm Pellets) Ground to powder 
Hydrous Sn02 Synthesized in house NaOH + SnC14 . Washed with 

acetic acid/sodium acetate buffer 
K + Pharmacosiderite Synthesized according to literature None. Used as synthesized 
(K3H(TiO)iSi04)3.4H20) method 
Sodium Titanosilicate Synthesized according to literature None. Used as synthesized 
(Na2Ti203Si04.2H20) method 
AG 50W-X8 (Na+) BioRad. Strong acid ion exchange Converted to Na+ form 
(25 - 50 Mesh) resin. (for alkaline solutions only) 
Chelex 100 (Na+) BioRad. Chelating resin with None. Used as received 
(50 - 100 Mesh) iminodiacetic acid functionality 
Sodium Nonatitanate Honeywell, IL None. Used as received 
Hydrous Si02 Synthesized in house Acetic acid hydrolysis of 

tetraethyl orthosilicate. Washed 
withH20 

Hydrous Ti02 Synthesized in house Hydrolysis of titanium 
isopropoxide. Washed with H20 

Hydrous Zr02 Synthesized in house ZrOClz + NaOH. Washed with 
deionized water 

[050] The strontium selectivity of the ion exchange materials of Table 1 was evaluated 

in sodium chloride and rubidium chloride solutions using radiotracer techniques. Samples were 

evaluated using a simple batch teclmique to allow the rapid screening of a large number of 

materials over a range of ionic strengths. Blanks were run for each matrix to check for any loss 

of strontium during filtration or absorption of strontium onto the scintillation vials. In all 

solutions evaluated, strontium absorption was negligible. 

[051] 0.05 g of each of the ion exchange materials was contacted with 10 mL of a 

solution, spiked with 89Sr, in a capped scintillation vial. (The total strontium content was 

approximately 1.6 ppm, thus preventing any loss of strontium in solution due to precipitation of 

sparingly soluble Sr(OH)2 at alkaline pH values.) The mixtures were shaken for 6 hours, filtered 

through a 0.2 µm syringe filter and the residual activity determined using liquid scintillation 

counting (LSC). Distribution Coefficients (K<I values) were then determined according to 

Equation 2: 

Ki= (Ai -Ar) I Ar* V/m (2) 

where: Ai= initial activity in solution (counts per minute (cpm)/mL) 

Ar= final activity in solution ( cpm/mL) 
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[052] The final pH of the solution was also noted. The period of 6 hours was chosen to 

allow equilibrium to be reached for each of the ion exchange materials. However, previous work 

on the titanosilicates and titanates had shown the reaction rates to be rapid with the majority of 

the uptake occurring in only a few minutes. The concentration of the chloride solutions was 

varied from lM to O.OOlM to evaluate the effect of increasing Rb+ and Na+ concentrations on the 

uptake of Sr2+. All experiments were performed in duplicate, and if significant variations 

between duplicate samples occurred, the experiments were repeated until good agreements on the 

l«) values were obtained. The results are shown in Tables 2 and 3 and represented the average Ket 

obtained, quoted to 3 significant figures. 

Table 2 - Strontium Selectivity Data from Unbuffered Sodium Chloride Solutions 

Ion Exchange Material 

Na-Clinoptilolite 
AW500 
Hydrous Sn02 
K + Pharmacosiderite 
Sodium Titanosilicate 
AG50W(Na+) 
Chelex 100 (Na+) 
NaTi (Honeywell) 
NaTi (No hydrothermal) 
NaTi (l 70°C, 2lhr) 
NaTi (l 70°C, 3d) 
NaTi (170°C, 7d) 
NaTi (200°C, 2lhr) 
NaTi (200°C, 3 d) 
NaTi (200°C, 7d) 
Zr02 

K.tmUg 
lMNaCI 

8 
1,860 

767 
18,300 

556,000 
32 

610 
80,600 

1,530,000 
1,030,000 

959,000 
167,000 
439,000 
261,000 
195,000 

3,360 

O.lMNaCl 
124 

88,300 
43,000 

251,000 
273,000 

3,380 
26,400 

1,030,000 
2,570,000 
1,240,000 

633,000 
834,000 

1,390,000 
898,000 
955,000 

52,200 

14 

O.OlMNaCl 
3,260 

1,270,000 
124,000 
594,000 
119,000 
365,000 
726,000 
258,000 
739,000 
272,000 
218,000 
264,000 
197,000 
251,000 
265,000 
213,000 

O.OOlMNaCl 
36,900 

1,210,000 
51,800 

281,000 
42,900 

2,510,000 
1,300,000 

166,000 
372,000 
172,000 
93,100 
90,400 

120,000 
158,000 
214,000 
232,000 
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Table 3 - Strontium Selectivity Data from Unbuffered Rubidium Chloride Solutions 

Material Krt mL/g 
lMRbCI O.lMRbCI O.OlMRbCI O.OOlMRbCI 

Na-Clinoptilolite 19 3 88 11,000 
AW500 9,750 107,000 1,020,000 1,280,000 
Hydrous Sn02 766 66,100 104,000 51,800 
K + Pharmacosiderite 1,950 40,800 419,000 427,000 
Sodium Titanosilicate 12,600 94,700 164,000 179,000 
AG-SOW (Na+) 44 3,870 237,000 800,000 
Chelex 100 (Na+) 1,580 38,400 555,000 977,000 
NaTi (Honeywell) 13,900 108,000 279,000 324,000 
NaTi (No hydrothermal) 14,220 116,000 345,000 429,000 
NaTi (170°C, 21hr) 10,500 71,700 193,000 205,000 
NaTi (170°C, 3d) 15,100 39,500 68,000 95,200 
Na Ti ( 170°C, 7 d) 23,000 55,800 31,200 110,000 
NaTi (200°C, 2 lhr) 11,000 66,400 110,000 103,000 
NaTi (200°C, 3 d) 10,600 56,800 146,000 158,000 
NaTi (200°C, 7d) 10,500 57,400 146,000 158,000 
Zr02 3,000 42,400 184,000 221,000 

[053] Comparing the selectivity data from sodium and rubidium solutions, it is evident 

that rubidium ions cause a reduction in affinity for the strontium ion for all of the exchangers 

indicating that the affinity of these materials for rubidium is significantly higher than the affinity 

for sodium ions. The pH of the final solutions was generally alkaline for the nonatitanates 

(NaTi) and titanosilicates, with pH values as high as 12 being measured. This was due to 

hydrolysis of the exchangers resulting in the absorption of protons and the release of sodium 

ions, thus increasing the pH of the aqueous phase. This effect can be overcome, if desired, by 

buffering the solution. 

[054] The most distinct trend was observed in lM NaCl solutions for the sodium 

nonatitanate samples. The highest Kc! was observed for the non-hydrothermal material and the 

~ values decreased with increasing reaction time for both the 200 °C and 170 °C materials. 

Clearly, strontium uptake is facilitated by having a low-crystallinity material. This suggests that 

as the crystallinity increases and the size of the nonatitanate crystallites also increases, it becomes 

thermodynamically less favorable for exchange of the sodium ions by strontium. It is also 

interesting to note that the majority of the sodium nonatitanates exhibit a higher selectivity for 

strontium in lM NaCl than in O.OOlM NaCL This indicates that the higher ionic strength 

facilitates the Na+/Sr2+ exchange reaction and more than compensates for the increased 

competition for the ion exchange sites from the additional Na+ ions. 
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[055] This data shows that sodium nonatitanate is an ideal material for the recovery of 
82Sr from irradiated rubidium and rubidium chloride targets and in the manufacture of a 82Rb 

generator. 

Example 3 - Rubidium Selectivity from NaCl Solutions 

[056] For an ion exchange material to be suitable for use in a 82Rb generator, it must 

have a very high selectivity for strontium to prevent any loss of 82Sr from the ion exchange 

column and release to the patient undergoing a PET scan. This propelty was clearly 

demonstrated in Example 2. It must also have a very low selectivity towards rubidium, thus 

allowing 82Rb to be released into solution as saline is passed through the 82Rb generator. 

Consequently, the rubidium selectivity of the ion exchange materials was evaluated in sodium 

chloride media following the procedure described in Example 2. The same procedure was 

followed using 86Rb to spike the solutions to give an activity of approximately 200,000 cpm/mL. 

Total rubidium in solution was < 0.05 ppm. The distribution coefficients of the materials are 

shown below in Table 4. 

T bl 4 R b.d. S 1 . . D fr U b f:D d S d. Chl .d S I . a e - u 1 mm e ectiv1ty ata om nu ere o mm on e o ut10ns 
Ion Exchan2e Material lMNaCI O.lMNaCI O.OlMNaCI O.OOlMNaCI 

AW500 116 620 4920 21900 
Hydrous Sn02 1 6 36 290 

K + Phannacosiderite 148 475 2030 4020 
Sodium Titanosilicate 8,010 194,000 114000 75800 

AG50W(Na+) 7 75 688 6680 
Chelex 100 (Na+) 3 8 43 256 
NaTi (Honeywell) 9 102 488 817 

NaTi (No hydrothermal) 4 59 280 446 
NaTi (170°C, 21hr) 9 56 209 297 
NaTi (1700 C, 3d) 7 46 198 311 
NaTi (170°C, 7d) 3 15 47 71 

NaTi (200°C, 21hr) 8 79 334 502 
NaTi (200°C, 3d) 8 52 207 307 
NaTi (200°C, 7d) 4 25 111 178 

Zr02 1 12 60 154 
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T bl A S b a e4 - trontmm-Ru idium s eparat10n F actor 
Ion Exchant?:e Material lMNaCI O.lMNaCI O.OlMNaCI O.OOlMNaCI 

AW500 16.0 142 258 55.3 
Hydrous Sn02 767 7,167 3,444 179 

K + Pharmacosiderite 124 528 293 69.9 
Sodium Titanosilicate 69.4 1.41 1.04 0.57 

AG50W(Na+) 4.57 45.1 531 376 
Chelex 100 (Na+) 203 3,300 16,884 5,078 
NaTi (Honeywell) 8,956 10,098 529 203 

NaTi (No hydrothermal) 382,500 43,559 2,639 834 
NaTi (170 C, 2lhr) 114,444 22,143 1,301 579 
NaTi (170 C, 3d) 137,000 1,370 1,101 299 
NaTi (170 C, 7d) 55,667 55,600 5,617 1,273 

NaTi (200 C, 21hr) 54,875 17,595 590 239 
NaTi (200 C, 3d) 32,625 17,269 1,213 515 
NaTi (200 C, 7d) 48,750 38,200 2,387 1,202 

Zr02 3,360 4,350 3,550 1,506 

Table 4B - Percent Rubidium Retention Generated on 0.1 g of Exchanger in NaCl Solution 
Ion Exchan2e Material lMNaCI O.lMNaCI O.OlMNaCI O.OOlMNaCI 

AWSOO 18.8 55.4 90.8 97.8 
Hydrous Sn02 0.2 1.2 6.7 36.7 

K + Pharmacosiderite 22.8 48.7 80.2 88.9 
Sodium Titanosilicate 94.1 99.7 99.6 99.3 

AGSOW(Na+) 1.4 13.0 57.9 93.0 
Chelex 100 (Na+) 0.6 1.6 7.9 33.9 
NaTi (Honeywell) 1.8 16.9 49.4 62.0 

N aTi (No hydrothermal) 0.8 10.6 35.9 47.1 
NaTi (170 C, 21hr) 1.8 10.1 29.5 37.3 
NaTi (170 C, 3d) 1.4 8.4 28.4 38.3 
NaTi (170 C, 7d) 0.6 2.9 8.6 12.4 

NaTi (200 C, 2lhr) 1.6 13.6 40.0 50.1 
NaTi (200 C, 3d) 1.6 9.4 29.3 38.0 
NaTi (200 C, 7d) 0.8 4.8 18.2 26.3 

Zr02 0.2 2.3 10.7 23.5 

[057] From the data in Table 4, it is clear that the all of the sodium nonatitanate 

materials have a very low affinity for rubidium, particularly in the presence of relatively high 

amounts of sodium ions. In general, the rubidium selectivity decreased with increasing reaction 

time for both series of nonatitanates (170 °C and 200 °C) with the lowest affinity being 

demonstrated by the sample that was heated hydrothermally at 170 °C for 1 week. Uptake was 

negligible in lM NaCl and the very low reduction in activity that was noted could be accounted 

for by absorption of rubidium during :filtration and by pipetting errors during the counting 

procedure. Consequently, samples with l«I values that were below 10 mL/g can be considered to 

17 

1272 of 2568



WO 2006/135374 PCT/US2005/025605 

have no affinity at all for 86Rb. Some rubidium uptake was evident in very dilute sodium 

solutions, but the Kd values were low for all of the titanate samples. This suggests that the 

uptake of rubidium was more likely due to the materials having an exceptionally low affinity for 

sodium rather than any real affinity for rubidium. All of the sodium nonatitanate materials 

performed better than the commercially available sample obtained from Honeywell, Inc. The 

materials are clearly ideal for use in a 82Rb generator. 

[058] Hydrous tin dioxide exhibited some of the lowest rubidium affinities and was 

comparable with Chelex 100, the best of the nonatitanates and the hydrous zirconium dioxide. 

However, hydrous tin dioxide exhibited much lower strontium l<-0 values than the nonatitanates. 

Therefore, nonatitanate materials are preferred because they have higher strontium/rubidium 

separation factors. Hydrous tin dioxide also has a limited pH stability range and significant 

dissolution and release of absorbed strontium is likely to occur should any significant pH 

perturbations occur outside the range of pH 4 to pH 9. Radiation stability of hydrous tin dioxide 

is also limited, with particle breakdown causing current 82Rb generators to be replaced before 

decay has reduced the 82Rb below useable levels. 

[059] The rubidium selectivity data also indicates that AW500, potassium 

Pharmacosiderite and the sodium titanosilicate have a strong affinity for rubidium in a range of 

saline solutions. Consequently, these materials will be unsuitable for use in a 82Rb generator 

and have only limited applications in the processing of irradiated target materials. 

Example 4 - Strontium and Rubidium Selectivity in O.lM Sodium Acetate/Acetic Acid Buffer 

[060] In order to prevent hydrolysis reactions from raising the pH as described above, 

some strontium and rubidium selectivity experiments were performed in a O. lM sodium acetate I 

acetic acid buffer solution. In these tests, the final pH remained between 5.2 and 6.3, which is a 

more clinically acceptable pH for an 82Rb infusion. Rubidium l<-0 values remained low, as 

expected, following the trend observed in Table 5. Strontium l<-0 values were considerably lower, 

with a maximum l<-0 value of 80,000 mL/g being obtained for the sodium nonatitanate sample 

that was heated hydrothermally at 170 °C for 21 hours. This is considerably lower than the l<-0 

value of over 1,200,000 mL/g that was obtained in unbuffered O.lM NaCl (pH~ 12). The l<-0 

values obtained for the other ion exchange materials were also considerably lower. However, the 

Sr/Rb separation factors remained high and the sodium nonatitanates still outperformed hydrous 
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tin dioxide and the organic ion exchange resins. The affinity of sodium nonatitanate for 

strontium is greatest at higher pH values. 

Example 5 - Molybdenum Targets 

[061] The basic steps of a proposed process to obtain 82Sr from irradiated molybdenum 

targets are as follows: 

1. Dissolve the irradiated molybdenum target in 30% hydrogen peroxide, ensuring excess 

hydrogen peroxide is destroyed. 

2. Add sodium hydroxide to bring the pH to approximately 12. 

3. Filter the solution to remove any precipitate. It is predicted that the majority of 88Zr 

and 59Fe will be found in the precipitate, and experiments have confirmed that 99% or more of 

the 88Y precipitated out of solution on the addition of NaOH. 

4. Pass the solution through a column of sodium nonatitanate and wash the column with 

two bed volumes of O. lM NaCl, adjusted to pH 12 with NaOH. 82Sr and 85Sr will be absorbed. 
82Rb and other Rb isotopes will remain in the aqueous phase. Molybdate anions will also pass 

through the column. 

5. The column can then be stripped using dilute mineral acid to recover the 82Sr and the 

sodium nonatitanate reused or discarded. 

[062] There is a range of other isotopes present in addition to 82Sr, including 75Se, 73 As, 
74As, 7Be, 68Ge, 48V, 6°Co (and other Co isotopes), 54Mn, 51Cr and 95mTc. In the alkaline target 

solution, Se, As, V, Ge, Cr, Mn and Tc are expected to be present as anions and thus will not be 

absorbed onto the sodium nonatitanate. Significant amounts of Co would be expected to 

precipitate when the target solution is neutralized, and thus little is expected to be available under 

alkaline conditions to absorb onto the sodium nonatitanate. The most likely isotope to be 

absorbed is beryllium, because it is a Group II metal with a similar aqueous chemistry to 

strontium. However, the affinity of sodium nonatitanate for Group II metals decreases in the 

order Sr > Ca > Mg. No data is available for beryllium, but if the trend continues, the affinity 

would be expected to be low. Thus, any absorbed 7Be would be readily removed by an alkaline 

sodium chloride (or similar) wash. 

[063] The current process for recovering 82Sr from irradiated rubidium metal and 

rubidium chloride targets requires minimal modification to facilitate the use of sodium 

nonatitanate. Both targets are processed following standard processing procedures to generate 
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rubidium chloride solutions in an ammonia/ammonium chloride buffer solution. These solutions 

are then passed through a sodium nonatitanate column and washed with additional buffer to 

remove any weakly held rubidium cations. Strontium and possibly some other cationic species 

present will be absorbed onto the nonatitanate column, whereas rubidium cations, ammonium 

cations and anions will rapidly pass through the column. If additional cations are absorbed onto 

the sodium nonatitanate, they can be selectively removed by washing with an appropriate eluant 

(e.g., citrate, nitrilotriacetate.) The strontium selectivity of sodium nonatitanate has been shown 

to be unaffected by a number of common complexants and as a consequence, it should be a 

relatively simple manner to elute any undesirable cations from the column, leaving pure 82185Sr. 

[064] FIG. 1 clearly shows the exceptionally high affinity of the sodium nonatitanate 

materials in comparison with the currently utilized organic resin Chelex 100. All of the sodium 

nonatitanates performed equally well in the buffered rubidium target solutions indicating that the 

synthetic conditions are not too important when the material is being used in solutions containing 

high concentrations of rubidium ions. Thus, by replacing the Chelex 100 with sodium 

nonatitanate, a more efficient 82Sr isolation can be achieved. 

[065] It has also been shown that it is possible to tailor the selectivity of the sodium 

nonatitanate to achieve the optimum Sr/Rb separation by manipulating the reaction conditions. 

The differing selectivities were most obvious in sodium solutions, with the less crystalline 

materials exhibiting the highest strontium distribution coefficients. However, the series of 

nonatitanates showed little difference in behavior when the predominant cation in solution was 

Rb+. The materials synthesized clearly demonstrated superior characteristics to the commercially 

available sample in almost all matrices evaluated. The majority of the sodium nonatitanate 

samples also exhibited greater strontium selectivities than hydrous tin dioxide in a range of 

sodium chloride solutions, from IM to O.OOIM. Rubidium selectivities were low, making the 

sodium nonatitanate ideal as a replacement for hydrous tin dioxide in a 82Rb generator. 

[066] Commercially, one method of 82Sr production is via the proton spallation reaction 

with natural molybdenum metal targets. A simulated molybdate target solution was prepared as 

follows: 12.5 g of molybdenum powder was carefully dissolved in 30% H20 2 solution and made 

up to a total volume of 500 mL to produce a clear yellow solution of molybdic acid, H2Mo04 • 

Solid sodium hydroxide granules totaling 10.9 g were then carefully added to neutralize the 

solution and bring the pH to approximately 12.3. The colorless solution was then filtered to 

remove any precipitate. This alkaline molybdate solution was spiked with either 86Rb or 89Sr and 
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Ket values determined as described previously. Separation factors for the strontium/rubidium 

selectivity were also calculated by dividing the strontium Ket by the rubidium Kc!, thus allowing 

the relative affinities of the ion exchange materials to be directly compared. The results are 

illustrated below in Table 5. 

Table 5 - Strontium an d b d Ru i ium Ab sorot10n om imu ate fr s· dM I b oLy date Target Solutions 
Material SrKd,mL/g RbKd,mL/2 Separation Factor 

AW500 7,070 194 36.4 
K + Pharmacosiderite 187,000 142 1320 
Sodium Titanosilicate 547,000 6500 84.2 
Che lex 100 (Na+) 3,120 5 624 
AG 50W-X8 (Na+) 69 18 3.83 
NaTi (Honeywell) 337,000 27 12,500 
NaTi (No hydrothermal) 1,690,000 12 141,000 
NaTi (170°C, 21hr) 1,000,000 12 83,300 
NaTi (1 70°C, 3d) 829,000 14 59,200 
NaTi (170°C, 7d) 324,000 3 108,000 
NaTi (200°C, 21hr) 954,000 12 79,500 
NaTi (200°C, 3 d) 687,000 11 62,500 
NaTi (200°C, 7 d) 772,000 9 85,800 
Zr02 168,000 8 21,000 

[067] From this data, it is clear that the sodium nonatitanate materials are far superior to 

Chelex 100 and AG 50W-X8 ion exchange resins for the recovery of 82Sr from hTadiated 

molybdenum targets. High ~ values in excess of 500,000 mL/g indicate that almost 100% 

strontium removal was achieved by some of the nonatitanate samples, with the residual strontium 

in solution approaching background levels. In the alkaline conditions used in this test, the 

Chelex 100 resin had the lowest affinity for strontium of all of the materials evaluated. The 

selectivity of the sodium nonatitanate for rubidium was lowest for the sodium nonatitanate 

material that was prepared by heating for 1 week at 170 °C to obtain a relatively crystalline 

product. However, strontium selectivity also decreased with increasing reaction time. 

[068] The best overall strontium/rubidium separation factor was obtained for the 

material that had not undergone any hydrothermal treatment. All of the materials performed 

better than the commercially available nonatitanate materials. Thus, it is possible to alter the 

selectivity of the material by controlling the reaction conditions to produce an improved sodium 

nonatitanate material for use in 82Sr separations. Rubidium selectivities were very low for all of 

21 

1276 of 2568



WO 2006/135374 PCT /US2005/025605 

the nonatitanates, indicating minimal rubidium absorption would occur in a column process and 

that any rubidium absorbed would be readily removed by a dilute saline wash. 

[069] The sodium titanosilicate, potassium Pharmacosiderite and AW500 exhibit 

selectivities for rubidium that are too high to allow their use in the selective removal of 82Sr from 

irradiated molybdenum targets. This high selectivity would result in some rubidium being 

retained on the column that would not be readily removed by a simple saline wash, thus leading 

to contamination of the 82Sr product with both radioactive and stable rubidium isotopes. 

Hydrous tin oxide was not evaluated because, due to the amphoteric nature of tin, significant 

dissolution would be expected at a pH in excess of 12. 

Example 6 - Acid Molybdate Target Solutions 

[070] Sodium nonatitanate has a relatively low affinity for strontium at pH values less 

than 6, and was not expected to exhibit any affinity for strontium from the acidic molybdate 

target solutions prior to the addition of sodium hydroxide. ~ values were determined to confirm 

this and to compare it with the~ values for both Chelex 100 and AG 50W-X8 under identical 

conditions. The data obtained is shown below in Table 6. 

T bl 6 Affi . f S 1 d I E h a e - mtyo e ecte on xc an ge a ena s or trontiumm Cl lC oy ate Mt . I £ S . A .d. MI bd T arget S I . o ut10ns 
Ion Exchan2e Material Sr~mL/2 Final pH of Solution 

Chelex 100 25 1.43 
AG50W-X8 18,300 1.42 
Sodium Nonatitanate (Honeywell) 1,260 1.53 

[071] These data clearly indicate that for the processing of acid molybdate solutions, the 

strong acid ion exchange resin AG 50W-X8 is the preferred medium. However, the Sr ~ value 

of 18,300 mUg in the acidic media is nearly two orders of magnitude lower than the~ value of 

1,690,000 mUg that was obtained for the best of the sodium nonatitanate materials in alkaline 

molybdate solutions. Consequently, it is evident that 82Sr can be recovered more effectively from 

alkaline solution using sodium nonatitanate than is currently achieved using AG 50W-X8 from 

acidic media. 
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Example 7 - Rubidium and Rubidium Chloride Target Solutions 

[072] The processing of either rubidium chloride or rubidium metal targets follows a 

similar procedure once the target has been successfully dissolved. In essence, 82Sr needs to be 

selectively extracted from a solution ofRbCl in a 0.1 M NH3 I O.lM N~Cl buffer adjusted to a 

pH of between 9 and 10. Batch experiments were performed in simulated buffer solutions to 

determine the strontium selectivity in the presence of high concentrations of rubidium ions. Only 

the ion exchange materials that exhibited high strontium selectivities in the initial scoping studies 

with NaCl solutions were evaluated. Ket values were obtained as desc1ibed previously. Two 

rubidium chloride solutions were selected which represent typical rubidium concentrations 

obtained during the processing of rubidium metal (1.95 M Rb 4) and rubidium chloride targets 

(0.68 M Rb 4). In both cases, Chelex 100 is used in the preliminary step to remove the 82Sr from 

the buffered rubidium solutions. The Ket values for the ion exchange materials are shown in FIG. 

1. 

[073] In the buffered rubidium solutions, there is little difference between the different 

nonatitanates evaluated. This is in stark contrast to the sodium molybdate solutions where a 

large variation in the performance of the titanates was observed. The nonatitanates were clearly 

the most effective materials at removing strontium from the buffered solutions with strontium Ki 

values of around 15,000 mL/g in 0.68 M Rb+ solutions and approximately 5,000 rnL/g in 1.96 M 

Rb+ solutions. By contrast, Chelex 100 ion exchange resin gave Ket values of less than 1,000 

mL/g in both solutions. Hydrous titanium oxide and hydrous tin oxide also exhibited appreciable 

Ket values, but they performed less efficiently than the nonatitanates in both solutions. 

Consequently, this data demonstrates that using sodium nonatitanate in place of Chelex 100 ion 

exchange resin will greatly increase the amount of strontium extracted from the target solutions. 

[074] The ion exchange materials were also evaluated for their rubidium selectivity 

from 0.1 M NH3 I O. lM N~Cl buffer solution. The buffer was prepared, spiked with 86Rb and 

the pH adjusted to approximately 9 .25 with concentrated ammonia. 86Rb Ket values were then 

determined following the method described earlier. All of the sodium nonatitanates had a Ket 

< 20 mL/g. The very low rubidium selectivity in the pure buffer is almost certainly due to 

competition from ~ + ions for the available ion exchange sites. Consequently, absorption of 

rubidium during the processing of rubidium and rubidium chloride targets will be minimal, and 

any rubidium absorbed will be readily removed by washing with additional 0.1 M NH3 I O.lM 
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NH4Cl buffer solution. Thus, a clean separation of 82Sr from these targets can be obtained using 

sodium nonatitanate. 

[075] The performance could also be improved by removing the buffer and increasing 

the pH to improve the amounts of strontium absorbed. (Buffers were initially utilized to 

maximize the performance of the organic ion exchange resins currently used and are not essential 

to the 82Sr recovery process.) 

Example 8 - Kinetic Experiments 

[076] ill order for the sodium nonatitanate materials to find applications in the 

processing of irradiated target solutions, they must exhibit fast ion exchange kinetics allowing 

solutions to be passed through an ion exchange column at an acceptable rate. The kinetics of 

strontium absorption from alkaline molybdate target solutions was evaluated using a simple 

batch procedure. Ion exchange material, in the amount of 0.05 g, was shaken with 10 mL of 

molybdate solution spiked with 89Sr to give a total activity of approximately 155,000 cpm/mL. 

After an allotted time, the material was filtered through a 0.2 m syringe filter and the activity in 

the aqueous phase determined by LSC. The results are shown below in FIG. 2. 

[077] From the data in FIG. 2, it is clear that the reaction kinetics for the sodium 

nonatitanate powder is extremely rapid, with over 99 % of the 89Sr removed in only 1 minute. By 

contrast, the reaction kinetics of the organic ion exchange resins was much slower and the total 

amount of 89Sr removed after 1 hour was much less. 

[078] The exceedingly rapid kinetics can partly be explained by the fact that the 

nonatitanate was in the form of a fine powder, whereas the two resins were in the form of beads 

(see Table 1). As a consequence, a relatively slow reaction rate would be expected for the beads 

because the uptake of 82Sr will be dependent upon the rate of diffusion of the 82Sr to the internal 

exchange sites. The rate of uptake of a sample of sodium nonatitanate pellets (using hydrous 

titanium dioxide as a binder) was significantly slower than the powdered form, but the kinetics 

and amount of 82Sr absorbed was still significantly better than for either of the two organic resins. 

As the pelletization process is improved, it is expected that the kinetics and selectivity of the 

pelletized sodium nonatitanate will improve substantially. Other sodium nonatitanate powders of 

varying crystallinities also showed rapid kinetics. Other potentially suitable 'binders for forming 

suitable pellets include titanium isopropoxide or tetraethyl orthosilicate (TEOS) as a binder 

precursor. 
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Example 9 - 82Sr Removal from Irradiated Targets Using Pelletized Sodium Nonatitanate 

[079] A sample of sodium nonatitanate was mixed with titanium isopropoxide as a 

binder and the resulting paste dried at 105 °C for 12 hours. The material was gently broken up 

using a mortar and pestle and then sieved to produce particles in the range 40 to 60 mesh. The 

binder content was approximately 20%. These particles were then used to assess the extraction 

of 89Sr from simulated target solutions. 

[080] 1 mL of pelletized sodium nonatitanate was slurried into a column and the target 

simulant that had been spiked with 89Sr to give an activity of approximately 200,000 cpm/mL 

was passed through the column at a flow rate of 15 mL per hour. The amount of activity 

removed from solution was then determined. The results are given below in Table 7. 

T bl 7 R 1 f 898 fr Irr d' t d T a e - emova o r om a ta e arge ts 1 f o u ions 
Target Solution Composition Volume (mL) 89Sr Removed (%) 

Rubidium Metal l .95M RbCl in O. lM NH3J:NHiCI 20 97.3 
Buffer, pHIO 

Rubidium Chloride 0.68M RbCl in O. lM NH3!'NHiCl 28 98.8 
Buffer, pH 10 

Molvbdenum Metal 0.26M Na2Mo04, pH 12 20 99.9 

[081] This data clearly shows the effectiveness of sodium nonatitanate for removing 

strontium isotopes from 82Sr target materials. Rubidium absorption under these conditions is 

minimal. 

Example 10 -Elution of Strontium 

[082] Strontium was quantitatively eluted from the sodium nonatitanate column of 

Example 9 using 6M nitric acid. Hydrochloric acid was found to be much less effective and also 

resulted in breakdown of the sodium nonatitanate particles and blocked the ion exchange column. 

Example 11 - Formation of Acid Washed Sodium Nonatitanate Pellets 

[083] As described in Example 1, sodium nonatitanate (NaTi) was synthesized 

hydrothermally as follows. 77.5 g of titanium isopropoxide was added to 84.35 g of a 50 wt.% 

solution ofNaOH with vigorous stirring and 60 mL of deionized water was added. The resultant 

gel was heated at approximately 108 °C for 3 hours, transferred to a hydrothermal pressure vessel 
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with an additional 90 mL of deionized water, and heated at either 170 °C or 200 °C for times 

ranging from 21 hours to 1 week. 

[084] After the hydrothennal treatment disclosed in Example 1, the vessel was cooled 

down and the sodium nonatitanate was transferred into a centrifuge tube and separated from 

solution by centrifugation (3,300 rpm for 14 minutes). The recovered nonatitanate was washed 

by resuspending it in 500 mL of deionized water (DIW) by mixing it thoroughly and then again 

separated by centrifugation. These washing steps were repeated twice. 

[085] The pH of deionized water was adjusted to 3 by the addition of HCI. The washed 

nonatitanate was added to the low pH DIW and mixed thoroughly. The nonatitanate was 

recovered through centrifugation and dried in a 60 °C oven for two nights. The hard acid washed 

nonatitanate was then ground, sized and sieved to 50xl00 mesh and 100x200 mesh using nylon 

screens. Fines were washed off and the pellets were dried at 60 °C. 

Example 12 - Formation of Neutralized Nonatitanate Pellets 

[086] Sodium nonatitanate was prepared by treating it hydrothermally for 21 hours at 

200 °C. The white product was washed by suspending it in DIW with stirring. 3 M nitric acid 

was added dropwise to maintain a pH of 8.0 for one hour. After a final DIW wash, the material 

was dried overnight at 60 °C. The dried material was sized into particles using a series of nylon 

sieves, and collecting the 100x200 mesh particles for column use. The sized material was rinsed 

of fines. 

[087] Pellet size is a factor that affects the performance of the 82Sr/82Rb generator 

column because higher Sr uptake is obtained with finer particles due to the faster sorption with 

the material having the smaller particle size and resulting greater surface area. FIG. 4 is a graph 

showing the 85Sr Kd values in normal saline for NaTi samples of various pellet size, without a 

binder. 

Example 13 - Packing Column with Sodium Nonatitanate and Loading with Parent 82Sr 

[088] To prepare the generator column, the sodium nonatitanate particles were 

suspended in saline and slurried into the column. First, 1.125 g of exchanger was introduced into 

the column and sandwiched between two filters (GB003, Schleicher & Schuell blotting paper). 

This bed provided a guard bed to trap any strontium that was released from the bed above. Next, 

about 0.375 g of exchanger was equilibrated with inactive strontium (SrCb) in saline, to simulate 
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a full loading of 82Sr. This material was placed on top of the guard bed and topped with a third 

filter. 

Example 14 - Balancing pH by the Addition of Acid 

[089] Nonatitanate is prepared as described m Example 12 except that the pH is 

adjusted to 11 instead of 8.0. The material is equilibrated with 82Sr and loaded into a column 

having a guard bed as described in Example 13. The column is eluted with normal (0.9 %) saline 

with 50 mUmin flow. The resulting solution contains a high yield of 82Rb in 49mL of solution at 

pH 10. This solution is dosed with 1mLof0.05 M HCl, neutralizing the basicity of the saline to 

yield 50 mL of solution at pH 7, suitable for use as a medical pharmaceutical as previously 

described. 

Example 15- Supported Sodium Nonatitanate 

[090] Fine glass helices of the type commonly used to pack a high efficiency distillation 

column are dipped in a dilute (5 wt. %) solution of sodium metasilicate. The helices are allowed 

to drain so only a thin film of solution remains on their surfaces. The helices are then gently 

rolled in finely powdered (<400 mesh,< 38 µm) sodium nonatitanate to coat the surfaces with 

the powder. The coated helices are dried and the metasilicate solution is rendered insoluble by 

heating to 175 °C in air for 16 hours. The helices are now ready for use in a generator. 

Example 16 - Pelletization of the Ion Exchanger 

[091] After hydrothermal treatment and washing the material was then resuspended in 

DIW that has had the pH adjusted to 3 with HCl, mixed thoroughly after which the solid and 

liquid phases were separated as before. The wet exchanger was dried in a 60 °C oven for two 

nights, the hard product ground, sized and sieved to 50xl 00 mesh and 100x200 mesh using nylon 

screens. Fines were washed off and the pellets dried at 60 °C. These pellets were ready for 

further testing. 

Example 17 - Elution at Lower pH 

[092] The column packed with NaTi (neutralized to pH 8.0 as described in Example 12) 

was eluted using the syringe pump system as shown in FIG. 5. USP saline (purchased in 1 L 

bottles from Fisher Scientific), was methodically drawn into a 60 mL syringe and pushed through 
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the column in 50 mL increments at a flow rate of 50 mL/min. The eluates were collected in 

50 mL falcon tubes. A 5 mL sample of each eluate was analyzed for 85Sr activity by gamma 

spectroscopy (Wallac 1480 Wizard 3) and the pHs recorded. Over 20 L of USP saline were 

pumped through the column during the experiment with no 85Sr breakthrough observed. 

[093] The results are shown in FIGS. 6A-6B, which show that all of the saline was 

eluted at pH values acceptable for injection into a human. The neutralized material retains its 

strong strontium binding ability and no breakthrough of 82
'
85Sr was observed in over 20 L of 

eluted USP saline (after the initial washout in 200 mL). 

[094] Table 8 provides reproducibility and quality control data of final batches of 

sodium nonatitanate described by the synthesis procedure, sizing of pellets and 85Sr and 86Rb ~ 

values. 

Sizi of ellets 

ID Treatment 
Synthesis Yield 50-100 mesh 1 00-200 mesh 
{Dry weight, g} (%of total) (%of total} 

TA-A-78 'Acid wash' 28.3 23.0 

TA-A-80 'Acid wash' 19.3 47.2 27.5 

TA-A-83 'Acid wash' 21.4 48.9 21.0 

TA-A-84 Neutralized 12.3 x 46.9 
1-12 H8 

TA-A-84 Neutralized 
13.0 38.4 x 

3-19 H8 
TA-A-87 Neutralized 

13.2 60.8 x 
3-30 HS 

TA-A-87 Neutralized 
12.1 52.9 x 

4-1 

TA-A-88 'Acid wash' 25.0 49.4 x 

l!JA~§nat$.ifiatefi<!l11riis-eli•fq(JSC!;913t~rmina~oJ1"'"-Y;:."·~ 
equilibration time of several days for Kd determination 

>100mesh 
(%of total) 

x 

x 

x 

>200mesh Loss to sizing 
(%of total} (%of total} 

x 5.16 

x 4.88 

x 7.64 

[095] While the foregoing is directed to the preferred embodiment of the present 

invention, other and further embodiments of the invention may be devised without departing 

from the basic scope thereof, and the scope thereof is determined by the claims that follow. 
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CLAIMS 

What is claimed is: 

1. A rubidium-82 generator, comprising: 

a strontium-82 support medium comprising partially neutralized sodium nonatitanate 

characterized by a strontium/rubidium separation factor greater than 12,500. 

2. The rubidium-82 generator of claim 1, wherein the separation factor is determined in an 

aqueous sodium chloride solution. 

3. The rubidium-82 generator of claim 2, wherein the aqueous sodium chloride solution has a 

sodium chloride concentration from 0.001 molar to 1 molar. 

4. The rubidium-82 generator of claim 2, wherein the aqueous sodium chloride solution is 

buffered to control acidity. 

5. The rubidium-82 generator of claim 2, wherein the aqueous sodium chloride solution is 

unbuffered. 

6. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is characterized by 

a strontium selectivity greater than about 85,000 mL/g in a 0.1 molar or 1 molar aqueous sodium 

chloride solution. 

7. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is characterized by 

a rubidium selectivity less than 100 mL/ g in a 0.1 molar aqueous sodium chloride solution. 

8. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is characterized by 

a strontium/rubidium separation factor greater than 10,000 in a 1 molar aqueous sodium chloride 

solution. 
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9. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is characterized by 

a rubidium retention ofless than 1.8 % in a 1 molar aqueous sodium chloride solution. 

10. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is characterized by 

a rubidium retention ofless than about 13.6 % in a 0.1 molar aqueous sodium chloride solution. 

11. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is characterized by 

a rubidium retention ofless than about 40 % in a 0.01 molar aqueous sodium chloride solution. 

12. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is characterized by 

a rubidium retention ofless than about 50 % in a 0.001 molar aqueous sodium chloride solution. 

13. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is characterized by 

a strontium selectivity greater than 250,000 mL/g at an alkaline pH. 

14. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is characterized by 

a rubidium selectivity less than 100 mL/g at an alkaline pH. 

15. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is characterized by 

a strontium/rubidium separation factor greater than 100,000. 

16. The rubidium-82 generator of claim 1, further comprising strontium-82 absorbed on the 

sodium nonatitanate. 

17. The rubidium-82 generator of claim 1, further comprising a sodium nonatitanate filter 

medium disposed to receive effluent from the strontium-82 support medium to trap strontiurn-82 

leached from the generator. 

30 

1285 of 2568



WO 2006/135374 PCT /US2005/025605 

18. The rubidium-82 generator of claim 1, further comprising a column, wherein the sodium 

nonatitanate is disposed in the column. 

19. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is characterized by 

a strontium/rubidium separation factor greater than 59,200. 

20. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is characterized by 

a strontium/rubidium separation factor greater than or equal to 79,500. 

21. The rubidium-82 generator of claim 1, wherein the partially neutralized sodium 

nonatitanate is characterized by raising a pH of a normal saline eluant from about 7 to less than 

about 8 when eluted from the generator, wherein the generator has eluted less than about 1 L of 

eluate. 

22. The rubidium-82 generator of claim 1, wherein the partially neutralized sodium 

nonatitanate is characterized by raising a pH of a normal saline eluant from about 6.5 to less than 

about 7.5 when eluted from the generator, wherein the generator has eluted less than about 1 L of 

eluate. 

23. The rubidium-82 generator of claim 1, further comprising: 

means for neutralizing an eluate eluted from the partially neutralized sodium nonatitanate. 

24. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is supported on a 

surface of a substrate. 

25. The rubidium-82 generator of claim 13, wherein the substrate is non-porous. 

26. The rubidium-82 generator of claim 14, wherein the substrate is selected from glass, 

fiberglass, ceramics, fine glass beads or combinations thereof. 
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27. A rubidium-82 generator, comprising: 

a strontium-82 support medium comprising sodium nonatitanate characterized by a 

strontium/rubidium separation factor greater than 12,500 at an alkaline pH; and 

means for neutralizing an eluate eluted from the generator. 

28. The rubidium-82 generator of claim 27, wherein the eluate is neutralized to a pH of 

between about 4.5 and about 7. 

29. The rubidium-82 generator of claim 27, wherein the eluate is neutralized to a pH suitable 

for injection into a patient during a medical procedure. 

30. The rubidium-82 generator of claim 27, wherein the means for neutralizing an eluate 

comprise automatic means. 

31. The rubidium-82 generator of claim 27, wherein the separation factor is determined in an 

aqueous sodium chloride solution. 

32. The rubidium-82 generator of claim 31, wherein the aqueous sodium chloride solution has 

a sodium chloride concentration from 0.001 molar to 1 molar. 

33. The rubidium-82 generator of claim 31, wherein the aqueous sodium chloride solution is 

buffered to control acidity. 

34. The rubidium-82 generator of claim 31, wherein the aqueous sodium chloride solution is 

unbuffered. 

35. The rubidium-82 generator of claim 27, wherein the sodium nonatitanate is characterized 

by a strontium selectivity greater than about 85,000 mUg in a 0.1 molar or 1 molar aqueous 

sodium chloride solution. 
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36. The rubidium-82 generator of claim 27, wherein the sodium nonatitanate is characterized 

by a rubidium selectivity less than 100 mL/ g in a 0.1 molar aqueous sodium chloride solution. 

37. rubidium-82 generator of claim 27, wherein the sodium nonatitanate is characterized by a 

strontium/rubidium separation factor greater than 10,000 in a 1 molar aqueous sodium chloride 

solution. 

38. The rubidium-82 generator of claim27, wherein the sodium nonatitanate is characterized by 

a rubidium retention ofless than 1.8 % in a 1 molar aqueous sodium chloride solution. 

39. The rubidium-82 generator of claim 27, wherein the sodium nonatitanate is characte4rized 

by a rubidium retention of less than about 13.6 % in a 0.1 molar aqueous sodium chloride 

solution. 

40. The rubidium-82 generator of claim 27, wherein the sodium nonatitanate is characterized 

by a rubidium retention of less than about 40 % in a 0.01 molar aqueous sodium chloride 

solution. 

41. The rubidium-82 generator of claim 27, wherein the sodium nonatitanate is characterized 

by a rubidium retention of less than about 50 % in a 0.001 molar aqueous sodium chloride 

solution. 

42. The rubidium-82 generator of claim 27, wherein the sodium nonatitanate is supported on a 

surface of a substrate. 

43. The rubidium-82 generator of claim 42, wherein the substrate is non-porous. 

44. The rubidium-82 generator of claim 43, wherein the substrate is selected from glass, 

fiberglass, ceramics, fine glass beads or combinations thereof. 
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45. A process for preparing a rubidium-82 generator, comprising: 

preparing sodium nonatitanate from titanium isopropoxide and aqueous sodium 

hydroxide; 

heating the sodium nonatitanate at a temperature between 100°C and 250°C for a period 

between 12 hours and 2 weeks; 

lowering the pH of the sodium nonatitanate; and 

absorbing strontium-82 on the neutralized sodium nonatitanate from an aqueous solution 

comprising strontium-82 and a soluble sodium salt. 

46. The method of claim 45, wherein the soluble sodium salt concentration is between about 

0.1 and about 1 molar. 

47. The process of claim 45, wherein the soluble sodium salt is sodium chloride. 

48. The process of claim 45, wherein the molar ratio of aqueous sodium hydroxide to titanium 

isopropoxide is in excess of0.44. 

49. The process of claim 45, wherein the molar ratio of aqueous sodium hydroxide to titanium 

isopropoxide is between 2 and 6. 

50. The process of claim 45, wherein the aqueous sodium hydroxide is about 50 wt% sodium 

hydroxide. 

51. The process of claim 45, further comprising: 

filtering the sodium nonatitanate from the solution. 

52. The process of claim 51, further comprising: 

washing the sodium nonatitanate with ethanol 
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53. The process of claim 52, further comprising: 

drying the sodium nonatitanate. 

PCT /US2005/025605 

54. The process of claim 45, wherein the molar ratio of aqueous sodium hydroxide to titanium 

isopropoxide is between about 1 and 10. 

55. The process of claim 45, wherein the sodium nonatitanate is heated in a pressure vessel. 

56. The process of claim 45, wherein the sodium nonatitanate is prepared in the absence of 

titanium chlorides and sulfates. 

57. The process of claim 45, wherein the step of neutralizing the sodium nonatitanate further 

comprises: 

suspending the sodium nonatitanate in a liquid; and 

adding an acid to the liquid to lower the pH. 

58. The process of claim 57, wherein the step of adding an acid lowers the pH to between about 

7 and about 9. 

59. The process of claim 57, wherein the step of adding and acid lowers the pH to between 

about 7 and about 8.3. 

60. The process of claim 57, wherein the liquid comprises water. 

61. The process of claim 57, wherein the acid is a strong mineral acid. 

62. The process of claim 45, further comprising: 

loading the sodium nonatitanate into a column. 

63. The process of claim 45, further comprising: 
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supporting the sodium nonatitanate on a non-porous substrate. 

64. The process of claim 45, wherein the solution containing strontium-82 is an acidic aqueous 

solution. 

65. A method of chemically isolating strontium-82 from a proton-in-adiated molybdenum 

target, comprising: 

(a) dissolving the molybdenum target containing the strontium-82; 

(b) adjusting the pH of the dissolved molybdenum target solution to an alkaline pH; 

( c) removing precipitates from the solution; and then 

( d) absorbing the strontium-82 from the solution onto a support comprising sodium 

nonatitanate. 

66. The method of claim 65, wherein the molybdenum target is dissolved in hydrogen peroxide. 

67. The method of claim 65, wherein the pH is adjusted with sodium hydroxide. 

68. The method of claim 65, wherein the pH is adjusted to about 12. 

69. The method of claim 65, further comprising: 

stripping the strontium-82 from the sodium nonatitanate. 

70. The method of claim 65, wherein the strontium-82 is stripped from the sodium nonatitanate 

with mineral acid. 

71. The method of claim 65, further comprising: 

washing the sodium nonatitanate with a buffer solution 

72. The method of claim 65, wherein the sodium nonatitanate is characterized by a 

strontium/rubidium separation factor greater than 12,500. 
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73. The method of claim 65, wherein the sodium nonatitanate is characterized by a 

strontium/rubidium separation factor greater than or equal to 59,200. 

74. The method of claim 65, wherein the sodium nonatitanate is characterized by a 

strontium/rubidium separation factor greater than or equal to 100,000. 

75. A process for preparing a solution containing rubidium-82, comprising: 

providing a solution containing strontium-82; 

absorbing strontium-82 onto a sodium nonatitanate support medium; and 

eluting rubidium-82 from the sodium nonatitanate support medium with an eluant: 

receiving a rubidium-82 eluate formed from the eluting step; and 

adjusting a pH of the eluate. 

76. The process of claim 75, wherein the eluant is selected from the group consisting of water 

and saline solutions. 

77. The process of claim 75, wherein the eluant is an aqueous solution having a sodium 

chloride concentration between 0.001 molar and 1 molar. 

78. The process of claim 75, wherein the eluant is an aqueous solution having a sodium 

chloride concentration between 0.2 molar and 1 molar. 

79. The process of claim 75, wherein the eluant is a pharmaceutical-grade saline and buffer 

solution. 

80. The process of claim 75, wherein the sodium nonatitanate 1s characterized by a 

strontium/rubidium separation factor greater than 12,500. 
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81. The process of claim 75, wherein the sodium nonatitanate is characterized by a 

strontium/rubidium separation factor greater than or equal to 59,200. 

82. The process of claim 75, wherein the sodium nonatitanate 1s characterized by a 

strontium/rubidium separation factor greater than or equal to 100,000. 

83. The process of claim 7 5, further comprising: 

disposing the sodium nonatitanate support medium into a column. 

84. The process of claim 75, wherein the eluate is alkaline. 

85. The process of claim 75, further comprising: 

buffering the solvent. 

86. The process of claim 75, wherein the pH of the eluate is adjusted to between about 4.5 and 

about7. 

87. The process of claim 75, wherein the pH of the eluate is adjusted to a pH suitable for 

injecting into a patient during a medical procedure. 

88. The process of claim 75, wherein the step of adjusting a pH of the eluate comprises; 

adding an acid to the eluate. 

89. The process of claim 88, wherein the acid is HCI. 

90. The process of claim 75, further comprising: 

partially neutralizing the sodium nonatitanate before the step of absorbing strontium-82 

onto a sodium nonatitanate support medium. 
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91. A method of chemically isolating strontium-82 from a proton-irradiated rubidium or 

rubidium chloride target, comprising: 

(a) dissolving the target containing the strontium-82; 

(b) adjusting the pH of the dissolved target solution to an alkaline pH; 

( c) removing precipitates from the solution; and then 

( d) absorbing the strontium-82 from the solution onto a support comprising sodium 

nonatitanate without absorbing rubidium. 

92. The method of claim 91, wherein the dissolved target solution includes a buffer. 

93. The method of claim 92, wherein the buffer is an ammonia/ammonium chloride buffer. 

94. The method of claim 92, wherein the pH is between 9 and 10. 

95. The method of claim 91, wherein the pH is greater than 10. 

96. The method of claim 91, further comprising: 

stripping the strontium-82 from the sodium nonatitanate. 

97. The method of claim 96, wherein the strontium-82 is stripped from the sodium nonatitanate 

with mineral acid. 

98. The method of claim 91, further comprising: 

washing the sodium nonatitanate with a buffer solution. 

99. The method of claim 91, wherein the sodium nonatitanate is characterized by a 

strontium/rubidium separation factor greater than 12,500. 

100. The method of claim 91, wherein the sodium nonatitanate is characterized by a 

strontium/rubidium separation factor greater than or equal to 59,200. 
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101. The method of claim 91, wherein the sodium nonatitanate is characterized by a 

strontium/rubidium separation factor greater than or equal to 100,000. 

102. A process for preparing a rubidium-82 generator, comprising: 

preparing sodium nonatitanate from titanium tetrachloride or titanium sulfate and aqueous 

sodium hydroxide; 

heating the sodium nonatitanate at a temperature between 100°C and 250°C for a period 

between 12 hours and 2 weeks; 

lowering the pH of the sodium nonatitanate; and 

absorbing strontium-82 on the neutralized sodium nonatitanate from an aqueous solution 

comprising strontium-82 and a soluble sodium salt. 

103. The process of claim 102, wherein the soluble sodium salt concentration is between about 

0.1 and about 1 molar. 

104. The process of claim 102, wherein the soluble sodium salt is sodium chloride. 

105. The process of claim 102, wherein the aqueous sodium hydroxide is about 50 wt% sodium 

hydroxide. 

106. The process of claim 102, wherein the molar ratio of aqueous sodium hydroxide to titanium 

tetrachloride or titanium sulfate is between about 1 and 12. 

107. The process of claim 102, further comprising: 

filtering to collect the sodium nonatitanate; and 

washing the sodium nonatitanate to remove sodium chloride or sodium sulfate. 

108. The process of claim 102, wherein the step of neutralizing the sodium nonatitanate further 

comprises: 
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suspending the sodium nonatitanate in a liquid; and 

adding an acid to the liquid to lower the pH. 

PCT /US2005/025605 

109. The process of claim 108, wherein the step of adding an acid lowers the pH to between 

about 7 and about 9. 

110. The process of claim 108, wherein the step of adding and acid lowers the pH to between 

about 7.2 and about 8. 

111. The process of claim 108, wherein the liquid comprises water. 

112. The process of claim 108, wherein the acid is a strong mineral acid. 

113. The process of claim 102, further comprising: 

loading the sodium nonatitanate into a column. 

114. The process of claim 102, further comprising: 

supporting the sodium nonatitanate on a substrate. 

115. The process of claim 102, wherein the solution containing strontium-82 is an acidic 

aqueous solution. 

116. A process, comprising: 

eluting a solution of rubidium-82 from a strontium-82 support medium comprising 

sodium nonatitanate with an aqueous eluant; and 

adjusting a pH of the solution. 

117. The process of claim 116, wherein the aqueous eluant is selected from the group consisting 

of water and saline solutions. 
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118. The process of claim 116, wherein the aqueous eluant has a sodium chloride concentration 

between 0.001 molar and 1 molar. 

119. The process of claim 116, wherein the aqueous eluant has a sodium chloride concentration 

between 0.2 molar and 1 molar. 

120. The process of claim 116, wherein the aqueous eluant is a saline and buffer solution 

suitable for human injection. 

121. The process of claim 116, wherein the sodium nonatitanate is a reaction product of titanium 

isopropoxide and aqueous sodium hydroxide. 

122. The process of claim 116, further comprising passing the rubidium-82 solution through a 

sodium nonatitanate filter to selectively remove any strontium-82 or strorttium-85 from the 

solution. 

123. The process of claim 116, further comprising disposing of the sodium nonatitanate filter. 

124. The process of claim 116, further comprising using the rubidium-82 solution as a medical 

diagnostic agent or medical imaging agent. 

125. The process of claim 124, further comprising injecting the rubidium-82 solution 

intravenously. 

126. The process of claim 116, further comprising stripping strontium-82 from the sodium 

nonatitanate. 

127. The process of claim 126, further comprising recovering the stripped strontium-82. 

128. The process of claim 127, further comprising recycling the sodium nonatitanate. 
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129. The process of claim 116, wherein the sodium nonatitanate has not undergone 

hydrothermal treatment. 

13 0. The process of claim 116 wherein the step of adjusting the pH further comprises: 

adding an acid to the solution. 

131. The process of claim 116, wherein the pH is adjusted to between about 4 and about 7 .5. 
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AUTOMATED STRONTIUM-RUBIDIUM INFUSION SYSTEM 

The invention relates to medical engineering, and particularly to means for automation 

of a process for producing a diagnostic solution from a radionuclide strontium-rubidium 

5 generator and remote carrying out a checked infusion with automatic checking main process 

characteristics, such as an introduced activity value, presence of air bubbles as well as a 

solution weight and activity in a waste container. 

One of the most perspective directions m the nuclear diagnostics is the positron 

emission tomography (PET). Such short and ultra-short living isotopes as C-11, 0-15, N-13, 

10 and F-18 are used in the PET centers. This obliges to have cyclotrons at the place of 

diagnostic for making such isotopes. It is possible to widen the functionality of the PET 

diagnostics in use of generator systems having a parent radionuclide lifetime significantly 

longer that a lifetime of radionuclides made in cyclotrons of the PET centers. Generator 

systems 82Sr (tl/2 = 25.6 days)--+ 82Rb (t112 = 75 seconds) and 68Ge (t112 = 271 days)--+ 68Ga 

15 (t112 = 78.3 minutes) are the most promising systems among the PET isotope generators. 

Therefore, it is possible to say with respect to generator isotopes that any clinics 

having PET scanners within a region, a country or a group of countries are to be provided 

with said isotopes. 

Generator systems can find the widest use in so called mobile PET scanners mounted 

20 in auto-trailers and called for servicing clinics that have no both own cyclotrons and own PET 

scanners. Absence of "affixmcnt" of such a mobile PET scanner to an isotope base 

substantially widens a radius of the territory serviced thereby. 

A strontium-rubidium infusion system for producing a diagnostic solution from a 

radionuclide strontium-rubidium generator and carrying out a checked infusion is known (US 

25 4,562,829, 1986), said system comprising: an eluent tank connected by respective pipes of a 

transporting system via a first three-way valve to a syringe pump; a strontium-rubidium 

generator with a first filter and a first pressure sensor at an input; a second three-way valve 

whose first opening is coupled via a second filter to means for infusing an eluent into a patient 

and whose second opening is coupled to an eluate surplus storing and collecting means; 

30 radioactivity measurement means; and a check and control system. The prior art system is not 

optimal in a degree of radioactive radiation protection and in a service life of a generator 

column. 

The disclosed invention is directed to elimination of the listed disadvantages. The 

technical result to be accomplished by using the inventive system consists in enhancement of 
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effectiveness in carrymg out of a diagnostic procedure due to automation of the infusion 

procedure, reducing undesirable irradiation doses for a patient and maintenance personnel, 

increasing exploitation lifetimes of a generator column. 

The essence of the disclosed invention consists m that an automated strontium-

5 rubidium infusion system comprises: an eluent tank, a strontium-rubidium generator with a 

filter and a pressure sensor at an input; means for infusing an eluent into a patient, said tank, 

generator and means being connected by a transporting system to pipes and two three-way 

valves; radioactivity measuring means; and a check and control unit. At the same time, the 

eluent tank is connected via first and second openings of the first three-way valve to a syringe 

10 pump, a first opening of the second three-way valve is coupled by pipes via a second filter to 

the means for infusing the eluent into the patient and is coupled by a second opening thereof 

to a waste receptacle. The system further comprises: third and fourth three-way valves; first 

and second air bubble detectors coupled to the check and control unit being in communication 

with a computer, said third three-way valve being connected by first and second openings via 

15 pipes to a third opening of the first three-way valve and to an input of the strontium-rubidium 

generator, respectively, an output of the generator being coupled to a first opening of the 

fourth three-way valve, wherein the third opening of the third valve and a second opening of 

the fourth valve are in communication by a pipe, the first air bubble detector is mounted on a 

pipe between the eluent tank and the first opening of the first valve while the second detector 

20 is mounted on a pipe between the third openings of the fourth and second valves. 

Further, the radioactivity measurement means include first and second activity sensors. 

At the same time, the first activity sensor is placed on a pipe between the third openings of the 

fourth and second valves and is embodied as a beta detector. 

A radiation protection of the eluate surplus collecting and storing means may be 

25 implemented as a protection box including waste weight check means in the form of a force 

sensor, while the second activity sensor in the form of a gamma detector may be mounted 

within an opening of the protective box in order to determine a radioactivity level. 

A column of the strontium-rubidium generator has a radiation protection including 

external main and transportation protective containers, said main protection container being 

30 mounted stationary on a shelf of a bogie. 

The system is mounted in a closed movable housing. Further, the housing is provided 

with a shifting tabletop. 

The essence of the invention is explained by drawings as follows: 

Fig. 1 is a diagram of an infusion system; 
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Fig. 2 is a general side view of a generator plant; 

Fig. 3 is a general top view of the generator plant. 

Conditional notation used in drawings is listed below: 

1 - Eluent tank 

2, 3, 4, 5 - three-way valves 

6, 7 - activity sensors 

8, 9 - pressure sensors 

10 - Syringe pump 

11 - strontium-rubidium generator 

12 - Check and control unit 

13 - Weight sensor 

14 - Remote computer 

15, 16 - filters 

17, 18 - air bubble detectors 

19 - Means (needle) for infusing an clucnt into a patient 

20 - Eluent and eluate waste receptacle 

21 - Movable housing 

22- Stand 

23 - Protective container of strontium-rubidium generator 

24 - Protective container for beta detector 

25 - Power supply source 

26 - Protective box of waste reservoir 

27 - Shifting tabletop 

PCT/RU 2008/000211 

An automated strontium-rubidium infusion system includes means for generating 

25 rubidium-82 in a solution which can be infused into a patient, exactly, a rubidium-strontium 

generator 11 (Fig. 1) of a traditional type in a transporting container. This container is placed 

in a protective external main container 23 and fulfils a main radiation protection function 

together with the latter. The assembled system may be mounted in a movable housing 21 (Fig. 

2) covered by decorative panels (not shown). There is a stand 22 mounted on a tabletop and 

30 having an eluent tank fastened thereon. There are a syringe pump 10 and a computer 14 

further mounted here. Components mounted on an upper shelf of the movable housing 21 are 

as follows: 

- the main protective container 23 into which a standard transporting container with 

the strontium-rubidium generator 11 is placed; 
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- a protective box 24 with a beta activity detector placed therein and measuring the 

activity of a solution passed through the strontium-rubidium generator 11; 

- a power supply source 25. 

A protective box 26 is placed at a lower shelf, said box having an eluent and eluate 

5 waste receptacle arranged therein. 

A top lid of the container 23 is turned back in Fig. 3, which makes it possible to see a 

cavity into which the transporting container with the strontium-rubidium generator 11 is 

placed. Tn order to make easier the access to the main protective container 23 during 

recharging a generator system (there are removal of the transporting container with the used 

10 column of the strontium-rubidium generator 11 and installation of a transporting container 

with a fresh column), a tabletop part is made as a shifting tabletop 27 which provides 

convenience in operation. 

Further, the system includes means for infusion, exactly (Fig. 1 ): a remote-controlled 

syringe pump 10 whose rod is actuated, for example, by a step motor; means for automated 

15 filling the syringe pump with an cluent (a 0.9% NaCl solution); a system for transporting an 

eluent and an eluate to a patient or an eluent and eluate waste receptacle, said transporting 

system being provided with multi-way (three-way) valves 2 to 5 (Fig. 1) that ramify the 

transporting system in accordance with a job making program; antibacterial protection means, 

exactly, antibacterial filters 15 and 16 at an input and at an output of the transporting system; 

20 eluate activity measurement means 6 and 7 for monitoring and dozing in infusion into a 

patient; pressure measurement means 8 and 9 for measurement a pressure in the transporting 

system, said means being designed for measuring occlusion as well; an eluent and eluate 

waste receptacle 20 also capable of measuring a solution activity value and a solution weight 

in a waste reservoir 13; means 12 for automated check throughout the cluation process and 

25 components thereof, implemented by on-board or remote computers 14. 

The tank 1 with an eluent (for example, brine) is connected by a plastic fitting to a 

pipe (for example, an infusion tube that has an outer diameter of 2.5 mm with an inner 

diameter of 1.5 mm). Lengths of such tubes (pipes) are used further to build the transporting 

system as a whole for infusion. Other end of the pipe is attached via an air bubble detector 17 

30 that generates a signal to a check and control unit 12 in case of passing an air bubble, and said 

unit generates a control signal to valves 2, 3, 4, and 5 as a result of which the eluent solution 

comprising the air bubble is removed into the eluent and eluate waste receptacle 20 and does 

not passes through the column of the strontium-rubidium generator 11. 
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The valve 2 switches the infusion system into one of two possible operating modes 

for: (1) filling the syringe when the syringe pump 10 operates for suction the brine from the 

eluent tank 1 (via the first and second openings of the valve); or (2) infusing, that is, 

supplying the brine from the filled syringe of the syringe pump 10 into the infusion system 

5 (via the first and third openings of the valve). 

Further, the three-way valve 2 is connected by a length of a connecting tube to the first 

opening of the third three-way valve 4 whose second opening is connected via the first filter 

15 to an input of the column of the strontium-rubidium generator 11. The first pressure sensor 

8 checks a pressure at the input of the column of the strontium -rubidium generator 11. 

10 The third opening of the valve 4 via a length of a connecting tube is connected to the 

second opening of the fourth three-way valve 5. This valve (the first opening) also has 

connections to an output tube of the column of the strontium-rubidium generator 11 and an 

extension of the infusion system in the third opening. 

When the syringe pump operates in the operating "infusion" mode, the pair of three-

15 way valves 4, 5, while operating in synchronism, allows either pumping the brine from the 

syringe 10 via the column of the strontium-rubidium generator 11 further to the infusion 

system already in the form of an eluate, that is, a Rb-82-enriched solution, or pumping the 

brine into the infusion system while by-passing the strontium-rubidium generator 11. Thus 

operating mode is used when a necessary Rb-82 activity amount has been made and should be 

20 delivered to a patient 19 while the infusion system should be filled with the inactive brine at 

the end of infusion into the patient. When the brine pumping mode is used, practically the 

entire transporting system, exceptive for a connecting pipe from the strontium-rubidium 

generator output to the fourth three-way valve, will be filled with the non-radioactive brine 

and will not be a source of additional undesirable radioactivity for the patient and the 

25 maintenance personnel; additionally, a brine volume necessary to after-press the made eluate 

into the patient will not pass through and deplete the column of the strontium-rubidium 

generator, because it is known that a potency of the generator depends not only upon a time of 

using thereof but also upon a volume of the brine passed through the generator. 

There are a first radioactivity detector 6 (a beta detector) and a second air bubble 

30 detector 18 mounted on a pipe from the third opening of the fourth three-way valve 5 to the 

third opening of the second three-wave valve 3, said air bubble detector being similar to the 

first air bubble detector 17 .. When an air bubble is detected, the detector 18 generates a signal 

to the check and control unit that generates a control signal to the second three-way valve 3. 

As a result, an eluate comprising the air bubble is removed into the eluent and eluate waste 

1308 of 2568



5 

WO 2008/140351 PCT/RU 2008/000211 

6 

receptacle 20. If an air bubble is not detected, the eluate is directed via the first of said three

way valve 3 and the second filter 16 into the patient, that is, onto a needle 19. 

The radioactivity detector 6 operates in real time and measures the Rb-82 activity at a 

location of the detector 18. 

The check for filling said waste receptacle with a liquid is carried out by a force 

sensor (not shown). To measure a radioactivity present in the eluent and eluate waste 

receptacle, the second radioactivity sensor 7 (a gamma detector) is used. The radiation 

protection of the eluate surplus collecting and storing means is implemented as a protection 

box including a force sensor, while the second activity sensor is mounted within an opening 

10 of the protective box. 

15 

20 

During infusion into the patient, the second three-way valve 3 is switched for passing 

the eluent to a pipe connected to the needle 19 via a Millipore filter 16. There is a second 

pressure sensor 9 mounted in this section which allows measurement of an occlusion pressure 

when an Rb-82-containing solution in administered into the patient. 

The process of operating the strontium-rubidium infusion system takes place under 

control of a control computer program that registers a status of each of devices included in the 

infusion system at moments of starting and finishing a step, and also registers actions of said 

devices under condition of their normal functioning and in case if an emergency situation 

occurs. 

To exclude overfilling the eluent and eluate waste receptacle 20 with a radioactive 

liquid, a level of said liquid is remotely checked using the force sensor; in doing so, there is 

monitoring of a total container and liquid weight (volume) and a limit value thereof. 

Additionally, by fixing a weight of the empty waste collection receptacle, a system for 

scheduled interrogating the check and control unit receives information that the receptacle is 

25 mounted in a container. A maximum waste volume in the receptacle is 250 ml. 

The check and control unit 12 is coupled to a remote computer whose display displays 

a graphical mnemonic diagram of the generator device, said diagram providing observation of 

parameters to be checked in an automatic mode and parameters for operating control of 

individual members (the electromagnetic three-way valves 2 to 5 and the pump 10) in a 

30 manual mode. The diagram makes it possible to observe a current state of all members (the 

valves 2 to 5, the air bubble detectors 17, 18) of the disclosed infusion system, and operation 

of the syringe pump 10. The system also allows reception of information about parameters of 

a pressure in a line from the pressure sensors 8, 9, and reception of information about an 
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eluate activity at an output of the generator column 11 and a total activity, a weight of the 

eluate and eluent waste receptacle 20, an activity in said receptacle from the detectors 6, 7. 

The check and control unit 12 of the system is connected to control members of the 

generator plant, that is, the electromagnetic three-way valves 2, 3, 4, 5 and the pump 10, and 

5 also includes members for gathering and processing signals from the sensors 6, 7 (the 

radioactivity sensors), 8, 9 (the pressure sensors), and 17, 18 (the bubble detectors). The 

control unit 12 is in communication with a panel personal computer (PPC) or any other 

remote computer (14) through an Ethernet channel. The control unit receives commands from 

the PPC or remote computer to execute individual steps of the generator plant operating 

10 program and informs said computers about a current state of members controlled thereby and 

a state of system sensors. 

The disclosed system improves the safety of use due to the fact that automation of the 

infusion process has allowed significant reduction in the radioactive irradiation because the 

system includes additional members that provide ramification of pipes. As a result, it is 

15 possible to after-press the made eluate into the patient by the cluent while by-passing the 

strontium-rubidium generator. At the same time, the pipe is pumped through by the non

radioactive eluent and there is no additional depletion of the strontium-rubidium generator, 

which makes the life thereof longer. Further, the risk of presence of air bubbles in the eluent 

delivered into the patient is excluded because of introducing air bubbles into the system of 

20 detectors, while detection of said air bubbles immediately results in direction of the eluent and 

eluate wastes to the eluent and eluate waste receptacle via branches of the pipe without 

depletion of the strontium-rubidium generator. 
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CLAIMS 

1. An automated strontium-rubidium infusion system comprising: 

an eluent tank; 

a strontium-rubidium generator with a filter and a pressure sensor at an input; 

means for infusing an eluent into a patient, said tank, generator and means being 

connected by a transporting system to pipes and two three-way valves; 

radioactivity measuring means; and 

a check and control unit, 

wherein the eluent tank is connected via first and second openings of the first three

way valve to a syringe pump, a first opening of the second three-way valve is coupled by 

pipes via a second filter to the means for infusing the eluent into the patient and is coupled by 

a second opening thereof to a waste receptacle, 

15 said system being characterized in that it further comprises: 

third and fourth three-way valves; 

first and second air bubble detectors coupled to the check and control unit being in 

communication with a computer, 

said third three-way valve being connected by first and second openings via pipes to a 

20 third opening of the first three-way valve and to an input of the strontium-rubidium generator, 

respectively, an output of the generator being coupled to a first opening of the fourth three

way valve, 

wherein the third opening of the third valve and a second opening of the fourth valve 

arc in communication by a pipe, the first air bubble detector is mounted on a pipe between the 

25 eluent tank and the first opening of the first valve while the second detector is mounted on a 

pipe between the third openings of the fourth and second valves. 

2. The system according to claim 2, characterized m that the radioactivity 

measurement means include first and second activity sensors. 

3. The system according to claim 3, characterized in that the first activity sensor is 

30 placed on a pipe between the third openings of the fourth and second valves and is embodied 

as a beta detector. 

4. The system according to claim 2, characterized in that the waste receptacle is 

implemented as a protection box including waste weight check means in the form of a force 
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sensor, while the second activity sensor in the form of a gamma detector is mounted within an 

opening of the protective box. 

5. The system according to claim 1, characterized in that the strontium-rubidium 

generator has a radiation protection including external main and transportation protective 

5 containers, said main protection container being mounted stationary on a shelf of a bogie. 

10 

6. The system according to claim 1, characterized in that it is mounted in a closed 

movable housing. 

7. The system according to claim 6, characterized in that the housing is provided with 

a shifting tabletop. 
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~ (57) Abstract: The invention relates to medical engineering. The inventive automated strontium-rubidium infusion system com-
Q prises a container with eluent, a strontium-rubidium generator with a filter and a pressure sensor and an eluate infusion unit, which 
~ are connected by means of a transporting system provided with pipes and two three-way valves, radioactivity measuring means and 
-- a control and operating unit. An eluent container is connected to a syringe pump via the first valve, the second three-way valve is 
00 connected to the eluate infusion unit and a waste receptacle via the second filter. Pirst and second air bubbles detectors are connected g to the control and operating unit. The second three-way valve is connected to the first three-way valve and to the input of the stron
N tium-ruhidium generator. The generator output is connected to the fourth valve which is connected to the third valve. The first air 

0 
bubbles detector is placed between the eluent container and the first valve and the second air bubbles detector is placed between the 
fourth and second valves. 

~ 
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BTopon TpeXXOJJ:OBOH KJJanaH CBH3aH c nepBbJM TpeXXOJJ:OBE.IM KJJanaHOM H BXOJJ:OM CTpoHuntl-py611)lJJeBoro reHepaTopa. Bn!XOL\ 
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ABTOM3TH3HpOB3HH3H CTpOHD;llH - py61f)J;HeBaH 11Hfj>y3HOHH3H CHCTeMa 

.Vbo6peTeHHe OTHOCHTC.sl K Me.n;m.J;HHCKOM TeXHHKe, B "lJaCTHOCTH K 

5 cpe,z:i:cTBaM aBTOMannaU,HH npou,ecca rrpm!.3BO.lJ:CTBa ,l.l;lfarHOCTH"lJeCKOro paCTBOpa 

OT pa,a.HoHyKnH,z:i:Horo CTPOHU,Hli-py611..z:i:11.eBoro reHepaTopa H .D;HCTaHUHOHHoro 

npoBe.z:i;eHHH KOHTpon11.pyeMOH HHQ:>y3HH, c aBTOMan1.qecKHM KOffrponeM 

OCHOBHbIX xapaKTepHCTHK rrpou,ecca, TaKHX KaK BeJI11.q11Ha BBO,ll;HMOH 

aKTHBHOCTH, serr11q11Ha OKKJII03HH, HaJIR"l!He B03,lJ;yIIIHhIX rry3bipeif, a TaK)l(e sec H 

10 aKTHBHOCTb paCTBOpa B KOHTeliHepe c OTXOJl:aMH. 

0.UHHM H3 HaH6orree rrepcrreKTHBHbIX HanpaBJieHHH B .si:.uepHOH 

nHarHOCTHKe II03HTpOHH0-3MRCCHOHHM TOMorpaQ:>H.si: (I13T). 

,ZJ)rn pa6oTbI B I13T-ueHTPax HCIIOJib3YffiT TaKHe KOpOTKO H YJibTpa-

KOpOTKO:>I<ll.BYW:He H30TOIIhI KaK C-11, 0-15, N-13, F-18. 3TO 

15 o6.sI3bIBaeT HMeTh Ha MeCTe rrposeneHHH llHarHOCTHKH UHKJIOTpOHhI .ll:JIH 

20 

Hapa6oTKH TaKHX H30TorroB. Bo3MO)l(HOCTH I13T-1111arHoCTHKH Moryr 

cyrn:ecTBeHHO pacurnpeHhI IIpH HCIIOJih30BaHHH reHepaTOpHblX 

CHCTeM, BpeMH )KH3HH MaTepHHCKOro KOTOpbIX 

3HaqHTeJihHO rrpeBhIIIIaeT BpeMH )l(H3HH Hapa6aTbIBaeMhIX Ha 

UHKJIOTpOHax I13T-ll,eHTPOB pa,n:HOHYKIIHJl:OB. Ha116orree rrepcrreKTHBHhIMH 

cpenH H30TOilHhIX reHepaTopoB llIT.sI I13T CTOHT reHepaTOpHbie CHCTeMhI 

82Sr (t112=25,6 nHeH:) -7 82Rb (t112=75 ceK) H 
68

Ge (t112=271 nHeli) -7 68
Ga 

(t112=68,3 MHH). 

Ilo3TOMY B rrpHMeHeHHH K reHepaTOpHbIM H30TonaM MO)l(HO roBopHT:b o 

25 CHa6)l(eHRH HMH JII06bIX KJIHHHK, 06Jia,z:J.aIOW:HX I13T-CKaHHepaMH, B paMKax 

perHoHa, rocynapcTsa HJIH rpyrrrrbI rocy.n;apcTB. 

HaH60rrbrnee rrpHMeHeHHe reHepaTopHhie c11.cTeMhI Moryr HaHTH B 

CMOHTHpOBaHHbIX B aBTOTpeH:rrepax TaK Ha3hIBaeMbIX M06HJihHhIX I13T, 

Bhl3hIBaeMhIX ,l.l;JIH 06c11y)l(Jl.BaHHH KJIHHHK, He 11.MeIOrn;Hx He TOJihKO co6CTBeHHhIX 

30 ll,HKJIOTpOHOB, HO H co6CTBeHHhIX I13T-cKaHHepoB. IlpH OTCYTCTBll.11. «IIpHBH3KH» 

TaKoro M06HJihHOro I13T-cKaHHepa K H30TOIIHOH 6a3e cyrn:ecTBeHHO 

pacrnMpHeTCH pa.u11.yc o6cJiy)l(HBaeMOH HM TeppHTOpHH. 
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]ifaseCTHa CTpOHUHR-py6H.n;HeBIDI HHcjJy3HOHaJI CHCTeMa rrpOH3BO,ZJ;CTBa 

.n;HarHOCTHqecKoro pacTBopa OT pa,nHOHYKJIHllHOro CTpOHUHH:-py6HllHeBoro 

reHeparnpa H rrpoBeneHH51 KOHTp01IHpyeMOH HHcjJy3HH (US 4562829, 1986), 

BKmoqaJOII{aH eMKOCTb c 3moeHTOM, coenirneHH)'IO COOTBeTCTBYIOII{HMH 

5 Tpy6orrposo.n;aMH CHCTeMhJ TpattcrropTHpOBKH qepe3 rrepBhIH rpexxo,ZJ;OBOH 

KnarraH c umpMU:eBhIM HacocoM, crpoHuHH:-py6HllMeBhIH reHepaTop c rrepBhIMH 

cjJHJihTpOM H .n;aTqHKOM naBJieHirn: Ha Bxone, BTopoH: TpexXOllOBOH KJiarraH, rrepsoe 

OTBepcn1e KoToporo rro.n;KmoqeHo qepe3 BTopoii: qrn:nhrp K cpe.n;cTBY .n;m1 

HHcjJy3HH :rnIOaTa rrauHeHTy, a BTOpoe - K cpe,D;CTBY ,ZJ;JUI c6opa H xpaHeHH51 

10 H3JIHillKOB 3nIOaTa, cpencTBa llJIH H3MepeHMH pa,nHoaKTHBHOCTM M cMcTeMa 

KOHTpOJIH M yrrpasnemrn. 1bBeCTHIDI CHCTeMa He 5IBJI5IeTC51 OIITHMaJlhHOH ITO 

CTerreHH 3all{HThl OT pa,n:aoaKTHBHOro H3nyqeHH51 H no cpoKy cny)l(:6J>I 

reHepaTOpHOH KOJIOHKH. 

Tipe.z:i;naraeMoe H3o6peTeHHe HarrpaBneHo Ha ycTpaHeHMe rrepeqHcJieHHbIX 

15 HellOCTaTKOB. ,n:ocTHraeMhIH rrpH ee HCIIOJib30BaHirn TeXHHqeCKHH pe3yJIJ>TaT 

3aI<JIIOqaeTC51 B IIOBhIIIJeHHH 3cjJcjJeKTHBHOCTH rrpoBe.n;emrn .n:1mrHOCTifqeCKOH 

rrpou:enyphI 3a cqeT aBTOMannauHH rrpoue.n;yphI HHcPY3MH, CHH)l(:emrn: ll03 

He)l(:eJiaTeJibHoro pa,nHoaKTHBHoro o6nyqemrn rrau::aeHTa H o6cny)l(:HBaIOII{ero 

rrepcoHaJia, yBeJI:aqeHHH cpOKOB 3KCITJiyaTauHH reHepaTOpHOH KOJIOHKH. 

20 CymHoCTh rrpe.n;naraeMoro .H3o6peTeHH51 3aI<JIIOqaeTC51 B TOM, qTo 

aBTOMaTH3HpOBaHHa51 CTpOHllJIH - py6H.n;HeBM HHcPY3MOHHIDI CHCTeMa, co.z:i;ep)l(:HT 

eMKOCTb c 3JIIOeHTOM, CTpOHU:Hli-py6HllHeBhIH reHepaTop c cPIIJihTPOM H 

.n;aTqHKOM ,ZJ;aBJieHH51 Ha Bxo.n;e, cpe,D;CTBO llJI51 HHcjJy3HM 3JIIOaTa rrauHeHTy, 

coe.n:HHeHHbie CMCTeMOM rpaHCilOpTHpOBKH c rpy6orrpOBOllaMH H llBYM51 

25 TpexxonoBhIMH KJiarraHaMH, cpe.n;cTBa~n51 H3MepeHHH pa,nHoaKTHBHOCTH H 6noK 

KOHTpOJI51 H yrrpaBJieHH51. TipHqeM eMKOCTb c 3JIIOeHTOM qepe3 rrepaoe II BTOpoe 

orsepcrHH rrepsoro rpexxo.z:i;osoro KnarraHa coe.n;HHeHa c rnrrp1m:eBhIM HacocoM, 

rrepBoe OTBepCTMe BTOporo TpeXXO.llOBOro KnarraHa IlO,llKJIIOqeHO 

rpy6orrpOBOllaMll qepe3 BTOpoH: cPH.JihTp K cpe,llCTBY .llJ151 HHcPY3HH 3JIIOaTa 

30 rraurreHTy, a BTOpoe OTBepcTHe - K c6opHHKY OTXO,ZJ;OB. B CHCTeMy 
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.UOIIOJIHHTeJibHO BBe)J.eHbI TpeTHH H qeTBepTblH rpeXXO.LJ:OBbie KJiarraHbI, rrepBbIH H 

BTopo:H ,lJ.eTeKTOpbI B03JlYllIHhIX rryJI>IpbKOB, IIO.UKJIIoqeHHbie K 6noKy KOHTponx 11 

yrrpaBnemrn:, CB5!3aHHOro c KOMIIbIOTepoM, rrpH '.HOM Tpeni:H: Tpexxo.n:OBOH 

KnarraH CB513aH rrepBbIM H BTOpbIM OTBepCTH5IMH qepe3 Tpy6orrpoBO,llbl c TpeTbHM 

5 OTBepcTHeM rrepBoro TpeXXO.LJ:OBOro KJiarraHa H BXO,llOM CTpOHUHH - py6H.n:HeBoro 

rettepaTopa, cooTBeTCTBeHHO. Bbrxo.u reHepaTopa IIO.UKJIIO'leH K rrepBOMY 

OTBepCTHIO 'leTBepToro rpexXO.LJ:OBOro KJiarraHa, rrpH'IeM TpeThe OTBepCTHe 

TpeTnero KnarraHa n: BTopoe OTBepcT11e qeTBepToro KJiarraHa cB~BaHbI 

Tpy6orrpoBO,lJ.OM, rrepBbIH ,lJ.eTeKTOp B03.UyIIIHbIX rry3blpbKOB ycTaHOBJieH Ha 

10 Tpy6orrpoBO.LJ:e Me)K.LJ:y eMKOCThIO c 3JIIOeHTOM H rrepBbIM OTBepCTHeM rrepsoro 

KJiarraHa, a BTopo:H: .ueTeKTop ycTaHOBJieH Ha rpy6orrposo.ue Me)l(.uy rpeThHMH 

OTBepcTMXMH qeTBepToro H BToporo KJiarraHOB. 

KpoMe Toro, cpe,n:CTBa .unx H3MepeHHx pa,n:HoaKTHBHOCTH BKJI10qa10T 

rrepBbIH H BTopoli ,n:aTqHKH aKTHBHOCTH. ITpn: 3TOM rrepBhIH .uaTqHK aKTHBHOCTM 

15 pa3MemeH Ha Tpy6orrposo.ue Me)K.LJ:y TpeTbHMH OTBepcTH5IMH qeTBepToro H 

BToporo KJI3IIaHOB H BhIIIOJIHeH B BH.Ue 6eTa-.ueTeKTOpa. 

Pa.uHaunoHHM JaIUHTa cpe.ucTBa .UM c6opa H xpaHeHHX H3JIHIIIKOB 

3JIIOaTa MO)l(eT 6hITb BbIIIOJIHeHa B BH.Ue 33IUHTHoro 6oKca, BKJIJ0qa10mero 

cpe,UCTBO KOHrpOM Beca OTXO.UOB B BH,Ue .uaT'IHKa YCHJIH5l, a B OTBepCTHH 

20 3aIUHTHOro 6oKca ycTaHOBJieH BTOpoli ,llaT'IHK aKTHBHOCTH .UM orrpe.ueneHHH 

ypOBH51 pa,n:HOaKTHBHOCTH OTXO.UOB B BH,Ue ra.MMa-.ueTeKTOp. 

KonoHKa cTpOHJlHH - py6H.UHeBoro rettepaTopa HMeeT pa,n:HauHOHHYJO 

rrpe.n:rrO'ITHTeJibHO, BHellIHHH OCHOBHOH 

TpaHcrropTHhrH 3aIUHTHbie KOHTeiiHepbI, rrpH 3TOM OCHOBHOH 3aIUHTHbrH 

25 KOHTeiIHep CTaUHOHapHo ycTaHOBJieH Ha IIOJIKe TeJie)l(KH. 

30 

CncTeMa ycTaHaBmrnaeTcx B 3aKphITOM nepeMemaeMOM Koprryce. KpoMe 

Toro, KOprryc CHa6)KeH C.D:BHraIOmeH:cx CTOJieIIIHHUeH. 

CymttocTh H3o6peTeHHx rroJicHxeTcx cne.uy10mHMH qepTe)l(aMH: 

<l>H:r. 1 - cxeMa HH<l>Y3HOHHOH CHCTeMhI; 

<l>Hr. 2 - rrpe.ucTaBJieH o6mHii BH.U reHepaTopHOH ycTaHOBKH c6oKy; 
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qmr. 3 - o6IUHH BH.LJ: rettepaTopHOH ycTaHOBKH CBepxy. 

HH)l{e nepeqHcJieHbI ycnoBHhie 060Jttaqettm1, HCTIOJih3yeMbie Ha qepeDKe: 

1 - eMKOCTb c 3JUOeHTOM 

2, 3, 4, 5 - Tpexxo,noBbie KJianaHhI 

6, 7 - ,naT'IHKH aKTHBHOCTH 

8, 9 - ,naTqHKH .nmmettm1 

10 - nrnpmi:eBoH ttacoc 

11 - CTPOHUHH-py6H,nHeBbIH reHepaTop 

12 - 6JIOK KOHTpOIDI H yrrpaBJieHml 

13 - ,naT'IHK Beca 

14 - y.narreHHbIH KOMIIbIOTep 

15, 16 - cpHJibTpbl 

1 7, 18 - ,neTeKTOphI B03,ZJ;YIIIHbIX rry3hiphKOB 

19 - cpe).l.CTBO )J,IDI HHcjJy3HH 3JIIOaTa rraii:HeHry (Hrna) 

20 - c6opHHK OTXO.LJ:OB 3JIIOeHTa H 3JIIOaTa 

21 - nepeMeruaeMbIH Koprryc 

22 - IIITaTHB 

23 - 3aIUHTHbIB KOHTeHHep CTpOHUHH - py6H,nHeBoro reHepaTopa 

24 - 3aIUHTHbIB KOHTeHHep .llIDI 6eTa - .neTeKTOpa 

25 - HCTO'IHHK IIHTaHH.sI 

26 - 3aIUHTHbIB 6oKC eMKOCTH .n.m1 OTXO.LJ:OB 

27 - C.LJ:BHraIOIUMC.sI CTOJieIIIHHIJ:a. 

ABTOMaTH3HpOBaHHM CTpOHUHH - py6tt,n;HeBruI HHcpy3HOHHa51 CHCTeMa 

25 BKmoqaeT B ce6.sI cpe.ncrna .nmr rettepaUHH py6H,n;H.sI-82 B pacrnope, K0Topb1:H. 

MO:>K:eT 6bITb BBe,n:eH IIaI.J;HeHTy, a HMeHHO CTpOHIJ:HH-py6H,ll;IieBbIH reHepaTop 11 

( cjJHr. l ), o6bl'IHOro nma B TpaHcrropTHOM KOHTeHHepe. 3TOT KOHTeHHep 

IIOMeruaeTC51 B 3aIUHTHhIH BHeIIIHHH OCHOBHOH KOHTeHHep 23 H COBMeCTHO c 

IIOCJie,ZJ;HHM ocyrueCTBJI.sieT <l>YHKUHIO OCHOBHOM pa,nHaUHOHHOH 3aIUHThl. 

30 CHcTeMa B c6ope MO)l{eT ycTattaamrnaThC51 a nepeMeruaeMOM Koprryce 21 (qmr. 
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2), 3aKpbITbIM .n.eKopanIBHI:.IMH rraHeIDIMH (He rroKa3aHO ). Ha cToneruHm1e 

ycTaHOBJieH lllTaTHB 22 c yKperrneHHOM Ha HeM eMKOCTI:.IO c 3JIIOeHTOM 1. KpoMe 

Toro, J.n.ecI:. ycTaJIOBJieH rnrrpHueBOH Hacoc 10 H KOMIIbIOTep 14. Ha sepxHeli 

rronKe rrepeMeruaeMoro Koprryca 21 ycTaHOBJICHbl: 

- ocHOBHOH 3aIUHTHbIH KOHTCH:Hep 23, BHYTPI:. KOToporo rroMerueH 

CTaH.n.apTHblH TpaHCIIOpTHbIH KOHTeHHep co crpOHUHH-py6H.ll,HCBbIM 

reHeparnpoM 11 ; 

- 3all.lHTHbIB 6oKc 24 c pa3Mern:eHHI:.IM BHYTPH Hero .n.eTeKTopoM 6eTa

aKTHBHOCTH, H3MCp5IIOIUHM aKTHBHOCTb paCTBOpa, rrporne.n.rnero qepe3 

CTpOHUHH-py6H.n.HeBbIH reHepaTop; 

- HCTOqHHK IIHTaHH5I 25. 

Ha Hm1rneli rronKe pa3Meru;eH 3aI.U;HTHI:.IH 6oKc 26, BHYTPH KoToporo 

pacrronaraeTC5I c6opHHK OTXO.LJ:OB 3JIIOCHTa H 3JIIOaTa. 

Ha qmr. 3 BepxHHH KpbmIKa KOHTeHHepa 23 OTKHHyra, qTo I103BOJI5ICT 

15 ys11.n.eTb rronoCTb, BHYTPh KOTOpoli rroMern:aeTCH TpaHcrropTHbIH KOHTe:Httep co 

CTpOHUHH-py6H,lJ,HCBbIM reHepaTopoM 11. ,ijJI5I Toro, qT06bI o6nerrrnTb .ll,OCTYIT K 

OCHOBHOMY 3aru11THOMY KOHTCHHepy 23 BO BpCM5I rrepe3ap».n.K11 reHepaTOpHOH 

CHCTCMbl (H3BJieKaeTCH rpaHCIIOpTHbIH KOHTCHHep c OTpa6oTaBrneH: KOJIOHKOH 

CTpOHIIHH-py611.n.HeBoro reHepaTopa 11 11 ycTaHaBJIHBaeTC» TpattcrropTHbIH 

20 KOHTCHHep co CBC)KCH reHepaTopHOM KOJIOHKOM) qaCTb CTOJICIIIHRUbl 

BbIIIOJIHeHa B BR.n.e C.LJ:Bllr<UOIIICMC» CTOJICIIIHRUhl 27, o6ecne~mBaIOIIICH y.uo6CTBO 

rrpH pa6oTe. 

KpoMe Toro, CHCTeMa BKJIIOqaeT B ce6H cpe.n.cTBa .n.mi: rrpose.n.eHH5I 

HH<l>Y3llll, a HMCHHO (<!>Hr. 1): lllilpm.i;esoii ,lJ,HCTaHUHOHHO yrrpaBJrneMbIH 

25 HH<l>Y3HOHHbIH Hacoc 10, IIITOK KOTOporo rrpHBO,lJ,HTC5I B .ueiiCTBHe, HarrpHMep, 

IIIarOBhIM .LJ:BMraTeJieM; cpe,n:CTBa .LJ:Jl.SI aBTOMaTR3HpOBaIIHOro 3aIIOJIHCHH5I 

IIInpHuesoro Hacoca 3JIIOCHTOM I (0.9 % pacTaopoM NaCl); cttcTeMy 

TpaHCIIOpTHpOBKR 3JIIOCHTa ll 3JIIOaTa ,l],O rrauHeHTa HJIH c6opHHKa OTXO.ll,OB 

3JIIOCHTa ll 3JIIOaTa, CHa6)KeHHyro MHOrOXO,lJ,OBbIMH (Tpexxo.n.OBblMR) KJianaHaMR 

30 2 - 5 (qn1T. l), ocymeCTBJUIIOIIIRMH BCTBJICHHe CHCTCMbl rpaHcrropTI1pOBKH B 
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COOTBeTCTBIHf c rrporpaMMOll rrpoBe,D;eHIUI pa6oT; aHTH6aKTepHa.JibHbie cpe,IlCTBa 

3aUJ;HTbI, a HMeHHO aHTH6aKTepHa.JibHbie qrnJibTPbI 15 H 16 Ha BXO,Ile H BbIXO,Ile 

CHCTeMbI TpaHCIIOpTHpOBKH; cpe,IlCTBa H3MepeHmI aKTHBHOCTH 3nJOaTa .n:m1 

TeKyrn;ero KOHTpom1 H ,ll03HpOBaHH5I rrpH HH<l>Y3HH B rrauHeHTa 6 H 7; cpe,llCTBa 

5 H3MepeHHH ,IlaBJieHHH 8 H 9 B rpaHCIIOpTHOll CHCTeMe, B TOM qJfCJie H ,IlJIH 

H3MepeHH5I OKKJII03Irn; c6opHHK OTXO.llOB 3JIIOeHTa H 3JIIOaTa 20, B TOM qlfCJie c 

H3MepeHHeM BemfqlfHbJ aKTHBHOCTH H Beca paCTBopa B eMKOCTH .ll;JIH OTXO.IlOB 13 

H ocyrn;eCTBJieHH5I 3aUJ;HTbI OT pa,z::i;HOaKTHBHOCTH; cpe,D;CTBa 

aBTOMaTH3HpoBaHHoro KOHTPOJIH acero rrpouecca 3n10au11H 11 ero cocTaBHhIX 

10 qacTeif 12, ocyrn;ecTBJIHeMoro c rroMorn;bIO 6opToBoro HJIH y.z::i;aneHHoro 

KOMIIbIOTepoB 14. 

B 01rnc1:.maeMoli cHcTeMe eMKOCTb c 3JIIOeHTOM 1 ( conSIHhIM 

paCTBOpOM) coe,D;HHeHa IIJiaCTHKOBbIM cl>HTHHrOM c Tpy6orrpOBO.IlOM (HarrpHMep, 

rpy6oqKQM .n:m1 HH<l>Y3HM, KOTOpaH HMeeT BHeIIIHHM .n:irnMerp 2.5 MM rrpH 

15 BHyrpeHHeM .llHaMeTpe 1.5 MM). Orpe3KH TaKHX rpy6oqeK (Tpy6orrpoBO.IlbI) ,n:a.Jiee 

HCIIOJib3yIOTCH ,IlJISI IIOCTpOeHHH BCeli rpaHCIIOpTHOll CHCTeMbl .llJISI HH<l>Y3HH . 

.lJ:pyroH: KOHeu Tpy6orrpoBo.n:a IIO,IlCOe.z::i;1rneH qepe3 .z::i;eTeKTOp B03.IlYIIIHbIX 

rry3hipbKOB 1 7, KOTOpbIM, B crryqae rrpoxo)l{)J,eHHH B03.IlYIIIHOro rry3biphKa, 

Bbipa6aTbIBaeT CHrHa.JI Ha 6JIOK KOHTPOJISI H yrrpaarreHHSI 12, KOTOpbIM 

20 Bbipa6aTbIBaeT yrrpaBJISllOIUHH CHrHa.JI Ha KJiarraHbI 2, 3, 4 H 5, B pe3yJILTaTe qero, 

pacTBop 3JIIOeHTa, co,Ilep)l(arn;Hif B03.llYIIIHhlM IIY3bipeK, Y.Ila.JIHeTCH B c6opHHK 

OTXO.IlOB 3JIIOeHTa H 3JIIOaTa 20, He rrpoXOM KOJIOHKY CTpOHUHii-py6H,IlHeBoro 

reHepaTopa 11. 

KnarraH 2 ocyrn;ecTBJISieT rrepeBO.ll HH<l>Y3HOHHOM cucTeMbI B o.n:irn H3 

25 .IlByx B03MO:>KHbIX pe:>KHMOB pa60ThI: (1) 3aIIOJIHeHHe IIIIIpHua rrpH pa6oTe 

nmpuueBoro Hacoca 10 Ha BcacLmaHHe coJIHHoro pacTBopa H3 eMKOCTH c 

3JIIOeHTOM 1 (qepe3 rrepBoe H BTOpoe OTBepcTmI KJiarraHa) HJIH (2) HH<l>Y3HIO, T.e. 

rro,n:aqy coJIHHoro pacTsopa H3 3arronHeHHoro rnrrpHua rnrrpHuesoro ttacoca 10 B 

HH<l>Y3HOHHYIO CHCTeMy (qepe3 rrepsoe H TpeTbe OTBepcnrn KJiarraHa). 
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Tpexxonosoli KJiana.H 2 naJiee coenHHeH orpe3KOM coenHHHTeJibHOH 

Tpy6KH c rrepBbIM OTBepcTHeM rpeTbero Tpexxonosoro KJianaHa 4, BTopoe 

OTBepcn1e KOTOporo COe]lHHeHO qepe3 rrepBbIM qnrnbrp 15 c BXO)J,OM KOJIOHKH 

CTpOHUHli-py6H.ZlHeBoro reHepaTopa 11. KoHTpOJib naBJieHHH Ha axone B KOJIOHKY 

5 CTpOHUHH-py6H)J.11eBoro reHepaTopa 11 ocyrn:ecTBJIHeTCH rrepBbIM naTqlfKOM 

.[l,aBneHmI 8. 

TpeTblfM OTBepcn1eM KJiarraH 4, qepe3 OTpe30K coe.n.HHlfTeJibHOH 

Tpy6KH, 110.ZJ.COe,[(HHeH KO BTOpOMY OTBepcnuo qeTBepToro rpeXXO,[(OBOrO 

KJiarraHa 5. 3TOT KJiarraH TaK>Ke 11MeeT coe,n:HHeHmI c BblXO,[(HOH rpy6KOH 

10 KOJIOHKH CTIJOHUHli-py611,n:HeBoro reHepaTopa 11 (rrepsoe OTBepCTHe) H 

rrpO.ll,OJDKeH11eM lfHcpy3lfOHHOH CHCTeMbl Ha TpeTbeM OTBepcTHlf. 

B pe)KHMe pa6oTbI umpHuesoro Hacoca <<HHcpy3HH» rrapa 

TpeXXO,[(OBbIX KJiarraHOB 4, 5, pa6oTa» Cl1HXpOHHO, 1103BOJISieT JIH6o rrpoKa<r11BaTb 

COJIHHOH paCTBOp 113 mnp11ua 10 qepe3 KOJIOHKY CTIJOHUl1H-pyfom11eaoro 

15 reHepaTopa ,l(aJibIIle B HHcpy3HOHHYIO CHCTeMy y:>Ke B Blf,l(e 3JIIOaTa, T.e. paCTBOpa, 

o6orarn:ettttoro Rb-82, JIH6o rrpoKaq1rnaTb corr»Holi pacTaop a irncpy3HOHHYIO 

Cl1CTeMy, MHHY» CTpOHUHii-py611n11eBbIM reHeparnp 11. 3TOT pe:>KHM pa60Tbl 

Torna, Korna Heo6XOllHMoe Korr11qecTao aKTHBHOCTH Rb-82 

Hapa6oTaHo 11 OHO JlOJI:>KHO 6b1Tb ,[(OCTaBJieHO rrauHeHTY 19, a HHcpy3HOHHIDI 

20 CHCTeMa JlOJI:>KHa 6bITb 3aIIOJIHeHa HeaKTHBHbIM COJIHHbIM paCTBOpOM Ha KOHeu 

lfHcpy3HH B rraIJHeHTa. IlpH HCTIOJih30BaHHH pe:>KHMa rrpoKaqKH comrnoro 

paCTBopa rrpaKTHqeCKH BC» HHcpy3HOHHIDI CHCTeMa, 3a HCKJIIOqeHHeM 

coe,[(HHl1TeJibHOro Tpy6orrpoao.n:a OT BblX0.[1,a 113 CTIJOHU11H-py6H,[(HeBoro 

reHepaTopa no qeTBepToro Tpexxo,[(oaoro KJianaHa, 6y.n;eT 3a1101rnetta 

25 Hepa,[1;110aKTlfBHhIM COJISIHbIM pacTBOpOM 11 He 6y,[(eT 5IBJ15ITbC.sI HCTQqHHKOM 

,[(0110JIHl1TeJihHOH 

06cny)l(11muorn:1di: 

He:>KeJiaTeJibHOH pa,[J;HOaKTHBHOCTH 

rrepcoHarr; KpoMe Toro, o6'beM 

Ha rrauHeHTa H 

coJI.sIHoro pacTBopa, 

Heo6XO.[l,HMbIM llJ15I ,[(O,UaBJIHBaHHSI Hapa6oTaHHOro 3JIIOaTa B rrau;HeHTa He 6y.ueT 

rrpoXO.UHTb qepe3 KOJIOHKY CTpOHU11H-py6H,n:HeBoro reHepaTopa H HCTorn:aTb ee, 

30 T.K. 113BeCTHO, qTo IIOTeHU11» reHepaTopa 3aBl1CHT He TOJibKO OT BpeMeHH ero 
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3KCITJiyaTau;HH, HO TaK>Ke H OT o6beMa rrporryrn;eHHOro qepe3 Hero COJI51HOro 

paCTBOpa. 

Ha Tpy6orrpoBo)l.e OT Tpen.ero OTBepcnrn: qeTsepToro Tpexxo)l.oBoro 

KnarraHa 5 .n:o rpeTbero OTBepcTHH BToporo Tpexxo.n:oBoro KnarraHa 3 

5 ycTa.HOBJieHhI rrepBbIH )l.eTeKTop Pa.llHOaKTHBHOCTH 6 (6eTa-)l.eTeKTop) H BTopoli 

)l.eTeKTOp B03.llYIIIHblX rry3blpbKOB 18, amuIOrHqHbIH rrepBOMy )l.eTeKTopy 

ITY3bipbKOB 1 7. I1p11 o6Hapy)l{emrn: B03JlYIIIHoro rry3hipbKa, )l.eTeKTop 18 

Bbipa6aTbIBaeT ClffHaJI Ha 6noK KOHTpOJI51 H yrrpaBneHH51, KOTOpbIH Bbipa6aThIBaeT 

yrrpaBJIRIOIQHH cHrHan Ha KnarraH BToporo rpexxo)l.oBoro KJiarraHa 3. B 

10 pe3yJihTaTe, 3nIOaT co.n:ep)Karn;Hii B03JlYIIIHhIH rry3bipeK, Y.llaJUieTC51 B c6opHHK 

OTxo.n:oB 3nIOeHTa 11 3moaTa 20. EcnH B03.llYIIIffbIH rry3bipeK He o6Hapy)I(eH, 

3JIIOaT HarrpaBJI51eTC51 qepe3 rrepBoe OTBepCTHe rpeXXO)l.OBOro KJiarraHa 3 H BTOpoM. 

qrnnbTp 16 B rrau:HeHTa, T.e. Ha Hrny 19 

,lJ;eTeKTop pa.JlHOaKTHBHOCTH 6 pa6oTaeT B pe)l(HMe peannHoro BpeMeHH 

15 H H3Mep.s1eT aKTHBHOCTn Rb-82 B MecTe pacrroJio)l(eHHR )l.eTeKTopa 18. 

KoHrpOJin 3a HarronHeHHeM c6opHHKa )l.JI51 OTXO)l.OB )Kll)l.KOCTnIO 

ocyrn;ecTBmieTc.si: c IIOMOI.QbIO )l.aTqHKa ycHJIHH (He noKa3aH). ,lJ;n.si: H3MepeHm1 

pa.llHOaKTHBHOCTH, CO)l.ep)l(arn;eik.si: B c6opHHKe )l.JI51 OTXO)l.OB 3JIIOeHTa H 3JIIOaTa 

HCIIOJib3yeTc.si: BTopo:H )l.aTqHK PMHOaKTHBHOCTH 7 (raMMa-.n:eTeKTop). 

20 Pa)l.l'laU:HOHHM 3aIQHTa cpe)l.CTBa ,l.l;TI51 c6opa H xpaHeHH.si: H3JIHIIIKOB 3nIOaTa 

BbIIlOJIHeHa B BH)l.e 3aIQHTHoro 6oKca, B COCTaB KOTOporo BKJIIOqeH )l.aTqHK 

ycHJII.f.SI, a B OTBepCTHH 3aIIIHTHOro 6oKca ycTaHOBJieH BTOpoli .n;aTqHK 

aKTHBHOCTM. 

TipH ocyII1eCTBJieHHH HH<PY3HH B rrau:HeHTa BTOpoli TpeXXO)l.OBOH 

25 KnanaH 3 rrepeKJIIOqeH Ha rrporryCKaHHe 3JIIOaTa Ha rpy6orrpOBO)l. COe)l.HHeHHblH c 

1-irno:H. 19 qepe3 MHnnHrropoBCKH:H <PttnnTp 16. Ha 3TOM orpe3Ke ycTaHOBJieH 

BTOpoH: .n:aTqJ11( )l.aBJieHH51 9, II03BOJ15llOIQHH II3Mep51Tb .n;aBJieHHe OKKJll03HH rrpH 

BBe.n:eHHH pacTBopa, co)l.ep)Karn;ero Rb-82, B nau;HeHTa. 
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ITpouecc pa60TbI CTpOHUIIif-py6H.Z:UfeBOH HHcpy3HOHHOH CHCTeMbI 

rrpOHCXO.UHT rro.u yrrpaBJieHH:eM yrrpasm110rn;eli KOMilbIOTepHOH rrporpaMMbI, B 

KOTOpoli rrpoIIIICbIBaeTC» COCT051HHe Ka)l{,[{oro H3 ycTpOHCTB, BXO.U51IIJ;lfX B 

HHcpy3HOHHYJO CHCTeMy, Ha MOMeHT Haqarra If OKOff'IaHmI BbIIIOJIHeHHH Uiara, 

5 TaK)Ke rrpOIIHCbIBaIOTCH .ueliCTBH51 3THX ycTpOllCTB H ycJIOBH5I HX 

<l>YHKUHOHHpoBaHJUI B HOpMaribHbIX ycrromrnx H B crryqae B03HHKHOBemrn: 

aBapIIHHOH CIITyaumi:. 

.amI HCKmoqeHJf51 rreperrOJIHeHH51 B c6opHHKe OTXO)J,OB 3JIIOeHTa H 

3JIIOaTa 20 pa,1],HOaKTHBHOH )KH,l{KOCTH, ocyrn;eCTBJUieTCH ,lJ,HCTaHUHOHHbIB 

10 KOHTpOJib 3a rrpe.ueJibHbIM 3HaqeHHeM ee ypoBH51 c IIOMOIIJ;bIO .uaT~Ka ycIIJIH5I, 

rrpH 3TOM KOHTpOmipyeTC51 o6rn;HH. Bee Tapbl H )Kll)J,KOCTII, ocyrn;eCTBmieTCH 

TeKyIIJ;HH KOHTpOJib 3a 3HaqeHHeM Beca ( o6neMa) )KJl)J,KOCTlf 11 3a rrpe.ueJibHbIM 

ero 3HaqeHHeM. KpoMe Toro, qmKc11py» Bee rrycToli TapbI .n:n» c6opa OTxo.n;oB, 

CHCTeMa pernaMeHTHOro orrpoca 6noKa KOHTPOJI51 H yrrpaBJieHH51 ycTaHOBKH 

15 rrorryqaeT 1-rncpopMauHIO 0 TOM, qTo Tapa ycTaHOBJieHa B KOHTeHHepe. 

MaKCHMaJihHbIH o6beM OTXO)J,OB B Tape COCTaBJIHeT 250 MJI. 

bJIOK KOHTpOJUI H yrrpasneHH51 IIO)J,KJIIOqeH K y.n:arreHHOMY KOMIIbIOTepy, 

Ha .l(lfCIIJiee KOTOporo OTo6pa)KaeTCH rpacpttqecKaH MHeMOCXeMa reHepaTOpHoro 

ycTpOHCTBa, o6ecrreqlfBaIOIIJ;aH Ha6JIIO.UeHHe KOHTpOJIHpyeMbIX rrapaMeTpOB B 

20 aBTOManrqecKOM pe)KlfMe H orrepaTHBHoro yrrpaBnemrn oT.zi:enbHbIMH 

3JieMeHTaMH (3JieKTpOMarHHTHbIMH TpeXXO.l{OBbIMH KJiaIIaHaMH 2 - 5, HaCOCOM 

10) B pyqHOM pe)KHMe. CxeMa II03BOJUieT Ha6mo,n;aTb 3a TeKyIIJ;HM COCTOHHJfeM 

BCex :meMeHTOB OIIHCbIBaeMOH CHCTeMbl i-rncpy3HH (KJiaIIaHOB 2-5, .n.eTeKTOpOB 

B03.lJ;YIIIHbIX rry3hipbKOB 17, 18) H 3a pa6oToli rrmp1u1eBoro Hacoca 10. TaK'/Ke 

25 oHa II03Bon.s:ieT rrnnyqaTb HHcpopMaumo o rrapaMeTpax .n:asneHH» B ManrcTparr5Ix 

OT .n:aTqHKOB .uasrreHHSI 8, 9, aKTHBHOCTH 3JIIOaTa Ha BhIXO.l(e H3 reHepaTOpHOll 

KOJIOHKH 11 H cyMMapHOH aKTHBHOCTH, Beca eMKOCTH c6opHHKa OTXO.IJ.OB 

3JIIOeHTa H 3JIIOaTa 20, aKTHBHOCTH B eMKOCTH c OTXO.UaMH OT .n:eTeKTOpOB 6,7. 

EnoK KOHTpOJUI H yrrpaBnemu1 12 CHCTeMbI CB513aH c yrrpaBJI»IOIIJ;HMH 

30 3JieMeHTaMH reHepaTOpHOH ycTaHOBKH - 3JieKTpoMarHHTHbIMH TpexXO,ZJ;OBhIMH 
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KJiarraHaMH 2, 3, 4, 5 H HaCOCOM 10, a TaK)f(e BKJIIoqaeT 3JieMeHTbI ,l(Jljf c6opa H 

o6pa60TKH CHrHaJIOB c ,l(aTqHKOB 6, 7 (.naTqlfKH pa,l(HOaKTHBHOCTH), 8, 9 (ii:aTqHKH 

ii:aaneHn.sr), 17, 18 (JJ:eTeKTOphI ao3,n:yIIIHbIX rry3b1p&KoB). BnoK yrrpasneHH.sI 12 

Cm13aH c naHeJibHhlM nepcoHaJibH&IM KOMilhIOTepOM (PPC) HJIH JII06hIM .n:pyrHM 

5 yLI:aneHHbIM KOMIIbIOTepoM (14) rro KamUiy Ethernet. OH rronyqaeT KOMaH,l(bI OT 

PPC HJIH y,l(aneHHoro KOMIIbIOTepa Ha BbIIIOJIHeH.He OT,l(eJibHhIX rnaros 

rrporpaMMbl pa6oTbI reHepaTOpHOH YCTaHOBKH H HHCpopMHpyeT HX 0 TeKyll{eM 

COCTO.sIHHH yrrpaBJIRCMbIX HM 3JieMeHTOB H COCTOHHHH ,n:aT"LIHKOB CHCTCMhI. 

OrrHcbrnaeMM cncTeMa IIOBhIIIIaeT 6e3orracHocTh 3Kcrn1yaTaIIHH, TaK 

10 KaK aBTOMaTH3aIIH.sI rrpOIIecca HHcpy3HH II03BOJIHJia 3HaqnTeJihHO COKpaTHTb 

pa,l(HOaKT.HBHOe o6nyqeHHe 3a CIJeT BBe,l(CHH.sI B CHCTeMy ,l(OilOJIHHTeJI&HhIX 

KnarraHOB, o6ecrreqnsaiorn:nx BeTBJieHHe rpy6orrpoao.nos. B pe3y11bTaTe, 

IIO.sIBl·macb B03M0)f(HOCTb ,l(O,l(aBJIHBaHHH Hapa6oTaHHoro 3JIIOaTa B IlaQHeHTa 

3JIIOeHTOM, MHHYH CTpOHU;IfH - py6H,l(HeBbIM reHepaTOp. flpH 3TOM Tpy6orrpOBO,l( 

15 Hepa.n;HOaKTHBHhIM 3JIIOeHTOM H He rrpOHCXO,l(HT 

,Ll,OIIOJIHHTeJihHOro HCTOII{emrn CTpOHIJ;I1H - pyfo.1,LJ,Heaoro reHepaTopa, lffQ 

ysenHq1rnaeT cpoK ero 3KCrrnyaTaIIHH. KpoMe Toro, HCKJIJOqaeTc.sr pHCK 

coii:ep)f(amuI B03.UYIIIHhIX rry3bipbKOB B 3JIIOaHTe, ,LJ,OCTasmreMoro rraIIHeHTy, 3a 

cqeT BBeneHHH B CHCTeMy neTeKTOpOB B03.UYIIIHhIX ITY3hlpbKOB, rrpH 

20 06Hapy)f(eH1rn KOTOpbIX, 3JIJOeHT cpaJy Harrpasn.sreTC.sI K c6opHHKY OTXO,l(OB 

3JIIOCHTa .H 3JIIOaTa qepe3 OTBeTBJieHH.sI Tpy6orrposo,n:a, He HCTOII{M CTpOHIIHH -

py6H,l(HeBbIH reHepaTop. 
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<l>opMyJia u106peTeuuH 

1 . ABTOMaTH3HpOBaIIHM CTpOHUHH 

5 CHCTeMa, conep)J{aIUllil eMKOCTb c 3JIIOeHTOM, CTPOHUHH-pyfot:)lHeBbIM reHepaTop 

c cj:>HJibTpOM H naP.IHKOM )laBJieHHjl Ha BXO,n:e, cpe,n:CTBO JlJljl HHcj:>y31111 3JIIOaTa 

rram1eHTy, COell.HHeHHbie CHCTeMOH TpaHCIIOpTHpOBKH c Tpy6orrposo.uaMH 11. 

.UBYMjl TpeXXO.UOBbIMH KJiarraHaMH, cpe,n:CTBa ,n:JIH H3MepeHHH pa,n:.HoaKTHBHOCTH H 

6noK KOHTpo;rn H yrrpasnemrn, rrpnqeM eMKOCTb c 3JIIOeHTOM qepe3 rrepBoe H 

10 BTopoe OTBepcTHH rrepsoro Tpexxo.n:osoro KJiarraHa coenHHeHa c IIIIIpHUeBbIM 

15 

20 

25 

30 

HacocoM, rrepsoe OTBepcTHe BToporo TpexxonoBoro KnarraHa rro.n:KJIIOqeHO 

Tpy6orrposo,n:aMH qepe3 BTopo:H cj:>HJibTp K cpencTBY l(JIH HH<jJ)'3HH 3JIIOaTa 

rrauM:eHTy, a BTOpoe OTBepCTHe - K c6opHHKY OTXOJJ:OB, OTJIH~HUOIUMCH TeM, qTo 

,n:orronm1TeJibHO sseneHbI TP~THH H qeTsepTbIH TPexxo.uoBbie KJiaIIaHbI, rrepBbIH H 
! 

~ I 6 BTOpOH .ueTeKTOpbI B03LcyIIIHpIX ny3blpbKOB, IIOllKJIJOqeHHbJe K JIOKY KOHTpOJijl Ii 
' I 

yrrpasneHHH, CBjJ:JaHHOro cl KOMIIbIOTepoM, rrp.H '.HOM TpeTHH Tpexxonosoif 

KJrnrraH CB}{JaH rrepBbIM H BTIOpbIM OTBepcTH&MH qepe3 Tpy6onposo}l,bI c TpeTbHM 

OTBepcTHeM nepsoro Tpexxonosoro KJianaHa H BXO}l,OM CTpOHUHii - py6H}l,HeBoro 
I 
I 

reHepaTopa, COOTBeTCTBeHI-f O, BbIXO.ll reHepaTopa IIO,llKJIJOqeH K rrepBOMY 

I 
oTsepcTHIO qeTsepToro Tpexxo.uosoro KJianaHa, rrpnqeM TpeTbe OTBepcTHe 

I 
TpeTbero KJiarraHa H BTOpoe OTBepcTMe qeTBepToro KJiarraHa CBH3aHhJ 

! 
Tpy6orrpoBO.D:OM, rrepBbIH 4eTeKTOp B03llYllIHhlX rry3hlpbKOB ycTaHOBJieH Ha 

I 
Tpy6orrpoB01le Me)l{}l,y eMKO~ThI-0 c 3JII-OeHTOM H rrepBbIM OTBepCTHeM nepsoro 

I . 
Knarratta, a BTopoii: .ueTCKTop ycTattosnett Ha TPY6onposo.n;e Me:>Kny TpeThHMH 

. I 
OTBepCTH}{MH qeTBepToro Ii BTOporo KJianaHOB. 

2. CHcTeMa no n. lJ, 0Trr11qa10rurui:c.sr TeM, qTo cpe}l,CTBa .un.sr H3MepeHHH 

I ~ ~ 
pa.zmoaKTHBHOCTH BKJJI-QqaJOT: nepBbIH Ii BTOpOH ,llaTqHKH aKTHBHOCTH. 

3. CHcTeMa rro ri.2, onrnqaIOIUMCjl TeM, qTo rrepBhIH }l,aTLIHK 
I 

aKTHBHOCTH pa3MerueH Ha I TPY6onposo.ue Me)l{)ly TpeTbHMH OTBepcnrnMH 
I 

4eTBepToro H BTOporo KJiarra*1oB Ii BbIITOJIHeH B BH)J,e 6eTa-)leTeKTOpa. 

4. CttcTeMa no n. li, oTmPiaIOIUruICH TeM, qTo pa.u11au11ottHruI Jaru11Ta 

I 
c6opHHKa OTXO.llOB BbIITOJIHeHa B BH.Ue 3aIUHTHOro 6oKca, BKJI!{)qal{)ruero 

I 
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cpe,LJ,CTBO KOHTpo1rn Beca OTXO,l.J,OB, BbIIlOJIHeHHOro B 

ycHJUUI, a B OTBepcTHli 

3alllHTHOrO 6oKca ycTaHOBJieH BTOpOH ,l.J,aTqHK aKTHBHOCTll ,l.J,JIH orrpe.n:eneHHH 

p~HOaKTHBHOCTH OTXO)l,OB, B BU,l.J,e raMMa-.n;eTeKTOpa. 

5 5. CHcTeMa no rr.1, oTnnqruoma.HcH TeM, qTo cTpom.i;Hli - py6H.n;HeBbIM 

reHepaTOp HMeeT pa)l,HaIJ;HOHHyIO 3alllHTy, BKJIIOqa10my10 BHelUHHH OCHOBHOH H 

TpaHcrropTHblll 3alllHTHbie KOHTeHHepbI, rrpH 3TOM OCHOBHOH 3alllHTHbIH 

KOHTeHHep CTaIJ;HOHapHO ycnlliOBJieH Ha ITOJIKe TeJie)I(KH. 

6. CHcTeMa no rr.1, oTnnqruomMcH TeM, qTo oHa ycTaHOBJieHa B 

10 3aKpbITOM rrepeMemaeMoM Kopnyce. 

7. CncTeMa no rr.6, oTn.nqaromMcR TeM, qTo Koprryc cHa6)I(eH C)l,BHra10meikR 

CTOJielllHHIJ;eli. 
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STRONTIUM-82/RUBIDIUM-82 GENERATOR, METHOD FOR 

PRODUCING A RUBIDIUM-82 COMPRISING DIAGNOSTIC AGENT, SAID 

DIAGNOSTIC AGENT AND ITS USE IN MEDICINE 

The present invention relates to a strontium-

82/rubidium-82 generator, to a method for producing a 

rubidium-82 comprising diagnostic agent using such 

strontium-82/rubidium-82 generator, to the diagnostic 

5 agent obtainable therewith, and ~o the use of this 

diagnostic agent in medicine. 

In nuclear medicine conventional diagnostic 

techniques are applied for coronary artery disease 

imaging and for the determination of the severity of the 

10 disease. Diagnostic agents used for the determination of 

myocardial perfusion comprise thallium-201 or technetium-

99m. However, these diagnostic agents are limited in use 

by the occurrence of attenuation artefacts and do not 

permit an accurate estimation of extension and severity 

15 of coronary artery disease. 

These drawbacks make rubidium a better choice as 

a potassium-analog. Rubidium-82 is suitable for positron 

emission tomography, because Rubidium-82 is a positron 

emitter rendering higher quality images than conventional 

20 gamma camera imaging. Moreover Rubidium-82 is a 

radionuclide with an ultra-short half-life (t 112 =75s). 

This ultra-short half life allows high doses at short 

imaging times but urges production of rubidium-82 near 

the patient. 

25 Presently, a strontium-82/rubidium-82 generator 

comprises a generator column assembly comprising adaptors 

with nuts and ferrules, a column and two micro filters. 

The generator column is about 2.6cm in length, 6mm 

internal diameter and has a 0.5mm wall thickness. All 
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components are made of stainless steel type 316. The 

cationic exchanger may be a-hydrous tin oxide loaded with 

about SOmCi strontium-82. The liquid medium in the 

strontium-82 loaded cationic exchanger is physiological 

5 0.9% sodium chloride. Sterile and pyrogen free 0.9% 

sodium chloride is also used as elution medium. 

This known strontium-82/rubidium-82 generator may 

be used for several days to several weeks. However, the 

known generator is not sufficiently stable for use during 

10 an extended period of time. Such stability is determined 

by a so-called breakthrough of strontium-82 during 

elution. An early breakthrough of strontium-82 blocks the 

possibility of reloading the cationic exchanger with 

strontium-82 for a continued production of the rubidium-

15 82 diagnostic agent. Furthermore, using a generator for 

an extended period of time requires a method of 

sterilization of it. 

Further research revealed that by using a 

physiological buffer having a pH of 6-8.5 as an elution 

20 medium for rubidium-82, the stability of the strontium-

82/rubidium-82 generator can be substantially improved. A 

substitution of the physiological 0.9% sodium chloride 

elution medium by a physiological buffer having a pH of 

6-8.5 as such is not recommendable in relation to the 

25 daily use of the generator. In particular, after use of a 

sterilization medium in the form of hypochlorite solution 

it turned out that a gelatinatious material is formed 

jeopardizing the functionality of the strontium-

82/rubidium-82 generator, in particular because the 

30 column filters become clogged and ultimately blocked. 

The present invention is based on the insight 

that a strontium-82/rubidium-82 generator having parts 

coming into contact with the liquid medium, which part 

has been made of iron-free and preferably of metal-free 
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material, that such clogging gelatinatious material is 

not formed and the generator has the desired improved 

stability and may be reloaded with strontium-82 several 

times without any significant breakthrough of strontium-

s 82. At the same time, optimal performance and sterility 

are maintained. The continued use of the strontium-

82/rubidium-82 generator and the option of reloading 

without significant strontium-82 breakthrough results in 

an extended operation time period before the generator is 

10 to be recycled and the cationic exchanger renewed and 

subsequently loaded again with strontium-82. This results 

in an extensive reduction in costs. 

For instance, a generator according to the 

invention may be used over an extended period of time 

15 such as 2-6 months at substantially constant stability. 

Accordingly, the present invention provides a 

strontium-82/rubidium-82 generator, comprising a column 

filled with a cationic exchanger loaded with strontium-

82, and having an in~et and an outlet, and a liquid 

20 medium, wherein parts of the column, inlet and outlet 

coming into contact with the liquid medium are iron-free, 

preferably metal-free. 

This strontium-82/rubidium-82 generator according 

to the invention is suitable for elution with a 

25 physiological buffer having a pH of 6-8.5 and for 

sterilization using a hypochlorite solution, without the 

occurrence of deteriorating clogging and ultimately 

blocking of the generator due to the formation of 

gelatinatious material. Without being bound to any 

30 theory, it might be that the gelatinatious material 

formed comprises a water insoluble iron salt. Iron likely 

originates from the metallic parts of the generator and 

the counter ions such as phosphate, originate from the 

elution medium being a physiological buffer, for instance 
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a phosphate buffer saline solution having a pH of 7.2-

7 . 4 . 

It is possible that the strontium-82/rubidium-82 

generator during storage, transport or out of use for 

5 other reasons, may comprise a liquid medium other than 

the elution medium according to the invention. But, for 

elution and for maintaining the extended stability, it is 

required according to the invention that the elution 

medium for rubidium-82 is a physiological buffer having a 

10 pH of 6-8.5. The lower limit for the pH is selected such 

as to allow to an acceptable extent such as per volume, 

the elution of rubidium-82 from the cationic exchanger. 

Accordingly, the lower is the pH, the better is the 

rubidium-82 elution. However, due to the very short half 

15 time of rubidium-82, it is required that the elution 

medium is almost directly to be administered by for 

instance intravenous injection into the patient. 

Preferred is therefore a physiological buffer having a pH 

in the range of 7-8 and more preferably in the range of 

20 7.2-7.4. A physiological buffer involves that the 

osmolarity of the buffer is selected such that the 

injection into a patient will not result in any adverse 

effects, taking into account a volume to be injected of 

about 2-30ml at a rate of about 10-BOml/minute. 

25 Suitable physiological buffers comprise 

citrate/sodium hydroxide buffer, citrate/phosphate 

buffer, borate/hydrogen chloride buffer, boric 

acid/sodium hydroxide buffer, Tris buffer, veronal/HCl 

buffer and piperazine/sodium hydroxide buffer. Preferred 

30 physiological buffers are carbonate buffers, phosphate 

buffers and Tris buffers. 

In order to avoid any leaching of metal from the 

generator, the part of column, inlet and outlet inclusive 

ferrules, tubings and the like are to be made of iron-
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free and preferably metal-free material or coated with 

metal-free material. 

Metal-free means in particular iron-free. 

Accordingly, it is possible that the column, inlet and 

5 outlet or any generator elements may be made of an iron

free metal, such as titanium. However, in the alternative 

it is preferred that the relevant parts of the column 

inlet and outlet coming into contact with the liquid 

medium are made of less expensive metal-free material. A 

10 suitable metal-free material is a plastic such as PEEK or 

Teflon. PEEK material is preferred because PEEK material 

is already used for columns, inlet and outlet within the 

HPLC chromatography technique. Such plastic material is 

of lower costs than iron-free metal material suitable for 

15 use in the generator. 

In order to guarantee that the rubidium-82 

produced as a diagnostic agent with the strontium-

82/rubidium-82 generator is suitable for human use 

intravenously it is mandatory that the generator is 

20 frequently, and when needed, sterilized using a 

sterilization medium. Such sterilization medium is 

preferably hypochlorite solution of suitable 

concentration. Hypochlorite has the advantages of a broad 

anti-bacterial and anti-viral spectrum, relatively easy 

25 removal by washing from the generator, and a low 

detection level. Prior to use this sterilization medium 

has to be exchanged for either a storage and 

transportation medium, or directly with the 

physiologically buffer intended as the elution medium. 

30 A full operation generator assembly for 

generating and producing the rubidium-82 diagnostic agent 

in the direct presence of a patient is feasible when the 

generator comprises 

i) a source for the physiological elution buffer; 
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ii) a source for the sterilisation buffer; 

iii) a pump for connecting and transporting the 

sources to the inlet of the column; 

iv) a dose calibrator connected to the outlet of the 

5 column; and 

v) a patient administration line connected to the 

dose calibrator. 

Such generator is a full service generator for 

elution, sterilization, and application to the patient 

10 and for measuring the radioactive dose generated and a 

continuous survey of a possible breakthrough of 

strontium-82. With such full service generator it is 

preferred that the generator is arranged on a mobile 

15 

vehicle, 

storage, 

room. 

such as it is easily transportable between the 

the radiopharmacy laboratory and the diagnostic 

It is noted that any cationic exchanger may be 

used as long as rubidium-82 is selectively eluted. A 

suitable material is tin oxide, such as a-hydrous tin 

20 oxide (Sn 20.xH 20; x=l-2) or a stannic acid. 

Another aspect of the present invention relates 

to the production of rubidium-82. This method comprises 

the use of the afore mentioned strontium-82/rubidium-82 

generator according to the invention and to elute the 

25 generator with the elution buffer being a physiological 

buffer having in general a pH of 6-8.5, preferably a pH 

of 7-8 and more preferably of 7.2-7.4. Accordingly, this 

rubidium-82 diagnostic agent is essentially characterized 

by the presence of this well defined elution buffer. 

30 As discussed here and above, the methods of the 

present invention allow the sterilization of the 

strontium-82/rubidium-82 generator using a sterilization 

buffer, preferably in the form of a hypochlorite 

solution. Accordingly, the sterilization of the generator 
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is guaranteed as wel~ as the sterile and pyrogen free 

character of the rubidium-82 produced therewith. 

A last aspect of the present invention relates in 

particular to the diagnostic agent being in the form of a 

5 solution with the elution buffer being the afore 

mentioned physiological buffer having a pH of 6-8.5. Such 

diagnostic agent is suitable for use in medicine such as 

for myocardial perfusion imaging. 

Mentioned and other features and advantages of 

10 the generator, its production process and its use as a 

diagnostic agent will be further illustrated in the 

description of the drawings and the example which follow 

and which are given for illustrative purposes without the 

intention to limit the present invention to any extent. 

15 Figure 1 is a schematic illustration of the 

rubidium-82 generator in the form of a full surface 

generator suitable for direct application to a patient; 

Figure 2 shows the activity of strontium-82 (Bq) 

in the eluate per 37MBq rubidium-82, the maximum 

20 allowable ratio of Sr-82/Rb-82 is about 750 (ppm); and 

Figure 3 shows the activity of strontium-BS (Bq) 

in the eluate of the generator per 37MBq rubidium-82. The 

maximum ratio Sr-85/rubidium-82 is about 7500 ppm. 

Figure 4 shows the contamination of Sr-82 in the 

25 generator's eluate. 

30 

Figure 5 shows the contamination of Sr-82 in the 

eluates expressed as Bq Sr-82 per MBq Rb-82. 

Figure 6 shows the contamination of Sr-85 in the 

eluates expressed as Bq Sr-85 per MBq Rb-82. 

Figure 1 shows a strontium-82/rubidium-82 

generator 1 according to the invention. The generator l 

comprises a column 2 made of PEEK. The column has the 

following dimensions (length 5.0 cm, internal diameter 

0.75 cm, wall thickness 3.25 mm). The column 2 is loaded 
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with 4 grams a stannic acid (particle size 75-150µm) in 

O.lN ammonium chloride buffer. The column 2 is washed 

with O.lN ammonium chloride (pH 10). Subsequently, the 

column is washed with 2M sodium chloride and with 0.05% 

5 hypochlorite solution. The inlet 3 and the outlet 4 are 

provided with a valve 5 and 6. The inlet 3 is connected 

to a multi-valve 7 and the outlet 4 to a multi- valve 8. 

A bypass 9 extends between the multi-valves 7 and 8 which 

allows transporting liquid medium through the generator 1 

10 while bypassing the column 2. 

Strontium-82 (>25mCi Sr-82/mg Sr, Sr-85/Sr-82<5, 

Rb-83/Sr-82<0.15; Rb-84/Sr-82< 0.15; Sr-83/Sr-82<0.0015; 

other nuclides/SR-82<0.01) was neutralized with 0.5ml 

0.5M Tris buffer (pH 7.5). After the addition of 3.5ml 

15 physiological buffered saline, the mixture was applied 

via a milipore filter (22µm) on the column 2. 

Subsequently, the co~umn 2 is washed with phosphate 

buffered saline pH 7.4 (8.2g sodium chloride, 3.lg 

Na2HP04_ l2H20 and 0. 3g NaH2P04. 2H20 from the container 15. 

20 The 0.05% hypochlorite solution was applied from 

a container 11 via a multi-valve 12, an air bubble trap 

13, the peristaltic pump 14, the filter 10 and then via 

the valve 7 and 5 to the column 2. It is noted that the 

tubings are made of PEEK tubings. The column filters (not 

25 shown) are 10 µm titanium filters or metal filter holders 

coated with PEEK or ~eflon coating. The sterile filters 

are Millex Millipore 0.22 µm membrane filters, diameter 

25 mm. 

Prior to use for patients, the generator 1 is 

30 flushed with physiological buffered saline originating 

from the container 15 until the eluate does not color a 

10% potassium iodide solution. Subsequently, the 

phosphate elution buffer (pH 7.4) is applied from the 

source 16 through the column 2. The eluate comprising 
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rubidium-82 is passed through a dose calibrator 17 

calibrated for rubidium-82 measurement. 

Figure 2 shows the activity of strontium-82 in 

the eluate of the column 2 dependent on the elution 

5 volume. Clearly, the maximum allowable ratio of SR-82/RB-

82 (about 750ppm) was never surpassed except for one 

occasion which occurred after the third reload of the 

column 2 with strontium-82. During testing a large amount 

of air was introduced on the column 2. In an attempt to 

10 remove this air the increased leakage of strontium-82 

occurred. After normalization the ratio SR-82/RB-82 

remained far below the maximum allowable value over 

several reloads of the same column 2. 

The dose calibrator 17 is connected via a multi 

15 valve 18 with either a waste container 19 or to a valve 

20 for subsequent administration to the patient. However, 

the tubing 21 could be disconnected at the connection 22 

and directly used for administration to the patient. 

Filters 23, 24 and 25 guarantee sterile 

20 manipulation of the generator 1. 

The measuring mode of the dose calibrator 17 is 

the integral mode. Accordingly, after the desired dose of 

strontium-82 is eluted from the column 2 the valves 

towards the column 2 are closed and elution medium is 

25 transported via the bypass tube 9 for flushing the 

system. 

After a waiting time of about 5 minutes a 

subsequent elution and generation of a new strontium-82 

diagnostic agent dose is possible. 

30 After use the system is sterilized by flushing 

from the container 11 the 0.05% hypochlorite solution. 

The generator 1 may be stored in the hypochlorite 

solution or in physiological buffered saline or in the 

elution buffer. 
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The diagnostic agent comprising rubidium-82 in 

the physiological buffer having a pH of 6-8.5 shewed 

during myocardial perfusion imaging with positron 

emission tomography with better imaging quality at lower 

5 radiation exposure to patient. The function of the heart 

could be determined under rest and stress with an in 

between waiting time of about 6 minutes for applying the 

adenosine or dobutamine infusion as a stress generating 

agent. 

10 Figure 3 shows the activity of strontium-85 (Bq) 

in the eluate of the generator per 37MBq rubidium-82. The 

maximum ratio SR-85/rubidium-82 is about 7500 ppm. The 

activity of strontiun-85 is well below the maximum of the 

ratio of Sr-82/Rb-82. 

15 The increased stability of the strontium binding 

to the carrier material (hydrous stannic oxide) is 

obtained by increasing the pH to a value of 7.4 by means 

of a phosphate buffered saline, used as elution fluid. 

This increased stability allows an extended period of use 

20 of the generator of at least 3 supplementary months as 

compared to commercially available generators which have 

to be replaced each nonth. The generator can be refilled 

every 4 weeks reducing the costs for strontium-82 

significantly. 

25 

EXAMPLE 

In order to illustrate the contamination of 

generator eluates with Sr-82 and Sr-85 the following 

experiment was performed. 

30 On day 1 a typical generator column was loaded 

with 2.3 GBq Sr-82. 7he generator was eluted repeatedly 

with phosphate buffered saline (PBS) at pH=7.4. On day 26 

and at an elution volume of 3.2 liter the generator was 

reloaded with 2.2 GBq Sr-82. Again, the generator was 
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eluted repeatedly with PBS. On day 66 and at a total 

elution volume of 6.3 liter the generator was reloaded 

for a second time with 1.2 GBq Sr-82. Again, the 

generator was eluted repeatedly with PBS (pH=7.4). The 

5 total elution volume was 7.9 liter. 

Figure 4 represents the contamination of Sr-82 in 

the generator's eluate. The curve spikes represent the 

moments of reloading. Figure 5 shows the contamination of 

Sr-82 in the eluates (lower curve) expressed as Bq Sr-82 

10 per 37 MBq Rb-82 and the maximal contamination of Sr-

82 (higher curve) acceptable in the currently commercially 

available Rb-82 generators (Bracco). The level of 

contamination of Sr-82 is well below the acceptable 

contamination in the known generators. Figure 6 shows the 

15 contamination of Sr-85 in the eluates (lower curve) 

expressed as Bq Sr-85 per 37 MBq Rb-82 and the maximal 

contamination of Sr-85 (higher curve) acceptable in 

currently commercial~y available Rb-82 generators 

(Bracco) . The level of contamination of Sr-82 is well 

20 below the acceptable contamination in the known 

generators. After three loadings and an elution volume of 

approximately 8 liters the contaminations of Sr-82 and 

Sr-85 are still far below the limit. Reloading a Sr-

85/Rb-82 generator is of advantage because it reduces 

25 costs for Sr-82 by 30% and makes the transport of the 

generator back to the factory unnecessary. 
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CLAIMS 

1. Strontium-82/rubidium-82 generator, comprising 

a column filled with a cationic exchanger loaded with 

5 strontium-82, and having an inlet and an outlet, and a 

liquid medium, wherein parts of the column, inlet and 

outlet coming into contact with the liquid medium are 

iron-free, preferably metal-free. 

2. Generator according to claim 1, wherein the 

10 liquid medium is an elution medium for rubidium-82, and 

is a physiological buffer having a pH of 6 to 8.5, 

preferably a pH of 7 to 8, more preferably a pH of 7.2 to 

7. 4. 

3. Generator according to claim l or 2, wherein 

15 the physiological buffer is a carbonate buffer, phosphate 

buffer or Tris buffer. 

4. Generator according to any one of claims 1 to 

3, wherein the parts of the column, the inlet and the 

outlet are coated with a iron-free material and/or are 

20 made from a iron-free material, preferably metal free 

material. 

5. Generator according to claim 4, wherein the 

metal-free material is a plastic, such as PEEK or Teflon. 

6. Generator according to any one of claims 1 to 

25 5, wherein the liquid medium is a sterilization medium, 

preferably a hypochlorite solution. 

30 

7. Generator according to any one of claims 1 to 

6, comprising: 

i) a source for the physiological elution buffer; 

ii) a source for the sterilisation buffer; 

iii) a pump for connecting and transporting the 

sources to the inlet of the column; 

iv) a dose calibrator connected to the outlet of the 

column; and 
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v) a patient administration line connected to the 

dose calibrator. 

8. Generator according to claim 7, arranged on a 

mobile vehicle. 

5 9. Generator according to any one of claims 1 to 

8, wherein the cationic exchanger is reloaded at least 

one time with strontium-82. 

10. Method for producing a c1bidium-82 comprising 

a diagnostic agent, comprising the steps of eluting a 

10 strontium-82/rubidium-82 generator according to any one 

of claims 1 to 9 with the elution buffer defined in any 

one of claims 2 to 9. 

11. Method according to claim 10, comprising the 

step of sterilizing the strontium-82/rubidium-82 

15 generator using a sterilization buffer, preferably a 

hypochlorite solution. 

12. Method according to claim 10 or 11, 

comprising the step of storing/transporting the 

strontium-82/rubidium-82 generator. 

20 13. Diagnostic agent obtainable with the method 

according to any one of claims 10 to 12. 

14. Diagnostic agent according to claim 13, for 

use in medicine, such as for myocardial perfusion 

imaging. 
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(54) Title: MOUNTING DEVICE FOR HOSPITAL EQUIPMENT, MEDICAL SUPPORT SERVICE UNIT THEREFOR AND SERVICE 
MOBIL 

(57) Abstract 

Supportive structure to be attached to a ceiling of a hospital room for supporting hospital equipment. The supporting structure 
comprises beams attached to the ceiling and forming a rectangular space. Inside the space. there are non-interchangeable gas connectors 
attached to a gas supply of the hospital and a gas-tight electric box comprising terminals connected to the electric supply of the hospital. 
The equipment is mounted on support plates, which in turn are supported by support profiles attached to beams. The equipment is connected 
to the non-interchangeable gas connectors inside the space. Gas-tight hoses are provided between the electric box and the equipment for 
enclosing the electric wires between the terminals of the electric box and the equipment In this way separate gas-tight passages are provided 
for the electric wires, avoiding hazard risks. The support plates support medical support service units for intensive care rooms forming 
a support structure for equipment necessary dose to the bed in an intensive care room, such as a monitor (90), suction units (97), blood 
pressure monitors. The service unit is a rectangular frame (85, 86, 87, 88) supported by a pivotable arm (82, 83, 80) and a bearing (84), 
in order to extend essentially vertically from the ann and downwards to adjacent the floor. The rectangular space is sufficiently open for 
allowing sight through the frame for supervision of the patient. The space outside the vertical beams is free for service staff to work. The 
service unit can also be supported by a stand including wheel~ 

1361 of 2568



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCr. 

AT Auslria GB Uniled Kingdom MR Mauritania 
AU Australia GE Georgia MW Malawi 
BB Barbados GN Guinea NE Niger 
BE Belgium GR Greece NL Netherlands 
BF Burkina Faso HU Hungary NO Norway 
BG Bulgaria IE Ireland NZ New Zealand 
BJ Benin IT Italy PL Poland 
BR Brazil JP JfP&D PT Portugal 
BY Belarus KE Kenya RO Romania 
CA Canada KG Kyigystan RU Russian Federation 
CF Central African Republic KP Democratic People's Republic SD Sudan 
CG Congo of Korea SE Sweden 
CH Switzerland KR Republic of Korea SI Slovenia 
Cl c~ d'Ivoire KZ Kazakhstan SK Slovakia 
CM Cameroon u Liechtenstein SN Senegal 
CN China LK Sri Lanka TD Chad 
cs Czechoslovakia LU Luxembourg TG Togo 
CZ Czech Republic LV Latvia TJ Tajikistan 
DE Germany MC Monaco 1T Trinidad and Tobago 
DK Denmark MD Republic of Moldova UA Ukraine 
ES Spain MG Madagascar us United States of America 
Fl Finland ML Mali uz Uzbekistan 
FR France MN Mongolia VN Viet Nam 
GA Gabon 

1362 of 2568



W096/15337 PCT/SE95/01346 

s 

TITLE: Mounting device for hospital equipment. medical support service unit 

therefor and service mobil 

AREA OF INVENTION 

The present invention relates to a mounting device for mounting hospital equipment in 

the ceiling of a operation room and medical support service unit mounted in said mounting 

I 0 device as well as a service mobil to be used in hospital rooms. 

PRIOR ART 

A mounting device for mounting equipment in the ceiling of a hospital room is 

previously known from e.g. EP-A2-0 215 212. Said mounting device comprises electric wires 

and/or fluid ducts. Moreover. it includes a support device for medical equipment. 

15 EP-A2-0 257 299 discloses a support arm suspended in the ceiling and for supporting 

equipment close to a bed at a hospital. 

Another support arm system and mounting equipment for a hospital is disclosed in 

CH-AS-568 459 (correspondig to US -A-3.931,452). 

US-A-5,108,064 discloses a applicance support for use in particular in intensive care 

20 stations and comprising a support arm for receiving support members for the appliances and 

supply connections for operating the same. 

EP-A 1-0 219 274 discloses a support frame for medical appartuses to be used close to 

the bed at a hospital and supported by wheels. 

An intravenous infusion device mobile is disclosed in EP-B 1-477 551. The mobile 

25 carries a number of infusion devices necessary for the patient. DE-Cl-41 04 814 discloses an 

intravenous infusion device in more details. 

30 

The mounting devices for support close to the ceiling of a hospital room and as 

disclosed in the prior art have the drawbacks that they do not solve the problem of separating 

the supply means for gas and electricity, which results in a potential risk. 

Moreover. in a hospital room. the equipment to be used at the bed side need to be 

supported in a convenient and practical way. The prior art support devices have drawbacks as 

to the practicallity and availability of the electric connectors as well as gas connectors. 

Within intensive care there is required many service functions such as: several types of 

drip and infusion systems for nutrition. liquid balance and drug supply; monitoring systems for 

35 various vital systems; respiratory support systems and also complete take-over of respiration. 

All the above service must be present since the actual need cannot be pre-planned. It is 

also required that the personnel can conveniently reach the patient for exchanging drip 

cannulas. making free the respiratory tracts and even be able to do heart massage. 

The necessary equipment has to be supported. either by a ceiling attached support 
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system or by a mobile provided with wheels. 

DISCLOSURE OF THE INVENTION 

According to the present invention, there is provided a supportive structure intended to 

be attached to the ceiling of the hospital room for supporting hospital equipment and 

5 comprising support beams and profiles enclosing internal gas connections and electric 

connections. The connections for electricity are separated in a gas tight enclosure preventing 

any contact with gases, which may leak from the gas supplies. Thus, a completely safe 

installation is obtained. 

According to the present invention, there is also provided a new medical support 

10 service unit for intensive care which is more convenient and less cumbersome than previous 

systems, and is moveable in relation to the bed and still is sufficiently rigid to support also 

heavy equipment. Thus. there is provided a medical support service unit for intensive care 

rooms comprising connectors for gas supply and suction, electric power supply and other 

electric connectors as required and forming a support structure for equipment necessary close to 

1 S the bed in an intensive care room, such as a monitor. suction units, gas supply units. blood 

pressure monitors. According to the invention, the unit comprises a rectangular frame of 

beams, encircling a rectangular space, said frame being supported by a pivotable arm and a 

bearing mounted in the ceiling of the room, in order to extend essential1y vertical from the arm 

and downwards to adjacent the floor of said room. The rectangular space encloses equipment 

20 which are well protected inside the frame, and said rectangular space is sufficiently open for 

allowing sight through the frame for supervision of the patient and contact with other staff and 

the area around the vertical beams being free for service. The vertical beams comprises electric 

connections and outlets mounted in or at the vertical beams. A gas panel is mounted across the 

vertical beams. 

25 A further object of the present invention is to provide a mobile where all equipment 

needed for the intravenous supply services can be included, such as intravenous pumps of the 

peristaltic or syringe type, nipples, catheters, needles, valves and other small parts, monitors 

which analyses and monitors the operation of the equipment and the vital functions of the 

patient. In this way all equipment required for this function can be gathered to one unit. A 

30 complete medical support system is obtained for intensive or critical care, which means that the 

nurses and doctors are given ample place to do their contributions to the care of the patient. The 

ergonomic and working environmental situation is enhanced, which means that the staff feel 

more safe and will not be stressed. 

Further details appear from the attached patent claims. 

3 5 SHORT DESCRlPflON OF THE ORA WINGS 

Further objects. features and advantages of the present invention will appear from the 

following detailed description of preferred embodiments shown on the attached drawings. 

Fig. I is a perspective view of a supportive structure according to the invention. 

Fig. 2 is an enlarged cross-sectional view of a part of the supportive structure 
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according to the invention. 

Fig. 3 is an enlarged cross-sectional view of another part of the supportive structure 

according to the invention. 

Fig. 4 is a perspective view similar to Fig. 1 and shows the gas conduits. 

S Fig. 5 is a perspective view of the lower side of the supportive structure and shows 

the electric box. 

Fig. 6 is a perspective view in an enlarged scale of the electric box according to the 

invention. 

Fig. 7 is a perspective view of an equipment mounted beside the supportive structure 

10 in a side bracket. 

Fig. 8 is an exploded view of the side bracket mounting according to Fig. 7. 

Fig. 9 is a perspective view of a service unit according to prior art. 

Fig. 10 is a perspective view similar to Fig. I of a preferred embodiment of a service 

unit according to the invention. 

15 Fig. 1 I is a perspective view of the service unit according to Fig. lOfrom the other 

side. 

20 

Fig. 12 is a side view of the unit seen from the bedside without any equipment. 

Fig. 13 is an end view of the unit according to Fig. 12. 

Fig. 14 is a side view of the unit according to Fig. 12 seen from the nurse side. 

Figs. 15 and 16 are elevation views of the side of the vertical beams. 

Fig. 17 is a cross-sectional view of a vertical beam with a bracket mounted thereon. 

Fig. 18 is a perspective view of a ventilation mobile, seen from the nurse side. 

Fig. 19 is a perspective view of the ventilation mobile according to Fig. 18, seen from 

2 S the patient side. 

30 

Fig. 20 is a perspective view of a critical care mobile according to the invention, seen 

from the patient side. 

Fig. 21 is a perspective view of the critical care mobile according to Fig. 20, seen 

from the opposite side compared to Fig. 3. 

Fig. 22 is a perspective view of a pump module intended to be attached to the mobile 

according to Figs. 20 and 21. 

Fig. 23 is a perspective view of a standard mobile according to the invention, seen 

from the nurse side. 

Fig. 24 is a perspective view of the standard mobile according to Fig. 23, seen from 

35 the opposite side compared to Fig. 23. 

Fig. 25 is a perspective view of the standard mobile according to Figs. 23 and 24, 

seen from the patient side and used for another purpose. 

Fig. 26 is a perspective view of the standard mobile according to Fig. 25. seen from 

the opposite side compared to Fig. 25. 
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DEf AILED DESCRIPTION OF THE INVENTION 

Fig. 1 is a perspective veiw of the supportive structure comprising steel girders 

making up the installation. 

The supportive structure comprises a rectangular framework of rigid square stee] 

5 girders. Jn the drawings there are shown two longitudinal girders 1, 2, each for example 3600 

mm long. interconnected by two transversal girders 3, 4, each for example 600 mm long. 

Several vertical L-beams 5 - 12 are welded to the square girders at suitable locations as shown 

on the drawings. Further horizontal L-beams 13 - 17 interconnect the vertical L-beams to form 

a supportive structure as shown on the drawing. 

I 0 Each vertical L-beam is intended to be connected to mounting members 18. one of 

which is shown on the drawing above L-beam 6. It is to be understood that such mounting 

members are positioned above each of the vertica] L-beams. 

The mounting member comprises a vertical, hollow, square beam 19 attached to a 

support plate 20. The support plate 20 is attached to the ceiling of the operating room by several 

1 S screws 21. schematically shown on the drawing. 

The square beem 19 of the mounting member 18 has an inner dimension suitable for 

entering the vertical L-beam inside it. As an example. the square beem can have an external size 

of 50 x 50 mm, and a wall thickness of about 2 mm, and thus the inside dimension is about 

46 x 46 mm. The L-beam can have a corresponding dimension so that it fits inside the square 

20 beam. such as a width of 45 mm. 

When mounting the supporting structure in an operating room, the mounting members 

are attached to the ceiling in appropriate locations. The vertical L-beams 5 - 12 are introduced 

into the square beams until the supportive structure is horizontal, and then the L-beams 5- 12 

are welded to the square beams. In this way it is possible to obtain a horizontal supportive 

25 structure also when the ceiling is not completely horizontal or is uneven. 

As mentioned above, the supportive structure comprises four girders, such as square 

girders of steel and having a dimension of 50 x 50 mm. The girders have to be strong enough 

for supporting heavy equipment and can be made with a wall thickness of 2,4 mm. 

In order to adapt this supportive structure to support different operating equipment. 

30 such as operation lamps, connector centrals for gas supply and electric supplies etc., there is 

provided according to the invention a support profile made from extruded aluminum having a 

shape shown in Fig. 2 to the left, and being generally L-shaped. The support profile is intended 

to be placed along the longitudinal girders. If the support profile is as long as the girder, such 

as 3600 mm. then the support profile has recesses for passing the vertical L-beams 5 - 12. 

35 The support profile 22 is shown in more details in Fig. 2 and comprises a first 

horizontal leg 23 intended to be placed on the horizontal upper surface 24 of the girder, and a 

vertical leg 25 intended to the placed along the vertical side surface 26ofthe girder facing the 

inside of the rectangular space formed by the supportive structure. The horisontal leg 23 has a 

hook flange 27 passing a short distance along the opposite vertical side surf ace of the girder 
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facing outwards. Thus. the support profile is hanged upon the girder by placing the hook 

flange 27 over the girder and the profile will hang as shown in Fig. 2. The support profile has 

several other flanges, the operation of which will be described below. 

Somewhere along the upper horizontal sutf ace of the support profile, there is a flange 

5 28 inclined about 45° upwards as shown to the left in Fig. 2. This flange is for supporting a 

ceiling or lid plate 39 ex.tending from one girder to the other and covering the whole supporting 

structure at the top. Preferably. the ceiling plate 39 is extending inclined upwards about 50 mm 

and then extends in a horizontal direction. The ceiling plate 39 is attached to the flange 28 by 

rivets or screws. 

10 The support profile is further provided with a depending flange 29 close to the 

intersection between the horizontal and vertical legs 23, 25 forming a pocket 30 facing 

downwards and extending along the entire length of the support profile. Furthermore. the 

vertical leg 25, at the bottom is provided with a horizontal flange or support surf ace 31 

extending inside the rectangular area of the supportive structure. The object of the pocket 30 

1 S and the surf ace or flange 31 is to support an L-beam. as shown in broken lines in Fig. 2. The 

pocket 30 is provided with an enlargement 32 enabling the introduction of a L-beam 33 as 

shown in Fig. 2 by broken lines. 

As shown at the right side of Fig. 3, each girder is provided with a cover profile 34 

ex.tending along the entire length of the girder. The cover profile is locked in place by a lock 

20 profile 35, which can be placed on intermediate positions or can be a longitudinal profile. The 

lock profile 35 is screwed to the hook flange 27 of the support profile 22. thus completing the 

grip around the girder. In this way. a very reliable support profile construction is attached to the 

girders. 

As shown to the left in Fig. 2, a longitudinal L-beam 33 can be inserted with its 

2 5 vertical leg into said pocket 30 and resting upon the support surface 31. The L-beam 33 has 

three holes along its horizontal leg. into which holes are inserted screws for supporting any 

equipment to be attached to the supportive structure. Such equipment is mounted on a strong 

support plate 36 having a standardized size, such as 600 x 300 mm. The girders are mounted 

so that the distance between a depending inverted T-flange 37 of one girder to the 

30 corresponding T-flange 37' of the other girder is 600 mm. The above-mentioned L-beam 33 

has a length of 300 mm. Thus, the support plate 36 for the equipment can be inserted between 

the T-flanges and attached to the L-beams arranged as described above. By drawing the 

screws, the L-beam 33 and the support plate 36 will squeeze the support surf ace 31 

therebetween forming a tight attachment between the support plate 36, the L-beam 33 and the 

3 5 support profile 22. Preferably, the L-beam has a cushion 38 outside the holes as shown in Fig. 

2. to the right. 

By loosening the screws, the support plate will be moveable along the length of the 

support profiles and thus along the girders. in order to place the equipment where needed. 

When the right position has been obtained, the screws are tightened. The equipment can be 
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remounted by loosening the screws and removing them completely. whereupon the support 

plate is free from the L-beams. Mounting and dismounting of the equipment can take place 

without making or leaving screw holes in the supportive structure. 

When the equipment has been mounted as mentioned above. the spaces between the 

5 support plates of respective equipment is downwardly covered by lid plates 40, which 

preferably are of standard size. or can be cut to the desired size. It is preferred to use a modular 

size, so that the support plates are placed within modules of a width of 300 mm. 

The lid plates 40 are shown in more details in Fig. 3 and are provided with hooks 41, 

hooking around one of the edges of the inverted T-flange 37. The other side interact with the 

10 corresponding edge by a locking arrangement such as an excentric lock (not shown). When the 

lock is disengaged, the lid plate 40 can be swung down hanging in the hooks41 when access 

to the interior of the supportive structure is required a shown in broken lines in Fig. 3. 

As shown in Fig. 4, gas conduits 42 are entering the supportive structure from above. 

Such gas conduits come from the hospital central supply of gas into each room at convenient 

15 locations and are connected to non-interchangeable connectors inside the supportive structure. 

From such connectors. the gas is further supplied to the equipment needing gas supply." 

Moreover, electric wires 43 enter the supportive structure from above. as also shown 

in Fig. 4. These wires enter an electric box 44 (see Fig. 5), provided with suitable terminals. 

The box is completely gas tight and the holes, through which the wires enter the box are sealed. 

20 Thus, there is provided separate and sealed compartments for the electric supply as is required 

for avoiding risks in connection with gases, such as oxygen gas. 

The electric box has a removeable and sealed cover. which is removed in Fig. 5 

exposing the terminals 45 inside the box 44. The electric box is also provided with further 

holes, which originally are sealed or unbroken. When an equipment needs electric supply. a 

25 hose 46 is provided from the electric box to the equipment as shown more clearly in Fig. 6. 

The hose 46 is gas tightly attached to the electric box by a coupling 47 connected to the box 44 

with screws and having a sealing thereto. The other end of the hose is connected to the 

equipment in a similar way. The electric wires are placed inside said hose and connected to the 

terminals 45 in the electric box and to the contactors (not shown) of the equipment. Thus. the 

30 electric wires are places inside said hose and are sealed from any space that might include gas. 

Thus, there is obtained a completely safe mounting of electric wires in combination with gas 

conduits. 

As further shown in Figs. 5 and 6, the lid plate 40 is shown swung down and hanging 

in the hooks 41. The inside surface of said lid plate 40 can be provided with circuit diagrams 

35 and instruction notes 48 as shown. Morover, the lid plate is provided with several holes 49. 

These holes operate as vent holes for venting any gas leaking from the gas non-interchangable 

couplings to the surroundings. Further such holes 49 are provided in the bottom closures of the 

supportive structure where necessary. 

As shown in Fig. 3, the cover profile 34 is provided with a horizontal flange 47 
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extending outwards from the space occupied by the supportive structure. This flange 47 is 

intended to support an extra ceiling 48 of the room. such as a slab, which is often used for 

obtaining a more clean ceiling surface in the operation room. 

It is obvious that the lock profile 35 can be constructed as an integral portion of the 

5 cover profile 34 if this is more convenient. 

Sometimes it is desired to place the equipment displaced in the side direction in relation 

to the supportive structure. Such a bracket mounting is shown in more details in Figs. 7 and 8. 

The side bracket is made up of four U-beams forming a rectangular frame 50. The frame is 

provided with a transversal beam 51. Said beam 51 and one transversal side 52 of said frame 

10 are connected to the L-beams 33 as shown in Fig. 2 so that the entire frame 50 is moveable 

along the supportive structure shown at 53. The frame 50 is locked in position by several 

screws 54 engaging said L-beams 33 as described above. The frame 50 is provided with screw 

bolts 55 adapted for engagement with a support plate 56 of the equipment as shown in Fig. 16. 

The final mounting is shown in Fig. 7. 

15 Fig. 9 is a perspective view of a service unit according to the prior art, the POWER 

COLUMN from Hill-Rom. It comprises a rectangular column 61 extending from the ceiling 62 

to the floor 63 and fixed thereto. The column is about 2400 mm x 600 mm x 200 mm. The 

column is mounted about 45° in relation to the adjacent wall. A bed is placed so that the head 

portion thereof is close to the column. UsuaHy, the bed extends perpendicular to the wall. 

20 The column is provided with several electric outlets 64 and connectors along the 

vertical short sides 65. Along the long side 66 facing the bed, there is mounted equipment of 

different types. such as suction devices 69, gas outlets 68. Moreover, a monitor 70 is mounted 

at a support 71. On the backside there is mounted a shelf72, where the nurse can write on the 

patient card. and several boxes 73 for different purposes such as including small details used at 

2 5 the place and a waste basket. 

There are several drawbacks with such a service column. It is fixed at the floor which 

makes it necessary to move the bed, if access to the bed should be required from all four sides 

in an emergency situation. It happens sometimes that the weight of the patient is monitored by 

weighting units between the bed and the floor, and a movement of the bed disturbs such a set-

30 up and requires re-calibration of the weighting units. 

35 

Since the column is fixed to the floor, it is difficult to clean around the column. 

The equipment. and specifically the monitor extends rather long out from the column. 

which takes up a lot of place. When the nurse makes her patient records. she is positioned 

behind the column and cannot see the patient, if an emergency situation should arise. 

If new equipment is to be mounted, such as a further suction outlet, it is necessary to 

make new holes in the column construction which is difficult and disturbs other intensive care 

patients and functions. 

A service unit for an intensive care room obviating all the above-mentioned drawbacks 

with the fixedly mounted column. is shown in Figs. 10 and 11. 
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The service unit according to the invention hangs in a support ann supported from the 

ceiling of the room. Such support arms are frequently used in hospitals, especially in operating 

rooms. 

A support plate 80 is attached to the ceiling fixture by several bolts 81. To the support 

5 plate 80 is attached a support arm 82 extending horizonta11y below the ceiling and being 

pivotable by bearings 83. At the end of the arm, there are further bearings 84 attached to the 

middle of a horizontally extending beam 85. At the end of beam 85, two vertical beams 86, 87 

are attached interconnected at the lower end by a bottom beam 88. Thus, beams 85, 86, F:7 and 

88 form a rectangular frame as shown in Figs. 10 and 11. The rectangular frame is supported at 

10 its vertical symmetry axis by said bearing 84. The bottom beam 88 is placed a short distance 

above the floor, such as 30 cm above the floor for the necessary convenient cleaning of the 

floor. 

The support plate is attached in the room so, that the rectangular frame can be 

positioned close to the wall in a first position when not used and swung out close to the head 

15 end of an adjacent bed when used. The rectangular frame is pivotable around its vertical 

symmetry axis as shown by arrow 89. 

The equipment which must be present close to the bed, is mounted in the free space 

between the vertical beams 86 and F:7, as shown by monitor 90 mounted on a shelf 91. The 

equipment is inserted between the vertical beams and facing the bed side. 

20 On the backside shown in Fig. IO, there is inserted between the vertical beams other 

types of equipment necessary for the nurse, such as a writing table 92 or commode for the 

nurse where she can have the patient record and further things for writing purposes. The 

commode may comprise small boxes containing needles, connector and other accessories for 

drip. drainage etc. 

25 Alternatively, the commode can be replaced by a PC-station connected to a centralised 

30 

patient monitoring and recording system, including a video display and keyboard. 

At the bottom there is a file box 93. Above the table 92 there is a further shelf 94 for 

placing stationery, scalpels and other small things handy when arranging for drips etc. A lamp 

95 provides a good working light. 

It is clear from Figs. l 0 and 11 that a nurse doing her patient records can still observe 

the patient, through the free space in the interior of the rectangular frame. Only the vertical 

beams occlude the sight. 

At the side usually facing the bed and shown in Fig. 11 there is provided all equipment 

needed for the patient, such as the monitor 90 mentioned above, a gas panel 96 having gas 

3 5 inlets and a connector for suction connected to a suction collector bottle 97. Several horizontal 

support rails 98 extend between the vertical beams for supporting further equipment, such as an 

oxygen therapy unit, timers in case of heart arrest, etc. A lamp 99 provides convenient lighting 

to the support service system equipment arranged on the unit. The lamp has an oval light up 

area only to light up the equipment. 
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A support stand 100 for infusion bags can be attached to the vertical beams as 

explained in more details below. 

The service unit according to Figs. 10 and 11 is shown without equipment and in side 

and end views in Figs. 12, 13 and 14. The same details as in Figs. 10 and 11 have the same 

5 reference numerals. 

In Fig. 13 there is shown a different type of lamp 101 included below the shelf 94. 

As appears clearly from Fig. 12, the gas panel 96 is provided with several modules 

102, 103, 104, 105 and 106. Modules 103 and 105 are blank modules without anything 

mounted. Module 104 comprises three medical gas pressure indicators showing bright red 

10 warning colour when pressure is too ]ow from the central supply. such as oxygen, nitrous 

oxide and compressed air. To the left, 102 and to the right 106 are two modules having suction 

units. Other modules can be mounted at positions 103 and 105 without any mechanical work. 

The gas pane] is connected to the hospital's central gas supply via flexible hoses inside 

beam 86, beam 85, through bearing 84, ann 82. bearing 83 and support plate 80. 

15 At the sides of the vertical beams 86 and 'i!:l there are several connectors for electric 

power supply and for signal lines. Thus, the left beam 86, seen according to Fig. 12 is 

provided with the connectors shown in Fig. 15. Such connectors are power supply outlet 107 

and small signal connector 108 intended for the monitor 90. Thus, the wires to the monitor are 

short. At the bottom there are shown five outlets 109 for power supply (220 V). In between 

20 there are two blank modules 110. 111, but these modules can be provided with electric outlets 

and connectors if required. Other module configurations can easily be arranged. 

The corresponding right beam 87 is provided with other connectors as required and 

shown in Fig. 16. The electric power supply wires and signal wires are enclosed inside the 

vertical beams 86 and 87 and pass to the hospital's central supply and network the same way as 

25 the gas lines. 

Thus, it is clear that the rectangular frame can inc1ude all functions and equipment 

necessary for the service function intended. It is easy to adapt the rectangular frame to whatever 

need should there be. 

Since the interior of the rectangular frame is available, compared to the column shown 

30 in Fig. 9. the large equipment such as the monitor etc. can be housed between the vertical 

beams 86, 87 so that they do not occupy large area and do not extend far away from the frame. 

Such equipment will be positioned below the support bearing 84. and thus, the rectangular 

frame will be steadily supported by the bearing 84. The equipment will not tend to twist the 

frame. Thus. a stable service unit is obtained in spite of the fact that it is moveable. which 

35 makes it easy to clean the floor. Such equipment is inserted inside the space limited by the 

vertical beams interleaved from one side or the other. The area outside the vertical beams is free 

for the support service and comprises the outlets necessary for the service, such as gas outlets 

and electric outlets. 

It is noted that the bearings 83, 84 are of a type allowing very limited movement but 
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rotation around the vertical axis of the bearing. Thus. the rectangular frame is rather rigid and 

do not move easily. unless movement is wanted. Since all equipment is rather central in the 

frame. it will be stiIJ further stable. 

The stability can be further improved by adding a lock in the bearing so that they are 

5 locked in position as soon as the frame has been moved into place. Such lock can be a friction 

clutch or key locking. The lock can be operated by hand, via a wire that can be pulled by hand, 

or be electrically and/or magnetically operated. Such lock can be included in one or both of the 

bearings 83, 84. 

Moreover, the space between the vertical beams is free so that the patient can be 

10 observed even if the personnel is behind the service unit. 

In Fig. 17 there is shown a cross-section through a comer of the vertical beams 86, 

87. The beam is provided with vertical grooves 115, 116 in which a bracket 112 can engage. 

To the bracket 112 can be attached further equipment such as a holder 100 for infusion bags 

etc. The bracket 112 is locked to the beam by a latch 118 and a screw connection 117 as 

15 shown. Other types of equipment can also be attached in this manner. 

In Fig. 11 there is shown a treatment lamp 113 attached to the end of the pivotable arm 

82. This lamp will be relatively fixed even when the rectangular frame is pivoted around the 

axis of bearing 84. Thus, said lamp 113 can conveniently be used for illuminating the patient 

being treated with a constant light. moreover. in Fig. 10 there is shown a telephone 114 in a 

20 convenient place. It is easy lo install telephone lines in the rectangular frame or the beams. 

Critical care of today manage to handle more and more severely ill patients, due to the 

high capacity of the technique of today in combination with specially educated doctors and 

nurses. However. this make it necessary to use a great number of different equipment around 

the patient. In addition to equipment analysing and monitoring the patient. he also requires 

25 supply of a lot of nutrients. blood plasma, different anaesthesia etc. Such supply must be 

control1ed which means that old-fashion drop controlled infusion cannot be used any longer 

and are replaced with electronically controlled infusion pumps and syringes. Up to sixteen such 

pumps can be used at the same time for a single patient. One common way of using such 

automatic pumps today is to attach such a pump to the infusion stand with a coupling. The 

30 pump is provided with electric power via a wire and is connected to supervisory equipment via 

a signal cable. It is realised that such a system will be a mess of wires and hoses if used for 

sixteen pumps. The environment in such critical care rooms can be stressing for the nurses 

leading to errors and mistakes. It is necessary to further structure and integrate the different 

functions at such a critical care room. 

3 5 Fig. 17 shows a ventilation mobile including equipment necessary for respiratory 

support and for keeping the respiratory ways free, such as oxygen supply units and suction 

units. as well as further equipment necessary for the critical care. such as supplies for 

anaesthesia gases. The ventilation mobile is supported by several swivel wheels. 

The ventilation mobile 121 comprises a bottom frame 122 supported by several wheels 
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123 to fonn a transport.able unit. Two vertical pillars 124. 125 extend from the bottom frame to 

define a vertical rectangular space. Each vertical pillar comprises several outlets for electric 

power supply 127 and medical gas outlets 126. All power outlets are supplied with 220 V 

mains power by a power wire 128 connected to a power outlet 129 at the wall of the room and 

S the signal outlets are connected to a corresponding wall mounted signal connector 130. if used 

(no wire shown in Fig. 17). Moreover, the mobile is provided with a suction unit panel 131 

connected to the hospital's central supply of gas via lines or hoses 132, 133, 134. As shown, 

power wire 128 and hoses 132, 133, 134 are supported by a pivotable arm 135 having hooks 

136 supporting said wire and hoses. In this way the pivotable arm 135 can be made smaller and 

10 cheaper, compared to if the ann should enclose the hoses. 

The vertical pillars 124, 125 and the bottom frame 122 form a vertical rectangular 

space inside which equipment can be mounted without extending into the space needed for the 

treatment of the patient. Thus, a large monitor is shown at the top on a shelf, which can be 

inclined. Moreover, the pillars encloses a writing table facing away from the bed. where the 

15 nurse can make the necessary recording and still observe the patient through the open space 

between the pi1lars. 

As shown in broken lines in Fig. 19. the mobile can be provided with the equipment 

desired for a specific patient. such as a ventilator supported by said mobile bottom frame 122. 

As further shown in Figs. 20 and 21, the same mobile can instead be constructed as an 

2 0 intravenous mobile or critical care mobile 140. In this case it is not necessary to have gas 

supplies from the hospital's central supply, but the mobile is only connected to 220 V by a 

power wire (not shown). The mobile can also be connected to the hospital's central computer 

system, in order to take advantage of the computerised patient recording system used at many 

hospitals today. Such wires are connected to wall mounted outlet sockets. 

2 5 As appears from Figs. 20 and 21, the critical car mobile has the same bottom frame 

122, wheels 123 and vertical pillars 124, 125. The side of the mobile facing the bed is provided 

with several mounting rails, for example four rails 141 as shown in Fig. 21. On said rails 141 

are mounted several infusion pumps represented by rectangular boxes 142 if Fig. 20. Said 

infusion pumps can be of the peristaltic type providing infusion solutions from infusion bags 

30 hanging on hooks 143 of a stand 144. There are two such stands 144, one at·each pillar, each 

• stand being provided with five hooks. The infusion pumps can also be of the syringe type 

providing a beneficial agent to the patient, such as antibiotics, insulin etc. 

The CC (critical care) mobile 140 is furthermore provided with a shelf 145 bridging 

the two pillars 124. 125 at the upper end thereof. The shelf 145 can support a monitor (not 

35 shown) or whatever is needed in the specific circumstance, such as fluid balance monitors and 

other analysis and monitoring equipment. Two of the rails support infusion pumps 142. The 

two bottom rails 141 support one shelf 146, which can be used for syringe pumps and a 

second shelf 147 which can be used for accessories, such as needles, catheters, etc. If more 

infusion or syringe pumps are needed, such pumps can replace on or both of said shelves 146. 
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147. 

At the side opposite the patient. the CC mobile 140 is provided with a writing table 

148 and a few drawers 149 for enclosing accessories at a convenient position for the nurse. 

The pillars 124. 125 of the CC mobile 140 are provided with outlet sockets for 

5 providing electric power and signal wires to the pumps etc. of the mobile. 

Fig. 22 shows the infusion pump sets in more details regarding the attachment to the 

rails 141. The infusion pumps are mounted in modules. for example a module 150 of two 

infusion pumps or a module 151 of three infusion pumps as shown in Fig. 22. Each module 

150, 151 is interconnected so that only one power wire and one signal wire are needed for each 

10 module. The module comprises a holder 152, which in principle is a spring loaded hook, 

grasping around the support rail 141 when brought into engagement therewith. 

Each module is provided with handles 153 for easy mounting and dismounting. The 

modules are stored in the hospital equipment store and when needed taken out and hooked on 

the support rail. As many pumps as required are mounted and used. By such a module system, 

15 it is possible to adapt each mobile to the requirements of each patient. Each module is provided 

with some co-operating means for engagement with the respective infusion pump. In this way, 

pumps of different manufacturers can be mounted together if that is desired. 

Figs. 23 and 24 shows a standard mobile according to the invention. The standard 

mobile 160 is provided with a bottom frame 162 of a more simple structure having four wheels 

20 163 and a single vertical pillar 164. The single pil1ar is provided with four support rails 161. 

two infusion bag stands 165, a couple of shelves 166. 167, 168, and a writing table 169. 

Moreover, an electric panel 170 is provided instead of providing the pillar with electric outlets. 

This standard mobile 160 can in principle have the same equipment as the CC module 140 

described above. but it is smaller and designed for more normal IC cases. 

25 As shown in Figs. 25 and 26. the standard mobile 160 can alternatively be provided as 

a surgical mobile having one or two individual operation suction units 171, 171' connected to a 

gas panel 172. Moreover, there is provided a top shelf 173 for any equipment. such as a 

monitor or a fiber optical light source etc., and a table 174 with a drawer for other equipment, 

e.g. electrosurgical units. As shown in Fig. 26. there is provided an electric panel 175 with 

30 automatic circuit breakers. The gas panel 172 and electric panel 175are connected to the 

hospital's central supply via flexible cables 176 and hoses 177 supported by a stand 178 as 

shown in Fig. 26. The piIJar 179 is provided with compressed air outlets 180 for connection to 

any surgical tools. The upper shelf 173 is pivotable for convenient access from all sides. 

35 
Such a standard mobile can be used for many purposes within a hospital. 

Although several embodiments have been described above with reference to the 

appended drawings. it is obvious to a skilled person that different modifications can be made to 

the embodiments shown on the drawings and different combinations can be made without 

departing from the inventive idea of the invention. Such modifications obvious to a skilled 

person reading this specification is intended to be within the scope of the invention. 
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PATENT' CLAIMS 

1. Supportive structure intended to be attached at a ceiling of a hospital room for 

supporting hospital equipment, comprising supporting beams (1. 2, 3, 4) and suppport profiles 

(22) for supporting the equipment and for forming a space enclosing gas connections and 

5 electric connections for said equipment, ch a r act er i zed in that gas ducts (42) are adapted 

to enter said space and connected to outlets for connection to said equipment, and that electrical 

wires (43) are adapted to enter inside an electric box (44), comprising contacts (45) and being 

gas tight, and in that hoses (46) are adapted between said equipment and said electric box and 

including gastight connections (47) for comprising said electrical wires (43) between the 

10 contacts in said electric box and said equipment. 

2. Structure according to claim I, c h a r a c t e r i z e d by a framework. of beams 

( 1, 2, 3, 4), being attached, by several vertical beams (5 - 12). to mounting members ( 18) 

attached to the ceiling, so that said framework is adapted essentially horizontally close to the 

ceiling, whereby said support profiles (22) each comprises a horisontal leg (23) intended to 

15 cooperate with an upper surf ace of the corresponding beam and a vertical leg (25) intended to 

cooperate with the inner surface of the corresponding beam; and in that said support profile 

(22) each comprises a connection means (33, 30, 31) for connection to said equipment and for 

supporting it. 

3. Structure according to claim 2, ch a r act er i zed in that said connection means 

20 comprises a longitudinal L-beam (33). the vertical leg of which being adapted to be inserted in a 

pocket (30) adapted in the support profile (22) and the horizontal leg of which being adapted to 

cooperate with a flange surface (31) so that said L-beam is supported by said support profile 

(22) and in that said L-beam is provided with a connection means for connection to said 

equipment. 

25 4. Structure according to claim 3, ch a r act er i zed in that said equipment is 

mounted at a support plate (36) extending over said rectangular f ramwork and in that the 

support plate is provided with several holes corresponding to hoJes in said L-beam so that said 

support plate can be attached to said L-beam and at the tightening of the screws, jamming said 

flange surface between said support plate and said L-beam. 

30 5. Structure according to claim 2. 3 or 4, c h a r a c t e r i z e d in that said support 

profile (22) further comprises a hook flange (27) adapted to hook around said beam at the 

opposite side of said vertical leg. 

6. Structure according to claim 5, c h a r a c t e r i z e d in that said support profile 

(22) comprises a lock profile (35) adapted to be attached to said hook flange (27) and a cover 

35 profile (34) adapted below said beam so that said beam is completely surrounded by said 

support profile, at least along a portion of the length thereof. 

7. Structure according any one of the previous claims, c hara ct e r i z e d in that 

said space is covered by plates (36, 40) at least one of which being provided with ventilation 

holes (49). 
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8. Structure according any one of the previous claims, ch a r a c t e r i z e d in that 

said gas connections are non-interchangeable gas connections. 

9. Medical support service unit for intensive care rooms comprising connectors, such 

as for gas supply and suction, electric power supply and other electric connectors as required 

5 and forming a support structure for equipment necessary close to the bed in an intensive care 

room, such as a monitor (90), suction units (97), blood pressure monitors, 

c h a r a c t e r i z e d by 

a rectangular frame, preferably of four beams (85, 86, 87, 88), encircling an 

essentially rectangular space, said frame being supported by a pivotable arm (82. 83, 80) and a 

10 bearing (84), in order to extend essentially vertical from the arm and downwards to adjacent the 

floor of said room; 

said rectangular space enclosing equipment (90, 92) interleaved from one side or the 

other which are well protected by the frame, and said rectangular space being sufficiently open 

for allowing sight through the frame for supervision of the patient and the area around the 

15 vertical beams being free for service. 

10. Service unit according to claim 9, ch a r a c t er i zed in that said rectangular 

frame comprises two vertical beams (86, 87) interconnected at the top and bottom by horizontal 

beams (85, 88), the upper horizontal beam being connected to said bearing (84) at the pivotable 

arm (82, 83) at or adjacent the middle of the horizontal beam (85). 

20 11. Service unit according to claim 9 or 10, ch a r act er i zed in that said 

25 

rectangular frame comprises electric connections ( 108) and outlets (107, 109) mounted in or at 

the vertical beams (86, 87). 

12. Service unit according to claim 9, 10 or 11, ch a r act er i z e d in that a gas 

panel (96) is mounted across the vertical beams. 

13. Service unit according to anyone of claims 9- 12. ch a r act er i zed in that 

said vertical beams (86, 87) comprises grooves extending along the beams for attachment of 

brackets ( 112) for supporting holders ( 100) or other equipment. 

14. Service unit according to anyone of claims 9- 13, ch a r act er i zed by a 

locking device in one or both of the bearings (83, 84) for further improving the stability of the 

30 rectangularframe. 

15. Service mobile for carrying medical equipment, comprising a bottom frame ( 122) 

supported by wheels (123), characterised by at least one vertical pillar( 124, 125) including 

electric outlets of power type and signal type, said pillar supporting equipment required for 

monitoring vital functions and for the medical service, such as infusion pumps of the peristaltic 

35 or syringe type. oxygen therapy units, surgical suction units, gas supplies etc. 
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ARCHITECTURAL SYSTEM ADAPTABLE TO PATIENT ACUITY LEVEL 

CROSS-REFERENCE TO RELATED APPLICATION 

This application claims priority under 35 U.S.C. § 119(e) to U.S. 

5 Provisional Patent Application Serial No. 60/293,949, filed on May 25, 2001, the 

disclosure of which is hereby incorporated by reference herein. 

BACKGROUND AND SUMMARY 

The present disclosure relates to architectural systems, such as 

10 headwalls, columns, and ceiling-suspended arm assemblies used in hospitals, and 

particularly to an architectural system adaptable to patient acuity level. More 

particularly, the present disclosure relates to an architectural system that is configured 

to deliver services, such as medical gases, to a patient and/or that is configured to 

support patient-care devices for delivering intensive care services to a patient. 

15 Architectural systems, such as headwalls, columns, and ceiling-

. suspended arm assemblies, through which medical gases are accessible via medical 

service outlets are known. Headwalls, columns, and arm assemblies having rails, 

tracks, or brackets for attachment of patient-care devices and having electrical outlets 

for delivering power to the patient-care devices are also known. Patients in critical 

20 condition are oftentimes located in an intensive care unit of a hospital, whereas 

patients in stable condition are oftentimes located in a standard patient room. 

Architectural systems in intensive care units are generally configured to hold more 

patient-care devices and provide more types of medical services than architectural 

systems found in a standard patient room. 

25 The numbers of patients in critical condition and the numbers of 

patients in stable condition fluctuate in a hospital over time. Thus, at any given time 

there may be either a shortage or excess of spaces for patients in an intensive care 

unit. In addition, at any given time there may be either a shortage or surplus of 

standard hospital rooms. Thus, there is a need for an architectural system that is 

30 adaptable to patients having high, medium, and low acuity levels so that hospitals 

have the flexibility to meet the needs of the patient population at any give time. 

According to this disclosure, an architectural system adaptable to an 

acuity level of a patient supported by a hospital bed in a patient room having a wall 
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and a ceiling is provided. The architectural system comprises a wall unit coupled to 

the wall and having a cavity, a ceiling unit coupled to the ceiling, and a column 

coupled to the ceiling unit for movement between a first position in which at least a 

majority of the column is situated in the cavity and a second position in which the 

5 column is situated outside the cavity. 

Various patient-care devices and equipment are attachable to the 

column. Such patient care devices include, for example, IV racks, infusion pumps, 

ventilation equipment, heart rate monitoring equipment, and patient data acquisition 

equipment. In an illustrative embodiment, a number of medical service outlets, such 

10 as gas outlets and electrical outlets, are coupled to the column. Also in the illustrative 

embodiment, a number of doors are coupled to the wall unit for opening and closing 

the cavity. Thus, when the column is in the cavity, the doors may be moved to closed 

positions shielding the column and the equipment carried by the column from view 

and blocking access to the medical service outlets on the column. Opening the doors, 

15 but leaving the column in the cavity of the headwall unit, permits access to some of 

the medical service outlets and to some portions of the equipment carried by the 

column. When the column is moved out of the cavity, all of the medical service 

outlets and all pertinent portions of the equipment carried by the column are 

accessible. 

20 Also according to this disclosure, a ceiling unit having one or more 

pieces of equipment coupled thereto is provided. Such equipment includes, for 

example, a reading light, an examination light, a display screen, air curtain generation 

equipment, a privacy curtain, a temperature sensor, an air quality sensor, an air 

purifier, aroma therapy equipment, a motion sensor, and a proximity sensor. In one 

25 illustrative embodiment, an arm assembly is coupled to the ceiling unit and supports 

an overbed table. The arm assembly permits the overbed table to be moved from one 

side of a hospital bed to an opposite side of the hospital bed. 

A mobile cart is also disclosed herein. In an illustrative embodiment, 

the mobile cart comprises an upstanding pedestal, a plurality of legs coupled to a 

30 bottom of the upstanding pedestal, and a plurality of wheels. Each wheel is coupled 

to a respective leg of the plurality of legs. The legs, along with the wheels coupled 

thereto, are each movable between a first position extending outwardly from beneath 

the upstanding pedestal and a second position tucked beneath the upstanding pedestal. 
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The mobile cart is attachable to a ceiling-mounted column or an arm assembly. The 

mobile cart is also attachable to a hospital bed to be transported with the bed. When 

the mobile cart is attached to either the column, the arm assembly, or the bed, the 

wheels of the mobile cart are spaced apart for the floor. A headwall unit having a 

5 cavity configured to receive the mobile cart is also disclosed. The mobile cart carries 

one or more pieces of patient-care equipment such as, for example, an IV pole, an 

infusion pump, a ventilator control unit, a gas tank, a gas control unit, a vital signs 

monitor, an on-board computer, a receiver, a transmitter, and a battery. 

Further according to this disclosure, a set of hospital equipment 

10 comprises a headwall, a blanket, a unit housed in the headwall, and a hose coupled to 

the blanket and coupled to the unit, a thermoregulation medium being moved between 

the blanket and the unit through the hose. The thermoregulation medium includes, for 

example, heated air, cooled air, a heated liquid, or a cooled liquid. In some 

embodiments, in which the the1moregulation medium :is heated or cooled a:ir, the 

15 blanket has a plurality of perforations through which the heated or cooled air is 

expelled. 

Additional features will become apparent to those skilled in the art 

upon consideration of the following detailed description of illustrative embodiments 

exemplifying the best mode of carrying out the various inventions disclosed herein as 

20 presently perceived. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The detailed description particularly refers to the accompanying 

figures, in which: 

25 Fig. 1 is a perspective view of an architectural system adaptable to 

patient acuity level according to this disclosure showing a headwall unit behind a 

hospital bed on which a patient is resting, a ceiling unit extending from the headwall 

unit, the ceiling unit overlying the hospital bed, an IV rack situated in a first cavity of 

the headwall unit, and a housing having a display screen and a number of medical 

30 service outlets situated in a second cavity of the headwall unit; 

Fig. 2 is a perspective view, similar to Fig. 1, showing a first column 

moved out of first cavity so that the IV rack carried by the first column is situated 

alongside a first side of the hospital bed and a second column moved out of the 

1401 of 2568



WO 02/096335 PCT/US02/16404 

-4-

second cavity so that the housing included as part of the second column is situated 

alongside a second side of the hospital bed; 

Fig. 3 is a top plan view of a portion of the architectural system of Fig. 

1 showing the first and second columns received in the first and second cavities, 

5 respectively, of the headwall unit and showing a head end of the hospital bed situated 

in close proximity to the headwall unit; 

Fig. 4 is a top view, similar to Fig. 3, showing the first and second 

columns moved out of the first and second cavities, respectively, of the headwall unit 

and showing the hospital bed moved away from the headwall unit by a sufficient 

10 amount to permit a caregiver to stand between the head end of the hospital bed and 

the headwall unit; 

Fig. 5 is a transverse sectional view of a portion of the architectural 

system of Fig. 1 showing rollers of the second column engaging a track of the ceiling 

unit and showing medical service lines (in phantom) extending from each of the 

15 medical service outlets, through the second column, and through the ceiling unit; 

Fig. 6 is a longitudinal sectional view of a portion of the architectural 

system of Fig. 1 showing the second column being movable between a first position 

(in solid) in close proximity to the headwall unit and a second position (in phantom) 

spaced from the headwall unit and showing the medical lines being routed into a 

20 central region of the ceiling unit to accommodate the movement of the second column 

between the first and second positions; 

Fig. 7 is a top plan view of a portion of the architectural system of Fig. 

1 showing the first and second columns in a number of positions and showing the 

routing of the medical lines from the central region of the ceiling unit to the first and 

25 second columns; 

Fig. 8 is a perspective view of the architectural system of Fig. 1 

showing the first column carrying an IV rack having a bottom plate arranged for 

coupling to a pair of upright posts that are mounted to a distal end of a support arm 

extending from a bed frame of the hospital bed; 

30 Fig. 9 is a side elevation view of the architectural system of Fig. 8 

showing the first column (in solid) supporting the IV rack above the upright posts and 

showing the first column (in phantom) supporting the IV rack in the first cavity of the 

headwall unit; 
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Fig. 10 is a side elevation view, similar to Fig. 9, showing the IV rack 

decoupled from the first column and coupled to the hospital bed to be transported 

with the hospital bed; 

Fig. 11 is a perspective view of a first alternative embodiment of an 

5 architectural system according to this disclosure showing the ceiling unit having 

lateral extensions for supporting auxiliary equipment laterally outward of the first and 

second columns, a first set of door panels covering the first column, and a second set 

of door panels being opened by varying amounts to partially uncover various portions 

of the second column; 

10 Fig. 12 is a perspective view of a portion of the architectural system of 

Fig. 11 showing a privacy curtain moved out of an auxiliary cavity of the headwall 

unit and hanging from one of the lateral extensions of the ceiling unit; 

Fig. 13 is a perspective view, similar to Fig. 12, showing an alternative 

embodiment of a privacy curtain extending downwardly from one of the lateral 

15 extensions of the ceiling unit; 

Fig. 14 is a perspective view, similar to Figs. 12 and 13, but of another 

portion of the architectural system of Pig. 11 showing an auxiliary IV pole moved out 

of an auxiliary compartment of the headwall unit and hanging from one of the lateral 

extensions of the ceiling unit; 

20 Fig. 15 is a perspective view of a second alternative embodiment of an 

architectural system according to this disclosure showing a plurality of openings 

formed in a perimetral region of the ceiling unit and showing air curtain generation 

equipment (in phantom) operating to move air out of the plurality of openings to form 

vertical air curtains along the foot end and opposite sides of the hospital bed; 

25 Fig. 16 is a bottom plan view of the ceiling unit of Fig. 15 showing, in 

phantom, a fan and a set of channels through which air moves to reach the plurality of 

openings; 

Fig. 17 is a perspective view of an environmentally-controlled hospital 

room showing a patient supported by a hospital bed in the room, a disposable 

30 thermoregulation blanket covering a portion of the patient, the disposable 

thermoregulation blanket being coupled via a hose to a thermoregulation unit housed 

in a headwall of the hospital room, and an environmental control canopy coupled to a 

ceiling of the hospital room above the hospital bed; 
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Fig. 18 is a perspective view of a mobile cart according to this 

disclosure showing the mobile cart having a somewhat rectangular upstanding 

pedestal, the pedestal having a fairly small depth dimension between a front face and 

a rear face of the pedestal, the mobile cart having four horizontally extending support 

5 legs coupled to the bottom of the pedestal, a set of casters coupled to distal ends of the 

support legs, and each support leg being pivotable relative to the pedestal about a 

respective vertical axis between a first position (in solid) extending outwardly from 

beneath the pedestal and a second position (in phantom) tucked beneath the pedestal; 

Fig. 19 is a side plan view of a first hospital room showing the mobile 

10 cart of Fig. 18 being mounted to a head end of a hospital bed, a second mobile cart, 

like the mobile cart of Fig. 18, being suspended from a ceiling of the room by an arm 

assembly, the support legs of the two mobile carts all being in their respective second 

positions, and the casters of the two mobile carts all being spaced apart from a floor of 

the room; 

15 Fig. 20 is side plan view of a second hospital room showing the mobile 

cart (in phantom) being situated in a cavity (in phantom) formed in a headwall of the 

hospital room; 

Fig. 21 is a perspective view of a hospital bed supported on a floor of a 

hospital room and an overbed table assembly that is suspended from a ceiling of a 

20 hospital room showing the overbed table assembly including a hub unit coupled to the 

ceiling above the hospital bed, an ann assembly coupled to the hub unit and extending 

downwardly therefrom, an entertainment-and-control panel coupled to a vertical arm 

of the arm assembly, an overbed table coupled to the vertical arm beneath the 

ente1iainment-and-control panel, and a telephone coupled to the overbed table; 

25 Fig. 22 is a perspective view of a portion of the overbed table assembly 

of Fig. 40 showing the overbed table assembly including a service-delivery housing 

coupled to an underside of the overbed table and a plurality of medical service outlets 

on an end face of the service-delivery housing; and 

Fig. 23 is a top plan view of the hospital bed and the overbed table 

30 assembly of Fig. 22 showing the arm assembly moving between a first position (in 

solid) having the overbed table extending over a lap of the patient from a first side of 

the hospital bed and a second position (in phantom) having the overbed table 

extending over the lap of the patient from a second side of the bed and showing that 
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the service-delivery housing moves around a foot end of the bed as the arm assembly 

moves between the first and second positions. 

DETAILED DESCRIPTION OF THE DRAWINGS 

An first embodiment of an architectural system 30 according to this 

disclosure comprises a headwall unit 32 having a first cavity 34 and a second cavity 

36, a ceiling unit 38, a first column 40, and a second column 42 as shown in Figs. I 

and 2. Columns 40, 42 hang downwardly from ceiling unit 36 and are each 

independently movable between respective storage positions situated within a 

10 respective cavity 34, 36 and a plurality of use positions situated outside of cavities 34, 

36. Headwall unit 32 is configured for attachment to a wall 44 of a hospital room and 

ceiling unit 3 8 is configured for attachment to a ceiling 46 of the hospital room. 

A hospital bed 48 is situated in the hospital room such that a head end 

50 of the bed 48 is near headwall unit 32 and a foot end of the bed is spaced from 

15 head wall unit 32 as shown in Figs. 1-4. Columns 40, 42 are spaced apart by a 

sufficient distance to permit hospital bed 48 to occupy the space defined between 

columns 40, 42 when columns 40, 42 are situated outside of cavities 34, 36 as shown, 

for example, in Figs. 2 and 4. Thus, column 40 is positioned alongside a first side 54 

of hospital bed 48 when outside of cavity 34 and column 42 is positioned alongside a 

20 second side 56 of hospital bed 48 when outside of cavity 36. 

Columns 40, 42 each carry patient-care equipment, some of which is 

configured to provide medical services to high acuity patients, such as critical patients 

requiring intensive care. Patient-care equipment needed for medium acuity patients, 

such as patients requiring medical gas to aid respiration and intravenous (IV) fluids 

25 are also carried on one or both of columns 40, 42. For medium acuity patients, 

columns 40, 42 are usually placed in cavities 34, 36 in the respective storage positions 

and the needed medical services are provided to the patient from columns 40, 42 as 

shown in Figs. I and 3. Optionally, columns 40, 42 may be moved out of cavities 34, 

36 for medium acuity patients. For high acuity patients, columns 40, 42 are usually 

30 moved out of cavities 34, 36 to positions alongside bed 48 so that multiple medical 

services are accessible to the patient and to other pieces of medical equipment as 

shown, for example, in Figs. 2 and 4. For low acuity patients that do not require 
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medical services from columns 40, 42, columns 40, 42 are usually placed in the 

storage positions so as to be out of the way. 

Headwall unit 32 has a plurality of doors 58 that are movable between 

closed positions covering associated portions of colmnns 40, 42 and opened positions 

5 allowing access to the associated portions of columns 40, 42. For low acuity patients, 

doors 58 are typically closed to conceal columns 40, 42 from view. In the illustrative 

embodiment, each of doors 58 slides horizontally behind an associated central panel 

60 of headwall unit 32. In some alternative embodiments, doors 58 slide horizontally 

in front of the associated central panels 60. In other alternative embodiments, doors 

10 58 either raise or lower or pivot when moving between opened and closed positions. 

In the illustrative embodiment in which doors 58 slide horizontally behind panels 60, 

each of panels 60 is large enough to accommodate both of the associated doors 58 

therebehind. It is within the scope of this disclosure for headwall unit 32 to have 

tracks or other surfaces (not shown) on which doors 58 slide. It is also within the 

15 scope of this disclosure for rollers (not shown) to be coupled to doors 58 and for the 

rollers to roll on tracks or surfaces as doors 58 move between the opened and closed 

positions. 

In the illustrative embodiment, three doors 5 8 are associated with 

cavity 34 to cover top, middle, and lower portions of cavity 34 and three doors 58 are 

20 associated with cavity 36 to cover top, middle, and lower portions of cavity 36. In 

alternative embodiments, more or less than three doors are provided for covering 

respective cavities 34, 36. Optionally, locking mechanisms (not shown) are mounted 

to each door 5 8 for locking the respective door in the closed position to prevent a 

patient or any other unauthorized person from opening doors 58 to gain access to the 

25 equipment mounted on columns 40, 42. 

Headwall unit 32 has a frame (not shown) to which central panels 60 

couple. Headwall unit 32 has other panels or walls, such as a vertical back wall 59 

and a pair of outer side walls 61 that extend from back wall in perpendicular relation 

therewith. In addition, headwall unit 32 has horizontal walls 63 that underlie cavities 

30 34, 36 and inner side walls 65 that are spaced from, but parallel with, walls 61 as 

shown in Fig. 8. Cavities 34, 36 are defined, in part, by walls 59, 61, 63, 65. One or 

more of walls 59, 61, 63, 65 are coupled to the frame of headwall unit 32. In the 

illustrative embodiment, headwall unit 32 includes a lower portion 67 that is situated 
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between a floor 69 of the hospital room and the portion of headwall unit 32 having 

central panels 60 associated therewith as shown in Fig. 8. A set of auxiliary medical 

service outlets 71 are coupled to lower portion 67. In addition, the portions of 

headwall unit 32 in which cavities 34, 36 are defined overhang underlying portions of 

5 floor 69 that are laterally outward of lower portion 67. 

As previously mentioned, columns 40, 42 carry patient-care 

equipment. Column 40 is configured to have patient-care equipment attached thereto 

and detached therefrom, whereas column 42 has patient-care equipment integrated 

therewith as shown in Figs. 1 and 2. In the illustrative example, column 40 has a 

10 vertical arm 62 and an IV rack 64 coupled to vertical arm 62 by suitable couplers such 

as, for example, clamps, brackets, latches, grippers, or hooks. IV rack 64 has one or 

more hooks 66 to which IV bags 68 couple and one or more poles 70 to which 

infusion pumps 72 couple. It is within the scope of this disclosure for any type of 

medical equipment capable of coupling to an IV pole to be coupled to IV rack. As 

15 shown in Figs. 9 and 10, one or more medical service outlets 73 are mounted to arm 

62 of column 40. Services accessible via outlets 73 include electrical services, such 

as electrical power and data transfer, and pneumatic services, such as medical gases or 

suction. Illustratively, electrical power is provided to infusion pump 72 from one of 

outlets 73 as shown in Fig. 9. 

20 In the illustrative example, column 42 has a vertical arm 74 and a 

housing 76 coupled to arm 74. A display screen 78 is coupled to an upper portion of 

housing 76 and a plurality of medical service outlets 80 are coupled to a lower portion 

of housing 76. Services available via outlets 80 include similar electrical and/or 

pneumatic services as are available from outlets 73. Service-delivery lines 82 are 

25 routed from each of outlets 80 through housing 76 and arm 74 of column 42 and 

through ceiling unit 38 as shown in Figs. 5-7. In addition, service-delivery lines 84 

are routed from each of outlets 73 through arm 62 of column 40 and through ceiling 

unit 38 as shown in Fig. 7. In addition, lines 82, 84 are routed into ceiling 46 through 

an opening 86 that is formed in ceiling above a central region of ceiling unit 38. 

30 Column 40 has a carriage 88 to which arm 62 is coupled and column 

42 has a carriage 90 to which arm 74 is coupled as shown in Fig. 2. In some 

embodiments, arm 62 and IV rack 64 (or any other patient-care equipment coupled to 

arm 62) are pivotable about a vertical axis relative to can-iage 88 in a first direction as 
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indicated by arrow 92, shown in Fig. 2, and in an opposite, second direction as 

indicated by airow 94, shown in Fig. 4. In other embodiments, arm 62 is fixed 

relative to carriage 88 but the coupler to which IV rack 64 (or other patient-care 

equipment) couples is pivotable relative to arm 64 in directions 92, 94. Similarly, in 

5 some embodiments, arm 74 and housing 76 are pivotable about a vertical axis relative 

to carriage 90 in first and second directions and, in other embodiments, arm 7 4 is 

fixed relative to carriage 90 and housing 76 is pivotable relative to arm 74 about a 

vertical axis in first and second directions. Various angular orientations of columns 

40, 42 about their respective vertical axes are shovvn in Fig. 7. In illustrative 

10 embodiments, the vertical axes about which IV rack 64 and housing 76 pivot extend 

through associated vertical arms 62, 74. 

Ceiling unit 38 of system 30 has a central portion or canopy 96 and a 

pair of side portions or tracks 98 as shown, for example, in Figs. 1 and 2. Canopy 96 

generally overlies bed 48, whereas tracks 98 are situated laterally outward of canopy 

15 96. Canopy 96 has a set of lights 100 integrated therein. Lights 100 include reading 

lights and/or examination lights. In some embodiments, reading lights comprise 

standard incandescent or fluorescent bulbs, whereas examination lights comprise, for 

example, halogen bulbs and color-correction filters. All types of reading lights and 

examination lights are contemplated by this disclosure as being included in ceiling 

20 unit 38. Illustrative canopy 96 also has a display screen 110 integrated therein. In 

other embodiments, display screen 110 is omitted. Various images, such as family 

photos and nature scenes may be displayed on screen 110. 

Ceiling unit 38 has a first or proximal end coupled to or overlying 

portions of headwall unit 32 and an opposite, distal end that is spaced apart from 

25 headwall unit 32. Thus, ceiling unit 38 extends from headwall unit 32 along ceiling 

46 of the hospital room. Canopy 96 comprises a housing or frame 112 and a cosmetic 

cover or panel 114 that couples to frame 112 as shown in Figs. 5 and 6. Frame 112 

includes portions (not shown) that couple to ceiling 46 and/or to headwall unit 32 

with suitable couplers such as, for example, bolts, rivets, welds, clamps, tabs, and the 

30 like. The various pieces of equipment carried by ceiling unit 38, including lights 100 

and screen 110, are mounted to frame 112 and extend through appropriately sized 

openings formed in panel 114. In addition, portions oflines 82, 84 loosely drape over 

frame 112 and cover 114 as shown in Figs. 5 and 6. Lines 82, 84 are routed through 
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suitably sized slots or spaces 116 that are provided between frame 112 and ceiling 46, 

or alternatively, between other portions of ceiling unit 38 through which lines 82, 84 

are routed. 

As columns 40, 42 move between the storage and various use 

5 positions, lines 82, 84 move relative to ceiling unit 38 in a somewhat random manner. 

However, frame 112 and cover 114 are situated beneath portions oflines 82, 84 to 

shield these portions of lines 82, 84 from view. Other portions of lines 82, 84 are 

shielded from view by columns 40, 42, respectively. In the illustrative embodiment, 

panel 114 has lateral side portions 118 that underlie portions of carriages 88, 90 as 

10 shown in Fig. 5 with respect to carriage 90. Side portions 118 further shield lines 82, 

84 from view. Lines 82, 84 have sufficient slack in the interior region of canopy 96 to 

permit columns 40, 42 to move from the respective storage positions to the respective 

farthest use positions adjacent the distal end of associated tracks 98. It is within the 

scope of this disclosure for one or more line management mechanisms, such as strain 

15 reliefs, hoses, conduits, cables, cable ties, articulating segmented channels, and the 

like, to be coupled to lines 82, 84 either to guide or control the movement of lines 82, 

84 or to restrain the movement of lines 82, 84 in a desired manner as columns 40, 42 

move between the storage positions in cavities 34, 36, respectively, and the various 

positions outside of cavities 34, 36. 

20 Each illustrative track 98 comprises a track member 120 and a 

cosmetic cover or panel 122 coupled to the respective member 120 as shown in Fig. 5. 

Suitable couplers, such as illustrative bolts 123, couple track member 120 to ceiling 

46 or, in alternative embodiments, to portions of frame 112 that overlie tracks 98. 

The proximal ends of track members 120 overlie respective cavities 34, 36 to permit 

25 carriages 88, 90 to move along track members 120 into cavities 34, 36, respectively. 

Columns 40, 42 each comprise a plurality of rollers 124 some of which engage a first 

roller-engaging surface 126 of the associated member 120 and others of which engage 

a second roller-engaging surface 128 of the associated member 120 as also shown in 

Fig. 5. Surfaces 126, 128 are each elongated and extend generally perpendicularly 

30 relative to wall 44 of the hospital room. Thus, surfaces 126 are parallel with surfaces 

128. In addition, surfaces 126, 128 lie in a common horizontal plane. In some 

alternative embodiments, track members 120 are curved and in other alternative 

embodiments, track members 120 are not parallel to each other. 
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Carriages 88, 90 are each somewhat U-shaped having central portions 

130 that underlie track members 120 and having a pair of side portions 132 that 

extend upwardly from respective central portions 130 such that track members 120 

are situated between respective side portions 132. Rollers 124 each have shafts 134 

5 that are coupled to side portions 132 and that extend horizontally therefrom in a 

cantilevered manner toward associated track members 120. As columns 40, 42 move 

along tracks 98, such as, for example, in directions 136 away from respective cavities 

34, 36 as shown in Figs. 2, 4, and 6-8, rollers 124 roll along corresponding surfaces 

126, 128. Of course, rollers 124 also roll along surfaces 126, 128 when columns 40, 

10 42 move along tracks 98 in directions opposite to directions 136. 

According to this disclosure, housing 7 6 carries electrical circuitry to 

control the operation of display screen 78. In some embodiments, housing also 

carries electrical circuitry to control the operation of display screen 110 and lights 

100. In other embodiments, some or all of the circuitry that controls the operation of 

15 screens 78, 110 and lights 100 are housed in portions of head wall unit 32. Such 

circuitry includes for example, one or more of a microprocessor or microcontroller, 

input/output circuitry, signal conditioning circuitry, signal conversion (analog-to

digital and/or digital-to-analog) circuitry, power conditioning circuitry, memory 

circuitry, and the like. In addition, a user interface is provided on column 42 to 

20 permit a user to enter commands and retrieve data for display on screen 78. In the 

illustrative embodiment, screen 78 is a touch screen and the user input on column 42 

comprises user input buttons 138 displayed on screen 78 as shown, for example, in 

Fig. 8. 

In some embodiments, the electrical circuitry that controls the 

25 operation of display screen 78 is coupled to the hospital's computer network or 

ethemet. In such embodiments, any of the information available on the network is 

viewable on display screen 78. For example, a caregiver is able to retrieve a patient's 

medical records (e.g., laboratory test results, medical diagnosis, patient charts, x-rays, 

and so on) from the network for viewing on screen 78. In addition, patient point-of-

30 care data, such as vital signs data (e.g., heart rate, blood pressure, neurological 

activity, respiration rate, patient temperature, pulse oximetry) and data associated with 

the operation of patient-care equipment (e.g., data from one or more ventilators, 

infusion pumps, electrocardiographs, electroencephalographs), may be displayed on 
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screen 78. Thus, the circuitry associated with screen 78 is programmed and/or 

configured to receive and process various types of data signals indicative of the 

infonnation to be displayed on screen 78. It is within the scope of this disclosure for 

all types of data associated with the care of a patient to be displayed on screen 78. In 

5 addition, it is within the scope of this disclosure for screen 78 to display multiple 

types of data simultaneously, such as in a split screen format. Furthermore, in those 

embodiments in which the hospital computer network is coupled to the Internet, then 

information accessible via the Internet is also able to be displayed on screen 78. 

An alternative IV rack 164 that is attachable to and detachable from 

10 vertical arm 62 is shown in Figs. 8-10. IV rack 164 is similar to IV rack 64 and 

therefore, where appropriate, like reference numerals are used to denote components 

of IV rack 164 that are substantially similar to like components of IV rack 64. As was 

the case with IV rack 64, IV rack 164 couples to arm 62 with suitable couplers such 

as, for example, clamps, brackets, latches, grippers, hooks, or the like. The main 

15 difference between IV rack 164 and IV rack 64 is that IV rack 164 has a horizontal 

plate 140 coupled to the lower ends of poles 70. Plate 140 has one or more openings 

or sockets 142 as shown in Fig. 8. 

An arm assembly 144 for carrying IV rack 164 includes an arm 146 

coupled to bed 48 for pivoting movement about a vertical axis, a horizontal plate 148 

20 coupled to arm 144, and a pair of posts 150 extending vertically upwardly from plate 

146. Arm 146 is movable to a first position extending laterally outwardly from bed 

48 to support plate 148 and posts 150 at a location which permits coupling of IV rack 

164 to arm assembly 144 as shown in Figs. 8 and 9. Vertical arm 62 and carriage 88 

are movable along track 98 to position IV rack over plate 148 and posts 150. In 

25 addition, IV rack 164, or the combination of arm 62 and IV rack 164, is rotatable 

about the vertical axis extending through arm 62 to orient IV rack 164 such that 

sockets 142 are aligned with posts 150. After IV rack 164 is properly oriented over 

ann assembly 144, as shown in Figs. 8 and 9, IV rack 164 is lowered in the direction 

of arrow 152, shown in Fig. 8, so that posts 150 are received in sockets 142 and so 

30 that plate 140 rests upon plate 148, thereby to couple IV rack 164 to arm assembly 

144. 

In some embodiments, the coupler that couples IV rack 164 to arm 62 

is movable vertically relative to arm 62 to permit raising and lowering of IV rack 164 
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and, in other embodiments, arm 62 comprises telescoping segments that permit 

raising and lowering ofIV rack 164. Alternatively, IV rack 164 is decoupled from 

arm 62 and is lowered manually onto arm assembly 144. It is also within the scope of 

this disclosure for an upper frame 154 of bed 48 to be lifted relative to a base 156 of 

5 bed 48 so that posts 150 enter into openings 142 and so that plate 148 moves into 

engagement with plate 140. In some embodiments, additional mechanisms (not 

shown), such as latches on plate 142 or plate 150, pins that extend through posts 150, 

caps that snap or thread onto posts, clamps that grip plates 140, 148, and the like, are 

provided to lock IV rack 164 to arm assembly 144. After IV rack 164 is coupled to 

10 arm assembly 144 and decoupled from arm 62, arm 146 is pivotable relative to bed 48 

to a second position having N rack 164 supported alongside bed 48 as shown in Fig. 

10. Thus, bed 48 and IV rack 164 coupled to bed 48 are transportable through the 

hospital without needing to disconnect N lines from the patient carried by bed 48. 

Referring now to Figs. 11-14, an alternative architectural system 230 

15 has a headwall unit 232 and a ceiling unit 238 that are substantially similar to 

headwall unit 32 and ceiling unit 38, respectively, of system 30. Therefore, where 

applicable, like reference numerals are used to denote components of system 230 that 

are substantially similar to like components of system 30. One of the differences 

between system 230 and system 30 is that headwall unit 232 of system 230 has a pair 

20 of auxiliary cavities 234, 236 (see Figs. 12 and 14) that are laterally outboard of 

cavities 34, 36, respectively. A pair of doors 235, 237 are each independently 

movable bet\veen a closed position, shown in Fig. 11, in which the respective cavity 

234, 236 and any items or equipment stored therein are inaccessible and an opened 

position in which the respective cavity 234, 236 and any items or equipment stored 

25 therein are accessible. In the illustrative embodiment, doors 235, 237 pivot about 

respective vertical axes when moving between the opened and closed positions. 

Suitable locking mechanisms are provided in some embodiments for locking doors 

235, 237 in the closed positions. As was the case with system 30, doors 58 of system 

230 are movable to open and close cavities 34, 36. 

30 Headwall unit 232 has additional medical service outlets 216 mounted 

on a pair of lower vertical panels 218 which are situated beneath the lowermost pair 

of doors 58 as shown in Figs. 11, 14, and 14. Headwall unit 232 also has a pair of 

lower doors 220 that are movable between respective first positions in which doors 
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220 cover the associated outlets 216 and respective opened positions in which outlets 

216 are uncovered for use. It is within the scope of this disclosure for system 30 to 

also have outlets 216, panels 218, and doors 220. In some embodiments, auxiliary 

outlets 71 and outlets 216 are included in the headwall unit and, in other 

5 embodiments, only one or the other set of outlets 71, 216 are included in the headwall 

unit. 

Another of the differences between system 230 and system 30 is that 

ceiling unit 238 of system 230 has tracks 198 which are wider than tracks 98 of 

system 30. Thus, tracks 198 extend laterally outward from canopy 96 of ceiling unit 

10 238 by a greater amount than tracks 98 extend laterally outward from canopy 96 of 

ceiling unit 38. Each of tracks 198 has a cosmetic cover or panel 210. Each panel 

210 has a first elongated slot 212 and a second elongated slot 214. In the illustrative 

embodiment, slots 212 are parallel with slots 214. Each slot 212 receives a respective 

side portion 132 of the associated carriage 88, 90 of the respective column 40, 42. 

15 Thus, provision of slots 212 in covers 210 allows columns 40, 42 of system 230 to 

move without interference from panels 210 between the respective storage positions 

within cavities 34, 36 and the various positions outside of cavities 34, 36. 

In some embodiments, slots 214 are situated beneath respective track 

members (not shown) that are configured to support auxiliary equipment which is 

20 moved out of auxiliary cavities 234, 236 and, in other embodiments, auxiliary 

equipment is situated above slots 214. In the example shown in Fig. 12, a privacy 

curtain 240 is movable from a storage position in which curtain 240 is situated within 

cavity 236 to a use position in which a majority of curtain 240 is drawn out of cavity 

236. In the use position, curtain 240 hangs downwardly from substantially the entire 

25 length of the track member situated above the respective slot 214. Illustrative curtain 

240 has a flexible curtain panel 242, a plurality of sliders 244, and a plurality of 

strands 246. Each strand 246 extends between panel 242 and a respective slider 244. 

Sliders 244 are movable along the track member situated above slot 214. Thus, when 

curtain 240 is in the storage position, all of sliders 244 are grouped together within 

30 cavity 236 and when curtain 240 is in the use position, sliders 244 are spaced apart 

along the length of slot 214. 

In the example shown in Fig. 13, a privacy curtain 250 is extendable 

downwardly out of the associated slot 214 to a use position and is retractable 
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upwardly through slot 214 to a storage position. Curtain 250 has a flexible curtain 

panel 252 and a bottom member 254 coupled to a bottom portion of panel 252. 

Member 254 adds weight to curtain 250 to prevent excessive movement of curtain 

250 away from a vertical hanging configuration as shown in Fig. 13. A rotatable shaft 

5 (not shown) on which panel 252 winds when retracting and unwinds when extending 

is situated above slot 214. In some embodiments, a motor (not shown) is coupled to 

shaft and is operated to rotate the shaft in the appropriate directions to wind and 

unwind panel 252. In such embodiments, a user input, such as one or more switches, 

buttons, levers, or the like, is accessible on headwall unit 232 to control the motor. In 

10 alternative embodiments, curtain 250 is extended and retracted manually, similar to 

the manner in which conventional window shades are pulled down to cover a window 

and are manipulated so that a spring causes an associated shaft to wind up the window 

shade. 

In the example shown in Fig. 14, an auxiliary IV pole 160 hangs 

15 downwardly from a carriage 162 that is slideable along a track member (not shown) 

which is situated above the respective slot 214. Pole 160 and carriage 162 are 

movable between a storage position in cavity 234 and a number of use positions 

outside of cavity 234. One or more hooks 166 are coupled to pole 160 for holding IV 

bags 68. In the illustrative embodiment, a dedicated infusion pump 172 is mounted to 

20 a bottom end of pole 160. In alternative embodiments, infusion pumps 72 are 

attachable to and detachable from other portions of pole 160. It is within the scope of 

this disclosure for any type of patient-care equipment that is capable of coupling to an 

IV pole to be coupled to pole 160. 

Although curtain 240 is shown in Fig. 12 has being associated with 

25 cavity 236 and although pole 160 is shown in Fig. 14 as being associated with cavity 

234, it is within the scope of this disclosure for curtains, N poles, and any other type 

of track-mounted auxiliary equipment, such as exam lights, water hoses, suction 

hoses, traction devices, and the like, to be associated with either of cavities 234, 236. 

In addition, it is within the scope of this disclosure for the various walls of headwall 

30 unit 232 that bound cavities 234, 236, such as back wall 259, side wall 261, and 

bottom wall 263 (see Fig. 14), to be appropriately sized and configured so that 

cavities 234, 236 are large enough to receive the track mounted equipment to be 

stored therein. In addition, in those embodiments having auxiliary equipment, such as 
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curtain 250 that extends and retracts out of slots 214, then cavities 234, 236 may have 

storage shelves therein. 

Referring now to Figs. 15 and 16, an alternative architectural system 

330 includes a headwall unit 232, that is substantially similar to headwall unit 232 of 

5 system 230, and a ceiling unit 338 :from which a set of air curtains 270 are directed 

downwardly around three sides of hospital bed 48. In the illustrative embodiment, the 

set of air curtains are adjacent foot end 52 and sides 54, 56 of bed 48. A suitable 

amount of space is provided between air curtains 270 and bed 48 to permit a caregiver 

to stand therebetween. Air curtains 270 provide a modicum of environmental 

10 isolation for the patient on bed 48. Thus, air borne contaminants outside the patient 

space bounded by air curtains 270 are prevented from entering the patient space. In 

some embodiments, air curtains 270 are heated and/or humidified to control the 

temperature and humidity of the patient space. In such embodiments, heating 

equipment (not shown) and/or humidifying equipment (not shown) is housed in either 

15 ceiling unit 338 or headwall unit 232 or both. 

An air curtain generator 272, such as a fan, blower, pump, or the like, 

is housed in canopy 96 of ceiling unit 338 as shown in Figs. 15 and 16. An air-intake 

opening 274 is formed in cover 114 of canopy 96 and an air filter 276 covers opening 

27 4 to filter contaminants :from the ambient environment. Air curtain generator 272 is 

20 situated in a central chamber 278 of canopy 96 and an air-inlet duct 280 extends from 

opening 274 to chamber 278. A network of air-outlet ducts 282 extend from chamber 

278 throughout ceiling unit 338, including along the outer regions oflateral side 

portions 198 and including along the :front distal regions of canopy 96 and portions 

198. Duct 280 overlies some of ducts 282 as shown in Fig. 16. In the illustrative 

25 embodiment of system 330, a plurality of air-exit openings or slots 284 are formed 

along the side and front peripheral regions of the underside of ceiling unit 338. 

Operation of air curtain generator 272 moves air from the ambient environment 

through each of filter 276, duct 280, chamber 278, ducts 282, and openings 284 to 

form air curtains 270. 

30 A controller (not shown) housed in ceiling unit 338 or headwall unit 

232 or both operates to control air curtain generator 272, the heating equipment (if 

any), and the humidification equipment (if any). A user interface is provided on one 

or both of columns 40, 42 or on headwall unit 232. A user inputs operational 
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parameters, such as, for example, fan speed (high, medium, low), air temperature, and 

air humidity, to the controller via the user interface. In addition, system 330 has 

various sensors, such as, for example, a fan speed sensor, a temperature sensor, and a 

humidity sensor that provides feedback to the controller so that appropriate 

5 commands from the controller can be provided to air curtain generator 272, the 

heating system, and the humidification system to adjust the operation of these 

devices, if appropriate. 

According to one aspect of the present disclosure, a patient rests on a 

hospital bed 534 in an environmentally-controlled hospital room 532 as shown in Fig. 

10 17. Covering the patient is a disposable heating/cooling blanket 536. Blanket 536 is 

coupled via a pair of heating/cooling hoses 540 to a heating/cooling unit 538 housed 

in a headwall 542 of room 532. When the patient is to be cooled, unit 538 operates to 

provide a cooling medium, such as cool air or cool liquid, through one of hoses 540 to 

blanket 536 and the other of hoses 540 provides the cooling medium back to unit 538 

15 after circulation of the cooling medium through blanket 536. When the patient is to 

be heated, unit 538 operates to provide a heating medium, such as heated air or heated 

liquid, through one of hoses 540 to blanket 536 and the other of hoses 540 provides 

the cooling medium back to unit 538 after circulation of the heating medium through 

blanket 536. In those embodiments having heated air or cooled air circulated through 

20 blanket 536, perforations are formed in the surface of blanket 536 facing the patient 

so that a portion of the heated or cooled air being circulated through blanket 536 is 

able to escape from blanket 536 through the perforations and convectively heat or 

cool, as the case may be, the patient. 

Bed 534 includes a pendant controller 544 that a patient uses to control 

25 heating/cooling unit 538 in a desired manner when pendant controller 544 is not 

locked out. fu some embodiments, pendant controller 544 also is used to control 

other bed functions, such as articulation, raising, and lowering of the bed deck, and to 

control room entertainment and communication functions, such as television, radio, 

and nurse call. Bed 534 includes a footboard 546 having a control panel 548 that is 

30 used by a caregiver to control operation of unit 538, to control operation of various 

bed functions, and to control various entertainment and communication functions. 

Control panel 548 is also used by the caregiver to lock out one or more functions of 
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pendant controller 544. For example, the caregiver can lock out the ability of pendant 

controller 544 to operate unit 538. 

An ceiling unit or overhead canopy 550 is coupled to a ceiling 552 of 

hospital room 532 above bed 534 as shown in Fig. 17. Canopy 550 includes various 

5 systems that control the environment of room 532. For example, canopy 532 includes 

an overhead temperature sensor (not shown), an overhead air quality sensor (not 

shown), an overhead air purifier (not shown), aroma therapy equipment (not shown), 

motion or proximity sensors 554 for detecting the presence of other people in the 

hospital room, examination lights 556, reading lights (not shown), and a video screen 

10 558 for displaying one or more preselected images. Such images may include a scene 

from nature or other restful scenes. Such images may also include images that 

transition at the appropriate times during a 24-hour period from day images, such as 

clouds and sun, to night images, such as moon and stars. Images of the patients 

family may also be displayed on screen 558. 

15 In some embodiments of room 532, the room lights are controlled to 

dim slowly as the daytime turns to evening. In addition, a recording of evening 

sounds, such as owls, night birds, crickets, and wind in the trees is played by audio 

equipment housed in overhead canopy 550. Eventually, the room lights are turned 

completely off and the night sounds fade away. In other embodiments of room 532, a 

20 video screen similar to or larger than video screen 558 is mounted to a room wall, 

preferably a wall that confronts the foot end of bed 534. In such alternative hospital 

rooms, television images, internet images, educational information, patient schedule, 

imagery to promote relaxation, and video conferencing images are selectively 

displayed on the video screen. 

25 Bed 534, unit 538, and ceiling unit 550 each have their own controllers 

for monitoring and controlling the various functions associated with these devices. 

Each of such controllers include, for example, one or more microprocessors, 

microcontrollers, memory circuitry, input/output circuitry, signal conditioning 

circuitry, signal conversion circuitry, power conditioning circuitry, and the like. It is 

30 within the scope of this disclosure for each of the controllers of bed 534, unit 538, and 

canopy 550 to be coupled to the hospital computer network to exchange data with the 

network. In some embodiments, parameters for controlling bed 534, unit 538, and 

canopy 550 are entered by computers that are located remotely from room 532. Thus, 
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for example, if a patient places a nurse call requesting the heating/cooling function of 

unit 538 and blanket 536 be adjusted or discontinued, the nurse receiving the call is 

able to adjust the amount of heating/cooling provided to the patient via blanket 536. 

Referring now to Figs. 18-20, a mobile cart 560 includes a somewhat 

5 rectangular upstanding pedestal 562, four horizontally extending support legs 564 

coupled to the bottom of pedestal 562, and a set of wheels or casters 566 coupled to 

distal ends of corresponding support legs 564. Pedestal 562 has a fairly small depth 

dimension between a front face 568 thereof, shown best in Fig. 18, and a rear face 570 

thereof, shown in Figs. 19 and 20. Each support leg 564 is pivotable relative to 

10 pedestal 562 about a respective vertical axis between a first position extending 

outwardly from beneath pedestal 562 as shown in Fig. 18 and a second position 

tucked beneath pedestal 562 as shown in Figs. 18-20. 

When legs 564 are in the second positions, legs 564 and casters 566 

are positioned to lie completely under and within the foot print of pedestal 562. In 

15 addition, when legs 564 are in the second positions, legs 564 extend in substantially 

parallel relation with front and rear faces 568, 570 of pedestal 562. When legs 564 

are in the first positions, a majority oflegs 564 are positioned to lie outside the foot 

print of pedestal 562 and legs 564 extend in substantially perpendicular relation to 

front and rear-faces 568, 570 of pedestal 562. Suitable locking or retention 

20 mechanisms are provided either on legs 564 or pedestal 562 to lock or retain legs 564 

in the respective first and second positions. The stability of cart 560 on a floor is 

greater when legs 564 are in the first positions than when legs 564 are in their second 

positions. 

Mobile cart 560 is couplable to and transportable with a wheeled 

25 hospital bed or stretcher 572 from an operating room 574, shown in Fig. 19, to an 

intensive care unit room (not shown), and then to a regular hospital room 578, shown 

in Fig. 20. Of course, rooms 574, 578 are shown merely as examples of hospital 

rooms and therefore, cart 560 may be transported with stretcher 572 to any location in 

a hospital that stretcher 572 is capable of going. Cart 560 may also be transported by 

30 itself throughout a hospital when legs 564 are in their first positions having casters 

566 rolling along the floor of the hospital. 

An asset tracking system (not shown) included in a hospital includes a 

plurality of transmitters, receivers, and/or transmitter/receiver units 57 6 (collectively 
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referred to as "transmitter/receiver units 576") located throughout the hospital. One 

such transmitter/receiver unit 576 is shown in Fig. 36. Transmitter/receiver units 576 

cooperate with remote equipment, such as computers, included in the asset tracking 

system to track the whereabouts of mobile carts 560 throughout the hospital. Thus, 

5 each cart 560 to be tracked includes a transmitter/receiver unit (not shown) that, when 

prompted by a signal from transmitter/receiver units 576, emits a signal that is sensed 

by one or more transmitter/receiver units 576 in the vicinity thereof. 

Cart 560 is couplable to hospital bed 572 as previously mentioned. 

Cart 560 is also couplable to arm assemblies 598 included, for example, in operating 

10 room 574 and in intensive care unit rooms (not shown). Ann assemblies 598 extend 

from the ceilings of the respective rooms, such as room 57 4 as shovro in Figs. 19. 

When cart 560 is coupled to arm assemblies 578, cart 560 is suspended from the 

ceiling of the respective room so that casters 566 of cart 560 are spaced apart from the 

floor of the respective rooms. Casters 566 are also spaced apart from the floor of the 

15 respective rooms when cart 560 is coupled to bed 572. It is within the scope of this 

disclosure for cart 560 to be coupled to or included in columns 40, 42 of any of 

architectural systems 30, 230, 330, as well as any alternatives of these, described 

above with regard to Figs. 1-16. 

Cart 560 includes suitable couplers (not shown) that interface with 

20 couplers (not shown) included in bed 572, with couplers (not shown) included in ann 

assemblies 578, and with couplers (not shown) included in columns 40, 42. Suitable 

couplers may include, for example, hooks, clips, posts, latches, sockets, rails, 

channels, slots, bands, straps, fingers, flanges, lugs, bails, wires, magnets, plates, and 

the like, as well as combinations of these. Cart 560 includes a handle 580 appended 

25 to the top of pedestal 562 as shown in Figs. 18 and 19. A caregiver grips handle 580 

to maneuver cart 560 along a floor of the hospital and to carry cart 560, such as 

during attachment to or detachment from bed 572, arm assemblies 578, or columns 

40, 42. 

A headwall 582 of room 578 is formed to include a cavity 584 that is 

30 configured to receive cart 560 as shown in Fig. 20. In addition, cart 560 is received in 

cavities 34, 36 (or cavities 23, 236) when cart 560 is coupled to or included in 

columns 40, 42 and columns 40, 42 are moved to the storage positions. When cart 

560 is situated in cavity 584, legs 564 are in the respective second positions and 
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casters 566 rest upon a ledge surface 586 that underlies cavity 584. Pedestal 562 of 

cart 560 is configured to carry one or more IV poles 588 as shown in Figs. 18-20. 

Cavity 584 has sufficient height to accommodate cart 560 and any IV poles 588 

coupled thereto as shown in Fig. 20. Hooks 587 are provided at the top of IV poles 

5 588 for attachment ofIV bags 68. 

Pedestal 562 includes recesses or compartments 589 that are adapted to 

carry various patient-monitoring and patient-care modules or equipment 590, shown 

best in Fig. 18. Such patient-care equipment includes, for example, infusion pumps, 

ventilator control units, gas control units, vital signs monitors, and the like. Some 

10 modules 590 are coupled to the patient, via sensor lines, to monitor various 

physiological conditions and vital signs of the patient. In some embodiments, cart 

560 includes an on-board computer system that interfaces with modules 590 and with 

a receiver/transmitter unit on cart 560. In such embodiments, patient-data from 

modules 590 is either transmitted to the hospital network via the receiver/transmitter 

15 unit or the patient-data is stored in the computer system until a hard-wire or optical 

connection is made to the network. When the computer system is communicatively 

coupled to the network, a caregiver located in the hospital remote from cart 560 is 

able to access the network with a remote computer terminal, for example, to obtain 

the status of the patient being monitored by modules 590 carried by cart 560. Cart 

20 560 includes a battery (not shown) to provide power to any electrical components, 

such as modules 590 and the computer system, carried by cart 560. 

Pedestal 562 is formed to include service delivery ports 592. Tanks 

(not shown) containing oxygen or other types of medical gases are situated in an 

interior region of pedestal 562. In some embodiments, such tanks are included in a 

25 ventilator system carried by cart 560. In such embodiments, hoses 594, one of which 

is shown in Fig. 20, are coupled to respective ports 592 and extend from ports 592 

either to the patient or to associated medical equipment. Cart 560 is configured to 

carry other types of medical devices, including drug infusion devices, that are 

associated with providing intensive care to a patient. Such devices are sometimes 

30 referred to as LSTAT (Life Support for Trauma and Transport) devices. Because cart 

560 carries most, if not all, of the medical equipment necessary to provide intensive 

care to the patient and because cart 560 is transported with the patient throughout the 

hospital, the need to disconnect and reconnect IV lines, ventilator hoses, sensor lines, 
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and the like :from the patient before and after transport is avoided, as is the need to 

manage multiple wheeled stands or carts during transport of the patient throughout a 

hospital. 

Referring now to Figs. 21-23, a ceiling-mounted overbed table 

5 assembly 656 includes a ceiling unit or hub unit 658 coupled to ceiling 46 of a 

hospital room, an arm assembly 660 coupled to hub unit 658, an overbed table 662 

coupled to arm assembly 660, and a patient-care housing 664 coupled to and 

extending downwardly from an undersurface of table 662. In alternative 

embodiments, housing 664 is coupled to arm assembly 660 and is situated, at least in 

10 part, beneath table 662. Hub unit 65 8 includes an annular upper portion 666 having a 

frustoconical shape, an annular lower portion 668 shaped like a disc, and an annular 

slot 670 defined between portions 666, 668 as shown in Fig. 40. Hub unit 658 further 

includes a plurality of exam and reading lights 672 coupled to lower portion 668 and 

arranged to direct light downwardly therefrom. In alternative embodiments, hub 568 

15 has shapes other than annular, such as elliptical, polygonal (i.e., square, rectangular, 

triangular, and so on), and the like. 

Arm assembly 660 includes a first arm 674 extending horizontally 

from slot 670 and a second arm 676 extending vertically dovvnwardly from a distal 

end 678 of first arm 674 as shown in Fig. 21. Hub unit 658 includes a shaft assembly 

20 (not shown) that interconnects portions 666, 668 of hub unit 658. A proximal end 

(not shown) of first arm 674 is coupled to the shaft assembly for pivoting movement 

about a vertical axis 680. Table 662 and housing 664 are coupled to a lower end of 

arm 676 for pivoting movement about a vertical axis 682, shown in Figs. 21and22. 

Alternatively, table 662 and housing 664 are fixed with respect to arm 676 and arm 

25 676 is coupled to arm 674 for rotation about axis 682. 

Second arm 676, table 662, and housing 664 are movable between a 

first position situated on a first side of a hospital bed 684 and a second position 

situated on a second side of hospital bed 684 as shown in Fig. 23. During movement 

between the first and second positions, arm 676, table 662, and housing 664 move 

30 along an arcuate path, indicated by a curved double-headed arrow 688 shown in Fig. 

23, around a foot end 686 of bed 684. First arm 674 has sufficient length to allow 

housing 664 to clear foot end of bed 684 during movement between the first and 

second positions. Assembly 656 includes suitable locking mechanisms to lock arm 
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assembly 660 and table 662 in the first and second positions. When in either the first 

position or the second position, table 662 extends horizontally from arm 676 in a 

cantilevered manner and is positioned, in part, over the lap of a patient supported by 

bed 684. In some embodiments, assembly 656 includes drive mechanisms that 

5 operate to adjust the vertical position of table 662 and housing 664 relative to arm 

676. 

Assembly 656 includes a telephone 690 having a handset that resides 

in a recess formed in the upper surface of table 662. Assembly 656 also includes an 

entertainment-and-control panel 692 that is coupled to arm 676 of arm assembly 660 

10 via a post 694 that extends horizontally away from arm 676 above table 662 as shown 

in Figs. 40 and 41. Illustrative panel 692 is a touch screen that permits the patient to 

control, for example, room lighting, room temperature, television functions, nurse call 

functions, and the like. Panel 692 is also operable to display various images such as, 

for example, television images, internet images, educational information, patient 

15 schedule, patient billing information, and video conferencing images. Controls panels 

having any combination of the above-mentioned control functions and entertainment 

functions are within the scope of this disclosure. Telephone 690 is used in a 

conventional manner for placement of phone calls. 

A plurality of medical service outlets 696 and a plurality of patient-

20 monitor modules 698 are coupled to an end face 700 of housing 664 as shown in Fig. 

22. Modules 698 are arranged in side-by-side relation along an upper portion of end 

face 700 and medical service outlets 696 are arranged in side-by-side relation beneath 

modules 698. Each of modules 698 receive patient-data signals via patient-data lines 

(not shown) that are coupled to modules 698 and to the patient to monitor various 

25 physiological conditions of the patient. Patient conditions to be monitored may 

include temperature, heart rate, blood oxygenation, respiration, brain activity, and the 

like. Services provided by outlets 696 may include, for example, medical gases, 

vacuum, and power. Outlets 696 receive the associated services via lines (not shown) 

that are routed to outlets 696 from the ceiling of the hospital room, through hub unit 

30 658, though interior regions of am1s 674, 676, through an opening in table 662, and 

into an interior region of housing 664. Outlets 696 and modules 698 are positioned 

on housing 664 so as to be generally inaccessible to a patient lying on bed 684 when 

assembly 656 is in either the first position or the second position. 
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It is contemplated by this disclosure that table 662 and/or housing 664, 

along with outlets 696 and modules 698 associated with housing 664 may be 

suspended from a ceiling of a hospital room by other types of arm assemblies or 

columns. For example, it is within the scope of this disclosure for table 662 and/or 

5 housing 664 to be coupled to or included in columns 40, 42 of any of architectural 

systems 30, 230, 330 described above. In such embodiments, table 662 or a part 

thereof flips up, such as by pivoting about a horizontal axis, thereby placing table 662 

is in a substantially vertical orientation for storage in the associated cavity 34, 36, 

234, 236 of the associated headwall unit 32, 232. When the column 40, 42 associated 

10 with table 662 is moved out of the associated cavity 34, 36, 234, 236, table 662 is 

flipped down to a substantially horizontal orientation for use. 

Although various apparatus and systems have been described in detail 

with reference to certain preferred embodiments, variations and modifications of each 

of these apparatus and systems exist within the scope and spirit of the invention as 

15 described and defmed in the following claims. 
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CLAIMS 

1. An architectural system adaptable to an acuity level of a patient 

supported by a hospital bed in a patient room having a wall and a ceiling, the 

5 architectural system comprising 

a wall unit coupled to the wall and having a cavity, 

a ceiling unit coupled to the ceiling, and 

a column coupled to the ceiling unit for movement between a first 

position in which at least a majority of the column is situated in the cavity and a 

10 second position in which the column is situated outside the cavity. 

2. The architectural system of claim 1, wherein the column 

includes a vertical member and a patient care device coupled to the vertical member. 

3. The architectural system of claim 2, wherein the patient care 

device comprises an IV rack that is situated in the cavity when the column is in the 

15 first position. 

4., The architectural system of claim 2, wherein the patient care 

device comprises a housing having a plurality of medical service outlets and the 

housing is situated in the cavity when the column is in the first position. 

5. The architectural system of claim 4, wherein at least one of the 

20 medical service outlets is a medical gas outlet. 

6. The architectural system of claim 4, wherein at least one of the 

medical service outlets is an electrical outlet. 

7. The architectural system of claim 4, wherein the wall unit has a 

door that is movable between a closed position blocking access to the plurality of 

25 medical service outlets when the column is in the first position and an opened position 

allowing access to the medical service outlets when the column is in the first position. 

30 

8. The architectural system of claim 2, wherein the patient care 

device comprises a display screen that is situated in the cavity when the column is in 

the first position. 

9. The architectural system of claim 8, wherein the wall unit has a 

door that is movable between a closed position covering the display screen to shield 

the display screen from view when the column is in the first position and an opened 
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position uncovering the display screen to permit the display screen to be viewed when 

the column is in the first position. 

10. The architectural system of claim 2, wherein the patient care 

device is pivotable about an axis relative to the vertical member when the column is 

5 in the second position. 

11. The architectural system of claim 10, wherein the axis is 

vertical and extends through the vertical member. 

12. The architectural system of claim 1, wherein the ceiling unit 

comprises a track member and the column comprises a carriage that moves along the 

10 track member as the column moves between the first and second positions. 

13. The architectural system of claim 12, wherein a portion of the 

track member overlies the cavity. 

14. The architectural system of claim 12, wherein the track 

member comprises elongated first and second roller-engaging surfaces, the first roller-

15 engaging surface is parallel to the second roller-engaging surface, the carriage 

comprises a housing and a plurality of roller coupled to the housing, at least one of the 

plurality of rollers engages the first roller-engaging surface, and a least another of the 

plurality of roller engages the second roller-engaging surface. 

15. The architectural system of claim 1, wherein the ceiling unit 

20 comprises a housing and a light coupled to the housing. 

16. The architectural system of claim 1, wherein the ceiling unit 

comprises a housing and a display screen coupled to the housing. 

17. The architectural system of claim 1, wherein the ceiling tmit 

comprises a housing having a plurality of openings and the ceiling unit comprises an 

25 air curtain generator that operates to expel air downwardly from the plurality of 

openings to create at least one air curtain. 

18. The architectural system of claim 1 7, wherein the housing has 

an air-intake opening, the ceiling unit comprises an air-permeable filter covering the 

air-intake opening, and operation of the air curtain generator draws air from the 

30 patient room through the filter. 

19. The architectural system of claim 1, wherein the column 

comprises a medical service outlet and further comprising a medical service delivery 

1425 of 2568



WO 02/096335 PCT/US02/16404 

-28-

line that is routed from the medical service outlet, through the column, and through 

the ceiling unit. 

20. The architectural system of claim 1, further comprising a 

privacy curtain hanging downwardly from the ceiling unit, the wall unit having a 

5 compartment, and the privacy curtain being movable between a storage position in 

which a majority of the privacy curtain is situated in the compartment and a use 

position in which a majority of the privacy curtain is situated outside the 
\ 

compartment. 

21. The architectural system of claim 1, further comprising a 

10 privacy curtain coupled to the ceiling unit and movable between a use position 

hanging downwardly from the ceiling unit and a storage position retracted into the 

ceiling unit. 

22. An architectural system adaptable to an acuity level of a patient 

supported by a hospital bed in a patient room having a wall and a ceiling, the 

15 architectural system comprising 

a wall unit coupled to the wall, the wall unit having a first cavity and a 

second cavity, 

a first track member coupled to the ceiling, 

a second track member coupled to the ceiling, 

20 a first column coupled to the first track member for movement between 

a first position in which at least a majority of the first column is situated in the first 

cavity and a second position in which the first column is situated outside the cavity 

alongside a first side of the hospital bed, and 

a second column coupled to the second track member for movement 

25 between a first position in which at least a majority of the second column is situated 

in the second cavity and a second position in which the second column is situated 

outside the cavity alongside a second side of the hospital bed. 

23. The architectural system of claim 22, wherein the wall unit has 

a first door that is movable between a closed position blocking access to at least a 

30 portion of the first column when the first column is in the first position and an opened 

position permitting access to the portion of the first column. 
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24. The architectural system of claim 22, wherein the first track 

member is elongated, the second track member is elongated, and the first track 

member is parallel with the second track member. 

25. The architectural system of claim 22, wherein the first track 

5 member comprises elongated first and second roller-engaging surfaces, the first roller

engaging surface is parallel to the second roller-engaging surface, the column 

comprises a carriage having a housing and a plurality of rollers coupled to the 

housing, at least one of the plurality of rollers engages the first roller-engaging 

surface, and a least another of the plurality of roller engages the second roller-

10 engaging surface. 

26. The architectural system of claim 22, further comprising a 

canopy situated at least in part between the first and second track members and a light 

coupled to the canopy. 

27. The architectural system of claim 22, further comprising a 

15 canopy situated at least in part between the first and second track members and a 

display screen coupled to the canopy. 

28. The architectural system of claim 22, further comprising a 

canopy situated at least in part between the first and second track members and air 

curtain generation equipment coupled to the canopy. 

20 29. An apparatus for use in a hospital room having a ceiling, the 

apparatus comprising 

a canopy adapted to be coupled to the ceiling of the hospital room, and 

environmental control equipment coupled to the canopy. 

30. The apparatus of claim 29, wherein the environmental control 

25 equipment comprises a temperature sensor. 

31. The apparatus of claim 29, wherein the environmental control 

equipment comprises an air quality sensor. 

32. The apparatus of claim 29, wherein the environmental control 

equipment comprises an air purifier. 

30 33. The apparatus of claim 29, wherein the environmental control 

equipment comprises aroma therapy equipment. 

34. The apparatus of claim 29, further comprising a motion sensor 

coupled to the canopy. 
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3 5. The apparatus of claim 29, further comprising a proximity 

sensor coupled to the canopy. 

36. The apparatus of claim 29, wherein the environmental control 

equipment comprises at least one examination light. 

5 37. The apparatus of claim 29, wherein the environmental control 

equipment comprises at least one reading light. 

38. The apparatus of claim 29, further comprising a video screen 

coupled to the canopy. 

39. A mobile cart for use in a hospital to provide care to a patient, 

10 the mobile cart comprising 

an upstanding pedestal, 

a plurality of legs coupled to a bottom of the upstanding pedestal, 

a plurality of wheels, each wheel being coupled to a respective leg of 

the plurality oflegs, the legs along with the wheels coupled thereto each being 

15 movable between a first position extending outwardly from beneath the upstanding 

pedestal and second position tucked beneath the upstanding pedestal, and 

a plurality of patient-care modules coupled to the upstanding pedestal. 

40. The mobile cart of claim 39, further comprising at least one IV 

pole coupled to the upstanding pedestal. 

20 41. The mobile cart of claim 39, wherein the upstanding pedestal 

has a top wall and further comprising a handle coupled to the top wall, the handle 

being grippable to maneuver the mobile cart. 

42. The mobile cart of claim 39, wherein each wheel of the 

plurality of wheels is able to swivel about a respective vertical axis. 

25 43. The mobile cart of claim 39, wherein each leg of the plurality 

30 

of legs is able to swivel about a respective vertical axis. 

44. The mobile cart of claim 39, wherein the upstanding pedestal 

has a compartment adapted to carry at least one of the plurality of patient-care 

modules. 

45. The mobile cart of claim 39, wherein at least one of the 

plurality of patient-care modules is an infusion pump. 

46. The mobile cart of claim 39, wherein at least one of the 

plurality of patient-care modules is a ventilator control unit. 
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47. The mobile cart of claim 39, wherein at least one of the 

plurality of patient-care modules is a gas control units. 

48. The mobile cart of claim 39, wherein at least one of the 

plurality of patient-care modules is a vital signs monitor. 

5 49. The mobile cart of claim 39, wherein at least one of the 

plurality of patient-care modules is configured to monitor a physiological condition of 

the patient. 

50. The mobile cart of claim 39, further comprising an on-board 

computer system that interfaces with at least one of the plurality of patient-care 

10 modules. 

51. The mobile cart of claim 50, further comprising a receiver and 

a transmitter and the on-board computer system interfaces with the receiver and the 

transmitter. 

52. The mobile cart of claim 50, wherein the on-board computer 

15 system is configured to transmit wirelessly patient data from at least one of the 

plurality of patient-care modules. 

53. The mobile cart of claim 50, wherein the on-board computer 

system is configured to store patient data from at least one of the plurality of patient

care modules until a hard-wire connection is made between the on-board computer 

20 system and an external computer network. 

54. The mobile cart of claim 50, wherein the on-board computer 

system is configured to store patient data from at least one of the plurality of patient

care modules until an optical connection is made between the on-board computer 

system and an external computer network. 

25 55. The mobile cart of claim 50, further comprising a battery 

configured to provide power to the on-board computer system and to at least one of 

the plurality of patient-care modules. 

56. The mobile cart of claim 39, wherein at least one of the 

plurality of patient-care modules comprises a medical gas tank housed in the 

30 upstanding pedestal and further comprising a service delivery port that is coupled to 

the upstanding pedestal and through which medical gas from the medical gas tank is 

accessible. 
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57. A set of equipment for use in a hospital room having a floor, 

the set of equipment comprising 

a hospital bed supported by the floor, 

an arm assembly hanging in the hospital room, and 

a mobile cart that is selectively couplable to the hospital bed and to the 

arm assembly and that is selectively decouplable from the hospital bed and from the 

arm assembly, the mobile cart having wheels that are spaced apart from the floor 

when the mobile cart is coupled to the hospital bed and when the mobile cart is 

coupled to the arm assembly, the wheels engaging the floor when the mobile cart is 

10 decoupled from the hospital bed and decoupled from the arm assembly. 

58. The set of equipment of claim 57, wherein the mobile cart 

comprises a pedestal and at least one IV pole coupled to the pedestal. 

59. The set of equipment of claim 57, wherein the mobile cart 

comprises a pedestal having a top wall, the mobile cart has a handle coupled to the top 

15 wall, and the handle is grippable to maneuver the mobile cart. 

60. The set of equipment of claim 57, wherein the mobile cart 

comprises a pedestal and a patient-care module coupled to the pedestal. 

61. The set of equipment of claim 60, wherein the pedestal has a 

compartment adapted to carry the patient-care module. 

20 62. The set of equipment of claim 60, wherein the patient-care 

module is an infusion pump. 

63. The set of equipment of claim 60, wherein the patient-care 

module is a ventilator control unit. 

64. The set of equipment of claim 60, wherein the patient-care 

25 module is a gas control unit. 

65. The set of equipment of claim 60, wherein the patient-care 

module is a vital signs monitor. 

66. The set of equipment of claim 60, wherein the patient-care 

module is configured to monitor a physiological condition of the patient. 

30 67. The set of equipment of claim 60, wherein the mobile cart has 

an on-board computer system that interfaces with the patient-care module. 
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68. The set of equipment of claim 60, wherein the mobile cart has a 

receiver, the mobile cart has a transmitter, and the on-board computer system 

interfaces with the receiver and the transmitter. 

69. The set of equipment of claim 60, wherein the on-board 

5 computer system is configured to transmit wirelessly patient data from the patient

care module. 

70. The set of equipment of claim 60, wherein the on-board 

computer system is configured to store patient data from the patient-care module until 

a hard-wire connection is made between the on-board computer system and an 

10 external computer network. 

71. The set of equipment of claim 60, wherein the on-board 

computer system is configured to store patient data from at least one of the plurality 

of patient-care modules until an optical connection is made to an external computer 

network. 

15 72. The set of equipment of claim 60, wherein the mobile cart has a 

battery configured to provide power to the on-board computer system and to the 

patient-care module. 

73. The set of equipment of claim 60, wherein the patient-care 

module comprises a medical gas tank housed in the pedestal, the mobile cart has a 

20 service delivery port coupled to the pedestal, and medical gas from the medical gas 

tank is accessible via the service delivery port. 

74. The set of equipment of claim 57, wherein the arm assembly 

has a plurality of articulated arm segments. 

75. The set of equipment of claim 57, wherein the arm assembly 

25 comprises a vertical column. 

76. The set of equipment of claim 75, further .comprising a track 

member along which the vertical column is movable. 

77. A set of hospital equipment comprising 

a mobile cart can-ying patient-care equipment and having a plurality of 

30 wheels, and 

a headwall formed to include a cavity that receives the mobile cart, the 

headwall having a ledge surface, the plurality of wheels of the mobile ca1i engaging 

the ledge surface when the mobile cart is received in the cavity. 
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78. The set of hospital equipment of claim 77, wherein a portion of 

the headwall overlies the cavity. 

79. The set of hospital equipment of claim 77, wherein the mobile 

cart has a pedestal and an IV pole coupled to the pedestal and wherein the cavity is 

5 sized to receive the pedestal and the IV pole. 

80. The set of hospital equipment of claim 77, wherein the mobile 

cart has a pedestal and a plurality of legs coupled to the pedestal and wherein each 

wheel of the plurality of wheels is coupled to a respective leg of the plurality of legs. 

81. The set of hospital equipment of claim 80, wherein the plurality 

10 oflegs, along with the wheels coupled thereto, are each movable between a :first 

position extending outwardly from beneath the pedestal and second position tucked 

beneath the pedestal. 

82. The set of hospital equipment of claim 77, wherein the 

headwall has a panel and at least one medical service outlet that is coupled to the 

15 panel and through which a medical service is accessible. 

83. An apparatus comprising 

an arm assembly adapted to be suspended from a ceiling of a hospital 

room, and 

an overbed table coupled to the arm assembly to be supported by the 

20 arm assembly above a floor of the hospital room. 

84. The apparatus of claim 83, wherein the overbed table has a 

table surface that is substantially horizontal, the arm assembly is configured to pennit 

repositioning of the overbed table in the hospital room, and the table surface remains 

at a substantially constant elevation above the floor as the overbed table is 

25 repositioned. 

85. The apparatus of claim 83, further comprising a control panel 

coupled to the arm assembly and the control panel having a user input. 

86. The apparatus of claim 85, wherein the user input is engageable 

to control a light in the hospital room. 

30 87. The apparatus of claim 85, wherein the user input is engageable 

to control a temperature of the hospital room. 

88. The apparatus of claim 85, wherein the user input is engageable 

to control at least one function of a television situated in the hospital room. 
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89. The apparatus of claim 85, wherein the user input is engageable 

to place a nurse call signal. 

90. The apparatus of claim 85, wherein the control panel has a 

screen on which video images are displayed. 

5 91. The apparatus of claim 85, wherein the conh·ol panel has a 

screen on which images accessed via the internet are displayed. 

92. The apparatus of claim 85, wherein the control panel has a 

screen on which a patient schedule is displayed. 

93. The apparatus of claim 85, wherein the control panel has a 

I 0 screen on which education information is displayed. 

94. The apparatus of claim 85, wherein the control panel has a 

screen on which patient billing information is displayed. 

95. The apparatus of claim 85, wherein the control panel has a 

screen on which video conferencing images are displayed. 

15 96. The apparatus of claim 85, wherein the control panel is situated 

above the overbed table. 

97. The apparatus of claim 85, wherein the control panel comprises 

a touch screen and the user input comprises an area on the touch screen. 

98. The apparatus of claim 83, further comprising a telephone, the 

20 overbed table having a recess, and the telephone having a handset that resides in the 

recess. 

99. The apparatus of claim 83, further comprising a housing 

coupled to the overbed table, a medical service outlet coupled to the table, and a 

service-delivery line routed from the medical service outlet, through the housing, and 

25 through the arm assembly. 

100. The apparatus of claim 99, wherein the housing extends 

downwardly from the overbed table and terminates at a bottom end tlmt is spaced 

apart from the floor. 

101. The apparatus of claim 83, further comprising a housing 

30 coupled to the overbed table and a patient-monitor module coupled to the housing, the 

patient-monitor module being configured to receive a patient-data signal indicative of 

a physiological condition of a patient. 

102. An apparatus comprising 
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a hub unit adapted to mount to a ceiling of a hospital room, 

an arm assembly coupled to the hub unit, 

an overbed table coupled to the arm assembly, and 

a housing coupled to one of the arm assembly and the overbed table, 

5 the housing carrying one of a medical service outlet and a patient-monitor module. 

103. The apparatus of claim 102, wherein the hub unit comprises an 

upper portion, a lower portion, and an annular slot defined between the upper and 

lower portions and wherein the arm assembly comprises a first arm segment that is 

rotatable relative to the first and second portions within the slot. 

10 104. The apparatus of claim 103, wherein the first arm segment 

extends from the slot and terminates at a distal end and the ann assembly comprises a 

second arm segment extending downwardly from the distal end of the first arm 

segment. 

105. The apparatus of claim 104, wherein the overbed table is 

15 coupled to a lower end portion of the second arm segment. 

106. The apparatus of claim 104, wherein the second arm, the 

overbed table, and the housing rotate as a unit relative to the first ann segment. 

107. The apparatus of claim 104, wherein the overbed table and the 

housing rotate as a unit relative to the second arm segment. 

20 108. The apparatus of claim 103, wherein the hub unit further 

25 

30 

includes a plurality lights coupled to the lower portion and arranged to direct light 

downwardly from the lower portion. 

109. A set of hospital equipment comprising 

a headwall, 

a blanket, 

a unit housed in the headwall, and 

a hose coupled to the blanket and coupled to the unit, a 

thermoregulation medium being moved between the blanket and the unit through the 

hose. 

110. The set of hospital equipment of claim 107, wherein the 

thermoregulation medium comprises a cooled liquid. 

111. The set of hospital equipment of claim 109, wherein the 

thermoregulation medium comprises cooled air. 
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112. The set of hospital equipment of claim 109, wherein the 

thermoregulation medium comprises a heated liquid. 

113. The set of hospital equipment of claim 109, wherein the 

thennoregulation medium comprises heated air. 

5 114. The set of hospital equipment of claim 109, wherein the blanket 

has internal passages through which the thermoregulation medium travels. 

115. The set of hospital equipment of claim 114, wherein the blanket 

has a plurality of perforations through which a portion of the them1oregulation 

medium escapes from the internal passages of the blanket. 

10 116. The set of hospital equipment of claim 109, wherein the 

thermoregulation medium is a heated medium when the patient is to be heated and the 

therrnoregulation medium is a cooled medium when the patient is to be cooled. 
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MODULAR PATIENT SUPPORT SYSTEM 

FIELD OF THE INVENTION 

PCT /US2006/000893 

The present invention is directed to an apparatus used in the field of medicine, and 

more particularly, to a moveable and modular patient support system with a relatively small 

5 form factor. 

BACKGROUND OF THE INVENTION 

Current practice for patients in a healthcare facility involves having multiple 

unrelated treatment, maintenance and/or monitoring devices that are attached to the patient. 

These include intravenous fluids and drugs, drainage catheters, suction catheters, leg 

10 compression stockings and vital sign monitoring devices. Such devices often create a hazard 

for the patient both directly and indirectly. The myriad of devices may become entangled and 

inadvertently removed if not adequately accounted for by the patient or caregiver. This may 

require an invasive intervention, including surgery, in order to replace the removed device. 

The number of devices generally associated with the patient require the patient to 

15 have the physical and mental ability to manage organizing or carrying the devices to ambulate 

even as far as the bathroom. Since patients are debilitated by the nature of their illness and 

medications, two staff persons are frequently required to help the patient move even short 

distances. One staff member must assist the patient, providing physical support, while the 

other manages the attached devices. The patients thus do not get out of bed and ambulate as 

20 often since the staff of the typical health facility is not able to provide this kind of support 

readily to all of the patients at all times. 

The resulting immobility increases the patient's risk for deep venous thrombosis, 

pulmonary embolus and pneumonia. Additionally, mobility improves gut motility and 

decreases the time a patient must wait before obtaining enteral nutrition and ultimately 

25 discharge from the healthcare facility. Patients that require prolonged hospital stays or 

admission to skilled-nursing facilities for non-medical indications related to mobility and 

personnel support may be able to be discharged home sooner with a device that provides the 
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same type of care. The cost to the healthcare system may be reduced by decreasing the stays 

in expensive healthcare facilities and decreasing complications that are costly both in patient 

morbidity and monetary value. 

The patient-care staff is also at risk for injury, as they must provide physical supp01t 

5 to the debilitated patient. Back injuries are frequent in healthcare staff as a result of the 

physical nature of assistance provided. Allowing the patient to rely on an ambulatory assist 

device will help the patient-care staff as well by keeping them out of harm's way. 

Current poles that provide an intravenous ("IV") fluid and/or liquid medication 

delivery source are often times taken with patients when the patient moves around, such as 

10 when a patient walks in a hospital hallway. The patient typically places at least one hand on 

the IV pole to move the IV pole while walking. However, typical IV poles are approximately 

6 to 7 feet tall, and are often unstable for providing weight support to a patient, particularly 

when one or more substantially full IV bags are positioned near the top of the pole. As a 

result, a patient is at risk of further injury by falling if the IV pole tips and/or falls over. In 

15 addition, in order to prevent tipping, conventional IV poles have widely spread wheels, which 

require a large amount of floor space. IV poles are completely unable to manage uneven 

terrain as is found outside the confines of the patient care facility, and as may be found at 

home or in the field for disasters or military operations. 

In addition to being relatively unstable, current IV poles do not provide for the 

20 additional needs of a patient that is moving about. For example, IV poles do not include an 

oxygen source for assisting the patient with breathing. Current IV poles also do not include 

various pumps or suction devices that may be necessary for continuous operation to provide 

proper medical treatment to the patient. In addition, vitals monitoring equipment and 

connnunication devices are typically not present on a standard IV pole. Furthermore, even if 

25 an IV pole is adapted to include a monitoring device or pump, the IV pole tends to become 

even more unstable because the resulting added weight of the device typically is positioned 
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relatively high along the pole. 

In connection with patients that require assistance walking, various "walker" devices 

are available. A typical walker includes handrails interconnected to a stable base. However, 

because use of a walker usually requires both hands of the patient, a patient is typically unable 

5 to take an IV pole with them when using a walker. 

A further difficulty exists when a patient needs to be moved from one room to 

another while in their bed. If the patient requires oxygen, an oxygen bottle must be provided, 

and is typically placed on the bed while moving the bed. This can create difficulties 

depending upon the size of the bed and the patient. Additionally, portable suction and vitals 

10 monitoring are not readily available for every patient. Accordingly, it would be advantageous 

to provide an apparatus that includes oxygen and other physiological support adjacent to the 

bed, wherein the apparatus can be attached to the bed while moving the bed. Such an 

apparatus would therefore also be advantageous to overcome the difficulty of maintaining 

monitoring equipment and/or IV fluids adjacent to the patient while moving the patient's bed. 

15 The efficiency of the staff will benefit since only a single staff member will be required to 

move a patient since a second staff member is not required to push the IV pole and 

attachments. This also prevents the need for the staff member to move the patient to a 

wheelchair for transfer as is currently often done in order for a single staff member to manage 

the transfer. Eliminating this move prevents an opportunity for a patient fall resulting in 

20 injury with only a single staff member assisting. 

25 

Patient care devices and services such as suction and oxygen are not built in to the 

facilities of several countries and regions. This is also true in field situations of military 

conflict or civilian disaster. Patients may be far from a medical facility or in the hallway of a 

medical facility not equipped with patient support equipment/services. 

Yet a further difficulty exists in maintaining electrical power to electronic devices 

such as monitoring equipment, suction pumps and/or injection pumps while the patient is 
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walking with an IV pole or walker, or while the patient is being moved in their bed or while 

the patient is not located next to an electrical outlet. This may occur in: 1) the operating 

room while needing to adjust the bed height or keep the pumps charged during a long 

procedure, 2) during a disaster when patients may be stationed in hallways or temporary 

5 areas, 3) during military conflict or civilian situations that require creation of field hospitals 

with limited generator availability, and 4) in countries or regions that do not have consistent 

access to power. Accordingly, an apparatus that maintains electrical power to these devices 

would be advantageous, as would an apparatus that provides power in case of an electrical 

outage or blackout. 

10 

SUMMARY OF THE INVENTION 

The present invention solves the above-mentioned deficiencies by providing a mobile 

cart or platform that is structurally stable, and can thereby provide weight-bearing assistance 

to a patient without being predisposed to tipping over. In addition, the platform preferably 

15 includes one or more additional features, such as an oxygen source, power supply, injection 

pump, suction pump, body fluid collection devices, vital monitoring equipment, integrated IV 

pole and communication equipment. 

In accordance with embodiments of the present invention, a modular patient support 

system is provided, wherein the support system typically resembles a platform, and includes a 

20 handrail interconnected to a base having three or more wheels. The support system or 

platform additionally may include a battery or uninterruptible power supply for serving as an 

emergency power supply, and/or for powering associated equipment, including the bed, while 

the patient is walking or being moved in a bed with the support system positioned adjacent 

the bed. The support platform also may include modular receptacles for receiving a variety of 

25 devices, including suction pumps, injection pumps, collection devices, monitoring equipment, 

and communication devices. An electrical wiring network may be provided such that the 
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5 

modular devices interconnected to the support platform receive electrical power directly at the 

modular receptacles, thereby minimizing the presence of numerous power cords. Such 

additional equipment is powered by the uninterruptible power supply when the support 

platform is disengaged from a stationary power supply, such as an electrical wall outlet. 

In accordance with other embodiments of the present invention, the support platform 

may include an on-board communication system to send monitoring information or other data 

to a nurses' PDA, central station or alarm system. The communication system may include 

wireless communication to transmit a patient's vitals, equipment status, fluid volumes, 

therapy status and location for providing information while a patient is using the support 

10 platform as a walking aid. An interface may be provided for the healthcare providers to be 

able to access and interact with the facility's electronic medical record system. 

In accordance with other embodiments of the present invention, the support platform 

may include a checkpoint validation system to ensure the correct therapy is administered to 

the correct patient. This may involve identification of the patient, platform and therapy (such 

15 as intravenous fluids, medications or equipment) with devices such as barcodes, 

radiofrequency identifiers or other similar technology to match and track all therapy provided. 

In accordance with other embodiments of the present invention, the support system 

also may also include an on-board oxygen supply and associated tubing. Additionally, the 

support platform may include an IV fluids/medication support assembly, such as an IV pole 

20 with an attachment hook. 

The support platform may be configured in a variety of ways, to include a cabinet or 

other enclosure for holding items such as a urine collection bag, body fluid collection bag and 

suction canister. The configuration of the support platform also may include specially sized 

compartments for bottles or cups, and may include other built-in features such as a tray, radio, 

25 television, phone, computer or other communication device, wherein some of these devices 

may also be interconnected to the support platform's power supply. 
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In a separate aspect of the invention, an attachment device is provided for detachably 

attaching the support platform to another structure, such as the patient's bed. The attachment 

device may include an attachment adapter capable of being interconnected to a variety of bed 

frame structures, regardless of whether the framing includes square or round rails or posts. 

5 The attachment device not only secures the support platform to the bed so that it is not moved 

when accidentally bumped, but it also enables the support platform to be moved with the bed 

without the need for a separate attendant to move the support platform. In at least one 

embodiment, a plurality of bed hooks are used to enable the platform to grasp another object, 

such as a bed, when the bed is raised to impinge upon the underside of the bed hooks. 

10 In a separate aspect of the invention, the support platform includes an umbilical cord 

having a common plug for interconnecting a plurality of systems to a single outlet, such as a 

wall outlet. The umbilical cord may support a variety of systems, including electrical power, 

oxygen, suction, and/or a communication connection. 

In accordance with embodiments of the present invention, a locking brake may 

15 optionally be provided to limit movement of the platform if the brake is engaged. The brake 

may have mechanisms that engage it actively and/or passively. This may include a 'kill

switch' device that detects separation of the patient from the platform in situations that may 

result in patient injury if such event occurs. 

In accordance with embodiments of the present invention, a transmission system may 

20 be provided to allow a user or other person to place the platform in one of a plurality of 

possible translation modes. In at least one embodiment, the transmission system includes 

stop, walk and roll modes. The stop mode engages a brake to contact the underlying surface, 

thereby substantially preventing the platform from rolling. In addition, in at least one 

embodiment, both a drag wheel and a brake are in contact with the floor when the platform is 

25 set in the stop mode. The walk mode includes raising the brake, if present, and engaging a 

drag wheel to contact the floor. Although not prevented from moving, the walk mode helps 
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prevent undesirable fast movement of the platform. fu one embodiment, the drag wheel may 

comprise a wheel that is preset to turn at a very slow rate. Alternatively, in at least one 

embodiment the drag wheel may be interconnected to a braking motor, operated as a 

generator powered by the drag wheel, that applies a resistive force or an increased resistive 

5 force to the drag wheel when velocities increase above an undesirable level. For example, if a 

patient is standing adjacent the support platform and starts to slip while holding the handle of 

the platform, the braking motor will apply a resistive force to the drag wheel, thereby 

preventing the support platform from moving away from the patient and/or moving away 

from the patient at a high rate of speed. A variety of motor braking circuit configurations and 

10 braking functions are available for controlling the resistive force applied to the drag wheel 

using the braking motor. For example, a motor braking circuit may provide different resistive 

loads to the braking motor based on the velocity of the braking motor. fu addition, the motor 

braking circuit does not require any source of power other than the power generated as a 

result of the rotation of the braking motor by the drag wheel. fu the roll mode the 

15 transmission disengages both the brake and the drag wheel, such that the platform may be 

easily rolled. This setting is anticipated for use, for example, when an attendant is moving the 

platform. 

Thus, in accordance with at least one embodiment of the present invention, a personal 

support platform for traversing an underlying surface is provided, the platform comprising a 

20 frame and a plurality of wheels interconnected to the frame. fu addition, the platform 

comprises a transmission system interconnected to the frame, the transmission system 

providing a number of user selectable modes, the user selectable modes comprising at least a 

stop mode, a walk mode and a roll mode. Finally, in at least one embodiment, the platform 

further comprises a means for selectively choosing one of the stop, walk and roll modes by a 

25 user from a standing position adjacent the frame. 

fu a separate aspect of the invention, a transmission system of the platform comprises 
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a drag wheel that is selectively moveable from a first raised position in the roll mode to a 

second lowered position in the walk mode, and wherein the drag wheel is for contacting the 

underlying surface when in the second lowered position. In addition, in accordance with at 

least one embodiment, the transmission system comprises a cam interconnected to the frame 

5 and the drag wheel, wherein the cam is rotatably movable to raise and lower the drag wheel 

from the first raised position in the roll mode to the second lowered position in the walk 

mode. The transmission system may also further comprise an automatic brake interconnected 

to the drag wheel, wherein the automatic brake comprises a braking motor driven by the drag 

wheel and circuitry, wherein the circuitry provides a resistive load to the braking motor to 

10 apply a braking force on the drag wheel. In addition, in at least one embodiment, the resistive 

load comprises a number of load ranges, wherein a first load range provides a first resistive 

load within a first velocity range for the braking motor, and wherein a second load range 

provides a second resistive load within a second velocity range for the braking motor. Also, 

the second velocity range may be automatically selected once a threshold velocity of the 

15 braking motor is reached. 

In a separate aspect of the invention, a transmission system of the platform may 

comprise a brake interconnected to the frame, wherein the brake is selectively moveable from 

a first raised position in the walk and roll modes to a second lowered position in the stop 

mode, and wherein the brake is for contacting the underlying surface when in the second 

20 position. In at least one embodiment, the brake comprises a stopper frictionally engaging the 

underlying surface. In yet a separate aspect of the invention, the platform may comprise a 

cam having a first channel interconnected to the brake. In at least one embodiment of the 

invention, the cam comprises a second channel interconnected to a drag wheel. In accordance 

with at least one embodiment of the invention, the :first channel comprises a first ramp for 

25 raising and lowering a first post interconnecting the drag wheel to the cam, and wherein the 

second channel comprises a second ramp for raising and lowering a second post 
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interconnecting the stopper to the cam. 

In a separate aspect of the invention, a means for selectively choosing the mode of the 

transmission system comprises a first handle at a rear portion of the frame, wherein the handle 

is selectively adjusting a setting of the transmission system. In at least one embodiment, the 

5 transmission system may further comprise a second handle at a front portion of the frame, 

wherein the second handle can also be used for selectively adjusting a setting of the 

transmission system. 

In a separate aspect of the invention, the platform comprises at least one grasping 

mechanism for interconnecting the frame to another structure. In at least one embodiment of 

10 the invention, the grasping mechanism comprises a rotatable gripper arm that engages the 

other structure. In addition, in at least one embodiment, the rotatable gripper arm rotates 

about a first axis in a direction away from the frame, and rotates about a second axis to grasp 

the other structure, wherein the second axis is transverse to the first axis. 

It is a further aspect of the present invention to utilize a variety of devices to provide 

15 functionality to a personal support platform. Accordingly, in at least one embodiment of the 

present invention, a personal support platform for traversing an underlying surface is 

provided, comprising a frame and means for rotating interconnected to said frame and 

contacting the underlying surface. The platform further comprises means for frictionally 

engaging the underlying surface and interconnected to said frame; and means for variably 

20 controlling a resistance provided by said means for frictionally engaging. In at least one 

embodiment of the invention, the means for rotating comprises a plurality of wheels. In 

addition, it in at least one embodiment of the invention the means for frictionally engaging 

comprises a drag wheel. In accordance with at least one embodiment of the invention, the 

means for frictionally engaging is interconnected to a means for adjusting a position of said 

25 means for frictionally engaging, wherein said means for adjusting may alter a position of said 

means for frictionally engaging from a first position in contact with the underlying surface to 
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second position wherein said means for frictionally engaging does not contact the underlying 

surface. In at least one embodiment of the invention, the means for adjusting comprises a 

selectably positionable cam for raising and lowering said means for frictionally engaging. In 

addition, in at least one embodiment of the invention the means for variably controlling a 

5 resistance comprises a passive braking motor. In a separate aspect of the invention, the 

passive braking motor comprises a motor braking circuit interconnected to the passive braking 

motor. In at least one embodiment, the braking circuit includes a first circuit stage, including 

a switching mechanism, wherein an activation voltage for the first circuit stage is defined. 

The circuit also includes, a load resistor, wherein when the passive braking motor produces an 

I 0 amount of power sufficient to produce a voltage at the switching mechanism that is equal to 

or greater than the activation voltage and above a current is allowed to pass through the load 

resistor. 

As noted above, embodiments of the present invention may comprise a braking 

system. Thus, in accordance with at least one embodiment of the invention, a passive variable 

15 braking system is provided, comprising: 

20 

25 

a motor; 

a motor braking circuit interconnected to the motor, including: 

a first circuit stage, including: 

a switching mechanism, wherein an activation voltage for the first 

circuit stage is defined; and 

a load resistor, wherein when the motor produces an amount of 

power sufficient to produce a voltage at the switching mechanism that is equal to or 

greater than the activation voltage and above a current is allowed to pass through the load 

resistor. 

In a separate aspect of the invention, the motor braking circuit of the passive variable 

braking system further comprises: 
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10 

a second circuit stage in parallel with the first circuit stage, the second circuit 

stage including: 

a switching mechanism, wherein an activation voltage for the second stage 

is defined; 

a load resistor, wherein when the motor produces an amount of power 

sufficient to produce a voltage at the switching mechanism that is equal to or greater 

than the activation voltage and above a current is allowed to pass through the load 

resistor, wherein the activation voltage for the second stage is greater than the 

activation voltage for the first stage, and wherein when the activation voltage for the 

second stage is met or exceeded a current continues to be allowed to pass through the 

load resistor of the first circuit stage. 

In yet a separate aspect of the invention, the passive variable braking system further 

comprises: 

a switch, wherein the first and second circuit stages comprise a number of load 

15 resistors, wherein the switch is operable to select one of each of the load resistors included in 

the rrrst and second circuit stages to provide a selected resistance at the motor. 

In a separate aspect of the invention, the motor braking circuit of the passive variable 

braking system further comprises: 

a second circuit stage in parallel with the first circuit stage, the second circuit stage, 

20 including: 

25 

a switching mechanism, wherein an activation voltage for the second stage 

is defined; and 

a load resistor, wherein when the motor produces an amount of power 

sufficient to produce a voltage at the switching mechanism that is equal to or greater 

than the activation voltage and above a current is allowed to pass through the load 
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10 

resistor, and wherein the activation voltage for the second stage has a polarity that is 

opposite the activation voltage for the first stage. 

In a separate aspect of the invention, the switching mechanism of the passive variable 

braking system comprises a zener diode. 

In a separate aspect of the invention, the switching mechanism of the passive variable 

braking system comprises a pair of voltage dividing resistors and a transistor, wherein a 

voltage divided by the pair ofresistors is provided to a gate of the transistor. 

In yet a separate aspect of the invention, the switching mechanism of the passive 

variable braking system comprises a resistor interconnected to a Silicon Controlled Rectifier. 

In yet a separate aspect of the invention, the passive variable braking system further 

comprises a drag wheel interconnected to the motor, wherein the motor is driven by the drive 

wheel. In yet a separate aspect of the invention, the drive wheel is interconnected to the 

motor by a gearbox. 

In still yet a separate aspect of the invention, the switching mechanisms of the passive 

15 variable braking system of the first and second circuit stages each comprise a zener diode, and 

wherein the first and second stages each additionally include a blocking diode. 

It is a separate aspect of the present invention to provide a method of using a support 

platform that comprises one or more features of the device described herein. Accordingly, a 

method of using a personal support platform is provided, the method comprising selecting a 

20 transmission mode for a transmission system operably associated with the personal support 

platform, wherein the transmission system provides a number of user selectable transmission 

modes, and wherein the user selectable transmission modes comprise at least a stop mode, a 

walk mode and a roll mode. In accordance with at least one embodiment of the present 

invention, the personal support platform for use includes a frame, a plurality of wheels 

25 interconnected to the frame, and a transmission control device operably interconnected to the 

transmission system, the transmission control device adapted for allowing a user to selectively 
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choose one of the stop, walk and roll modes. In the method of use, the selecting step 

comprises manipulating the transmission control device to one of the stop, walk and roll 

modes. In addition, in at least one embodiment, the manipulating step comprises moving a 

control bar operably interconnected to the frame and a cam, wherein the control bar controls 

5 positions of a drag wheel and a brake that are operably interconnected with the cam. In a 

separate aspect of the invention, in at least one embodiment the method of use also comprises 

inducing a braking force on the drag wheel by at least temporarily increasing a velocity of the 

frame, wherein the resistive force is imposed by an automatic brake interconnected to the drag 

wheel, wherein the automatic brake comprises a braking motor driven by the drag wheel and 

10 circuitry, and wherein the circuitry provides a resistive load to the braking motor to apply a 

braking force on the drag wheel. In addition, in at least one embodiment, the method also 

comprises releasably connecting the platform to another structure using at least one grasping 

mechanism interconnected to the frame, and may further comprise impinging at least a 

portion of the other structure against the rotatable gripper arm. 

15 In accordance with embodiments of the present invention, a method of using a 

personal support platform is provided comprising: providing a drag wheel interconnected to 

the platform, the drag wheel for contacting a surface under the platform; positioning the drag 

wheel to contact the surface under the platform; and applying a braking to the platform 

through the drag wheel by applying at least a first braking resistance to the drag wheel for at 

20 least a first velocity range of the drag wheel. In at least one aspect of the invention, the 

method may further comprise providing at least a second braking resistance to the drag wheel 

for at least a second velocity range of the drag wheel. In another aspect of the invention, the 

second velocity range is automatically selected once a threshold velocity of a braking motor is 

reached. In accordance with at least one embodiment of the invention, the positioning step of 

25 the drag wheel further comprises manipulating a transmission control device to lower the drag 

wheel in contact with the surface under the platform. The method may further comprise 
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engaging a stopper to contact the surface underlying the platform. fu addition, the method 

may comprise releasably connecting the platform to another structure using at least one 

grasping mechanism interconnected to the platform. In accordance with at least one 

embodiment of the invention, the step of releasably connecting the platform to another 

5 structure may also comprise impinging at least a portion of the other structure against a 

portion of the grasping mechanism. 

Various embodiments of the present invention are set forth in the attached figures and 

in the detailed description of the invention as provided herein and as embodied by the claims. 

It should be understood, however, that this Summary of the fuvention may not contain all of 

10 the aspects and embodiments of the present invention, is not meant to be limiting or 

restrictive in any manner, and that the invention as disclosed herein is and will be understood 

by those of ordinary skill in the art to encompass obvious improvements and modifications 

thereto. 

Additional advantages of the present invention will become readily apparent from the 

15 following discussion, particularly when taken together with the accompanying drawings. 

20 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of an apparatus in accordance with embodiments of the 

present invention; 

Fig. 2 is a perspective view of another apparatus in accordance with embodiments of 

the present invention; 

Fig. 3 is a front elevation view of yet another apparatus in accordance with 

embodiments of the present invention; 

Fig. 4 is a front perspective view of the platform shown in Fig. 3; 

Fig. 5 is a rear perspective view of the platform shown in Fig. 3; 

Fig. 6 is a rear perspective view of the platform shown in Fig. 3, wherein the platform 
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is shown without a surface layer; 

Fig. 7 is a bottom view of the wheels of the platform shown in Fig. 3; 

Figs. 8 and 9 are bottom views of alternate wheel orientations and platform base 

shapes; 

5 Fig. 10 is a partial enlarged rear perspective view of an upper portion of the platform 

10 

shown in Fig. 3; 

Figs. l lA and 1 lB are side elevation views of an embodiment of a bed hook; 

Figs. 12-14 are side elevation views of the bed hook of Figs. l lA and 1 lB in various 

operable positions with a bed; 

Fig. 15 is a transparent rear perspective view of the platform shown in Fig. 3, wherein 

the platform structure is superimposed over an embodiment of a transmission system; 

Fig. 16 is a partial enlarged rear perspective view of the platfonn shown in Fig. 15, 

wherein the handle of the transmission control mechanism is shown in its alternate positions; 

Fig. 17 is a perspective view of alternate positions of the transmission control 

15 mechanism shown in Fig. 15; 

20 

15; 

19; 

Fig. 18 is an enlarged perspective view of a portion of the device shown in Fig. 17; 

Fig. 19 is a perspective view ofa portion of the transmission system shown in Fig. 

Fig. 20 is an enlarged side elevation view of the device shown in Fig. 19; 

Fig. 21 is perspective view of an alternate embodiment of the device shown in Fig. 

Figs. 22-25 are various embodiments of motor braking circuits associated with the 

automatic braking system feature; 

Fig. 26 is a braking force to velocity diagram associated with the automatic braking 

25 system feature; and 

Fig. 27 is a schematic depiction of components that may be included in embodiments 
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of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with embodiments of the present invention, a platform is provided that 

5 has application for use in a variety of fields, one of which is in the field of health care. 

Various embodiments of the platform may include an ergonomic structure suited for a patient 

to use the platform as a walking aid. In addition, embodiments of the invention may also 

comprise structure for accommodating on-board health monitoring and/or treatment 

equipment. These and other features are described in detail below. 

10 Referring now to Fig. 1, an apparatus constructed in accordance with an embodiment 

of the present invention is generally identified by reference numeral 100. Support platform 

100 includes a chassis, support frame or body 104 having a platform handle 108 located at or 

near a top 112 of the platform 100. The platfonn 100 also includes a perimeter rail 116 at its 

top 112, wherein the perimeter rail 116 is adapted for receiving a variety of health monitoring, 

15 treatment, or maintenance devices, such as equipment currently available for these purposes. 

The platform 100 further includes a base 120 described in further detail below. 

Referring now to Fig. 2, an embodiment in accordance with the present invention is 

depicted wherein support platform 100' internalizes at least one of a number of ancillary 

devices that may be associated with the platform, and more preferably, the platform 100' 

20 internalizes a plurality of such ancillary devices. Accordingly, the support platform 100' 

preferably includes one or more modular receptacles 124 for items such as suction pumps, IV 

pumps, infusion pumps, and/or monitoring equipment. In addition, the support platform 100' 

may further included a receptacle or port for a personal computer 128. The receptacles 

replace the cmrent pump technology and incorporate the devices into the platform to reduce 

25 its profile, overall weight and simplify the total set of devices attached to the patient. 

Referring now to Figs. 3-5, an embodiment in accordance with the present invention 
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is depicted as support platform 100". Support platform 100" features a substantially open top 

112 with a pair of elevated rails 132. In accordance with embodiments of the present 

invention, the perimeter of the top 112 includes a skirt 136 with one or more openings 138 for 

receiving hooks or other connecting hardware to attach a variety of health monitoring, 

5 maintenance and/or treatment devices. 

Thus, embodiments of the present invention may comprise a substantially open 

configuration, as shown in Fig. 1 as support platform 100, or a modular and substantially 

internalized configuration, as shown in Fig. 2 as support platform 100', or an alternate 

configuration having interior cabinet space with a substantially open top 112, as shown in 

10 Figs. 3-5 as support platform 100", or other configurations, all of which are encompassed by 

the present invention and this description. Although support platforms 100, 100', 100" may 

have a variety of different features, they may also share similar structure and have various 

combinations of features. The following text and associated referenced drawings describe 

features that may be used individually or in combination for various embodiments of the 

15 present invention. 

Referring to Figs. 1-3, support platform 100, 100', 100" include a body 104 having a 

height H. Height H is preferably a sufficient height for allowing a patient to stand and grasp 

platform handle 108 at the top 112 of the support platform 100, 100', 100" to aid the patient in 

support and/or balance while walking or standing. Height H is preferably adjustable, thereby 

20 allowing the support platform 100, 100', 100" to be modified to accommodate the height of 

the patient. Since patients vary from small children to large adults, the height H of the 

support platform 100, 100', 100" pertains to a functional aspect of the invention. 

Accordingly, the body 104 may include an adjustable or telescoping means for selectively 

varying the height H of body I 04. The telescoping means may include one or more 

25 adjustable columns, and/or otherwise include interchangeable columns 140, such as those 

shown in Fig. 6, wherein Fig. 6 depicts a skeletonized view support platform 100". In 
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accordance with embodiments of the present invention, the columns 140 allow for adjustment 

of the height of the platform. Further, and in accordance with other embodiments of the 

present invention, one or more spacers 144 may also be incorporated into the body 104 of the 

support platform 100, 100', 100", wherein each spacer 144 serves to add additional height. In 

5 at least one embodiment, the spacer 144 comprises a supplemental height member having a 

thickness of between about 1-6 inches, and more preferably between about 2 to 4 inches. For 

the various embodiments of the present invention, the height H of the support platform 100, 

100', 100" is between about 24 and 48 inches tall, and more preferably, between about 30 and 

40 inches tall. However, other heights for short, tall and physically challenged individuals, 

10 and/or for platforms having other uses other than in the health care field are all within the 

scope of the present invention. 

As noted above, the frame 104 of support platform 100, 100', 100" preferably 

includes a base 120, wherein the base has a stable configuration for supporting both the items 

on the support platform 100, 100', 100", as well as being able to support the added weight of a 

15 patient leaning on the platform handle 108. Accordingly, the base 120 is relatively large, but 

not too large so as to be clumsy to manipulate. For the embodiments shown in Figs. 1-5, the 

base 120 is substantially rectangular in shape, with a width Wand a length L. For a 

rectangular base 120, the width Wis preferably between about 16 to 28 inches wide, and 

more preferably between about 18 to 24 inches wide. The length Lis preferably between 

20 about 16 to 28 inches long, and more preferably between about 18 to 24 inches long. 

However, it is to be understood that the base 120 may be a variety of shapes and 

configurations. For example, the base 120 may have a footprint that is substantially circular 

or hexagonal in shape. 

As best seen in Fig. 6, the base 120 has a rear portion 148 and a front portion 152. 

25 Rear portion 148 preferably includes spaced apart base beams 156. The base beams 156 are 

preferably spaced apart to provide a preferential unobstructed area or opening 160 for the 
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patient to place their feet while holding the platform handle I 08 and walking. Accordingly, 

the base beams 156 are preferably spaced apart a distance D, where distance D preferably 

varies between about 10 inches and 24 inches, and more preferably between about 14 inches 

and 20 inches. Providing a properly sized spaced apart distanced D provides for increased 

5 safety for the patient so that the patient does not trip when walking with the support platform 

100, 100'' 100". 

In accordance with other embodiments of the invention, the base 120 may not be 

directional, or alternatively, the direction may be determined by the user to maximize the 

benefit of the wheel design to their health and expected use. For example, the wheel 

10 configuration may benefit weaker patients to overcome small obstacles when the base is 

oriented in a first direction. Conversely, healthier patients that expect to travel farther and 

faster may find that they have better control of the invention by changing the direction of the 

platform by 180°. 

The base 120 preferably includes a plurality of casters or wheels 164. More 

15 preferably, the base 120 includes at least three wheels set in a triangular orientation, and more 

preferably yet, at least four, five or six wheels spaced apart in various configurations along 

the bottom of the footprint ofbase 120. As seen in Fig. 6, and in accordance with 

embodiments of the present invention, at least some of the wheels 164 preferably include a 

swivel connector 172 between the wheel 164 and the base 120 of support platform 100, 100', 

20 100". For example, the middle pair of wheels 164b and the rear pair of wheels 164a 

(interconnected by the base beams 156) may include swivel connectors 172, while the 

orientation of the front wheels 164c may be :fixed. Alternatively, all wheels 164 may have a 

swivel connector 172 between the wheel 164 and the base 120. 

Referring now to Fig. 7, the underside of base 120 of a first preferred embodiment is 

25 illustrated. Base 120 is shown having a substantially C-shaped overall footprint when viewed 

from a side of the support platform 100, 100', 100". In accordance with at least one 
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embodiment of the present invention, the base 120 comprises six wheels 164 that provide a 

means for rotating that is interconnected to the frame and contacting the underlying surface, 

such as a floor surface. A first pair of wheels 164a is preferably positioned under beams 156 

at the rear portion 148 of the base 120, such that one wheel 164a is under a left base beam 156 

5 and another 164a is under the right base beam 156. In addition, a second pair of wheels 164b 

is preferably positioned at an intermediate position along the length of the support platform 

100, 100', 100", such as along a mid-axis MA-l\t1A of base 120. Again, one wheel 164b is 

preferably located under the left side of the platform, and another wheel 164b is located under 

the right side of the support platform 100, 100', 100". Finally, a third set of wheels 164c is 

10 preferably located toward a front portion 152 of the support platform 100, 100', 100". In at 

least one embodiment of the invention, the front wheels 164c are set closer to a center 

longitudinal axis C-C of the platform as compared to the first and second pairs of wheels 

164a, 164b at the rear and intennediate positions along the support platform 100, 100', 100". 

In accordance with at least one embodiment of the invention, the third set of wheels 164c 

15 preferably comprise a larger diameter than at least one of the first pair of wheels 164a and the 

20 

second pair or wheels l 64b. In addition, for the wheel configuration shown in Fig. 7, the first 

wheels l 64a on the right and left sides are substantially equidistant from the center 

longitudinal axis C-C as the second wheels 164b on both the right and left sides of the support 

platform 100, 100', 100". 

Referring now to Figs. 8 and 9, and in accordance with embodiments of the present 

invention, alternative arrangements of the wheels 164 are within the scope of the present 

invention. Fig. 8 depicts a configuration wherein the wheels 164a, 164b, and l 64c are all 

equidistant from the center longitudinal axis C-C of the support platform 100, 100', 100". 

With regard to Fig. 9, a modified shape of the base is shown as base 120'. Base 120' is shown 

25 with five wheels 164, wherein the base 120' has a substantially circular footprint but with an 

arcuate shaped opening 160 bounded by an arcuate shaped front base portion 168 for the 
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patient's feet as they walk with the support platform 100, 100', 100". Other configurations of 

the base are considered within the scope of the present invention. 

In accordance with various embodiments of the present invention, the wheel positions 

includes alternate configurations designed to best address the issues of overcoming a raised 

5 obstacle such as a carpet/tile transition or door threshold, spanning a gap such as an elevator 

threshold, maintaining extreme maneuverability in areas with limited space, and maintaining 

directional tracking to aid with control as a patient ambulates. Accordingly, the alternative 

wheel configurations of the present invention provide for advantageous maneuverability and 

stability, and thus increased safety for the patient using the support platform 100, 100', 10011
• 

10 The wheels 164 are preferably sized to provide added stability to the support platform 

100, 100', 100". Accordingly, wheels 164 are preferably between about 2 to 10 inches in 

diameter, and more preferably between about 3 to 9 inches in diameter, and more preferably 

yet, a combination of wheels with the smaller wheels 164a, 164b measuring about 3 to 5 

inches in diameter and the larger wheels 164c measuring about 7 to 8 inches in diameter. 

15 Referring again to Figs. 1-3, the platform handle 108 is an integral part of the support 

platform I 00, I 00', 100". In at least one embodiment of the invention, the handle 108 

comprises a particular ergonomic design that allows the user to push and use the platform 

while their hands are kept in a comfortable position. The design also minimizes the ability of 

the user to tip the platform when applying a force to the platform handle 108. 

20 In accordance with another aspect of the invention, the support platform 100, 100', 

10011 includes a platfonn top 112 for holding a number of optional components (also referred 

to as "ancillary devices") as discussed hereafter. The platform top 112 is preferably 

operatively interconnected to a means for holding an N bag. The means for holding an IV 

bag preferably includes at least a section of a pole 176, and/or a hook 180, and/or a rail 132, 

25 and/or the skirt 136 with a carabiner clip, and/or other hook attachment located either above 

or below the platform top 112. Additionally, existing IV, enteral and syiinge pumps used by 
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health-care facilities will be accommodated on either a pole 176 or rail system 132 located on 

top of the platform top 112. The support platform 100, 100', 100" will be able to 

accommodate from zero to six pumps, and more preferably zero to four pumps. For the 

embodiments depicted in Figs. 1-5, various maintenance and treatment devices are hung or 

5 otherwise interconnected to the support platform 100, 100', 100", on the rails 132, resting on 

the top 112, or hanging from the skirt 136. 

In accordance with embodiments of the present invention, an attachment device 

comprising a custom carabiner may be provided and used to releasably attach N bags or 

other medical equipment, such as an infusion pump, to the platform's support structure. For 

10 example, such attachment devices may be used both on the rail 132 or the skirt 136 the 

support platform 100, 100', 100". In accordance with at least one embodiment of the present 

invention, the carabiners provide adequate gate clearance to accommodate both the rail 132 or 

skirt 136, and provide easy interconnectivity and removability of the previously listed devices 

or IV bags from the support platform 100, 100', 100". In another aspect of the invention, the 

15 carabiners preferably comprise of different colors in order to categorize IV fluids for rapid 

easy identification by healthcare providers. For example, IV fluids without added medication 

may hang from blue carabiners, N fluids with antibiotic additives may hang from green 

carabiners, and IV fluids containing vasopressor additives my hang from red carabiners. 

The platfom1 top 112 or other portions of the frame 104 can include one or more 

20 other devices or apparatus, including such items as fluid reservoirs, metering pumps, 

cup/bottle holders, trays, a sitting stool, monitoring devices, computers, and communication 

devices, as well as a television, camera, phone or radio. Power receptacles 184 may also be 

provided either associated with the platform top 112 or frame 104 that will allow for multiple 

electronic devices to be plugged into either side of the platform. The consumer may or may 

25 not decide the number of receptacles. In addition, a retractable power cord 188 may also be 

provided on the supportplatfonn 100, 1001
, 100". 
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In a separate aspect of the invention, the support platform 100, 100', 100" preferably 

includes communication equipment to receive vital sign information from the patient by wired 

or wireless means. The information may then be transmitted wirelessly to the appropriate 

medical staff or alarm systems while the patient is using the support platform 100, 100', 100". 

5 The support platform 100, 100', 100" preferably is interconnected to a stationary outlet while 

at the patient's bed, and then when disconnected to allow movement, the on-board 

communication system preferably provides wireless signals. 

The vital sign collection equipment is considered an integral part of the invention as 

these interact explicitly with the support platform 100, 100', 100". The devices gather 

10 information regarding a patient's heart rate, non-invasive blood pressure, arterial blood 

pressure, central venous pressure, urine output, abdominal compartment pressure, respiratory 

rate, oxygen saturation and any other information that may be relevant to a patient's care. 

Other data from devices such as the bed and ventilator to include patient weight, bed alarms 

and ventilator parameters may be received and transmitted through the support platform as 

15 well. 

In a separate aspect of the invention, the support platform 100, 100', 100" preferably 

includes an on-board oxygen supply 192. In use, for those patients needing an oxygen 

supply, tl1e tubing is preferably directly interconnected to the patient. The oxygen supply may 

be an existing oxygen bottle system or preferably includes tubing connections to allow the 

20 support platform 100, 100', 100" to be interconnected to a stationary oxygen source, such as a 

wall outlet that carries and delivers oxygen to a patient's hospital room. Accordingly, the 

support platform I 00, 100', 100" can be positioned at the side of the patient's bed, and when 

the patient leaves his or her bed, the tubing from the support platform 100, 100', 100" is 

disconnected from the stationary oxygen source, without substantial interruption in the flow 

25 of oxygen to the patient. Accordingly, the support platform 100, 100', 100" preferably 

includes a bypass connection for utilizing a stationary oxygen source when the support 
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platform 100, 100', 100" has tubing interconnected to the stationary oxygen source. 

fu yet a separate aspect of the invention, the support platforms 100, 100', 100" 

preferably includes a chargeable battery and/or chargeable uninterruptible power supply, 

(where a chargeable battery and/or chargeable uninterruptible power supply is herein referred 

5 to collectively or singularly simply as "UPS") 200. 111e UPS 200 is preferably located near 

the base 120 to provide a relatively low center of gravity for the support platform 100, 100', 

100". The UPS 200 allows the support platform 100, 100', 100" to be unplugged from a 

stationary power source, such as a wall outlet, with the platform's UPS 200 maintaining 

power to all of the on-board systems, such as the injection pumps, suction pumps, and vital 

10 sign monitoring equipment. In addition, the UPS 200 provides a back-up power supply to the 

electronic devices interconnected to it. Therefore, in the event of a power outage, the UPS 

200 provides emergency power to the electrical devices interconnected to the platform's UPS 

200. This is particularly advantageous for site locations that do not have an emergency back-

up generator connected to the building's power supply. Preferably, the UPS 200 charges 

15 when it is plugged into a wall outlet while the devices remain operational. 

For platforms utilizing electrical devices, the support platform 100, 100', 100" is 

preferably pre-wired and includes an electrical system. Therefore, the support platform's 

built-in modularity and electrical system limits the number of cords to power the modular 

electrical devices, such as pumps or monitoring devices. Accordingly, in one preferred 

20 embodinlent, injection pumps, suction pumps, monitoring devices, and/or communication 

25 

equipment can be quickly snapped into place into the frame 104 of support platform 100, 

100', 100", such as in the platform top 112 of the support platform, with the power supply to 

the subject device provided by the hook-up port 184 or receiving connector on the support 

platform 100, 100', 100". 

In a separate aspect of the invention, the support platform 100, 100', 100" preferably 

includes an umbilical cord (not shown) having common plug for interconnecting a plurality of 
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systems to a single outlet, such as a wall outlet. The umbilical cord may include a variety of 

systems, including electrical power, oxygen, suction, and/or a communication connection. 

When the patient uses the support platform 100, 100', 100" as a walking aid, or when the 

patient is moved in their bed with the support platform I 00, 100', I 00" interconnected to the 

5 bed or the support platform 100, 100', 100" is otherwise made mobile, the common plug is 

removed from the wall outlet, thereby not only freeing the support platform from being 

tethered to the wall, but also engaging the on-board UPS 200 to power any interconnected 

devices, as well as engaging the on-board oxygen supply and suction pump to the patient, if in 

use. Therefore, the umbilical cord and associated common plug allows for a quick and easy 

I 0 disengagement from a stationary hook-up. fu addition, in order to engage the support 

platform I 00, 100', 100" to the systems available from a stationary source, such as a wall 

outlet, the common plug attached to the umbilical cord is simply engaged with the wall outlet, 

thus bypassing and/or recharging the support platform's on-board systems. 

In yet a separate aspect of the invention, the support platform 100, 100', 100" 

15 preferably includes tube and wiring bundling channels or clips to organize the various tubes 

or wires that lead from the platform to the patient. The tube and wiring bundles are preferably 

situated to minimize the potential for the tubes or wires to interfere with objects as the support 

platform I 00, 100', 100" is pushed by the patient or the patient is transferred by other 

personnel. 

20 In yet a separate aspect of the invention, a hip or other body attachment (not shown) 

or aid can be provided to assist a patient in moving the support platform when the patient has 

a physical impediment to grasping the platform handle 108, such as may be the case ifthe 

patient has a broken arm, leg, pelvis, shoulder, scapula or ribs. Other physical impairments 

such as arm and leg amputations can be addressed with other attachments either to the 

25 platform or patient. A hip attachment would be one such attachment that would interconnect 

the support platform 100, 100', 100" to the patient, such as by a cushioned bar positioned at or 
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near the patient's hip. 

In a separate aspect of the invention, the support platform may include an interior 

space and/or compartments for holding reservoirs or bags. For example, as shown in Figs. 2-

5, the support platform 100', 100" may include a cabinet area 204 or other enclosure, the 

5 cabinet area 204 preferably including one or more drawers 208, doors 212 and/or access 

panels 216. Hooks or modular receptacles can be provided within the cabinet space. The 

interior space or cabinet area 204 can be configured to receive one or more urine or drainage 

bags. More preferably, in accordance with embodiments of the invention, the collection 

chambers can accommodate canister assemblies (not shown) designed to provide a 

10 mechanism of measuring the volume of the canisters automatically. This system may include 

a float, conduction or transmission mechanism. This information could then be converted to 

electronic data that could be transmitted along with other patient vital statistics as described 

elsewhere in this document. 

Referring now to Figs. 10-14, and in accordance with another aspect of the invention, 

15 the support platform 100, 100', 100" comprises a mechanism for being releasably attached to 

another object, such as a bed, hand rail, vehicle, etc. fu accordance with at least one 

embodiment of the invention, support platform 100, 100', 100" includes at least one bed hook 

1000, and more preferably, a plurality of bed hooks 1000. The bed hooks 1000 provide a 

means for temporarily docking the support platform 100, 100', 100" to a bed when the 

20 platform is not being used as walker by a patient. The bed hooks 1000 allow the support 

platform 100, 100', 100" to remain stationary and attached to the patient's bed ifit is 

inadvertently bumped by a hospital staff member, patient, or visitor. In addition, the bed 

hooks 1000 can be used to secure the support platform to the patient's bed if the patient is 

moved while remaining within the bed and the support platform is required to move with the 

25 bed. For this type of use, an additional staff member is not needed to roll the support 

platform 100, 100', 100" adjacent to the moving bed. The bed hooks 1000 allow the support 
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platform 100, 100', 100" to be lifted by another object, such as the patient's bed, such that the 

wheels 164 the platform are suspended, thereby making transportation easier because only the 

wheels on the bed need be controlled. 

Referring now to Figs. 5 and 10, an upper portion 220 of a support platform 100, 

5 100', 100" is shown that includes a pair of bed hooks 1000, wherein a first bed hook 1000 is 

located adjacent to or at a right side of the support platform 100, 100', 100" and a second bed 

hook 1000 is located adjacent to or at a left side of the support platform 100, 100', 100". For 

the embodiment of the support platform 100" shown in Figs. 3-5, the bed hooks 1000 are 

located at the rear portion 148 of the support platform 100". However, it is to be understood 

10 that the bed hooks 1000 may be used on any version of the support platform, including 

support platfonn 100, 100', 100", and furthermore, the bed hooks 1000 may be located not 

only at the rear 148 of the support platform, but also at the front 152 or along a side of the 

support platform. 

Each bed hook 1000 preferably includes an arm member 1004 that is rotatable in at 

15 least one direction, or outward from the support platform, such as per an-ow A1• fu addition, 

at least a portion of the arm member 1004 is also rotatable in a second direction when 

engaging a bed or other object to which it is being attached, such as per an-ow Az. More 

particularly, and as described in additional detail below, the arm member 1004 is first rotated 

to extend away from the platform, as per arrow Ai, and then the arm member 1004 may be 

20 rotated again as per arrow A2 to engage the bed or other object. As shown in Fig. 10, arm 

member 1004 is preferably located in a retracted or rrrst position 1008, wherein the arm 

member 1004 is closed or positioned substantially adjacent the upper portion 220 of the 

support platform 100, 100', 100". More particularly, when closed, a side surface 1012 of the 

ann member 1004 is situated adjacent a rear side 1016 of the support platform 100, 100', 

25 100". The arm member 1004 is then rotated on a hinge 1020 to an open or second position 
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5 

1024 for engagement with an object, such as a bed. Thus, the bed hooks 1000 preferably 

feature a plurality of positions so that they remain unobtrusive when not in use. ill addition, 

the bed hooks 1000 preferably include a material suitable for gripping, such as a plastic or 

rubber pad (not shown). 

Referring now to Figs. l lA and 1 lB, the arm member 1004 is sho'\'m in an extended 

or open position 1024. ill accordance with embodiments of the present invention, the arm 

member 1004 includes a lateral branch 1100 and a rotatable gripper portion 1104. The 

gripper portion 1104 is rotatably interconnected to the lateral branch 1100 by a pin 1108. ill 

accordance with embodiments of the present invention, the gripper portion 1104 includes a 

10 pinching finger 1112 that has an inside surface 1116 for contacting the bed or object to which 

the support platform 100, 100', 100" is to be attached. In addition, the gripper portion 1104 

further includes an upper finger 1120 with an underside 1124 for also contacting the bed or 

object to which the support platform is to be attached. As shown in Fig. l lA, the gripper 

portion 1104 is in an unhooked position 1128. Upon rotation of the gripper portion 1104 

15 about pin 1108, the pinching finger 1112 moves toward the support platform to clamp or 

engage the bed. 

Referring now to Figs. 12-14, a support platform 100, 100', 100" with bed hooks 

1000 is shown in use. As shown in Fig. 12, the bed hooks 1000 are depicted in the open 

position 1024 prior to engaging a portion of the bed B, such as a head board, foot board or 

20 rail. The portion of the bed B to engage the support platform 100, 100', 100" is then raised. 

As seen in Fig. 13, an upper surface BS of the bed B contacts the underside 1124 of the upper 

finger 1120 of the gripper portion 1104. Referring now to Fig. 14, as the bed Bis raised 

further, the gripper portion 1104 rotates about pin 1108 relative to the lateral branch 1100. In 

so doing, the pinching finger 1112 rotates toward the rear side 1016 of the support platform 

25 100, 100', 100", thereby pinching the bed B between the inside surface 1112 of the pinching 

finger and the rear surface 1016 of the support platform 100, 100', 100". With continued 
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raising the bed B, the bed B will lift the support platform 100, 100', 100" from the floor. The 

bed B can then be moved with the support platform 100, 100', 100" releasably attached to the 

bed B. The bed hooks 1000 thus provide a means for moving the platform and the bed as a 

unit, without the need for a separate attendant or nurse to guide the support platform as 

5 another person moves the bed. 

In accordance with embodiments of the present invention, an alternative attachment 

device (not shown) may be used to releasably attach the support platform 100, 100', 100" to a 

bed or other object. For example, the platform handle 108 may be modified for engaging a 

portion the bed or another object. Such alternative attachment device may include an 

10 adjustable setting that allows the alternative attachment device to be configured for use with a 

variety of bed frames or wheelchair configurations or other vehicles, such as automobiles or 

motorized platforms. 

Referring now to Fig. 15, and in accordance with at least one embodin1ent of the 

invention, the support platform 100, 100', 100" may include a selectable transmission system 

15 1500. Fig. 15 illustrates a number of components of the transmission system 1500 in solid 

lines, with other aspects of the support platform 100, 100', 100" superinlposed over the 

transmission system. It is to be understood that the transmission system 1500 is also 

applicable to support platform 100, 100', 100", as well as other platforms that embody the 

present invention. 

20 In general, the transmission system 1500 comprises a selectable control bar 1504 that 

is connected to a control shaft 1508 that controls a transmission applicator mechanism 1512. 

In accordance with embodiments of the present invention, transmission system 1500 

preferably has a plurality of settings or modes that can be selected using the control bar 1504. 

For the embodiments illustrated in Figs. 15-21, three different settings are provided; however, 

25 it is to be understood that a transmission system with an alternate number settings is possible, 

such as two settings. 
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Referring now to Figs. 16 and 17 that each show a portion of the transmission system 

1500, the control bar 1504 is preferably interconnected to a handle 1600, wherein the handle 

1600 is movable along slot 1604, thereby allowing a user or healthcare staff member to select 

the setting for the transmission system 1500. More particularly, as shown in Fig. 16, a fast 

5 setting corresponds to a stop mode, a second setting corresponds to a walk mode, and a third 

setting corresponds to a roll mode. In accordance with the embodiment and view shown in 

Fig. 16, the stop mode is the left-most position 1608a shown for the handle 1600, the walk 

mode is an intermediate position 1608b shown for handle 1600, and the roll mode is the right

most position 1608c shown for handle 1600. In general, the stop mode corresponds to having 

10 the support platform 100, 100', 100" stationary, the walk mode corresponds to placing the 

support platform 100, 100', 100" in a controlled state for a patient to ambulate using the 

support platform 100, 100', 100" as a walking aid, and the roll mode corresponds to a free

rolling state wherein the support platform 100, 100', 100" can be quickly and easily rolled, 

such as by a healthcare staff member moving the support platform 100, 100', 100" to a 

15 patient's room from a storage area. 

In accordance with embodiments of the present invention, and as best seen in Figs. 1 7 

and 18, although not required, a second handle 1600 may be positioned at the front of the 

support platform 100, 100', 100" to allow control of the transmission system 1500 from the 

front of the support platform 100, 100', 100". This configuration offers several advantages, 

20 including that a healthcare staff member can set the transmission system 1500 when a patient 

is at the rear of the support platform 100, 100', 100" and substantially blocking the handle 

1600 at the rear of the support platform 100, 100', 100". Whether at the front or back of the 

support platform 100, 100', 100", the handle 1600 is generally moved transversely to a 

vertical axis V-V of the support platform 100, 100', 100" within the slot 1604. The handle 

25 1600 is preferably interconnected to the control bar 1504 using an interconnection mechanism 
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1800 comprising connecting hardware 1804 that allows an end 1700 of the control bar 1504 

to rotate relative to the handle 1600, such that a longitudinal axis H-H of the handle 1600 

remains substantially parallel to a front to rear axis A-A of the support platform 100, 100', 

100" as the handle 1600 is moved along slot 1604. The control bar 1504 rotates at pivot point 

5 1704 about a rotational axis that corresponds to the longitudinal axis S-S of the control shaft 

1508. Although only one control shaft 1508 is shown, the control bar 1504 may be 

interconnected to a plurality of shafts that lead to one or more transmission applicator 

mechanisms. 

RefeITing now to Figs. 19 and 20, and in accordance with at least one embodiment of 

I 0 the present invention, a transmission applicator mechanism 1512 is shown that includes 

functionality corresponding to the three transmission settings of stop mode 1608a, walk mode 

1608b and roll mode 1608c. The transmission applicator mechanism 1512 generally includes 

a cam 1900 that is connected to the control shaft 1508. In at least one embodiment, the cam 

1900 provides at least a means for adjusting the position of the drag wheel. When the handle 

15 1600 is moved along slot 1604, the control bar 1504 rotates the control shaft 1508, and the 

cam 1900 also rotates. As the cam 1900 rotates, the transmission applicator mechanism 1512 

either (1) applies both a brake assembly 1904 and a drag wheel assembly 1908 to the floor (or 

other surface under the platform) when the transmission system 1500 is set to the stop mode 

1608a, (2) maintains the brake assembly 1904 in a raised position while the drag wheel 

20 assembly 1908 contacts the floor when the transmission system 1500 is in the walk mode 

1608b, or (3) maintains both the brake assembly 1904 and the drag wheel assembly 1908 in 

raised positions while the transmission system 1500 is in the roll mode 1608c. 

The brake assembly 1904 may comprise a variety of configurations, and in one 

embodiment comprises a post 2000 that is connected to a stopper 2004 at the distal end 2008 

25 of the post 2000. The stopper 2004 may comprise a variety of materials and configurations, 

but generally includes characteristics that will generate a relatively large frictional force with 
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the underlying floor. For example, the stopper 2004 may comprise a rubber or plastic 

structure that tends to generate a large amount friction with the floor. Although the example 

stopper 2004 shown in Fig. 20 is cylindrical in shape with a circular distal end 2012 for 

contacting the floor, the stopper 2004 may be elongated in a direction transverse to the post 

5 2000 such that a relatively wide contact area is formed with the floor. The post 2000 extends 

from the stopper 2004 to the cam 1900, and includes an upper flange 2016 at its proximal end 

2020 at the cam 1900, and a lower flange 2024 that resides adjacent and below a base panel 

2028. As will be discussed in more detail below, the brake assembly 1904 also preferably 

includes a biasing member 2032 that resides between the lower flange 2024 and the stopper 

10 2004. As shown in Fig. 20, and in accordance with at least one embodiment, the biasing 

member 2032 comprises a compression spring, but may also comprise other structure, such as 

an air cylinder. 

The drag wheel assembly 1908 provides a means for frictionally engaging the 

underlying surface, and in at least one embodiment comprises a wheel 2036 interconnected to 

15 the base panel 2028 by a movable linkage arm 2040, wherein the linkage arm 2040 can be 

lowered and raised to either apply the wheel 2036 to the floor, or to raise the wheel 2036 from 

contacting the floor. As discussed in more detail below, the drag wheel assembly 1908 

preferably incorporates a rotation resistance mechanism that is interconnected to the wheel 

2036 such that the wheel 2036 acts as a governor to control the speed of the support platform 

20 100, 100', 100". The linkage arm 2040 is preferably interconnected to the cam 1900 by a post 

2044 that extends from a pivot point 2048 at the linkage arm 2040 to the cam 1900. The post 

2044 includes an upper flange 2016 at its proximal end 2020 at the cam 1900, and a lower 

flange 2024 that resides adjacent and below the base panel 2028. The assembly for the drag 

wheel assembly 1908 also preferably includes a biasing member 2032 that resides between 

25 the lower flange 2024 and the pivot point 2048 at the linkage arm 2040. 

Referring still to Figs. 19 and 20, and in accordance with at least one embodiment of 
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the present invention, the cam 1900 includes a first curved or arc-shaped channel 1912 to 

control the brake assembly 1904, and a second curved or arc-shaped channel 1916 to control 

the drag wheel assembly 1908. When handle 1600 is moved to the stop mode 1608a, the 

control bar 1504 rotates the control shaft 1508 such that the post 2000 of the brake assembly 

5 1904 and the post 2044 of the drag wheel assembly 1908 are located at first positions 1920 

and 1924 of the channels 1912 and 1916, respectively. At these first positions 1920 and 1924, 

both the brake assembly 1904 and the drag wheel assembly 1908 are engaged such that the 

stopper 2004 and wheel 2036 are in contact with the floor. When at the first position 1920, 

the post 2000 is in a lowered position because the cam thickness at the first position 1920 is 

10 such that the upper flange 2016 of post 2000 is lower relative to the base panel 2028. When 

in the first position 1920, the biasing member 2032 of post 2000 forces the stopper 2004 

downward and in contact with the floor. Similarly, when post 2044 is in the first position 

1924, the upper flange 2016 of post 2044 is also lower relative to the base panel 2028 and the 

biasing member 2032 of post 2044 forces the linkage arm 2040 downward and places the 

15 wheel 2036 in contact with the floor. 

Upon sliding handle 1600 to the walk mode 1608b position, the control bar 1504 

rotates and turns the control shaft 1508, thereby turning the cam 1900. As the cam 1900 is 

turned, posts 2000 and 2044 remain laterally stationary and traverse the cam 1900 along 

channels 1912 and 1916, respectively. The posts 2000 and 2044 are then located at the 

20 second positions 1928 and 1932 along the first and second channels 1912 and 1916, 

respectively. In addition, as the proximal end 2020 of post 2000 for the brake assembly 1904 

moves along first curved channel 1912 from the first position 1920 toward the second 

position 1928, the post 2000 rises because the upper flange 2016 of post 2000 encounters cam 

transition ramp 1936. The rise in cam transition ramp 1936 pulls the stopper 2004 off the 

25 floor and compresses the biasing member 2032 between the stopper 2004 and the lower 

flange 2024. In addition, as the cam 1900 is turned, the post 2044 remains in its lowered 
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position because the elevation of the upper flange 2016 of the post 2044 at the second 

position 1932 is substantially equal in elevation to the elevation of the upper flange 2016 

when the post 2044 is in the first position 1924. 

Upon sliding handle 1600 from the walk mode 1608b position to the roll mode 1608c 

5 position, the control bar 1504 again rotates and turns the control shaft 1508, thereby once 

again turning the cam 1900. Once again, the posts 2000 and 2044 remain laterally stationary 

and traverse the cam 1900 further along channels 1912 and 1916, respectively. The posts 

2000 and 2044 are then located at the third positions 1940 and 1944 along the first and second 

channels 1912 and 1916, respectively. In addition, as the proximal end 2020 of post 2044 for 

10 the drag wheel assembly 1908 moves along second curved channel 1916 from the second 

position 1932 toward the third position 1944, the post 2044 rises because the upper flange 

2016 of post 2044 encounters a second cam transition ramp 1936. The rise in cam transition 

ramp 1936 pulls the linkage arm 2040 upward and the wheel 2036 off the floor and also 

compresses the biasing member 2032 between the pivot point 2048 of the linkage arm 2040 

15 and the lower flange 2024 of post 2044. In addition, as the cam 1900 is turned from the walk 

mode 1608b to the roll mode 1608c, the post 2000 remains in its upper position because the 

elevation of the upper flange 2016 of the post 2000 between the second position 1928 and 

third position 1940 is substantially equal in elevation. 

The biasing members 2032 for both posts 2000 and 2044 place the brake assembly 

20 1904 and the friction wheel assembly 1908 in a preferred state of engagement because the 

biasing members 2032 tend to force the down the stopper 2004 and the wheel 2036. That is, 

work has to be done against the biasing member 2032 for post 2000 to move the handle 1600 

from the stop mode l 608a to the walk mode 1608b, and work also has to be done against the 

biasing member 203 2 for post 2044 to move the handle 1600 from the walk mode 1608b to 

25 the roll mode 1608c. Thus, if a person is operating the support platform 100, 100', 100" in 

walk mode 1608b, it is relatively easy to place the handle 1600 in stop mode 1608a and apply 
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the stopper 2004 to the floor because the biasing member 2032 of post 2000 tends to want to 

force the post 2000 and stopper 2004 downward. This is a safety feature of the transmission 

system 1500. 

Referring now to Fig. 21, an alternate embodiment of a transmission applicator 

5 mechanism 1512' is shown. For clarity, the base panel 2028 has been omitted from Fig. 21. 

Similar to that described above for the assembly 1512 shown in Figs. 19 and 20, the cam 

1900' shown in Fig. 21 includes a first channel 1912 for controlling post 2000 of the brake 

assembly 1904. The transmission applicator mechanism 1512' further includes a drag wheel 

assembly 1908' that utilizes two posts 2004a' and 2004b' to control the vertical position of the 

10 wheel 2036 through t\vo channels 1916a' and 1916b' in cam 1900'. Although a linkage ann 

2040 is not used with transmission applicator mechanism 1512', the operation of the 

transmission applicator mechanism 1512' is similar to that described above for transmission 

applicator mechanism 1512. Thus, upon rotation of the cam 1900' in stop mode, the stopper 

2004 and wheel 2036 are lowered to contact the floor, and in walk mode the stopper 2004 is 

15 raised, while in roll mode both the stopper 2004 and the wheel 2036 are raised from 

contacting the floor. Thus, the transmission system 1500 may take on a variety of 

configurations, including alternate transmission applicator mechanisms, and such alternate 

embodiments and modifications are encompassed by the present invention. 

Referring now to Figs. 20 and 21, and as mentioned above, the drag wheel assembly 

20 1908 preferably includes a rotation resistance mechanism 2052 that is interconnected to the 

drive wheel 2036, thereby enabling the wheel 2036 to restrict the speed of the support 

platform 100, 100', 100". In accordance with embodiments of the present invention, the 

rotation resistance mechanism 2052 may take the fom1 of a friction pad (not shown) that 

engages at least a portion of the wheel 2036 and/or structure operably interconnected to the 

25 wheel 2036. More preferably, however, the rotation resistance mechanism 2052 comprises a 

braking motor 2056 interconnected to the wheel 2036, such as by way of the wheel's axle. In 
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accordance with embodiments of the present invention, the braking motor 2056 is 

interconnected to the wheel 2036 through a gearbox. The braking motor 2056 applies a force 

to the wheel 2036 to slow the wheel 2036 under the principle that little or no wheel speed 

requires the application of no braking, but high wheel speed requires the application of 

5 braking work on the wheel 2036 by the braking motor 2056. More particularly, as wheel 

speed increases, the output of the braking motor 2056 increases. The increased output results 

in an increased load on the braking motor 2056, increasing the braking force applied to the 

wheel 2036. The braking motor 2056 may comprise a permanent magnet DC motor. 

Furthermore, as can be appreciated by one of skill in the art after consideration of the present 

10 invention, the braking motor 2056 is not connected to a source of electrical power, but is 

instead driven as a generator (i.e., a source of electrical power) by the wheel 2036. 

Referring now to Fig. 22, a schematic of a motor braking circuit 2200 for applying a 

braking force to the wheel 2036 in response to a voltage generated by the braking motor 2056 

in accordance embodiments of the present invention is illustrated. The circuit shown in Fig. 

15 22 is a multi-stage Zener diode auto-transmission system or braking circuit 2200 for 

automatically applying a braking force to the wheel 2036. In general, use of a number of 

different Zener diodes allows different stages ofresistance to be applied progressively, as the 

voltage produced by the motor increases. As can be appreciated by one of skill in the art, the 

voltage produced by the braking motor 2056 will tend to increase as the rotational velocity of 

20 the wheel 2036 driving the braking motor 2056 increases. Furthermore, by switching in 

additional resistive loads as the voltage produced by the braking motor 2056 increases, and 

therefore drawing more current, the braking effect of the braking motor 2056 can be increased 

in steps. 

In accordance with embodiments of the present invention, each stage 2204 of the 

25 circuit 2200 comprises at least one zener diode 2208 and at least one load resistor 2212. The 

zener diode ZDl 2208 of the first stage 2204a is selected to have a turn on or a breakdown 
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voltage (i.e. a zener voltage) that is relatively low. When the zener voltage is exceeded, the 

zener diode ZDI 2208 conducts, allowing current to pass through the load resistor Rl 2212. 

Accordingly, the zener diode ZDl 2208 acts as a switching mechanism. The current draw 

from the introduction of this load will load the braking motor 2056 such that the resistance to 

5 rotation of the wheel 2036 (not shown in Fig. 22) will increase essentially linearly with 

increased speed. The second stage 2204b is in parallel with the first stage 2204a and has a 

zener diode ZD2 2208 that is selected to have a zener voltage that is higher than the first zener 

diode ZD 1 2208. If the voltage produced by the braking motor 2056 meets or exceeds the 

zener voltage of the second zener diode ZD2 2208, the second zener diode ZD2 2208 

10 conducts, allowing current to pass through the load resistor R2 2212 associated with the 

second stage 2204b of the circuit 2200. Accordingly, this zener diode ZD2 2258 also acts as 

a switching mechanism. Since the first zener voltage is lower than the second zener voltage, 

the first zener diode ZD 1 2208 will continue to conduct while the second zener diode ZD2 

2208 is conducting. Accordingly, two current paths through two of the stages 2204 will be 

15 active, increasing the rate at which the load increases with increased braking motor 2056 

speed as compared to when only the first zener diode ZD 1 2208 is conducting. As shown in 

Fig. 22, additional parallel circuit branches or stages 2204 comprising additional zener diode 

2208 and load resistor 2212 pairs can be included, to provide any number of steps in the 

resistance produced at the wheel 2036 as the rotational speed of the wheel 2036 increases. 

20 For example, in Fig. 22 three stages 2204 (stages 2204a, 2204b and 2204c) are included. 

However, fewer or additional stages 2204 may be included depending on the desired number 

of steps in the rate of resistance provided by the circuit 2200. 

As can be appreciated by one of skill in the art, the zener voltage is generally higher 

than the voltage at which a zener diode will conduct a forward current. Therefore, if the 

25 braking motor 2056 is operated in the opposite direction, such that if a negative voltage is 

produced at the first terminal of the braking motor 2056, a circuit with branches or stages 
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configured like the first three branches 2204a-c of Fig. 22 will allow the load introduced by 

the associated resistors to be applied at a much lower voltage than when the motor is operated 

in the other direction. This may be desirable, for example where it is desirable to have the 

platform move only in a forward direction while in the walk mode. In order to allow for 

5 resistance to be applied in a similar fashion in either a f01ward or reverse direction, blocking 

diodes 2216 can be introduced in the circuit branches. By introducing blocking diodes 2216, 

current is only conducted by a stage 2204 when a voltage is applied to that stage's 2204 zener 

diode 2208 as a reverse voltage, because the blocking diode 2216 will prevent a forward 

voltage from being applied to this zener diode 2208. Additional circuit branches 2204 can 

10 then be provided for progressively introducing a load when the braking motor 2056 is 

operated in the reverse direction. These additional circuit branches 2204 (see branches 

2204d, 2204e and 2204fin Fig. 22) are oriented such that the associated zener diode 2208 and 

blocking diode 2216 are opposite the orientation of those included in the circuit branches for 

providing progressively increasing braking force in the forward (opposite) direction (branches 

15 2204a, 2204b and 2204c in Fig. 22). Although only three stages or branches ~204 for 

applying a braking force in a reverse direction are shown, it should be appreciated that fewer 

or additional of such stages may be provided. 

Referring now to Fig. 23, an alternate embodiment for motor braking circuitry is 

shown. The motor braking circuit 2300 shown in Fig. 23 is a multi-stage metal-oxide 

20 semiconductor field-effect transistor (MOSFET) auto-transmission system for automatically 

applying a braking force to the drive wheel 2036. fu general, in the first stage 2302a, when 

the voltage divided down by resistors R2 2304 and R7 2304 is greater than Vth of transistor 

QI 2308, transistor QI 2308 will tum on and apply the load resistor RS 2312 to the braking 

motor 2056. Accordingly, the voltage dividing resistors 2304 and the transistor 2308 

25 comprise a switching mechanism. Subsequent stages in parallel with the first stage set to 

different points will add more load in a similar fashion once the set voltage for such stages is 
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met or exceeded. For example, a second stage 2302b is illustrated in Fig. 23, which may be 

configured to tum on at a higher voltage than the first stage 2303a. The transistors Q3 and Q4 

2308 in the third 2302c and fourth 2302d stages are set in the opposite direction and will work 

in the reverse direction. Accordingly, the third and fourth stages 2303 and may be included in 

5 order to apply stages ofresistance when the braking motor 2056 is turned in a direction 

opposite the direction the braking motor 2056 is turned to activate the first and second stages 

2302a-b. Also, the body diodes of the transistors 2308 may be blocked or protected by a 

blocking diode 2316. Although four stages 2302 are shown in Fig. 23 (two for activation in a 

forward direction and two for activation in a reverse direction), it should be appreciated that 

10 any number of stages 2302 can be provided. 

Referring now to Fig. 24, an additional alternate embodiment for motor braking 

circuitry is shown. The motor braking circuit 2400 shown in Fig. 24 is a multi-stage Silicon 

Controlled Rectifier (SCR) braking system for automatically applying a braking force to the 

wheel 2036 (not shown in Fig. 24). In general, in the first stage 2404a, when the voltage 

15 across resistor Rl5 2408 gets high enough to send a trigger current through SCR Dl 2412 

allowing current to pass through load resistorR16 2416, SCRDI 2412 latches on and applies 

the load resistor R16 2415 to the motor 2056 until the motor voltage drops to the point where 

there is almost no more current through RI 6. The SCR 2412 and the resistor 2408 therefore 

comprise a switching mechanism. The second stage 2404b, in parallel with the first stage 

20 2404a, has a resistor Rl 7 2408 selected such that a trigger current is not sent through the 

associated SCR D5 2412 until after the first stage 2404a has turned on. Accordingly, the 

resistance to movement of the braking motor 2056 can be stepped up once the output of the 

braking motor 2056 exceeds a predetermined amount. Third 2404c and fourth 2404d stages, 

each having an SCR 2412 having an orientation that is opposite the orientation of the SCRs 

25 2412 of the first 2404a and second 2404b stages can be provided to apply stages of braking 

force in a reverse direction. The third 2404c and fourth 2404d stages also include trigger 
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resistors R19 and R20 that are connected to an opposite node of the braking motor 2056 as 

compared to the trigger resistors Rl 5 2408 and Rl 7 2408 of the first 2404a and second 2404b 

stages. Although only two stages are shown for providing braking resistance in each 

direction, it can be appreciated that any number of stages maybe provided. Unlike 

5 embodiments described in connection with Figs. 22 and 23, the embodiment illustrated by 

Fig. 24 does not switch out the load resistor of a stage at the trigger voltage for that stage, but 

instead retains the current path through the load resistor until a much lower voltage is reached 

(e.g. almost zero). 

Referring now to Fig. 25, an alternate embodiment for motor braking circuitry is 

10 shown. The motor braking circuit 2500 shown in Fig. 25 is a hybrid circuit for automatically 

applying a braking force to the drive wheel 2036. In general, both an auto-transmission and 

an auto-braking feature are applied when different set resistances are achieved as a result of 

the voltage generated by the braking motor 2056. More particularly, the first stage 2502a is a 

stage incorporating a first switching mechanism for introducing a load resistor at a first 

15 voltage, while the second stage 2502b, which is in parallel with the first stage 2502a, 

incorporates a second switching mechanism for introducing a second load resistor at a second 

voltage. In the particular example of Fig. 25, the first stage 2502a uses a field effect transistor 

2510 that allows current to pass through a first load resistor R23 2504 when the voltage 

divided down by set resistors R2 l and R22 2508 is at a selected value. The second stage 

20 2502b incorporates a silicone controlled rectifier 2512 that is switched on by a trigger current 

through resistor R24 2516 when the voltage across that resistor reaches a predetermined 

value, allowing current to pass through the load resistor R25 2520. The particular 

arrangement illustrated in Fig. 25 may be useful in selected applications, for example where it 

is desirable to have a mobile platform brought back to a standstill (or near standstill) after it 

25 has reached a velocity that exceeds a pre-determined bound. Specifically, the first stage load 

resistor R23 2504 can be switched in at a relatively low voltage, while the second load 
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resistor R25 2520 can be switched in at a higher voltage, and the second load resistor will 

remain switched in until the voltage is almost zero. As can be appreciated by one of skill in 

the art, additional stages, hybrid or otherwise, can be combined with the illustrated stages 

2502a-b, for applying a load resistance in the same or in opposite direction from the 

5 illustrated stages 2502. 

Fig. 26 is a graph depicting how the braking force produced by a braking motor 2056 

can be progressively increased with increased braking motor 2055 velocity by using an auto 

transmission or braking system circuit in accordance with embodiments of the present 

invention. With specific reference to plot 2600, in a first speed range 2604, the force may 

10 remain essentially constant, for example due to the friction of the various platform wheels and 

of the unloaded braking motor 2056. The first speed range 2604 corresponds to a platform 

velocity (and therefore a drive wheel 2036 and braking motor 2056 velocity) at which the 

output produced by the rotation of the braking motor 2056 produces a voltage that is not high 

enough to cause a stage of a motor braking circuit to establish a current path across a load 

15 resistor. Once the maximum speed in the first speed range is exceeded, a second speed range 

2608 may be entered in which the braking motor 2056 is operated to apply a braking force, by 

applying a load through a braking circuit. More particularly, the minimum speed of the 

second speed range 2608 occurs at a rotationally velocity of the braking motor 2056 at which 

the braking motor 2056 produces a voltage sufficient to trigger application of a load stage or 

20 branch of the motor braking circuit. The force applied by the braking motor 2056, and 

therefore the force required to continue moving the platform initially experiences a step 

increase, and then increases at an essentially linear rate due to the introduction of the resistive 

load. In a third speed range 2612, the braking motor 2056 is producing a voltage that is high 

enough to trigger application of a second load branch, as well as the first load branch. Upon 

25 application of the second load branch, the resistance takes a step increase, and then increases 

with the voltage output by the braking motor at a rate that is greater than the rate of increase 
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when only the first load was active. Where the first and second load branch or branches each 

add equal resistive loads, the slope of the increase in the force required to continue rotating 

the braking motor 2056 increases with velocity at approximately twice the previous rate. If a 

third stage is included in the circuit, a fourth speed range 2616 can be defined. When the 

5 fourth range 2616 is entered, another step increase in the force occurs when the third stage 

load resistor is added, and the resistance then increases at a linear rate that is greater than the 

rate of increase in the previous range. 

When the velocity of the braking motor 2056 is decreasing, the force applied to the 

drive wheel 2036 by the braking motor 2056 will follow the same curve as when the velocity 

10 was increasing if a zener diode or a pair of dividing resistors and a transistor are used as the 

switching mechanisms. However, where a resistor and an SCR are used as a switching 

mechanism, the load resistor associated with such a switching mechanism will continue to be 

applied until the velocity of the braking motor 2056 (and hence its output) is almost zero. For 

instance, in a three stage braking circuit in which every stage comprises a resistor and an SCR 

15 switching mechanism, once the third speed range 2616 is entered, as the velocity of the motor 

decreases path 2618 will be followed. 

In accordance with other embodiments of the present invention, the values of load 

resistors included in stages of a braking circuit can be selected from a number of different 

values to provide a selected resistance at the drive wheel 2036. For example, a ganged switch 

20 may be used to select from two or more load resistors that are applied at one or more of the 

speed ranges. In accordance with still other embodiments of the present invention, a switch 

for selecting a load resistor can be separately provided for selecting the load resistor or 

resistors that are applied in forward and reverse directions with respect to the platform. User 

selectable resistance can also be achieved through use of a potentiometer in place of one or 

25 more of the provided load resistors, provided the potentiometer has a suitable load rating. An 

example of the effect of selecting different, higher resistance load resistors applied at different 
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stages of the braking motor circuit is shown in Fig. 26 as plot 2620. As alternative to being 

user selectable, the load resistors may be selected or (in the case of a potentiometer) tuned by 

operation of a switch that is not normally user accessible. In addition, it should be 

appreciated that a braking motor circuit in accordance with embodiments of the present 

5 invention may be tuned such that a load resistor is immediately or almost immediately 

provided with current by the braking motor 2056, which would eliminate or shorten the first 

range 2604 during which there is no or almost no increase in the resistive force produced by 

the braking motor 2056 with increased velocity of the platform. Such tuning may be user 

adjustable. It can be appreciated by one of skill in the art that the motor braking circuitry 

10 provides a means for variably controlling a resistance to the braking motor 2056. 

In accordance with embodiments of the present invention, the weight of platform may 

be adjustable to provide a larger normal force for allowing more braking and/or stopping 

force to be effectively applied when the brake assembly 1904 and/or drag wheel assembly 

1908 are engaged. For example, additional ballast (sand filled articles, weights, etc.) may be 

15 located on the support platform 100, 100', 100" to increase the weight of the support platform 

100, 100'' 100". 

It is noted that the transmission system 1500 and/or the rotation resistance mechanism 

2052 have application to a variety of platforms and/or mobile devices. For example, a walker 

may be adapted to incorporate one or more of the transmission system 1500 and the rotation 

20 resistance mechanism 2052. As other possible examples of alternative uses, a wheel chair, a 

baby stroller, a beverage platform for airlines, and/or a serving platform for cruise ships may 

incorporate these systems, and such applications and others are within the scope of the present 

invention. 

Referring now to Fig. 27, a block diagram or schematic depiction of some of the 

25 possible components of the support platfonn 100, 100', 100" are illustrated. Additional 

components other than those shown in Fig. 27 are also within the scope of the present 
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invention, including other components described herein, as well as additional items such as a 

built-in folding seat or a shade canopy/umbrella. 

fu use, the support platform 100, 100', 100" is initially positioned near the patient's 

bed. The support platform 100, 100', 100" can be then be modified to meet the patient's 

5 needs, such as by adding an N bag, suction pump, injection pump, and/or oxygen supply, and 

by adding one or more devices to monitor the vital signs of the patient. By plugging the UPS 

200 into an electrical outlet, such as a wall outlet, power can be supplied directly to the 

support platform, and therefore, power is supplied to items interconnected to the electrical 

system of the platform. In addition, if available and prescribed, oxygen can be directly 

10 supplied to the patient by connecting a stationary oxygen supply to the platform. The 

platform may also be secured to the patient's bed by utilizing bed hooks 1000 mounted on the 

support platform 100, 100', 100" to clamp the platform to the framing of the patient's bed. 

When the patient is required to be moved from the room while in bed, the support 

platform can be disengaged from the provided stationary connections by unplugging or 

15 otherwise disengaging the connections to the platform, and then subsequently moving the 

support platfonn 100, 100', 10011 while moving the patient's bed. If the support platform is 

interconnected to the bed, such as by bed hooks 1000, a separate attendant or nurse may not 

be needed to move the support platform 100, 100', 100" while moving the bed. 

As the patient becomes mobile, the support platform can be used as a walking aid by 

20 disengaging the support platform systems from the stationary supply sources, such as 

electrical power or oxygen. By grasping the handle with one or two hands and pushing the 

platform, the patient can move away from the bed while IV fluids, pumps, and monitoring 

equipment on the support platform maintain treatment to the patient. 

As can be appreciated by one of skill in the art after consideration of the present 

25 disclosure, embodiments of the present invention may provide physiological support to a 

patient that might not otherwise be conveniently available. For example, in connection with 
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hospitals or clinics in underdeveloped areas, a support platform 100, 100', 100" in accordance 

with the present invention may provide an integrated package for supplying a patient with 

oxygen, fluids, suction, waste receptacles, monitoring devices, and electrical power. 

Furthermore, a support platform 100, 100', 10011 in accordance with embodiments of the 

5 present invention provides an integrated structure from which such physiological support can 

be supplied. As can also be appreciated from the description provided herein, the particular 

features or modules included as part of a support platform 100, 100', 100" in accordance with 

embodiments of the present invention can be selected according to the particular needs of a 

patient and can be changed as the needs of the patient change. 

10 In summary, the present invention provides a stable apparatus for assisting a patient 

walking. Nurses will be able to make better use of their time in the direct care of patients. 

Patients may have decreased hospital stays, complication rates and less time in skilled-nursing 

facilities. Fewer therapeutic errors will result and nurses will be at decreased risk for back 

injuries. The apparatus may include an IV fluids assembly, while also optionally providing 

15 modular receptacles for receiving a pump, and further providing an optional uninterruptible 

power supply for powering one or more electronic devices, such as a pump or one or more 

pieces of monitoring equipment. The support platform preferably includes adjustable 

components, including an adjustable handle. The support platform also preferably includes an 

expandable configuration, such that while the platform may initially be used for simply 

20 holding an IV bag, it can be quickly modified to incorporate other prescribed treatments, such 

as an oxygen supply or injection pump. As the patient progresses through treatment, the 

support platform transitions from a bedside equipment station and emergency power supply, 

to a walking aid and wireless communications apparatus. 

In accordance with the embodiments of the invention, the platform comprises a 

25 ruggedized version that enables the platfonn to be used in conditions outside of the confines 

of a healthcare facility. This may include conditions such as military field operations, on-site 
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5 

disasters and underdeveloped regions. The basic premise of the platform is described above, 

with one or more of the following modifications: 

1) larger wheels between the diameters of6 to 12 inches to traverse rough terrain; 

2) a raised base in order to provide greater ground clearance; 

3) a broadened base width in order to provide greater stability on unlevel terrain; and 

4) the materials may be altered in order to have greater impact tolerance and 

protection in extreme environments such as high dust, extreme temperatures, air 

drops, high humidity and inclement weather. 

fu accordance with still other embodiments of the invention, the platform can be 

10 adapted for use in the operating suite environment. Devices such as a headlamp, cautery 

device, sequential compression device, suction, laparoscopy equipment and gasses may be 

incorporated onto the platform. This places all of these devices on a single platform both in 

their current form and in future forms that are designed to fit in as modules that would reduce 

the overall size and weight of the device. A UPS would again be provided to power the 

15 devices and allow the batteries to be removed from each of the individual devices. This 

would be of benefit both in current OR's and in conditions such as military field conditions or 

less-developed regions where a self-contained platform would simplify the equipment and 

reduce the overall bulk. Each platform would be able to be individually configured to meet 

the specific needs to the user. The user would be able to easily swap modules at the site of 

20 use to change the configuration as well. 

fu accordance with yet another embodiment of the invention, a platform is provided 

for use in veterinary medicine. One variation comprises a platfonn for use in small-animal 

veterinary medicine that is designed for indoor use with modules specific for the care of 

smaller animals. A second variation comprises a platform for use with larger animals that is 

25 more akin to the ruggedized version described above to address the specific concerns of large

animal veterinary medicine. 
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fu accordance with still other embodiments of the present invention, non-medical 

applications of the device are within the scope of this invention. Brief descriptions of some of 

the variations are provided. This is not limiting in nature and other variations which utilize 

the common core of the platform with modifications of the functions and modules provided 

5 are intended to be included in the scope of this invention. Several features may be considered 

common in the platform design or may be found in several variations. The cosmetic 

appearance of the platform is flexible and appealing including the ability for the user to select 

color. The small form factor of the invention is maintained and it is to be portable and remain 

unobtrusive in the environment of use. The device may be modified in order to be moved up 

10 and down stairs by a single user without damage to the platform or stairs. A motorized wheel 

or wheels may be added to aid in the motion of the invention for certain applications. The 

invention may be modified to include a stepping stool or mini-ladder that provides a stable 

system for the user with the brake enabled. Additionally, the invention may be modified to 

help stabilize a ladder by applying the brake and attaching directly to a taller ladder than 

15 provided on the platform. A universal power supply may be provided to power internal and 

external electrical devices. 

A non-medical embodiment of this invention may be for use in a beauty salon. The 

invention may include a sink with drain, water supply and storage compartments in order to 

provide a beautician or stylist with all of the elements required to cut, style and wash a 

20 client's hair. 

25 

A non-medical embodiment of this invention may be for use in pet and animal 

grooming. The invention may include a sink, drain, grooming surface, hooks and 

compartments for grooming supplies, food and toys. The device may be expected to be used 

at professional grooming salons, in showmanship venues and at home. 

A non-medical embodiment of this invention may be for use in a garage for auto 

mechanics. The invention may contain an air compressor, hangar for a light source, tool 
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compartments, hangar for a sleeper platform and compatibility with diagnostic hardware and 

software. This may include wireless transmission of data to a central diagnostic unit. This 

would allow a single mechanic or multiple mechanics with similar devices to work 

autonomously in a garage with their vital equipment readily available at their side. 

5 A non-medical embodiment of this invention may be for use at home or in a 

handyman shop as a tool caddy. The invention may contain an air compressor, light source, 

tool compartments, compartments for accessories such as screws and nails, and an attachment 

to help stabilize a footstool or ladder. 

A non-medical embodiment of this invention may be for use in indoor or outdoor 

10 landscaping. The wheel base will be modified to indoor or outdoor as similarly described 

previously for the medical aspect of this invention. The invention may also include a 

pressurized liquid tank or tanks for water, pesticides or fertilizers. Additional features may 

include a debris bin and storage bins for tools. 

A non-medical embodiment of this invention may be for use in building maintenance. 

15 The invention may include a power supply, air compressor, compressed fluid storage, 

diagnostic equipment, wireless transmission capability, computer integration, tool 

compartments, attachments for spools of wire or tubing, a work stool and the ability to 

stabilize a ladder by enabling the brake and attaching to a ladder. It may also have a built in 

stepping stool or mini-ladder. 

20 A non-medical embodiment of this invention may be for use by the elderly or 

handicapped in order to become more independent in or outside of the home. The stability of 

the structure will provide the user an aide in ambulation. Additionally, the invention will 

provide support, unlike current ambulatory aide devices, such as oxygen, compartments to 

hold drainage bags, cellular/wireless support to provide emergency aide, compartments to 

25 hold supplies, personals and groceries or other personal goods, a resting stool and an 

umbrella. Aide devices as in the medical version of the platform will be used for persons with 
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disabilities such as amputations, paralysis or other chronic conditions to allow them to use the 

platform effectively. A connector or system, such as the one previously developed to connect 

the invention to a hospital bed, may be developed to connect to a trailer hitch for easy 

transport with a vehicle. A portion or portions of the invention may easily detach for transfer 

5 of the module to a vehicle or residence without requiring transfer of the entire platfonn. The 

hope with this embodiment is to mobilize and reintroduce persons into society that were 

previously con:fmed or restricted secondary to their disabilities. 

While various embodiments of the present invention have been described in detail, it 

is apparent that modifications and adaptations of those embodiments will occur to those 

I 0 skilled in the art. However, it is to be expressly understood that such modifications and 

adaptations are within the spirit and scope of the present invention. 
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What is claimed is: 

1. A personal support platform for traversing an underlying surface, comprising: 

aframe; 

a plurality of wheels interconnected to said frame; 

a transmission system interconnected to said frame, said transmission system 

providing a number of user selectable modes, said user selectable modes comprising at 

least a stop mode, a walk mode and a roll mode; and 

means for selectively choosing one of said stop, walk and roll modes by a user from a 

standing position adjacent said frame. 

2. The platform as claimed in Claim 1, wherein said transmission system comprises 

a drag wheel that is selectively moveable from a first raised position in said roll 

mode to a second lowered position in said walk mode, and wherein said drag 

wheel is for contacting the underlying surface when in said second lowered 

position. 

3. 

4. 

The platform as claimed in Claim 2, wherein said transmission system comprises 

a cam interconnected to said frame and the drag wheel, wherein said cam is 

rotatably movable to raise and lower said drag wheel from said first raised 

position in said roll mode to said second lowered position in said walk mode. 

The platform as claimed in Claim 3, further comprising an automatic brake 

interconnected to said drag wheel, said automatic brake comprising a braking 

motor driven by said drag wheel and circuitry, wherein said circuitry provides a 

resistive load to the braking motor to apply a braking force on the drag wheel. 

50 

1505 of 2568



WO 2006/074473 PCT/US2006/000893 

5 

10 

15 

20 

25 

5. The platform as claimed in Claim 4, wherein said resistive load comprises a 

number of load ranges, wherein a first load range provides a first resistive load 

within a first velocity range for said braking motor, and wherein a second load 

range provides a second resistive load within a second velocity range for said 

braking motor. 

6. 

7. 

The platform as claimed in Claim 5, wherein said second velocity range is 

automatically selected once a threshold velocity of said braking motor is reached. 

The platform as claimed in Claim 1, wherein said transmission system comprises 

a brake interconnected to said frame, wherein said brake is selectively moveable 

from a first raised position in said walk and roll modes to a second lowered 

position in said stop mode, wherein said brake is for contacting the underlying 

surface when in said second position. 

8. The platform as claimed in Claim 7, wherein said brake comprises a stopper 

frictionally engaging the underlying surface. 

9. 

10. 

11. 

The platform as claimed in Claim 7, further comprising a cam having a first 

channel interconnected to said brake. 

The platform as clain1ed in Claim 9, wherein said cam comprises a second 

channel interconnected to a drag wheel. 

The platform as claimed in Claim 10, wherein first channel comprises a first ramp 

for raising and lowering a first post interconnecting said drag wheel to said cam, 
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12. 

13. 

14. 

15. 

and wherein said second channel comprises a second ramp for raising and 

lowering a second post interconnecting said stopper to said cam. 

The platform as claimed in Claim 1, wherein said means for selectively choosing 

comprises a first handle at a rear portion of said frame, said handle selectively 

adjusting a setting of said transmission system. 

The platform as claimed in Claim 12, further comprising a second handle at a 

front portion of said frame, said second handle selectively adjusting a setting of 

said transmission system. 

The platform as claimed in Claim l, wherein the user can select stop mode to 

engage a friction mechanism with the underlying surface. 

The platform as claimed in Claim 1, further comprising at least one grasping 

mechanism for interconnecting said frame to another structure. 

16. The platform as claimed in Claim 15, wherein said grasping mechanism 

comprises a rotatable gripper arm that engages the other structure. 

17. The platfonn as claimed in Claim 16, wherein said rotatable gripper arm rotates 

about a first axis in a direction away from said frame, and rotates about a second 

axis to grasp the other structure, wherein said second axis is transverse to said 

first axis. 
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18. A personal support platform for traversing an underlying surface, comprising: 

aframe; 

means for rotating interconnected to said frame and contacting the underlying 

surface; 

means for frictionally engaging the underlying surface and interconnected to said 

frame; and 

means for variably controlling a resistance provided by said means for frictionally 

engaging. 

19. The platform as claimed in Claim 18, wherein said means for rotating comprises 

a plurality of wheels. 

20. The platform as claimed in Claim 18, wherein said means for frictionally 

engaging comprises a drag wheel. 

21. The platform as claimed in Claim 18, wherein said means for frictionally 

engaging is interconnected to a means for adjusting a position of said means for 

frictionally engaging, wherein said means for adjusting may alter a position of 

said means for frictionally engaging from a first position in contact with the 

underlying surface to second position wherein said means for frictionally 

engaging does not contact the underlying surface. 

22. The platform as claimed in Claim 21, wherein said means for adjusting comprises 

a selectably positionable cam for raising and lowering said means for frictionally 

engaging. 
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23. · The platform as claimed in Claim 18, wherein said means for variably controlling 

24. 

a resistance comprises a passive braking motor. 

The platform as claimed in Claim 23, wherein said passive braking motor 

comprises: 

a motor braking circuit interconnected to the passive braking motor, including: 

a first circuit stage, including: 

a switching mechanism, wherein an activation voltage for the first 

circuit stage is defined; 

a load resistor, wherein when the passive braking motor produces an 

amount of power sufficient to produce a voltage at the switching mechanism that is equal to 

or greater than the activation voltage and above a current is allowed to pass through the load 

resistor. 

25. A method of using a personal support platform, the method comprising: 

providing a drag wheel interconnected to the platform, the drag wheel for 

contacting a surface under the platform; 

positioning the drag wheel to contact the surface under the platform; and 

applying a braking to the platform through the drag wheel by applying at least a 

20 first braking resistance to the drag wheel for at least a first velocity range of the drag 

wheel. 

26. The method as claimed in Claim 25, further comprising providing at least a 

second braking resistance to the drag wheel for at least a second velocity range of 

25 the drag wheel. 
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27. The method as claimed in Claim 26, wherein said second velocity range is 

automatically selected once a threshold velocity of a braking motor is reached. 

28. 

29. 

The method as claimed in Claim 25, wherein said positioning step further 

comprises manipulating a transmission control device to lower the drag wheel in 

contact with the surface under the platfon11. 

The method as claimed in Claim 25, further comprising engaging a stopper to 

contact the surface underlying the platform. 

30. The method as claimed in Claim 25, further comprising releasably connecting the 

platfonn to another structure using at least one grasping mechanism 

interconnected to the platform. 

31. The method as claimed in Claim 30, further comprising impinging at least a 

portion of the other structure against a portion of said grasping mechanism. 

32. A passive variable braking system, comprising: 

a motor; 

a motor braking circuit interconnected to the motor, including: 

a first circuit stage, including: 

a switching mechanism, wherein an activation voltage for the first 

circuit stage is defined; 

a load resistor, wherein when the motor produces an amount of 

power sufficient to produce a voltage at the switching mechanism that is equal to or 
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greater than the activation voltage and above a current is allowed to pass through the load 

resistor. 

33. The system of Claim 32, wherein the motor braking circuit further comprises: 

5 a second circuit stage in parallel with the first circuit stage, the second circuit stage 

10 

15 

20 

including: 

greater 

through 

34. 

a switching mechanism, wherein an activation voltage for the second stage 

is defined; 

a load resistor, 

wherein when the motor produces an amount of power sufficient 

to produce a voltage at the switching mechanism that is equal to or 

than the activation voltage and above a current is allowed to pass 

the load resistor, 

wherein the activation voltage for the second stage is greater than 

the activation voltage for the first stage, and 

wherein when the activation voltage for the second stage is met or 

exceeded a current continues to be allowed to pass through the load 

resistor of the first circuit stage. 

The system of Claim 33, further comprising: 

a switch, 

wherein the first and second circuit stages comprise a number of load 

resistors, 

wherein the switch is operable to select one of each of the load resistors 

25 included in the first and second circuit stages to provide a selected resistance at the motor. 
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35. The system of Claim 32, where the motor braking circuit further comprises: 

a second circuit stage in parallel with the first circuit stage, the second circuit stage, 

including: 

to 

36. 

a switching mechanism, wherein an activation voltage for the second stage 

is defined; 

a load resistor, 

wherein when the motor produces an amount of power 

sufficient to produce a voltage at the switching mechanism that is equal to 

or greater than the activation voltage and above a current is allowed 

pass through the load resistor, and 

wherein the activation voltage for the second stage has a polarity 

that is opposite the activation voltage for the first stage. 

The system of Claim 32, wherein the switching mechanism comprises a zener 

diode. 

37. The system of Claim 32, wherein the switching mechanism comprises a pair of 

voltage dividing resistors and a transistor, wherein a voltage divided by the pair 

of resistors is provided to a gate of the transistor. 

38. The system of Claim 32, wherein the switching mechanism comprises a resistor 

interconnected to a Silicon Controlled Rectifier. 

39. The system of Claim 32, further comprising: 

25 a drag wheel interconnected to the motor, wherein the motor is driven by the drive 

wheel. 
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40. The system of Claim 39, wherein the drive wheel is interconnected to the motor 

by a gearbox. 

41. The system of Claim 33, wherein the switching mechanisms of the first and 

second circuit stages each comprise a zener diode, and wherein the first and 

second stages each additionally include a blocking diode. 
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(0001) 

(0002) 

TITLE OF THE INVENTION 

AUTOMATED BLOOD DRAW SYSTEM 

FIELD OF THE INVENTION 

The invention relates to devices used to secure blood samples from humans 

and animals for purposes of medical studies and patient care. More 

specifically the invention relates to automated blood drawing devices. 

BACKGROUND OF THE INVENTION 

Periodic sampling of blood is important in a number of applications including 

applications related to medical studies and in monitoring patient progress and/ 

or overall health. For example, it is often desirable to determine blood 

glucose levels over time after a meal in order to detem1ine the efficacy of the 

body in metabolizing glucose, especially as it relates to diabetic care. 

Traditionally, blood drawn for the purposes of monitoring blood parameters 

has been done manually. In a hospital or other research or medical 

environment, a phlebotomist will manually draw blood by accessing a port on 

an existing venous or arterial line by inserting a needle in a shunt and drawing 

blood out using a syringe. In order to best assess the patient's health and/or to 

make the best study of blood and the body systems being analyzed, blood is 

often drawn at particular intervals known as time-points. When the blood 

sampling time-points are spread out, it is possible to manually draw blood, 
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(0003) 

(0004) 

(0005) 

with a needle and syringe, without the need to pre-establish a blood line with 

an access port. 

In many applications, the time-points needed for periodic blood sampling is 

large and blood is sampled frequently. In these cases, manual sampling of 

blood has numerous disadvantages. Often, manual sampling relies on a 

healthcare professional that has additional responsibilities besides sampling 

blood from the patient. In these cases the risk that a time-point sampling 

could be delayed or missed entirely is high. However, to avoid missing a 

time-point sample one or more full time attendants are required. This is an 

expensive and labor intensive requirement. 

Even where the blood drawing technician timely arrives to sample blood, the 

temporal resolution of the time-point sampling is low. It is difficult for the 

technician to accurately determine the exact time that the blood was drawn, 

and in some cases the difference between the actual time-point sampling 

versus the desired time-point sampling may vary, for example, by tens of 

seconds to several minutes. With frequent sampling, such variance is 

counterproductive to the tests being performed. 

It is therefore an object of the present invention to provide an improved 

system for obtaining periodic time-point sampling of blood so as to, for 

example, ease the labor requirements of time-point blood sampling and to 

significantly reduce or eliminate inherent error in manual blood sampling 

performed according to the current methodology. 
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(0006) 

(0007) 

(0008) 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide for an improved automated 

blood drawing apparatus. The improved automated blood drawing system 

allows for accurate and efficient sequential sampling of blood with reduced 

risk of contamination and ease of use. 

For the purposes of obtaining periodic blood sampling from a patient or 

research participant, in a first embodiment of the device of the present 

invention, a 3-way valve assembly is incorporated into a venous or arterial 

line in close proximity to a patient. The valve assembly is comprised of a 

first, second and third port. The venous or arterial line is connected to a first 

port of the valve assembly and an isotonic saline source is connected via a 

fluid line to the second port of the valve assembly. The first and second ports 

are thereby configured as fluid entry points into the valve assembly. The third 

port is attached to aspiration tubing for the purpose of draining the valve 

assembly into, either a sample collecting receptacle or into a waste receptacle, 

as will be described below. Arterial or venous blood or saline solution may 

pass through the valve assembly and enter a fluid line connected to the third 

port of the valve assembly. The valve assembly is configured to alternatively 

inhibit the flow of blood or the saline solution depending on the valve 

assembly setting. 

In one embodiment of the invention, the valve assembly is a commercially 

available 3-way stopcock assembly. The 3-way stopcock assembly may be 

3 
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(0009) 

manually controlled; however, automated control is preferred and provided for 

in embodiments of the present invention. Automated control may be 

accomplished, in one embodiment, by a rotary servo motor clamped to a 

stopcock assembly comprised of the 3-way stopcock and a durable holding 

device or base. The 3-way stopcock is used to control the flow of fluids from 

a set of tubes attached, respectively, to the source of blood and to a source of 

flushing solution. 

As will be understood by those having ordinary skill in the art, the automated 

or manual control of the valve assembly as configured in one embodiment will 

allow for the valve be used to open and/or close, alternatively, two separate 

positions (blood and flushing solution) in the system. Therefore, when the 

valve assembly is connected to tubing as described above and the stopcock is 

turned to a first position, either manually or through automation, saline 

solution will be drawn from its source, through the stopcock from the fluid 

line attached at the second port and into aspiration tubing attached at the third 

port of the valve assembly. Alternatively, when the stopcock is in a second 

position, saline solution is prohibited from flowing through the valve body 

and into the aspiration tubing. Instead, blood will flow from the arterial or 

venous line, though the valve body and into the aspiration tubing. It will be 

understood by persons having ordinary skill in the art that a stop position can 

be included in the valve assembly or that a separate valve can be installed 
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upstream of the main valve assembly in the saline solution line such that the 

flow of fluid can be stopped completely as needed. 

(00010) Fluid flow through the plurality of fluid lines is controlled by an infusion 

pump. Activation of the infusion pump results in fluid flow from the venous 

or arterial line or from the saline source depending on the setting of the valve 

assembly. In a preferred embodiment of the invention, the infusion pump is 

pre-programmed for a specific fluid flow rate, to allow for a specific volume 

of fluid and/or to operate for a specific period of time. In this way, the 

healthcare professional can predetermine the volume of blood to be drawn 

from a patient at a specific blood sampling time-point. 

(00011) The infusion pump used in such embodiments acts in coordination with an 

automated control system for the valve assembly. Coordination of the 

infusion pump and automated valve assembly may be accomplished via serial 

port programming of the infusion pump and valve assembly control. For 

example, PC based systems used to control anesthetic drug infusions have 

been adapted for use with a variety of commercially available medical 

infusion pumps. Alternatively, the infusion pump may be independently 

operated by a relay switch controlling power to the infusion pump while the 

valve assembly is manually or independently automatically operated. 

(00012) For example, when a sampling of blood is desired, the valve assembly is 

automatically set to allow blood from the venous or arterial line to flow 

through the valve assembly and into the aspiration tubing. When the desired 

5 
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amount of blood has been obtained, the valve assembly may be automatically 

programmed to inhibit flow from the arterial or venous line and to allow fluid 

flow from the saline source into the aspiration tubing. Flushing of the 

aspiration tubing following blood sampling is desired. Once flushing of the 

aspiration tubing has been obtained, the infusion pump is programmed to shut 

off until the next scheduled blood sampling time-point. 

(00013) Blood flowing into the aspiration tubing is collected for simultaneous or 

subsequent analysis of a given blood parameter or for blood drug 

concentration. Blood may be collected upon exit from the aspiration tubing in 

a blood collecting vial. Placement of the blood vial in the stream of the blood 

exiting the aspiration tubing is accomplished automatically via a 

commercially available fraction collector suitable for the purpose. 

Alternatively, blood may be collected in a bolus in heat sealable tubing. Date 

and time stamping of the bolus identifies the samples for subsequent analysis. 

(00014) Appropriate safety features are preferably incorporated into the blood drawing 

apparatus. In those applications where blood exiting the aspiration tubing 

flows into an open vial, introduction of air into the arterial or venous line is of 

particular concern. To avoid the unwanted introduction of air, prior flushing 

of the aspiration tubing prior to a given sampling may be accomplished. 

Alternatively, an infusion pump may be incorporated with an internal sensor 

able to detect air entering the fluid lines. Other safety features, such as 
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pressurized expulsion of blood from the aspiration tubing may be used 

independently or in coordination with other safety features of the system. 

(00015) Malfunction and erroneous programming of the automated blood drawing 

apparatus is of particular concern as it may result in excessive pumping of 

venous or arterial blood from the a patient, or infusion of excessive saline into 

the venous or arterial line attached to the patient. A float sensor may be 

incorporated into an overflow tank so as to monitor excessive wasting of 

blood or saline flowing from the aspiration tubing. An alann may be activated 

when the waste tank contents reach a predetermined level and power from the 

infusion pump may be automatically cut. Alternatively, an optical sensor may 

be incorporated at a desired location in at least one of the plurality of fluid 

lines so as to detect and calculate the volume of blood flowing through the 

tubing at a given sampling time. Once the volume exceeds a predetermined 

limit the user is notified or the system may be programmed to automatically 

shut off Other sensing devices may be used independently or in addition to 

the safety features already described, such as mechanical, ultrasonic, or other 

acceptable flow sensing technologies. 

(00016) An automated blood drawing apparatus consistent with the present invention 

may be adapted for use in systems currently established for manual blood 

drawing and monitoring. For example, manual systems have been developed 

for simultaneous monitoring of blood pressure in between blood sampling. 
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These systems may be successfully adapted utilizing the automated features 

described herein. 

(00017) Other modifications and improvements of currently available and described 

devices will become apparent to those skilled in the art from the detailed 

description of the invention below. The current invention is not limited by the 

specific and preferred embodiments described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(00018) Further objects of the invention, together with additional features contributing 

thereto and advantages occurring therefrom, will be apparent from the 

following description of the invention when read in conjunction with the 

accompanying drawings; wherein: 

(00019) FIG. 1 depicts a schematic representation of a single time-point sampling of 

blood by an automated blood drawing apparatus according to a specific 

embodiment of the present invention; 

(00020) FIG. 2 depicts a schematic representation of the blood collection vials on a 

carousel-type device and a waste collector all used in association with a 

specific embodiment of the present invention; 

(00021) FIG. 3 depicts a specific embodiment of the automated blood draw device 

incorporated into an arterial line pre-established to monitor blood pressure; 

(00022) FIG. 4 depicts a specific embodiment of the automated blood draw device 

utilizing optical sensors and a timing element to improve efficiency of the 

device; 
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(00023) FIG. 5 depicts a specific embodiment of the automated blood draw device 

wherein coordination of apparatus components is accomplished via a single 

computer; 

(00024) FIG. 6 depicts a specific embodiment of the automated blood draw device 

wherein sampled blood is collected in a bolus of pliable material; 

(00025) FIG. 7 depicts another specific embodiment of the automated blood draw 

device wherein sampled blood is collected in a bolus of pliable material. 

DETAILED DESCRIPTION OF THE INVENTION 

(00026) While the present invention is susceptible of embodiment in various forms, 

there is shown in the drawings and will hereinafter be described a presently 

preferred embodiment with the understanding that the present disclosure is to 

be considered an exemplification of the invention and is not intended to limit 

the invention to the specific embodiments illustrated. It should be further 

understood that the title of this section of the specification, namely "Detailed 

Description of the Invention'', relates to a requirement of the United States 

Patent Office, and does not imply, nor should be inferred to limit the subject 

matter disclosed herein. 

(00027) Referring to FIG. 1, In a particular embodiment of the present invention a 

valve assembly is comprised of a 3-way stopcock 8, a solid base and a rotary 

servo motor, all of which are known to persons having ordinary skill in the art. 

Disposable 3-way stopcocks appropriate for the patient environment are 

commercially available and preferred for their ease of use. The 3-way 
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stopcock is provided with means for selectively determining the position of an 

internal valve within the stopcock body to allow fluid flow through the 

stopcock body from one of two input ports and out of a third port. 

(00028) A solid base, such as of metal or hard plastic, is provided to receive and 

securely clamp the stopcock body. Ideally, placement of the stopcock valve 

assembly at the base is accomplished without tools. For example, the 

stopcock assembly may be placed by press fitting the assembly to the base. 

The solid base may also be associated with means providing easy access by a 

health care professional to the 3-way stopcock. Additionally, a rotary servo 

motor may be clamped to the stopcock body and base to allow automated 

operation of the internal valve so as to determine at least two positions of the 

valve. The rotary servo motor in conjunction with the 3-way stopcock and 

solid base comprises the valve assembly. 

(00029) It will be apparent to one skilled in the art that the invention is not limited to 

the specific valve assembly described. For example, the 3-way stopcock may 

be replaced in appropriate applications with a 1-way or 4-way stopcock 

incorporated into the previously described valve assembly. Alternatively, T

branches as commonly known in the art may be used to interconnect tubing. 

A T-branch is comprised of a first, second and third port that can accept the 

blood line 2, flushing line 4 and aspiration line 6 of FIG. 1 respectively. In 

lieu of the valve apparatus of the stopcock, multiple blunt pinchers may be 

used to facilitate or inhibit fluid flow in the plurality of fluid lines. Before 

10 
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use, the interconnected tubing would be pressed into the jaws of the pinchers. 

In one embodiment of the invention, servo motors may be used to control the 

pinchers, enabling one or more sections of tubing to be pinched closed while 

simultaneously releasing one or more sections of tubing, thereby facilitating 

fluid flow. Other modifications of the valve assembly consistent with the 

spirit and scope of the present invention will be obvious to those skilled in the 

art. The preceding is included for completeness of the description and while 

numerous elements described are not shown in the illustration, persons having 

ordinary skill in the art will understand the use and placement of such 

elements. 

(00030) Referring now to FIG. 1, in one particular embodiment of the invention 

utilizing a valve assembly with a 3-way stopcock, the 3-way stopcock 8 valve 

assembly is associated with a patient blood line 2. The blood line 2 is 

connected at an origin position to a patient, in a manner well known to 

medical and research professionals, and at a terminal position to a first port 10 

of the 3-way stopcock 8. Preferably, the length of the blood line 2 is kept 

small so the total volume of blood required to fill the blood line is minimized 

and excessive blood waste from the patient is avoided. In an alternative 

embodiment of the invention, the blood line is a previously established venous 

or arterial line wherein the valve assembly is incorporated into the venous or 

arterial line at a position in close proximity to the patient. 

11 
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(00031) A fluid line 4 is connected at an origin position to a flushing solution source 

16 and at a terminal position to a second port 12 of the 3-way stopcock 8 

valve assembly. It will be understood by persons having ordinary skill in the 

art that the flushing solution will be utilized to cleanse the valve and 

aspiration tubing preceding each blood sampling as will be described in detail 

below. In a specific embodiment of the invention, the flushing solution source 

16 attached to the origin of the fluid line 4 is comprised of an isotonic saline 

solution. In some applications it may be desirable to utilize an isotonic 

flushing solution with additives, such as heparin, to better effectuate clearing 

of the automated blood apparatus of blood in between sampling. The flushing 

solution is utilized in applications according to the invention so as to flush the 

stopcock valve and the aspiration tubing after a given sampling of blood and 

to further ensure fluid flow through the stopcock valve and the plurality of 

fluid lines does not become obstructed. 

(00032) Finally, aspiration tubing 6 is connected at an origin position to a third and 

final port 14 of the 3-way stopcock 8 valve assembly. The terminus of the 

aspiration tubing allows for elimination of fluid originating from either the 

blood line 2 or the fluid line 4 into appropriate collecting means or into a 

waste collection tub 26 {see FIG. 2). Where it is desired to incorporate the 

valve assembly into a pre-existing venous or arterial line, the pre-existing line 

is cut and the cut termini of the venous or arterial line are attached at the first 

and third ports of a 3-way stopcock as previously described, forming the 

12 
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blood line and the aspiration tubing respectively. The flushing line 4 is then 

established as previously described. 

(00033) Referring now to FIG. lA, when the 3-way stopcock is manually or 

automatically set to a first position the flushing solution 16 is drawn into the 

flushing line 4, through the stopcock 8 and into the aspiration tubing 6 

attached at the third port of the stopcock. Flushing solution is prohibited from 

entering the blood line 2 attached to the first port of the stopcock. 

Alternatively, as shown in FIG. lB, when the 3-way stopcock is set to a 

second position blood is drawn into the blood line 2, through the stopcock 8 

and into the aspiration tubing 6. Blood is prohibited from flowing into the 

fluid line 4 attached to the second port of the stopcock when the stopcock is in 

either the first or second position. Flushing solution and blood passing 

through the stopcock body and into the aspiration tubing is collected, wasted 

and/or analyzed as described in detail herein. 

(00034) Referring generally to FIG. 1, fluid flow from the flushing solution source 16 

or from the blood line 2 is controlled by an infusion pump 18. When the 

infusion pump is inactive, fluid flow through the stopcock body 8 is inhibited. 

Upon activation of the infusion pump, fluid flows through the stopcock body 

8 and into the aspiration tubing 6. Activation of the infusion pump may be 

manually effectuated. Alternatively, in a preferred embodiment of the 

invention, activation of the infusion pump 18, the rate of fluid flow into the 

aspiration tubing 6, the volume of aspirate, and/or the time interval of 
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aspiration are pre-programmed and automated. In one embodiment of the 

invention, an analog infusion pump operable by a relay switch controls power 

to the infusion pump. Alternatively, serial port programming of the infusion 

pump 18 can be used to control fluid flow through the stopcock body 8 and 

into the aspiration tubing 6. For example, PC based systems used to control 

anesthetic drug infusions have been adapted for use with a variety of 

commercially available medical infusion pumps and may be successfully 

adapted for use with the present invention. 

(00035) According to one embodiment of the invention, blood is collected upon exit 

from the aspiration tubing 6 in a vial 20 of an appropriate size for the 

application. Preferably, vial placement in the blood stream is accomplished 

automatically. For example, FIG. 1 depicts a linear actuator 28 that may be 

used to place a vial 20 in one of two positions. A first position, shown in FIG. 

lA, places the vial 20 out of the stream of fluid flowing from the aspiration 

tubing 6. When the linear actuator 28 is in this position, fluid flowing from 

the aspiration tubing 6 is collected in a waste receptacle. A second position of 

the linear actuator 28, shown for example in FIG. lD, places a collection vial 

20 in the path of blood flow and allows for the collection of blood exiting 

from the aspiration tubing 6. 

(00036) Alternatively, it may be desirable to sequentially obtain blood from the 

aspiration tubing 6 in multiple collection vials. An apparatus, such as a 

fraction collector able to hold multiple vials and sequentially place them in a 
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stream of blood flowing from the aspiration tubing may be used. In one 

embodiment of the invention demonstrated at FIG. 2, a rotating tray 22 

capable of holding a plurality of vials 24 is used for the purposes of obtaining 

sequential blood samples automatically and without manual intervention. 

Flushing solution and stagnant blood exiting the aspiration tubing 6 is 

collected in a waste tub 26 located beneath the rotating tray 22. When the 

waste fluid has been fully cleared from the aspiration line 6, the rotating tray 

automatically places the next available collection vial 24 into the blood stream 

thereby collecting the desired time-point blood sample. In one specific 

embodiment of the invention, the rotating tray may be coupled with a point

of-care analyzer such as an ACT monitor to analyze blood parameters in the 

collected sample. While the sample is being analyzed, the adjacent vial is 

positioned to gather the next san1ple. This system allows for automation of 

several samples sequentially. The ACT analysis cartridge may be changed by 

the health care provider at change of shift or at set intervals. 

(00037) Referring again to FIG. 1, a time-point sampling of blood from a patient 

according to one embodiment of the invention is shown. The 3-way stopcock 

8 valve is manually or automatically set to a first position to allow flushing 

solution 16 to flow into the aspiration tubing 6. The infusion pump 18 is 

activated manually or automatically to completely flush the stopcock body 8 

and the aspiration line 6, as shown at FIG. lA. Flushing solution exits from 

the aspiration tubing 6 into a waste receptacle. Adequate flushing of the 
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aspiration tubing allows for accurate blood sampling and prevents 

contamination of the aspiration line. 

(00038) Referring now to FIG. lB and lC, once the aspiration line 6 has been 

adequately flushed, the stopcock valve is manually or automatically set to a 

second position, thereby allowing blood to flow through the stopcock body 8 

and into the aspiration tubing 6. The infusion pump 18 is activated manually 

or automatically to allow blood from the blood line 2 to enter the aspiration 

tubing 6. The blood line 2 will be filled with stagnant blood left over from the 

previous time-point blood sampling and must be eliminated from the system 

before the time-point blood sample is collected, as shown in FIG. lC. 

Likewise, flushing solution filling the stopcock body and the aspiration tubing 

must be eliminated from the system, as shown in FIG. lB. Stagnant blood 

and flushing solution are eliminated from the system and collected in a waste 

container. The linear actuator 28 may be manually operated or automated in 

conjunction with the infusion pump 18 to ensure the vial 20 remains in a first 

position out of the stream of fluid exiting the aspiration tubing 6 until such 

time that the flushing solution and stagnant blood have cleared the system. 

(00039) In one embodiment of the invention, a second infusion pump may be placed 

along the blood line 2 between the stopcock 8 and the patient to allow for 

flushing of the blood line 2 in between blood sampling. The infusion pump is 

activated at the end of a time-point blood sampling either before or after the 

aspiration tubing 6 has been flushed. Appropriate flushing solution 16 flows 
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through the valve body and into the blood line 2, and toward the patient. The 

infusion pump may be manually or automatically operated to ensure excessive 

flushing solution does not enter the blood line 2 and thereby the patient. An 

appropriate valve assembly is selected in systems calling for flushing of the 

blood line between time-point blood sampling and other modifications 

apparent to one skilled in the art are within the scope of the invention. 

(00040) Referring now to FIG. lD, the linear actuator 28 is manually or automatically 

activated to move the collection vial 20 into the stream of blood exiting the 

aspiration tubing 6. A time-point sampling of blood is collected manually or 

automatically. In a preferred embodiment of the invention, the blood sample 

is collected automatically. The system is pre-programmed to calculate the 

amount of blood flowing into the aspiration tubing from the patient. System 

dependent parameters that may be entered by a technician include the length 

of the blood line 2, the length of the aspiration tubing 6, the infusion pump 18 

speed or the volume rate of fluid flowing through the aspiration tubing 6 and/ 

or the volume of blood to be sampled at each time-point. In certain 

applications, it may be desirable to deliver a quantity of flushing solution to 

the collection vial, for example, to deliver an additive such as heparin present 

in the flushing solution. In this manner, vials pre-packaged containing heparin 

or any other desired additive may be obviated. 

(00041) Once the desired volume of blood for a time-point sample has entered the 

aspiration tubing 6, the stopcock 8 valve is set to a first position to allow 
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flushing solution 16 to enter the stopcock body and flow into the aspiration 

tubing 6. In this manner, the total volume of blood drawn from the patient at 

each time-point sampling is carefully calculated and the system may be 

programmed to minimize wasting. Minimization of wasting is particularly 

important where a number of time-point blood samples are required over a 

relatively short period of time. 

(00042) After the desired volume of blood has been collected in the collection vial 20, 

the linear actuator 28 moves the collection vial out of the stream of blood 

exiting the aspiration tubing 6, as shown in FIG. IE and IF. To provide for 

accurate blood sampling and to prevent contamination the aspiration tubing 

must be flushed between sequential blood draws. The stopcock 8 and 

aspiration tubing 6 are completely flushed with flushing solution 16. In one 

embodiment of the invention, the automated blood draw system 1s 

programmed to allow the residual blood and a predetermined amount of 

flushing solution to pass through the aspiration tubing 6 and into the waste 

collection container. Flushing is coordinated to avoid collection of flushing 

solution in the blood collection vials and to minimize blood waste. 

(00043) Once the aspiration tubing 6 has been completely flushed, the infusion pump 

18 is manually or automatically shut off to inhibit the flow of fluid through the 

system. The automated blood draw system is inactive until the next scheduled 

time-point blood sampling is desired. Blood collected in the collection vial 20 
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is manually or automatically stored or processed and a new collection vial 

prepared for the next sampling. 

(00044) A specific embodiment of the invention has been described whereby time

point blood samples are collected in collection vials 20. Alternatively, a time

point blood sample may be collected as a bolus within a heat-sealable sheath 

of pliable tubing as shown in FIGS. 6 and 7. Referring to FIG. 7, blood 

exiting the aspiration tubing is introduced into the pliable collection tubing 

material 164. Once the desired volume of blood has entered the collection 

tubing, heating and pressure means, for example heated wires and pressure 

rollers, are provided for heat-sealing at a first 182 and second 184 position 

along the tubing length, thereby creating a bolus 176 of blood of the desired 

volume. A time-point sample identifying stamp may be pressed into a 

crimped portion 178 of the pliable material. Air may be evacuated from the 

bolus prior to heat sealing to ensure the integrity of the sample prior to 

processing. The heat sealed bolus is then cut from the remaining tubing 

utilizing, for example, a plurality of cutting elements 170 and 172 adjacent 

the heating elements 160, 162. Flushing of the aspiration tubing may then 

proceed as previously described and the tubing material advanced for a 

subsequent sampling. 

(00045) In one embodiment of the invention, referring to FIG. 6, an automated device 

for pinching, cutting, and advancement of the pliable collection tubing 

containing a bolus of blood may utilize first 202 and second 200 rolling 

0 
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elements positioned adjacent heated wires 204, 206. The heated wires may be 

pre-spaced to an appropriate separation to achieve the desired bolus volume. 

The heated wires 204, 206 are capable of pressing in on the pliable tubing 212 

while heating the material so as to seal the tubing material upon cooling. A 

guillotine 208 for cutting the heat sealed bolus is provided adjacent the second 

roller means. Preferably, when the collected bolus has been sealed from the 

unused collection tubing, means are provided 210 for time marking either 

directly to the tubing or to a label attached to the tubing the time at which the 

blood sample was sealed and any other identifying information that may be 

helpful when later handling the bolus. Collection tubing used in accordance 

with the invention should be supplied with sufficient excess material to allow 

for collection of the desired number of blood samples without the risk of 

running out of the pliable collection tubing. 

(00046) In some applications, it may be desirable to further automate the device to 

allow for immediate analysis of one or more blood parameters. For example, 

it is often necessary to perform real-time evaluation of the Activated Clotting 

Time (ACT) of a given blood sample. In current practice, a health care 

provider is often required to manually recover a collected sample of blood so 

as to perform real-time ACT analysis. The present invention may be 

successfully practiced to automate the ACT analysis so as to provide faster 

and more efficient blood parameter readings. 
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(00047) An automated blood sampling device according to a specific embodiment of 

the present invention may be pre-programmed to periodically determine the 

Activated Clotting Time of an aspirated volume of blood. Automated means 

known in the art are adapted to perform ACT analysis of a blood volume 

collected in a collection vial as previously described and to provide real-time 

display of ACT. Alternatively, blood may be delivered automatically to a 

testing apparatus that is moved into the stream of blood exiting the aspiration 

tubing after a blood sample has been obtained in a collection vial. The testing 

apparatus is adapted to perform ACT analysis on the sample in the usual way. 

It will be obvious to one skilled in the art that further automation of the 

invention to allow for blood parameter analysis is not limited to the specific 

embodiments described. 

(00048) The invention may also be successfully adapted for practice with an arterial 

line that has been established to monitor blood pressure and to allow the 

delivery of pressurized saline. In these applications it is possible to allow for 

the periodic sampling of blood while maintaining the functionality of the 

blood pressure monitoring system. 

(00049) Referring to FIG. 3, a normal arterial line 30 is provided with access means in 

the form of a port 32 adjacent the insertion of the arterial line 30 into a patient. 

The port 32 provides access to the patient's bloodstream for delivery of 

medication. Upstream of the port 32, a 3-way stopcock 34 is inserted by 

cutting the pre-existing arterial line and attaching the cut termini to a first 50 
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and third 52 port of the stopcock body. Aspiration tubing 36 is attached to a 

second 54 port of the stopcock body. The stopcock 34 is inserted such that the 

pressurized saline source 38 and blood pressure monitoring means 40 are 

located upstream. 

(00050) Fluid lines incorporating the pressurized saline source 38 and blood pressure 

monitoring means 40 into the automated blood drawing device are set up in 

the usual manner. For example, a second 3-way stopcock 46 receives fluid 

lines from the saline source 38 and blood pressure monitoring means 40 at a 

second 56 and third 58 port of the stopcock 46 body respectively. The 

transmission line 60 is attached at an origin to the third port 52 of the stopcock 

34 and at a terminus to the third port 62 of the stopcock 46 receiving fluid 

lines from the saline source 38 and blood pressure monitoring device 40. The 

first 34 and second 46 stopcocks may be manually or automatically controlled, 

for example, utilizing rotary servo motors. 

(00051) The saline source 38 connected via the upstream stopcock 46 may be used to 

flush the aspiration tubing 36 and optionally the arterial line 30 in between 

time-point blood sampling. The stopcock valves, infusion pump, and linear 

actuator 44 used to collect sample blood may be manually or automatically 

controlled. System flushing, blood collection, and wasting of flushing fluid 

and stagnant blood is accomplished in the manner previously described. The 

pressurized saline source 38 acts similarly to the flushing solution 16 of FIG. 
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1 when the stopcock 46 valve is set in a first position allowing pressurized 

saline to flow through the stopcock body and into the transmission line 60. 

(00052) It will be readily apparent to one skilled in the art that pre-programming of the 

automated blood draw system is preferred. In one embodiment of the 

invention, multiple programming interfaces may be used to independently 

control an infusion pump, a stopcock valve assembly comprised of a servo 

motor and a blood fraction collecting device. User interfaces are commonly 

associated with commercially available servo motors, infusion pumps and 

fraction collectors. 

(00053) Alternatively, referring to FIG. 5, in a preferred embodiment of the invention, 

a single user interface 104 is provided for programming a computer 106. For 

example, a single computer interface 104 may be used to accept programming 

input to control a servo motor 100, an infusion pump 18 and vial carousel 102 

according to the present invention. Appropriate system parameters are entered 

into the computer and a microprocessor coordinates the operation of the 

component parts to achieve the desired result by generating output signals 

108, 110, 112. While systems with a single user interface are preferred, the 

present invention is not limited to single user interface systems or to systems 

designed for automated operation. 

(00054) The computer 106 may also be adapted to receive output signals 114, 116, 118 

generated by monitoring devices. Monitoring devices may include, for 

example, a fluid waste container 120 or fluid sensors 122, 124. The present 
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invention is not limited to the specific monitoring devices described herein, 

and one skilled in the art will recognize obvious modifications that are within 

the scope of the present invention. 

(00055) The automated blood drawing system according to the present invention may 

be further automated to provide for more precise measuring of blood flow 

through the stopcock body and into the aspiration tubing. In one embodiment 

of the present inventions, referring to FIG. 4, optical sensor switches are 

provided in cooperation with timing means and together are adapted to 

measure the quantity of blood passing through the aspiration tubing at a given 

sampling. A first optical sensor 70 is placed along the aspiration tubing 36 

adjacent the valve body 34. A second optical sensor 72 is placed along the 

aspiration tubing 36 at a position downstream of the valve body 34 and before 

the open end of the aspiration tubing 36. The optical sensors are able to detect 

whether blood or flushing solution is flowing through the aspiration tubing 36 

adjacent the respective sensor based on the absorption properties of the liquid. 

(00056) The first 70 and second 72 optical sensors are provided with means for 

communicating with a timer 76. The timer 76 may be, for example, a 

mechanical timer, a digital recorder, or a computer. In a preferred 

embodiment of the invention, when blood enters the aspiration tubing 36 from 

the valve body 34 the first optical sensor 70 sends a signal to a timing 

computer 76, resulting in the initiation of the timing clock. When the blood 

reaches the second sensor 72, a signal is sent to the timing computer 76. The 
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computer then calculates the rate of blood flow through the aspiration tubing 

36 based on pre-programmed system parameters and the timing between 

activation of the first and second optical sensors. This information may be 

used by the computer to coordinate other system components resulting in 

efficient blood sampling. Likewise, the optical sensors are able to calculate 

the rate of flushing solution passing through the aspiration tubing so as to 

ensure adequate flushing of the line. 

(00057) The infonnation obtained from the optical sensors and delivered to the 

computer may also be used to generate a time stamp for a given time-point 

blood sampling. The exact timing of the blood draw, the volume of blood 

obtained, and other pertinent system parameters may be recorded to a database 

for future reference. Other modifications of the system utilizing optical 

sensors to coordinate functionality of various components within the scope of 

the present invention will be apparent to those skilled in the art. 

(00058) Consistent with the scope of the invention, appropriate safety features may be 

incorporated into pai1icular embodiments of the invention. For example, in 

those applications where collection blood is delivered directly into an open 

vial, accidental introduction of air into the arterial or venous line is a 

particular safety concern. Referring to FIG. lA, to prevent unwanted 

introduction of air into the plurality of fluid lines, isotonic saline solution may 

be run through the aspiration tubing 6 before the stopcock 8 valve is set to a 

second position, thereby allowing blood to enter the aspiration tubing 6. In 
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addition, the infusion pump 18 may be adapted with an internal alarm 

programmed to sound when air enters the aspiration tubing 6. 

(00059) In another embodiment of the invention adapted to prevent air from entering 

the system, blood and saline may be pressure forced through the stopcock 

body and aspiration tubing rather than allowing sample or waste fluid to drip 

freely from the terminus of the aspiration tubing and into the desired 

collection receptacle or waste collector. A valve that opens only after 

exceeding a minimum pressure may be used since the infusion pump creates 

pressure downstream of the valve. 

(00060) An additional safety consideration 1s a potential malfunction or erroneous 

programming of the automated blood draw system that may result in 

excessive pumping of arterial or venous blood through the aspiration tubing 

and into the collection container. A fluid float, such as those commonly used 

to indicate gas level in a closed tank may be used to monitor the level of waste 

collected in a waste container. An alarm may be programmed to activate 

when excessive fluid is collected. In an alternative embodiment of the 

invention, power to the infusion pumps may be cut when the fluid level in the 

waste container has passed a pre-detennined level indicating excessive fluid 

waste by the system. 

(00061) In another embodiment of the invention, an optical system sensitive to the 

difference in light absorption between clear flushing solution and opaque 

blood may be used to monitor when blood is being aspirated. Such a device 
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may be placed at a point along the aspiration tubing before or after the 

infusion pump. The volume of aspirated blood may be calculated, based for 

example on the length of time the infusion pump has been operational, volume 

of through-flow per second for the tubing and infusion pump used, and/or on 

whether blood or saline was being pumped through the system during the 

infusion pumps operation. If this blood volume exceeds a pre-set limit of 

aspiration, the user would be notified and/or power to the infusion pump 

would be cut. 

(00062) In yet another embodiment of the invention, a flow sensor may be placed 

around or in series with the section of tubing coming from the patient's blood 

line, before the intersection of the blood line with the saline line, to monitor 

the amount of blood flowing out of the patient. This flow sensor could be 

mechanical (e.g., paddle wheel), ultrasonic (e.g., Doppler), or be comprised of 

other accepted flow sensing technology. When total volume of blood outflow 

exceeds a pre-set limit of aspiration, the user would be notified and/or power 

to the infusion pump would be cut. Additional safety features within the 

scope of the present invention will be apparent to one skilled in the art. 

(00063) A specific embodiment of an automated blood drawing apparatus according to 

the present invention has been described for the purpose of illustrating the 

manner in which the invention is made and used. It should be understood that 

the implementation of other variations and modifications of the invention and 

its various aspects will be apparent to one skilled in the art, and that the 
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invention is not limited by the specific embodiments described. Therefore, it 

is contemplated to cover the present invention and any and all modifications, 

variations, or equivalents that fall within the true spirit and scope of the basic 

underlying principles disclosed and claimed herein. 

0 
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CLAIMS 

1. An automated blood drawing apparatus for drawing blood samples at 

scheduled time intervals from a human or animal, comprising: 

a branching element capable of transmitting fluid and engaging at least 

three fluid lines; 

the first fluid line being capable of transmitting blood from a human or 

animal to the branching element; 

the second fluid line being capable of delivering a flushing solution from a 

flushing solution source to the branching element; 

the third fluid line being capable of transmitting fluid arriving at the 

branching element from either the first or second fluid line to collection means located at 

the terminus of the third fluid line; 

the collection means comprising at least one collection receptacle and a 

waste container; 

the collection means being capable of moving the collection receptacle to 

a first position to allow fluid exiting the third fluid line to empty into the collection 

receptacle or to a second position to allow the fluid exiting the third fluid line to empty 

into the waste container, wherein the collection receptacle is moved to a first or second 

position in response to an input signal; 

at least one pumping means capable of initiating fluid flow through the 

branching element and the plurality of fluid lines upon activation, the pumping means 

being selectively activated or deactivated in response to an input signal; 
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at least one selection means for selectively inhibiting fluid flow in at least 

one of the fluid lines while the pumping means is activated, the selection means being 

capable of selective activation in response to an input signal; 

wherein activation of one or more selection means allows blood to flow 

from the first fluid line through the branching element and into the third fluid line or 

allows flushing solution to flow from the second fluid line through the branching element 

and into either the first or third fluid line; 

computer means capable of providing an input signal to the pumping 

means, the selection means, and the collecting means in response to system generated 

information; 

the system generated information being produced by the computer means 

in response to programming information entering the computer means from at least one 

user interface and from at least one monitoring device; 

the system generated information resulting in output signals allowing for 

coordination of the pumping means, selection means, and the collecting means such that 

efficient blood sampling occurs at scheduled time intervals without excessive blood 

waste. 

2. An automated blood drawing apparatus according to claim 1, wherein the 

collection means is comprised of a fraction collector and a waste receptacle; 

the fraction collector being comprised of a carousel tray and a plurality of 

collection receptacles; 
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wherein in response to an input signal, the carousel tray is moved to a first 

position whereby one of a plurality of collection receptacles is placed into a stream of 

fluid exiting the third fluid line; 

wherein in response to a second input signal, the carousel tray is moved to 

a second position whereby the first collection receptacle is moved out of the stream of 

fluid exiting the third fluid line, fluid exiting the fluid line thereby being collected in a 

waste container located beneath the carousel tray; 

wherein subsequent input signals result in the carousel tray being moved 

so as to place additional collection vials sequentially in and out of the stream of fluid 

exiting the third fluid line. 

3. An automated blood drawing apparatus according to claim 1, wherein a 

monitoring device determines the volume of fluid in the waste receptacle; 

said monitoring device being capable of generating an output signal to the 

computer means when the fluid level in the waste container exceeds a pre-determined 

level; 

said output signal resulting in sounding of an alarm and deactivation of the 

pumping means, thereby preventing excessive blood or flushing solution aspiration. 

4. An automated blood drawing apparatus according to claim 1, wherein the 

blood is captured in a bolus of pliable tubing. 

5. An automated blood drawing apparatus according to claim 4, wherein the 

pliable tubing is sealed at one end and the collection means is further comprised of 

sealing means, cutting means and advancement means; 
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the pliable tubing material being capable of softening in response to an 

application of a specific temperature stimulus, whereby removal of the temperature 

stimulus results in the pliable material hardening relative to its softened state; 

the sealing means being comprised of at least two heating elements, each 

capable of applying heat or pressure at two positions tangent to the pliable tubing, said 

tangents being parallel one to the other; 

the advancement means being capable of advancing a section of pliable 

tubing into a position relative to the sealing means such that the first heating element is 

located at a position adjacent a cut end of the pliable tubing and the second heating 

element is located at position below the first heating element; 

the second heating element is capable of applying heat and pressure to the 

pliable tubing in response to an input signal, whereby application of heat and pressure to 

the pliable tubing results in melting of the pliable tubing and a sealing of the tubing upon 

cooling; 

the collection receptacle formed by sealing at the second heating element 

is capable of accepting fluid from the open end of the third fluid line when placed in the 

stream of fluid; 

the first heating element is capable of applying heat and pressure to the 

pliable tubing of the collection receptacle in response to an input signal generated once 

fluid has been introduced into the receptacle, whereby application of heat and pressure to 

the open end of the collection receptacle results in melting of the pliable tubing and 

sealing of the collection receptacle, thereby creating a bolus of fluid; 
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the cutting means is capable of cutting the sealed bolus from the remainder 

of the pliable tubing; 

after cutting, the advancement means is capable moving the bolus out of 

proximity of the sealing means and advancing additional pliable tubing into a position 

relative to the sealing means. 

6. An automated blood drawing apparatus according to claim 4, wherein 

fluid exiting the third fluid tube enters a length of pliable tubing and exits into a waste 

receptacle; 

the pliable tubing being positioned along a surface; 

first and second heat sealing elements are positioned along a length of 

pliable tubing, 

the heat sealing elements being capable of pressing the pliable tubing 

down on the flat surface, thereby heating the pliable material and adhering it to itself 

upon cooling; 

the pliable tubing is sealed so as to obtain a bolus of blood in the tubing 

between the first and second sealed portion; 

cutting means cutting the pliable tubing adjacent the sealed portion so as 

to free the bolus of blood from the remaining tubing material; 

a cutting means further cutting the pliable tubing so as to allow fluid to 

flow through the remaining pliable tubing and into a waste container. 

7. An automated blood drawing apparatus according to either of claims 5 and 

6, wherein system generated infonnation is affixed or stamped to the bolus. 
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8. An automated blood drawing apparatus according to claim 1, wherein a 

monitoring device is comprised of at least two optical sensors in communication with a 

timing means; 

the first optical sensor being located at a position along the third fluid line 

and adjacent the branching means; 

the second optical sensor being located at a position along the third fluid 

line downstream of the first optical sensor; 

the timing means being capable of monitoring time; 

the first and second optical sensors being capable of generating an output 

signal to the timing means in response to changes in the opacity of fluid flowing through 

the third fluid line; 

the first output signal being generated when a change in opacity indicates 

either blood or flushing solution has entered the third fluid line, said output signal 

resulting in the timing means polling time; 

the second output signal being generated when a change in opacity 

indicates either blood or flushing solution has reached a position along the third fluid line 

corresponding to the location of the second optical sensor, said output signal resulting in 

the cessation of time polling by the timing means, whereby the polled time may be used 

by the computer to generate system generated information. 

9. An automated blood drawing apparatus for drawing blood samples at 

scheduled time intervals from a human or animal, comprising: 
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at least two branching elements each capable of transmitting fluid and 

engaging at least three fluid lines; 

the first fluid line of the first branching element is comprised of a blood 

line being capable of transmitting blood from a human or animal to the first branching 

element; 

the second fluid line of the first branching element being capable of 

delivering a flushing solution from a flushing solution source to the first branching 

element; 

the third fluid line of the first branching element being comprised of an 

aspiration line being capable of transmitting fluid arriving at the first branching element 

from either the blood or second fluid line to collection means located at the tem1inus of 

the aspiration line; 

the second branching element being incorporated upstream of the second 

fluid line, such that the second branching element also engages the second fluid line; 

the first fluid line of the second branching element is comprised of a 

flushing line capable of delivering a flushing solution from a flushing solution source 

through the second branching element to the second fluid line; 

the third fluid line of the second branching element is comprised of a 

monitoring line attached to a blood pressure monitoring device capable of monitoring the 

blood pressure of a human or animal; 

the collection means comprising at least one collection receptacle and a 

waste container; 
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the collection means being capable of moving the collection receptacle to 

a first position to allow fluid exiting the third fluid line to empty into the collection 

receptacle or to a second position to allow the fluid exiting the third fluid line to empty 

into the waste container, wherein the collection receptacle is moved to a first or second 

position in response to an input signal; 

at least one pumping means capable of initiating fluid flow through the 

branching elements and the plurality of fluid lines upon activation, the pumping means 

being selectively activated or deactivated in response to an input signal; 

at least two selection means for selectively inhibiting fluid flow in at least 

two of the fluid lines while the pumping means is activated, the selection means being 

capable of selective activation in response to an input signal; 

wherein activation of one or more selection means allows blood to flow 

from the blood fluid line through the first branching element and into the aspiration line 

or allows flushing solution to flow from the flushing line, through the second branching 

element, into the second fluid line, through the first branching element and into either the 

blood or third aspiration line, or allows the blood pressure monitoring device to monitor 

the blood pressure of a human or animal, the blood line, second fluid line, and monitor 

line forming a continuous fluid line when the blood pressure monitoring device is active; 

computer means capable of providing an input signal to the pumping 

means, the selection means, and the collecting means in response to system generated 

information; 
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the system generated information being produced by the computer means 

in response to programming information entering the computer means from at least one 

user interface and from at least one monitoring device; 

the system generated information resulting in output signals allowing for 

coordination of the pumping means, selection means, and the collecting means such that 

efficient blood sampling occurs at scheduled time intervals without excessive blood 

waste. 
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PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

Applicanfs or agenfs file reference FOR FURTHER see Form PCT/ISA/220 

56782.1.5.l ACTION as well as, where applicable, item 5 below. 

International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year) 

PCT/US2009/047027 11/06/2009 11/06/2008 
Applicant 

BRACCO DIAGNOSTICS INC. 

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of A sheets. 

[!] It is also accompanied by a copy of each prior art document cited in this report. 

1 . Basis of the report 

2. 

3. 

a. With regard to the language, the international search was carried out on the basis of: 

b. D 

c. D 

Uf] the international application in the language in which it was filed 

D a translation of the international application into , which is the language 
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)) 

This international search report has been established taking into account the rectification of an obvious mistake 
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 

Certain claims were found unsearchable (See Box No. II) 

Unity of invention is lacking (see Box No Ill) 

4. With regard to the title, 

[!] the text is approved as submitted by the applicant 

D the text has been established by this Authority to read as follows: 

5. With regard to the abstract, 

[!] the text is approved as submitted by the applicant 

D the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant 
may, within one month from the date of mailing of this international search report, submit comments to this Authority 

6. With regard to the drawings, 

a. the figure of the drawings to be published with the abstract is Figure No. ~l~c~----

0 as suggested by the applicant 

~ as selected by this Authority, because the applicant failed to suggest a figure 

D as selected by this Authority, because this figure better characterizes the invention 

b. D none of the figures is to be published with the abstract 

Form PCT/ISA/210 (first sheet) (April 2007) 
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- -- - -- -- - - - - - --- ~ - - - I lnternatlonal application No 

PCT/US2009/047027 
A. CLASSIFICATIOiOF SUBJECT MATTER 
INV. A61M5 14 G21F5/015 
ADD. A61M36/00 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

A61M G21F 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal, WPI Data 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category• Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

x WO 2005/002971 Al (!PHASE TECHNOLOGIES PTY 1-15, 
LTD [AU]; TOCHON-DANGUY HENRI-JACQUES 34-37 
[AU]; PO) 13 January 2005 (2005-01-13) 
figures 1-4 
page 5, paragraph 4 - page 11, paragraph 3 

-----
x us 2003/004463 Al (REILLY DAVID M [US] ET 1-15, 

AL) 2 January 2003 (2003-01-02) 34-37 
figures 1-4 
paragraph [0049] - paragraph [0072] 

-----
x JP 2000 350783 A (SUMITOMO HEAVY 1-15, 

INDUSTRIES) 19 December 2000 (2000-12-19) 22-37 
figures 1-5 
paragraph [0014] - paragraph [0033] 

-----
-/--

[!) Further documents are listed in the continuation of Box C. [] See patent family annex. 

• Special categories of cited documents : 
"T' later document published after the international filing date 

•A• document defining the general state of the art which is not or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the considered to be of particular relevance invention 

'E' earlier document but published on or after the international •x• document of particular relevance; the claimed invention filing date cannot be considered novel or cannot be considered to 
'L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone 

which is cited to establish the publication date of another •y• document of particular relevance; the claimed invention citation or other special reason (as specified) cannot be considered to involve an inventive step when the 
•o• document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-

other means ments, such combination being obvious to a person skilled 
•p• document published prior to the international filing date but in the art. 

later than the priority date claimed '&' document member of the same patent family 

Date of the actual completion of the international search Date of mailing of the international search report 

15 February 2010 25/02/2010 
Name and mailing address of the ISN Authorized officer 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 

Tel. (+31-70) 340-2040, Reinbold, Sylvie Fax: (+31-70) 340-3016 3 

Form PCT/ISN210 (second sheet) (April 2005) 
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C(Contlnuatlon). DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* Citation of document, with indication, where appropriate, of the relevant passages 

X WO 2008/037939 A2 (LEMER PROT ANTI X PAR 
ABREVIAT [FR]; LEMER PIERRE-MARIE [FR]) 
3 April 2008 (2008-04-03) 

Y the whole document 
A 

X,P 

x 

y 

WO 2008/082966 A2 (MEDRAD INC [US]) 
10 July 2008 (2008-07-10) 
figures 1-45 
paragraph [0068] - paragraph [0273] 

EP 0 102 121 Al (BYK MALLINCKRODT CIL BV 
[NL]) 7 March 1984 (1984-03-07) 
figures 1-4 
page 9, line 6 - page 12, line 11 

JP 2006 325826 A (UNIVERSAL GIKEN KK; SD 
GIKEN KK) 7 December 2006 (2006-12-07) 
figures 1-10 
paragraph [0020] - paragraph [0072] 

Form PCT/ISA/210 {continuation of second sheet) (April 2005) 

I lntematlonal appllcatlon No 

PCT/US2009/047027 

Relevant to claim No. 

22-27 

28-33 
1-15 

1,22,27, 
34 

22-36 

28-33 
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International Application No. PCT/US2009 /047027 

FURTHER INFORMATION CONTINUED FROM PCTnSA/ 210 

Continuation of Box II.l 

Claims Nos.: 16-21 

The methods of claims 16 to 21 for setting up an infusion device is 
carried out within a human body. It is implicit that the methods are 
during a medical therapy because the infusion tubing is connected to a 
patient. The application does not meet the requirement of Rule 39.l(iv), 
because these claims are methods of treatment of the human body. 
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INTERNATIONAL SEARCH REPORT 
International application No. 

PCT/US2009/047027 

Box No. II Observations where certain claims were found unsearchable {Continuation of item 2 of first sheet) 

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

1. [iJ Claims Nos.: 16-21 
because they relate to subject matter not required to be searched by this Authority, namely: 

see FURTHER INFORMATION sheet PCT/ISA/210 

2. D Claims Nos.: 
because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 

3. D Claims Nos.: 
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

see additional sheet 

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

2. D As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of 
additional fees. 

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 

4.o No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

Remark on Protest D The additional search fees were accompanied by the applicanfs protest and, where applicable, the 
payment of a protest fee. 

DThe additional search fees were accompanied by the applicanfs protest but the applicable protest 
fee was not paid within the time limit specified in the invitation. 

~No protest accompanied the payment of additional search fees. 

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005) 
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International Application No. PCT/US2009 /047027 

FURTHER INFORMATION CONTINUED FROM PCTnSA/ 210 

This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. claims: 1-15, 37 

These claims disclose a shielding assembly for an infusion 
system comprising: 
- a first compartment sized to contain more radioisotope 
generators and enclosed by a first sidewall including an 
opening extending therethrough and including an opening and 
lid, the opening being oriented upward and located at a 
first elevation 
- a second compartment sized to contain a portion of an 
infusion tubing circuit and being enlosed by a second 
sidewall and including a base portion and a lid 
- a third compartment sized to contain a waste bottle of the 
infusion system and being enclosed by a third sidewall that 
forms a barrier to ratioactive radiation, including an 
opening and a lid, the opening of the third sidewall being 
oriented upward and located at a second elevation, the 
second elevation being greater than the first elevation of 
the opening of the first sidewall (technical problem: to 
facilitate an ergonomic stance for technical personnel to 
lift generator out from the compartment) 

2. claims: 22-26 

These claims disclose a shielding assembly for an infusion 
system comprising: 
- a first door to contain one or more radioisotope 
generators 
- a second door to provide access to a second compartment 
being sized to contain an infusion tubing 
- the second door, when enclosing the second compartment 
preventing the first door from the opening to provide access 
to the first compartment 
(technical problem: provide access to the corresponding 
compartments) 

3. claims: 27-33 

These claims disclose an infusion system compr1s1ng: 
- a cabinet structure including a shell and an access panel 
- a lock engaging the access panel 
- an eluant source 
- a shielding assembly comprising a plurality of 
compartments and including a corresponding plurality of 
doors 
(technical problem: to provide a relatively ergonomic and 
organized work area to operate the infusion system) 

4. claims: 34-36 
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International Application No. PCT/US2009 /047027 

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 

These claims disclose a shielding assembly for an infusion 
system comprising: 
- a plurality of compartments 
- a corresponding plurality of doors 
- a first compartment sized to contain a radioisotope 
generator including a first sidewall with a first sidewall 
opening oriented upward and alignet with a first upper 
opening through a shell of the cabinet structure, 
- wherein an upper surface of the shell is located at an 
elevation which is substantially greater that of the first 
sidewall opening and the first upper opening 
(technical problem: to provide an alternative access to the 
compartment) 
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cited in search report I 
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Form PCT/ISA/210 (patent family annex) (April 2005) 

Publication 
date I Patent family 
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US 2006151048 Al 

02-01-2003 US 2005238576 Al 
US 2003216609 Al 
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PATENT COOPERATION TREATY 

From the 
INTERNATIONAL SEARCHING AUTHORITY 

To: 

see form PCT/ISM20 

PCT 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

(PCT Rule 43bis.1) 

(day/month/year) see form PCTl1SA'210 (second sheet) I 
Date of mailing 

L---~~~~~~~~1 

Applicant's or agent's file reference 

see form PCT/ISM20 
FOR FURTHER ACTION 
See paragraph 2 below 

International application No. 

PCT AJS2009AJ4 7027 
International filing date (dayAnonthyear) 

11.06.2009 

International Patent Classification (IPC) or both national classification and IPC 

INV. A61M5/14 G21F5AJ15 
ADD. A61 M36AJO 
Applicant 

BRACCO DIAGNOSTICS INC. 

1. This opinion contains indications relating to the following items: 

~ Box No. I 

D Box No. II 

Basis of the opinion 

Priority 

Priority date (day/month/year) 

11.06.2008 

~ 

123 
Box No. Ill 

Box No. IV 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

Lack of unity of invention 

123 Box No. V Reasoned statement under Rule 43bis.1 { a)(i) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

123 Box No. VI Certain documents cited 

D Box No. VII Certain defects in the international application 

D Box No. VIII Certain observations on the international application 

2. FURTHER ACTION 

If a demand for international preliminary examination is made, this opinion will usually be considered to be a 
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where 
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the 
International Bureau under Rule 66.1 bis(b) that written opinions of this International Searching Authority 
will not be so considered. 

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to 
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months 
from the date of mailing of Form PCT/lSA!.220 or before the expiration of 22 months from the priority date, 
whichever expires later. 

For further options, see Form PCT /lSA!.220. 

3. For further details, see notes to Form PCTASA!.220. 

Name and mailing address of the ISA: 

European Patent Office 

D-80298 Munich 
Tel. +49 89 2399 - 0 
Fax: +49 89 2399 - 4465 

Form PCTASM37 (Cover Sheet) (April 2005) 

Date of completion of 
this opinion 

see form 
PCT!lSA!.210 

Authorized Officer 

Reinbold, Sylvie 

Telephone No. +49 89 2399-7918 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Box No. I Basis of the opinion 

1 . With regard to the language, this opinion has been established on the basis of: 

121 the international application in the language in which it was filed 

International application No. 
PCT /US2009!04 7027 

D a translation of the international application into , which is the language of a translation furnished for the 
purposes of international search (Rules 12.3(a) and 23.1 (b)). 

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized 
by or notified to this Authority under Rule 91 (Rule 43bis.1 (a)) 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and 
necessary to the claimed invention, this opinion has been established on the basis of: 

a. type of material: 

D a sequence listing 

D table(s) related to the sequence listing 

b. format of material: 

D on paper 

D in electronic form 

c. time of filingifurnishing: 

D contained in the international application as filed. 

D filed together with the international application in electronic form. 

D furnished subsequently to this Authority for the purposes of search. 

4. D In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto 
has been filed or furnished, the required statements that the information in the subsequent or additional 
copies is identical to that in the application as filed or does not go beyond the application as filed, as 
appropriate, were furnished. 

5. Additional comments: 

Form PCTllSA/237 (April 2007) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 
PCT /US2009.i04 7027 

Box No. Ill Non-establishment of opinion with regard to novelty, inventive step and industrial 
applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non 
obvious), or to be industrially applicable have not been examined in respect of 

D the entire international application 

l:2l claims Nos. 16-21 

because: 

D the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international search (specify): 

D the description, claims or drawings (indicate particular elements below) or said claims Nos. are so unclear 
that no meaningful opinion could be formed {specify): 

D the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed (specify): 

l:2l no international search report has been established for the whole application or for said claims Nos. 16-21 

D a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the 
prescribed time limit: 

D furnish a sequence listing on paper complying with the standard provided for in Annex C of the 
Administrative Instructions, and such listing was not available to the International Searching 
Authority in a form and manner acceptable to it. 

D furnish a sequence listing in electronic form complying with the standard provided for in Annex C 
of the Administrative Instructions, and such listing was not available to the International Searching 
Authority in a form and manner acceptable to it 

D pay the required late furnishing fee for the furnishing of a sequence listing in response to an 
invitation under Rules 13ter.1 (a) or (b). 

D a meaningful opinion could not be formed without the tables related to the sequence listings; the applicant 
did not, within the prescribed time limit, furnish such tables in electronic form complying with the technical 
requirements provided for in Annex C-bis of the Administrative Instructions, and such tables were not 
available to the International Searching Authority in a form and manner acceptable to it. 

D the tables related to the nucleotide and/or amino acid sequence listing, if in electronic form only, do not 
comply with the technical requirements provided for in Annex C-bis of the Administrative Instructions. 

D See Supplemental Box for further details 

Form PCTASA/ 237 (April 2007) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 
PCT/US2009.i047027 

Box No. IV Lack of unity of invention 

1. 181 In response to the invitation (Form PCTASA/.206) to pay additional fees, the applicant has, within the 
applicable time limit: 

181 paid additional fees 

D paid additional fees under protest and, where applicable, the protest fee 

D paid additional fees under protest but the applicable protest fee was not paid 

D not paid additional fees 

2. D This Authority found that the requirement of unity of invention is not complied with and chose not to invite 
the applicant to pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1, 13.2 and 13.3 is 

D complied with 

181 not complied with for the following reasons: 

see separate sheet 

4. Consequently, this report has been established in respect of the following parts of the international application: 

1. 

2. 

D all parts. 

181 the parts relating to claims Nos. 1-15. 22-37 

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

Statement 

Novelty (N) Yes: Claims 2-15, 23-26, 28-33, 35-36 
No: Claims 1,22,27,34,37 

Inventive step (IS) Yes: Claims 
No: Claims 1-15, 22-37 

Industrial applicability (IA) Yes: Claims 1-15, 22-37 
No: Claims 

Citations and explanations 

see separate sheet 

Form PCT!ISA/237 (April 2007) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Box No. VI Certain documents cited 

1. Certain published documents (Rules 43bis.1 and 70.1 O) 

and /or 

2. Non-written disclosures (Rules 43bis.1 and 70.9) 

see form 210 

Form PCTASA/237 (April 2007) 

International application No. 
PCT /US2009..047027 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

Re Item Ill 

International application No. 

PCT /US2009/047027 

Non- establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

The methods of claims 16 to 21 for setting up an infusion device is carried out within 
a human body. It is implicit that the methods are during a medical therapy because the 
infusion tubing is connected to a patient. The application does not meet the 
requirement of Rule 39.1 (iv), because these claims are methods of treatment of the 
human body. 

Consequently, no opinion will be formulated with respect to the industrial applicability 
of the subject matter of theses claims. (Article 34(4)(a)(i)PCT) 

Re Item IV 

Lack of unity of invention 

The inventions in this international application, as follows: 

1. Claims 1-15.37 

These claims disclose a shielding assembly for an infusion system comprising: 

- a first compartment sized to contain more radioisotope generators and enclosed by a 
first sidewall including an opening extending therethrough and including an opening 
and lid, the opening being oriented upward and located at a first elevation 

- a second compartment sized to contain a portion of an infusion tubing circuit and 
being enclosed by a second sidewall and including a base portion and a lid 

- a third compartment sized to contain a wast bottle of 'the infusion system and being 
enclosed by a third sidewall that forms a barrier to radioactive radiation, including an 
opening and a lid, the opening of the third sidewall being oriented upward and located 
at a second elevation, the second elevation being greater than the first elevation of the 
opening of the first sidewall (technical problem: to facilitate an ergonomic stance for 
technical personnel to lift generator out from the compartment) 

2. Claims 22-26: 

These claims disclose a shielding assembly for an infusion system comprising: 

- a first door to contain one or more radioisotope generators 

- a second door provide access to a second compartment being sized to contain an 
infusion tubing 

- the second door, when enclosing the second compartment preventing the first door 
from the opening toprovicje access to the first compartment 

(technical problem: provide access to the corresponding compartments) 

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

3. Claims 27-33: 

These claims disclose an infusion system comprising: 

- a cabinet structure including a shell and an access panel 

- a lock engaging the access panel, an eluant source 

International application No. 

PCT/US2009/04 7027 

- a shielding assembly comprising a plurality of compartments and including a 
corresponding plurality of doors 

(technical problem: to provide a relatively ergonomic and organized work area to 
operate the infusion system) 

4. Claims 34-36: 

These claims disclose a shielding assembly for an infusion system comprising: 

- a plurality of compartments, a corresponding plurality of doors 

- a first compartment sized to contain a radioisotope generator including a first 
sidewall with a first sidewall opening oriented upward and aligned with a first upper 
opening through a shell of the cabinet structure, 

- wherein an upper surface of the shell is located at an elevation which is substantially 
greater that of the first sidewall opening and the first upper opening 

(technical problem: to provide an alternative access to the compartment) 

The differences between the disclosure of Document 01 (W02005002971) and the 4 
inventions can be defined as follows: 

claim 1: all the features of claim 1 are disclosed in 01 

claim 22: the difference between the subject matter of claim 22 and 01 is the second 
door, when enclosing the second compartment, preventing the first door from opening 
to provide access to the first compartment. In 01 there is no such a door. 

claim 27: the difference between the subject matter of claim 27 and 01 is a lock for an 
access panel, an infusion system with an eluant source. In 01 there is no such a lock. 

claim 34: the difference between the subject matter of claim 34 and 01 is wherein an 
upper surface of the shell is located at an elevation which is substantially greater that 
of the first sidewall opening and the first upper opening. In 01 there is no such a 
technical feature. 

The special technical features are not identical. The effects of three compounds are 
different. 

The use of the shielding assembly for an infusion device in claim 22 provides access 
to the corresponding compartments. 

The use of the infusion system in claim 27 permits to provide a relatively ergonomic 
and organized work area to operate the infusion system. 

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT /US2009/04 7027 

The use of the shielding assembly in claim 34 permits to provide in an alternative way 
an access to the compartment. 

In conclusion, the groups of claims are not linked by common or corresponding special 
technical features and define 4 different inventions not linked by a single general 
inventive concept. Therefore the application claims4 inventions not so linked to form a 
single general inventive concept. The requirement of unity is not fulfilled, according to 
Rule 13 PCT. 

Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

1 Reference is made to the following documents: 

01 WO 2005/002971 A1 

02 US 2003/004463 A 1 

03 JP 2000 350783 A 

04 WO 2008/037939 A2 

05 WO 2008/082966 A2 

06 EP0102121A1 

07 JP 2006 325826 A 

Novelty Article 33(2) PCT 

Invention 1 : Claims 1 - 15,37 

2 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject-matter of claim 1 is not new in the sense of Article 33(2) 
PCT. 

2.1 The document 01 is regarded as being the closest prior art and discloses (the 
references in parentheses applying to this document) discloses a shielding 
assembly for an infusion system, the shielding assembly being mounted within 
a cabinet structure comprising (figure 1-4): 

- a first compartment (30) sized to contain one or more radioisotope 
generators (34) of the infusion system, the first compartment being enclosed 
by a first sidewall (sidewall 31) that forms a barrier to radioactive radiation, the 
first sidewall including an opening extending therethrough and a lid (32), the 
lid mating with the opening to alternately enclose the first compartment and 

Form PCT/ISA/237 (Separate Sheet) (Sheet 3) (EPO-April 2005) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT/US2009/047027 

provide access to the first compartment, via the opening, and the opening 
being oriented upward and located at a first elevation, with respect to a 
lowermost portion of the cabinet structure; 

- a second compartment (2) sized to contain a portion of an infusion tubing 
circuit (tubing 57) of the infusion system that is downstream of the one or more 
generators, the second compartment being enclosed by a second sidewall 
that forms a barrier to radioactive radiation, the second sidewall including a 
base portion and a lid portion (9), the lid portion mating with the base portion 
to alternately enclose the second compartment and provide access to the 
second compartment; and 

- a third compartment (52) sized to contain a waste bottle (53) of the infusion 
system, the third compartment being enclosed by a third sidewall that forms a 
barrier to radioactive radiation, the third sidewall including an opening, 
extending through the third sidewall, and a lid (41 }, the lid of the third sidewall 
mating with the opening of the third sidewall to alternately enclose the third 
compartment and provide access to the third compartment, via the opening of 
the third sidewall, the opening of the third sidewall being oriented upward and 
located at a second elevation, with respect to the lowermost portion of the 
cabinet structure, and the second elevation being greater than the first 
elevation of the opening of the first sidewall. 

The subject matter of claim 1 is not novel document D1. 

2.2 The technical feature of claim 37 is also disclosed in Document D1. 

2.3 The technical feature of claims 1 and 37 is shown in Documents D2 and D3. 

Invention 2: Claims 22-26 

3 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject-matter of claim 22 is not new in the sense of Article 33(2) 
PCT. 

3.1 The document D4 is regarded as being the closest prior art and discloses (the 
references in parentheses applying to this document) discloses a shielding 
assembly for an infusion system (6) comprising (figure 1-2): 

- a plurality of compartments (2a,2b,2c) and providing a radioactive radiation 
barrier for the compartments, the assembly further comprising: 

- a first door (2b) to alternately enclose and provide access to a first 
compartment of the plurality of compartments, the first compartment sized to 
contain one or more radioisotope generators (11) of the infusion system; and 

- second door ( 41 ) to alternately enclose and provide access to a second 
compartment (2) of the plurality of compartments, the second compartment 
being separate from, and outside of, the first compartment, the second 
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compartment being sized to contain a portion of an infusion tubing circuit (22) 
of the infusion system that is downstream of the one or more generators, and 
the second door, when enclosing the second compartment, preventing the first 
door from opening to provide access to the first compartment. 

The subject matter of claim 22 is not new over document 04. 

3.2 The technical feature of claim 1 is revealed in Document 03. 

Invention 3: Claims 27-33 

4 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject-matter of claim 27 is not new in the sense of Article 33(2) 
PCT. 

4.1 The document 04 is regarded as being the closest prior art and discloses (the 
references in parentheses applying to this document) discloses an infusion 
system comprising (figure 1-2): 

- a cabinet structure (figure 2) including a shell defining an interior space 
thereof, the shell including a first opening (21 ), a second opening (2b) and an 
access panel (41 ), the access panel mating with the second opening and 
being removable therefrom; 

- a lock reversibly (it is implicit that the access panel has a lock) engaging the 
access panel to secure access to the interior space of the cabinet structure; 

- an eluant source (16); 

- a shielding assembly located within the interior space of the cabinet 
structure, the shielding assembly including a sidewall defining a plurality of 
compartments and providing a barrier to radioactive radiation for the 
compartments, the shielding assembly further including a corresponding 
plurality of doors (41,2b), each door, when open, providing access to the 
corresponding compartment via an opening in the sidewall, and, when closed, 
providing further barrier to radioactive radiation for the corresponding 
compartment; 

- one or more radioisotope generators (11) contained within a first 
compartment of the plurality of compartments (2c) of the shielding assembly 
and being accessible through the second opening (2b) of the shell of the 
cabinet structure, when the access panel (41) is unlocked, and when a first 
door (2b) of the plurality of doors, which corresponds to the first compartment, 
is open; 

- an eluant line (23) coupled to the eluant source and to the one or more 
generators; an eluate line coupled to the one or more generators; and a 
patient line (17) coupled to the eluate line and extending out from the interior 
space of the cabinet structure through the first opening of the shell. 

The subject matter of claim 27 is not new over Document 04. 
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4.2 The technical feature of claim 27 is disclosed in Document 03. 

Invention 4: Claims 34-36 

5 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject-matter of claim 34 is not new in the sense of Article 33(2} 
PCT. 

5.1 The document 01 is regarded as being the closest prior art and discloses (the 
references in parentheses applying to this document) discloses a shielding 
assembly comprising (figure 1-4): 

- a plurality of compartments (2,30) having sidewalls providing barriers to 
radioactive radiation for the compartments; 

- a corresponding plurality of doors (9,32), each door, when open, providing 
access to the corresponding compartment via an opening in its sidewall, and, 
when closed, providing further barrier to radioactive radiation for the 
corresponding compartment; 

- a first compartment (2) of the plurality of compartments enclosed by a first 
sidewall of the sidewalls and sized to contain one or more radioisotope 
generators (62) of the infusion system, the first sidewall including a first 
sidewall opening oriented upward and aligned with a first upper opening 
through a shell of the cabinet structure; 

- wherein an upper surface of the shell is located at an elevation, with respect 
to a lowermost portion of the cabinet structure, such that the elevation of the 
upper surface is substantially greater than that of the first sidewall opening 
and the first upper opening (see figure 1) 

The subject matter of claim 34 is not new over Document D1. 

5.2 Furthermore the technical features of claims 34 are revealed by documents 
D2,D3 and 06. 

Inventive step Article 33<3> PCT 

Invention 1: Claims 1 -15,37 

6 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject- matter of claims 2 to 15 does not seem to involve an 
inventive step in the sense of Article 33(3) PCT. Document D1 is the closest 
prior art. 

In claims 2 to 15 a slight constructional change in the shielding assembly is 
defined which comes within the scope of the customary practice followed by 
persons skilled in the art, especially as the advantages thus achieved can 
readily be foreseen. Consequently, the subject- matter of these claims also 
lacks an inventive step. 
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7 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject- matter of claims 23 to 26 does not seem to involve an 
inventive step in the sense of Article 33(3) PCT. Document D4 is the closest 
prior art. 

In claims 23 to 26 a slight constructional change in the shielding assembly is 
defined which comes within the scope of the customary practice followed by 
persons skilled in the art, especially as the advantages thus achieved can 
readily be foreseen. Consequently, the subject- matter of these claims also 
lacks an inventive step. 

Invention 3: Claims 27-33 

8 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject-matter of claims 28 to 33 does not seem to involve an 
inventive step in the sense of Article 33(3) PCT. Document D4 is the closest 
prior art. 

The features of claims 28 to 33 are merely one of several straightforward 
possibilities from which the skilled person would select, in accordance with 
circumstances, without the exercise of inventive skill, in order to solve the 
problem posed. (see Document D7 for using a latch component) 
Consequently, the subject-matter of these claims also lacks an inventive step. 

Invention 4: Claims 34-36 

9 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject-matter of claims 35 and 36 does not seem to involve an 
inventive step in the sense of Article 33(3) PCT. Document D1 is the closest 
prior art. 

In claims 35 and 36 a slight constructional change in the shielding assembly 
(elevation) is defined which comes within the scope of the customary practice 
followed by persons skilled in the art, especially as the advantages thus 
achieved can readily be foreseen. Consequently, the subject-matter of these 
claims also lacks an inventive step. 

Further comments 

Invention 1 : Claims 1 - 15,37 

1 O Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background 
art disclosed in the documents 01 - D4 are not mentioned in the description, 
nor are these documents identified therein. 
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11 Independent claim 1 is not in the two-part form in accordance with Rule 6.3 
(b) PCT, which in the present case would be appropriate, with those features 
known in combination from the prior art (document 01) being placed in the 
preamble (Rule 6.3(b)(I) PCT) and with the remaining features being included 
in the characterising part (Rule 6.3(b)(ii) PCT). 

12 The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

13 The unit employed in claims 4 and 5 and in description is not recognised in 
international practice, contrary to the requirements of Rule 10.1 (d) PCT. 

Invention 2: Claims 22-26 

14 Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background 
art disclosed in the documents 03,04 and 06 are not mentioned in the 
description, nor are these documents identified therein. 

15 Independent claim 22 is not in the two-part form in accordance with Rule 6.3 
(b) PCT, which in the present case would be appropriate, with those features 
known in combination from the prior art (document 04) being placed in the 
preamble (Rule 6.3(b)(I) PCT) and with the remaining features being included 
in the characterising part (Rule 6.3(b)(ii) PCT). 

16 The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

Invention 3: Claim 27-33 

17 Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background 
art disclosed in the documents 03,04 and 07 are not mentioned in the 
description, nor are these documents identified therein. 

18 Independent claim 27 is not in the two-part form in accordance with Rule 6.3 
(b) PCT, which in the present case would be appropriate, with those features 
known in combination from the prior art (document 04) being placed in the 
preamble (Rule 6.3(b)(I) PCT) and with the remaining features being included 
in the characterising part (Rule 6.3(b)(ii) PCT). 

19 The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

Invention 4: Claim 34-36 

20 Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background 
art disclosed in the documents 01 ,02,03 and 06 are not mentioned in the 
description, nor are these documents identified therein. 
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21 Independent claim 34 is not in the two-part form in accordance with Rule 6.3 
(b) PCT, which in the present case would be appropriate, with those features 
known in combination from the prior art (document 01) being placed in the 
preamble (Rule 6.3(b)(I) PCT) and with the remaining features being included 
in the characterising part (Rule 6.3(b)(ii) PCT). 

22 The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

23 The unit employed in claims 35 and 36 and in description is not recognised in 
international practice, contrary to the requirements of Rule 10.1 (d) PCT. 

Re Item VI 

Certain documents cited 

Certain published documents 
rA~-~i·i~~~i-~~-·N·~·······r·P~bii·~~~i;~--d~~~····r·F·i·ii·~~--d~~~····················T·p;j;~i~~-·d·~~~--(~~;;d·-~;~1~;·--·: 

I Patent No I (day/month/year) I (day/month/year) l (day/month/year) ' 

l~?~~~~~~~~~~li?-~?-~~~~ -1~~-~;-~~o~- -1~~-1-~-~~~~ : ] 

Document 05 discloses the technical feature of claims 1,22,27 and 34. This document 
will be considered during the European phase. 
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Box No. I Basis of the opinion 

1 . With regard to the language, this opinion has been established on the basis of: 

[gJ the international application in the language in which it was filed 

International application No. 
PCTAJS2009i047030 

D a translation of the international application into , which is the language of a translation furnished for the 
purposes of international search (Rules 12.3(a) and 23.1 (b)). 

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized 
by or notified to this Authority under Rule 91 (Huie 43bis.1 (a)) 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and 
necessary to the claimed invention, this opinion has been established on the basis of: 

a. type of material: 

D a sequence listing 

D table(s) related to the sequence listing 

b. format of material: 

D on paper 

D in electronic form 

c. time of filingifurnishing: 

D contained in the international application as filed. 

D filed together with the international application in electronic form. 

D furnished subsequently to this Authority for the purposes of search. 

4. D In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto 
has been filed or furnished, the required statements that the information in the subsequent or additional 
copies is identical to that in the application as filed or does not go beyond the application as filed, as 
appropriate, were furnished. 

5. Additional comments: 

Form PCTASA/ 237 (April 2007) 
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International application No. 
PCT AJS2009,04 7030 

Box No. IV Lack of unity of invention 

1. l8l In response to the invitation (Form PCTl1SM06) to pay additional fees, the applicant has, within the 
applicable time limit: 

l8l paid additional fees 

D paid additional fees under protest and, where applicable, the protest fee 

D paid additional fees under protest but the applicable protest fee was not paid 

D not paid additional fees 

2. D This Authority found that the requirement of unity of invention is not complied with and chose not to invite 
the applicant to pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1, 13.2 and 13.3 is 

D complied with 

l8l not complied with for the following reasons: 

see separate sheet 

4. Consequently, this report has been established in respect of the following parts of the international application: 

D all parts. 

l8l the parts relating to claims Nos. 1-38 

Box No. V Reasoned statement under Rule 43bis.1 (a)(i) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) 

Inventive step (IS) 

Industrial applicability (IA) 

2. Citations and explanations 

see separate sheet 

Form PCTASA/237 (April 2007) 

Yes: 
No: 

Yes: 
No: 

Yes: 
No: 

Claims 4, 10-14, 24-26, 29-30, 33, 35 
Claims 1-3, 5-9, 15~23, 27-28. 31-32, 34, 36-38 

Claims 4. 10-14 
Claims 1-3, 5-9, 15-38 

Claims 1-38 
Claims 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Box No. VIII Certain observations on the international application 

International application No. 
PCT /US2009AJ47030 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

Re Item IV 

Lack of unity of invention 

The inventions in this international application, as follows: 

1. Claims 1 :11 

International application No. 

PCT/US2009/04 7030 

These claims essentially define an infusion system comprising an eluant source, a 
shielding assembly having a plurality of compartments and plurality of doors, a 
radioisotope generator, a eluate line and a patient line. 

(technical effect: to provide an infusion system to infuse an radioactive eluate) 

2. Claims 18-30: 

These claims essentially define a shielding assembly comprising a sidewall defining a 
plurality of compartments, a first passageway formed in an upper surface of a first 
portion of the sidewall and defining a first compartment sized to contain a radioisotope 
and a second passageway with a second compartment. 

(technical effect: to provide a shielding assembly to permit a more effective operation) 

3. Claims 31-38: 

These claims essentially define a disposable infusion circuit subassembly comprising: 
an eluate line, a patient line, a waste line, a valve member and a support frame. 

(technical effect: to facilitate the positioning of the components of a portion of infusion 
circuit in an infusion system) 

The only common concept between the invention 1 and 2 is a shielding assembly 
having a plurality of compartments. This is already known from the person skilled in 
the art. (FR2867084) 

The only common concept between the invention 1 and 3 is an eluate line and a 
patient line. This is already know from the person skilled in the art. (FR2867084) 

There is no common concept between the invention 2 and 3. 

The special technical features are not identical. The effects of both compounds are 
different. The problems posed when using a shielding assembly and a disposable 
infusion circuit subassembly are also quite different. Consequently the special 
technical features cannot be regarded as being corresponding. Therefore the 
application claims 3 inventions not so linked to form a single general inventive 
concept. The requirement of unity is not fulfilled, according to Rule 13PCT. 

Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

1 Reference is made to the following documents: 

01 FR 2 867 084 A1 

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005) 
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AUTHORITY (SEPARATE SHEET) 

02 EP 0 102 121 A1 

03 WO 99/56117 A1 

04 EP 0 160 303 A2 

05 JP 2000 350783 A 

06 US 2008/093564A1 

07 WO 2007/149108 A2 

08 US 2003/004463 A 1 

Novelty Article 33C2l PCT 

Invention 1: Claims 1 -17 

International application No. 

PCT/US2009/04 7030 

2 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject- matter of claims 1-3,5-9 and 15-17 is not new in the 
sense of Article 33(2) PCT. 

2.1 The document 01 is regarded as being the closest prior art and discloses (the 
references in parentheses applying to this document) discloses an infusion 
system comprising: 

- a cabinet structure (page 20 line 25-30) including a shell defining an 
interior space thereof; 

- an eluant source (412) 

- a shielding assembly (509+404) located within the interior space of the 
cabinet structure, the shielding assembly including a sidewall defining a 
plurality of compartments (509,404,418) and providing a barrier to 
radioactive radiation for the compartments, the shielding assembly 
further including a corresponding plurality of doors, each door, when 
open, providing access to the corresponding compartment via an 
opening in the sidewall, and, when closed, providing further barrier to 
radioactive radiation for the corresponding compartment; 

- radioisotope generator (502)contained within a first compartment (509) 
of the plurality of compartments of the shielding assembly; 

- an eluant Ii ne (figure 6) coupled to the eluant source (412) and to the 
generator (104,502), the eluant line extending from the eluant source to 
the generator, through the shielding assembly, at a first location between 
the sidewall and a first door of the plurality of doors, which first door 
corresponds to the first compartment; 

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005) 
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AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT /US2009/04 7030 

- an eluate line coupled to the generator and extending out from the first 
compartment and into a second compartment (418) of the plurality of 
compartments of the shielding assembly, at a second location between 
the sidewall and both the first door and a second door of the plurality of 
doors, which corresponds to the second compartment, the second 
compartment being located immediately adjacent the first compartment; 

- a patient line (428) coupled to the eluate line, within the second 
compartment, the patient line extending out from the second 
compartment at a third location between the sidewall and the second 
door, and out from the interior space through an opening in the shell of 
the cabinet structure. 

The subject matter of claim 1 is not novel document 01. 

2.2 Document 01 shows the technical features of claims 2 and 5 to 9. 

2.3 Furthermore document 02 reveals the technical features of claims 1,5-9 and 
17. (figure 1 to 4) 

2.4 The technical features of claims 1-3 and 15-17 are disclosed in document 03. 

2.5 Finally document 04 shows the technical features of claims 1 and 2. 

Invention 2: Claims 18-30 

3 Furthermore, the above-mentioned lack of clarity notwithstanding, the subject
matter of claim 18-23 and 27-28 is not new in the sense of Article 33(2) PCT, 
and therefore the criteria of Article 33(1) PCT are not met. 

3. 1 The document 05 is regarded as being the closest prior art and discloses (the 
references in parentheses applying to this document) discloses a shielding 
assembly (40+84) comprising: 

- a sidewall defining a plurality of compartments and providing a radioactive 
radiation barrier for the compartments; 

- a first passageway (bore between wagon (40) and casing (52)) formed in an 
upper surface of a first portion of the sidewall, the first portion of the sidewall 
defining a first compartment (62) of the plurality of compartments, the first 
compartment being sized to contain a radioisotope generator (30) of the 
infusion system, and the first passageway (bore) being sized to accommodate 
routing of an eluate line (see figure 2) from the generator; 

- a second passageway {passage for the tube 80) formed along a second 
portion of the sidewall, the second portion of the sidewall extending upward 
relative to the first portion of the sidewall and defining a second compartment 
(84) of the plurality of compartments, the second compartment (84) being 
sized to accommodate a waste bottle (82) of the infusion system and the 
second compartment being located on a side of the second portion of the 

Form PCT/ISA/237 (Separate Sheet) (Sheet 3) (EPO-April 2005) 
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International application No. 

PCT /US2009/04 7030 

sidewall that is opposite the second passageway, and the second 
passageway being sized to accommodate routing of at least one extension of 
the eluate line (see figure 5) from the generator. 

The subject matter of claim 18 is not novel document D5. 

3.2 Document D5 shows the technical features of claims 18-23,27 and 28. 

3.3 The document D2 discloses a shielding assembly (41 +26) comprising: 

- a sidewall defining a plurality of compartments and providing a radioactive 
radiation barrier for the compartments; 

- a first passageway (bore 32) formed in an upper surface of a first portion of 
the sidewall, the first portion of the sidewall defining a first compartment (26) 
of the plurality of compartments, the first compartment being sized to contain a 
radioisotope generator (31) of the infusion system, and the first passageway 
(32) being sized to accommodate routing of an eluate line (see figure 1) from 
the generator; 

- a second passageway (passage between the shield (26) and cover (43)) 
formed along a second portion of the sidewall, the second portion of the 
sidewall extending upward relative to the first portion of the sidewall and 
defining a second compartment (41) of the plurality of compartments, the 
second compartment (41) being sized to accommodate a waste bottle (12a) of 
the infusion system and the second compartment being located on a side of 
the second portion of the sidewall that is opposite the second passageway, 
and the second passageway being sized to accommodate routing of at least 
one extension of the eluate line (see figure 1) from the generator. 

The subject matter of claim 18 is not novel document D2. 

3.4 Document D2 shows the technical features of claims 18-21,27 and 28. 

3.5 Furthermore documents D6 and D7 reveal the technical features of claim 18. 

Invention 3: Claims 31-38 

4 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject- matter of claims 31,32,34 and 36-38 is not new in the 
sense of Article 33(2) PCT. 

4.1 The document D8 is regarded as being the closest prior art and discloses (the 
references in parentheses applying to this document) discloses a disposable 
infusion circuit comprising (figures 1-5): 

- an eluate line (line from the syringe (20)) ; 

- a patient line (100); 

- a waste line (line in connection with waste (161 )); 

Form PCT/ISA/237 (Separate Sheet) (Sheet 4) (EPO-April 2005) 
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International application No. 

PCT /US2009/04 7030 

- a valve member (171) coupling the patient line and the waste line to the 
eluate line; and 

- a support frame (15) including a perimeter edge, the support frame holding 
the valve member (16) and a portion of each of: the eluate line, the patient line 
and the waste line in approximately fixed relation with respect to the perimeter 
edge; 

- wherein the perimeter edge of the support frame is sized to fit within a 
compartment of a shielding assembly (18) of the infusion system; and 

- an end of each of the eluate line, the patient line and the waste line extends 
out from the perimeter edge. 

Therefore the subject matter of claim 31 is not novel over document DB. 

4.2 Document D8 shows the technical features of claims 32,34 and 36-38. 

4.3 Furthermore documents 02 and 03 reveal the technical features of claims 
31 ,32 and 36-38. 

Document 02: (figures 1 to 5), eluate line (6), patient line (line next to the 
valve 4b), waste line (11 a), valve member (4b), support frame (operating 
block 46) 

Document D3: (figures 1 to 56, eluate line (saline), patient line (to patient), 
waste line (dump), valve member (27), support frame (figure 5a-5c) 

Inventive step Article 33(3) PCT 

Invention 1: Claims 1 -17 

5 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject- matter of claims 4 and 10 to 14 does not seem to 
involve an inventive step in the sense of Article 33(3) PCT. Document D1 is 
the closest prior art. In claims 4 and 1 o to 14 a slight constructional change in 
the infusion system is defined which comes within the scope of the customary 
practise followed by persons skilled in the art, especially as the advantages 
thus achieved can readily be foreseen. Consequently, the subject- matter of 
these claims also lacks an inventive step. 

Invention 2: Claims 18-30 

6 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject- matter of claims 24-26,29 and 30 does not seem to 
involve an inventive step in the sense of Article 33 (3) PCT. Document D2 is 
the closest prior art. In claims 24-26,29 and 30 a slight constructional change 
in the shielding assembly is defined which comes within the scope of the 

Form PCT/ISA/237 (Separate Sheet) (Sheet 5) (EPO-April 2005) 

1614 of 2568



WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT /US2009/04 7030 

customary practise followed by persons skilled in the art, especially as the 
advantages thus achieved can readily be foreseen. Consequently, the subject
matter of these claims also lacks an inventive step. 

Invention 3: Claims 31-38 

7 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject-matter of claims 33 and 35 does not seem to involve an 
inventive step in the sense of Article 33(3) PCT. Document D8 is the closest 
prior art. In claims 33 and 35 a slight constructional change in the disposable 
infusion circuit (eluant line extends out from a third side of the perimeter edge) 
is defined which comes within the scope of the customary practise followed by 
persons skilled in the art, especially as the advantages thus achieved can 
readily be foreseen. Consequently, the subject- matter of these claims also 
lacks an inventive step. 

Further comments 

Invention 1 : Claims 1 - 17 

8 Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background 
art disclosed in the documents D1- D4 are not mentioned in the description, 
nor are these documents identified therein. 

9 Independent claim 1 is not in the two-part form in accordance with Rule 6.3 
(b) PCT, which in the present case would be appropriate, with those features 
known in combination from the prior art (document D1) being placed in the 
preamble (Rule 6.3(b)(I) PCT) and with the remaining features being included 
in the characterising part (Rule 6.3(b){ii) PCT). 

1 O The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

Invention 2: Claims 18-30 

11 Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background 
art disclosed in the documents D2,D5-D7 are not mentioned in the description, 
nor are these documents identified therein. 

12 Independent claim 18 is not in the two-part form in accordance with Rule 6.3 
(b) PCT, which in the present case would be appropriate, with those features 
known in combination from the prior art (document D5) being placed in the 
preamble (Rule 6.3(b)(I) PCT) and with the remaining features being included 
in the characterising part (Rule 6.3(b)(ii) PCT). 

13 The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

Invention 3: Claims 31-38 
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International application No. 

PCT /US2009/04 7030 

14 Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background 
art disclosed in the documents 02,03 and 08 are not mentioned in the 
description, nor are these documents identified therein. 

15 Independent claim 31 is not in the two-part form in accordance with Rule 6.3 
(b) PCT, which in the present case would be appropriate, with those features 
known in combination from the prior art (document 08) being placed in the 
preamble (Rule 6.3(b)(I) PCT) and with the remaining features being included 
in the characterising part (Rule 6.3(b)(ii) PCT). 

16 The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

Re Item VIII 

Certain observations on the international application 

Invention 2: Claims 18-30 

Clarity Article 6 PCT 

17 Although claims 18 and 27 have been drafted as separate independent 
claims, they appear to relate effectively to the same subject- matter and to 
differ from each other only with regard to the definition of the subject- matter 
for which protection is sought. 

The aforementioned claims therefore lack conciseness. Moreover, lack of 
clarity ofthe claims as a whole arises, since the plurality of independent claims 
makes it difficult, if not impossible, to determine the matter for which protection 
is sought, and places an undue burden on others seeking to establish the 
extent of the protection. 

Hence, these claims do not appear to meet the requirements of Article 6 PCT. 

It appears to be appropriate to file an amended set of claims taking account of 
the above comments and Article 34 (2)(b) PCT. The revelant subjecr- matter 
should be defined in a_ single independent claim followed by dependent 
claims covering features which are merely optional (Rules 6.3 and 6.4 PCT) 
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PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

Applicant's or agent's file reference FOR FURTHER see Form PCT /ISA/220 

56782.1.7.1 ACTION as well as, where applicable, item 5 below. 

International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year) 

PCT/US2009/047031 11/06/2009 11/06/2008 
Applicant 

BRACCO DIAGNOSTICS INC. 

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of 7 sheets. 

IKJ It is also accompanied by a copy of each prior art document cited in this report. 

1 . Basis of the report 

2. 

3. 

a. With regard to the language, the international search was carried out on the basis of: 

b. D 

c. D 

!Kl 

!Kl 

[ii the international application in the language in which it was filed 

D a translation of the international application into , which is the language 
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)) 

This international search report has been established taking into account the rectification of an obvious mistake 
authorized by or notified to this Authority under Rule 91 (Rule 43.Bbis(a)). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 

Certain claims were found unsearchable (See Box No. II) 

Unity of invention is lacking (see Box No Ill) 

4. With regard to the title, 

0 the text is approved as submitted by the applicant 

IKJ the text has been established by this Authority to read as follows: 

INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE AND/OR OPERATION 

5. With regard to the abstract, 

IKJ the text is approved as submitted by the applicant 

D the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant 
may, within one month from the date of mailing of this international search report, submit comments to this Authority 

6. With regard to the drawings, 

a. the figure of the drawings to be published with the abstract is Figure No. ~l~d~---

0 as suggested by the applicant 

[R] as selected by this Authority, because the applicant failed to suggest a figure 

0 as selected by this Authority, because this figure better characterizes the invention 

b. 0 none of the figures is to be published with the abstract 

Form PCT/ISN210 (first sheet) (April 2007) 
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- - - - --- - - - - I International application No 

PCT/US2009/047031 
A. CLASSIFICA n;oF SUBJECT MATTER 
INV. A61M5 00 
ADD. A61M5/14 

According to International Patent Classification (IPC) or to both national classification and !PC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

A61M 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal, INSPEC 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

x EP 0 310 148 A2 (SQUIBB & SONS INC [US]) 1-5 
5 April 1989 (1989-04-05) 
figures 1-6 
column 3, line 37 - column 15, line 43 

-----
x us 2007/140958 Al (DEKEMP ROBERT A [CA]) 1-5 

21 June 2007 (2007-06-21) 
figures 1-5 
paragraph [0003] 
paragraph [0018] - paragraph [0035] 

-----
x WO 2006/129301 A2 (SPECTRUM DYNAMICS [IL]; 1 

ROUSSO BENNY [IL]; BEN-HA IM SHLOMO [GB]; 
BRONS) 7 December 2006 (2006-12-07) 
figures 1-14 
page 40, line 3 - page 41, line 16 
page 90, line 10 - page 97, 1 i ne 26 

-----
-/--

[]] Further documents are listed in the continuation of Box C. IRJ See patent family annex. 

* Special categories of cited documents : 
'T' later document published after the international filing date 

•A' document defining the general state of the art which is not or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the considered to be of particular relevance invention 

'E' earlier document but published on or after the international •x• document of particular relevance; the claimed invention 
filing date cannot be considered novel or cannot be considered to 

'L' document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone 
which is cited to establish the publication date of another •y• document of particular relevance; the claimed invention citation or other special reason (as specified) cannot be considered to involve an inventive step when the 

•o• document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled 

•p• document published prior to the international filing date but in the art. 
later than the priority date claimed •&• document member of the same patent family 

Date of the actual completion of the international search Date of mailing of the international search report 

12 February 2010 01/03/2010 
Name and mailing address of the tSN Authorized officer 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 

Tel. (+31-70) 340-2040, Reinbold, Sylvie Fax: (+31-70)340-3016 2 

Form PCT /ISA/210 (second sheet) (April 2005) 
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C{Contlnuation). DOCUMENTS CONSIDERED TO BE RELEVANT 

Category~ Citation of document, with indication, where appropriate, of the relevant passages 

X US 2007/213848 Al (DEKEMP ROBERT A [CA] ET 
AL) 13 September 2007 (2007-09~13) 

x 

x 

x 

figures 1-8 
paragraph [0006] 
paragraph [0024] - paragraph [0056] 

NEIL J. EPSTEIN, AHMED BENELFASSI, ROB 
S.B. BEANLANDS, ROBERT A. DEKEMP: "A Rb82 
infusion system for quantitative perfusion 
imaging with 30 PET" 
APPLIED RADIATION AND ISOTOPES, 
vol. 60, 9 February 2004 (2004-02-09), 
pages 921-927, XP002557544 DOI: 
10.1016/j.apradiso.2004.02.002 
the whole document 

-----
R KLEIN, A ADLER, R S BEANLANFS AND R A 
DEKEMP: "Precision controlled el~tion of 
a Sr82/Rb82 generator for cardiac 
perfusion imaging with positron emission 
tomography" 
PHYSICS IN MEDICINE AND BIOLOGY, 
vol. 52, 11 January 2007 (2007-01-11), 
pages 659-673, XP002557545 DOI: 
10.1088/0031-9155/52/3/009 
the whole document 

-----
WO 2008/028165 A2 (CATHOLIC HEALTHCARE 
WEST D B A [US]; DESHMUKH VIVEK R [US]; 
CRAWFORD N) 6 March 2008 (2008-03-06) 
paragraph [0060]; figures 1-5 

-----

Form PCT/ISA/210 (continuation of second sheet) (April 2005) 
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Relevant to claim No. 

1-7, 
32-35 

1-7, 
32-35 

1-7, 
32-35 

30-31 
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International Application No. PCT/US2009 /047031 

FURTHER INFORMATION CONTINUED FROM PCTJISA/ 210 

Continuation of Box II.l 

Claims Nos.: 8-29, 36 

The methods of claims 8 to 29 for operating an infusion system is carried 
out within a human body. As stated in the claims, the method is during a 
medical therapy. Furthermore the method of claim 36 for purging a tubing 
circuit of an infusion system with air is carried out within a human 
body. As stated in the claim, the method is during a medical therapy. 
These methods are forming part of a therapeutic procedure and can 
therefore not be regarded as an invention which is susceptible of 
industrial application. The application does not meet the requirement of 
Rule 39.1 (iv), because these claims are a method of treatment of the 
human body. 
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INTERNATIONAL SEARCH REPORT 

International application No. 
PCT/US2009/047031 

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

1. [iJ Claims Nos.: 8-29 36 
because they relate to subject mcitter not required to be searched by this Authority, namely: 

2.D 

see FURTHER INFORMATION sheet PCT/ISA/210 

Claims Nos.: 
because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 

3. D Claims Nos.: 
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

see additional sheet 

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

2. D As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of 
additional fees. 

4.o 

As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 

No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

Remark on Protest D The additional search fees were accompanied by the applicanfs protest and, where applicable, the 
payment of a protest fee. 

D The additional search fees were accompanied by the applicanfs protest but the applicable protest 
fee was not paid within the time limit specified in the invitation. 

~No protest accompanied the payment of additional search fees. 

Form PCT/ISN210 (continuation of first sheet (2)) (April 2005) 
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International Application No. PCT/US2009 /047031 

FURTHER INFORMATION CONTINUED FROM PCTnSA/ 210 

This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. claims: 1-5 

These claims essentially define an infusion system with an 
eluant reservoir, a pump, a radioisotope generator, an 
activity detector, a waste bottle, a computer,an eluant line 
and an user interface. 
(technical effect: to provide an infusion pump which permits 
a quality control of a dose) 

2. claims: 6-7 

These claims essentially define an infusion system with an 
eluate line, a pump, an activity sensor, a waste bottle, a 
computer, a patient line, a by pass line coupled to the 
eluant line via a divergence valve and a radiosotope 
generator. 
(technical effect: to provide an infusion system which 
permits to flush or to push any eluate remaining in patient 
line) 

3. claims: 30-35 

These claims essentially define a computer readable medium. 
(technical effect: to execute computer instructions) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Box No. I Basis of the opinion 

1. With regard to the language, this opinion has been established on the basis of: 

12:1 the international application in the language in which it was filed 

International application No. 
PCT/US2009,047031 

D a translation of the international application into , which is the language of a translation furnished for the 
purposes of international search (Rules 12.3(a) and 23.1 (b)). 

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized 
by or notified to this Authority under Rule 91 (Rule 43bis.1 (a)) 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and 
necessary to the claimed invention, this opinion has been established on the basis of: 

a. type of material: 

D a sequence listing 

D table(s) related to the sequence listing 

b. format of material: 

D on paper 

D in electronic form 

c. time of filing/furnishing: 

D contained in the international application as filed. 

D filed together with the international application in electronic form. 

D furnished subsequently to this Authority for the purposes of search. 

4. D In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto 
has been filed or furnished, the required statements that the information in the subsequent or additional 
copies is identical to that in the application as filed or does not go beyond the application as filed, as 
appropriate, were furnished. 

5. Additional comments: 

Form PCTASA/237 (April 2007) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 
PCT/US2009J047031 

Box No. Ill Non-establishment of opinion with regard to novelty, inventive step and industrial 
applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non 
obvious), or to be industrially applicable have not been examined in respect of 

D the entire international application 

!2:1 claims Nos. 8-29. 36 

because: 

D the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international search (specify): 

D the description, claims or drawings (indicate particular elements below) or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specify): 

D the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed (specify): 

!2:1 no international search report has been established for the whole application or for said claims Nos. 8-29. 
36 

D a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the 
prescribed time limit: 

D furnish a sequence listing on paper complying with the standard provided for in Annex C of the 
Administrative Instructions, and such listing was not available to the International Searching 
Authority in a form and manner acceptable to it. 

D furnish a sequence listing in electronic form complying with the standard provided for in Annex C 
of the Administrative Instructions, and such listing was not available to the International Searching 
Authority in a form and manner acceptable to it. 

D pay the required late furnishing fee for the furnishing of a sequence listing in response to an 
invitation under Rules 13ter.1(a) or (b). 

D a meaningful opinion could not be formed without the tables related to the sequence listings; the applicant 
did not, within the prescribed time limit, furnish such tables in electronic form complying with the technical 
requirements provided for in Annex C-bis of the Administrative Instructions, and such tables were not 
available to the International Searching Authority in a form and manner acceptable to it. 

D the tables related to the nucleotide and/or amino acid sequence listing, if in electronic form only, do not 
comply with the technical requirements provided for in Annex C-bis of the Administrative Instructions. 

D See Supplemental Box for further details 

Form PCTASA/237 (April 2007) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 
PCT JUS2009!047031 

Box No. IV Lack of unity of invention 

1. ~ In response to the invitation (Form PCT!lSA..206) to pay additional fees, the applicant has, within the 
applicable time limit: 

l2l paid additional fees 

D paid additional fees under protest and, where applicable, the protest fee 

D paid additional fees under protest but the applicable protest fee was not paid 

D not paid additional fees 

2. D This Authority found that the requirement of unity of invention is not complied with and chose not to invite 
the applicant to pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1, 13.2 and 13.3 is 

D complied with 

l2l not complied with for the following reasons: 

see separate sheet 

4. Consequently, this report has been established in respect of the following parts of the international application: 

~ all parts. 

D the parts relating to claims Nos. 1-5 

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 7,35 
No: Claims 1-6. 30-34 

Inventive step (IS) Yes: Claims 
No: Claims 1-7. 30-35 

Industrial applicability (IA) Yes: Claims 1-7, 30-35 
No: Claims 

2. Citations and explanations 

see separate sheet 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Box No. VIII Certain observations on the international application 

International application No. 
PCT/US2009'°47031 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

Re Item Ill 

International application No. 

PCT/US2009/047031 

Non- establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

The methods of claims 8 to 29 for operating an infusion system is carried out within a 
human body. As stated in the claims, the method is during a medical therapy. 

Furthermore the method of claim 36 for purging a tubing circuit of an infusion system 
with air is carried out within a human body. As stated in the claim, the method is 
during a medical therapy. 

These methods are forming part of a therapeutic procedure and can therefore not be 
regarded as an invention which is susceptible of industrial application. The application 
does not meet the requirement of Rule 39.1 (iv), because these claims are a method 
of treatment of the human body. Consequently, no opinion will be formulated with 
respect to the industrial applicability of the subject matter of theses claims. (Article 34 
(4)(a)(i)PCT) 

Re Item IV 

Lack of unity of invention 

The inventions in this international application, as follows: 

1. Claims 1-5 

These claims essentially define an infusion system with an eluant reservoir, a pump, 
a radioisotope generator, an activity detector, a waste bottle, a computer,an eluant 
line and an user interface. (technical effect: to provide an infusion pump which permits 
a quality control of a dose) 

2. Claims 6-7 

These claims essentially define an infusion system with an eluate line, a pump, an 
activity sensor, a waste bottle, a computer, a patient line, a by pass line coupled to the 
eluant line via a divergence valve and a radioisotope generator. {technical effect: to 
provide an infusion system which permits to flush or to push any eluate remaining in 
patient line) 

3. Claims 30-35: 

These claims essentially define a computer readable medium. (technical effect: to 
execute computer instructions) 

The only common concept between the invention 1 and 2 is an infusion system 
comprising an eluant reservoir, a pump, a radioisotope generator, an activity detector, 
a waste bottle, a computer and an eluant line. This is already known from the person 
skilled in the art. {EP0310148) 

There is no common concept between the invention 1 and 3 and 2 and 3. 

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005) 
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INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT/US2009/04 7031 

The special technical features are not identical. The effects of both compounds are 
different. The use of the infusion system in claim 6 is to flush or push any eluate 
remaining in the patient line. The use of a computer readable medium is to execute 
computer instructions. 

The groups of claims are not linked by common or corresponding special technical 
features and define 3 different inventions not linked by a single general inventive 
concept. Therefore the application claims 3 inventions not so linked to form a single 
general inventive concept. The requirement of unity is not fulfilled, according to Rule 
13 PCT. 

Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

1 Reference is made to the following documents: 

01 EP 0 310 148 

02 us 2007 /140958 

03 WO 2006/129301 

04 us 2007/213848 

05 NEIL J. EPSTEIN "A Rb82 infusion system for quantitative 
perfusion imaging with 30 PET" 

06 R KLEIN "Precision controlled elution of a Sr82/Rb82 generator 
for cardiac perfusion imaging with positron emission tomography" 

07 W02008/028165 

Novelty Article 33C2l PCT 

Invention 1 : Claims 1 - 5 

2 Furthermore, the above-mentioned lack of clarity notwithstanding, the subject
matter of claims 1 to 5 is not new in the sense of Article 33 (2) PCT, and 
therefore the criteria of Article 33(1) PCT are not met. 

2.1 The document 01 is regarded as being the closest prior art and discloses (the 
references in parentheses applying to this document) an infusion system 
comprising (figure 1-6): 

-an eluant reservoir (10) , a pump (64) coupled to the reservoir, an infusion 
tubing circuit (26,30,44,38), a radioisotope generator (28), an activity detector 
(58}, a waste bottle (42) and a computer (60); 

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005) 
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AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT /US2009/04 7031 

- the infusion tubing circuit including an eluant line (26) coupled to the pump 
and to the generator and an eluate line (30) coupled to the generator and to· 
the activity detector; and the computer being coupled to a user interface 
(figure 2), to the pump and to the activity detector and being preprogrammed 
to receive input from a user of the system, via the user interface, to collect 
information, from the pump and the activity detector, and to provide output to 
the user, via the user interface (column 6 line 12 to 42), according to a 
method, the method comprising 

- activating the pump to pump a volume of eluant from the reservoir, through 
the eluant line and through the generator, in order to generate a sample or a 
dose of eluate in the eluate line, via an elution within the generator, the 
sample (probe 58) being intended for a quality control measurement, and the 
dose being intended for diagnostic imaging; 

- providing an indication, via the computer interface, that the elution is , 
completed, when the pump has completed pumping the volume of eluant 
through the generator; and 

- providing an indication, via the computer interface, of a time lapse since the 
elution was completed. 

The subject matter of claim 1 is not novel document D1. 

2.2 Document D1 shows the technical features of claims 2 to 5. 

2.3 The technical features of claims 1 to 5 are also disclosed in Documents D2 to 
D6. 

Invention 2: Claims 6-7 

3 Furthermore, the above-mentioned lack of clarity notwithstanding, the subject
matter of claim 6 is not new in the sense of Article 33(2) PCT, and therefore 
the criteria of Article 33(1) PCT are not met. 

3.1 The document D4 is regarded as being the closest prior art and discloses (the 
references in parentheses applying to this document) an infusion system 
comprising (figure 1-8): 

- an eluant reservoir (4), a pump (6) coupled to the reservoir, an infusion 
tubing circuit, a radioisotope generator (8), an activity detector (20), a waste 
bottle (26) and a computer (28); the infusion tubing circuit including an eluant 
line coupled to the pump and to the generator (figure 6), an eluate line 
coupled to the generator and to the activity detector, a patient line coupled to 
the eluate line, a by-pass line (18) coupled to the eluant line, via a divergence 
valve (16), and to the patient line, the by-pass line (18) accommodating flow of 
eluant to the patient line, when the divergence valve is set to direct the flow to 
by-pass the generator; and the computer being coupled to the pump and to 

Form PCT/ISA/237 (Separate Sheet} (Sheet 3) (EPO-April 2005) 
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the activity detector and being pre- programmed to collect information, from 
the pump and the activity detector and to control the divergence valve and the 
pump (paragraph 29 to 32) according to a method, the method comprising: 

- activating the pump a first time to pump a portion of a volume of eluant from 
the reservoir, through the eluant line and through the generator at a first flow 
rate, in order to generate eluate in the eluate line, via an elution within the 
generator, and to push a dose of the eluate into the patient line (figure 6c); 

- setting the divergence valve (16) to direct flow through the by-pass line, once 
the dose has been pushed into the patient line (figure 6d); and 

- activating the pump a second time to pump a second portion of the volume 
of eluant from the reservoir, through the eluant line, through the by- pass line 
and into the patient line to inject the dose out from the patient line (figure 6d); 

- wherein the pump, when activated the second time, is controlled to pump the ~ 

second portion of the volume of eluant at a second flow rate, the second flow 
rate being higher than the first flow rate, in order to increase a flow rate of the 
injection of the dose. (the flow rate can be variable: desired flow) 

The subject matter of claim 6 is not novel document 04. 

3.2 The technical feature of claim 6 is also disclosed in Documents 05 (figure 1) 
and 06. (figure 1) 

Invention 3: Claims 30-35 

4 Furthermore, the above-mentioned lack of clarity notwithstanding, the subject
matter of claims 30-34 is not new in the sense of Article 33 (2) PCT, and 
therefore the criteria of Article 33(1) PCT are not met. 

4.1 The document 07 is regarded as being the closest prior art and discloses (the 
references in parentheses applying to this document) a computer readable 
medium (106) comprising (figure 1-5): 

- having computer executable instructions for executing a method for 
maintaining an infusion system (18), the method comprising: 

- tracking a portion of a volume of eluant (saline) that is pumped from a 
reservoir (38) of the system and through a generator of the system, in order to 
generate, via elution, an eluate; providing an indication of the volume of eluant 
within the reservoir to a user of the system; tracking a volume of the eluate 
that is diverted from the generator to a waste bottle (120) of the system; and 
providing an indication to the user that the waste bottle needs to be emptied 
(paragraph 60). 

The subject matter of claim 30 is not novel document 07. 

4.2 Document 07 also reveals the technical feature of claim 31. 

Form PCT/ISA/237 (Separate Sheet) (Sheet 4) (EPO-April 2005) 
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4.3 The document 04 is regarded as being the closest prior art and discloses (the 
references in parentheses applying to this document) a computer readable 
medium (28) comprising (figure 1-8) computer executable instructions for 
executing a method of calibrating an activity detector (20) of an infusion 
system. (see paragraph 29-32 and paragraph 55). The subject matter of claim 
32 is not novel over document 04. 

4.4 Moreover Document D4 shows the technical features of claims 33 and 34. 

4.5 Finally the technical features of claims 32 to 34 are also disclosed in 
Documents 05 and D6. 

Inventive Step Article 33(3) PCT 

Invention 2: Claims 6-7 

5 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject- matter of claim 7 does not seem to involve an inventive 
step in the sense of Article 33(3) PCT. Document 04 is the prior art. In claim 7 
a slight constructional change (flow rate) in device of D4 is defined which 
comes within the scope of the customary practice followed by persons skilled 
in the art, especially as the advantages thus achieved can readily be foreseen. 
Consequently, the subject-matter of this claim also lacks an inventive step. 

Invention 3: Claims 30-35 

6 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject-matter of claim 35 does not seem to involve an inventive 
step in the sense of Article 33(3) PCT. Document D4 is the prior art. In claim 
35 a slight constructional change (time period) in device of D4 is defined which 
comes within the scope of the customary practice followed by persons skilled 
in the art, especially as the advantages thus achieved can readily be foreseen. 
Consequently, the subject-matter of this claim also lacks an inventive step. 

Further comments 

Invention 1 : Claims 1 - 5 

7 Contrary to the requirements of Rule 5.1 (a) (ii) PCT, the relevant background 
art disclosed in the documents D1- D3 are not mentioned in the description, 
nor are these documents identified therein. 

8 Independent claim 1 is not in the two-part form in accordance with Rule 6.3 
(b) PCT, which in the present case would be appropriate, with those features 
known in combination from the prior art (document D1) being placed in the 
preamble (Rule 6.3(b)(I) PCT) and with the remaining features being included 
in the characterising part (Rule 6.3(b)(ii) PCT). 

Form PCT/ISA/237 (Separate Sheet) (Sheet 5) (EPO-April 2005} 
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9 The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

Invention 2: Claims 6-7 

1 o Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background 
art disclosed in the documents 04- 06 are not mentioned in the description, 
nor are these documents identified therein. 

11 Independent claim 6 is not in the two-part form in accordance with Rule 6.3 
(b) PCT, which in the present case would be appropriate, with those features 
known in combination from the prior art (document 04) being placed in the 
preamble (Rule 6.3(b)(I) PCT) and with the remaining features being included 
in the characterising part (Rule 6.3(b)(ii) PCT). 

12 The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

Invention 3: Claims 30-35 

13 Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background 
art disclosed in the documents 04- 07 are not mentioned in the description, 
nor are these documents identified therein. 

14 Independent claim 30 is not in the two-part form in accordance with Rule 6.3 
(b) PCT, which in the present case would be appropriate, with those features 
known in combination from the prior art (document 07) being placed in the 
preamble (Rule 6.3(b)(I) PCT) and with the remaining features being included 
in the characterising part (Rule 6.3(b)(ii) PCT). 

15 The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

Re Item VIII 

Certain observations on the international application 

Clarity Article 6 PCT 

Invention 1 : Claims 1 - 5 

16 Some of the features in the apparatus claim 1 relate to a method of using the 
apparatus (method comprising activating the pump, providing an indication 
and providing an indication) rather than clearly defining the apparatus in terms 
of its technical features. The intended limitations are therefore not clear from 
this claim, contrary to the requirements of Article 6 PCT. 

Furthermore such a method of using an infusion system is not allowed 
because this is a method of treatment of the human body. (Rule 39.1 (iv)) 
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Invention 2: Claims 6-7 

17 Some of the features in the infusion system claim 6 relate to a method of 
using the apparatus (method comprising activating the pump, setting the valve 
and providing an indication) rather than clearly defining the apparatus in terms 
of its technical features. The intended limitations are therefore not clear from 
this claim, contrary to the requirements of Article 6 PCT. 

Furthermore such a method of using an infusion system is not allowed 
because this is a method of treatment of the human body. (Rule 39.1 (iv)). The 
method is carried out within a human body, because a dose of eluate is 
injected to the patient line into the patient. 

Invention 3: Claims 30-35 

18 Although claims 30,32 and 33 have been drafted as separate independent 
claims, they appear to relate effectively to the same subject- matter and to 
differ from each other only with regard to the definition of the subject-matter for 
which protection is sought. 

The aforementioned claims therefore lack conciseness. Moreover, lack of 
clarity of the claims as a whole arises, since the plurality of independent 
claims makes it difficult, if not impossible, to determine the matter for which 
protection is sought, and places an undue burden on others seeking to 
establish the extent of the protection. Hence, these claims do not meet the 
requirements of Article 6 PCT. 

19 Some of the features in the computer readable medium of claim 30 relate to a 
method for maintaining an infusion system rather than clearly defining the 
apparatus in terms of its technical features. The intended limitations are 
therefore not clear from this claim, contrary to the requirements of Article 6 
PCT. 

Furthermore such a method for maintaining an infusion system is not allowed 
because this is during a method of treatment of the human body. (Rule 39.1 
(iv)). It is implicit that to generate an eluate, the infusion pump is activated and 
is during a method of treatment of the human body. 

20 Some of the features in the computer readable medium of claim 32 relate to a 
method for calibrating an activity detector of an infusion system, rather than 
clearly defining the apparatus in terms of its technical features. The intended 
limitations are therefore not clear from this claim, contrary to the requirements 
of Article 6 PCT. 
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Furthermore such a method for calibrating an activity detector of an infusion 
system is not allowed because this is during a method of treatment of the 
human body. (Rule 39.1 (iv)). It is implicit that to generate an eluate, the 
infusion pump is activated and is during a method of treatment of the human 
body. 

21 Some of the features in the computer readable medium of claim 33 relate to a 
method for conducting a breakthrough test of a radioisotope generator of an 
infusion system rather than clearly defining the apparatus in terms of its 
technical features. The intended limitations are therefore not clear from this 
claim, contrary to the requirements of Article 6 PCT. 

Furthermore such a method for conducting a breakthrough test of a 
radioisotope generator of an infusion system is not allowed because this is 
during a method of treatment of the human body. (Rule 39.1 (iv)). It is implicit 
that to generate an eluate, the infusion pump is activated and is during a 
method of treatment of the human body. 
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according to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of 6 sheets. 

IBJ It is also accompanied by a copy of each prior art document cited in this report. 

1 . Basis of the report 

2. 

3. 

a. With regard to the language, the international search was carried out on the basis of: 

b. D 

c. D 
D 

[ii the international application in the language in which it was filed 

D a translation of the international application into , which is the language 
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1 (b)) 

This international search report has been established taking into account the rectification of an obvious mistake 
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 

Certain claims were found unsearchable (See Box No. II) 

Unity of invention is lacking (see Box No Ill) 

4. With regard to the title, 

IBJ the text is approved as submitted by the applicant 

0 the text has been established by this Authority to read as follows: 

5. With regard to the abstract, 

IBJ 
D 

the text is approved as submitted by the applicant 

the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant 
may, within one month from the date of mailing of this international search report, submit comments to this Authority 

6. With regard to the drawings, 

a. the figure of the drawings to be published with the abstract is Figure No. -=l_,,,c~----

0 as suggested by the applicant 

IBJ as selected by this Authority, because the applicant failed to suggest a figure 

0 as selected by this Authority, because this figure better characterizes the invention 

b. D none of the figures is to be published with the abstract 
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PCT/US2009/047034 
A. CLASSIFICATION OF SUBJECT MATTER 
INV. A61M5/14 A61Gl2/00 
ADD. A61M5/00 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

A61M G21F 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal, WPI Data, INSPEC 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

x JP 2000 350783 A (SUMITOMO HEAVY 1-35 
INDUSTRIES) 19 December 2000 (2000-12-19) 
figures 1-5 
paragraph [0013] - paragraph [0032] 

-----
x WO 2008/037939 A2 (LEMER PROT ANTI x PAR 1-23 

ABREV I AT [FR]; LEM ER PIERRE-MARIE [FR]) 
3 April 2008 (2008-04-03) 
figures 1-2 
page 5, line 27 - page 11, line 19 

-----
x EP 0 102 121 Al (BYK MALLINCKRODT CIL BV 1,8-10, 

[NL]) 7 March 1984 (1984-03-07) 12, 
14-16, 
19,22-23 

figures 1-4 
page 9, 1 i ne 16 - page 12, 1 i ne 11 

-----
-/--

ITJ Further documents are listed in the continuation of Box C. lD See patent family annex. 

* Special categories of cited documents : 
"T" later document published after the international filing date 

"A" document defining the general state of the art which is not 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 

considered to be of particular relevance invention 
"E" earlier document but published on or after the international "X" document of particular relevance; the claimed invention 

filing date cannot be considered novel or cannot be considered to 
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone 

which is cited to establish the publication date of another "Y" document of particular relevance; the claimed invention 
citation or other special reason (as specified) cannot be considered to involve an inventive step when the 

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled 

"P" document published prior to the international filing date but in the art. 
later than the priority date claimed "&" document member of the same patent family 

Date of the actual completion of the international search Date of mailing of the international search report 

11 February 2010 25/02/2010 
Name and mailing address of the ISA/ Authorized officer 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 

Tel. (+31-70) 340-2040, Reinbold, Sylvie Fax: (+31-70) 340-3016 3 
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C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* Citation of document, with indication, where appropriate, of the relevant passages 

X JP 2006 325826 A (UNIVERSAL GIKEN KK; SD 
GIKEN KK) 7 December 2006 (2006-12-07) 
figures 1-10 

x 

x 

x 

x 

A 

x 

paragraph [0020] - paragraph [0069] 

FR 2 867 084 Al (GEN ELECTRIC [US]) 
9 September 2005 (2005-09-09) 

figures 1-12 
page 13, line 23 - page 27, line 9 

WO 2006/074473 A2 (ATLAS SYSTEMS INC [US]; 
LIVENGOOD AMY L [US]; LIVENGOOD JOSEPH C 
[US];) 13 July 2006 (2006-07-13) 
figures 1-6 
page 16, line 4 - page 27, line 4 

US 5 590 648 A (MITCHELL ANDREW [US] ET 
AL) 7 January 1997 (1997-01-07) 
figures 1-9 
column 3, line 65 - column 8, line 5 

WO 02/096335 A2 (HILL ROM SERVICES INC 
[US]; GALLANT DENNIS J [US]; LANCI DENNIS 
M [US]) 5 December 2002 (2002-12-05) 
figure 18 
page 22, line 6 - page 23, line 3 

WO 96/15337 Al (NILSSON AGNE [CY]) 
23 May 1996 (1996-05-23) 
figures 1-26 
page 4, line 4 - page 12, line 34 
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INTERNATIONAL SEARCH REPORT 

International application No. 
PCT/US2009/047034 

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

1. D Claims Nos.: 
because they relate to subject matter not required to be searched by this Authority, namely: 

2.D Claims Nos.: 
because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 

3. D Claims Nos.: 
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

1. GJ 

see additional sheet 

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

2. D As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of 
additional fees. 

4.o 

As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 

No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

Remark on Protest D The additional search fees were accompanied by the applicant's protest and, where applicable, the 
payment of a protest fee. 

D The additional search fees were accompanied by the applicanfs protest but the applicable protest 
fee was not paid within the time limit specified in the invitation. 

~ No protest accompanied the payment of additional search fees. 

Form PCT /ISA/21 O (continuation of first sheet (2)) (April 2005) 
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International Application No. PCT/US2009 /047034 

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 

This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. claims: 1-23 

These claims essentially define a cabinet structure for an 
infusion system comprising: 
- a platform 
- a shell, wherein the shell comprises a first upper 
opening, a second upper opening and an access panel 
- the access panel mating with the upper opening and being 
removable therefrom 
- the upper opening is sized and oriented to allow a 
lowering of one or more radioisotope generators 
- the upper opening being located at an elevation which is 
substantially lower than an elevation of an uppermost 
portion of the upper surface 
(technical problem: to provide a better ergonomic) 

2. claims: 24-35 

These claims essentially define a cabinet structure for an 
infusion system comprising: 
- a platform 
- a shell 
- at least one external recess 
(technical problem: to provide a cabinet structure to hold 
articles pertaining to operation of the infusion system) 
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PATENT COOPERATION TREATY 

From the 
INTERNATIONAL SEARCHING AUTHORITY 

! To: PCT 

i 

see form PCT/ISA'220 WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

(PCT Rule 43bis.1) 

Date of mailing 

(daylmonthlyear) see form PCTASAQ10 (second sheet) 

Applicant's or agent's file reference 

see form PCT/ISA'220 
FOR FURTHER ACTION 
See paragraph 2 below 

International application No. 

PCT AJS2009t04 7034 
International filing date (daylmonthyear) 

11.06.2009 

International Patent Classification (IPC) or both national classification and IPC 

INV. A61M5/14 A61G12t00 
ADD. A61 M5t00 
Applicant 

BRACCO DIAGNOSTICS INC. 

1. This opinion contains indications relating to the following items: 

[gJ 

D 
Box No. l 

Box No. II 

Basis of the opinion 

Priority 

Priority date (day/month/year) 

11.06.2008 

D 
[gJ 

Box No. Ill 

Box No. IV 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

Lack of unity of invention 
[gJ Box No. V Reasoned statement under Rule 43bis.1 (a)(i) with regard to novelty, inventive step or industrial 

applicability; citations and explanations supporting such statement 

D Box No. VI Certain documents cited 

D Box No. VII Certain defects in the international application 

[gJ Box No. VIII Certain observations on the international application 

2. FURTHER ACTION 

If a demand for international preliminary examination is made, this opinion will usually be considered to be a 
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where 
the applicant chooses an Authority other than this one to be the IPEA and the chosen rPEA has notifed the 
International Bureau under Rule 66.1 bis(b) that written opinions of this International Searching Authority 
will not be so considered. 

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to 
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months 
from the date of mailing of Form PCTASA!.220 or before the expiration of 22 months from the priority date, 
whichever expires later. 

For further options, see Form PCTASA!.220. 

3. For further details, see notes to Form PCTASA!.220. 

Name and mailing address of the ISA: 

European Patent Office 

D-80298 Munich 
Tel. +49 89 2399 - O 
Fax: +49 89 2399 - 4465 

Form PCTASAQ37 (Cover Sheet) (April 2005) 

Date of completion of 
this opinion 

see form 
PCTASAl.210 

Authorized Officer 

Reinbold, Sylvie 

Telephone No. +49 89 2399-7918 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Box No. I Basis of the opinion 

1. With regard to the language, this opinion has been established on the basis of: 

12:1 the international application in the language in which it was filed 

International application No. 
PCT /US2009/04 7034 

D a translation of the international application into , which is the language of a translation furnished for the 
purposes of international search (Rules 12.3(a) and 23.1 (b)). 

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized 
by or notified to this Authority under Rule 91 (Rule 43bis.1 (a)) 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and 
necessary to the claimed invention, this opinion has been established on the basis of: 

a. type of material: 

D a sequence listing 

D table(s) related to the sequence listing 

b. format of material: 

D on paper 

D in electronic form 

c. time of filinglfurnishing: 

D contained in the international application as filed. 

D filed together with the international application in electronic form. 

D furnished subsequently to this Authority for the purposes of search. 

4. D In addition, in the case that more than one version or copy of a sequence listing andtbr table relating thereto 
has been filed or furnished, the required statements that the information in the subsequent or additional 
copies is identical to that in the application as filed or does not go beyond the application as filed, as 
appropriate, were furnished. 

5. Additional comments: 

Form PCTASA/237 (April 2007) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 
PCT/US2009,.047034 

Box No. IV Lack of unity of invention 

1. igJ In response to the invitation (Form PCTASAl206) to pay additional fees, the applicant has, within the 
applicable time limit: 

igJ paid additional fees 

D paid additional fees under protest and, where applicable, the protest fee 

D paid additional fees under protest but the applicable protest fee was not paid 

D not paid additional fees 

2. D This Authority found that the requirement of unity of invention is not complied with and chose not to invite 
the applicant to pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1, 13.2 and 13.3 is 

D complied with 

igJ not complied with for the following reasons: 

see separate sheet 

4. Consequently, this report has been established in respect of the following parts of the international application: 

igJ all parts. 

D the parts relating to claims Nos. 1-23 

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 2-7, 13, 20-21, 26-27 
No: Claims 1, 8-12, 14-19. 22-25. 28-35 

Inventive step (IS) Yes: Claims 
No: Claims 1-35 

Industrial applicability (IA) Yes: Claims 1-35 
No: Claims 

2. Citations and explanations 

see separate sheet 

Form PCTASA/237 (April 2007) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Box No. VIII Certain observations on the international application 

International application No. 
PCT /US2009t04 7034 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 

Form PCTASA/237 (April 2007) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

Re Item IV 

Lack of unity of invention 

The inventions in this international application, as follows: 

1. Claims 1 : 23 

International application No. 

PCT /US2009/04 7034 

These claims essentially define a cabinet structure for an infusion system comprising: 

- a platform, a shell, wherein the shell comprises a first upper opening, a 
second upper opening and an access panel 

- the access panel mating with the upper opening and being removable 
therefrom 

- the upper opening is sized and oriented to allow a lowering of one or more 
radioisotope generators 

- the upper opening being located at an elevation which is substantially lower 
than an elevation of an uppermost portion of the upper surface 

(technical problem: to provide a better ergonomic) 

2. Claims 24-35: 

These claims essentially define a cabinet structure for an infusion system comprising: 

- a platform, a shell 

- at least one external recess 

(technical problem: to provide a cabinet structure to hold articles pertaining to 
operation of the infusion system) 

The only common concept between the invention 1 and 2 is a cabinet structure for an 
infusion system having a platform and a shell. This is already known from the person 
skilled in the art. (see JP200350783). 

The special technical features are not identical. The effects of both compounds are 
different. The use of the cabinet structure in claim 2.4 or 2.a permit to hold articles 
pertaining to operation of the infusion system. 

In conclusion, the groups of claims are not linked by common or corresponding special 
technical features and define 2 different inventions not linked by a single general 
inventive concept. Therefore the application claims 2 inventions not so linked to form a 
single general inventive concept. The requirement of unity is not fulfilled, according to 
Rule 13 PCT. 

Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

Form PCT/ISA/237 (Separate Sheet} (Sheet i) (EPO-April 2005} 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

1 Reference is made to the following documents: 

01 JP 2000 350783 

02 WO 2008/037939 

03 EP 0 102 121 

04 J p 2006 325826 

05 FR 2 867 084 

06 WO 2006/074473 

07 us 5 590 648 

08 WO 02/096335 

09 WO 96/15337 

Novelty Article 33(2) PCT 

Invention 1: claims 1 -23 

International application No. 

PCT/US2009/04 7034 

2 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject-matter of claims 1,8-12,14-19,22 and 23 is not new in the 
sense of Article 33(2) PCT. 

2.1 The document D1 is regarded as being the closest prior art and discloses (the 
references in parentheses applying to this document) discloses a cabinet 
structure for an infusion system comprising (figure 1-5): 

- a platform on which the infusion system is mounted; and 

- a shell (40+74) surrounding an interior space of the structure, the interior 
space containing at least a portion of the infusion system; 

- wherein the sheU comprises a first upper opening (84) into the interior 
space, a second upper opening (opening where the panel (64) is fixed) into 
the interior space and an access panel; 

- the access panel (64) mates with the second upper opening and is 
removable therefrom; 

- the first upper opening is sized to provide access to a waste bottle (syringe) 
of the infusion system within the interior space; and 

- the second upper opening is sized and oriented to allow a lowering of one or 
more radioisotope generators, for the system, into the interior space, and a 
lifting of the one or more ,generators out from the interior space, the second 
upper opening being located at an elevation, with respect to a lowermost 

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT /US2009/04 7034 

portion of the cabinet structure, which is lower than an elevation, with respect 
to the lowermost portion of the cabinet structure, of the first upper opening 
(see figure 2). 

The subject matter of claim 1 is not novel over document D1 . 

2.2 Document 01 shows the technical features of claims 8, 10, 11, 12, 14, 15, 17-19, 
22 and 23. 

2.3 The technical feature of claims 1,8-12,14-19,22 and 23 is disclosed in 
Documents D2,D3,D4 and D5. 

Invention 2: claims 24 - 35 

3 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject-matter of claims 24,25 and 28-35 is not new in the sense 
of Article 33(2) PCT. 

3.1 The document D6 is regarded as being the closest prior art and discloses (the 
references in parentheses applying to this document) discloses a cabinet 
structure (100) for an infusion system (124, page 16 line 21 ), the structure 
comprising (figures 1-15): 

- a platform (120) on which the infusion system is mounted; and 

- a shell (204) surrounding an interior ·space of the structure and 
including an upper surface (112) in which at least one opening (138, 124) 
and an external recess (192) is formed; 

- wherein the interior space contains at least a portion of the infusion 
system (IV pump); 

- the at least one opening provides a passageway (138) for a tubing line 
of the infusion system to extend out from the interior space; and the 
external recess (192) is sized to contain a spill from the infusion system. 

Therefore the subject matter of claim 24 js not novet over document 06. 

3.2 Document D6 also shows the technical features of claims 25 and 28 to 35. 

3.3 Moreover the technical feature of claims 24,25 and 28-35 is disclosed in 
Documents D1 ,D7,D8 and D9. 

Inventive step Article 33<3> PCT 

Invention 1 : claims 1 - 23 

4 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject- matter of claims 2-7,13 and 20-21 does not seem to 
involve an inventive step in the sense of Article 33 (3) PCT. Document D1 is 
the closest prior art. 

Form PCT/ISA/237 (Separate Sheet) (Sheet 3) (EPO-April 2005) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT /US2009/04 7034 

In claims 2-7,9,13 and 20-21 a slight constructional change in the cabinet 
structure is defined which comes within the scope of the customary practice 
followed by persons skilled in the art, especially as the advantages thus 
achieved can readily be foreseen. Consequently, the subject- matter of these 
claims also lacks an inventive step. 

Invention 2: claims 24 - 35 

5 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject-matter of claims 26 and 27 does not seem to involve an 
inventive step in the sense of Article 33(3) PCT. Document 06 is the closest 
prior art. 

In claims 26 and 27 a slight constructional change in the cabinet structure is 
defined which comes within the scope of the customary practice followed by 
persons skilled in the art, especially as the advantages thus achieved can 
readily be foreseen. Consequently, the subject- matter of these claims also 
lacks an inventive step. 

Further comments 

Invention 1 : claims 1 - 23 

6 Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background 
art disclosed in the documents 01 - 04 are not mentioned in the description, 
nor are these documents identified therein. 

7 Independent claim 1 is not in the two-part form in accordance with Rule 6.3 
(b) PCT, which in the present case would be appropriate, with those features 
known in combination from the prior art (document 01) being placed in the 
preamble (Rule 6.3(b)(I) PCT) and with the remaining features being included 
in the characterising part (Rule 6.3(b)(ii) PCT). 

8 The features of the claims are not provided with reference signs placed in 
parentheses {Rule 6.2{b) PCT). 

Invention 2: claims 24 - 35 

9 Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background 
art disclosed in the documents 01, 06 to 09 are not mentioned in the 
description, nor are these documents identified therein. 

1 o Independent claim 24 is not in the two-part form in accordance with Rule 6.3 
(b) PCT, which in the present case would be appropriate, with those features 
known in combination from the prior art (document 01) being placed in the 
preamble (Rule 6.3(b)(I) PCT) and with the remaining features being included 
in the characterising part (Rule 6.3(b)(ii) PCT). 

Form PCT/ISA/237 (Separate Sheet) (Sheet 4) (EPO-April 2005} 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT/US2009/04 7034 

11 The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

Re Item VIII 

Certain observations on the international application 

Clarity Article 6 PCT 

Invention 1 : claims 1 - 23 

12 Although claims 1 and 19 have been drafted as separate independent claims, 
they appear to relate effectively to the same subject-matter and to differ from 
each other only with regard to the definition of the subject- matter for which 
protection is sought. 

The aforementioned claims therefore lack conciseness. Moreover, lack of 
clarity of the claims as a whole arises, since the plurality of independent 
claims makes it difficult, if not impossible, to determine the matter for which 
protection is sought, and places an undue burden on others seeking to 
establish the extent of the protection. 

Hence, these claims do not meet the requirements of Article 6 PCT. 

It appears to be appropriate to file an amended set of claims taking account of 
the above comments and Article 34 (2)(b) PCT. The relevant subject- matter 
should be defined in a. single independent claim followed by dependent 
claims covering features which are merely optional (Rules 6.3 and 6.4 PCT). 

Invention 2: claims 24 - 35 

13 Although claims 24 and 28 have been drafted as separate independent 
claims, they appear to relate effectively to the same subject- matter and to 
differ from each other only with regard to the definition of the subject-matter for 
which protection is sought. 

The aforementioned claims therefore lack conciseness. Moreover, lack of 
clarity of the claims as a whole arises, since the plurality of independent 
claims makes it difficult, if not impossible, to determine the matter for which 
protection is sought, and places an undue burden on others seeking to 
establish the extent of the protection. 

Hence, these claims do not meet the requirements of Article 6 PCT. 

It appears to be appropriate to file an amended set of claims taking account of 
the above comments and Article 34 (2) (b) PCT. The relevant subject- matter 
should be defined in a. single independent claim followed by dependent 
claims covering features which are merely optional (Rules 6.3 and 6.4 PCT). 
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A radioactive material such as an unstable isotopic gas is provided to a receiving chamber (1) directly from a source to form a purified 
or enriched bubble. The bubble is passed to a fluid handling set for preparation of the reagent or other delivery system. In an exemplary 
embodiment trace amounts of nitrogen-13 are concentrated in a receiving chamber and passed into a small bubble of carrier gas. The 
carrier gas is then delivered into a fluid handling set. The fluid handling set connects to a pressure syringe (50) and a passive syringe (60), 
and further includes a plurality of flushable valves (22-27) interconnected as a closed unit by tubing (21) to form a switchable or finite 
state flow network in which the pressure syringe may back flush the tubing, mix the isotope in a delivery liquid, and transfer the mixed 
liquid to an output for diagnostic imaging or other use. 
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RADIATION HANDLING SYSTEM AND SET 

CROSS-REFERENCE TO RELATED APPLICATIONS 

Not Applicable. 

PCT!US99/08981 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 

Not Applicable. 

BACKGROUND OF THE INVENTION 

The present invention relates to the preparation and use of radioactive isotopes for 

biological purposes such as labeling, marking, imaging and diagnostics. Such 

10 applications generally utilize a single element containing minor amounts of an unstable 

isotope, which must be generally formed into a simple compound that is incorporated 

into a solution or reagent which undergoes a known or predictable interaction with the 

biological system being studied. Thus, for example, radionuclides are often added as 

labels to a substance that binds to a nucleic acid to indicate the presence of a particular 

15 substrate, termination or functional group. Similarly, materials which are taken up by 

particular biological systems may be labeled for treatment or imaging purposes. 

Aerosols or radio-labeled fluids may also be used for blood flow or lung function 

diagnostic imaging studies. 

In general, it is necessary that radioactive materials be handled in such a way as 

20 to not expose the operator to radiation. Thus they are preferably handled under robotic 

control or automated conditions. It is desirable that the radioisotopes involved have a 

short half life, so as to automatically limit the exposure of the subject to radiation, and to 

facilitate proper disposal. However, materials with a short half life cannot be 

compounded in advance or stored for lengthy times. Such radionuclides must therefore 

25 be manufactured at or near to the site of intended use. In these cases the purification and 

preparation of the radionuclide in a suitable delivery system must also be accomplished 

locally. The brevity of the nuclide half life may further complicate its handling and 

processing. These factors have sometimes prevented the acceptance or use of otherwise 

worthwhile radionuclide-based procedures. 
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It would therefore be desirable to provide a convenient system for preparing 

radionuclides for biological use. 

It would also be desirable to provide such a system for handling a radionuclide in 

an automated fashion without exposing the operator to radiation. 

5 It would further be desirable to provide such a system useful for short-lived 

10 

materials or small batches to enable the routine use of such materials in individual 

procedures. 

SUMMARY OF THE INVENTION 

These and other desirable features are achieved in a system in accordance with the 

present invention by providing a radioactive marker material such as an unstable isotopic 

gas to a receiving chamber directly from a source to undergo initial cleansing or 

concentration, and passing the material into a fluid handling set for automated 

preparation of the reagent or actual delivery system. In an exemplary embodiment, trace 

15 amounts of 13N, created by proton bombardment of a target at a cyclotron, pass to a 

receiving chamber, are cleansed and pass into a small bubble of carrier gas. The carrier 

gas is then delivered into a fluid handling set. The fluid handling set includes or 

connects to a pressure syringe and a passive syringe, and further includes a plurality of 

flushable valves interconnected by tubing in a closed unit to form a flow network in 

20 which the pressure syringe may back-flush the tubing, mix the isotope in a delivery 

liquid, and transfer the mixed liquid to an output for diagnostic imaging or other use. 

The fluid handling set, which is a closed and preferably sterile unit, may include the 

receiving chamber 1, and it mounts in a fixed console of operating motors and condition 

sensors to control the various steps of fluid handling and delivery, and to effect safety 

25 functions which enable the system to connect directly to a catheter or to a vascular 

injection system for use on human beings. 

In a preferred embodiment, the receiving chamber 1 is substantially rigid, but has 

a region of limited or unidirectional compliance. The chamber receives a flow of trace 

-2-
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isotope in a bulk gas, operating to remove the bulk gas while the radionuclide 

accumulates in a bubble at the outlet port of the chamber. Compliance of the receiving 

chamber may be effected by means of an elastic wall tensioned against a rigid support 

such that the wall flexes outwardly under pressure to accommodate the inflow of carrier 

5 gas but may not bow inwardly. This maintains the chamber volume above a fixed 

minimum, and prevents liquid from leaving the chamber when suction is applied at the 

top. In an illustrative system, nitrogen-13 is generated by cyclotron bombardment of a 

target with accelerated particles, and when the target has attained a sufficient level of 

radioactivity, the sample is passed to the receiving chamber and the C02 with trace 13NN 

10 is bubbled into a sodium hydroxide solution. The one-way compliant wall allows a large 

flow to be received and maintained under pressure to accommodate the different rates of 

carrier delivery and carrier removal effected at this stage. The C02 reacts with and is 

effectively taken up by the sodium hydroxide solution, while the desired nuclide 

concentrates at a gas-filled plenum at the top of the receiving chamber, where it is 

15 accessed at the outlet port using a closed sterile set to effect transfer, mixing and delivery 

in a form useful for medical imaging. The fluid handling set includes a plurality of three 

way valves or medical infusion stopcocks that are preconnected together via small bore 

tubing to form a flow path. Two of the stopcocks each have a third port, which are 

attached to syringe bodies. One operates as an active bidirectional pump, while various 

20 motors and sensors in the console operate and control the position of the stopcock 

handles to achieve transfer, mixing and delivery of the radionuclide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more fully understood from the following detailed 

25 description taken in conjunction with the accompanying drawings, in which: 

Figure 1 is a flow chart illustrating major steps of the preparation process of the 

present system: 

-3-
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Figure lA illustrates the system showing representative components in use for 

positron emission tomography; 

Figure 2 illustrates system architecture as applied to a nitrogen 13 radionuclide; 

Figure 3 illustrates a preferred construction of a receiving chamber for the system 

of Figure 2; 

Figures 4A through 4D illustrate details of valve operation and flow for transfer 

10 of the radionuclide into a fluid handling set of the present invention; 

Figure 5 illustrates an operating console for the set of the invention; 

Figures 5A-5C illustrate stopcock mounting and control blocks of the console for 

15 use with a closed sterile set; and 

20 

Figure 6 illustrates another embodiment of the system and set. 

DETAILED DESCRIPTION OF THE DRAWINGS 

In accordance with a principal aspect of the present invention, there is provided a 

system for automated and isolated handling of a hazardous material, such as a 

radionuclide, for biological or medical use. The system includes a sterile set defining the 

path of the nuclide from a source or process chamber to its end use which, in the 

illustrated embodiment, involves injection into a patient. Other potential end uses may 

25 include specialized labeling, microanalytic or synthesis applications. As shown in 

Figure 1 for a representative system, the radionuclide, which in this case is 

nitrogen-13, passes from a source to a conditioning or purification chamber 1 which 

produces a small mass or bubble of the concentrated radionuclide for delivery to the 

preparation portion 10 of the system. The preparation portion 10 dissolves the nuclide in 
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a saline solution for injection in a patient, and may directly inject the prepared solution 

into the patient. 

By way of technical background for this embodiment, the use of nitrogen-13 in 

gaseous form for medical imaging procedures was pioneered at the Hammersmith 

5 Hospital, in London, several decades ago. The radionuclide is produced by 

bombardment in a cyclotron using a number of possible target systems and sweep gases. 

Further details may be found in the text Short-lived Radioactive Gases for Clinical Use of 

J.C. Clark and P. D. Buckingham (Butterworth, London and Boston) pp 190-200. That 

text is hereby incorporated herein by reference. Nitrogen-13 is only very slightly soluble 

10 in blood, and when injected in solution in the blood stream, quickly leaves the blood and 

accumulates at the blood-air exchange interface in the lung. Its decay creates positrons 

which may provide excellent three dimensional PET images of the lung, for evaluation of 

both perfusion and ventilation. However, the difficulties of using this radionuclide have 

effectively prevented its adoption in hospital settings. Much of the discussion below is 

15 applicable to other gaseous radionuclides such as oxygen-15, or radionuclides 

incorporated in a gaseous medium, or in a liquid with appropriate modifications. 

However, the preparation and use of nitrogen-13 presents a number of technical 

difficulties and will therefore be discussed more fully to illustrate aspects of a system and 

components of the present invention. 

20 In accordance with a principal aspect of the present invention the source 

radionuclide is provided in a relatively crude or bulk form, for example in a sweep gas or 

target fluid from a cyclotron, or in other primitive or intermediate form, and flows 

through the system to directly enter the patient or be applied to some other sterile or 

purified application such as marking, analysis or synthesis of a pure product. As shown 

25 in Figure lA it is generally contemplated that the system 20 will be a small cabinet, 

desktop or other stand-alone unit containing the sub-assemblies 1, 10 (Figure 1), and 

which attaches to the source and to the patient either directly or via a small intermediate 

assembly. For example, the unit 20 may connect to the source through a filtration unit or 

the like, and to the patient via an infusion line, port or pressurized timed injector or the 
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like. However, most preferably the connection to the source and to the patient are as 

direct as possible so that little dead space, wasted volume, delay time or regions of 

radiation exposure are interposed between the source and the patient. 

As further shown in Figure IA, the invention generally contemplates that the unit 

5 20 will be controlled as to several parameters discussed below by a connection to a 

keyboard/processor assembly 21. Also the specific nitrogen-13 embodiment is used in 

conjunction with an imaging or detection assembly 25. The assembly 25 of Figure lA is 

a detector array which encircles the patient and is configured for positron emission 

tomography, to simultaneously detect the pair of annihilation photons emitted in opposite 

10 directions by positron-electron annihilations as the radionuclide decays. The detector 25 

provides its detection signals to a processor for construction of a three dimensional image 

of the distribution of the positron-emitting radionuclide. Other suitable detectors include 

single-sided detector arrays, or even photographic plate cameras which register and 

record the received annihilation photons on a plate of film. However, a positron 

15 emission tomography (PET) instrument is the preferred detection instrument for the 

illustrated process. 

Figure 2 illustrates functional component of the units 1, 10 of Figure 1. As 

shown, the unit 1 for carrying out preliminary cleansing or refinement of the 

radionuclide in this case includes an absorbing chamber through which the nitrogen-13 

20 bubbles to remove the C02 sweep or residual target gas as the material arrives from the 

cyclotron source. The absorbing chamber 1 is filled with sodium hydroxide solution and 

is shaped with an inverted funnel cap that channels unabsorbed gas upward to a plenum 

la at the top of the chamber. Plenum la connects on the one hand to an exhaust port 2 

controlled by an exhaust valve 3 and, on the other hand, to an outlet port 4 controlled by 

25 transfer valve 5. The outlet port connects to the main process line 21 of the sub

assembly 10, which as noted above resides within the preparation console 20 (Figure lA) 

forming an inlet thereof and extending therethrough to the patient or end use. As 

described further below, chamber 1 may also be located within the console 20. 

-6-

1668 of 2568



W099/56117 PCT/US99/08981 

As further shown in Figure 2, the functional flow control and handling units 

appearing in the preparation console 20 include in addition to the flow line 21 a plurality 

of sterile three-way valves or stopcocks 22, ... 27 each of which has two of its three ports 

connected to the line 21, and its third port connected to an inlet, outlet or syringe. The 

5 distal end of line 21 forms the output path from console 20. Each of the stopcocks 22-27 

may be identical, and advantageously the stopcocks together with tube 21 are connected 

together and initially provided as a closed and sterile unit packaged in a manner similar, 

for example, to a medical infusion set. Each stopcock thus has one "free" port which is 

connected to allow material to enter, leave, or be moved along line 21. These third ports 

10 are attached to a source of sterile saline fluid 40, an active injector syringe 50, a source 

of flush fluid, and a passive holding syringe 60. In addition, a sample syringe 70 

connects at stopcock 26, and an outlet line 80 to a dump, or waste vessel, extends from 

stopcock 27. These elements may also be connected as part of the set, although, as will 

be understood from the discussion below, variations are possible. The function of the 

15 sample syringe may be implemented instead by providing a small plenum with a 

pierceable septum connected to the third port of stopcock 26, and the line 80 may simply 

terminate with a spike port for attaching to a suitable collection vessel or transfer 

mechanism. 

As further illustrated in Figure 2, the passive syringe is spring loaded so that it is 

20 normally biased to a non-extended, closed or minimal volume configuration. Thus, when 

a pressurized flow appears along line 21 and is directed into the syringe 60 by stopcock 

25, its piston moves outwardly to form an adaptive chamber that changes volume under 

pressure for receiving the fluid in the line 21. 

In accordance with a principal aspect of the present invention, the sterile set 21 

25 includes a set of connected stopcocks and a syringe 50 all configured to fit within the 

control console (described further below) and to be manipulated by servomotor elements 

therein to carry out the radionuclide preparation and delivery to the patient. In a 

representative preparation and delivery protocol, the stopcocks are set to positions such 

that one or more stopcocks block the inlet, outlet or intermediate portion of the set, while 
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one or more stopcocks are open to interconnect various portions of the path for 

receiving, preparing or delivering the radionuclide. In particular, the set 21 dermes a 

finite state flow path formed of sterile single use disposable elements that fit within a 

console adapted to secure and control both sets of elements. Advantageously, the 

5 console 20 may be configured as a cabinet having separate compartments and which may, 

for example, be hinged to open for inserting and changing the set. In the prototype, the 

receiving chamber 1 is housed in the back half with its outlet line 4 (Figure lA) 

connecting through the middle wall of the cabinet so that the fluid line 21 (Figure 2), 

runs through an array of stopcock or syringe receiving recesses and control elements laid 

10 out along a path in the front half of the cabinet. 

In this embodiment, the apparatus is conveniently divided into those parts that do 

not contact the sterile solution, and those parts which do. The parts which contact the 

saline directly are sterile, and are assembled from disposable medical components. 

These include all of the tubing downstream of the liquid detector, the stopcocks, and the 

15 three syringes 50, 60, 70 which are disposable, and are to be replaced for each patient. 

These components are mounted on the front panel of the main unit, so that they can be 

changed quickly. The remaining parts of the system do not contact the saline, and may 

advantageously be made of reusable components. Thus the absorbing chamber 1, and the 

various solenoid valves and tubing that connect to it may be permanently installed. 

20 Preferably, the system is enclosed in a cabinet which is connected to a high flow-rate 

vacuum to maintain a steady flow into the cabinet through its small openings, so that any 

leaks of radioactivity within the system are contained and the radioactive material is 

removed. 

The cabinet is divided into three compartments. The rear compartment, 

25 accessible via a rear door, contains the absorbing chamber and a dump tank. This 

compartment is watertight so that a catastrophic failure of the absorbing chamber will not 

result in escape of sodium hydroxide. A central compartment houses all of the 

electronics of the apparatus, and is protected from contact with any liquid that may leak 

from a failing component or connection. The front of the cabinet forms a door which 
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encloses the front panel, allowing easy access to components of the system that need to 

be changed frequently. Preferably the syringes mount on this panel. 

Figure 3 shows a preferred construction for the receiving chamber 1, which may 

be formed of a strong medical grade polymer. As shown, the receiving vessel 1 is 

5 configured with a rigid housing 101 which may for example be formed of a hard plastic 

and having an interior with a major lower portion configured with a sloped roof leading 

to a chimney-like upper portion or outlet plenum 109 of defined volume. The vessel 101 

is configured to fit on a magnetic base such as a stand having an internally mounted 

rotating permanent magnet driver mechanism positioned below the chamber support 

IO surface, and a magnetic stirring rod 107 is positioned in the bottom of the vessel I. The 

main chamber communicates through a passage 102 to a secondary chamber 10 la 

bounded by a flexible elastic membrane or wall 104 positioned over the passage 102. 

This serves as a compliant chamber; the membrane 104 bends outwardly as pressure 

increases in the chamber 1 and fluid flows through the passage into the secondary 

15 chamber. However, housing 101 is rigid and the passage 102 is relatively small, or else 

may consist of a number of small passages such that the wall below the flexible sheet 104 

forms a perforated plate that supports the sheet and effectively prevents the sheet 104 

from moving inwardly in response to negative pressure. This arrangement provides a 

stable volume within chamber 1, and accommodates a large influx of fluid so that when 

.20 radioactive material from the cyclotron enters the inlet, a large bolus of material may be 

received, increasing the pressure and allowing the material to more effectively react in 

the absorbing chamber at the slower process rate of absorption therein. As discussed 

briefly above for the illustrated CO/nitrogen-13 material, chamber 1 is filled with a 

sodium hydroxide solution and is gently stirred by a magnetic stirring rod, so the 

25 solution quickly reacts with and effectively removes all the C02 while the unreactive 

nitrogen tracer rises into the outlet plenum 109 at the top of the chamber. 

Preferably, for this process, the plenum 109 is initially loaded with a small 

volume, e.g. a few cubic centimeters, of a carrier gas in which the nitrogen-13 is 

soluble. This carrier may, for example, be nitrous oxide or other suitable biocompatible 
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gas. It is also advantageous that the carrier be highly soluble in blood or aqueous 

solutions, so that as discussed further below, problems of bubble formation or potential 

danger of bends are avoided. Thus, operation of the receiving chamber 1 is such that the 

sweep gas or target predecessor material from the source is removed, and the cleansed or 

5 concentrated radionuclide resides in the plenum 109 with a carrier gas for transfer 

through the transfer valve to the flow path 21. The architecture of vessel 1 therefore 

retains the pocket of gas at the top of the chamber intact. In this way, no liquid 

infiltrates the tubing leading to the rest of the apparatus, where small droplets of liquid 

might cause false triggering of the liquid detector or blocking of the hydrophobic filter. 

10 An important aspect of the design of the compliant compartment is that it is only 

compliant to positive volumes. That is, volume can be added to the chamber, but not 

withdrawn. Once the carbon dioxide is absorbed, and the bubble of nitrogen withdrawn, 

the membrane wall lies flat against the side wall of the chamber, and the chamber 

becomes rigid. Thus it is impossible to suck significant volumes of sodium hydroxide 

15 out of the absorbing chamber and into the rest of the system. 

Skipping ahead to Figure 5, there is shown a representative front panel of the 

console assembly 20 with the radionuclide entry port and elements of the flow path 21 

laid out thereon. As shown, the flow line 21 first passes through a liquid detector which 

detects the arrival of liquid in the flow line from the chamber 1 and provides a control 

.20 signal used, as described further below, for switching the states of the various stopcocks 

and transporting the bubble of radionuclide through the processing stages of the 

preparation assembly 10. 

As further shown in Figure 5 a hydrophobic filter 29b is placed in the flow line 

21 as a barrier to entry of liquid from chamber 1 into the system 10. As shown, the fluid 

25 preparation line 21 or set, is positioned in the console 20 such that each of the stopcocks 

22-27 fits within a corresponding receiving block 22a through 27a, and the injection 

syringe 50 and passive syringe 60 fit within a driver mounting 50a and a syringe support 

60a, respectively. By way of example, the driver assembly for the injector syringe may 

be that of, or similar to, a manual or programmed contrast agent injector system capable 
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of operation to drive a standard disposable syringe at high pressures through one or more 

precisely timed and controlled displacements to inject preset doses or volumes into the 

vascular system of a patient. The mounting 60a for the passive syringe may include a 

spring-loaded or counter-weighted platform or pushing member against which the distal 

5 end of the plunger of the injection syringe rides, so that the biased member returns the 

piston to its upper position (as shown) when the state of the stopcocks allows flow and 

the pressure in line 21 drops below the spring bias threshold. 

In the prototype embodiment, the injector drive consisted of a MedRad 

radiographic contrast injection instrument, and the remainder of the cabinet and control 

10 mechanism of unit 20 was built atop the injector mount so that the active syringe was 

conveniently located in immediate proximity to the other elements shown in Figure 2. 

The stopcock mounting assemblies were prepared as shown in Figures SA through SC, 

by constructing shaped plastic receiving blocks having recesses each shaped to accept a 

standard disposable stopcock assembly therein and to mount on a plate so that each 

15 stopcock engages a position reporting actuator mechanism, which turns the handle of the 

stopcock. The stopcock was placed into the housing with the handle facing forward and 

the housing was designed to grip the three fluid connecting stubs of the stopcock, thus 

securely holding the stopcock body in a fixed position that allowed stopcock position to 

be controlled to within about one degree. A molded coupling was used to connect the 

20 stopcock handle to a standard servomotor, which in turn was controlled by a 

microcontroller board connected via a serial line to a computer used to control the 

apparatus. The computer was programmed to control operation of the stopcocks to 

define different segments for receiving, transferring, mixing and delivering the material. 

It was also programmed to control the injection regimen of the syringe for delivery of 

25 prepared doses to the patient. 

In the prototype embodiment, the servomotor assemblies were modified so that 

the output of an internal potentiometer was passed to an A/D converter on the 

microcontroller board, and this output was used to calibrate the stopcock positions and 

then continuously monitor the position of each stopcock. Control software in the 
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microprocessor with a graphical user interface allowed the user to set the position of the 

stopcock and displayed the position on the screen, signaling an alarm if a motor fails to 

drive a stopcock element to the programmed position. For preparing the nitrogen-13 

tracer, the program was written to effect a sequence of control steps as described below, 

5 and delivery steps were controlled by using the injector both to control the preparation of 

the solution and the injection into the patient. 

Figure 4 illustrates a particular sequence for transfer of the tracer bubble from the 

absorbing chamber 1 into the mixing syringe, which is performed by encapsulating the 

tracer bubble with a saline solution. In broad terms, the operating sequence proceeded as 

10 follows. Before gas is received from the cyclotron the system is readied for production. 

The tubing from the absorbing chamber is flushed with a gas and the remainder of the 

apparatus is flushed and filled with de-gassed saline solution. One suitable flush gas is 

nitrous oxide but many other gases may be used. The chief requirements are that the gas 

be biologically safe, soluble in water and be non-reactive with the reagents used (sodium 

15 hydroxide, in this case). The radioactive gas is then admitted to the absorbing chamber 

and is stirred with a magnetic stirrer until all carbon dioxide is absorbed. Stirring is 

performed gently to avoid generation of droplets which might clog the hydrophobic filter 

29b (Figure 5). The bubble of remaining gas at the top of the absorbing chamber is then 

transferred to the injector syringe which is otherwise filled with an appropriate amount of 

20 de-gassed saline for the contemplated infusion regiment or for the amount or available 

radionuclide. The mixture in the injector is next dissolved by repeatedly ejecting it into 

the passive syringe allowing its return and again ejecting it, so that by the vigorous flow 

and atomizing action of ejection the tracer is quickly dissolved in the saline solution. 

This process of vigorous atomization mixing by repeated passage through a flow segment 

25 between syringes in a closed set thus effectively addresses the difficult problem of 

preparing the radionuclide solution in a manner that is both safe and quick. 

Next, with the stopcocks reset to define a different flow segment, a sample of the 

injectate so prepared is expelled from the syringe into the sampling syringe 80. 

Preferably a pH sensor is also present in the apparatus downstream of the injector 
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syringe to detect any sodium hydroxide contamination which may have occurred, and to 

actuate a shutdown in that event. The strength of the prepared solution is determined and 

this data is entered in suitable program for the injection control or image processing. 

The stopcock configurations are again changed, and the injector then gives a rapid bolus 

5 of tracer solution along its output line into the patient. 

Returning now to Figure 4, there is shown a representative sequence of states of 

the finite state flow segment operating sequence of the device, illustrating in this case the 

initial radionuclide transfer from the receiving chamber l into the preparation set 10. 

After the initial system preparation and cleansing in chamber 1 are completed, the state 

10 of the apparatus is as depicted in Figure 4A. The upstream tubing (on the left) of 

stopcock 22 is filled with flush gas and the downstream tubing (to the right) is filled with 

degassed saline. The syringe 50 is then operated to draw along line 21 so that, as shown 

in Figure 4B the bubble of radioactive gas is drawn out of the pocket 109 (Figure 3), and 

toward the injector syringe 50. Sodium hydroxide solution is also drawn out of the 

15 absorbing chamber 1 at the trailing edge of the bubble of carrier/tracer gas. A liquid 

detector 29a is installed in the assembly 10 about the line 21 just upstream of the first 

stopcock 22 to provide a signal when the sodium hydroxide reaches this point. The 

transfer valve (Figure 3) is then closed, and the controller moves the first stopcock 

(Figure 4C) to connect the saline reservoir and fill in behind the bubble with saline 

20 solution from the reservoir. The bubble of tracer is thus "encapsulated" by saline 

solution as shown in Figure 4D. This allows controlled transfer through the apparatus by 

operation of the injector syringe. A slight amount of tracer gas still residing in the first 

stopcock and liquid detector is wasted. However, it will be understood that all tubing 

interconnecting the various components in the processing section 10 is of small size 

25 (under one millimeter). of the type customarily used for transfer of small volumes of 

fluid, and thus the wasted tracer represents a very small proportion of the carrier/tracer 

bubble being processed. 

After the bubble of gas is completely drawn into the injector syringe, the 

stopcocks are moved to define a new flow/transfer segment such that the injector outlet 
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communicates only with the adjacent passive syringe. The mixture is then vigorously 

expelled into the passive syringe, then again drawn back into the active syringe and re

expelled. This process of repeated ejection promotes dissolution of the gas in several 

ways. Firstly, the surface area of the interface is increased exponentially by atomizing 

5 the fluid and in subsequent ejections breaking bubbles of gas into many smaller bubbles. 

Secondly, the ejection occurs at elevated pressure, thus enhancing the mechanisms of 

diffusion. Finally, the strong current and highly turbulent flow during ejection mixes the 

liquid very well, reducing any concentration gradients that might otherwise limit the 

process. 

10 After the mixing process is complete, the stopcocks are again repositioned and the 

syringe 50 is operated to expel to the dump a volume equal to the volume of gas 

originally drawn into the syringe. This assures that any undissolved gas is ejected from 

the system. The lines to the patient are then flushed with the prepared tracer solution, 

and a small (1 ml) sample is taken. For the illustrated system, the sample is used 

15 primarily to assess the activity of the solution, but it could be additionally analyzed to 

check the composition of the injectate, or when applied to other radionuclide systems 

could determine other relevant conditions or parameters. 

The pH of the solution is preferably measured by a sensor installed on the line to 

the dump tank. Any sodium hydroxide contamination is detected at this point, before 

20 injection to a patient. 

In the foregoing system, it is important that the solution injected into the patient 

not be super-saturated and not contain any gas bubbles. If the solution were super

saturated, there would be a risk that bubbles could spontaneously appear in the solution 

before infusion or that microbubbles of nitrogen would form in the bloodstream causing 

25 an artificially-induced form of decompression sickness ('the bends'). To assure that 

supersaturation does not occur, the volume of nitrogen withdrawn from the absorbing 

chamber is limited to that volume which is known to dissolve in the volume of saline 

being prepared, and following dissolution, the mixture is allowed to equilibrate at 

atmospheric pressure. Thus, even if the solution is super-saturated, excess gas will 
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diffuse out of the solution. Further, when, following the mixing described above, the 

volume at least as great as the volume of gas originally drawn in from the absorbing 

chamber is ejected from the top of the injector syringe to dump, both the excess 

undissolved gas and the gas that has come out of solution are expelled. 

Preferably, an ultrasonic bubble detector is also installed on the line to the 

patient, as well as a bubble-trap filter. Prior to injection, the lines are flushed, and a 

final, visual check for microbubbles is performed. 

Figure 6 illustrates another embodiment of the system and set of the present 

invention. In this embodiment, the compliance chamber or flexible-walled side chamber 

10 may be actively pressed. This may be done to assure complete return of the flexible 

wall, and thus further guard against expulsion of the sodium hydroxide solution. 

Furthermore, the stopcocks are located somewhat differently to provide a short direct 

infusion path to the patient, and to separate or shift other paths or path segments. As in 

the first embodiment, the pressure syringe is centrally located, and serves as a hub for 

15 drawing, expelling or moving fluid along the various segment defined by the states of the 

stopcock valves. Advantageously, the pressure syringe mounts vertically, so that it 

initially receives and segregates the gas, and subsequently expels residual bubbles to the 

dump. 

For operation of the system, the saline may be drawn from a USP-standard 

20 infusion bag, and all parts of the apparatus that contact the solution are assembled using 

aseptic technique from sterile, disposable medical components. Microporous filters are 

installed on the line entering the system from the saline bag, and on the line out of the 

system to the patient. Preferably a batch of tracer solution is prepared before the batch 

intended for infusion, and a sample is assayed. 

25 Preferably, the bolus infusion of tracer is given by the injector under computer 

control, with the computer programmed to accurately control the infusate volume and 

rate, to effectively synchronize with a PET camera, and to automatically adjust dosage as 

the tracer decays. However, preferably the hardware is designed so that if necessary, the 

injector can be disconnected and operated manually. In the prototype embodiment using 
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an existing, manually-operated contrast media injector, the addition of a microprocessor

based controller and other modifications made to the injector were such that all of its 

safety-features function normally, and when manually-operated, the injector was 

fundamentally the same device as an unmodified, FDA-approved original. The series 

5 architecture of the treatment vessel and mixing assembly, together with the unique bubble 

transfer mechanism and multiple redundant stops and operation safety checks thus forms 

a system that is safely interposed between a cyclotron target and the patient's vasculature. 

Repetitive ejection between syringes produces a highly effective mixing/solution 

mechanism using fungible disposables. Moreover, the provision of a closed, disposable 

10 set for handling and compounding the radionuclide in an automated negative pressure 

safety cabinet allows the operator to maintain a safe distance from radiation, and 

provides a convenient system for the remote handling and preparation of diverse 

medicines, reagents and tracer materials. 

The invention has been described above in a particular application for receiving, 

15 preparing and injecting a gaseous radionuclide for pulmonary PET imaging. However, 

the unique remote handling, sterile mixing, and volumetric control achieved by the set 

and the operating console are applicable with slight changes to compounding and 

delivering medications, marking and synthesizing materials and other radiation-handling 

tasks. Thus, it should be understood that the invention is not to be limited by the 

20 particular embodiments shown and discussed above, but may take other forms and be 

embodied in diverse systems for preparing, reacting, formulating or delivering 

radionuclides or biologically active materials. The invention and its principals of 

operation being thus disclosed, one skilled in the art will appreciate further features and 

advantages of the invention, and will be lead to further variations and modifications of 

25 the invention. Accordingly, all such variations and modifications are considered to be 

within the spirit and scope of applicant's invention as defined by claims appended hereto 

and equivalents thereof. All publications and references cited herein are expressly 

incorporated herein by reference in their entirety. 
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Claims 

1. A system for preparation and delivery of a biologically active, hazardous or 

radioactive fluid, the system comprising 

5 a receiving system having a first port for receiving said fluid and a second port 

positioned for delivering said fluid 

a fluid handling set including a syringe and a plurality of flushable valves 

interconnected as a closed unit by tubing extending to an outlet 

the syringe connecting via said fluid handling set to said second port and to said 

10 outlet for drawing the fluid into the tubing and transferring said fluid to the outlet as a 

prepared liquid 

15 

and the fluid handling set being configured for operation of said valves to define a 

finite set of flow segments at different times in said set such that the syringe flushes, fills, 

prepares and delivers the prepared fluid without exposing the operator to radiation. 

2. A system for preparation and delivery of a biologically active, hazardous or 

radioactive material such as a gas, the system comprising 

a receiving chamber having a first port for receiving said fluid and a second port 

positioned for accessing an active gas present in said material 

20 an operating assembly for mounting a fluid handling set including a pressure 

syringe, a passive syringe and a plurality of flushable valves interconnected as a closed unit 

by tubing such that the tubing connects to said second port, and the operating assembly 

being configured to secure and operate the pressure syringe and the plurality of valves in 

sequence such that the pressure syringe draws the material into the pressure syringe and 

25 transfers the material with liquid to said passive syringe so as to form a prepared liquid, 

and furtheroperating said valves to define a finite set of flow segments at different times in 

said set for flushing, filling, preparing and delivering the prepared liquid, to receive the 

material from a source and provide the prepared liquid to a patient. 

-17-

1679 of 2568



5 

10 

15 

W099/56117 PCT/US99/08981 

3. A system for preparation and delivery of a biologically active, hazardous or 

radioactive material, the system comprising 

a receiving chamber having a first port for receiving said material and a second port 

positioned for accumulating a desired portion of the material 

a fluid handling set including a plurality of flushable valves interconnected as a 

closed unit by tubing and configured for automated remote operation of said valves to form 

a finite state flow path effective to receive and encapsulate said desired portion as a bubble, 

prepare said portion in a delivery liquid and transfer the delivery liquid to an output. 

4. The system of claim 3, wherein said valves define flow segments at different times 

in said set for flushing, filling, preparing and delivering the material such that the set 

receives the material as a gas from a source and safely delivers the delivery liquid to the 

bloodstream of a patient. 

5. The system of claim 4, wherein the fluid handling set includes a pressure syringe 

operable for drawing the material into the set, mixing the delivery liquid, and delivering the 

delivery liquid into the bloodstream of a patient. 

6. The system of claim 3 or 4, wherein the system prepares a gaseous radionuclide for 

20 injection to perform positron emission tomographic images of the patient. 

7. The system of claim 3, wherein the fluid handling set is sterile assembly and further 

comprises and active syringe connected to one of said valves, and a passive syringe 

connected to another of said valves for receiving liquid such that the set is operable to 

25 prepare said portion in said delivery liquid by ejecting said portion and delivery liquid from 

the active syringe into the passive syringe. 

8. A system for sterile preparation of a fluid radionuclide for use, such system 

comprising a sterile flow set including an inlet, an outlet, a plurality of stopcocks arranged 

30 in a sequence along a flow line to define a plurality of fluid transport segments, and first 
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and second syringes connected to the flow line being operable to form a sterile liquid 

solution of said radionuclide while it remains in the flow set by repeated ejection from said 

first syringe to said second syringe and return to said first syringe. 

9. A system according to claim 8, wherein the sterile flow set includes at least five 

stopcocks. 

10. A system according to claim 8, wherein at least one of said syringes attaches 

10 directly to a port of one of the stopcocks. 

11. A fluid handling set for use in receiving a hazardous fluid material and forming a 

delivery liquid, such set comprising a plurality of at least five stopcocks and tubing 

interconnecting said plurality of stopcocks to form a closed transport path for handling 

15 the hazardous fluid material, each stopcock further having a port for admitting material 

to or expelling material from said closed transport path. 

12. A device for receiving a hazardous fluid material and forming a delivery liquid 

such as a reagent, medicine or imaging agent containing said fluid material, such device 

20 comprising 

a plurality of stopcock receptacles arranged along a path, 

a corresponding plurality of servomotors positioned and configured for 

individually controlling a stopcock each being positioned in one of the receptacles, 

a syringe driver, and 

25 a controller operative to control said servomotors to form a set of flow 

30 

segments along a closed transport path for handling the hazardous fluid material, and to 

control said syringe driver to drive a syringe so that the syringe draws said fluid material 

into the transport path and moves the fluid material along ones of said flow segments so 

as to prepare and deliver the delivery fluid. 

-19-
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13. The device of claim 12, further comprising a flow set including a plurality of 

stopcocks interconnected by tubing to form a sterile flow path, an active syringe 

connected to said flow path, and a passive syringe connected to said flow path. 

5 14. The device of claim 13, wherein the controller is operative to control said 

servomotors to define a path between the active syringe and the passive syringe, and to 

prepare the fluid material by repeated ejection of the material from the active syringe to 

the passive syringe. 

-20-
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PROCESS AND DEVICE FOR THE DOSE DISPENSING 

OF A RADIOACTIVE SOLUTION 

Area Of The Invention 

This invention relates to apparatus used in nuclear medicine and in particular to a 

means whereby a radioactive dose required ·can be provided to a syringe in an 

automated fashion which obviates the need for a person to actually handle the 

radioactive material. 

Background To The Invention 

Radioactive solutions called radiotracers or radiopharmaceuticals, have found 

applications in various medical fields, in particular in medical diagnostic and 

therapeutic fields. In recent years the advance of Positron Emission Tomography 

(PET), which use radionuclides (radioisotopes) of significant higher radiation energy 

than more conventional nuclear medicine isotopes, has raised some concerns about 

hand and body radiation exposure received by the persons preparing the dose. 

The dangers of ionising radiation are well known and apply to alt persons being 

exposed to radiation, including the staff involved in the preparation of radioactive 

solutions. Dose fractionation of the radioactive solutions is usually a manual process, 

performed behind a lead shielded screen to minimal exposure to radiation. However, 

the performance of this task is time consuming, as the operator needs to withdraw 
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by successive iterations, small volumes of the radiotracer, until he reaches the 

targeted dose. 

After each withdrawal the needle needs to be re-capped and the syringe placed in a 

dose calibrator to determine if more or less of the radioactive solution should be 

processed in or out of the syringe. When the targeted dose has been achieved (within 

± 10%), the syringe may be topped up with saline to obtain a reasonable volume. 

Before being released or dispatched for clinical use, the syringe is placed again in the 

dose calibrator to print out the accurate dose record. To date, very little attempt has 

been made by manufacturers to design automated equipment capable of withdrawing 

a dedicated radioactive dose into a disposable sterile syringe or vial. 

The very few systems currently on the market are expensive and bulky and are not 

widely available. Other more affordable systems are either not technically practical 

or do not achieve efficient radiation protection and need to be operated in a shielded 

environment. In addition, most of these apparatus rely on the pre-requisite knowledge 

of the volumetric radioactivity (Ci/ml or Bq/ml) of the stock solution to determine the 

corresponding volume and hence the radioactive dose to be dispensed. 

Outline of The Invention 

It is an object of this invention to provide an accurate means of automatically 

dispensing individual doses of a radioactive solution into vials or syringes under 
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aseptically controlled conditions while minimising the exposure to radiation of an 

operator which would otherwise be associated with the manipulation of radioactive 

solutions. 

The invention in one aspect is a radioactive dose dispensing device for automatically 

filling a container with a required radioactive dose in a sterile environment, said 

device being stand alone and radiation shielded and including control means to 

control a mix of radioactive stock solution and dilution stock solution, the radioactivity 

of which mix is monitored by radiation detection means. 

The invention in a second aspect is a method of automatically dispensing a dose of 

a radioactive solution using a software controlled lead shielded device which includes 

the steps of 

providing the device with a radioactive stock solution and a dilution 

stock solution 

using a computer software interface to the device to control the dose 

dispensed automatically into a syringe or vial in the device. 

It is preferred that the radioactive dose dispensing device be used for filling a 

disposable syringe. It is further preferred that a shielded receptacle be provided to 

receive the syringe. 
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It is also preferred that a fork shaped arm be provided to actuate the plunger of the 

disposable shielded syringe. It is further preferred that a high precision linear drive 

mechanism to move either the syringe or its plunger in a vertical direction. 

It is preferred that a customised disposable T shaped tubing assembly be used to 

provide a sterile fluid pathway. It is further preferred that pinch valves be provided to 

switch between the radioactive stock solution and the dilution stock solution. 

It is also preferred that the automation of the device be controlled by a programmable 

logic controller (PLC} in association with a radiation detector which monitors on-line 

the radioactive dose passing through the tubing and being dispensed into the syringe. 

It is further preferred that the PLC controls the automation tasks and relevant 

mathematical calculations for dispensing a requisite dose and that this be operable 

by computer means with an associated printer although any desired arrangement 

could be used. 

In order that the invention may be more readily understood an embodiment of it will 

be described herein by way of non limiting example with reference to the 

accompanying drawings 

Brief Description Of The Drawing Figures 

Fig. 1 Shows a perspective view of the components of the radioactive dose 

dispensing device of the invention in its "open" orientation; 
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Fig. 2 

Fig. 3 

Fig.4 

5 

Shows a cross-section though the device of the invention as shown in 

Figure 1.; 

Shows the pre assembled sterile disposable tubing kit used in the 

device; 

Shows the device of the invention in its "closed" orientation; 

Brief Description of an Embodiment of the Invention 

The invention 1 00 in one embodiment is a device for the automatic filling of 

disposable syringes with a radioactive solution (radiopharmaceutical) for injection or 

infusion into a patient. 

The device 100 is a stand alone equipment that does not require any additional lead 

shielding and can be directly used on a bench or inside a conventional, unshielded, 

laminar flow cabinet. 

The device includes a concave lead block 30 and a swinging lead lid 32 designed to 

accommodate standard lead shielded pots 31 commonly used for the transport of 

radioactive solutions. It also includes a receptacle. 51 that can accommodate various 

shapes of commercially available tungsten syringe shields and provides an easy and 

safe installation of the syringe shield 52. 
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The device further includes a fork-shape arm 41 that can hold or release the plunger 

of the syringe and an electro-actuator that can link the linear drive 36 to the 

receptacle 51, and drive up/down the syringe and its needle 55 to pierce the Luer Slip 

Injection Site- 59. 

The device provides a permanent link between the linear drive 36 and the fork-shape 

arm 41 and allows both the radioactive solution and the diluting solution to be drawn 

at a constant fluid flow rate through the tubing and into the syringe. 

The Luer Slip Injection Site 59 is attached to the upper tubing assembly and two 

Luer-lock fittings 61 (with needles) are attached to the lower tubes assembly (see 

Fig.3 for view of the pre-assembled sterile disposable kit). 

The tubing assembly is held in its appropriate position by a small groove and a 

dedicated shaped recess 2 to accurately position the Luer Slip Injection Site 59, in 

regard to the needle 55. 

The device is provided with both radioactive and diluting stock solutions which are 

dispensed from their respective vials 34 and 62, up to the syringe by passing through 

a disposable, sterile and non-pyrogenic fluid pathway with the radioactive amount 

controlled by a radiation detector 63, which in this embodiment of the invention is a 

Geiger-Muller tube or PIN photodiode and located behind a portion of the tube 

assembly leading to the injection site (behind the plate holder 2). 
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The device is automated via a programmable PLC and is connected to a computer 

serving as a user interface, and preferably is provided with a printer to print the 

syringe or vial label showing the activity, date, time, batch, patient name, etc. or 

whatever may be required. 

The dispensing of the radioactive dose is done on-line by measuring the true amount 

of radioactivity passing in front of the radiation detector 63 and the total volume 

required into the syringe is automatically adjusted by dilution. 

The device also includes a safety cross-evaluation of the delivered radioactive dose 

which is automatically performed using the traditional volumetric dispensing method, 

and the volumetric method can also be used as the main dispen~ing method. 

It is further envisaged that the device of the invention may include a built-in sterile air 

flow, designed to allow the device to be operated on a bench in a conventional room 

but still maintaining full compliance with a 3.5 class (A class) dispensing environment, 

characterized by a sterile air flow directed towards the Luer Slip Injection Site 59 and 

needle 55. 

It is also envisaged that in another embodiment of the invention a sterile disposable 

double check-valve could be located between the syringe 53 and needle 55, or 

underneath the Luer Slip Injection Site 59 to allow the transfer of an accurate dose 

of radioactive solution through a tube, to externaJJy located vials or containers. 
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Operation of the device 

When the device is being operated the user opens the door 9 of the device and 

installs a new tubing kit 57 onto the tubing holder 2. The Luer Slip Injection Site 59 

attached to the upper T-shape tube is slid into the appropriate recess and both 

needles 61 attached to the lower T-shape tubes are fed through each lead channel 

and connected to the radioactive stock solution 34 and the dilution stock solution 62. 

The user then rotates the lid 32 and closes the door 9 and introduces a disposable 

syringe 53 with its appropriate needle 55 into a tungsten syringe shield 52. At this 

point the needle is un-capped and the tungsten syringe shield is placed onto the 

receptacle 51 on the front face of the device. The operator then enters on the 

computer the requested radioactive dose and total volume. 

The device lowers the receptacle 51 enabling the syringe to pierce the Luer Slip 

Injection Site with the needle. The filling sequence will automatically dispense the 

desired radioactive dose into the syringe and dilute it to match the requested volume 

by actuation of the syringe plunger. Once the syringe has been filled (less than one 

minute), the syringe and syringe shield are lifted away from the Luer Slip Injection 

Site, and the syringe and syringe shield is removed from the device and needle re

capped. At the end of the process, a syringe label is printed with the appropriate 

dose data. 
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Summary of the embodiment of invention 

Traditionally the accurate knowledge of the volumetric radioactivity (specific activity: 

Ci/ml or Bq/ml) of a radioactive stock solution is required for the accurate dispensing 

of any radioactive dose. 

For example, a dose of 3mCi (111 MBq) of a radioactive solution with a volumetric 

radioactivity of 50 mCi/mL (1850MBq/mL} will be precisely achieved by dispensing 

a volume of 0.06ml. However, volumetric radioactivity of solutions is not always 

determined with great accuracy at the time of the manufacturing of the product, and 

post measurement of the volumetric radioactivity at the customer site is regarded as 

a critical operation. 

The invention has the novel feature in that it can accurately dispense a requested 

radioactive dose without any knowledge of the volumetric radioactivity of the stock 

solution by an on-line radioactivity measurement and without exposing an operator 

to the radiation. 

In the invention, a radiation detector 63 being a Geiger-Muller tube, a PIN 

photodiode or other fast measuring device is located behind a portion of the tubing 

leading to the injection site 59 and then to the syringe 53. The radiation detector 

continuously monitors the radioactive dose passing through the tube and into the 

syringe at a very constant liquid flow rate and the PLC 11 determines the appropriate 

switching sequence of the valves to dispense the requested dose and volume. 
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The program also calculates online the corresponding radioactivity contained in the 

dead volume of the tubing which will be inevitably added-on during the dilution phase 

of the syringe filling. That corresponding radioactivity is subtracted from the required 

dose by the PLC 11 to identify the amount of radioactivity allowed to pass the 

radiation detector 63. At the end of the filling process, the sum of the amount of 

activity allowed to pass by the detector before the dilution phase and the resultant 

activity gained during the dilution phase due to the dead volume of the tubing kit,· 

translates to the required dose. 

Below is the formula used to determine how much of the stock solution needs to be 

drawn-up into the syringe to achieve the desired dose (this calculation is performed 

continuously during the filling process): 

Let RD= Requested dose 

ADV =Activity contained in the dead volume of the tubing 

RMT = Radioactivity measured passing through the tubing 

VA = Volumetric activity of the stock solution 

DV = Dead volume of the tubing 

SA = Volumetric radioactivity 

VSW = Volume of stock solution withdrawn from vial 

Therefore the radioactive amount of stock solution to draw-up into syringe: 

=RD-ADV 

= RD - (DV x SA} 
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= RD - (DV x (RMT/{VSW-DV)) 

Using the above method of filling a syringe with a radioactive solution, it is not 

necessary to know the specific activity of the stock solution prior to the filling process, 

as it is calculated during the filling process. 

The accuracy of the dose dispensed is a function of the volumetric radioactivity of the 

radioactive stock solution, and experiments have shown accuracy better than 5% for 

volumetric radioactivity in the range of 0-50 mCi/mL (0-1850MBq/mL) and better than 

10% for volumetric radioactivity in the range of 50-100 mCi/mL (0-3700MBq/mL). 

The invention lies in an automated means of preparing a dose of a 

radiopharmaceutical into a disposable syringe under computer control by means of 

a radiation detector to determine the radioactive dosage and dilution by a non 

radioactive solution to achieve a desired volume. By this means such a dose can be 

prepared without unnecessary radiation exposure occurring to the person preparing 

the.dose. 

The precise components of the apparatus of the invention may be varied provided 

they achieve the method of the invention as described. It is further envisaged that 

other embodiments of the invention will exhibit any number of and any combination 

of the features of those previously described and whilst we have described herein 

one specific embodiment of the invention it is to be understood that variations and 

modifications in this can be made without departing from the spirit and scope thereof. 
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The claims defining the invention are as follows: 

1. A radioactive dose dispensing device for automatically filling a container with 

a required radioactive dose in a sterile environment, said device being stand 

alone and radiation shielded and including control means to control a mix of 

radioactive stock solution and dilution stock solution, the radioactivity of which 

mix is monitored by radiation detection means. 

2. A radioactive dose dispensing device as claimed in claim 1 wherein the 

container is a plunger operated disposable syringe. 

3. A radioactive dose dispensing device as claimed in claim 2 wherein a shielded 

receptacle is provided in the device to receive. the syringe. 

4. A radioactive dose dispensing device as claimed in claim 3 wherein drive 

means are provided to actuate the plunger of the syringe. 

5. A radioactive dose dispensing device as claimed in claim 4 wherein the drive 

means is a linear drive mechanism adapted to move either the syringe or its 

plunger relative to one and other. 

6. A radioactive dose dispenser device as claimed in any one of claims 1 to 5 

wherein a disposable tubing assembly is used to provide a sterile fluid 

pattiway for the stock solutions. 
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7. A radioactive dose dispenser device as claimed in claim 6 wherein pinch 

valves are provided to switch between the radioactive stock solution and the 

dilution stock solution. 

8. A radioactive dose dispenser device as claimed in any one of claims 1 to 7 

wherein the automation of the device and its calculation of a requisite dose is 

controlled by a programmable logic controller (PLC) in association with a 

radiation detector which controls the radioactive dose passing through the 

tubing and being dispensed into the syringe. 

9. A radioactive dose dispenser device as claimed in claim 8 wherein the device 

and its PLC are operable by me~ns of a computer interface. 

1 o. A method of automatically dispensing a dose of a radioactive solution using 

a software controlled lead shielded device which includes the steps of 

providing the device with a radioactive stock solution and a dilution 

stock solution 

using a computer software interface to the device to control the dose 

dispensed automatically into a syringe or vial in the device. 
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UNIFIED MANAGEMENT OF RADIOPHARMACEUTICAL DISPENSING, 

ADMINISTRATION. AND IMAGING 

CROSS-REFERENCES TO RELATED APPLICATIONS 

The present patent application is a continuation-in-part of: 

(i) International Application PCT/IL2005/001215, filed November 16, 2005; 

(ii) International Application PCT/IL2005/001l73, filed November 9, 2005, 

which: 

(a) 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

claims the benefit of the following US Provisional Patent Applications: 

60/625,971, filed November 9, 2004; 

60/628,105, filed November 17, 2004; 

60/630,561, filed November 26, 2004; 

60/632,236, filed December 2, 2004; 

60/632,515, filed December 3, 2004; 

60/635,630, filed December 14, 2004; 

60/636,088, filed December 16, 2004; 

60/640,215, filed January 3, 2005; 

60/648,385, filed February 1, 2005; 

60/648,690, filed February 2, 2005; 

60/675,892, filed April 29, 2005; 

60/691,780, filed June 20, 2005; 

60/700,318, filed July 19, 2005; 

60/700,299, filed July 19, 2005; 

60/700,317, filed July 19, 2005; 

60/700,753, filed July 20, 2005; 

60/700,752, filed July 20, 2005; 
1 

1715 of 2568



5 

10 

15 

WO 2006/129301 PCT/IL2006/000562 

• 60/702,979, filed July 28, 2005; 

• 601720,034, filed September 26, 2005; 

• 60/720,652, filed September.27, 2005; and 

• 60/720,541, filed September 27, 2005, and 

{b) is a continuation-in-part of the following International Patent Applications: 

• PCT/IL2005/000572, filed June 1, 2005; and 

• PCT/IL2005/000575, filed June 1, 2005. 

The present patent application claims the benefit of the following US Provisional 

Applications: 

• 60/750,287, filed December 13, 2005; 

• 60/750,334, filed December 15, 2005; and 

• 60/750,597, filed December 15, 2005. 

The present patent application is related to a US provisional patent application 

filed on even date herewith, entitled, "Imaging protocols." 

All of the above-mentioned applications are assigned to the assignee of the present 

application and are incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates generally to pharmaceutical management and 

control, and specifically to systems and methods for radiopharmaceutical dispensing, 

20 administration, and imaging. 

BACKGROUND OF THE INVENTION 

US Patent Application Publication 2005/0277833 to Williams, Jr., which is 

incorporated herein by reference, describes techniques for handling, mixing, dispensing 

and/or injecting a mixture into an individual during a medical procedure. The mixture 

25 contains pharmaceutical agents and/or radiopharmaceutical agents. Also described is a 

mixing device capable of diluting a radiopharmaceutical agent with, for instance, a 

diluent, for altering a radiation dose emitted by the radiopharmaceutical agent. 

2 
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US Patent Application Publication 2005/0203389 to Williams, Jr., which is 

incorporated herein by reference, describes techniques for an operator to control an 

injection device and imaging equipment from a common control console. The injection 

device may be used to administer a contrast medium into a patient so that imaging 

5 equipment can acquire internal images of the patient. An injection system is bundled 

with software and/or hardware that is used to modify an existing imaging control console 

so that it can be used to operate both the injection device and imaging device. In one 

embodiment, the common control console can access stored protocols that can contain 

operational parameters for the injection device, the imaging device, or both. 

10 US Patent 4,679,142 to Lee, which is incorporated herein by reference, describes 

techniques for dispersing quantities of radioactive material at a user location. Billing is 

accomplished by monitoring the decay of material and the degree of activity following 

each user withdrawal. 

US Patent Application Publication 2005/0261938 to Silverbrook et al., which is 

15 incorporated herein by reference, describes a method for authenticating a pharmaceutical 

product, the pharmaceutical product being associated with packaging having disposed 

thereon or therein coded data including a number of coded data portions, each coded data 

portion being indicative of an identity of the pharmaceutical product and at least part of a 

digital signature of at least part of the identity. The method includes having a computer 

20 system receive indicating data from a sensing device, the sensing device being responsive 

to sensing of the coded data to generate indicating data at least partially indicative of the 

identity of the pharmaceutical product and the signature part. The computer system 

determines the identity at least one determined signature part and uses these to 

authenticate the pharmaceutical product. 

25 US Patent Application Publication 2005/0261936 to Silverbrook et al., which is 

incorporated herein by reference, describes a method for allowing a user to interact with a 

pharmaceutical product, the pharmaceutical product associated with packaging having 

disposed thereon or therein coded data, at least some of the coded data being indicative of 

at least an identity. The method includes having a computer system receive indicating 

3 0 data from a sensing device, in response to sensing of the coded data, and determine, using 

the indicating data, at least one action. The computer system then performs the action 

associated with the pharmaceutical product, the action including at least one of providing 
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information to a user; updating tracking information relating to the pharmaceutical 

product; performing a transaction relating to the pharmaceutical product; authenticating 

the pharmaceutical product; and receiving feedback from the user. 

US Patents 5,882,338 and 6,019,745 to Gray, which are incorporated herein by 

5 reference, describe a medical syringe comprising a cylindrical barrel having therein a 

plunger which can be axially driven by a plunger rod. The plunger rod passes through an 

aperture in the center of a finger grip having two finger grip projections at opposite sides 

thereof. A data carrier means in the form of an electrically or magnetically operable 

device is mounted near the end of one of the two finger grip projections, with preferably a 

10 device mounted near the end of each finger grip projection. The device carries data 

relating to the medicament contained or to be contained within the syringe, and can be 

read by a suitably adapted syringe pump when the syringe is mounted thereon to be 

driven by the syringe pump. 

US Patent 6,970,735 to Uber, III et al., which is incorporated herein by reference, 

15 describes a system for producing a contrast-enhanced medical image of a patient, 

including a source of a contrast or enhancement medium, a pressurizing unit in fluid 

connection with the source of contrast or enhancement medium, an energy source 

operable to apply energy to a region of the patient, an imaging unit providing a visual 

display of an internal view of the patient based upon a signal resulting from the energy 

20 applied to the region of the patient, and a control unit. In an embodiment, the signal is 

affected by a condition of the contrast or enhancement medium in the patient. To control 

an imaging procedure, the control unit adjusts the condition of the contrast or 

enhancement medium in the patient based upon the signal. A communication interface 

preferably enables information between an injector subsystem and an imaging subsystem. 

25 US Patents 5,781,442, 6,671,563, 6,915,170, and 6,731,989 to Engleson et al., 

which are incorporated herein by reference, describe a care management system in which 

the management of the administration of care for patients is automated. Hospital 

information systems are monitored and the information from those systems is used in 

verifying the administrations of care to patients. The care management system monitors 

30 ongoing administrations for progress and automatically updates records and provides 

alarms when necessary. The care management system is modular in nature but is fully 

integrated among its modules. Particular lists of data, such as the termination times of all 
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ongoing infusions, provide hospital staff current information for increased accuracy and 

efficiency in planning. Features include the automatic provision of infusion parameters to 

pumps for accurate and efficient configuration of the pump, and providing an alarm when 

an unscheduled suspension of an infusion exceeds a predetermined length of time. A 

5 passive recognition system for identifying patients and care givers is described. 

US Patent Application Publication 2003/0055685 to Cobb et al., which is 

incorporated herein by reference, describes techniques for monitoring administration of a 

medical product within a delivery device using a medicine data storage device attached to 

the delivery device, which includes a product identifier identifying the medical product 

10 and an intended patient identifier identifying a patient intended to receive the medical 

product. Before administering the medical product to an individual patient, the product 

identifier and the intended patient identifier are uploaded into a reader, and a patient 

identifier is accessed from the reader's memory or uploaded from a patient identification 

device associated with the individual patient into the reader. The patient identifier is 

15 compai-ed with the intended patient identifier to determine whether the individual patient 

is intended to receive the medical product. Once it is confirmed that the individual 

patient is intended to receive the medical product, the medical product is administered to 

the individual patient. 

US Patent Application Publication 2005/0131270 to Weil et al., which is 

20 incorporated herein by reference, describes a system including a radiation treatment agent 

to treat tissue in response to received X-ray radiation and an identifier associated with the 

radiation treatment agent. The identifier may be usable to identify a radiation treatment 

plan. hl some embodiments, a radiation treatment plan associated with a patient is 

generated, the radiation treatment plan is associated with an identifier and a patient 

25 identifier identifying the patient, a radiation treatment agent is prepared for delivery to the 

patient according to the radiation treatment plan, and the radiation treatment agent is 

associated with the identifier. 

US Patent 6,985,870 to Martucci et al., which is incorporated herein by reference, 

describes a medication delivery system comprising a medical container holding a 

30 prescribed medication to be delivered to a patient, a tag adapted to be worn by the patient, 

a handheld computing device, and an electronic medication delivery device. Data on the 

medication is contained in a first label on the medication container. The first label also 

5 
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contains the instruction on how the medication is delivered to the patient, including the 

appropriate settings for an electronic medication delivery device for delivering the 

medication to the patient Patient data is contained in a second label on the tag worn by 

the patient. The medication data, medication delivery instruction, and patient data are 

5 provided in machine readable formats. The handheld computing device reads the 

medication data and the medication delivery instruction on the medication container and 

the patient data on the patient tag. The handheld computing device stores the information 

obtained and performs a matching check to confirm that the medication data matches with 

the patient data. Upon a confirmed match, it transmits the medication delivery instruction 

10 to the electronic medication delivery device, which downloads the instruction, programs 

the delivery device, and prompts an operator to begin delivering the medication to the 

patient according to the downloaded instruction. 

US Patent Application Publication 2005/0029277 to Tachibana, which is 

incorporated herein by reference, describes a drug container having an identification tag 

15 fixed or detachably provided at a predetermined position of the container, the tag having 

recorded thereon drug data on a kind and a concentration of a drug, and upper and/or 

lower limits of a flow rate for continuous infusion, or time and flow rate for one-shot 

administration. 

US Patent Application Publication 2005/0277911 to Stewart et al., which is 

20 incorporated herein by reference, describes techniques for programming a medical 

therapy in a medical device. The medical device has a controller, a memory, a processor, 

and an input device. The memory is preloaded with at least one of a plurality of patient 

profiles and condition profiles. The memory is further preloaded with an associated 

medication therapy for a plurality of the profiles. The input device receives profile data, 

25 comprising at least one of a patient profile data and a condition profile data for a specific 

patient, and the processor processes the received profile data and provides as output one 

of the preloaded medication therapies based on the processed profile data. 

US Patent 6,506, 155 to Sluis, which is incorporated herein by reference, describes 

an ultrasound imaging system including a data entry device that reads storage media that 

30 is assigned to each patient on which the system is to be used or the operator of the system 

to obtain ultrasound images. The storage media, which comprises a barcode, smartcard, 

or personal digital assistant, contains patient identifying information. The patient or 

6 

1720 of 2568



WO 2006/129301 PCT /IL2006/000562 

procedure identifying information is used to access a digital requisition that is referenced 

by the patient identifying information. The digital requisition is stored in a disk drive 

included in the ultrasound imaging system or in a clinical information system accessed 

through a communication link included in the ultrasound imaging system. The digital 

5 requisition includes information pertaining to an ultrasound examination procedure that is 

to be performed on the patient, which is used to automatically set up the ultrasound 

imaging system. The digital requisition may also include the patient's medical history or 

information about the patient that can be associated with ultrasound images obtained from 

the patient. 

10 US Patent Application Publication 2005/0121505 to Metz et al., which is 

incorporated herein by reference, describes patient-centric data acquisition protocol 

selection systems and methods, and identification tags therefor. A patient-centric data 

acquisition protocol selection system comprises a programmable identification tag 

capable of allowing predetermined information about a patient to be stored therein and 

15 retrieved therefrom; a medical imaging system capable of communicating with the 

programmable identification tag; and programming associated with the medical imaging 

system for selecting an optimal data acquisition protocol. The medical imaging system 

reads information from the programmable identification tag and then the programming 

selects an optimal data acquisition protocol based, at least in part, on the predetermined 

20 information about the patient that is stored in the programmable identification tag. 

PCT Publication WO 04/004 787 to Van Naemen et al., which is incorporated 

herein by reference, describes a method for dispensing individual doses of a 

radiopharmaceutical solution, which consists of a radioactive parent solution diluted with 

a diluting solution. Also described is a computer-generated dose dispenser for dispensing 

25 individual doses of a radiopharmaceutical solution at a specified speed. The method and 

device are described as being particularly suitable for use in the field of nuclear medicine, 

and more in particular for use for PET scan applications. 

US Patent 6,032,155 to de la Huerga, which is incorporated herein by reference, 

describes techniques for administering a prescribed medication to a patient. A medication 

30 administration system and apparatus dispense the prescribed medication, verify that the 

medication is given to a correct patient by an authorized healthcare worker, and track and 

record the administration of the medication. The system utilizes a workstation connected 
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to a database containing prescribed medication dose information for various patients. A 

healthcare worker uses the workstation to manually or automatically dispenses the 

medication the portable container. An information device is secured to the portable 

container during transport and administration of the medication to the intended patient. 

5 The information device prevents access to the medication or warns the healthcare worker 

of a potential error if the medication is delivered to the wrong patient or administered by 

an unauthorized healthcare worker. The information device records actual consumption 

information, and delivers this information back the workstation database or to a hospital 

or pharmacy database. 

10 US Patent 5,317,506 to Coutre et al., which is incorporated herein by reference, 

describes an infusion management and pumping system. Infusion prescriptions are 

generated and monitored by a pharmacy management system. Labels for each infusion to 

be given to a patient are generated and printed in a barcode fonnat. Each label contains 

data regarding a prescribed infusion program, including the drug or drugs to be infused, 

15 the infusion regimen, the expiration date, and the patient to whom the infusion is to be 

administered. The management system checks for incompatibilities between drugs that 

are being prescribed for simultaneous infusion. Each label generated by the management 

system is attached to the container which holds the infusion solution. The data on the 

label is transferred to an infusion pumping system by a barcode reader at the infusion 

20 pumping system. The pumping system checks that all necessary data has been entered. 

During operation, the pumping system checks for a variety of alarm conditions and stores 

any alarms in a ranking according to urgency. The infusion pumping system is 

responsive to remote or biofeedback instructions to alter the planned infusion program. 

Central computer records processing receives infusion data and provides infusion, 

25 inventory, and use analysis. 

US Patent 5,039,863 to Matsuno et al., which is incorporated herein by reference, 

describes an automatic radioisotope filling apparatus, which is equipped with a 

radioisotope vial containing a radioisotope solution, a saline vial containing a 

physiological saline solution, a dilution vial to which a predetermined amount of the 

30 radioisotope solution and a predetermined amount of the physiological saline solution are 

to be transferred to prepare a diluted radioisotope ·solution, a radiation detector for · 

measuring the radioactive intensity of the diluted radioisotope solution prepared in the 

dilution vial, and a plurality oflabel vials containing a drug to be labeled. 
8 
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US Patent Application Publication 2004/0051368 to Caputo et al., which is 

incorporated herein by reference, describes a system for delivering medical fluid to a 

patient. The system includes a medical container including a Radio Frequency 

Identification (RFID) tag storing data related to. the medical fluid therein. A RF reader 

5 receives data signals transmitted from the RFID tag that include a desired flow rate for 

delivering the fluid to the intended patient. A pump coupled to the reader includes a 

pumping mechanism for pumping the medical fluid -from the container, and a pump 

controller for receiving the data including the desired flow rate from the reader. The 

pump controller automatically controls the pumping mechanism to pump the medical 

10 fluid from the medical container at the desired flow rate based upon the data. 

US Patent Application Publication 2005/0171815 to Vanderveen, which is 

incorporated herein by reference, describes a centralized medication management system 

for monitoring, managing and controlling medication delivery from a central location. A 

central computer displays medication orders and ongoing medication administrations for 

15 a health care facility. The central computer checks medication delivery against a database 

of medication administration guidelines, including guidelines for medication interactions 

with other medications and with patient conditions, and provides an indication of any 

detected incompatibilities. A clinician at the central location may adjust the medication 

administration parameters in response to detected incompatibilities and communicate 

20 with a caregiver at the point of care to provide decision support. In an embodiment, the 

central location is a pharmacy at the healthcare facility. 

US Patent Application Publication 2005/0240441 to Suzuki, which is incorporated 

herein by reference, describes a hospital information system. The system enables an RF 

reader, comprising a personal digital assistant (PDA), to read tag information recorded by 

25 RF tags either attached to, or embedded in, various types of a patient wrist bands, 

injection medicine bottles, patient charts, and medical instnunent cases. The PDA 

transmits a query to a server via a wireless LAN for confirmation from the server. The 

server collates the query with the content of a medical practice order recorded in its data 

base, and registers a completion of instructed operation for an instructed item in the 

30 database, and replies with a notification if the transmitted readout data from the PDA is 

correct. If the readout data is incorrect, the PDA is notified and instructed to perform 

another reading. 
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US Patent Application Publication 2001/0049608 to Hochman, which is 

incorporated herein by reference, describes an automated drug administering system such 

an injection device or infusion pump, which is provided with means for reading 

information from a container holding the drug. The information is then checked for 

5 accuracy before the administration of the drug. Optionally, an ID tag on the patient 

and/or the health care professional providing the drug may also be scanned and checked. 

The information thus gathered is sent to another station where it is logged for future use 

and analyzed. 

US Patent 6,743,202 to Hirschman et al., which is incorporated herein by 

10 reference, describes apparatus for sharing information on syringe configuration between 

syringes and injector systems, comprising a storage system to store encoded information 

on syringe configuration. The encoded information is readable by a detection circuit in 

an injector. In one embodiment, the storage system is an electronic storage system in 

which information relevant to the syringe configuration is encoded. A method comprises 

15 the step of conveying syringe configuration information to a detector in an injector for use 

with the syringe. 

US Patent Application Publication 2005/0148869 to Masuda, which is 

incorporated herein by reference, describes a liquid syringe having various kinds of data 

items recorded in a two-dimensional code format. A liquid injector optically reads the 

20 two-dimensional codes, decodes them, and executes a predetermined operations 

corresponding to the decoded results. Recording, for example, a variable pattern for the 

liquid of interest in the two-dimensional code format on the liquid syringe makes it 

possible for the liquid injector to inject the liquid in accordance with the predetermined 

variable pattern. 

25 US Patent 6,346,886 de la Huerga, which is incorporated herein by reference, 

describes an electronic identification apparatus having data storage memory on board a 

removable transceiver device. The transceiver device also includes a processor and a 

transponder for receiving information pertaining to the object/person to which it is 

attached and storing the information in memory. The transceiver also transmits stored 

30 data to a control computer or the external devices. The transceiver is mounted on a base, 

such as a wristband, and the apparatus includes an attachment sensor indicating whether 

the transceiver is attached to the base. If the transceiver has been removed from the base, 
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the processor performs one or more lockdown operations to prevent the stored data from 

being used in connection with another object or person. The lockdown operations include 

clearing the contents of the memory, disabling access to the memory, suppressing the 

display of stored data and activating an alarm. 

US Patent Application Publication 2004/0156081 to Bril et al., which is 

incorporated herein by reference, describes a color-coded signature, for securing 

documents or encrypting images. The encrypted image comprises an array of printed 

positions formed using a group of inks each of which has a predetermined spectrum. The 

positions are selected to form a predetermined image, either real or virtual, when the 

10 image is viewed through an optical processor. The optical processor may further use a 

distorted grating or a distorted lens. The correct image is the spectrum, as distorted by the 

15 

20 

25 

optical processor. An image formed using inks having the same colors as experienced by 

the human eye, or even by a standard spectrometer will fail to form the correct 

predetermined image. 

The following patents and patent application publications, all of which are 

incorporated herein by reference, may be of interest: 

US Patent Applications 2005/0131579 and 2005/0088306, and US Patent 

6,935,560, all to Andreasson 

US Patent 6,851,615 to Jones 

US Patent application 2005/01313 97 and US Patent 6,861,954 to Levin 

US Patent 6,519,569 to White et al. 

US Patent 5,692,640 to Caulfield et al. 

US Patents 6,475,192 and 6,733,478 to Reilly et al. 

US Patent 6,958,053 to Reilly 

US Patent Application Publications 2005/0261937 and 2005/0261938 to 

Silverbrook et al. 

US Patent 6,994,249 to Peterka et al. 

US Patent 6,843,357 to Bybee et al. 

US Patent 6,425,174 to Reich 
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US Patent 6, 722,499 to Reich 

US Patent 5,536,945 to Reich 

US Patent RE36,693 to Reich · · 

US Patent 5,519,931 to Reich 

5 US Patent Application Publication 2005/0198800 to Reich 

US Patent 6,576,918 to Fu et al. 

PCT /IL2006/000562 

US Patent Application Publication 2005/024 7893 to Fu et al. 

US Patent 5,927,351 to Zhu et al. 

US Patent 5,828,073 to Zhu et al. 

10 US Patent 6, 162, 198 to Coffey et al. 

US Patents 6,338,007 and 6,116,461 to Broadfield et al. 

US Patent 5,944, 190 to Edelen 

PCT Publication WO 04/032151 to Besing et al. 

US Patent Application Publication 2005/0234424 to Besing et al. 

15 US Patent 4,296, 785 to Vitello et al. 

US Patent 3,446,965 to Ogier et al. 

US Patent 6,355,024 to Small et al. 

US Patent 6,468,261 to Small et al. 

US Patent 5,580,541 to Wells et al. 

20 US Patent 3,535,085 to Shumate 

US Patent 4,853,546 to Abe et al. 

US Patent 5,329,976 to Haber et al. 

US Patent 5,304,165 to Haber et al. 

US Patent 5,911,252 to Cassel 

25 US Patent 5,475,232 to Powers et al. 

PCT Publication WO 05/002971 to Tochon-Danguy et al. 
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US Patent Application Publication 2005/0278066 to Graves 

US Patent 5,479,969 to Hardie et al. 

US Patent 5,309,959 to Shaw et al. 

US Patent 6,870,175 to Dell et al. 

5 US Patent 6,767,319 to Reilly et al. 

US Patent 6,976,349 to Baldwin et al. 

US Patent 6,957 ,522 to Baldwin et al. 

US Patent 6,915,619 to Baldwin 

US Patent 6,813,868 to Baldwin et al. 

10 US Patent 5,893,397 to Peterson et al. 

US Patents 5,885,216, 5,806,519, and 6,901,283 to Evans, III et al. 

US Patent Application Publication 2004/0084340 to Morelle et al. 

US Patent 6,269,340 to Ford et al. 

US Patent Application Publication 2004/0193453 to Butterfield et al. 

15 US Patent 4,476,381 to Rubin 

US Patent 6,643,537 to Zatezalo et al. 

US Patent Application Publication 2005/0108044 to Koster 

US Patent 6,851,615 to Jones 

US Patent 5,840,026 to Uber, III et al. 

20 US Patent 6,685,678 to Evans et al. 

US Patent Application Publication 2003/0183226 to Brand et al. 

US Patent Application Publications 2005/0107914 and 2005/0113945 to Engleson 

et al. 

US Patent Application Publication 2002/0198738 to Osborne 

25 US Patent Application Publication 2002/0099334 to Hanson et al. 

US Patents 6,317,648 and 6,522,945 to Sleep et al. 
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US Patent 6,155,485 and 6,318,630 to Coughlin et al. 

US Patent 6,202,923 to Boyer et al. 

US Patent 6,915,823 to Osborne et al. 

PCT /IL2006/000562 

US Patent Application Publication 2004/0205343 to Forth et al. 

US Patent 5,493,805 to Penuela et al. 

US Patent 5,973,598 to Beigel 

US Patent Application Publication 2005/0149350 to Kerr et al. 

US Patent 5,884,457 to Ortiz et al. 

The following patents and patent application publications, which describe gamma 

10 cameras and imaging processing techniques, and which are incorporated herein by 

reference, may be of interest: 

15 

20 

25 

US Patent Application Publication 2005/0205792 to Rousso et al. 

PCT Publication WO 05/118659 to Dichterman et al. 

PCT Publication WO 05/119025 to Nagler et al. 

US Patent Application Publication 2004/0204646 to Nagler et al. 

PCT Publication WO 04/042546 to Kimchy et al. · 

US Patent Application Publication 2004/0054248 to Kimchy et al. 

US Patent Application Publication 2004/0015075 to Kimchy et al. 

US Patent Application Publication 2004/0054278 to Kimchy et al. 

US Patent Application Publication 2005/0266074 to Zilberstein et al. 

US Patents 5,939,724, 5,587,585, and 5,365,069 to Eisen et al. 

US Patent 6,943,355 to Shwartz et al. 

US Patents 6,242,743 and 5,757,006 to De Vito et al. 

US Patent 6, 137,109 to Hayes 

US Patent 6,388,258 to Berlad et al. 

US Patent 6,429,431 to Wille 
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US Patent 6,838,672 to Wagenaar et al. 

US Patents 6,740,882, 6,545,280, 6,229,145, 5,519,221, and 5,252,830 to 

Weinberg 

US Patent 6,713,766 to Garrard et al. 

US Patent 6,765,981 to Heumann 

US Patent 6,664,542 to Ye et al. 

US Patent 6,080,984 to Friesenhahn 

US Patent 5,818,050 to Dilmanian et al. 

US Patent 6, 728,583 to Hallett 

US Patent 5,481,115 to Hsieh et al. 

US Patent 6, 723,988 to Wainer 

US Patent 6,940,070 to Turner 

US Patent 6,635,879 to Jimbo et al. 

US Patent 6,353,227 to Boxen 

US Patent 6,184,530 to Hines et al. 

US Patent Application Publication 2005/0145797 to Oaknin et al. 

US Patent Application Publication 2004/0251419 to Nelson et al. 

US Patent Application Publication 2003/0001098 to Stoddart et al. 

PCT Publication WO 98/16852 to De Vito et al. 

PCT Publication WO 05/059840 to Nielsen et al. 

SUMMARY OF THE INVENTION 

In some embodiments of the present invention, an end-to-end automated system 

for medical imaging comprises a plurality of integrated elements that are configured to 

electronically exchange information among one another. The elements include an 

25 automated radiopharmaceutical dispensing system, a portable information-bearing 

radiopharmaceutical agent container, a patient management system, a portable 

patient-specific data carrier, an automated administration system, and an automated 

15 
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imaging system. The systems perform their respective automated functions at least in part 

responsively to the exchanged information. The elements typically authenticate one 

another via the exchanged information, in order to ensure that only authorized elements 

participate in the system, and that the systems perform only authorized and appropriate 

5 :functions. 

The exchanged information typically includes patient-specific data, 

radiopharmaceutical agent-specific data, and/or patient- or radiopharmaceutical 

agent-specific imaging protocol data. Such data enable the systems to customize their 

respective automated :functions for specific patients, radiopharmaceutical agents, 

10 indications, and/or imaging procedures. For some applications, the exchanged 

information includes commercial license information relating to the use of a specific 

protocol with a specific radiophannaceutical agent, and one or more of the systems are 

configured to verify the license information before performing their respective :functions. 

In some embodiments of the present invention, the information-bearing 

15 radiophannaceutical agent container and/or the patient-specific data carrier is configured 

to contain protocol information for performing an imaging procedure using the labeled 

radiophannaceutical agent held by the container. For some applications, the protocol 

information includes SPECT imaging protocol information, and the imaging system uses 

the protocol information to perform a SPECT imaging procedure using the labeled 

20 radiophannaceutical agent contained in the container. For some applications, the agent 

container contains a single dose of the labeled radiopharmaceutical agent, which dose is 

appropriate for use with the imaging protocol. 

In some embodiments of the present invention, the information-bearing 

radiophannaceutical agent container or the patient-specific data carrier is configured to 

25 contain at least one kinetic parameter of the labeled radiopharmaceutical agent contained 

in the container. The imaging system uses the kinetic parameter to perform a dynan1ic 

SPECT imaging procedure. 

In some embodiments of the present invention, the information-bearing 

radiophannaceutical agent container contains radiopharmaceutical information regarding 

30 the labeled radiopharmaceutical agent contained in the container. The portable 

patient-specific data carrier is configured to contain patient information regarding the 

patient, and imaging protocol information for use with the labeled radiopharmaceutical 
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agent, such as SPECT imaging protocol information. The imaging system uses the 

protocol information to perform an imaging procedure, such as a dynamic SPECT 

imaging procedure. For some applications, the patient-specific data carrier comprises a 

coupling mechanism configured to be coupled to the patient. For example, the coupling 

5 mechanism may comprise a bracelet, a watch, a necklace, or another wearable article. 

In some embodiments of the present invention, the information-bearing 

radiopharmaceutical agent container contains a :first identifier value, and the 

patient-specific data carrier contains a second identifier value. The imaging system is 

configured to perform an imaging procedure responsively to a detection of a 

10 correspondence between the first and second identifier values. For some applications, the 

first identifier value equals the second identifier value, while for other applications the 

values do not equal one another, but instead correspond to one another based on 

information provided by an element of the end-to-end system. For some applications, the 

first and/or second identifier values are arbitrarily assigned, or pre-loaded into the data 

15 carrier my a manufacturer or distributor, while for other applications at least one of the 

identifier values comprises a patient identifier, or another meaningful value. For some 

applications, at least one of the information-bearing agent container and the 

patient-specific data carrier performs the detection of the correspondence, while for other 

applications the imaging system or another element of the end-to-end system performs the 

20 detection of the correspondence. 

In some embodiments of the present invention, the imaging system comprises a 

SPECT imaging system configured to utilize the information contained in the labeled 

radiopharmaceutical agent container and/or the patient-specific data carrier to customize 

at least one function of the system selected from the group consisting of: administration of 

25 the labeled radiopharmaceutical agent, acquisition of a SPECT image of the patient to 

whom the labeled radiopharmaceutical agent is administered, reconstruction of the 

SPECT image, analysis of the SPECT image, and diagnosis of a condition of the patient 

based at least in part on the analysis. 

The integration of the elements of the end-to-end system, and the exchange of 

30 authenticatable information among the elements generally increase patient safety, by 

ensuring that each patient receives the prescribed labeled radiopharmaceutical agent and 

dosage, and undergoes the desired imaging protocol. For some applications, one or more 
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elements of the end-to-end system are configured to perform their respective function 

only upon being triggered by another element of the system. For example, the 

administration or imaging system may perform its function only upon being triggered by 

the information-bearing radiopharmaceutical agent container, by the patient-specific data 

5 carrier, and/or, in the case of the administration system, by the imaging system. 

In some embodiments of the present invention, the automated radiopharmaceutical 

dispensing system comprises an information manager that is configured to receive 

radiopharmaceutical information regarding a labeled radiopharmaceutical agent and 

patient information regarding a patient. Responsively to the information, the dispensing 

I 0 system automatically dispenses a dose of the labeled radiopharmaceutical agent to an 

agent container, and stores the radiopharmaceutical information and at least a portion of 

the patient information in a data carrier associated with the container. For some 

applications, the radiopharmaceutical information is selected from the group consisting 

of: imaging protocol information for use with the labeled radiopharmaceutical agent, such 

15 as a SPECT imaging protocol; at least one kinetic parameter useful for performing a 

dynamic SPECT imaging procedure using the at least one labeled radiopharmaceutical 

agent; and authenticatable information regarding a commercial license for use of a SPECT 

imaging protocol with the at least one labeled radiopharmaceutical agent. 

In some embodiments of the present invention, the dispensing system is 

20 configured to receive a mother vial containing a labeled radiopharmaceutical agent in a 

quantity sufficient for preparation of a plurality of doses of the labeled 

radiopharmaceutical agent. Associated with the mother vial is a data carrier containing 

information regarding the labeled radiopharmaceutical agent, such as the formulation, 

radioactivity information, and protocol information. The information manager of the 

25 dispensing system receives at least a portion of the labeled radiopharmaceutical agent 

information from the data carrier. 

In some embodiments of the present invention, use of the end-to-end automated 

system enables customization of one or more aspects of the imaging process, from 

dispensing to diagnosis. Customization typically includes one or more of the following: 

30 • The dispensing system customizes the dispensed dose for a specific 

patient, based on radiopharmaceutical information and patient-specific 

information. Typically, the dispensing system customizes the dispensed 
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dose (e.g., the radioactivity level thereof) based in part on the scheduled 

time of the scheduled time of administration of the dose, and/or the 

scheduled time of the imaging procedure to be performed using the dose. 

• The administration system customizes the administered dose for a specific 

patient, based on radiopharmaceutical information and patient-specific 

information. For some applications in which the administration system 

customizes the adr;ninistered dose, the radiopharmaceutical agent container 

contains a standard, non-customized dose. 

• The imaging system customizes image acquisition, image reconstruction, 

10 image analysis, and/or diagnosis, based on radiopharmaceutical 

information and patient-specific information, such as patient physiology 

and/or known and/or suspected disease of the patient. 

Such customization is typically based at least in part on information provided by 

the manufacturer or distributor of the radiopharmaceutical agent. Such information may 

15 be in the form of lookup tables and/or expert system rules. 

As used in the present application, including in the claims, "labeled" means 

radiolabeled, and "unlabeled" means not radiolabeled. 

There is therefore provided, in accordance with an embodiment of the present 

20 invention, apparatus for use vvith at least one labeled radiopharmaceutical agent, the 

apparatus comprising: 

a container containing the at least one labeled radiopharmaceutical agent; and 

a portable computer-communicatable data carrier associated with the container, 

the data carrier containing imaging protocol information for use with the at least one 

25 labeled radiopharmaceutical agent. 

For some applications, the apparatus comprises a device configured to write the 

imaging protocol information to the data carrier. 

For some applications, the data carrier additionally contains administration 

protocol infom1ation useful for administering the at least one labeled radiophannaceutical 

30 agent. 
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In an embodiment, the imaging protocol information comprises instructions for 

performing an imaging procedure using the at least one labeled radiopharmaceutical 

agent. Alternatively or additionally, the imaging protocol information comprises an 

identifier of an imaging protocol. Further alternatively or additionally, the imaging 

5 protocol information comprises a parameter of the at least one labeled 

radiopharmaceutical agent. Still further alternatively or additionally, the imaging protocol 

information comprises a parameter useful for configuring at least one aspect of an 

imaging procedure performed using the at least one labeled radiopharmaceutical agent. 

In an embodiment, the container contains a single dose of the radiopharmaceutical 

10 agent, which dose is appropriate for use with the imaging protocol information. 

Alternatively, the container contains a plurality of labeled radiopharmaceutical agents 

mixed together. For some applications, the container is shaped so as to define a plurality 

of chambers, each of which contains a respective one of a plurality of labeled 

radiopharmaceutical agents. 

15 In an embodiment, the data carrier comprises a first data carrier, which contains a 

first identifier value, the apparatus further comprises a second computer-communicatable 

data carrier, which contains a second identifier value, and the apparatus is configured to 

operate responsively to a detection of a correspondence between the first and second 

identifier values. For some applications, at least one of the first and second data carriers 

20 is configured to perform the detection of the correspondence. Alternatively or 

additionally, the apparatus comprises a correspondence-detection element configured to 

perform the detection of the correspondence. 

In an embodiment, at least one of the first and second data carriers contains an 

identifier of a patient to whom the labeled radiopharmaceutical agent is to be 

25 administered. 

For some applications, at least one of the first and second identifier values 

comprises an identifier of a patient to whom the labeled radiopharmaceutical agent is to 

be administered. 

In an embodiment, exactly one of the first and second data carriers comprises a 

30 coupling mechanism configured to be coupled to a patient to whom the labeled 

radiopharmaceutical agent is to be administered. 
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In an embodiment, the apparatus comprises an imaging system comprising 

imaging functionality, the imaging system configured, responsively to the detection of the 

con-espondence, to drive the imaging functionality to perform an imaging procedure using 

the at least one labeled radiopharmaceutical agent. 

5 In an embodiment, the data carrier is physically coupled to the container. For 

10 

some applications, the data earner contains an identifier of a patient to whom the labeled 

radiopharmaceutical agent is to be administered, and the imaging protocol information 

comprises imaging protocol information selected for the patient. For some applications, 

the imaging protocol information comprises an identifier of an imaging protocol. 

For some applications, the imaging protocol information comprises imaging 

protocol information customized for the patient. 

In an embodiment, the imaging protocol information comprises SPECT imaging 

protocol information, such as dynamic SPECT imaging protocol information. For some 

applications, the SPECT imaging protocol information comprises at least one kinetic 

15 parameter of the at least one labeled radiopharmaceutical agent, the at least one kinetic 

parameter useful for performing a dynamic SPECT imaging procedure using the at least 

one labeled radiopharmaceutical agent. 

In an embodiment, the apparatus comprises an imaging system, which comprises a 

communication element, configured to read the imaging protocol information from the 

20 data carrier; and a control unit, comprising imaging functionality, which is configured to 

perform an imaging procedure, and to configure the procedure at least in part responsively 

to the imaging protocol information read from the data carrier by the communication 

element. 

In an embodiment, the imaging system comprises a camera, wherein the imaging 

25 functionality comprises image acquisition functionality, and wherein the image 

acquisition functionality is configured to perform an image acquisition procedure using 

the camera, and to configure the procedure at least in part responsively to the imaging 

protocol information read from the data can-ier by the communication element. For some 

applications, the image acquisition functionality configures a total acquisition time of the 

30 image acquisition procedure at least in part responsively to the · ·imaging protocol 

information. Alternatively or additionally, the camera comprises a plurality of detectors, 

and wherein the image acquisition functionality is configured to configure, at least in part 
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responsively to the imaging protocol information, at least one motion of at least one of the 

detectors during the image acquisition procedure. For some applications, the control unit 

is configured to configure, at least in part responsively to the imaging protocol 

information, a waiting time between administration of the labeled radiopharmaceutical 

5 agent and commencement of the image acquisition procedure. For some applications, the 

image acquisition functionality is configured to perform a gated image acquisition 

procedure at least in part responsively to the imaging protocol information. 

In an embodiment, the imaging functionality comprises image reconstruction 

functionality, and wherein the image reconstmction functionality is configured to perform 

10 an image reconstruction procedure, and to configure the procedure at least in part 

responsively to the imaging protocol information read from the data carrier by the 

communication element. 

In an embodiment, the imaging functionality comprises image analysis 

functionality, and wherein the image analysis functionality is configured to perform an 

15 image analysis procedure, and to configure the procedure at least in part responsively to 

the imaging protocol information read from the data carrier by the communication 

element. 

In an embodiment, the imaging functionality comprises diagnosis functionality, 

and wherein the diagnosis functionality is configured to perform a diagnostic procedure, 

20 and to configure the procedure at least in part responsively to the imaging protocol 

information read from the data carrier by the communication element. 

In an embodiment, the imaging procedure includes a three-dimensional dynamic 

imaging study, and wherein the imaging functionality is configured to perform the 

three-dimensional dynamic imaging study, and to configure the study at least in part 

25 responsively to the imaging protocol information read from the data carrier by the 

communication element. 

In an embodiment, the data carrier is not physically coupled to the container, and 

wherein the data carrier contains an identifier of a patient to whom the labeled 

radiopharmaceutical agent is to be administered. For some applications, the data carrier 

30 comprises a coupling mechanism configured to be coupled to the patient. In an 

embodiment, the data carrier comprises a first data carrier, and wherein the apparatus 

further comprises a second computer-communicatable data carrier physically coupled to 
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the container, the second data carrier containing radiophannaceutical information 

regarding the at least one labeled radiopharmaceutical agent. 

There is also provided, in accordance · with ·an embodiment of the present' 

invention, apparatus for use with at least one labeled radiopharmaceutical agent, the 

5 apparatus comprising: 

a container containing the at least one labeled radiopharmaceutical agent; and 

a computer-communicatable data carrier associated with the container, the data 

carrier containing authenticatable information regarding a commercial license for use of 

SPECT imaging protocol information with the at least one labeled radiophannaceutical 

10 agent. 

15 

20 

In an embodiment, the apparatus comprises an imaging system, which comprises: 

a communication element, configured to read the authenticatable license 

information from the data carrier; 

a control unit, comprising imaging :functionality, the control unit configured to: 

authenticate the authenticatable license information, and 

only upon authentication, drive the imaging functionality to perform an imaging 

procedure using the SPECT imaging protocol information. 

For some applications, the apparatus comprises a device configured to write the 

authenticatable license information to the data carrier. 

For some applications, the data carrier is physically coupled to the container. 

There is further provided, in accordance with an embodiment of the present 

invention, apparatus comprising a portable computer-communicatable data carrier 

containing authenticatable information regarding a commercial license for use of SPECT 

imaging protocol information. 

25 For some applications, the data carrier additionally contains patient information 

30 

regarding a patient upon whom an imaging procedure using the SPECT imaging protocol 

information is to be performed. 

For some applications, the authenticatable license information is encrypted. 

In an embodiment, the apparatus comprises an imaging system, which comprises: 

a communication element, configured to read the authenticatable license 
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information from the data carrier; 

a control unit, comprising imaging functionality, the control unit configured to: 

authenticate the authenticatable license information, and 

only upon authentication, drive the imaging functionality to perform an imaging 

5 procedure using the SPECT imaging protocol information. 

For some applications, the apparatus comprises a device configured to write the 

authenticatable license information to the data carrier. 

For some applications, the data carrier comprises a coupling mechanism 

configured to be coupled to a patient upon whom an imaging procedure using the SPECT 

10 imaging protocol information is to be performed. 

15 

There is still further provided, in accordance with an embodiment of the present 

invention, apparatus comprising: 

a first portable computer-communicatable data carrier containing a first identifier 

value; 

a second portable computer-communicatable data carrier containing a second 

identifier value; and 

an imaging system comprising imaging functionality, the imaging system 

configured, responsively to a detection of a correspondence between the first and second 

identifier values, to drive the imaging functionality to perform an imaging procedure on a 

20 patient. 

For some applications, at least one of the first and second data carriers is 

configured to perform the detection of the correspondence. Alternatively or additionally, 

the imaging system comprises a correspondence-detection element configured to perform 

the detection of the correspondence. 

25 For some applications, at least one of the first and second data carriers contains an 

identifier of a patient to whom the labeled radiopharmaceutical agent is to be 

administered. 

For some applications, at least one of the first and second identifier values 

comprises an identifier of a patient to whom the labeled radiopharmaceutical agent is to 

30 be administered. 

In an embodiment, one of the first and second data carriers comprises a coupling 
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mechanism configured to be coupled to a patient to whom the labeled 

radiopharmaceutical agent is to be administered. 

For some applications,. the apparatus comprises a device configured to write at 

least one of the first and second identifier values to the respective first and second data 

5 carriers. 

In an embodiment, at least one of the first and second data carriers contains 

radiopharmaceutical information regarding at least one labeled radiopharmaceutical agent, 

the imaging system comprises a communication element, configured to read the 

radiopharmaceutical information from the at least one of the data carriers, and the imaging 

I 0 system is configured to configure the imaging procedure at least in part responsively to 

the read radiopharmaceutical information. For some applications, the apparatus 

comprises a container containing the at least one labeled radiopharmaceutical agent. For 

some applications, one of the first and second data carriers is physically coupled to the 

container. 

15 In an embodiment, the imaging functionality comprises a nuclear camera. For 

some applications, the nuclear camera comprises a SPECT camera. 

There is yet further provided, in accordance with an embodiment of the present 

invention, apparatus for use with first and second portable computer-communicatable data 

carriers containing first and second identifier values, respectively, the apparatus 

20 comprising an imaging system, which comprises: 

imaging functionality; and 

a control unit configured to drive the imaging functionality to perform an imaging 

procedure on a patient, responsively to a detection of a correspondence between the first 

and second identifier values. 

25 For some applications, the imaging system comprises a correspondence-detection 

30 

element configured to perform the detection of the correspondence. 

There is additionally provided, in accordance with an embodiment of the present 

invention, apparatus for use with at least one labeled radiopharmaceutical agent for 

administration to a patient, the apparatus comprising: 

a container containing the at least one labeled radiopharmaceutical agent; 

a first computer-communicatable data carrier physically coupled to the container, 
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the first data carrier containing radiopharmaceutical information regarding the at least one 

labeled radiopharmaceutical agent; and 

a second portable computer-communicatable data carrier containing patient 

information regarding the patient, and imaging protocol information for use with the at 

5 least one labeled radiopharmaceutical agent. 

For some applications, the imaging protocol information comprises SPECT 

imaging protocol information. 

For some applications, the patient information comprises an identifier of the 

patient. 

10 For some applications, the second data carrier comprises a coupling mechanism 

configured to be coupled to the patient. 

For some applications, the first data carrier contains a first patient identifier, the 

patient information contained in the second data carrier comprises a second patient 

identifier, and the apparatus comprises an administration system, which comprises: 

15 a first communication element, configured to read the first patient identifier from 

the first data carrier; 

a second communication element, configure to read the second patient identifier 

from the second data carrier; and 

a control unit, configured to compare the first patient identifier to the second 

20 patient identifier, and, upon detecting a match, generate an administration signal that 

triggers administration to the patient of the at least one labeled radiopharmaceutical agent 

contained in the container. 

For some applications, the first data carrier contains a first protocol identifier, the 

imaging protocol information contained in the second data carrier comprises a second 

25 protocol identifier, and the apparatus comprises an administration system, which 

comprises: 

a communication element, configured to read the first and second protocol 

identifiers from the first and second data carriers, respectively; and 

a control unit, configured to compare the first protocol identifier to the second 

30 protocol identifier, and, upon detecting a match, generate an administration signal that 

triggers administration to the patient of the at least one labeled radiopharmaceutical agent 

contained in the container. 
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For some applications, the first data carrier contains a first protocol identifier, the 

imaging protocol information contained in the second data carrier comprises a second 

protocol identifier, and the apparatus comprises an administration system, which 

comprises: 

5 a first communication element, configured to read the first protocol identifier from 

the first data carrier; 

a second communication element, configured to read the second protocol identifier 

from the second data carrier; and 

a control unit, configured to compare the first protocol identifier to the second 

10 protocol identifier, and, upon detecting a match, generate an administration signal that 

triggers administration to the patient of the at least one labeled radiopharmaceutical agent 

contained in the container. 

In an embodiment, the apparatus comprises an administration system, which 

comprises: 

15 a communication element; and 

a control unit, configured to: 

generate an administration signal that triggers administration to the patient of the 

at least one labeled radiopharmaceutical agent contained in the container, and 

drive the communication element to transmit information regarding the 

20 administration to the second data carrier. 

For some applications, the apparatus comprises a device configured to write the 

inlaging protocol information to the first data carrier. Alternatively or additionally, the 

apparatus comprises a device configured to write the patient information to the second 

data carrier. 

25 In an embodiment, the imaging protocol information comprises imaging protocol 

30 

information selected for the patient. For some applications, the imaging protocol 

information comprises an identifier of an imaging protocol. For some applications, the 

imaging protocol information comprises imaging protocol information customized for the 

patient. 

In an embodiment, the first data carrier contains a first patient identifier, the 

patient information contained in the second data carrier includes a second patient 

identifier, and the apparatus comprises an administration system, which comprises: 
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a communication element, configured to read the :first and second patient 

identifiers from the first and second data carriers, respectively; and 

a control unit, configured to compare the first patient identifier to the second 

patient identifier, and, upon detecting a match, generate an administration signal that 

5 triggers administration to the patient of the at least one labeled radiopharmaceutical agent 

contained in the container. 

For some applications, the administration system comprises an automated 

administration device, configured to administer the at least one labeled 

radiopharmaceutical agent to the patient upon being triggered by the administration 

10 signal. 

15 

For some applications, the control unit is configured to generate the administration 

signal to trigger the administration of the at least one labeled radiopharmaceutical agent 

by instructing a healthcare worker to administer the at least one labeled 

radiopharmaceutical agent to the patient. 

There is yet additionally provided, m accordance with an embodiment of the 

present invention, apparatus for use with at least one labeled radiopharmaceutical agent 

for administration to a patient, the apparatus comprising: 

a container containing the at least one labeled radiopharmaceutical agent; 

a computer-communicatable data carrier associated with the container, the data 

20 carrier containing data regarding at least one of: the labeled radiopharmaceutical agent 

and the patient; and 

25 

30 

a SPECT imaging system comprising: 

a communication element, configured to read the data; and 

a control unit, configured to utilize the read data to customize at least one 

function of the system selected from the group consisting of: administration of the 

labeled radiopharmaceutical agent, acquisition of a SPECT image of the patient to 

whom the labeled radiopharmaceutical agent is administered, reconstruction of the 

SPECT image, analysis of the SPECT image, and diagnosis of a condition of the 

patient based at least in part on the analysis. 

For some applications, the data carrier contains the data regarding the labeled 

radiopharmaceutical agent. Alternatively or additionally, the data carrier contains the data 

regarding the patient. 
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For some applications, the control unit is configured to utilize the read data to 

customize the administration of the labeled radiopharmaceutical agent. Alternatively or 

additionally, the control unit is configured to utilize the read data to customize the 

acquisition of a SPECT image of the patient to whom the labeled radiopharmaceutical 

5 agent is administered. Further alternatively or additionally, control unit is configured to 

utilize the read data to customize the reconstruction of the SPECT image. Still further 

alternatively or additionally, the control unit is configured to utilize the read data to 

customize the analysis of the SPECT image. Alternatively or additionally, the control 

unit is configured to utilize the read data to customize the diagnosis of a condition of the 

10 patient based at least in part on the analysis. 

For some applications, the apparatus comprises a device configured to write the 

data to the data carrier. 

There is also provided, in accordance with an embodiment of the present 

invention, a SPECT imaging system for use with a container containing at least one 

15 labeled radiopharmaceutical agent for administration to a patient, and data regarding at 

least one of: the labeled radiopharmaceutical agent and the pat1ent, the system 

comprising: 

a communication element, configured to read the data; and 

a control unit, configured to utilize the read data to customize at least one function 

20 of the system selected from the group consisting of: administration of the labeled 

radiopharmaceutical agent, acquisition of a SPECT image of the patient to whom the 

labeled radiopharmaceutical agent is administered, reconstruction of the SPECT image, 

analysis of the SPECT image, and diagnosis of a condition of the patient based at least in 

part on the analysis. 

25 For some applications, the system comprises a device configured to write the data 

to the container. 

There is further provided, in accordance with an embodiment of the present 

invention, an automated radiopharmaceutical dispensing system for use with a container 

and a computer-communicatable container data carrier associated with the container, the 

30 system comprising: 

a robot, configured to manipulate the container; 
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receive radiophannaceutical information regarding at least one labeled 

radiophannaceutical agent, the radiophannaceutical information selected from the group 

5 consisting of: imaging protocol information for use with the at least one labeled 

radiopharmaceutical agent, and authenticatable information regarding a commercial 

license for use of an imaging protocol with the at least one labeled radiopharmaceutical 

agent, 

10 

15 

receive patient information regarding a patient, 

drive the robot to automatically dispense a dose of the labeled 

radio pharmaceutical agent to the container, and 

drive the communication element to transmit to the container data carrier at 

least a portion of the radiopharmaceutical information and at least a portion of the patient 

information. 

For some applications, the control unit 1s configured to receive the 

radiopharmaceutical information regarding a plurality of labeled radiopharmaceutical 

agents, and drive the robot to automatically dispense respective doses of the labeled 

radiopharmaceutical agents to the container. 

For some applications, the patient information includes an identifier of an imaging 

20 protocol assigned to the patient for performance using the dose, and wherein the control 

unit is configured to drive the communication element to transmit the imaging protocol 

identifier to the container data carrier. 

For some applications, the control unit is configured to drive the communication 

element to transmit to the container data carrier at least one of: a time of dispensing of the 

25 labeled radiopharmaceutical agent to the container, and information regarding a 

radioactivity of the dose at the time of dispensing. 

In an embodiment, the apparatus comprises: 

a mother vial that contains the labeled radiopharmaceutical agent prior to 

dispensing thereof; and 

30 a computer-communicatable mother vial data carrier associated with the mother 

vial, which mother vial data carrier contains the radiopharmaceutical information, 

wherein the control unit is configured to receive the radiopharmaceutical 
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information from the mother vial data carrier. 

For some applications, the radiopharmaceutical information comprises the 

imaging protocol information. For some applications, the imaging protocol information 

comprises SPECT imaging protocol information, which may comprise at least one kinetic 

5 parameter of the at least one labeled radiopharmaceutical agent. 

In an embodiment, the radiopharmaceutical information comprises the 

authenticatable information regarding the commercial license. For some applications, the 

information regarding the commercial license comprises information regarding the 

commercial license for use of a SPECT imaging protocol with the at least one labeled 

10 radiopharmaceutical agent. For some applications, the control unit is configured to 

authenticate the authenticatable license information, and to drive the robot to 

automatically dispense the dose only upon authentication. 

There is still further provided, in accordance with an embodiment of the present 

invention, apparatus for use with a container, the apparatus comprising: 

15 a mother vial having a volume of at lftast 10 ml, which contains at least 5 ml of a 

non-diluted labeled radiopharmaceutical agent, and at least 5 ml of saline solution; and 

an automated radiopharmaceutical dispensing system, configured to contain the 

mother vial, and to dispense at least one dose from the mother vial to the container. 

There is additionally provided, in accordance with an embodiment of the present 

20 invention, a method comprising: 

placing at least one labeled radiopharmaceutical agent in a container; 

associating a portable computer-communicatable data carrier with the container; 

and 

writing, to the data carrier, imaging protocol information for use with the at least 

25 one labeled radiopharmaceutical agent. 

There is yet additionally provided, in accordance with an embodiment of the 

present invention, a method comprising: 

placing at least one labeled radiopharmaceutical agent in a container; 

associating a computer-communicatable data carrier with the.container; and 

30 writing, to the data carrier, authenticatable information regarding a commercial 

license for use of SPECT imaging protocol information with the at least one labeled 
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radiopharmaceutical agent. 

There is also provided, in accordance with an embodiment of the present 

invention, a method comprising: 

providing a portable computer-communicatable data carrier; and 

writing, to the data carrier, authenticatable information regarding a commercial 

license for use of SPECT imaging protocol information. 

There is further provided, in accordance with an embodiment of the present 

invention, a method comprising: 

writing first and second identifier values to first and second 

10 computer-communicatable data carriers, respectively; 

detecting a correspondence between the first and second identifier values; and 

perform an imaging procedure on a patient responsively to the detecting. 

There is still further provided, in accordance with an embodiment of the present 

invention, a method for use with at least one labeled radiopharmaceutical agent for 

15 administration to a patient, the method comprising: 

placing at least one labeled radiopharmaceutical agent in a container; 

physically coupling a first computer-communicatable data carrier to the container; 

writing, to the first data carrier, radiopharmaceutical information regarding the at 

least one labeled radiopharmaceutical agent; and 

20 writing, to a second portable computer-communicatable data carrier, patient 

25 

information regarding the patient, and imaging protocol information for use with the at 

least one labeled radiopharmaceutical agent. 

There is additionally provided, in accordance with an embodiment of the present 

invention, a method comprising: 

placing, in a container, at least one labeled radiopharmaceutical agent for 

administration to a patient; 

associating a computer-communicatable data carrier with the container; 

writing data to the data carrier regarding at least one of: the labeled 

radiopharmaceutical agent and the patient; 

30 reading the data from the data carrier at a SPECT imaging system; 

utilizing the read data to customize at least one :function of the system selected 
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from the group consisting of: administration of the labeled radiopharmaceutical agent, 

acquisition of a SPECT image of the patient to whom the labeled radiopharmaceutical 

agent is administered, reconstruction of the SPECT image, analysis of the SPECT image, 

and diagnosis of a condition of the patient based at least in part on the analysis. 

There is yet additionally provided, in accordance with an embodiment of the 

present invention, a method for use with a container containing at least one labeled 

radiopharmaceutical agent for administration to a patient, and data regarding at least one 

of: the labeled radiopharmaceutical agent and the patient, the method comprising: 

reading the data at a SPECT imaging system; and 

10 utilizing the read data to customize at least one function of the system selected 

15 

from the group consisting of: administration of the labeled radiopharmaceutical agent, 

acquisition of a SPECT image of the patient to whom the labeled radiopharmaceutical 

agent is administered, reconstruction of the SPECT image, analysis of the SPECT image, 

and diagnosis of a condition of the patient based at least in part on the analysis. 

There is also provided, in accordance with an embodiment of the present 

invention, a method for use with a container and a computer-communicatable container 

data carrier associated with the container, the method comprising: 

receiving, by an automated radiopharmaceutical dispensing system, 

radiopharmaceutical information regarding at least one labeled radiopharmaceutical agent, 

20 the radiopharmaceutical information selected from the group consisting of: imaging 

protocol information for use with the at least one labeled radiopharmaceutical agent, and 

25 

30 

authenticatable information regarding a commercial license for use of an imaging protocol 

with the at least one labeled radiopharmaceutical agent; 

receiving, by the dispensing system, patient information regarding a patient; 

automatically robotically dispensing, by the dispensing system, a dose of the 

labeled radiopharrnaceutical agent to the container; and 

transmitting to the container data carrier, by the dispensing system, at least a 

portion of the radiopharmaceutical information and at least a portion of the patient 

information. 

There is further provided, in accordance with an embodiment of the present 

invention, a method for automatically dispensing a labeled radiopharmaceutical agent to a 
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container, comprising: 

providing a mother vial having a volume of at least 10 ml; 

filling the mother vial with at least 5 ml of a non-diluted labeled 

radiophannaceutical agent, and with at least 5 ml of saline solution; 

placing the mother vial in an automated radiopharmaceutical dispensing system; 

and 

dispensing at least one dose from the mother vial to the container. 

There is also provided, in accordance with an embodiment of the present 

invention, a method for setting a dose of a labeled radiopharmaceutical agent for use for 

10 performing an imaging procedure on a patient for studying a physiological characteristic 

of the patient, the method including: 

15 

selecting the radiophannaceutical agent; 

receiving information regarding a medical parameter of the patient not directly 

related to the physiological characteristic of the patient; and 

setting the dose at least in part responsively to the received information. 

There is further provided, in accordance with an embodiment of the present 

invention, a substance associated with a time-dependent substance intake program 

generated by a computer controlled functionality employing a machine readable 

multi-parameter human physiological profile including at least one of a kinetic and 

20 intra-body location dependent parameter and a machine readable multi-paran1eter 

substance profile, including at least one kinetic parameter. 

There is still further provided, in accordance with an embodiment of the present 

invention, a computer controlled functionality employing a machine readable 

multi-parameter human physiological profile including at least one of a kinetic and 

25 intra-body location dependent parameter and a machine readable multi-parameter 

substance profile, including at least one kinetic parameter, for indicating a time-dependent 

substance intake program. 

There is yet further provided, in accordance with an embodiment of the present 

invention, a substance associated with .a time-dependent substance intake program. 

30 generated by a computer controlled functionality employing a machine readable 

multi-parameter human physiological profile including at least one of a kinetic and 
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intra-body location dependent parameter and a machine readable multi-parameter 

substance profile, including at least one kinetic parameter. 

There is also provided, in accordance with an embodiment of the · present 

invention, a time-dependent substance intake program generated by a computer controlled 

5 functionality employing a machine readable multi-parameter human physiological profile 

including at least one of a kinetic and intra-body location dependent parameter and a 

machine readable multi-parameter substance profile, including at least one kinetic 

parameter. 

There is further provided, in accordance with an embodiment of the present 

I 0 invention, a substance formulated in accordance with a time-dependent substance intake 

program generated by a computer controlled functionality employing a machine readable 

multi-parameter human physiological profile including at least one of a kinetic and 

intra-body location dependent parameter and a machine readable multi-parameter 

substance profile, including at least one kinetic parameter. 

15 There is still further provided, in accordance with an embodiment of the present 

invention, an apparatus, method, and/or functionality for generation of a machine readable 

multi-parameter· human physiological profile including at least one of a kinetic and 

intra-body location dependent parameter, including providing a time-dependent substance 

intake program; a data acquisition system which acquires data from the patient passing 

20 through the intake program; and a computerized analysis using a machine readable 

multi-parameter substance profile, including at least one kinetic parameter. 

There is yet fmiher provided, in accordance with an embodiment of the present 

invention, an apparatus, method, and/or functionality for generation of a human 

physiological profile, including providing a substance intake program; a data acquisition 

25 system which acquires data from the patient passing through the intake program; and a 

computerized analysis using a substance profile, including at least one kinetic parameter. 

There is also provided, in accordance with an embodiment of the present 

invention, an interactive pharmaceutical-containing, machine-readable 

information-bearing, customized medicine module suitable for use in computerized 

30 customized medicine, said customized medicine module including a computerized 
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customized medicine machine-interfaceable pharmaceutical-containing delivery module 

and a computerized individualized medicine machine-readable information-containing 

carrier containing at least data regarding said pharmaceutical which is required for use of 

said pharmaceutical in computerized customized medicine, said data being useful in 

5 computerized customized medicine machine actuation of said pharmaceutical-containing 

delivery module. 

10 

There is additionally provided, in accordance with an embodiment of the present 

invention, a computerized customized medicine machine including: 

a computerized patient imager; 

a computerized pharmaceutical deliverer employing a pharmaceutical-containing, 

machine-readable information-bearing, customized medicine module; and 

a customized medicine protocol controller including: 

an interactive patient imager interface including patient information 

receiving functionality and patient imaging actuation functionality; and 

15 an interactive pharmaceutical deliverer interface including patient 

information receiving functionality and patient information-responsive pharmaceutical 

delivery actuation functionality. 

There is also provided, in accordance with an embodiment of the present 

invention, an interactive pharmaceutical-containing, machine-readable authenticated, 

20 authenticated customized medicine module suitable for use in computerized customized 

medicine, said customized medicine module including a computerized customized 

medicine machine-interfaceable pharmaceutical-containing module and a computerized 

individualized medicine machine-readable authentication-containing carrier containing at 

least authentication data regarding said pharmaceutical which is required for use of said 

25 pharmaceutical in computerized customized medicine, said data being useful in said 

computerized customized medicine machine. 

30 

There is further provided, in accordance with an embodiment of the present 

invention, a computerized customized medicine preparation machine including: 

a computerized patient information manager; 

a computerized customized medicine pharmaceutical information manager; 

a computerized authenticated customized medicine module authenticator; and 
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a computerized pharmaceutical-containing, machine-readable information-bearing, 

customized medicine module generator including: 

a computerized generator protocol manager operative to receive patient 

information from said patient information manager, to receive authentication of an 

5 authenticated customized medicine module from said authenticator, to receive customized 

medicine pharmaceutical information relating to at least one pharmaceutical contained in 

said authenticated customized medicine module from said pharmaceutical information 

manager and to prepare customized medicine information to be included in said 

customized medicine module; and 

10 a computerized pharmaceutical-containing, machine-readable 

information-bearing, customized medicine module preparer operative to associate said 

customized medicine information prepared by said protocol manager in an authenticatable 

machine readable form with a quantity of said pharmaceutical contained in said 

authenticated customized medicine module, thereby providing a 

15 pharmaceutical-containing, machine-readable information-bearing, customized medicine 

module. 

There is still further provided, in accordance with an embodiment of the present 

invention, an interactive pharmaceutical-containing, machine-readable 

information-bearing, individualized medicine module suitable for use in computerized 

20 individualized medicine, said individualized medicine module including a computerized 

individualized medicine machine actuable pharmaceutical-containing delivery module 

and a computerized individualized medicine machine-readable information-containing 

carrier containing at least data regarding said pharmaceutical which is required for use of 

said pharmaceutical in computerized individualized medicine, said data being useful in 

25 computerized individualized medicine machine actuation of said 

pharmaceutical-containing delivery module. 

30 

For some applications, said data is in an encrypted format, readable by said 

computerized individualized medicine machine upon receipt of a predetermined 

authentication. 

There is also provided, in accordance with an embodiment of· the present · 

invention, a computerized individualized medicine machine including: 

a computerized patient imager; 
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a computerized pharmaceutical deliverer employing a pharmaceutical-containing, 

machine-readable information-bearing, individualized medicine module; and 

an individualized medicine protocol controller including: 

an interactive patient imager interface including patient image receiving 

5 functionality and patient imaging actuation functionality; and 

an interactive pharmaceutical deliverer interface including patient image 

receiving functionality and patient image-responsive pharmaceutical delivery actuation 

functionality. 

There is further provided, in accordance with an embodiment of the present 

10 invention, use of a high definition, high sensitivity camera for determination of an optimal 

parameter for a labeled radiopharmaceutical agent, the optimal parameter selected from 

the group consisting of: optimal dose, optimal mode of administration, optimal mode of 

acquisition of data with respect to the labeled radiopharmaceutical agent, optimal mode of 

data processing with respect to the labeled radiopharmaceutical agent, and optimal mode 

15 of presentation of information acquired with respect to the labeled radiopharmaceutical 

agent. 

20 

25 

There is still further provided, in accordance with an embodiment of the present 

invention, a labeled radiopharmaceutical agent that is manufactured or designed or 

indicated for use with or sold with any one of the above techniques. 

The present invention will be more fully understood from the following detailed 

description of embodiments thereof, talrnn together with the drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic illustration of an end-to-end automated system for medical 

imaging, in accordance with an embodiment of the present invention; 

Fig. 2 is a flow chart showing an end-to-end method for medical imaging, m 

accordance with an embodiment of the present invention; 

Fig. 3 is a schematic illustration of a patient-specific data carrier, in accordance 

with an embodiment of the present invention; 

Fig. 4 is a schematic illustration of a patient management system, in accordance 

30 with an embodiment of the present invention; 
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Fig. 5 is a schematic illustration of a radiopharmaceutical dose calculation system, 

in accordance with an embodiment of the present invention; 

Figs. 6A-E are tables showing exemplary preconfigured SPECT protocols and 

parameters thereof, in accordance with respective embodiments of the present invention; 

Fig. 7 is a schematic illustration of a mother vial and attached data carrier, in 

accordance with an embodiment of the present invention; 

Fig. 8 is a schematic illustration of a data carrier coupled to a radiopharmaceutical 

agent container, in accordance with an embodiment of the present invention; 

Figs. 9A-H are schematic illustrations of respective embodiments of a 

10 radiopharmaceutical agent container and data carrier coupled thereto, in accordance with 

respective embodiments of the present invention; 

Fig. 10 is a schematic illustration of an administration system, in accordance with 

an embodiment of the present invention; 

Fig. 11 is a schematic illustration of an imaging system, in accordance with an 

15 embodiment of the present invention; 

Fig. 12 is a schematic illustration of an automated radiopharmaceutical dispensing 

system, in accordance with an embodiment of the present invention; 

Figs. 13A-C are schematic illustrations of a system for carrying out a data transfer 

process, in accordance with an embodiment of the present invention; 

20 Fig. 14 is a schematic illustration of a radioisotope automatic elution system, in 

accordance with an embodiment of the present invention; 

Fig. 15 is a schematic illustration of a mother vial preparation system, in 

accordance with an embodiment of the present invention; 

Figs. 16A-B are illustrations of color spectra and a color-coded signature, 

25 respectively, in accordance with an embodiment of the present invention; 

Fig. 17 is a schematic illustration of a computer-readable medium, a portion of 

which is shaped so as to define a physical key, in accordance with an embodiment of the 

present invention; and 

Fig. 18 is a graph showing particle energy vs. photon count at a detector of a 
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camera, in accordance with an embodiment of the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

Fig. 1 is a schematic illustration of an end-to-end automated system 10 for medical 

imaging, in accordance with an embodiment of the present invention. System 10 

5 comprises a plurality of integrated elements that are configured to electronically exchange 

information among one another. The elements include an automated radiopharmaceutical 

dispensing system 20, a portable information-bearing radiopharmaceutical agent container 

22, a portable patient-specific data carrier 24, an automated administration system 26, and 

an automated imaging system 28. The systems perform their respective automated 

10 functions at least in part responsively to the exchanged information. The elements 

typically authenticate one another via the exchanged information, in order to ensure that 

only authorized elements participate in the system, and that only authorized and 

appropriate functions are performed. Each of the elements is described in detail 

hereinbelow. 

15 End-to-end imaging method 

Fig. 2 is a flow chart showing an end-to-end method for medical imaging, in 

accordance with an embodiment of the present invention. At a radiopharmaceutical 

provisioning step 100, a manufacturer 102 (Fig. 1) or distributor provides a mother vial 

104 (Fig. 1) containing an unlabeled radiopharmaceutical agent, and information 

20 associated with the radiopharmaceutical agent. Such an unlabeled radiopharmaceutical 

agent typically comprises a pharmaceutical substance, for example an antibody such as 

Capromab Pendetide marketed by Cytogen Corp. under the name ProstaScint and used in 

the detection of prostate cancer metastases, or sestamibi used in cardiac perfusion studies 

and marketed under the name of Cardiolite by Bristol Meyers Squibb Corporation, an ion, 

25 or another biological metabolized substance, or a substance which is not metabolized but 

nevertheless undergoes an interaction with the body. The information is stored in a 

mother vial data carrier 106 associated with mother vial 104, as described hereinbelow 

with reference to Fig. 7. For some applications, data carrier 106 is physically coupled to 

mother vial 104, while for other applications the data carrier is provided as a separate 

30 element associated with the mother vial. As described hereinbelow with reference to Fig. 

7, the information stored in data carrier 106 typically includes information regarding the 
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radiopharmaceutical agent, such as the formulation, pharmacologic kinetic parameters, 

radioactivity information, and/or protocol information. 

At a labeling step 110, the unlabeled radiopharmaceutical agent is labeled with an 

appropriate radioisotope, to produce a labeled radiopharmaceutical agent. Such labeling 

5 is typically performed using conventional methods, including mixing the agent with a 

solution containing the radioisotope, heating the mixture, and performing quality testing 

on the labeled radiopharmaceutical agent. For some applications, step 110 is performed 

using conventional radiopharmacy labeling techniques, while for other applications 

system 10 comprises a mother vial preparation system 700, which automatically performs 

I 0 all or a portion of the labeling, as described hereinbelow with reference to Fig. 15. The 

radioisotopes are provided by a radioisotope supplier 111, such as a conventional 

radiopharmacy or an automatic elution system 600, described hereinbelow with reference 

to Fig. 14. Data carrier 106 is typically updated with radioactivity-related information, 

including the time of labeling, the radioactivity of the radioisotope at the time of labeling, 

15 and the volume of the labeled radiopharmaceutical agent, as described hereinbelow with 

refe1·ence to Fig. 7. 

For some applications, the only active constituent of the labeled 

radiopharmaceutical agent is the radioisotope; in other words, the radioisotope is not 

bound to a biologically active substance. For exan1ple, the labeled radiopharmaceutical 

20 agent may consist essentially of thallium (as well as pH-balancing constituents, salt ions, 

and preservatives). As used in the present application, including in the claims, a "labeled 

radiopharmaceutical agent" means either: (a) an agent comprising a diagnostic 

radioisotope, such as thallium, or (b) an agent comprising a radioisotope bound to a 

biologically active substance, such as an antibody, a pharmaceutical compound, an ion, or 

25 another biological metabolized substance, or a substance which is not metabolized but 

nevertheless undergoes an interaction with the body. 

At a patient registration and imaging protocol assignment step 112, a healthcare 

worker 206 uses a patient management system 160 to register a patient into system 10, 

and to assign appropriate administration and imaging protocols for the patient, as 

30 described in detail hereinbelow with reference to Fig. 4. At an information transfer step 

114, patient management system 160 assigns a portable patient-specific data carrier 24 to 

the patient, and transmits information to data carrier 24, including at least a patient 
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identifier (typically, the patient's identification code and/or name), and the assigned 

administration and imaging protocols. Additional patient data parameters recorded may 

include physiological data such as girth, height and weight. The patient management 

system additionally transmits an order for one or more patient-specific doses of the 

5 appropriate labeled radiopharmaceutical agent( s) to dispensing system 20 or a 

conventional radiopharmacy. 

At a dose dispensing step 116, dispensing system 20 dispenses the ordered 

customized dose of the labeled radiopharmaceutical agent from mother vial 104, as 

described in detail hereinbelow with reference to Fig. 12. Prior to dispensing the dose, 

10 dispensing system 20 typically authenticates the mother vial using information stored in 

mother vial data carrier 106. For some applications, dispensing system 20 verifies the 

authenticity of a commercial license contained in data carrier 106. Typically, all or a 

portion of the information used for such verification is encrypted, and dispensing system 

20 decrypts the information during the verification procedure. Alternatively or 

15 additionally, dispensing system 20 accesses, over a network, information stored at a 

remote site, and utilizes the information for such verification. The dispensing system 

dispenses the dose based on patient-specific prescription information, 

radiopharmaceutical agent-related information stored in data carrier 106, and/or 

patient-specific information provided by an element of system 10. Such patient-specific 

20 information may include, for example, age, weight, Body Mass Index (BMI), body 

dimensions, metabolic rate, hemodynamic state, and/or kinetic parameters of the labeled 

radiopharmaceutical agent as determined during previous imaging procedures performed 

on the patient. For some applications, dosage information is provided directly or 

indirectly by patient management system 160 and/or a radiopharmaceutical dose 

25 calculation system 152, which are described hereinbelow with reference to Figs. 4 and 5, 

respectively. 

At an information transfer step 118, dispensing system 20 transfers 

patient-specific information and radiopharmaceutical-related infommtion to a data carrier 

120 physically coupled to container 22, as described hereinbelow with reference to Figs. 

30 9A-H and 10. "Physically coupled," as used in the present application, including the 

claims, includes both direct and indirect physical coupling. For example, data carrier 120 

may be indirectly physically coupled to container 22 via shielding of container 22, or 

shielding of a cylinder in which container 22 is stored during transport and handling 
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thereof. The patient-specific information includes the patient's identification code and/or 

name, and the assigned administration and imaging protocols. The 

radiopharmaceutical-related information typically includes: (a) all or a portion of the 

information provided by the manufacturer in data carrier 106, such as described 

5 hereinbelow with reference to Fig. 7, e.g., intended use, formulation, pharmacologic 

kinetic parameters, and protocol information; (b) information regarding the radioactivity 

and volume of the dose; and ( c) time of dispensing, as described in detail herein below 

with reference to Fig. 8. In addition, the dispensing system typically prints and attaches a 

conventional information label to container 22, such as in order to comply with regulatory 

10 labeling requirements. For applications in which the labeled radiopharmaceutical agent(s) 

is dispensed using conventional radiopharmacy techniques, dispensing system 20, or 

another element of system 10, such as dose calculation system 152, typically transfers the 

radiopharmaceutical-related information to data carrier 120. Alternatively, all or a portion 

of the information is transferred directly from mother vial data cairier ·I 06 to container 

15 data carrier 120. 

At an administration step 122, administration system 26 receives 

radiopharmaceutical agent container 22, and administers the labeled radiopharmaceutical 

agent contained therein to the appropriate patient. As described hereinbelow with 

reference to Fig. 10, for some applications, administration system 26 comprises an 

20 automated administration device, which is configured to administer the labeled 

radiopharmaceutical agent, while for other applications, a healthcare worker manually 

administers the agent upon receiving a signal to do so from system 26. Prior to 

administration, system 26 authenticates container 22 and verifies the identity of the 

patient, using information provided by patient-specific data carrier 24 and container data 

25 carrier 120, and, optionally, another element of system 10, such as a physician station 

115. Typically, all or a portion of the information used for such verification is encrypted, 

and administration system 26 decrypts the information during the verification procedure. 

Alternatively or additionally, administration system 26 accesses, over a network, 

information stored at a remote site, and utilizes the information for such verification. 

30 Administration system 26 verifies that the patient identification codes contained in 

patient-specific data carrier 24 and container data carrier 120 match one another, and, 

typically, verifies that the administration and/or imaging protocols contained in the data 

carriers match one another. Typically, at least a portion of the information stored in data 
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carrier 120 of container 22 is transferred to data carrier 24, either directly, via 

administration system 26, or via a communication element. For some applications, 

system 26 generates a signal for a healthcare worker confirming that a proper match has 

been made between agent container 22 and the patient. The system also typically verifies 

5 that the current time is the proper administration time, as per the administration protocol, 

and that container 22 contains the proper dose, as per the selected protocol. Optionally, 

system 26 is configured to administer the labeled radiopharmaceutical agent only if such 

matches are confirmed by the system. For some applications, administration system 26 

verifies the authenticity of a commercial license contained in data carrier 120, and 

10 performs the administration only upon verification of the authenticity. 

For some applications, administration system 26 customizes the administration of 

the labeled radiopharmaceutical agent using information provided by data carrier 24, data 

carrier 120, physician station 115, and/or patient management system 160. For example, 

system 26 may customize a time-dependent administration profile of the labeled 

15 radiopharmaceutical agent, such as a rate of administration. Alternatively or additionally, 

system 26 may administer less than the entire dose of the labeled radiopharmaceutical 

agent, e.g., based on feedback from imaging system 28 during an imaging procedure. 

For some applications, such as dynamic studies, administration system 26 

administers the labeled radiopharmaceutical agent during an imaging procedure 

20 performed by imaging system 28. For these applications, the administration system is in 

communication with the imaging system during the administration, in order to assure 

information regarding time-dependent administration is accurately communicated 

between the administration system and the imaging system. For some applications, 

imaging system 28 reads information from patient-specific data carrier 24, and transmits 

25 at least a portion of the information to administration system 26, thereby obviating the 

need for the administration system to directly read such information from the data carrier. 

For some applications, imaging system 28 triggers the commencement of administration. 

(It is to be understood that although the imaging system triggers administration of the 

agent, for some applications the agent is not administered until a healthcare worker 

30 provides a final authorization to do so, such as to comply with regulatory safety 

requirements.) For some applications, the labeled radiopharmaceutical agent(s) is 

administered in a closed loop with an imaging procedure performed by imaging system 

28; administration system 28 modifies one or more parameters of the administration in 
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real time based on feedback received from imaging system 28, and/or based on real-time 

measurements of physiological parameters of the patient (e.g., systemic blood 

concentrations) during the imaging procedure. For some protocols, the administration 

system administers a preliminary bolus injection, and, based on feedback from imaging 

5 system 28 and/or on physiological parameters of the patient, configures one or more 

parameters of a subsequent administration of the same or a different labeled 

radiopharmaceutical agent. 

At an information transfer step 123, before, during and/or after administration of 

the labeled radiopharmaceutical agent, system 26 electronically updates patient-specific 

10 data carrier 24 with details of the administration, such as: 

• an identification code of container 22 and/or an administration device; 

• an identification code of the patient to which the labeled 

radiopharmaceutical agent was dispensed, which should match the patient 

code already stored in data carrier 24; 

15 • the administered labeled radiopharmaceutical agent; 

20 

• the volume of the labeled radiopharmaceutical agent administered; 

• the time of administration; 

• the time profile of administration; 

• the radioactivity of the labeled radiopharmaceutical agent at the time of 

administration; 

• the radioactivity of the labeled radiopharmaceutical agent when dispensed 

to container 22; 

• the time of measurement of the radioactivity when dispensed to container 

22; and/or 

25 • at least a portion of the radiopharmaceutical information provided by data 

carrier 106 of mother vial 104. 

For some applications, data carrier 120 of container 22 communicates 

administration information to patient-specific data carrier 24, either directly or via 

administration system 26. For some applications, system 26 provides similar updates to 
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other elements of system· 10, such as patient management system 160, management 

control component 150, physician station 115, and/or imaging system 28. Alternatively 

or additionally, a healthcare worker manually updates one or more of the data carrier 

and/or system elements. Typically, for safety purposes, after administration system 26 

5 has read all necessary information from data carrier 120, administration system 26 

permanently disables data carrier 120 of container 22, in order to ensure that the data 

carrier is not accidentally reused for another patient. 

Reference is still made to Fig. 2. After or during administration of the labeled 

radiopharmaceutical agent, imaging system 28 performs an imaging procedure on the 

10 patient, at an imaging step 124. Imaging system 28 is described hereinbelow with 

reference to Fig. 11. Prior to perfonning the imaging procedure, system 28 verifies one or 

more of the following: 

• the identity of the patient, using information provided by patient-specific 

data carrier 24; 

15 • the authenticity of patient-specific data carrier 24, typically using 

20 

25 

30 

information provided by the data carrier itself, a coded signature 256, as 

described hereinbelow in the section entitled "Signature," and/or a key 

852, as described hereinbelow with reference to Fig. 17; 

• that patient-specific data carrier 24 has been brought within a certain 

distance of imaging system 28, e.g., within about 30 cm; 

• the identity of the manufacturer or distributor of the radiopharmaceutical 

agent, using information stored in data carrier 120; 

• that a selected camera of imaging system 28, imaging protocol, and patient 

identification code, as provided to imaging system 28 by one or more 

elements of system 10, match those stored in patient-specific data carrier 

24; 

• the authenticity of a commercial license contained in patient-specific data 

carrier 24. For some applications, system 28 verifies that the license has 

not been previously used, for example by verifying that a registration code 

associated with the license has not been previously received by system 28 

and/or system 10; and/or 
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• that administration system 26 used (or is about to use, for procedures in 

which administration occurs during imaging) the correct container 22 and 

associated data carrier 120 for the prescribed imaging procedure, and 

administered (or is about to administer) the appropriate dose of the labeled 

radiopharmaceutical agent(s) at time(s) appropriate for performance of the 

imaging procedure. 

Typically, all or a portion of the information used for such verification is 

encrypted, and imaging system 28 decrypts the information during the verification 

procedure. Alternatively or additionally, imaging system 28 accesses, over a network, 

10 information stored at a remote site, and utilizes the information for such verification. 

15 

For some applications, system 28 generates a signal for a healthcare worker 

confirming that a proper match has been made between the patient and one or more of the 

components described above. Optionally, system 28 is configured to perform the imaging 

procedure only if such a match is confirmed by the system. 

Typically, system 28 customizes the imaging procedure using information 

provided by administration system 26, data carrier 24, and/or physician station 115. Such 

information typically includes information regarding the time of labeled 

radiopharmaceutical administration, the labeled radiopharmaceutical agent (e.g., 

radioactive strength, time of preparation, and/or kinetic parameters), patient-specific 

20 physiological information, and/or imaging protocol information. Parameters of the 

imaging procedure that are typically customized include, but are not limited to: total 

acquisition time; detector motions, such as detector angular and translational motions, 

detector step size (i.e., the density of the step size, typically expressed in degrees), and 

detector dwell time at each view; type of study, such as standard, active vision (as 

25 described in the above-mentioned International Application PCT/IL2005/001173), or 

gated; definition of the region of interest (ROI), for example, based on the size of the 

heart; and/or attenuation correction parameters, which are typically based on 

physiological parameters such as body mass, Bivil, and girth. 

At an image reconstruction step 126, imaging system 28 uses the acquired imaging 

30 data for image reconstruction. For some applications, system 28 customizes the image 

reconstruction procedure using information provided by administration system 26, data 

carrier 24, and/or physician station 115. 
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Imaging system 28 analyzes the reconstructed image, at an analysis step 128. For 

some applications, system 28 customizes the analysis procedure using information 

provided by administration system 26, data carrier 24, and/or physician station 115. 

The imaging system, or a separate diagnostic system of system 10, assists with 

5 developing a diagnosis based on the analysis, at a diagnosis step 130. Typically, system 

28 customizes the diagnostic procedure using information provided by administration 

system 26, data carrier 24, and/or physician station 115. For some applications, 

authentication is performed to verify that the imaging was performed as intended. 

Reconstruction and analysis are preferably based on lookup tables and expert system 

10 rules, for example, as provided by the radiopharmaceutical manufacturer, and may be 

patient customized, taking into account known patient physiology and/or suspected 

disease. Alternatively or additionally, the lookup tables and/or expert system diagnostic 

rules are configured to provide such customization. For some applications, customization 

and/or diagnostic techniques are performed that are described in the above-mentioned 

15 International Application PCT /IL2005/001173. 

The diagnosis and/or the results of the imaging procedure are typically transmitted 

to physician station 115, for use by an attending healthcare worker 206. Alternatively or 

additionally, the diagnosis and/or the results of the imaging procedure are transmitted to a 

database 132 (Fig. 1). The accumulated results of a number of such imaging procedures 

20 for a large population are analyzed in order to develop, optimize, update, or otherwise 

re-evaluate imaging protocols, and update appropriate lookup tables and/or expert system 

rules for the use of the radiopharmaceutical agent. For example, the database may contain 

quantitative data regarding absolute blood flow measurements from healthy patients and 

patients with varying level of diseases. For some applications, such data is used to obtain 

25 disease-specific tissue signatures by performing quantitative analysis of normal and 

diseased tissue. Alternatively or additionally, the information in database 132 is used for: 

(a) comparing the results of an imaging procedure (images, and/or quantitative 

information and/or analyses) with historical results of the patient, in order to classify 

disease state and/or (b) comparing the results of an imaging procedure with similar results 

30 from a patient population, in order to classify disease state. 

Typically, physician station 115 comprises one or more standard personal 

computers or servers with appropriate memory, communication interfaces and software 
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for carrying out the functions prescribed by relevant embodiments of the present 

invention. This software may be downloaded to the physician station in electronic form 

over a network, for example, or it may alternatively be supplied on tangible media, such 

as CD-ROM. 

During or after steps 124 through 128, imaging system 28 updates the data stored 

in patient-specific data carrier 24 and/or other elements of system 10, such as patient 

information system 160, and/or physician station 115, to reflect details of the imaging 

procedure performed. In addition, for some applications, imaging system 28 transfers 

data to the specific camera used for the procedure, such as patient details, 

10 radiopharmaceutical information, and/or administration information, which information is 

received from data carrier 24, or from other elements of system 10. 

The patient-specific data carrier 

Reference is made to Fig. 3, which is a schematic illustration of patient-specific 

data carrier 24, in accordance with an embodiment of the present invention. Data carrier 

15 24 is configured to be held or worn by the patient, and, for some applications, comprises a 

coupling mechanism configured to be coupled to the patient, which coupling mechanism, 

comprises, for example, a bracelet, watch, or necklace (Fig. 3A shows the data carrier 

integrated into a watch or bracelet 170). Data carrier 24 is computer-communicatable, 

and typically comprises an RFID tag, smart card, disk-on-key (e.g., a USB key), or other 

20 electronic memory, as described below. Data carrier 24 is configured to hold information 

regarding the patient and a selected imaging procedure, as described immediately 

hereinbelow with reference to Fig. 4. 

One or more communication elements 240 are provided for reading data from and 

transmitting data to data carrier 24 e.g., using a proprietary or standard wireless protocol, 

25 e.g., Bluetooth, WiFi, W-LAN, or IEEE 802.11. Alternatively, the communication 

element is brought into physical contact with data carrier 24, and reads and/or writes the 

information using an electrical contact, or other coupling technique, such as inductive 

coupling. Respective communication elements 240 are typically in data communication 

with patient management system 160, physician station 115, dispensing system 20, 

30 administration system 26, and/or imaging system 28. For some applications, 

communication elements 240 comprise one or more coils for transmitting and receiving 

electromagnetic radiation. Typically, the communication elements are configured to have 
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