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Intravenous Admixtures 

Salvatore J Turco, PharmD, FASHP 

It has been estimated that 40% of all drugs administered in 
hospitals are given in the form of injections, and their use is in
creasing. Part of this increase in parenteral therapy is due to 
the wider use of intravenous fluids (IV fluids). In the last 
decade the use of IV fluids has doubled, increasing from 150 
million units to 320 million units annually. Not only do IV flu
ids continue to serve as the means for fluid replacement, elec
trolyte-balance restoration, and supplementary nutrition, they 
also are playing major roles as vehicles for administration of 
other drug substances and in total parenteral nutrition (PN). 
Intravenous fluids are finding greater use as the means of ad
ministering other drugs because of convenience, the means of 
reducing the irritation potential of the drugs, and the desir
ability for continuous and intermittent drug therapy. 

The techniques for providing PN parenterally have im
proved steadily in the last decade, and such use is increasing. 
The use of IV fluids for these purposes requires the compound
ing of specific intravenous admixtures (parenteral prescrip
tions) to meet the clinical needs of a given patient. However, the 
combination of drug substances in an IV fluid can promote par
enteral incompatibilities and give rise to conditions not favor
able for drug stability. A new area of specialization has been 
created for hospital pharmacists who can develop the expertise 
to prepare these solutions-recognizing their compatibility and 
stability problems and the potential for contamination-and 
participate in the administration of the solutions. The complex 
compounding of an order for PN requires knowledgeable per
sonnel capable of making accurate calculations, compounding, 
and having aseptic technique. The parenteral prescription is 
becoming increasingly important in hospitals. Centralized 
admixture programs are now found in 90% of the nation's hos
pitals with 300 beds or more. Equipment available for adminis
tering IV fluids has become more sophisticated and has made 
possible increased accuracy of dosage and led to the develop
ment of new concepts and methods of nutrition and drug 
therapy. 

E!ectronic mechanical equipment is now commonplace _in 
hospitals. Its use, as well as its sophistication, continues to m
crease. Newly designed electronic pumps have been developed 
for ~ospital ambulatory use. Multichannel pumps have become 
~vailable for multiple-drug infusion. Over 500,000 implantable 
inf~sion ports have been inserted into patients and 100,000 new 
~abents receive these implantable ports each year to accomplish 
b rug ~herapy. New methods of IV drug delivery systems have 

0
;en i_ntroduced and are constantly evolving. The intr?ductio?

t rtie~t-controlled analgesia (PCA) is commonplace m hosp1-t s. This technology allows the patient with pain to control the 
e~~e of analgesia. 

PN e growth of PN in hospitals has been paralleled by home 
nut ~~ograms. Large numbers of patients conduct parenteral 

l'ltion in the home environment, including those with infec-

C HAPTER 42 

tious and neoplastic diseases. More-stringent and more
complete guidelines for the preparation of parenterals in hospi
tals by pharmacists have been published. These guidelines, 
promoting sophisticated methods of preparation by the phar
macist, have become recommendations. They are a testament 
to the importance of parenteral preparation in the institutional 
setting. Packaging of parenterals in the past 5 years al so has 
undergone dramatic changes. Prefilled, premixed, prefrozen 
parenterals are now supplied by the manufacturers. Plastic 
minibags (ADD-Vantage, Abbott ) have been introduced. Pre
mixed liquids (eg, antibiotics, theophylline, heparin, lidocaine, 
dopamine) are available from parenteral manufacturers. Mul
tiple-dose containers have been developed to accommodate new 
methods of preparation of parenterals by the pharmacist. The 
pharmaceutical industry has responded to the needs of phar
macists by addressing the packaging, labeling, and design re
quirements necessary to facilitate patient care. The parenteral 
drug industry continues its efforts to meet higher standards of 
quality and to ensure the availability of sterile and particulate
free products. 

INTRAVENOUS FLUIDS 
Large-volume injections intended to be administered by intra
venous infusion commonly are called IV fluids and are included 
in the group of sterile products referred to as large-volume par
enterals. These consist of single-dose injections having a vol
ume of 100 mL or more and containing no added substances. 
Intravenous fluids are packaged in containers having a capac
ity of 100 to 1000 mL. Minitype infusion containers of 250-mL 
capacity are available with 50- and 100-mL partial fills for 
solution of drugs used in the piggyback technique (ie, the ad
ministration of a second solution through a Y-tube in the ad
ministration set of the first intravenous fluid, thus avoiding the 
need for another injection site). In addition to the IV fluids, this 
group also includes irrigation solutions and solutions for dialy
sis. 

Intravenous fluids are sterile solutions of simple chemicals 
such as sugars, amino acids, or electrolytes-materials that 
easily can be carried by the circulatory system and assimilated. 
Prepared with Water for Injection USP, the solutions are 
pyrogen-free. Because of the large volumes administered intra
venously, the absence of particulate matter assumes a signifi
cant role in view of possible biological hazards resulting from 
insoluble particles. Absence of particulate matter or clarity of 
IV fluids is as important at the time of administration following 
their manipulation in the hospital as it is at the time of manu
facture of the injection. 

Limits for particulate matter occurring in IV fluids or large
volume injections used for single-dose infusion are defined in 

837 
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838 PART 5: PHARMACEUTICAL MANUFACTURING 

the USP. This represents the first regulatory attempt to define 
limits for particulate matter in parenterals. Limits also ~pply 
to multiple-dose injections, small-volume injections, or mJeC
tions prepared by reconstitution from sterile solids. The USP 
defines particulate matter as extraneous, mobile, undissolv:d 
substances, other than gas bubbles, unintentionally present m 
parenteral solutions. The total numbers of particles having ef
fective linear dimensions equal to or larger than 10 µm and 
larger than 25 1.1.m are counted. The IV fluid meets the require
ment of the test ifit contains not more than 50 particles per mL 
that are equal to or larger than 10 1.1.m and not more than 5 par
ticles per mL that are equal to or larger than 25 µm in linear 
dimension. 

Intravenous fluids commonly are used for a number of clini
cal conditions. These include: 

Correction of disturbances in electrolyte balance. 
Correction of disturbances in body fluids (fluid replacement). 
The means of providing basic nutrition. 
The basis for the practice of providing PN. 
Vehicles for other drug substances. 

In both of the latter two cases it has become common practice to 
add other drugs to certain IV fluids to meet the clinical needs of 
the patient. Using IV fluids as vehicles offers the advantages 
of convenience, the means ofreducing the irritation potential of 
the drug, and a method for continuous drug therapy. However, 
the practice requires that careful consideration be given to the 
stability and compatibility of additives present in the IV fluids 
serving as the vehicle. This approach also demands strict ad-

Table 42-1. Fluids Used Commonly for IV Use 

INJECTION CONCENTRATION(%) 

Alcohol 
with D5/Wa 5 
with D5/W in NSSb 5 

Amino acid (synthetic) 
Aminosyn II (Abbott) 3.5, 7, 8.5, 10, 15 
FreAmine Ill (B.Braun) 8.5, 10 
Travasol (Baxter) 3.5, 5.5, 8.5. 10 

Ammonium chloride 2.14 
Dextran 40 

in NSS 10 
in D5/W 10 

Dextran 70 
in NSS 6 
in D5/W 6 

Dextrose (glucose, D5/W) 2.5-50 

herence to aseptic techniques in _adding the drugs us 
the administration of the IV flmds. Th:se procedur/'eli asi 
cussed later in the chapter. The IV flmds common] s are din 

arenterals are shown m Tabl~ 42-1. . Y llst'{j ri· 
P Many disease states result !n electrolyte depletio t 

Proper electrolyte concentrat10n and ?alance in p]:~ndlo, 
tissues are critical for pro~er body functJ~n . Electrolyte~rn.a and 
tion and balance are ach1_eved most rap1dl!' through restora. 
tration of IV fluids. _Reqmred ele~trolytes Include Sod~dtnini,. 
chloride ions, which m normal salme m?re closely ap r u~ and 
the composition of the e~tracellular_flu_1d t~an soluti~n~X1 rna~ 
other single sa!t; potassmm, the prmc1pal intracellular ~f ~1y 
of most body tissues and essential for the functionin cation 
nervous and muscular systems as well ~s the heart• g of tfit 
sium, as a nutritional supple~ent es~ec1ally in PN ;

0
~a_gn,_ 

and phosphate ion, important ma variety ofbiochemica]horl.l; 
tions. In addition to the number of standard electrolyte reat. 
shown in Table_ 42-1, a large ~umber of c?mbinations 0fu1i], 
trolytes in varymg concentrat10ns are available com _~let. 
Some of these electrolyte fluids als_o contain dextrosterciaUy, 

Dextrose Injection 5%_ (_D5/W) 1s the ?1ost frequent! , 
IV fluid, either _for nutntI~n. or for _flmd replacemen{ r~ 
slightly hypotomc and admm1s te:ed mtravenously into a I IS 

ripheral vein; 1 g of dextrose provides 3.4 cal, and 1 L ofD5~: 
supplies 170 Kcal. _The body uses dextrose ~t a rate of O 5 ~ 
per kg of body weight per hour. More-rapid administ ·. g 
can result in glycosuria. Therefore, 1 L of D5/W require:~t: 
hr for assimi~ation. The pH. rang~ of D5/W can vary from 3 5 
to 6.5. The wide range permitted 1s due to the free sugar acids 

PH THERAPEUTIC USE 

4.5 Sedative, analgesic, calories 
Sedative, analgesic, calories 
Fluid and nutrient replenisher 

5.25 
6.6 
6.0 
4.5-6.0 Metabolic alkalosis 

5 Priming fluid for plasma volume expander 
4 Priming fluid for plasma volume expande1 

5 Plasma volume expander 
4 Plasma volume expander 

Dextrose and sodium Varying concn of dextrose, 5-20 
3.5-6.5 Fluid and nutrient replenisher . 

chloride with varying concn of sodium' 
3.5-6.5 Fluid, nutrient, and electrolyte replenisher 

chloride 0.22-0.9 
Lactated Ringer's (Hartmann's) 

NaCl 0.6 
6.0-7.5 Systemic alkalizer; fluid and electrolyte 

KCI 0.03 replenisher 
CaCl2 0.02 
Lactate 0.3 

Mannitol, also in combination 5 
with dextrose or sodium chloride 15 5.0-7.0 Osmotic diuresis 

20 
Multiple electrolyte solutions, 

varying combinations of 5.5 Fluid and electrolyte replacement 
electrolytes, dextrose, 

Ringer's 
NaCl 0.86 5.0-7.5 Fluid and electrolyte replenisher 
KCI 0.03 
CaCl2 0.033 

Sodium bicarbonate 5 
Sodium chloride 0.45, 0.9, 3, 5 8 

Metabolic acidosis 
Sodium lactate 1/6 M 4.5-7.0 Fluid and electrolyte replen!sh:~ 
Sterile water for injection 6.3-7,3 

~ 5% Dextrose in water. 
s.s Fluid and electrolyte replenish 

b Normal saline solution. 
Diluent ~ 
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rable 42.2. IV Fluid Systems 
--- CONTAINER 
~ 
aaxter 

eaxter (Via flex) 

a.Braun 

a.Braun (Excel) 
Abbott 

Abbott (Lifecare) 

• Part of administration set. 

Glass 

Plastic 

Glass 

Plastic 
Glass 

Plastic 

CHARACTERISTICS 

Vacuum 
Air tube 
Polyvinyl chloride 
Flexible 
Nonvented 
Vacuum 
Air tube 
Flexible 
Vacuum 
Air filtera 
Polyvinyl chloride 
Flexible 
Nonvented 

present and form~d ~uring th~ s_t~r_ilization and storage of the 
injection. To avmd mcompatib1h~ies_ when other drug sub
stances are ad~ed to J?extr~se I_nJect10n, the possible low pH 
should be considered m usmg it as a vehicle. More-concen
trated solutions of dextrose are available and provide 
increased caloric intake with less fluid volume. Being hyper
tonic, the more concentrated solutions may be irritating to 
peripheral veins. Highly co_ncentrated solutions are adminis
tered in a larger central vem. 

Intravenous fluids containing crystalline amino acids can 
provide biologically usable amino acids for protein synthesis 
(Chapter 106). Protein contributes to tissue growth, wound re
pair, and resistance to infection. The protein requirement for 
the normal adult is 1 g per kg per day; children and patients 
under stress require greater amounts. Attempts are made to 
maintain a positive nitrogen balance, indicating that the pro
tein administered is being used properly and not broken down 
and eliminated through the urine as creatinine and urea, 
which are normal waste products. In a positive nitrogen bal
ance patients are taking in more nitrogen than they are elim
inating. In a negative nitrogen balance there is more nitrogen 
being eliminated through the urine regularly than is being ad
ministered intravenously. This means that tissues are contin
uing to be torn down, and repair is not necessarily taking 
place. Amino Acid Injection can afford the total body require
ments for proteins by the procedure known as PN (discussed 
below) or be used for supplemental nutrition by peripheral ad
ministration. In addition to the amino acids, these nutritional 
injections also may contain dextrose, electrolytes, vitamins, 
and insulin. Fat emulsion (Intralipid, Baxter; Liposyn II, Ab
bott) sometimes is used concurrently but usually administered 
at Y-site. However, new systems such as three-in-one packag
ing permit mixing of amino acids, carbohydrates, and fat in 
one container for PN. 

Packaging Systems 
Containers for intravenous fluids must be designed to maintain 
solution sterility, clarity (freedom from particulate matter), and 
nonpyrogenicity from the time of preparation, through storage, 
and during clinical administration. Container closures must be 
designed to facilitate insertion of administration sets through 
~vhich the injections are administered at a regulated flow-rate 
into suitable veins. IV fluids are available in glass and plastic 
~ontainers; the latter are made from a flexible plastic material. 
V fluids are supplied in 1000-mL 500-mL and 250-mL sizes in 

add' · ' · L ihon to 250-mL capacity containers packaged with 50 or 100 
: a of~?IW or sodium chloride injection 0.9% for piggybac~ ~se 

t.. ddihon to 0.45% sodium chloride and 2.5% dextrose mJec-
10118 IV fl ·a · · k d d wh· h ui s m glass con tamers are pac age un er vacuum, 

gl ic mus~ be dissipated prior to use. For fluid to leave the IV 
rn ~s~ co?tamer and flow through the administration set, some 

ec anism is necessary to permit air to enter the container. 
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Current flexible plastic systems do not require air introduction 
to function. Atmospheric pressure pressing on the container 
forces the fluid to flow. 

All glass and plastic containers are single-dose and should 
be discarded after opening even if not used. Intravenous fluids 
are packaged with approximately 3% excess fill to allow for re
moval of air from the administration set and permit the labeled 
volume to be delivered from the container. The containers are 
graduated at 20-mL increments on scales that permit the vol
ume in a container to be determined from either an upright or 
inverted position. Glass containers have aluminum and plastic 
bands for hanging, while plastic containers have eyelet open
ings or plastic straps for attachment to IV poles. 

Fluids for IV use are available from three sources (Abbott, 
Baxter, and B.Braun ); all provide both glass and plastic con
tainers. The glass-container systems of Baxter and B.Braun are 
similar. The characteristics of current packaging systems are 
summarized in Table 42-2. 

Administration Sets 
Administration sets used to deliver fluids intravenously are 
sterile, pyrogen-free, and disposable. Although these sets are 
supplied by different manufacturers, each for its own system, 
they have certain basic components. These usually include a 
plastic spike to pierce the rubber closure or plastic seal on the 
IV container, a drip (sight) chamber to trap air and permit ad
justment of flow rate, and a length (150 to 450 cm) of polyvinyl 
chloride (PVC) tubing terminating in a gum-rubber injection 
port. Non-PVC sets are available for special uses. At the tip of 
the port is a rigid needle or catheter adapter. An adjustable 
clamp (screw or roller type) on the tubing pinches the tubing to 
regulate flow. Since the Y-site port is self-sealing, additional 
medication can be added to the IV system at these ports of en
try. Glass containers that have no air tubes require air-inlet fil
ters designed as part of the administration set (Abbott ). See 
Figures 42-1 to 42-6. 

Administration Procedures 
In the administration of IV fluids, the primary IV container 
provides for fluid replacement, electrolyte replenishment, drug 
therapy, or nutrition; the fluid can be infused usually over a 4-
to 12-hr period. In some cases an IV fluid is infused slowly for 
the purpose of keeping the vein open (KVO). This will allow ad
ditional drugs to be administered when required. The primary 
IV fluid also can serve as a vehicle for other drugs to be admin
istered, thus becoming an intravenous admixture (IV drip), and 

I 
Air 
vent -Drip 

chamber 

- Clomp 

Figure 42-1. Parts of basic administration sets. 
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J.t,' :-izt•~. 8111:1lll1r ~i zcs :iro av:1il11blo in 26, GO, and 100 mL 
known 111: PAU contain •rs. 

111 prqmring nn IV fluid for ndministrntion, the following 
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Th,i spike :11lnpll'l' of the ndministrution set is inserted into the stopper 
or sen! oft ho lV container. 
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Injection Vent 
Port (Not a hole) Hole 
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Safety 
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Figure 42-3. 13 .Broun glass conta iners. The · lasti .. 
to enter th~ bottle ilS the fluid is inf used into~he c ~.1r tube allows the air 
'dm1n1stril t1on set is not vented. See Figure 42-1 ~a ient. The sprke of the 
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Abbott (Lifecare) po.lyvinyl chl?ride flexible container· 
Figure 42-4, A, . 1 chloride flexrble container. These contain ,8. 
Baxter (ViaflcxJ ~o_lyvrn( n sets. See Figure 42-1. erstaft 
nonvcntetl ac.Jmrnrstra ,o 

. 0 stand a t bedside, and air is purged f 
Tho IV (l~id 1

1:1 !1un
8
~ ~~y opening the clamp until fluid comesou;:~ the 

nd1111n1strnt~on . thon clamped off. n~e. 
die. The tuhin g_ 

18 
made by a member of the IV team, floor nu 

Tho vonipuncturc is ' rse,or 

phyHic}on. . ad'usted by slowly opening and closing the 
1 Tho in(usio'.t J~~~~~ dr~p rate, viewed in the drip chamber, is obt:tmp 

until the I cs nning time is 4 to 8 hr (usually 125 mL is deliveredn~. 
Tho Ul:!UO ru . . r rd . d In 
11 ) Drugs such as hepann, msu m, t ocame, or opaminemaybe 
r~: ~nt in the IV drip. When ~o~ent dru~s .are present, ~he flowratta 

~ill vary, depending on the chmcal cond1t1on of the patient.Sets are 
cnlculnted to deliver 1~,. 15, 20, 50, or 60 drops per'?~• dependingoa 
the manufacturer. Cnt1cal drugs are usually administered by elet. 
tronic pumps. 

Intermittent administration of an antibiotic and other drugs 
can be achieved by any of three methods: 

1. Direct IV injection (IV bolus or pus~) 
2. Addition of the drug to a predetennmed volume of fluid in a vol

ume-control device 
3. Use of a second container (minibottle, minibag) with an alreadv 

hanging IV fluid (piggybacking) · 

DIRECT INTRA VENOUS INJECTION-Small volumes 
(1 to 50 mL) of drugs are injected into the vein over a short pe
riod of time (1 to 5 min). The injection also can be made through 
a resealable Y injection site of an already hanging IV fluid. This 
method is suitable for a limited number of drugs but too haz
ardous for most drugs. 

VOLUME-CONTROL METHOD-Volume-control sets 
provide a means for intermittent infusion of drug solutions in 
precise quantities at controlled rates of flow These units con· 
sist of calibrated, plastic, fluid chambers pla~ed in a direct line 
under an established primary IV container or more often at· 
tached to ~n. independent fluid supply. In either case, the d~g 
to b~ ~dmmistered is first reconstituted if it is a sterile sohd 
and mJect~d in~o the gum-rubber injection port of the volurne
co?trol unit_. It is then further diluted to 50 to 150 mL with the 
ilnmary flmd or the separate fluid reservoir. Administration of 

1
e total drug-containing solution requires 30 to 60 min and 

ff~iu~es a pe_ak ~oncentration in the blood followed by a valley 
T~ s osage is ~1scontinued. 

set th et ~k an mtermittent IV infusion with a volume-cont~! 
ma~y ~shi -~ of the volume-control set is inserted into ~he P~: 
nique See up

1
• or a separate fluid container using aseptic tee 

· igure 42-6. 

Air is purged from t b. in~ the 
clamps until fl 'du mg of the volume-control set by open ° 

The clump is o en u1 comes through. . . d with 
25 to 50 mL fl e~da~ove the calibrated chamber, and 1t 15 fill~e fluid 
container. ui rom the primary IV container or separa 

1;ho clump is closed a 
1 he medication is . . hove the chamber. -olultle-

control unit. InJected through the gum-rubber port of the' 
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Airf ilter-
(bocter iol 

retentove) 

figure 42-5. Setting up a primary IV fluid for administration. 

Vented 
Set 

The clamp above the chamber is opened to complete the dilution to the 
desired volume (50 to 150 mL), then closed. 

Flow commences when the clamp below the volume-control unit is 
opened. 

PIGGYBACK METHOD-The piggyback method (Fig 42-
7) refers to the intermittent IV drip of a second admixture drug, 

50or 100 L 
LVP fluid 

Filter or 
valve 

! 
Figure 42-6. Volume control unit for intermittent administration. 

Non-Vented 
Set 

through the venipuncture site of an established primary IV sys
tem. With this setup the drug can be thought of as entering the 
vein on top of the primary IV fluid, hence the designation piggy
back. The piggyback technique not only eliminates the need for 
another venipuncture, but also achieves drug dilution and peak 
blood levels within a relatively short timespan, usually 30 to 60 
min. Drug dilution helps to reduce irritation, and early high 
serum levels are an important consideration in serious infection 
requiring aggressive drug therapy. These advantages have pop
ularized the piggyback method of IV therapy, especially for the 
intermittent administration of antibiotics. In using the piggy
back technique, the secondary unit is purged of air, and its 
needle or blunt cannula inserted into a Y-injection site of the pri
mary set or into the injection site at the end of the primary set. 

I 
: 
I 

\1 i' 
I .,;/ 

i \ . \ 

\ 

Figure 42-7. Piggyback administration setup. 
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Extension 
hanger 

Piggyback 
( Mini-Bottle) 

Figure 42-8. Piggyback administration setup with check valve in primary 
set. 

The piggyback infusion is then started. Once it is completed, the 
primary fluid infusion will be restarted. See Figure 42-7. 

Primary IV administration sets are available that have a 
built-in check valve for use in piggyback administration. When 
the piggyback is connected to one of these sets and started, the 
check valve automatically closes off the primary infusion. When 
the piggyback runs out, the check valve automatically opens, 
thereby restarting the primary infusion. The check valve works 
because of pressure differences. To achieve this difference, the 
primary container is hung lower than the secondary bottle by 
means of an extension hanger. See Figure 42-8. 

Manufacturers have introduced minibottles and minibags 
prefilled with various antibiotic products; each container is pro
vided with a plastic hanger for direct suspension from an IV pole 
as the piggyback solution is administered through the resealable 
gum-rubber injection site or Y-type facility of an existing IV sys
tem. Reconstitution of piggyback units requires only the addition 
of a small volume of compatible diluent. Since reconstitution and 
administration proceed from the same bottle, no drug transfer is 
involved, so transfer syringes and additional IV containers are 
net necessary. Prefilled drug containers offer significant advan
tages to hospitals. Time-saving, less potential for error and con
tamination, and convenience are outstanding qualities of this 
type of packaging. The need exists in hospitals for these types of 
innovative packaging to help alleviate the critical nursing short
age and reduce the error potential. It is a significant event that 
drug manufacturers and intravenous fluid manufacturers have 
combined efforts to achieve optimal packaging for hospital use. 

Partial-fill containers available for piggybacking are 250-
mL capacity infusion bottles or bags underfilled with 50 or 100 
mL D5/W or normal saline. The drug to be administered first is 
reconstituted in its original parenteral vial and then added by 
needle and syringe to the partial-fill container. The needle of 
the piggyback delivery system is inserted into the Y-site or 
gum-rubber injection port of a hanging primary infusion set. 
Flow_oft~1e primary _intravenous_fluid_ is stopped while the drug 
solutwn m the partial-fill contamer 1s admmistered (30 to 60 
min). After the drug solution has been infused totally the pri
mary fluid flow is reestablished. When the next dose ~f drug is 
required, the piggyback procedure is repeated, replacing the 
prefilled partial-fill container. 

MECHANICAL-ELECTRONIC INFUSION DEVICES
Gravity IV administration systems are affected by many vari-

h. t tend to alter the acc~racy of the system. Th 
abl~s ~ a . the size of the dnp-chamber orifice th e~e i0 .1 vanatwn~ Ill being administered, plastic cold fl~ e V1sc08\% 
the sottif~Iters, variations i~ the patient's bloat clanip \rLr 
page, m!ements, clot format10n, pressure chan 7t~ssurr:a1

fl
body ~o t fflow temperature of the IV fluid ghs 1n IV nd 
t · ers ra e O ' • , c an con 
am d ther factors such as kmked tubing e ges in 1 · 

needle, an ~n the height of the IV container. Flo'w~travasatj ht 
nd changes I II d b in tr d' oll, 

a vit IV systems is contro e ?' manu~l clamps (eitha Itiona1 
gra 11Y I mps) which can provide considerable d' er sere 
or ro er c a , f: h iscre \\' 
. volume delivery. The~e actors a~e. promoted the rncies 
Ill d se of mechamcal-electromc mfusion de,· evelo~ 
ment an u d . • t • f 'ices t r 

I Ccurately the a m1ms rat10n o IV fluids Th· o Con. 
tro more a . t II d • · 1s 
of devices includes infus10n con ro ers an m~usion Pum group 

Infusion controllers c~unt drops electrorncal!y or e Ps. 
volumes of fluid mechamcally and electronically. Hav~trude 
moving components, co?-trollers are less complex than ;g no 
are usually Jess expensive, and hav~ fewer maintenanc~ lllps, 
I s Infusion controllers are gravity-type systems b Pro~ 
emt ·

0
1 is regulated automatically rather than manual) ult the 

con r . f d 1. Y. naa 
dition to increasmg the ac~uracy o_ e iv~ry, electronic equi . 
ment may be able to ?etect mfiltrat10n of air, empty container~
and excess or deficient flow. Controllers are used less er:'. 
quently in favor of pumps. . 

Infusion pump~ do not depend on gravity t? provide the Pres. 
sure required to mfuse the dru?" Pressur~ 1s p~ovided by an 
electric pump that propels a syrmge, a penst~l~1c or roller de
vice, or a cassette. _Mos! ~~mps are volumetnc m that the de. 
livery is measured m milhhters rather than drops. 

The quality of patient care has ~mp~oved with the use of infu. 
sion devices. Flow rates can be mamtamed; therefore parenteral 
and enteral nutrition can be conducted safely. In addition, accu. 
rate drug therapy can be accomplished with adults and children. 
and runaways of IV fluid administration can be eliminated. · 

PATIENT-CONTROLLED ANALGESIA (PCA)-Usually 
and traditionally the acute or chronic pain experienced by pa• 
tients in selected diseases is treated initially by oral narcotics 
and analgesics. However, many clinical situations preclude oral 
administration. Typically, the unsatisfied pain from disease 
has been treated by parenteral analgesics given by the IM or 
SC route. 

This medication cycle from patient complaint to pain relief 
often can be lengthy. Frequently, the dose administered may~ 
too large or too small, resulting in either sedation or poor pain 
relief. See Figure 42-9. 

Patient Pain Cycle' 

' SEDATION 

' RELIEF 
(ANALGESIA) 

~ 

ABSORPTION 
FROM SITE , 

INJECTION 
GIVEN 

PATIENT NEED 
(PAIN) ) 

CALL NURSE 

-"" 
NURsE 

RfsP()NOS 

~ 

•·SCREENING" 

....... 

( PREPARE 
INJECTION ' 

SIGNOUT 
MEDICATloH 

Figu 42 . f evenl5•
3 

re -9. Patient pain cycle-sequence 0 
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Parenteral drugs given intrave~ously offer rapid distribu
tion in the bod)'. and fa_st on~et ~faction. The drug undergoes no 
1,iotransformat1on or inactivation and, therefore, allows more 

•se dose management. 
pr~CA is a syste'? for de_livery of IV or SC narcotics by direct 
atient inte_rvention. This_ therapy use_s a mechanical, elec

fronic, infus1~n-control ?ev1ce that permits self-administration 
of analgesics m proportio~ to the degree ofrelief desired. 

A number of these devices have been developed and are un
dergoing development at Bar~, Abbott, Deltec, Baxter, and Bee
t 11 Dickinson. The early devices allowed for patient- triggered 'N doses, an? lat~r refinement in ~~e microprocessors allowed 
tailoring of infusions so that additional bolus doses could be 
given to a baseline infusion. Additional developments have led 
to ambulatory PCA devices that are small enough to be worn on 
3 belt. An additional design being used is a balloon-powered 
disposable device (Baxter) that operates mechanically from an 
inflated balloon. 

Jn its simplest terms, PCA allows a patient to initiate an IV 
infusion of a prescribed narcotic analgesic and maintain a self
regulated sm_all amou?t of in~remental _doses needed for con
trolling a vanety of pam-associated medical problems. 

The success and popularity of PCA is based upon the inade
quacy of conventional IM and IV dosing, such as variables that 
affect absorption and distribution 1 such as conventional nurs
ing practices, inherent procedural delays in securing medica
tion, and the ultimate administration to the patient.2 The 
perception and sensation of pain in any one patient depends 
upon individual levels of endorphins and other biochemicals in 
cerebrospinal fluid. 3 

The last several years have seen the increasing use of infu
sion devices for epidural or intrathecal administration. 

PCA eliminates the peak and valley effects of traditional 
drug therapy (Fig 42-10). Epidural or intrathecal therapy of 
PCA allows a longer duration of drug action. Kwan4 reviewed 
the use of infusion devices for epidural or intrathecal adminis
tration. 

FINAL-FILTER DEVICES-Particulate matter in IV flu
ids and IV admixtures can originate from many sources. It can 
result from the packaging components of the IV fluid, from ad
mixture incompatibilities, from manipulation in preparing the 
admixture, and even from the administration set itself. Con
cern about particulate matter led to the design of final-filter de
vices for attaching to the end of the tubing of the administration 
set. They afford a final filtration of the IV fluid before it passes 
through the needle into the vein. The device consists of a plas
tic chamber containing a membrane or stainless steel filter 

PCA Dose-ResponN ()bfecttYe I 

RESPIRATORY 
DEPRESSION 

S£0ATION 

2 

TIME (HOURS) 

-- IMBOLUS 
-Pc.A 

D OPTIMAL SERUM 
COHCEHTRATION 

1 a 

~!~u,_e 42-10. Charactf~ristic pattern comparison of IM bolus serum con
. m.ro!Jo, 'lf:rsu:; P(A. 3 
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with porosities varying from 5 to 0.22 µm. Air lock can be a 
problem with membrane filters. When wet, membranes with 
porosities of0.22 µm and 0.45 µmare impervious to air at nor
mal pressures, and air in the system causes blockage. To pre
vent this, the filter housing must be purged completely of air 
prior to use. Newer designs have air eliminators. Using final
filter devices increases medication cost but reduces the biologi
cal hazards associated with particulate matter. 

Although considerable information is available concerning 
the clinical use of membrane filters in entrapping particulate 
matter and microorganisms, little information exists describing 
drug absorption by the filter. Literature on a limited numbet,. of 
drugs and filter materials indicates that drugs administered in 
low doses might present a problem with drug bonding to the fil
ter.5 Solutions containing minute dosages of drugs, 5 mg or less, 
should not be filtered until sufficient data are available to con
firm insignificant absorption. Drugs not recommended to be 
filtered include all parenteral suspensions, blood and blood 
products, amphotericin B, digitoxin, insulin, intravenous fat 
emulsions, mithramycin, nitroglycerin, and vincristine. 

Blood is filtered by utilizing blood filters of larger porosity 
(210 microns). 

2 in 1 TPN solutions usually require a 0.22 micron filter. 
3 in 1 TPN solutions usually require a 1.2 micron filter. 
IV DELIVERY SYSTEMS-Frozen Premixes-Baxter pro

vides delivery to hospitals of frozen drug products packaged in 
PVC containers. These are stored in a freezer in the hospital's 
pharmacy, thawed, and used when needed. See Figure 42-llA. 

Abbott/ADD-Vantage System-Introduced in 1985, the Ab
bott ADD-Vantage system (Fig 42-llB) has two parts: a plastic 
IV bag (Abbott) that is filled with solution and a separate glass 
vial of powder or liquid drug sold by a pharmaceutical manu
facturer. The vial is encased in a plastic cover that is removed 
prior to use. The user locks the vial holding the drug into a 
chamber at the top of the plastic bag and mixes the drug and so
lution by externally removing the stopper on the vial which 
allows drugs to fall into the diluent. 

Nutrimix-A dual-compartment container is available from 
Abbott that allows long-term packaging of amino acids and dex
trose mixtures. 

Mini-Infuser Pumps for Intermittent N Drug Delivery-A 
novel concept in intermittent drug delivery, introduced several 
years ago, was the Bard-Harvard Mini-Infuser System. This in
strument was designed for the administration of antibiotics 
and other medications delivered intermittently in 40 min or 
less. This battery-generated, lightweight instrument uses stan
dard disposable syringes and microbore disposable extension 
sets. Different models are available depending on the volume to 
be delivered. This instrument provides accuracy, constant flow, 
convenience, and safety for intermittent drug delivery. See Fig
ure 42-llC. 

Introduced and designed for intermittent IV drug delivery, 
Becton Dickinson's 360 Infusor allows drug delivery intermit
tently over 60 min or less in a volume dilution of up to 60 mL. 

INTERNAL METHODS USED TO ACHIEVE IN
TRAVASCULAR ACCESS-Implantable Ports (Infuse-A
Port, Infusaid; Port-A-Cath, Pharmacia)-Broviac and 
Hickman catheters have been used to achieve long-term venous 
access in a variety of diseases. Although these catheters are 
widely used, they are associated with some morbidity, which in
cludes fracture of catheters, entrance-site infection, and 
catheter sepsis. Implantable catheters have been developed to 
overcome catheter complications and are designed to permit re
peated access to the infusion site. The catheters consist of im
plantable-grade silicone tubing connected to a stainless steel 
port with a self-sealing septum that allows needle access. The 
delivery catheter can be placed in a vein, cavity, artery, or the 
central nervous system (CNS). The system is accessed_ wit~~ 
Huber-point needle through the skin into the self-sealmg sili-
cone plug positioned in the center of th~ port~l. . 

The specialized Huber-point needle is designed with an an
gle bevel that reduces coring and permits easy entry. These 

I 
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tFigure 42-11. Various IV delivery systems. A, Frozen partial fill; 8, ADD-Vantage; c; syringe pump; D, partial-fill diluent container; E, druiesa ,6 

turer's partial-fill piggyback (DMP) (courtesy, Abbott). The flow control clamp, "Y" site, needle, and associated tubing for B through E, are t 
in A. (Fig 42-11 is continued on the next page.) 

implantable ports can be used for the injecti?~ o~ IV fluids, to
tal parenteral nutrition, chemotherapy, antib10tics, and other 
drugs. . . 

Some advantages of implantable devices mclude 

The need for a long-term access site to venous, arterial, and spinal 

An f;i;:::d dependence on non-hospital treatment of chronic disease 
states 

The direct infusion in a target organ or tµmor 
A decrease in infection rates that are seen with percutaneous catheters 

or repeated spinal taps 
A greater mobility for the patient (a return to normal function) 

. Implantah:'. 
Implantable Pump (lnfusaid)-The Infus~I~ tration-Jn!! 
Pump _was a~proved for selected drug ~dminis roxin1atelYd 
pump 1s the size of a hockey puck and weigh~ app steel,~ 
1/2 oz. The construction is titanium, stainlersilicOlle . 
polypropylene. The injection port is constructed O IJnder 0°" 
ber and has a usable life of at least 2000 punctures. it 
mal use_this device lasts more than 8 years._ equilibr!ll~

3
cb 

The mternal power supply uses Fre_on 10harged with ogf 
twee~ the gaseous and liquid states and is rec 

I 
for as ~:s tJ!I 

refillmg p~ocess, thus supplying a power sup~ ~o!llPre5' e~ 
the pump 1s needed. As the pump is refilled, 1 plvofeJI 
gas back into the liquid state, allowing a fresh suP · 
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ori p chamber 

~:1----- Slide clamp 

~»---- Additive port 

14etered burette set 

F 

figure 42-11 (continued). F, burette set (courtesy, Abbott) . 

for the next cycle. The capacity of this pump is 50 mL, which 
can be administered over a 14-day period. The pump accuracy 
is stated as over 3%. The cost of one model is approximately 
$4000.00, not including the surgical implant procedure. The 14-
day cycle cannot be altered to any degree. 

Model 400 Implantable Drug Delivery System (Infusaid) is 
designed for long-term therapy in the ambulatory patient. The 
Model 400 with a 47-mL usable drug volume delivers a precise, 
continuous flow to a selected organ or site via a soft, nontrau
matic, nonthrombogenic, silicone rubber catheter. The Model 
400 also features an auxiliary Sideport septum, completely 
bypassing the pumping mechanism, for delivery of direct bolus 
injections to the target site. Thus the clinician can easily sup
plement the continuous infusion with additional drugs, objec
tively assess the disease state, or monitor catheter location and 
drug perfusion with the use of radiolabeled microspheres. 

INTRAVENOUS ADMIXTURES 
When one or more sterile products are added to an IV fluid for 
administration, the resulting combination is known as an IV 
admixture. To maintain the characteristics of sterile products, 
namely, sterility and freedom from particulate matter and py
rogens, it is imperative that they be manipulated in a suitable 
environment by use of aseptic techniques. 

ENVIRONMENT-Proper conditions for aseptic handling 
c~ b: provided by laminar-flow hoods (see Chapters 40 and 41). 
Wit~m a laminar-flow hood, air filtered through a HEPA (high
effi~iency particulate air) filter moves in a parallel flow configu
rati~n at a velocity of90 fpm. HEPA filters remove 99.97% of all 
Parti~les larger than 0.3 µm. Since microbial contaminants pre
:~nt m air usually are found on other particulates, removal of 

e latter results in a flow of air free of both microbial contami
?an~s and particulate matter. The movement of the filtered air ta aminar-flow configuration at a velocity of 90 fpm can main
thin the area free of contamination. The flow of air may be in ei
H~~ a horizonta l or vertical pattern. In the former case the 
toth 1lter is located at the back of the hood and the a ir flows 
ter I e ont._ In vertical flow the air passes through the HEPA fil
grat°~atcdm the top of the cabinet and is exhausted through a 
of the t ea around the working surface of the hood. Regardless 
main~ rpe of lamina r air flow, the hood must be operated and 
the pr:

1
: ed ~roperly to achieve a satisfactory environment for 

P ration of parenteral admixtures. 

CHAPTER 42: lrlTllAVENO US ADM IXTUfH:5 845 

'I'hc hood i1:1 s it ua ted best in a cl ean an.:a in which d~ ·re: ir1 li t
Uc traffic fl ow past the front of th e h1Jml. 'l'h£: i~ 'i idc ,,f th e: h"wl 
is wiped down thoroughly with a H_uit:ibfr; d_1Hmfoct,~ nt a n~I :11 -
lowcd to run for at leaHt ~:lO m in hcforc HU1 rt1ng m,m,pul_atwn~. 
It is important to remem ber thcJt th e: laminar-flow hood ~g ~ot a 
mean8 of sterili za ti on. It only ma intui rrn a n area fr~;<; of m1crn• 
bial contaminants and pa rt icu late matte r wh en it haH b,!_tn 
prepared, ma inta ined, and ww <l properly by opc:ratnrli vn th 
proper aseptic techniqu mi. . . 

Before working in a lami nar-flow ~ood, o~erntorR_v~a!Jh their 
ha nd1:1 thoroughly and Hcrub them with _a suitable d rn mfoctai:i t . 
Some institu t ions may require gownin g a nd •~ Re of Rter, J(; 
gloves. Sterile gloves can he a n aHset , hut t_hcrc 1s al wayR th,: 
problem tha t they can gi ve th e opera tor a fa lse scni;c of_ eccu
rity. Gloved ha nds ca n become co_ntaminatcd ~ 8 eas ily ~n 
ungloved h ands. AdditiveH and IV flu1<l_s to be w1~d in the pr~pa
ration of the admixture, along with Hu1tahl c syrmgeR, are !med 
up in the hood in th e order they a re to _bc used . The con!amcrs 
must be clean and dust-free. They a re inspected for clantY_ and 
freedom from cracks . Operators a re encouraged to w1c a light
ing device for inspecting IV fluids fo r p~rti culate m_a tt(!r a nd 
cracks. The lighting device should permit the cfJn tarnei:- to _b<; 
viewed against both a light and a d~rk bac~grou nd_ dunng m 
spection. If the IV fluid is packaged m plastic con tamers , pres
sure is applied to ensure that they a re sealed pr?perly a?d do 
not leak. Some labora tories dis in fect the conta iners pn or to 
placing them in the hood. . 

In working within the hood the operators work m the center 
of the hood, with the space between the point of operation_ a?d 
the filter unobstructed . If the flow of a ir is blocked, the validity 
of the laminar flow is destroyed. Articl es a re a rra nged within 
the hood in a manner to prevent clean a ir from wash ing over 
dirty objects and contaminating other objects tha t mus t rema in 
sterile. The working area must he a t leas t 6 inches from the 
front edge of the hood. As the operators stand in front of the 
hood, their bodies act as a barrier to the laminar a ir flow caus
ing it to pass around them and create backflow pa t terns that 
can carry room air into the front of the hood. 

Laminar-flow hoods must be maintained and evaluated pe
riodically to ensure that they are functioning properly. The ve
locity of air flow can be determined routinely using a velometer . 
A decrease in the air flow usually indicates a clogged HEPA fil
ter. Some laminar-flow hoods are equipped with pressure 
gauges indicating pressure in the plenum behind the fil ter ; in 
these hoods pressure increase also can indicate a clogged filter . 
Settling plates can be exposed within the hood for given periods 
of time to determine the presence of microbial contaminants . 

The best way to determine the proper functioning of a HEPA 
filter is to use the dioctylphthalate (DOP) test using the vapor 
at room temperature. DOP vapor (particles of ;0.3 µm ) is al
lowed to be taken up by the hood through its intake filte r. If the 
HEPA filter is intact and properly installed, no DOP can be de
tected in the filtered air stream by use of a smoke photometer . 
Certification services are available through commercial labora
tories; the HEPA filters within laminar-flow hoods should be 
evaluated every 6 months . 

ADDITIVES-The additives are injections packaged in am
puls or vials , or sterile solids; the latter are reconstituted with 
a suitable diluent before addition to the IV flu id . A fresh s ter
ile, disposable syringe is used for each additive. Before r~mov
ing a measured volume from an ampul, the container is wiped 
with a disinfectant solution. If the ampul is scored, the top can 
be snapped off; if not scored, an ampul file must be used. Aster
ile syringe is removed from its protective wrapping. The syringe 
needle with its cover is separated from th e syringe aseptica lly 
and may be replaced with a sterile aspirating needle. As pirat
ing needles usually are made from clear plas tic and contain a 
stainless steel or nylon filter with a porosity of 5 µm . The filte r 
will remove glass particles and other particula tes from th e in
j ection as it is drawn up from th e ampul into the syringe . The 
aspirating needle is replaced with the r egular needle. The exact 
volume is calibrated , and the injection is ready to be added to 
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thu I\ lluitl (i.l'1' Fi1• -I~• I:.!) . 111 tht• cu:-• of ndditivc:- pnckngcd in 
1nult ipk•closc via l:-: the prot, •c ti\'l.' co\'cr i:i r •mo\'ccl und the ex;. 
po:-ll'd ta q~d nn•n ot'tlw rnhber dosun• di sinfcclcd. :\ volume 

0 

air. cqunl to t lw \·olumc of i-o lul ion to be rcn1ovcd, 1s drin~n. u~ 
inlll till' :-\'rin i:!•' 11ml injcctcil into the nir space 11bove the m~ec
tion witll11 the vinl. Thi:-i fncilitak:i withdrawal of the injectwn. 
Tlw :,;olutio11 i::. drnwn into till' sy ringe, the exact dose is. men· 
:-u1-c<I. nncl the injc ·tion is n·ndy to be added to the IV tlu1d: 

,•rt:iin injections nr, light-:-ensitive and protected ago111st 
photoly:-is by the container pocknging. The mnnufncturer may 
u:;c mnbC'r ,; l11ss , individual contniner wrnpping, or on amber 
plastic con•r. l\Jnny hoRpitnl pharmacists use oluminun1 foil as 
a prull'ctive wrnp for light-sensitive drugs during their admin-

istrntion. 
In the cn--e of drug substnnces hnving poor stability in aque-

ous :-olution, the drug is pnckogecl as a sterile solid, either dry
filled or lyophilizcd. The diluent recommended on the labeling 
is used to reconstitut e the powder; the proper quantity of solu
tion then is removNl for addition to the IV fluid. To increase the 
efficiency of IV admixture programs, a limited number of 
hospitnl phannacists hnve found it con\'enicnt to freeze recon
:-tit uted drugs, particularly antibiotics. The stability of recon
stituted drugs is somewhat limited. In some coses ~tability is 
limited to onlv a few hours: in manv cases however reconsti
tuted solutim;s can be frozen and th;wed at the time

1 

of use. In 
the frozen form the stability of the antibiotic solution can be in
creased. In a number of instances the stability in the frozen 
form ii- kn?wn and supplied by the manufacturer. Reports have 
been p~bhshe? on the frozen stability of certain drugs. How
e~~r, 1t 1s u!1w1se to fr.eeze drug solutions without adequate sta
b1hty studies for gmdance. In those cases where published 

Figure 42-12. Placing an additive into an IV fluid wi . . 
a membrane filter (courtesy, Millipore) th filtration through 

.· is nvuilablc, close adherence must b 
infonn_r~ti~r~clll~eruturc, storage conditions, nnd e 

0
b erv 

to fi'lr'clez~n\ a n incrensing awareness of the pote~~~cka~ned as 
ici 0. \s handling antineoplastic drugs.G Alt) tul haz}· 

phnnn:1c1s ot c~nclusive, it appears that mcasu 1ough lh:d~ 
dence t ~inimize unnecessary exposurc.7,8 The:es shou1t'1· 
~aklcnd otrl ' use of vertical laminar-flow hoods e Precaut· ~ 
JOC u c 1c . • and 1. ions 

fi t cabinets for the preparat10n and reconstitur )tologi 
sa c ty the wearing of gloves and masks by the p '

0
n of th ~I 

agen s, . t h erson 1 ~-ie 
cial labeling of the coi:ita~ners o ensu.re t eir proper hne, Sl)e. 

and disposal, and per10d1c bloo.d studies_ of personnel _andlin 
. pai·ing admixtures of antmcoplastJc agents 

1
nvulvedg 

JO pre I · dd·t· · · The procedure for pacing an a 1 1ve man IV fl .0 . 
depending ~n the type of IV .fluid packaging syste~

1

be:ll vary 
by the hospital. The packaging systems are described in g llseu 
42-2. Tab1t 

Abbott Glass Containers (Fig 42-2) 
1. Remove the aluminum tear seal exposing the solid-rubb 

with a target circle in the center. er closure 
2. Wipe the closure with suitable disinfectant. 
3. Insert the needle of the additive syringe through th t 

The vacuum within the bottle draws in the solutione argetarea 
4. Gently shake the bottle after each a~dition, to mix thorou h 
5. When completed, cover the closure with a plastic prot t' g ly. 

it is not to be used immediately. ec tvecapif 

Baxter and McGaw Rigid Glass Containe 
(Fig 42-3) rs 

1. Remove the aluminum tear seal and the aluminum diskcov . 
the latex diaphragm. enng 

2. Upon e~posing the late:' di~phragm, note that the latex cover ~ 
drawn m over the opemngs 111 the rubber closure. 

3. The l~rger of_ the two holes_ receives the administration set, the 
o~her is _t~e a~r vent. The triangular indentation can serve as the 
s1~e .for mlect111g the additives as well as the opening for the ad
mm1strat10n set. 

4. Wipe the diaphragm with a suitable disinfectant and pierce the 
latex co~er to place additive into bottle. The vacuum within the 
bottle w11! draw additive from the syringe. Do not remove the di· 
aphragm or ~h_e vac1;1um will dissipate. It will be removed at the 
t~me of adm1111strat10n prior to the insertion of the administra· 
t10n set. 

5· Gently shake the bottle after each additive. 
6· ';J1e~ ~ompl_eted, c~ver the bottle with a plastic additive cap if the 

a mmJStratwn set is not to be inserted immediately. 

Baxter and Abbott Plastic Container (Fig 
42-4) 

1. Remove the add 't' · · ction po t 
1 

. 1 iv~ port protective sleeve and swab the inJe 

2. Adrdiii;e~ :~th a smta?le disin.fectant. . . rt. 
· th e placed 111 conta111er by piercing the add1tive Po 

mix oroughly 
3. After each add"t' . d uate mixing. 1 10n, milk the container to ensure a eq 

4. Containers do t . b rs are available£ n~ conta111 a vacuum, but vacuum chani e jner-
5. Protective 0:d~~e. 111 conjunction with the flexible pla_sticc?nta,eti, 

not insert d . itive ~aps are available if the admimstration · 
e 1mmed1ately. 

PHARMACY BU d bulk 
package is a st . LK PACKAGE-The manufacture tain5 
many singl d erile container for parenteral use that co\ad· 

. e oses Th . . d d ~ • use 
11 

mixture pro · ese contamers are mten e 
101 

e pre· 
pared It is ra~s in which large numbers of doses 

1'\at~ 
only ~nee It ~signed ~o that the rubber closure is pene, btll~ 
packages ~re Is used m laminar-flow hoods. PhannacJ11iple
dose contain ex~mpt from the USP requirement that 

111 TheY 
also have an ers lav~ a volume not greater than. 30d•~0 jH1l'e

8 

bacteriostaticexemption in that they are not require · ecial is· 
beling and st agent. Pharmacy bulk packages have sp 

orage requirements. 
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