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CONSIDERED IN this chapter are important pharma-

ceutical dosage forms that have the common char-

acteristic of being prepared to be sterile; that is, free

f1'om-contaminating microorganisms. Among these

sterile" dosage forms are the various small- and

large-volume injectable preparations, irzigation flu-
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ids intended to bath: body wounds or surgical

openings, and dialysis solutions. Biological prepa-
rations as vaccines, tonoids, and a11titoxi11s- are also

among this group and discussed in Chapter 15.
Stefility in these preparations is of utmost impor-

tance because they are placed in direct contact with

397
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the internal body fluids or tissues where infection

can easily arise. Ophthalmic preparations, which
are also prepared to be sterile, will be discussed
separately in Chapter 16..

Injections

Injections are sterile, pyrogen-free preparations

intended to be administered parenterally. The-
term parenteral refers to the injectable routes of
administration. The term has its derivation from

the Greek words para and enter-on, meaning.
outside of the intestine, and denotes routes of ad-

ministration other than the oral route. Pyrogens

are fever-producing organic substances arising

from microbial contamination and are respons-

ible for many of the febrile reactions which occur
in patients following intravenous injection. Pyro-

gens and the determination of their presence in

parenteral preparations will be discussed later
in this chapter. In general, the parenteral routes

of administration are undertaken when rapid
drug action is desired, as in emergency situations,

when the patient is uncooperative, unconscious,

or unable to accept or tolerate medication by

the oral route, or when the drug itselfis ineffective

by other routes. With the exception of insulin in-
jections, which are commonly self-administered
by diabetic patients, most injections are adminis-

tered by the physician, hisfher assistant, or nurse

in the course of medical treatment. Thus injec-

tions are employed mostly in the hospital, ex-

tended care facility; and cli11ic and less frequently

in the home . An exception would be in home health
care programs in which health professionals

pay scheduled visits to patients in their homes,
providing needed treatment, including intra-
venous medications. These programs enable pa-

tients who do not require or are unable to pay for

more expensive hospitalization to remain in the
familiar surroundings of their homes while receiv-
ing appropriate medical care. The pharmacist

-supplies injectable preparations to the physician
and nurse, as required for their use in the institu-

tional setting, clinic, office, or home health care
program.

Perhaps the earliest injectable drug to receive of-
ficial recognition was the hypodermic morphine

solution, which appeared first in the 1874_ adden-

dum to the 1867 British Pharmacopeie, and later, in
1888 in the first edition of the National Formulary

of the United States. Today, there are literally hun-

dreds of drugs and drug products available for par-
enteral administration.

Parenteral Routes ofAdministration

Drugs may be injected into almost any organ or

area of the body, including the joints (iubu-urt:'cu-

tar), ajoint-fluid area (intrasynooial), the spinal col-
umn (irttraspiuui), into spinal fluid (intrathecal), ar-

teries (intro-arterial). and in an emergency, even
into the heart fiutracardiacl. However, most com-

monly injections are performed into a vein (intro-
oenous, IV), into a muscle (intramuscular; IM). into

the skin (Intmdermal, ID, intrccutaneous), or under

the skin (subcutaneous, SC, Sub-Q, SQ, hypodennic,

Hypo) (Fig. 14.1).

Intravenous Route

The intravenous injection of drugs had its scien-
tific origin in 1656 in the experiments of Sir Christo-
pher Wren, architect of St. Paul's Cathedral and

amateur physiologist. Using. a bladder and quill for

a syringe and needle, he injected wine, ale, opium,
and other substances into the veins of dogs and
studied their effects. Intravenous medication was

first given to humans bylohann Daniel Major ofI(iel

in 1662, but was abandoned for a period because of
the occurrence of thrombosis and embolism in the

patients so treated.The invention ofthe hypodermic

syringe toward the middle of the 19th century cre-

ated a new interest in intravenous techniques and
toward the turn of the century, intravenous admin-

istration of solutions of sodium chloride and glucose

became popular.Today, the intravenous administra-

tion of drugs is a routine occurrence in the hospital,

although there are still recognized dangers associ-

ated with the practice. Thrombus and embolus for-

mation may be induced by intravenous needles and

catheters, and the possibility ofparticulate matterin

parenteral solutions poses concern for those in-

volvedin the development, adrninistration, and use
of intravenous solutions.

Intratvenously administered drugs provide rapid
action compared with other routes of administra-

tion and because drug absorption is not a factor

optimum blood levels may be achieved with the ac-

curacy and immediacy not possible by other routes.

In emergency situations, the intravenous adminis-

tration ofadrug may be alife-savingprocedure be-
cause of the placement of the drug directly into the

circulation and the prompt action which ensues.
On the negative- side, once a drug is administered

intravenously, it cannot be retrieved. In the case of

an adverse reaction to the drug, for instance, the

drug cannot be easily removed from the circulation

as it could, for example, by the induction of vomit-

ing after the oral administration of the same drug.
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needle shaft. (Reprinted with pemisstonfiom Time 3, King RE. Sterile Dosage Forms: Their Preparation and Clinical Applica-
tians,.3'rd Ed. tea &'Febige7; 1937.)

Although most superficial veins are suitable for

venipuncture, the veins of the antecubital area (sit-

uated in front of the elbow) are usually selected for

direct intravenous injection. The veins in this loca-

tion are large, superficial, and easy to see and enter.
Most clinidans insert the needlewith the bevel fac-

ing upward, at the most acute angle possible with
the vein, to ensure that the direction of flow of the

injectable is that of the flow of the blood. Strict
aseptic precautions must be taken at all times to
avoid risk ot infection. Not only are the injectable
solutions sterile, the syringes and needles used

must also be -sterilized and the point of entrance-
must be disinfected to reduce the chance of carry-

ing bacteria from the skin into the blood via the

needle. Before injection, administration personnel

must withdraw the plunger of the syringe or squeeze

a special bulb found on most IV sets to. ensure that

the needle has been properly located. In both in-
stances, a"'t1ashback”of blood into the adrninistra-

tion set or the syringe indicates proper placement
of the needle within the vein.

Both small and large volumes of drug solutions-

may be administered intravenously. The use of
1000-rnL containers of solutions for intravenous

infusion is commonplace in the hospital.These so-

lutions containing such agents as nutrients, blood

extenders, electrolytes, amino acids, and other ther-

apeutic agents are administered through an in-

dwelling needle or catheter by continuous infusion.

The infusion or flow rates may be adjusted by the

clinician according to the needs of the patient.
Generally, flow rates for intravenous fluids are ex-

pressed in n'LL!hour, and range Erom 42 to 1-50

rnllhour. Lower rates are used for "keep open”
lines. For intravenous infusion, the needle or catheter

is placed in the prominent veins of the forearm -or

leg and taped firmly to the patient so that it-will not
slip from place during infusion.The main hazard of

intravenous infusion is the possibility of thrombus

formation induced by the touching of the wall of
the vein by the catheter or needle. Thrombi are

more likely to occur when the infusion solution is

of an irritating nature to the biologc tissues. A
thrombus is a blood clot formed within the blood

vessel [or heart) due usually to a slowing of the cir-
culation or to an alteration of the blood or vessel

wall. Once such a clot circulates, it becomes an em-

bolus, carried by the blood stream until it lodges in

a blood vessel, obstructing it, and resulting in at
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blockage or occlusion referred to as an embolism.

Such an obstruction may be a critical hazard to the

patient, depending upon the site and severity of the
obstruction.

intravenously administered drugs ordinarily must

be in aqueous solution; they must mix with the cir-

culating blood and not precipitate from solution.

Such an event could lead to pulmonary microcap-

illary occlusion and the subsequent blockage of

blood passage. Intravenously delivered fat emul-

sions (e.g., lntralipid, 10%;20% [Clintec], Liposyn

ll, 10%;20% [Abbott], Liposyn ID, 10%;20% [Ab-

bott]) have gained acceptance for use as a source of

calories and essential fatty acids for patients re-

quiring parenteral nutrition for extended periods of

time (usually for more than 5 days). The product

contains up to 20% soybean oil emulsified with egg

yolk phospholipids, in a vehicle of glycerin in wa-

ter for injection.The emulsion is administered via a

peripheral vein or by central venous infusion.

Naturally, the intravenous route is used in the
administration of blood transfusions and it also

serves as the point of exit in the removal of blood

from patients for diagnostic work and for obtaining
blood from donors.

In the late 1980s, automated intravenous delivery

systems became commercially available for inter-

mittent, sel.f-adrrunistration of analgesics. Patient-

controlled analgesia (PCA) has been used to control

the pain associated with postoperative pain from a
variety of surgical procedures, labor, sickle cell crisis,

and chronic pain associated with cancer. For patients

with chronic malignant pain, PCA allows a greater
degree of arnbulation and independence (1).

The typical PCA device includes a syringe or

chamber that contains the analgesic drug and

a programmable electornechanical unit. The unit,

which might be compact enough to be worn on a

belt or carried in a pocket (e.g., Wall<MedTM PCA-

Medex, Inc.), controls the delivery of drug by ad-

vancing a piston when the patient presses a button.

The drug can be loaded into the device by a health

care professional or dispensed from preloaded car-

tridges available through the manufacturer.The de-

vices take advantage of intravenous bolus injec-

tions to produce rapid analgesia, along with slower

infusion to produce steady~state opiate concentra-

tions for sustained pain control.

The advantage of the PCA is its ability to provide

constant and uniform analgesia. The typical intra-

muscular injection of an opioid into a depot

muscular site may result in variable absorption,

leading to unpredictable blood concentrations. Fur-

ther, these injections are usually given when needed

and are often inadequate to treat the pain. The

PCA can prevent pharmacolcinetic and pharmaco-

dynarnic diflferences between patients from inter-

fering with the effectiveness of analgesia. Because

opioid kinetics differ greatly among patients, the
rates of infusion must be tailored (2).

The PCA also permits patients to medicate them-

selves when there is breakthrough pain. It elimi-

nates the delay between the time of the patients

perception of pain and receiving the analgesic med-

ication. Further, it saves nursing time. Otherwise,

the nurse must check analgesic orders given by the

physician, sign out the pain reliever from a con-
trolled, locked location, and then administer the

medication to the patient.

The I-‘CA also provides better pain control with

less side effects by minimizing the variations be-

tween suboptimal pain relief and overuse of nar-

cotics. When the side effect profile of PCA patients

is compared to patients maintained on IM nar-

cotics, nausea, sedation, and respiratory depression

occur less often in the P0X group. Lastly, patients

accept the PQA as a favorable mode of relief, per-

haps due to the sense of being in control and tak-

ing an active part in their pain relief.

Fig. 14.2 PO41 Plus if (LifeCan2 4100)-Patient-corztrolled
analgesic infirser. (Courtesy of Abbott Hospital Products
Division.)
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PCA devices can be used for intravenous, subcu-

taneous, or epidural administration. Usually, these
devices are either demand dosing (i.e., a fixed dose

of drug is injected intermittently) or constant-rate
infilsiou plus demami closing (2). Regardless of type

utilized, the physician or nurse establishes the load-
ing dose, the rate of background in.t'usion, dose per
demand, lockout interval (i.e., time be-

tween demand doses), and maximurn dosage over

s. specified time interval. Figure 14.2 demonstrates
the PCA Plus ll (Lifecare 4100) infuser. With this

device, the patient pushes a button on a pendant to

deliver a prescribed quantity of the analgesic-.

Intramuscular Route

Intramuscular injections of drugs provide drug

eflects that are less rapid, but generally of greater
duration than those obtained from intravenous ad-

ministration (3). Aqueous or oleaginous solutions
or suspensions of substances may be "admin-
istered intramuscularly. Depending on the type of

preparation employed, the absorption rates may

vary widely. it would be expected that drugs in so-
lution would be more rapidly absorbed than -those

in suspension and that drugs in aqueous prepara-

tions would be more rapidly absorbed than when

in oleaginous preparations. The physical type of

preparation employed is based on the properties of
the drug itself and on the therapeutic goals desired.

IntraJ:nu.scular injections are performed deep into
the skeletal muscles.The point ofinjection should be

-as far as possible from major nerves and blood ves-

sels. Injuries to patients from intramuscular injection
usually are related to the point at which the needle

entered and where the medication was deposited.

Such include paralysis resulting from neural

damage, abscesses, cysts, embolism, hernatoma,
sloughing of the skin, and scar formation.

In adults, the upper outer quadrant of the gluteus
maximus is the most frequently used site for intra-

muscular injection. In infants, the gluteal area is

small and composed primarily of fat, not muscle.
What muscle there is is poorly developed. An in-

jection in this area might be presented dangerously
close to the sciatic nerve, especially if the child is re-

sisting the injection and squirming or fighting.

Thus, in infants and young children, the deltoid

muscles of the upper arm or the midlateral muscles

of the thigh are preferred. An injection given in the

upper or lower portion of the deltoid would be well

away from the radial nerve.The deltoid may also be

used in adults, but the pain is more noticeable here

than in the gluteal area. If a series of injections are

to be given, the injection site is usually varied.Ib be

Pmmterals 401

certain that a. blood vessel has not been entered,

the clinician may aspirate slightly on the syringe
following insertion ofthe needle to observe ifblood

enters the -syringe. Usually, the volume of medica-

tion which may be conveniently administered by

the intramuscular route is limited; generally a max-

imum of 5 mL is administered intramuscularly in

the gluteal region and 2 mL in the deltoid of the
arm.

The Z-'I'raclt Injection technique is useful for in-

tramuscular injections of medications that stain

upper tissue, e.g., iron dextran injection, or those

that irritate tissue, e.g., Valium, by sealing these
medications in the lower muscle. Because of its

staining qualities, iron dextran injection, for exam-

ple, must be injected only into the muscle mass of

the upper outer quadrant of the buttocl<.'I'he skin is

displaced laterally prior to injection, then the neo-

die is inserted and syringe aspirated, and the injec-

tion performed slowly and smoothly. The needle is
then withdrawn and the skin released. This creates

a"Z" pattern that blocks infiltration of medication

into the subcutaneous tissue.‘I'he injection is 2 to 3

inches deep, and a 20 to 22 gauge needle is utilized.

To further prevent any staining of upper tissue,

usually one needle is used to withdraw the iron

dextran from its ampul. and then replaced with an-
other for the purposes of the injection.

Subcutaneous Route

The subcutaneous route maybe utilized for the

injection of small amounts of medication. The in-
jection of a drug beneath the -surface of the skin is
usually made in the loose interstitial tissues of the

outer surface of the upper arm, the anterior surface
of the thigh, and the lower portion of the abdomen.

The site of injection is usually rotated when injec-

tions are frequently given, e.g., insulin injec-

tions. Prior to injection, the skin at the injection
site should be thoroughly cleansed. The maximum

amount of medication that can be comfortably in-

jectedsubcutaneously is about 1.3 mL and amounts

greater than 2 mL will most likely cause painful
pressure. Syringes with up to 3 mL capacities and
utilizing needles with 24 to 26 gauges are used for

subcutaneous injections. These needles will have
cannula lengths that vary between 338 inch to 1
inch. Most typically, subcutaneous insulin needles

are between 25 to 30 gauge with needle length be-
tween 51116 to 5J8 inch. Upon insertion, if blood ap-

pears in the syringe, a new site should be selected.
Drugs that are irritating or those that are present

in thick suspension form may produce induration,

sloughing, or abscess formation and maybe painful

Astrazeneca Ex. 2106 p. 9
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to the patient. Such preparations should be consid-
ered not -suitable for subcutaneous injection.

Intraderroal Route

A number of substances may be effectively in-

jected into the ooriurn, the more vascular layer
of the skin just "beneath the epidermis. These

substances include Various agents for diagnostic
determinations. desensitization, or immunization.

The usual site for intradermal injection is the ante-
rior surface of the forearm. A short (SIB in.) and

narrow gauge (23— to 26-gauge) needle is usually
employed. The needle is inserted horizontally into

the sldnwith the bevel facing upWard..The injection

is made when the bevel just disappears into the
corium. Usually only about 0.1 mL volumes maybe
administered in this manner.

Specialized Access

In those instances where it is necessary to ad-

minister repeated injections over a period of time.
it might be more prudent to employ devices that
provide continued access and help eliminate pa-

tient pain associated with aduu‘.nistration.'Il1us. it is

important to list a few at this juncture.

Several types of central venous catheters are
used in institutions and on an outpatient basis.'l'hese

are used for a variety ofparenteral medications (e.g..

cancer chemotherapy; long—term antibiotic" therapy.
total parenteral nutrition solutions). and their place-
ment can remain for a few days to several months.

When not in use, these require heparinization to

maintain patency of the catheter lumen.

The use of plastic, catheters helps

eliminate the need for multiple punctures dining IV
therapy. Composed ofpolyvinyl |:hloride,Teflon, and

polyethylene, these should be radiopaque to ensure
that they demonstrate visibility on x-ray Usu-

ally, these must be removed within 48 hours after in-

sertion. The choice of catheter depends upon several
factors (e._g., length of time of the infusion, purpose
_of the infusion, the conditionlavailability of the

veins). Three types of catheters are available: plain
plastic, catheter-over-needle or catheter—outside-
needle. and catheter-inside-needle.

Implantable devices provide long-term venous
access in various diseases. Broviac and I-Iickman

catheters are notable e:<amp1es.'I'.hese do carry arisk
of morbidity, including fracture of the catheters. en-

trance site iztfection, and catheter sepsis.These have

been developed to overcome catheter complica-
tions and are designed toprovide repeated access to

thejnfusion site.The delivery catheter can be
in a vein. cavity. artery. or CNS system. A Huber

point needle allows system access through the skin
into a self-sealing silicone plug positioned in the
center of the portal.

Ojfflcfal Types ofInfectious

According to the USP. injections are separated
into five general types. all ofwhich are suitable for,

and intended for, parenteral administration. These

may contain buffers, preservatives, and other added
substances.

1. [Drug] In}'ection—l..iquid preparations that are
drug substances or solutions thereof. (Ex: In-

sulin Injection. USP)

2. [Dn1g])‘brIrjeciio?r—Drysolids that, upon the ad-

dition of suitable vel-ticles. yield solutions con-

forminginall respects to the requirements ‘forlo-

jections. (Ex: Cefamandole Sodium for Injection)
3. [Drug] Injectable Emulsirm—Liquid preparations

of drug substances dissolved or dispersed in a

-suitable emulsion medium. (Ex: Propofol)

4. [Drug] Injectcble Su5pensicn—-Liquid pre-
parations of -solids -suspended in a suitable liq-
uid medium. (Ex: Methylprednisolone Acetate

Suspension)
5. [Drug] forlnjectable Su5pensian—Drysol.ids that,

upon the addition of suitable Vehicles,

yield preparations conforming in all respects to
the requirements for Injectable Suspensions. (EX:
Imipenem)

The form in which a given drug is prepared for

parenteral use by the manufacturer depends upon
the nature of the drug itself, with respect .to its

physical and chemical characteristics, and also upon
certain therapeutic considerations. Generally, if a
drug is unstable in solution, it may be prepared as

a dry powder intended for reconstitution with the

proper solvent at the time of its adrninistra.tion, or

it may be prepared as a suspension of the drug par-
ticles in a vehicle inwhich the drug is insoluble. If
the drug is -unstable in the presence of water. that

solvent may be replaced in part or totally by a sol-
ventin which the drugis insoluble. Ifthe dru is in-

soluble in water; an injection may be prepare as an

aqueous suspension or as a solution of the drug in
a suitable nonaqueous solvent, such .as a vegetable
oil. If an aqueous solution is desired, a water-solu-

ble salt form ofthe insoluble drug is frequently pre-
pared to satisfy the requisred solubility characteris-

tics. Aqueous or blood-miscible solutions ‘may be

injected directly into the blood stream. Blood—im-

miscible liquids, e.g., oleaginous injections and sus-
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pensions, can interrupt the normal flow of blood
within the circulatory system, and their use is gen-
erallyrestricted to other than intravenous adminis-

tration. The onset and duration of action of a drug
may be -somewhat controlled by the chemical form

of the drug used, the physical state of the injection
(solution or suspension). and the vehicle employed.
Drugs that are very soluble in body fluids generally
have the most rapid absorption and onset of action.

Thus. drugs in aqueous solution have a more rapid
onset of action than do drugs in oleaginous solu-

tion. Drugs in aqueous suspension are also more

rapid acting than drugs in oleaginous suspension
due to the greater miscibility of the aqueous prepa-

ration with the body fluids after injection and .the

subsequent more rapid contact ofthe drug particles
with the body fluids. Oftentimes more prolonged
drug action is desired to reduce the necessity of fre-

quently repeated injecfions.‘I'hese long—acting types

of injections are commonly referred to as repository
or“'depot” types of preparations.

The solutions and suspensions ofdrugs intended

for injection are prepared in the same general man-

ner as was discussed previously in this text for so-
lutions (Chapter 12) and disperse systems [Chap-
ter 13), with the following differences:

1. Solvents or vehicles used must meet special pu-

rity and other standards assuring their safety by

injection.
2. The use of added substances, as buffers. stabi-

lizers, and antirnicrobial preservatives. fall un-

der specific guidelines of use and are restricted
in certain parenteral products. The use of color-

ing agents is strictly prohibited.

3. Parenteral products are always sterilized and
meet sterility standards and must be pyrogen-
free.

ii. Parenteral solutions mustmeet compend.ia1.stan-

dards for particulate matter.

5. Parenteral products must be prepared in envi-

ronmentally controlied areas, under strict sani-

tation standards, and by personnel -specially
trained and clothed to maintain the -sanitation

standards.

6. Parenteral products are packaged in special her-

metic containets of specific and high quality.

Special quality control procedures are utilized to
ensure their hermetic seal and sterile condition.

'7. Each container of an injection is filled to a vol-

ume in slight excess of the labeled"s1'ze”'or vol-

ume to be withdrawn. This overtill permits the
ease ofwithdrawal and administration of the la-

beled volumes.
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'8. There are restrictions over the volume of injec-

tion permitted in multiple-dose containers and

also a limitation over the types of containers
(single-dose or multiple-dose) which may be
used for certain injections.

9. Specific labeling regulations apply to injections.
10. Sterile powders intended for solution or sus-

pension immediately prior to injection are fre-

quently packaged as lyoplrilized or freeze-dried
powders to permit ease of solution or suspen-
sion upon the addition ofthe solvent or vehicle.

Solvents and Vehicles for Infectious

The most frequently used solvent in the large-

scale manufacturer ofinjections is Waterforlnjecfion.
USP. This water is purified by distillation or by re-
verse osrnosis and meets the same standards for the

presence of total solids as does Purified Water; USE

not more than 1 mg per 100 ml. Water for Injection,
USP and may not contain added substances. Al-

though water for injection is not required to be ster-

ile, it must be pyrogen-free. The water is intended to

be used in the manufacture of injectable products
which are to be sterilized after their preparation.Wa-

ter for injection should be stored in tight containers

at temperatures below or above the range in which

microbial growth occurs. Water for injection is in-

tended to be used within 24 hours following its col-
lection. Naturally. the water should be collected in
sterile and pyrogen-free containers. The containers

-are usually glass or glass-lined.

Sterile Water Irrjectiorz, LISP is water for injec-
tion which has been sterilized and packaged in sin-

gle-close containers of not greater than 1-liter size.

As water for injection, it must be pyrogen-free and
may not contain an antimicrobial agent or other

added substance.'I'l'Lis water may contain a slightly

greater amount of total solids than water for injec-
tion due to the leaching of solids from the glass-

lined tanks during the sterilization process. This
water is intended to be used as a solvent, vehicle

or diluent for already-sterilized and packaged in-

jectable medications. The one-liter bottles cannot

be administered intravenously because they have

no tonicity.Thus. they are used for reconstitution of

multiple antibiotits. In use, the water is aseptically

added to the vial of medication to prepare the de-

sired injection. "For instance. a suitable injection

may be prepared from the dry powder, Sterile

Ampicillin Sodium, USE by the aseptic addition of

sterile water for injection.
Bacteriostatic Waterfor Injection, LISP is sterile wa-

ter for injection containing one or more suitable
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antimicrobial agents. It is packaged in pre-filled sy-
ringes or in vials containing not more than 30 ml.
of the water. The container label must state the

name and proportion of the antimicrobial agentfls)
present. The water is employed as a sterile vehicle
in the preparation of small volumes of injectable

preparations. 'I‘heoretically, presence of the bacter-
iostaric agent gives the flexibility for multiple-dose
Vials. If the first person to withdraw medication in-
advertently contaminates the vial contents, the

preservative will destroy the microorganism. Al-
though, historically, there has been debate on how
much protection the antimicrobial agent can pro-

vide in a multiple-dose vial (4). Because of the

presence of antimicrobial agents the water must
only be used in parenterals that are administered
in small volumes. Its use in parenterals adminis-

tered in large-volume is restricted due to the exces-
sive and perhaps toxic arnounts of the antimicro-
bial agents which would be injected alongwith the
rnedication, Generally, ifvolumes of greater than 5

mL of solvent are required, sterilewater forinjeclion
rather than bacteriostatic water for injection is pre-

ferred. In using bacteriostatic water for injection,

due regard must also be given to the chemical com-
patibility of the bactedostatic age.-nt(5) present with
the particular medicinal -agent being dissolved or

suspended.

USP labeling requirements demand that the la-

bel state, “Not for Use in Newborns.”'I'his labeling

statement was the result of problems encountered

with neonates and the toxicity‘ of the bacteriostat,

i.e., benzyl alcohol. This toxicity results from the
high cumulative amounts (mglkg) of benzy1-alco-

hol and the limited detoxification capacity of the

neonate liver. This solution has not been reported
to cause problems in older infants, children, or
adults.

Benzyl alcohol poisoning is recognized as the

“gasping syndrorne."In one study, tenpremature in-

fants developed this dinical syndrome characterized

bythe development of rnultl-organ. failure and even-

tually died (5). The typical clinical course included

metabolic acidosis, respiratory distress requiring

mechanical vent-Elation, central nervous system dys-

function, hypotonia, depression ofthe

sensoriurn, apnea, seizure, coma, intraventricular

hemorrhage, hepaticand renal failure, and
cardiovascular collapse and death. In the study, the
amount of benzyl alcohol received ranged from

99-234 rng/l-:.gfday. Based on the concentration of
0.9% benzyl alcohol in the Bacteriostatic Water for
Injecfion and Sodium Chloride Injection death re-

sulted from as little as 11 mLlkgIday.

Following toxicity reports and the deaths of in-

fants in the early 1980s, the FDA issued a very

strong recommendation to stop the use of fluids
preserved with benzyl alcohol for use in neonates
as a flush solution or to reconstitute medications.

Sodium Chloride-Injection, lISPis a sterile isotonic

solution of sodium chloride in Water for Injection.
"It contains no antimicrobial agents. The sodium

and chloride ion contents of the injection are ap-

proximately 154 mEq of each per liter. The solution

may be used as a sterile vehicle in preparing solu-

tions orsuspensions of drugs for parenteral admin-
istration.

Besidesits use to reconstitute medications its-in-

jectlon, Sodium Chloride Injection is frequently

used as a catheter or IV line flush to maintain pa-
tency. Catheters or IV lines are constantly used to
infuse fluids and intravenous medications and draw

blood for laboratory among others. Usu-
ally2 ml. is used to flush the line after each use or

every 8' hours if the line is not used.

Boctefiostaiic Sodium Chloride Injection, LISP is a
sterile isotonic solution of sodium chloride in Wa-

ter for Injection. It contains one or more suitable

antimicrobial agents which must be specified on

the labeling. Sodium chloride is present at 0.9%
concentration to render the solution isotonic. For

the reasons noted previously for bacteriostatic wa-

ter for injection, this solution may not be packaged
in containers greater than 30 ml. in size.When this
solution is used as avehicle, care must be exercised

to assure the compatibility of the added medicinal
agent with the preservative(s) present as well as
with the sodium chloride.

Bactetiostatic Sodium Chloride Injection is also

used to flush a catheter or Nline to maintain its pa-
tency.Wl1en usedin onlysmall quantities for£lush-
inglines andreconslitutlngmedications, the amount

of benzyl alcohol is "negligible and safe. But, in

neonates, especially premature infants with very

low birth weights, accumulation of benzoic acid

and -unrnetabolized benzyl alcohol may occur due

to the aforementioned liver immaturity. Because of

their low physical weight, theirneed for more med-
ications due to acute ‘illness, and the frequent use

of the umbilical catheter for various purposes, these
patients may receive many more flush solutions

relative to their body weight compared to adults.
Thus, Bacterlostatic Sodium Chloride Injection also
cardes the warning, "Not for Use in Newborns.”

Suffice to say, that benzyl alcohol may also be
present in other parenteral rnedications and the

pharmacist must be vigilant for its inappropriate
use in neonates. Generally speaking, however, the
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amount of benzyl alcohol received through this

means is negligible compared to the amount re-

ceived from flush solutions, Preferably, the medica-

tion is available in a preservative-free formulation

(i.e., single-use dose) and that should be ub']i.'2:ed.
However, if such a formulation is not available and

there is no alternative, a medication preserved with

benzyl alcohol might still be used based on the physi-

cians judgment and the risk-to-benefit ratio.

Ringers Injection. LISP is a sterile solution of

sodium chloride, potassium chloride, and calcium
chloride inwater for injection. The three agents are

present in concentrations similar to that found in

physiologic fluids. The solution is employed as a

vehicle for other drugs, or alone as an electrolyte
replenisher and fluid extender. Lectnted Ringefs Iri-

jeciion, USP has different quantities of the same

three salts in Ringers Irijection and contains sodium

lactate. This injection is a fluid and electrolyte re-
plenisher and a systemic alkalizer.

Namtqueous Vehicles

Although an aqueous vehicle is generally pre-
ferred for an injection, its use may be precluded in
a formulation due to the limited water “solubility of

a medicinal substance or its susceptibility to try-

drolysis. When such physical or chemical factors
limit the use of a wholly aqueous vehicle, the phar-
maceutical formulator must turn to one or more

nonaqueous vehicles.
The selected vehicle must be nonirritating, non-

toxic in the amounts administered, and nonsensi-

tizing. Like water, it must not exert a. pharmaco-
logic activity of its own, nor may it adversely affect
the activity of the medicinal agent. In addition, the

physical and chemical properties of the solvent or
vehicle must be considered, evaluated, and deter-

mined to be suitable for the task at hand before it

may be employed. Among the many considerations

are the solvent's physical and chemical stability at
various pH levels, its viscosity, which must be such

as to allow ease of injection (syringeability), its flu-
idity, which must. be maintained over a fairly wide

temperattire range, its boiling point, which should
be sufficiently high to permit heat sterilization. its

miscibility with body fluids, its low vapor pressure

to avoid problems during heat sterilization, and its

constant purity or ease of purification and stan-

dardization. There is no single solvent that is free of
limitations, and thus the cross-consideration and

the assessment of each solvents advantages and

disadvantages help the formulator determine the
most appropriate solvent for use in a given prepa-
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ration. Among the nonaqueous solvents presently

employed in parenteral products are fixed veg-
etable oils, glycerin, polyethylene glycols, propy-
lene glycol, alcohol, and a number of lesser used

agents as ethyl oleate, isopropyl myristsre, and di-

rnethylacetarnide. These and other nonaqueous ve-
hicles may be used provided they are safe in the
amounts administered and do not interfere with

the therapeutic efficacy of the preparation or with

its response to prescribed assays and tests.

The USP specifies. restrictions on the fixed veg-
etable oils which may be employed in parenteral

products. For one thing, they must remain clear

when cooled to 10°C to ensure the stability and

clarity of the injectsble product upon storage under

refrigeration. The oils must not contain mineral oil

or paraffin, as these materials are not absorbed by

body tissues. The fluidity of a vegetable oil gener-
ally depends upon the proportion of unsaturated

fatty acids, such as oleic acid, to saturated acids,

such as stearic acid. Oils to be employed in injec-

tions must meet officially stated requirements of

iodine number and saponification number.

Although the toxicities of vegetable oils are gen-

erally considered to be relatively low, some patients

exhibit allergic reactions to specific oiIs.Thus-, when

vegetable oils are employed in parenteral products,

the label must state the specific oil present. The
most commonly used fixed oils in injections are

corn oil, cottonseed oil, peanut oil, and sesame oil.
Castor oil and olive oil have been used on occasion.

By the selective employment of solvent or vehi-

cle, a pharmacist can prepare injectable prepara-

tions as solutions or suspensions of a medicinal
substance in either an aqueous or nonaqueous Ve-

hicle. For the most part, oleaginous injections are

administered intramuscularly. They must not be

administered intravenously es the oil globules will

occlude the pulmonary microcirculation. Some ex-

amples of official injections. employing oil as the
vehicle are presented inTable 14.1.

Added Substances

The USP permits the addition of suitable sub-
stances to the official preparations intended for in-
jection for the purpose of increasing their stability

or usefulness, provided the substances are not in-

terdicted in the individual monographs and are
harmless in the amounts administered and do not

interfere with the therapeutic efficacy of the prepa-

ration or with specified assays and tests. Many of
these added substances are a.nti'oa.cteria.l preserva-

tives, buffers, solubilizers, antioxidants, and other
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Table 14.1. Examples of Some Injections in Oil

Injection Oil Category

Dimercaprol Injection Peanut Antidote to "gold and mercury poisoning
Estradiol Cypionabe Injection Cottonseed Estrogen
Estradiollialerate Injection Sesame or Castor Estrogen
Fluphenazine Decenoate Injection Sesame Antipsychotic

Fluphenazine Enanthate Injection Sesame Antipsychotic
Hydrooryprogesterone Caproare Injection Castor Progestin
Progesterone in Oil Injection Sesame or Peanut Progesiin
Testosterone Cyplonate Injection Cottonseed Androgen
Testosterone Cypionaxe and

Estradiol Cypionate Injection Cottonseed Androgen and Estrogen

Testosterone En-ant-hate Injection Sesame Androgen
Testosterone Enanthate and Estradiol

Valeratelnjectlon Sesame Androgen and Estrogen

pharmaceutical adjuncts. Agents employed solely

for their coloring effect are strictly prohibited in

parenteral products.
The USP requires that one or more suJ'iab1e,sub-

stances be added to parenteral products that are

packaged in multiple-dose containers, to prevent
the growth of microorganisms regardless of the

method of employed, unless otherwise
directed in the individual monograph or unless the

injections active ingredients are themselves bacte-
riostatic. Such substances are used in concentra-

tions that prevent the growth of or kill microorgan-

isms in the preparations. Because many ofthe usual

preservative agents are toxic when given in exces-

sive amounts or irritaringwhen parentcrally admin-
istered, special care must be exercised in the selec-

tion of the appropriate preservative agents. For the

following preservatives. the indicated maxirnum

limits prevail for use in a parenteral product unless

otherwise directed: for agents containing mercury
and the cationic, surface—active compounds, 0.01%;
for agents like chlorobutanol, cresol, and phenol,
0.5%; for sulfur dioxide as an antioxidant, or for

an equivalent amount of the sulfite, bisulfite, or

rnetabisulfite of potassium or sodium, 0.2%.

In addition to the stabilizing efliect of the addi-

tives, the air within an injectable product is fre-

quently replaced with an inert gas, such as nitro-

gen, to enhance the stability of the product by

preventing chemical reaction between the oxygen
in the air and the drug.

Methods of Sterilization

The term sterilization. as applied. to pharmaceu-

tical preparations, means the complete destruction

of all living organisms and their spores or their

complete removal from the preparau'on.F1ve gen-

eral methods are used for the sterilization of phar-

maceutical products:

1. Steam sterilization

2. Dry-heatsterilization
3. Sterilizationbyfiltration
4. Gas sterilization

5. Sterilization byionizingradiation

The method used in attaining sterility in a pharma-

ceutical preparation is determined largely by the
nature of the preparation and its ingredients. How-

ever, regardless of the method used, the resulting

product must pass a test for sterility as proof of the

effectiveness ofthe method and the performance of

the equipment and the personnel.

Stearn Sterilization

Steam sterilization is conducted in an autoclave

and employs steam under pressure. It is recognized
as the method of choice in most cases where the

product is capable of withstanding such lxeatment
(Fig. 14.3).

Most pharmaceutical products are adversely af-

fected by heat and cannot be heated safiely to the
temperature required for dry-heat sterilizaiion

(about 170°C). When moisture is present, bacteria
are coagulated and destroyed at a considerably

lower temperature than when a moisture is absent.

In fact, bacterial cells with a large percentage ofwa—

ter are generally killed rather easily. ‘Spores, which

contain a relatively low percentage of water, are

comparatively difficult to destroy. The mechanism

of microbial destruction in moist heat is thought to
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Fig. 14.3 Aiitoclsuing of intravenous electrolyte solutions.
(Courtesy ofAbbott Laboratories.)

be by denaturation and coagulation of some of the

organisms essential protein. It is the presence of
the hot moisture within the microbial cell that

permits destruction at relatively low temperature.

Death by dry heat is thought to be by the dehydra-

tion of the microbial cell followed by a slow burn-

ing or oxidative process. Because it is not possible

to raise the temperature of steam above 100°C un-

der atmospheric conditions, pressure is employed

to achieve higher temperatures. It should be recog-

nized that the temperature, not the pressure, is de-

structive to the microorganisms and that the appli-

cation of pressure is solely for the purpose of

increasing the temperature of the system. Time is

another important factor in the destruction of mi-

croorganisms by heat. Most modern autoclaves

have gauges to indicate to the operator the internal

conditions of temperature and pressure and a tim-

ing device to permit the desired exposure time for

the load. The usual steam pressures, the tempera-
tures obtainable under these pressures, and the ap-

proximate length of time required for sterilization

after the system reaches the indicated tempera-
tures are as follows:

10 pounds pressure (‘l‘l5.5°C), for 30 minutes

15 pounds pressure (1215°C'), for 20 minutes

20 pounds pressure (126.5°C), for 15 minutes.

As can be seen, the greater the pressure applied,

the higher the temperature obtainable and the less

the time required for sterilization.

The temperature at which most autoclaves are

routinely operated is usually 121°C, as measured at

the steam discharge line running from the auto-
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clave. It should be understood that the temperature
attained in the chamber of the autoclave must also

be reached by the interior of the load being steril-
ized, and this temperature must be maintained for

an adequate time. The penetration time of the

moist heat into the load may vary with the nature

of the load, and the exposure time must be adjusted

to account for this latent period. For example, a so-

lution packaged in a thin-walled 50-rnli ampul

may reach a temperature of 121°C in from 6 to 8

minutes after that temperature is registered in the

steam discharge line, whereas 20 minutes or longer

may be required to reach that temperature within a

solution packaged in a completely filled thick-

walled 1DOC|—mL glass bottle. An estimate of these

latent periods must be added to the total time in or-

der to ensure adequate exposure times. Because

this sterilization process depends upon the pres-

ence of moisture and an elevated temperature, air
is removed from the chamber as the sterilization

process is begun, because a combination of air and

steam yields a lower temperature than does steam

alone under the same condition of pressure. For in-

stance, at 15 pounds pressure the temperature of

saturated steam is 121.5°C, but a mixture of equal

parts of air and steam will reach only about 112°C.

In general, this method of sterilization is applic-

able to pharmaceutical preparations and materials
that can withstand the required temperatures and

are penetrated by, but not adversely affected by,

moisture. In sterilizing aqueous solutions by this

method, the moisture is already present, and all

that is required is the elevation of the temperature

of the solution for the prescribed period of time.

Thus solutions packaged in sealed containers, as

arnpuls, are readily sterilized by this method. The

method is also applicable to bulk solutions, glass-

ware, surgical dressings, and instruments. It is not

useful in the sterilization of oils, fats, oleaginous

preparations, and other preparations not pene-
trated by the moisture or the sterilization of ex-

posed powders that may be damaged by the con-
densed moisture.

Dry-Heat Sterilization

Dry-heat sterilization is usually carried out in

sterilizing ovens specifically designed for this pur-

pose. The ovens may be heated either by gas or

electricity and are generally thermostatically con-
trolled.

Because dry heat is less effective in killing mi-

croorganisms than is moist heat, higher tempera-
tures and longer periods of exposure are required.
These must be determined individually for each
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product with consideration to the size and type of

product and the container and its heat distribution

characteristics. In general, individual units to be ster-

ilized should be as small as possible, and the steril-

izer should be loaded in such a manner as to permit

free circulation of heated air throughout the cham-

ber. Dry-heat sterilization is usually conducted at

temperatures of 160° to 170°C for periods of not less

than 2 hours. Higher temperatures permit shorter

exposure times for a given article; conversely. lower

temperatures require longer exposure times. For ex-

ample, if a particular chemical agent melts or de-

composes at 170°C, but is unaffected at 140°C, the

lower temperature would be employed in its steril-

ization. and the exposure time would be increased
over that required to sterilize another chemical that

may be safely heated to 170°C.

Dry-heat sterilization is generally employed for

substances that are not effectively sterilized by

moist heat. Such substances include fixed oils, glyc-

erin, various petroleum products such as petrola-

tum, liquid petrolatum (mineral oil), and paraffin

and various heat-stable powders such as zinc ox-
ide.Dry-heat sterilization is also an effective method

for the sterilization of glassware and surgical in-

struments. Dry-heat sterilization is the method of

choice when dry apparatus or dry containers are re-

quired, as in the handling of packaging of dry

chemicals or nonaqueous solutions.

Sterilization by Filtration

Sterilization by filtration, which depends upon

the physical removal of microorganisms by adsorp-

tion on the filter medium or by a sieving mecha-
nism, is used for the sterilization of heat-sensitive

solutions. Medicinal preparations sterilized by this

method are required to undergo severe validation

and monitoring since the effectiveness of the fil-

tered product can be greatly influenced by the mi-

crobial load in the solution being filtered (Fig. 14.4).

Commercially available filters are produced with

a variety of pore-size specifications. It would be

well to mention briefly one type of these modern

filters, the Millipore filters (Fig. 14.5). Millipore fil-

ters are thin plastic membranes of cellulosic esters

with millions of pores per square inch of filter sur-

fac'e.The pores are made to be extremely uniform

in size and occupy approximately 80% of the filter

membranes volume, the remaining 20% being the

solid filter material. This high degree of porosity

permits flow rates much in excess of other filters

having the same particle-retention capability. Mil-

lipore filters are made from a variety of polymers to

provide membrane characteristics required for the

filtration of almost any liquid or gas system. Also,

the filters are made of various pore sizes to meet

the selective filtration requirements of the operator.

They are available in pore sizes from 14 to 0.025

pm. For comparative purposes, the period that

ended the last sentence is approximately 500 pm in

size.The size of the smallest particle visible to the

naked eye is about 40 um, a red blood cell is about

6.5 pm, the smallest bacteria, about 0.2 pro, and a

polio virus, about 0.025 um.

Although the pore size of a bacterial filter is of

prime importance in the removal of microorgan-

 
Fig. 14.4 Sterilization by filtration. An eight-head bottle-filling machine using three large sterilrkfngfiiters for sterile filling of
bottles in large scale pharmaceutical production. (Courtesy ofMillipore Corporation.)
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Fig. 14.5 Membranefilters act as microporous screens that

retain all particles and microorganisms larger than the rated
pore size on their surface. (Courtesy ofMillipore Corporation.)

isms from a liquid, there are other factors such as

the electrical charge on the filter and that of the mi-

croorganism, the pH of the solution, the tempera-

ture, and the pressure or vacuum applied to the
system.

The major advantages of bacterial filtration in-

clude its speed in the filtration of small quantifies
of solution, its ability to sterilize effectively thermo-

labile materials, the relatively inexpensive equip-

ment required, the development and proliferation

of membrane filter technology, and the complete

removal of living and dead microorganisms as well

as other particulate matter from the solution.
The class of filter media lends itself to more ef-

fective standardization and quality control and also

gives the user greater opportunity to confirm the

characteristics or properties of the filter assembly
before and after use.The fact that membrane filters

are thin polymeric films offers many advantages

but also some disadvantages when compared to

depth filters such as porcelain or sintered material.
Because much of the membrane surface is avoid or

open space, the properly assembled and sterilized

filter offers the advantage of a high flow rate.

One disadvantage is that because the membrane

is usually fragile, it is essential to determine that the

assembly was properly made and that the mem-

brane was not ruptured or flawed during assembly,

sterilization, or use. The housing and filter assem-
blies that are chosen to be used should first be val-

idated for compatibility and integrity by the user.
This disadvantage is a circumstance not true of

methods involving dry- or moist-heat sterilization

in which the procedures are just about guaranteed

to give effective sterilization. Also, filtration of large

volumes of liquids would require more time, par-

ticularly ii the liquid were viscous, than would, say,
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steam sterilization. In essence, the bacterial filters
are useful when heat cannot be used and also for

small volumes of liquids.

Bacteria] filters maybe used conveniently and eco-

nomically in the community pharmacy to filter ex-

temporaneously prepared solutions {as ophthalmic
solutions) that are required to be sterile (Figs. 14.6,
14.7). Further, the membrane filter method is the

most commonly used sterilization method used by

hospitals. Occasionally, hospitals may use the auto-
clave C1.e., moist heat method) to sterilize IV solu-

tions, such as caffeine citrate IV injection.

To date, there has been limited information about

drug adsorption to membrane filters. Several stud-
ies, however, have demonstrated that membrane

filters have the capacity to remove drug from solu-

tion (6—9). For example, 0.2 micron filters reduce

the in vitro antimicrobial activity of amphotericin B

(a colloidal suspension), while filtration of the am-

photericin B through 0.85 and 0.45 micron filters
did not. Butler et al. demonstrated that the potency

of drugs administered intravenously and in small
doses could be significantly reduced during in—line

filtration with a filter containing a cellulose ester

membrane (10) .The pharmaceutical literature indi-
cates that drugs administered in low doses might

present the problem of the drugs bonding to the

filter. Many filters in clinical use are nitrate or ac-

etate esters of cellulose. These compounds are po-

lar and have residual hydroxyl groups that might

become involved with drug adsorption interac-

tions. Hydrophobic interactions between hydro-

carbon portions of drug molecules being filtered
and linear cellulose molecules of filters are also

thought to be involved in drug adsorption.

In general, current information suggests that lit-

tle or no adsorption takes place with membrane
filters. However, it is recommended that minute

dosages ofdrugs (i.e., <5 mg) should not be filtered
until sufficient data are available to demonstrate

 
Fig. 14.6 Leer-Lock syringe adapted with a MILLEX
Filter Unit and hypodermic needle. (Courtesy of Millipore

Corporation.)
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Fig. 14.7 Cutaway showing composition in’ the MlLLEXfilier unit. {Courtesy ofMlllipore Corporation.)

insignificant adsorption. With respect to ampho-
tericin B, to assure the passage of the antibiotic col-

loidal dispersion, the fllter’s mean pore diameter
should > 1 micron.

Membrane filter media which are now available

include cellulose acetate, cellulose nitrate, fluoro-

carbonate, acrylic polymers, polycarbonate. poly-

ester, polyvi'.nyl chloride, vinyl. nylon, polytef, and
even metal membranes, and they may be rein-

forced or supported by an internal fabric.

Gas Sterilization

Some heat-sensitive and moisture-sensitive ma-

terials can be sterilized much better by exposure to

ethylene oxide or propylene oxide gas than by other

means. These gases are highly flammable when

rnixed with air but can be employed safely when

properly diluted with an inert gas such as carbon

dioxide or asuitable fluorinated hydrocarbon. Such
mixtures are commercially available.

Sterilization by this process requires specialized

equipment resembling autoclaves, and many com-
bination steam autoclaves—ethylene oxide steriliz-

ers are commercially available. Greater precautions

are required for this method of sterilization than for
some of the others, because the variables—for in-

stance, time, temperature, gas concentration, and

htimidity-—a.re not as firmly quantitated as those of

dry-heat and steam sterilization. In general. steril-

ization with gas is enhanced. and the exposure time
required is reduced, by increasing the relative hu-
midity of the system (to about 60%) and by in-

creasing the exposure temperature (to between 50
and 60°C). If the material being sterilized cannot

tolerate either the moisture or theelevatecl tem-
perature, exposure time will have to be increased.

Generally, sterilization with ethylene oxide gas re-

quires from 4 to 15 hours of exposure. Ethylene ox-
ide is thought to function as a sterilizing agent by

its interference with the metabolism of the bacter-

ial cell.

The great penetrating qualities of ethylene oxide

gas make it a useful sterilizing agent in certain

special applications, as in the sterilization of med-

ical and surgical supplies and appliances such as

catheters, needles, and plastic disposable syringes
in their final plastic packaging just prior to ship-

ment. The gas is also used to sterilize certain heat-

labile enzyme preparations, certain antibiotics, and

other drugs, with tests beingperformed to assure of
the absence of chemical reaction or other deleteri-

ous effects on the drug substance.

Sterilization by Ionizing Radiation

Techniques are available for the sterilization of

some types of pharmaceuticals by gamma rays and
by cathode rays, but the application of such tech-
niques is limited because of the highly specialized

equipment required and the effects of irradiation

on products and their containers.

The exact mechanism by which irradiation ster-
ilizes a drug or preparation is still subject to inves-

tigation. One of the proposed theories ‘involves-an

alteration of the chemicals within or supporting the

microorganism to form deleterious new chemicals

capable of destroying the cell. Another theory pro-
poses that vital structures of the cell, such as the

chromosomal nucleoprotein, are disoriented orde-
stroyed. It is probably a combination of irradiation
effecu that causes the cellular destruction, whichis

complete and irreversible.

Validation ofSterility

Regardless of the method of sterilization em-

ployed, pharmaceutical preparations required to.

be sterile must undergo sterility tests to confirm

the absence of The USP contains
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monographs and standards for biologic indicators

of a sterilization process. A biologic indicator is a
characterized preparation of specific microorgan-

isms resistant to a particular sterilization process.

They may be-utilized to monitor a sterilization cy-
cle andlor to periodically revalidate the process. Bi-
ologic indicators are generally of two main forms.

In one, spores are added to a carrier, as a strip of fil-

ter paper, packaged to maintain physical integrity

while allowing the sterilization effect. In the other,

the spores are added to representative units of the

product being sterilized, with sterilization assessed

based on these samples. In moist heat (i.e., steam)

sterilization and ethylene oxide sterilization, spores

of suitable strains of Bacillus stserothermophilus are

commonly employed because -of their resistance to

this mode of sterilization. In dry heat sterilization,

spores of Bacillus subtilis are commonly used. In
sterilization byionizing radiation, spores of suitable

strains ofBact"llus pumilus, Baclllusstecrotlrsnnophilus,
and Bacillus .subtilis have been utilized.

The effectiveness of thermal sterilization proce-

dures has been quantified through the determina-

tion and calculation of P value to express the time
of thermal death. Thermal" death time is defined as

the time required to kill a particular organism un-

der specified conditions.The F3, at a particular tem-
perature other than 121°C, is the time, in minutes,

required to provide the lethality equivalent to that

provided at 121° for a stated time.
Although heat distribution in an autoclave cham-

ber is usually rapid with 121°C obtained nearly

instantaneously throughout the autoclave, the pro-
-duct being sterilized may not achieve identical con-

ditions due to a variety of factors of heat transfer,

including the thermal conductivity of the packag-

ing components, the viscosity and density of

the product, container proximity, passage of steam
around containers and other variables. F values

may be computed from biologic data derived from
the rate of destruction of known numbers of mi-

croorganisms, as shownin the following equation:

where Dm = the time required for a one-log re-

duction in the microbial population

exposed to a temperature of'121°C'

A = the initial microbial population
‘B = the number of microorganisms that

survive after a defined heating time

(11).

Pyrogens and Pyrogen Testing

As indicated earlier. pyrogens are fever-producing
organic substances arising Erom microbial contam-
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ination and responsible for many of the febrile re-
actions which occur in patients following in-

jection. The causative material is thought to be

a lipopolysaccharide from the outer cell wall of
the bacteria and endotoxins. Because the material

is thermostable, it may remain in water even

after sterilization by autoclaving or by bacterial
filtration.

Manufacturers of water for injection may employ

any suitable method for the removal of pyrogens

from their product. Because pyrogens are organic
substances, one of the more common means of fa-

cilitating their removal is by oxidizing them to eas-

ily eliminated gases or to nonvolatile solids, both of

which are easily separated from water by fractional

distillation. Potassium permanganate is usually em-

ployed as the oxidizing agent, with its efficiency be-
ing increased by the addition of a small amount of

barium hydroxide serving to impart alkalinity to the
solution and to make nonvolatile barium salts of

any acidic compounds that may be present. "These

two reagents are added to water that has previously
been distilled several times, and the distillation

process is repeated with the chemical-free distillate
being collected under strict aseptic conditions.

When properly conducted, this method results in a

highly purified, sterile, and pyrogen—free water.

I-loweven in each instance the official pyrogen test

must be performed for assurance of the absence of
these fiver-producing materials.

PYEOGEN TEST. 'I'he USP Pyrogen Test utilizes

healthy rabbits that have been properly maintained

in terms of environment and diet prior to perfor-

mance of the test. Normal, or “control” tempera-
tures are taken for each animal to be used in the

test.. These temperatures are used as the base for

the determination of any temperature increase re-
sulting Erom the injection of a test solution. In a

given test, rabbits are used whose temperatures do
not dlfferbyrnore than one degree from each other

and whose body temperatures are considered to be

une1evated.A synopsis of the procedure of the test
is as follows.

Render the syringes, needles, and giassware free

from pyrogens by heating at 250°C fior not
less than 30 minutes or by other suitable

method. Warm the product to be tested to
37°C 1 2°C.

Inject into an ear vein of each of three rabbits 10
mL of the product per kg of body Weight,

completing each injection within 10 min-
utes-afber the start of administration. Record

the temperature at 30-minute intervals

between ‘I and 3 hours subsequent to the

injection.
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lino rabbit shows an individual rise in tempera-

ture of 0.5‘ or more above its respective

control temperature, the product meets the
requirements for the absence of pyrogens.
If any rabbit shows an individual tempera-
ture rise of 05° or more, continue the test

using five other rabbits. If not more than
three of the eight rabbits show individual

rises in temperature of 0.5” or more and if

the sum of the eight maximum
temperature rises does not exceed 3.39“, the
material under examination meets the re-

quirements for the absence ofpyrogens.

In recent years, it has been shown that an extract
Ecom the blood cells of the horseshoe crab (Limuius

polyphemus) contains an enzyme and protein sys-
tem that coagulates in the presence of low levels of

lipopolysaccharldes. This discovery has led to the
development of the Limulusamebocyte lysate (LAL)
test for the presence of bacterial endotoxins. The
USP Bacterial Endotoxins Test utilizes LAL and is

considered generally more sensitive to endotoxin
than the rabbit test.The FDA has endorsed the test

as areplacement for the rabbit test and it is used for

a number of parenteral products.
Some parenteral products, however, cannot

be tested with the LAL test because the active in-

gredient interferes with the test outcome. Such

products include rneperidine HCl and prornet-
hazine HCI, oxacillin sodium, sulfisoxazole, and van-

comycin HC1, among others. These then, must be

tested with the aforementioned USP Pyrogen Test.

Because the LAL test is so sensitive for the pres-
ence of bacterial endotoxins, insome cases, where

the active ingredient ofthe small volume parenteral

can interfere with the test, a strategy to overcome

this interference is to dilute the product more than

one twofold dilution. Such products include diphen-

hydrarnine HE], ephedrine HCI, rneperidine HCI,

prornethazine HCl, and thiamine HCl, among oth-
ers, are thus tested in this manner.

The Industrial Preparation of
Parenteral Products

Once the formulation for a particular parenteral

product is determined, including the selection of

the proper solvents or vehicles and additives, the-

production pharmacist must follow rigid aseptic-
procedures in preparing the injectable products. In
most manufacturing plants the area in which par-

enteral products are m.ade is maintained bacteria-

free through the use of ultraviolet lights, a filtered

air supply, sterile manufacturing equipment. such
as flasks, connecting tubes, and filters, and steril-

ized worls: clothing worn by the personnel in the
area 14.8).

In the preparation of parenteral solutions, the re-

quired ingredients are dissolved according to good
pharmaceutical practice either in water for injection,
in one of the alternate solvents, or in a combination

of solvents; The solutions are then usually filtered

until sparkling clear through a membrane-type fil-
ter. After filtration, the solution is transferred as

rapidly as possible and with the least possible expo-

sure into the final containers. The product is then

sterilized preferably by autoclaving, and samples of

the finished product are tested for sterility and pyro-
gens. In instances in which sterilization by autoclav-
ing is impractical due to the nature of the ingredi-
ents, the individual components of the preparation
that are heat or moisture labile may be sterilized

other appropriate means and added aseptically to
the sterilized solvent or to a sterile solution of all of

the other components stedlizable autoclaving.

Suspensions ofdrugs intended for parenteraluse
may be prepared by reducing the drug to a very fine
powder with a ball mill. micronizer, colloid mill, or

other appropriate equipment and then suspending

the material in a liquid in which it is insoluble. It is

frequently necessary to sterilize separately the in-

dividual components of a suspension before com-

bining them, as frequently the integrity of a sus-

pension is destroyed by autoc1aving.Autoclaving of

a parenteral suspension may alter the viscosity of

the product, thereby affecting the suspending abil-

ity of the vehicle, or change the particle -size of the

suspended particles, thereby alteringboth the phar-

maceutic and the therapeutic characteristics of the

preparation. If a suspension remains unaltered by
autoclaving, this method is generally employed to

sterilize- the final product. Because parenterally ad-

ministered emulsions, which are dispersions or

suspensions of a liquid throughout another liquid,

are generally destroyed by autoclaving, an alternate

method of sterilization must be employed for this

type of injectable.

Some injections are packaged as dry solids rather
than in conjunction with a solvent or vehicle due to

the instability of the therapeutic agent in the pres-
ence of the liquid component. These dry powdered
drugs are packaged as the sterilized powder in the

final containers -to be reconstituted with the proper
liquid prior to use, generally to form a solution or
less frequently a suspension. The method of steril-

ization of the powder may be dry heat or another
method that is appropriate for the particular drug
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Fig. 14.3 Sterilefilling oft.-ials. (Courtesy oflfvijrettz Laboratories.)

involved. Examples of sterile drugs prepared and

packaged without the presence of pharmaceutical

additives as buffers, preservatives, stabilizers, tonic-

ity agents, and other substances include:

Sterile Ampicilljn Sodium
Sterile Ceftizoxime Sodium

Sterile Ceftazidirne Sodium

Sterile Cefuroxirne Sodium

Sterile Kanatnycin Sulfate
Sterile Nafcillin Sodium

Sterile Penicillin G Benzathine

Sterile Streptomycin Sulfate

Sterile Tobrarnycin Sulfate

Antibiotics are prepared industrially in large fer-

mentation tanks (Fig. 14.9).

Those sterile drugs formulated with pharmaceu-
tical additives and intended to be reconstituted

prior to injection include the following:

Cephradine for Injection

Cyclophospharnide for Injection

Dactinomycin for Injection

Erythrornycin Lactobionate for Injection

Hyaluronidase for Injection

I-iydrocortisone Sodium Succinate for Injection

Mitornycin for Injection

Nafcillin Sodium for Injection

Oxytetracycline Hydrochloride for Injection

Penicillin G Potassium for Injection

Vinblastine Sulfate for Injection

In certain instances, a liquid is packaged along with

the dry powder for use at the time of reconstitution

(Fig. 14.10). This liquid is sterile and may contain

some of the desired pharmaceutical additives as the

buffering agents. More frequently, the solvent or ve-

hicle is not provided along with the dry product, but

the labeling on the injection generally lists suitable

solvents. Sodium chloride injection or sterile water

for injection are perhaps the most frequently em-

ployed soivents used to reconstitute dry-packaged

injections. The dry powders are packaged in con-

tainers large enough to pennit proper shaking with

the liquid component when the latter is aseptically

injected through the containers rubber closure dur-

ing its reconstitution. To facilitate the dissolving

process, the dry powder is prevented from caking

upon standing by the appropriate means including
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Physical Pharmacy Capsule 14.1 Colligative Properties of Drugs

Drug molecules have properties that are often divided into additive, constitutive, or colligotive.

Additive properties depend on the total contribution at the atoms in the molecule, or upon the sum oi the
properties of the constituents of the solution. An example is molecular weight.

Constitutive properties depend on the arrangement and, to a lesser extent, the number and kind of atoms
in a molecule. Examples at this are the retraction at light, electrical properties, and surface and interio-
cial properties.

Coiligative properties depend primarily on the number of particles in solution. Example properties in-
clude changes in vapor pressure, boiling point, ireezing point and osmotic pressure. These values should

be approximately equal ior equimolar concentrations at drugs.
LOWERING OF VflPOiI PRESSURE

A vapor, when in equilibrium with its pure liquid at a constant temperature, will exert a certain pressure
known as the vapor pressure. When a solute is added to the pure liquid, it will alter the tendency of the
molecules to escape the original liquid. in an ideal solution, or one that is very dilute, the partial vapor
pressure at one component [pi] is proportional to the mole traction oi molecules" {N1} at that component
in the mixture:

Pi = N1Pi

where p‘; is the vapor pressure of the pure component.
EXAMPLE 1

What is the partial vapor pressure at a solution containing 50 g dextrose in 1000 mL of water (the va-
por pressure oi water is given as 23.76 mm Hg).

1. (50 9 dextrose)/[MW at 180] = 0.28 moles of dextrose
2. (T 000 g water]/MW at 18] = 55.56 males at water
3. 0.28 + 55.56 = 55.84 total males

4. (55.56)/{55.84] = 0.995 mole fraction oi water
5. p1 = [0.995)[23.76 mm Hg} = 23.64 mm Hg

The vapor pressure at the solution is 23.64 mm Hg. The decrease in vapor pressure by the addition at
the 50 g dextrose is 23.76 - 23.64 = 0.12 mm Hg.

INCREASE IN BOILING POINT

The boiling point at a liquid is that temperature when the vapor pressure at the liquid comes into equi-
librium with the atmospheric pressure. The vapor pressure is reduced when a nonvolatile solute is added
to a solvent, so the solution must be heated to a higher temperature to reestablish the equilibrium--hence,
an increase in the boiling point. This is described in the iollawing equation:

0Tb = lcbrn

where AT, is the change in boiling point; lib is the molar elevation constant at water, and rn is the
molality oi the solute.

EXAMPLE 2

What is the boiling point elevation at a solution containing 50 9 dextrose in 1000 ml. at water (the ma-
lal elevation constant oi water is 0.51).

i. (50 g dextrose)/[MW of t 80) = 0.28 moles oi dextrose in 1000 ml. of water or 0.28 molal solution.

2. A1}, = (0.51) (0.23) = o.143°c.
DECREASE IN FREEIING POINT

The Freezing point of a pure liquid is the temperature at which the solid and liquid phases are in equi-
librium at '1 atmosphere pressure. The Freezing point at a solution is that temperature at which the solid
phase of pure solvent and the liquid phase of solution are in equilibrium at l atmosphere pressure. When
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Physical Pharmacy Capsule 14.1 Colligative Properties of Drugs (Continued)

a solute is added to a solvent, the decrease in Freezing point is proportional to the concentration of the
solute- The relationship is described by the Following equation:

fill-f = lC;t'l"|

where AT; is the change in Freezing point;
la is the molal freezing point depression constant of water; and
m is the malality at the solute.

EXAMPLE 3 _

What is the decrease in Freezing point at a solution containing 50 g dextrose in TOOO mL of water (the
molal elevation constant at water is -l 36°C}.

1. (50 g dextrose)/[MW at l 80) = 0.28 males at dextrose in i000 mL of water or 0.28 molal solution.
2. AT‘: = (-1.86) (0.28) = -0.52°C.

OSMOTIC PRESSURE

The pressure that must be applied to o more concentrated solution just to prevent the Flow of pure solvent
into the solution separated by a semipermeable membrane is called the osmotic pressure. This relation-
ship can be expressed as follows:

PV = nRT

where P is the pressure (atm);
V is the volume [L];
n is number oi moles of solute;

R is the gas constant [(3.082 L-atm/mole deg), and
T is the absolute temperature in °C.

EXAMPLE 4

What is the osmotic pressure ol 50 g dextrose in 1000 mL of water at room temperature [25°Cl?

l. (50 g dextrose)/[MW of l 80] = 0.28 moles at dextrose
2. 273°C + 25°C = 298°C

3. Volume will be i L

4. P = [(O.28][0.082)(298]]/(1) = 6.84 atm

Deviations from reality in the above ideal examples of calligative properties are explained by the use at
the Van't Hail’ term, i. This ”i" term considers that electrolytes exert more pressure than nonelectrolytes
and is related to the number of ionic species present. These deviations may be caused by ionic interac-
tion, degree of dissociation at weak electrolytes, or associations at nonelectrolyts.
MILLIEQUIVALENTS

An equivalent weight is the atomic weight, in grams, of a material divided by its valence, or charge. Mil-
liEquivalents are related to equivalents, which are also considered measures of combining Ptnwer, chem-
ical activity, or chemical reactivity. Equivalenc , or milliEquivalency, takes into consideration the total num-
ber of ionic charges in solution and the valence oi the ions. Normally, plasma contains about T55
milliEquivalents of cations and anions in solution. The number at cations is always matched by the num-
ber ot anions.

A mil.liEquiv'al'ent is the quantity, in mg, of a solute equal to l/1000 at its gram-equivalent weight. Con-
sider the following example.

EXAMPLE "I

What is the rniiliEquivalent weight of sodium?

1. The atomic weight ot sodium is 23.
2. The valence at sodium is +1.
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Physical Pharmacy Capsule 14.1 Colligative Properties of Drugs (Continued)

3. The equivalent weight at sodium is (23 g)/(ll = 23 g.
4. The milliEquivalent weight at sodium is (23 g)/T000 = 0.023 g, or 23 mg.
5. Therefore, one milliEquivalent of sodium weighs 23 mg.

MilliEquivalent calculations are commonly required in pharmacy practice today. The Following are some
examples.

EXHMPI-E 2

How many rnilliEquivalents of potassium chloride are in a solution containing 74.5 mg/ml?

i. The atomic weight of potassium is 39 and chloride is 35.5. The combined molecular weight is 74.5.
2. Since the valence is i for both potassium and chloride, the equivalent weight for potassium chloride

is 74.5 g and the milliEquivalent weight is 74.5 mg.
3. The solution contains 74.5 mg/mL, and the mllliliquivalent weight is 74.5 mg; therefore, there is

l mEq/mL oF potassium chloride in the solution.

EXAMPLE 3

How many milliEquivalents oi calcium are in 10 mL at 10% calcium chloride (CaCl2.2 H20) solution?

I. The Formula weight for calcium chloride dihydrote is I47.
2. The equivalent weight is 147/2 = 73.5, since calcium is divalent.
3. Therefore, I milliEquivalent at calcium chloride weighs 73.5 mg.
-4. (T0 mLl {l0%) = l g, or 1000 mg) of calcium chloride dihydrate.
5. (1000 mg)/(73.5 mg) = 13.6 mEq of calcium chloride dihydrate, which also is l3.6 mEq of cal—

caum.

EXIMPIE 4

Haw many milliEquivalents at sodium are contained in a 1 liter bag of 0.9% sodium chloride solution?

l. [1000 ml.) [0.009} = 9 g, or 9000 mg.
2. The Formula weight For sodium chloride is 23 + 35.5 = 58.5.
3. The mil|iEquivalent weight For sodium chloride is 58.5 mg.
4. (9000)/(53.5) = 153.3 mEq, or 154 mEq.

In these cases, since sodium chloride is monovalent, there are 154 mEq of sodium, l54 mEq of chloride,
or 154 mEq of sodium chloride.

OSMOIRIJTY AND TONIC"?

Biologic systems are compatible with solutions having similar osmotic pressures, i.e., an equivalent num-
ber of dissolved species. For example, red blood cells, blood plasma, and 0.9% sodium chloride solu-
tion contain approximately the same number of solute particles per unit volume and are termed iso-os-
motic and isotonic.

It solutions do not contain the some number of dissolved species i.e., they contain more lhypertonicl or
less lhypotonic), then it may be necessary to alter the composition at the solution to bring them into an
acceptable range. -

An osmol (Osrn) is related to a mole (gram molecular weight} at the molecules or ions in solution. One
mole of glucose (1 80 g] dissolved in 1000 g at water has an osmolaiity at l Osm, or T000 mOsm per
kg of water. One mole of sodium chloride (23 + 35.5 = 58.5 g) dissolved in T000 g of water has an
osmolallty at almost 2000 mOsm, since sodium chloride dissociates into almost two particles per moie-
cule. in other words, a '| molal solution of sodium chloride is equivalent to a 2 molal solution at dextrose

Normal serum osmolaliiy Values are in the vicinity of 285 mOsm/kg [otten expressed as 285 mOsm/Li.
Ranges may include values irom about 275 to 300 mOsm/L]. Pharmaceuticals should be close to this
value to minimize discomfort on application to the eyes or nose, or when injected.
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Physical Pharmacy Capsule 14.1 Colligative Properties of Drugs (Continued)

Some solutions may be iso-osmotic but not isotonic. This is because the physiology of the cell membranes
must be considered. For example, the cell membrane of the red blood cell is not semi-permeable to all
drugs. It allows ammonium chloride, alcohol, boric acid, glycerin, propylene glycol, and urea to diffuse

freely. In the eye, the cell membrane is semi-permeable to boric acid, and o l .9% solution of boric acid
is an isotonic ophthalmic solution. But even though o l.‘?% solution of boric acid is isotonic with the eye
and is iso-osmotic, it is not isotonic with blood——since boric acid can freely diffuse through the red blood
cells—and it may cause hemolysis.

Pharmacists are often called upon to calculate the quantity of solute that must he added to adjust a hy-
potonic solution of a drug to isotonic. This can be done using several methods, including the "L," sodium
chloride equivalent, and cryoscopic methods.

One of the most frequently used methods for calculating the quantity of sodium chloride necessary to pre-
pare an isotonic solution is the sodium chloride equivalent method. A "sodium chloride equivalent" is de-
fined as the amount of sodium chloride that is osmotically equivalent to l g of the drug. For example, the
sodium chloride equivalent of ephedrine sulfate is 0.23 [i.e., l g of ephedrine sulfate would be equiva-
lent to 0.23 g of sodium chloride}.

5XfiMPI.E 'I

How much sodium chloride is required to make the following prescription isotonic?

Rx Ephedrine sulfate 2%
Sterile water, qs30 mi
M. isoion with sodium chloride.

l . (30 mi) [(3.009] = 0.270 g sodium chloride would be required if only sodium chloride was present
in the 30 ml. of solution.

2. (30 ml.) (0.02) = 0.6 g ephedrine sulfate is to be present.

3. (0.6 9] [0.23) = 0.138 g is the quantity of sodium chloride “represented” by the ephedrine sulfate
present.

4. Since 0.270 g sodium chloride would be required it only sodium chloride is used, and the quantity
of sodium chloride that is equivalent to 0.6 g of ephedrine sulfate is 0138 g, then 0.270 — 0.138

g = 0.l32 9 of sodium chloride would be required to render the solution isotonic.
5. Therefore, to prepare the solution would require 0.6 grams of ephedrine sulfate, 0.l32 grams of

sodium chloride, and sufficient sterile water to make 30 mL.

its preparation by lyophilization (Fig. 14.11). Pow-

ders so treated form a honeycomb, lattice structure

that is rapidly penetrated by the liquid, and solution

is rapidly effected because of the large surface area

of powder exposed.

Upjohn-Pharmacia has a newer Mix"-O-Vial that

incorporates the cover as part of the plunger. Once

mixed, the small circle of plastic that covers the in-

jection site is rernoved.This reduces the touch con-

tamination potential.

The Abbott ADD—Vantage System NT-‘H is an-

other example of a ready-to-mix sterile IV product

designed for intermittent IV administration of po-

tent drugs that do not have long-term stability in Fig. 14.9 Fetmentrtiioir tank in the preparation of antibi-
solution. With this system, antibiotics and other otics. {Courtesy ofSchering—Plougt1.)
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Fig. 14.10 The Mix-O-Vial shown above is a combination vial
containing dry ingredients in the bottom compartment and a liq-

uid diluent in the top compartment, separated by a speciatlyfon
mutated oenter seal. The bottom compartment can either be liquid

filled,frozen and dried to make a tyophitized product, or it may he
powderfilled. The top diluent contains a preservative and may or
may not contain one or more active ingredients. lb use the vial,
the dust cover is removed (as shown above), pressure is applied

with the thumb to the top plunger which drstodges the centerseat
and the vial is shaken until the solution is efi‘ected. The top of the

plunger is then swabhed with a disinfectant; thesyringe needle in-
serted through the target circle on the plunger and the contents of
the vial withdrawn into the syringe. The Mix»O-Vial ofios sta-
bility ofprodnct (until it is activated), convenience, fast operation
and sajbty as regards the right drugwith the _propei' diluent in the
correct proportions. (Courtesy ofThe Upjohn Company.)

drugs do not have to be mixed until just prior to
administration.

ADD-Vantage consists of two components (Fig.

14.12): a flexible plastic IV container partially filled

with diluent and a glass vial of powdered or liquid

drug. The vials containing the medication and the

piggybacks (i.e., 50-250 mL of Dextrose 5% in

Water Injection [D5WJ or Normal Saline Solution

[NSS]) are specially designed to be used together.

The vial locks into a chamber inside the plastic con-

tainer, and the drug is released by removing the

stopper on the vial, allowing the two components

to mix. This simple process is performed by exter-

nal manipulation of the container, thereby preserv-

ing the closed, sterile system.

The ADD-Vantage unit may be assembled in a

number of locations. Microbiological tests and

sterility tests have been conducted at various inter-

vals following assembly of the units under a lami-

nar flow hood, in a pharmacy on a countertop and

in a patient’s hospital room. The final admixtures

were sterile, demonstrating that the ADD-Vantage

unit can be aseptically assembled under the condi-

tions testecl. However, whenever possible, this sys-
tem should be assembled under a laminar flow

hood.

The assembled, but not activated ADD-Vantage

System can be used within 30 days from the date
that the diluent container was removed from the

overwrap. ADD-Vantage enables hospitals to re-

duce drug waste, often caused by cancelled or

changed prescriptions, and helps the pharmacy
conserve labor and reduce material costs.

The Monovial Safety Guard (Becton Dickinson

Pharmaceutical Systems) is a new IV infusion sys-

 
Fig. 14.11 Antibiotic lyophitizers. (Courtesy ofAbbott Laboratories.)
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Cardizem) for injection is available with the

Monovial Safety Guard.

Several manufacturers now ship to the hospital

pharmacy reconstituted intravenous antibiotic so-

lutions, e.g., cefazolin sodium, in the frozen state.

When thawed these nonpyrogenic solutions are

stable for a finite amount of time, e.g., reconstituted

cefazolin is stable for 48 hours at room temperature

and for 10 days refrigerated (5°C). The product is

packaged in a small plastic bag for piggy-back use

in intravenous administration to the patient.

Packaging, Labeling, and

Storage ofInjections

Containers for injections, including the closures,

must not interact physically or chernicaily with the

preparation so as to alter its strength or efficacy

(Fig. 14.14). If the container is made of glass, it must

be clear and colorless or of a light amber color to

permit the inspection of its contents. The type of

glass suitable and preferred for each parenteral

preparation is usually stated in the individual mono-

graph. Injections are placed either in single-dose

containers or in multiple-dose containers (Figs.

14.15 through 14.17). By definition:

Fig. 14.12 ADD-Vantage system. (Courtesy of Abbott
Laboratories.)

tern for use in preparing extemporaneous small-

volume infusions utilizing plastic tninibags (Fig.

14.13). When compared to the two traditional meth-

ods of preparing small-volume infusions, i.e., the

transfer needle and vial CIFN) method, the syringe

and vial (SYR) method, the Monovial system per-
formed quite favorably by saving time, used fewer

materials, and was less costly (12).

This system is an integrated device (i.e., drug,

transfer mechanism) with a protective shield sur-

rounding the attsched transfer needle.The recon-

stitution and transfer of the drug into an infusion

bag is accomplished safely, quickly, and necessi-
tates fewer materials. The needle is inserted

into the port of the infusion bag and then the

transfer set is pushed down toward the vial until a

"clicl<"is heard.With the Monovial upright, the in-

fusion bag is squeezed several times to transfer
fluid into the Monovial. The Monovial is then

shaken a few times to reconstitute the drug. It is

then inverted and then the minibag is squeezed

and released to transfer the drug back into the

infusion bag. This process is repeated until the 1-13.14.13 Moflflfiifllsflfety Sflfltd system. {Courtesy Gfflgg.
vial is empty. Presently, diltiazem HCl (i.e., ton-Dickinson.)
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Fig. 14.16 A typical vial usedfisrsterile iajecrable products. It

is madefrom Type I (.5-orosi'li'cate,l glass. The rubber closure has
been specially selected as regards compatibility with the prod-
uct, desirable physical characteristics, etc. The overseal holds the

closure in place and provides a means for ready access to the
contents ofthe vial. (Courtesy aftize Llpjolia Company.)

Single—a'ose container—A single-dose container is

a hermetic container holding a quantity of

sterile drug intended for parenteral admin-

istration as a single dose, and which when

opened cannot be re- sealed with assurance

that sterility has been maintained.

Multiple-dose container——A multiple-dose con-

tainer is a hermetic container that permits

withdrawal of successive portions of the

contents without changing the strength,

quality, or purity of the remaining portion-

Single-dose containers may be ampuls or single-

dose vials. Ampuls (Fig. 14.18) are sealed by fusion

of the glass container under aseptic conditions

(Figs. 14.19, '14.2D).Tl'ie glass container is made so

as to have a neck portion that may be easily sepa-

rated from the body of the container without frag-

mentation of the glass. After opening, the contents

of the arnpul should be withdrawn into a syringe

with a 5-um filter needlelstraw apparatus. The fil-

ter needle or straw is then replaced with a regular

need1e.The filter needle or straw is used to trap any

glass particles that have entered the sterile solution

when the neck of the arnpul was broken. Other-
wise, if a filter needle is not available, the with-

drawal of glass can be minimized by holding the

ampul in the upright position, tilted slightly, when

inserting the needle, and avoiding the outer surface

of the neck of the ampul. The needle should not be

lowered to the bottom of the arnpu], but held

slightly above, to avoid drawing glass particulate

matter into the syringe.

Parenterals Q1

Once opened, the ampul cannot be resealed, and

any unused portion may not be retained and used

at a later time, since the contents would have ques-

tionable sterility. Sorne injectable products are pack-

aged in pre-filled syringes, with or without special

administration devices (Figs. 14.21 to 14.23). The

types of glass for parenteral product containers

have already been pointed out in Chapter 5, and

the student should recall that Types I, II, and [[1 are

suitable for parenteral products, with Type I being
the most resistant to chemical deterioration. The

type of glass to be used as the container for a par-

ticular injection is indicated in the individual mono-

graph for that preparation.

One of the prime requisites of solutions for par-

enteral administration is clarity. They should be

sparkling clear and free of all particulate matter, that
is, all of the mobile, undissolved substances which

are unintentionally present. Included are such cont-

aminants as dust, cloth fibers, glass fragments, ma-

terial leached from the glass or plastic containers or

seals, and any other material which may find its way

into the product during its manufacture or acl1'ninis-

tration, or develop during storage.

To prevent the entrance of unwanted particles

into parenteral products, a number of precautions

- '- '\-\. .'-.. .. .- ._'.i_ - ' v . .
_-__"-"._f..‘_.,r-. ~.i..:2."_.:'L""Hr -.-_--_-_ -_

Fig. 14.17 Example of a 100 ml, single-dose vial for intra-

venous infusion in ready-to-use (RTLU form. (Courtesy of
Searle Phanrraceuticals, Inc.)
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Fig. 14.18 Ampul, before filling and sealing. (Courtesy of
Owens Illinois.)

must be taken during the manufacture, storage,

and use of the products. During manufacture, for

instance, the parenteral solution is usually final fil-

tered before being placed into the parenteral con-

tainers. The containers are carefully selected to be

Chemically resistant to the solution being added

and of the highest available quality to minimize the

chances of container components being leached

into the solution. It has been recognized for some

time, that some of the particulate matter found in

parenteral products is generated from leached ma-

terial Erom the glass or plastic containers. Once the

container is selected for use, it must be carefully

cleaned to be free of all extraneous matter (Pig.

14.24). During container-filling, extreme care must

be exercised to prevent the entrance of air-borne
dust, lint or other contaminants into the container.

The provision of filtered and directed air flow in

production areas is useful in reducing the likeli-
hood of contamination. Laminar flow hoods have

been developed which allow for the draft-free flow
of clean, filtered air over the work area. These hoods

are commonly found in the hospital setting for

both the manufacture and the incorporation of ad-

ditives into parenteral and ophthalmic products

(Fig. 14.25). The personnel involved in the manu-

facture of parenterals must be made acutely aware

of the importance of cleanliness and aseptic tech-

niques. They are provided uniforms made of

monofilament fabrics that do not shed lint. They

wear face hoods, caps, gloves, and disposable shoe

covers to prevent contamination (Fig. 14.26).

After the containers are filled and hermetically

sealed, they are visually (Fig. 14.27) or automati-

cally (Fig. 14.28) inspected for particulate matter.

Usually an inspector passes the filled container

Fig. 14.19 Ampulfilling. {Courtesy offlblmft Laboratories.)
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Fig. 14.2 Trbex Injector. The ribbed collar and plunger rod
securely hold a glass sterile cartridge-needle unit. Each pre-
filled unit contains a dose ofmedication with an attached ster-

ile needle. After administration, the cartridge-needle unit is
discarded; the Injector is reusable. (Courtesy of Wyeth-Ayers!
Laboratories.)

past a light source with a black backgroimd to ob-

serve for mobile particles. Particles of approximately

50 p.rn in size may be detected in this manner. Re-

flective particles, such as fragments of glass, may be
visualized in smaller size, about 25 pm in size.

Other methods are used to detect particulate mat-

ter smaller than that which may be detected by the

unaided eye including microscopic examinations as

well as the use of sophisticated equipment as the

Coulter Counter which electronically counts parti-

cles present in a sample presented to it. Once past

the inspection following production the product

may be labeled. Prior to its use, however, the phar-

macist should inspect each parenteral solution dis-

pensed for evidence of particulate matter.

Although the total significance of injecting or in-
fusing parenteral solutions containing particulate

matter into a patient has not been ascertained, it is

apparent that particulate matter has the potential

of inducing thrombi and vessel blockage and de-

pending upon the chemical composition of the

particles the additional potential for introducing

 
Fig. 14.23 inject-Ease automatically inserts the needle cfan
insulin syringe into the skin when activated. (Courtesy of
William E. French, PhD.)

into the patient chemical agents which are unde-

sired and possibly toxic.

In formulating a single-dose parenteral product,

the phan-nacist must consider not only the physica-

chemical aspects of the drug, but also the intended

therapeutic use of the product itself. Some single-

dose preparations are prepared to be administered

rapidly in small volumes, but other preparations are
allowed to infuse slowly into the circulatory system

over a period of hours. Most small-volume par-
enterals are formulated so that a convenient amount

of solution, say 0.5 to 2 mL, contains the usual dose

of the drug although larger volumes of more diluted

solutions are frequently administered intravenously

and intramuscularly. Generally, several strengths of

injections of a given drug are marketed to permit a

wider dosage selection by the physician without be-

ing wasteful of the drug as would be the case if

only part of a given single-dose parenteral solution

was administered. The large-volume, single-dose

preparations generally are those solutions used to

expand the blood volume or to replenish nutrients

or electrolytes and are given by slow intravenous in-

fusion. However, in no instance may a single-dose

parenteral container permit the withdrawal and ad-

ministration of greater than 1000 mL.. In addition,

preparations intended for intraspinal, intracisternal,

or peridural administration must be packaged only

in single-dose containers as a precaution against
contamination.

Frequently in the hospital, a physician may order

an additional agent to be placed in a large-volume

parenteral solution for infusion. In these instances,

the person filling such an order must be certain that

aseptic conditions are employed and that the addi-

tive is compatible with the contents of the original

large volume parenteral solution (13). Care must also

be exercised not to introduce particulate matter into

 
Fig. 14.24 Production line in the preparation of oials for
sterilization andfilling. (Courtesy ofSchering-Plough.)
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Fig. 14.28 The ALITOSKAN industrial automatic inspection machine which detects the presence ofparticuiate matter in in-
jectables with a television camera and electronics, and automatically re,iects them from the production line. {Courtesy of Lakso

Contpany, Inc.)

should be recalled that unless otherwise indicated

in the monograph, multiple-close injectables are

required to contain added antibacterial preserva-

tives. Also, unless otherwise specified, multiple-

dose containers are not permitted to allow the

withdrawal of greater than 30 mL in order to limit

the number of penetrations made into the closure

and thus protect against loss of sterility. The limited

volume also guards against an excessive amount of

antibacterial preservative being inadvertently co-

administered with the drug when unusually large

doses of an injection are required, in which case a

non-preserved single-dose preparation is advis-

able. The usual multiple-dose container contains

about ten usual doses of the injection, but quantity

may vary greatly with the individual preparation
and manufacturer.

Because it is impossible in practice to transfer the

entire volume of a single -dose Container or the last

dose in a multiple-dose container into a hypoder-

mic syringe, a slight excess in volume of the con-

tents of ampuls and vials over the labeled "size” or

volume of the package is perrnitted,Table 14.2 pre-

sents the recommended ”overages” permitted by
the USP to allow the withdrawal and administra-

tion of the labeled volumes.

For labeling purposes, a revised inject-able prod-

uct nomenclature process became official in the

United States Phtznmzcopeia 23 (USP 23) on January

'1, 1995.The main points of the revised process were
as follows:

1. The term"Sterile”was eliminated from the titles

of injectable products with the exception of ap-
propriate monograph titles for WATER that are

intended for parenteral use, e.g., Sterile Water

for Injection.

2. For established names of injectable products, all

 
Fig. 14.29 Utilization ofatfiltersyringefor the aseptic addi-
tion of an additive to t: large—uolttme parenteral solution.
(Courtesy oflvlftlliam B. French, PhD.)
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Table 14.2. Recommended Oranges for Official Parenteral Products

Excess 'bt:lumejbrMobile
Labeled size, ml. Liquids, ml.

0.5 0.10
1.0 0.10
2.0 0.15

5.0 0.30
10.0 0.50
20.0 0.60
30.0 0.80

-50.0 or more 2%

of which are suitable for, and intended for par-
enteral administration, USP established the fol-

lowing criteria in determining the product's title:

a. Liquids
1) {Drug} Ir!jectiorr—'I'itle for liquid prepara-

tions that are drug substances or solu-
tions thereof.

2) {Drug} Injectabis Susperzsion—'I‘1tle for liq-

uid preparations of solids suspended in a
suitable liquid medium.

3) [Drug] Inj'ectable Emulsion-—'Iit1e for liquid

preparations of drug substances dissolved

or dispersed in suitable emulsion medium.
b. Solids

1) {Drug} for Injectian—Title for dry solids

that, upon the addition of suitable vehi-

cles, yield solutions conforming in all re-

spects to the requirements for Infectious.

2) {Drug} for Injectabls Sus:Der1s£on—'l‘itle for
dry solids that, upon the addition of suit-

able vehicles, yield preparations con-

forming in all respects to the require-
ments for Injectabla Suspensions.

To facilitate this transition to a new nomencla-

ture, the Center for Drug ‘Evaluation and Research

encouraged parenteral drug manufacturers to place
a"Elag” or reminder statement on the labels of the

product for a six month period alerting practition-

ers to the changes.The intent was to facilitate prac-
titioners becoming familiar with. the revised rules.

An example of a “flag” would be: “FORMERLY

STBRILE [Drug Narnel.”
In addition, the labels on containers of parenteral

products must state: 1) the name of the preparation;
2) £0: a Iiqttld preparation, the percentage content of
drug or the amount of drugpresent in a specified vol-

ume, orfor a dry preparation, the amount ofactive in-

gredientpresent and thevolurne ofliquid to be added
to the dry preparation to prepare a solution or sus-

pension; 3) the route of aclmirI.isl'ratiG’n:4) a statement

Excess bblumefor
Viscous Liquids, ml.

0.12

0.15

0.25
0.50
0.70
0.90
L20

3%

ofstorage conditions and an expiration date; 5) the
name ofthe-manufacturerand distributor; 6) aniden-

I1fy1ng'' lot number. which is capable of'yie1d1ng' the

complete history of the specific pack-
age, including all manufacturing, filling.
and labeling operations. Injections forveberinary use

are labeled to that effect. Preparations intended to be

used as dialysis, hemofillration or solutions

should meet the requirements for injections, except

those relating to volume present in the containers,
and shouldbeara staternentindicatingthatiiie solu-

tionisnotinteridedforusebyinusavenousinfusion.

All containers appropriately labeled should allow a
sulficielit area of the container to remain free oflabel

loritsfulllengthorcircumference topermitinspec-
tion of the contents.Any injection which upon visual

inspection reveals particulate matter other than nor-

mally suspended material should be discarded.

Each individual monograph for the official injec-

tion states the type of container (single-dose andior
multiple-dose) pennitted for the injection, the type
of glass preferred for the container, exemptions, if

any, to usual package—size limitations, and any Spe—
cial storage instructions. Most injections prepared

from chemically pure medicinal agents are stable at

room temperature and may be stored without
special concern or conditions. However, most bio-

logical products—insu1in injection and the various

vaccines, toxoids, toxins, and related products—are

usually stored under refrigeration. Reference should
be made ‘to the individual monograph to find the

proper storage temperature fora particular injection.

Quality Assurancefor Pharmacy-

Prepared Sterile Products

The American Society of Health System Phar-

macists (formerly, the American Society of Hospi-

tal Pharrnacislss) publishes annually a technical

assistance bulletin (TAB) on quality assurance for

pharmacy-prepared sterile products (15). The 'l'.'AB
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was developed to help phannacists establish quality
assurance procedures for the component of practice

that encompasses the preparation of sterile prod-

ucts.The recommendations of the'I.'AB are appropri-
ate to all practice settings in which pharmacists di-

rectly serve patients (e_.g., hospitals, community

pharmacies, nursing homes, home health care).

Note that these are not intended to apply to the

manufacturing of sterile pharmaceuticals as defined

in state and federal laws and regulations. Nor are

they to apply the preparation ofmedications (i.e., by
pharmacists, nurses, physicians) intended for imme-
diate adrninistratlon (i.e., minimal delay between

preparation and administration) to patients.

The term sterile products used within the TAB
refers to sterile or nutritional substances that are

prepared (e.g., compounded orrepackaged) byphar—
rnacy personnel. using aseptic technique and other

quality assurance procedures.

The objectives of these recommendations are to

enable pharmacists to provide:

1. Information to pharmacists on quality a5sur—-

ance and quality control activities that may be
applied to the preparation of sterile products in
pharmacies, and

2. A scheme to match quality assurance and qual-

ity control activities with the potential risks to
patients posed by various types of products.

The TAB defines the purpose of these recom-

mendations and encourages pharmacists to partic-

ipate in quality irnprovernent, risk rnanagernent,
and infection control programs within their organi-
zations. In doing so, pharmacists would be ex-

pected to report findings about quality assurance in

sterile products to appropriate staffs or comrnittees,
and to cooperate with managers of quality im-
provement, risk management, and infection con-

trol to develop optimal sterile product procedures.

Originally, in February 1992. the then American

Society of Hospital.Pharmacists had proposed guide-

lines that formed the basis of TAB (16). This original

document distinguished between control
(QC) and quality assurance (QAJ. By definition, qual-

ity control is the acceptance or rejection of raw‘ mate-

rials andpaclcaging components, in-process test ma-
terials, and inspections (17). Quality assurance is a

systematic method to identify problems in patient
care that are resolved via a.dn'u'nistrative, clinical. or

educational actions to ensure that final products and

outcomes meet applicable specifications (17).
The TAB classifies sterile products into three lev-

els based on risk to the patient. The risk levels. range

Table 14.3. ASHI’ Risk Level Classification of Pharmacy-Prepared Sterile Products“

Risk Level 1
1. Products

A. Stored at room temperature and completely administered w‘ithin.28 hours of preparation; or

B. Stored under refrigeration for 7 days or less before complete administration to a patient over -a period not to
exceed 24 hours; or

C. Frozen for 30 days or less before complete administration to a patient over a period not to exceed 24 hours.
2. Urtpreserved sterile products prepared foradrninistration to one patient, or batch-prepared products containing

suitable preservatives prepared for administration to more than one patient.

3. Products prepared by closed-system aseptic transfer ofsterile, nonpyrogertit, finished pharmaceuticals obtained
from licensed manufacturers into sterile final containers (e.g., syringe, rninibag. portable infusion-device cassette}
obtained from licensed manufacturers.

Risk Level 2

1. Products stored beyond 7 days under refrigeration, or stored beyond 30 days frozen, or administered beyond 28-

hours after preparation and storage at room temperature.
2. Batch-prepared products without preservatives that are intended fior use by more than one patient. (Note: Batch-

prepared products without preservatives that will be administered to multiple patients carry a greater cislc to the
patients than products prepared for a single patient because of the potential effect of product contamination on the
health -and well-being of a larger‘ patient group.)

3. Products compounded by combining multiple sterile ingredients, obtained from licensed manufacturers, in a sterile
reservoir, obtained from a licensed manufacturecby using closed-system aseptic transfer before subdivision into
multiple units to be dispensed to patients.

Risk Level 3 Products E7chib1'tEitlrer Chcmcteristic 1 or 2

1. Products compounded from nonsterlle ingredients or compounded with nonsterile components, containers, .or
equipment. or

2. Products prepared by combining multiple ingred.ient%ten'1e or nonsterile—by using an open-system transfer or
open reservoir before terminal sterilization or subdivision into multiple units to be dispensed.
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from the least potential risk (level 1) to the greatest
potential risk (level 3). The classification system is

designed only to assist the pharmacist in selecting
sterile preparation procedures. Pharmacists must

exercise professional judgment in deciding which

risk level applies to a specific sterile product or sit-
uation. Factors that increase risk (e.g., multiple sys-

tem brealcs, compounding complexities, high-risk
adrrtinistration sites, immunocompromised patients,

microbial growth potential of the product, storage
conditions) must be weighed by the pharmacist.

There willbe situations when the pharmacist must

make riskvs. benefit decisionstoprepare-these prod-

ucts outside ofthe guidelines (e.g., the preparation of
a sterile drug in a compassionate-use
protocol for a lifesaving effort)..'Ihe risk assignments
listed inTable 14.3 provide a logical template

which the pharmacist can evaluate ri5l::.Thesedo not,
however, preclude the possibility of alternative, logi-

cal arrangements that could be based upon scientific

informaiiorn and professional judgment.
Risk level 1 represents the minirnum QA guide-

lines. In risk levels 2 and 3, products must meet or

exceed each of the risk level 1 guidelines. In those

instances where the risk level assignment might be
nebulous, guidelines for the-higher risk level should
be followed,

The TAB delineates the quality assurance corn-
ponents for each risk level. These include: policies

and procedures; personnel education, training, and
evaluation; process validation; storage -and han-

dling; facilities and equipment; garb; aseptic tech-

nique and product preparation; process evaluation;

expiration dating; labeling end-product evalua-
tion; and documentation. Specific recommenda-

tions germane to each of these components at each

risk level are made in the TAB; the reader may refer
to them for additional information.

Available Injections

There are hundreds of injections on the market

of various medicinal agents. Tables 14.4 through
14.? present some examples of those packaged in
small-volume and large-volume containers, the lat-
ter for intravenous infusion.

Small Volume Parenterals

Table 14.4 presents some commonly employed

injections given in smallvolurne. Some ofthese in-
jections are solutions and otherssuspensions.

Premixed intravenous delivery systems have sim-

plified the delivery process for small-volume par-

enterals in particular. A distinct advantage of these

l'-lmnteruls 429

rea -to-usesystemsis thattheyrequirelittle orno
manipulafion to make them patient specific, and
thus a viable alternative to the traditional labor-

intensive method of compotmding parenteral med-
ications from partial~fill (i.e., dose!

multiple doses ofIV medications) vials and an appro-

priate parenteral soluiion. Since the introduction of
the first ready-to—use systems in the late 19708, the
avaflabiliryaridvadelyofsystemshasincreased (e.g,,

oratories, AbbottLaboratories) (refer to Table 14.5).

The traditional method for preparing small-

volume parenteral therapy for patient-specific use-
frorna ‘partial-till drugvial into a minibag can be la-

bor-intensive and costly (e.g., labor supply and in-
ventory costs for materials such as syringes and

needles). The savings accrued through ready-to-

use systems can be significant and have been doc-

umented (18). Another key advantage of these

Systems is extended stability dating and reduced

wastage. Doses can be put together (but not acti-

vated) in cycles, then activated just prior to patient

use and delivered to the nursing station by the

pharmacy personnel (18).

The down side of these ready-to-use small par-

enteral products is that they do not offer flexibility

in changing the volume or concentration of the
product.'I‘his may then pose a problem to the fluid-

restticted patient (18). But, the-introduction of mini-

bags in volumes of100 ml... 50 mL, and 25 mL, have
helped thisproblem -somewhat. Another disadvan-

tage of the ready-to-use products is that some
maruifacturers’premixed products require thawing.

Microwave use for quick thawing poses stability

problems for some of these products (e.g., defa-

solin, cephalothin). For example, the high energy
source of the microwave oven could cause a struc-

tural alteration of the cephalothin molecule. An-

other possibility is that of leaching of substance

from the rubber stopper when frozen arnpuls of
Neutral Keflin are thawed using the microwave.

General precautions (19) required with the use of
microwave ovens for drawing Etozen premixed

products include:

1. ‘Being aware that the possibility of radiation

leakage does exist. However, manufacturers of

microwave ovens are required by law to comply
with federal standards.

2. Safeguarding pharmacy personnel who are ex-

posed to these ovens, especially those with car-

diac pacemakers.

3. The possible leaching of rubber stopper mater-
ial when the rubber matetial on the container is

exposed to microwave heating.
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Table 14.4. Examples of Some Injections Usually Packaged and Administered in Small Volume

Injection

Butorphanollhrtrate Injection

Chlorpromazine HCI Injection

Cimetidine HCI Injection

Dalteparin Sodium Injection

Dexarnethasone Sodium

Phosphate Injection

Dlgoxin Injection

Diphenhydreinine I-ICI Injection

Furosemide Injection

Granisetron HCI injection

Heparin Sodium Injection

Hydromorphone HCI Injection

Ibutilide Fumarate Injection

Iron Dextran Injection

Isoproterenol HCI Injection
Ketorolac Tizometharnine

Injection

Lidocaine HG Injection

Magnesium Sulfate Injection

Meperidine HCI Injection

Physical Form

solution

solution

solution

solution

solution

solution

solution

solution

solution

solution

solution

solution

solution

solution

solution

solution

solution

solution

solution

Category and Comments

Narcotic Agonist-Antagonistfixnelgesicg administered IM or N for
relief of moderate to severe pain and as a preoperative or

preanesthesia medication. '
An antipsychutic drug with antiemetic (antidoparninergic) effects,

this drug should not be adrninistered sub—Q. It’-s injection should

be IM slowly, deep into upper outer quadrant of the buttocks.
Avoid injecting directly into the vein. The [V route is used ONLY

for severe hiccoughs, surgery, or tetanus.
Histamine I-IQ antagonist administered IM or IV forpatients with

pathological GI hypersecretoxy conditions or intractable ulcers.
A sterile, low molecular weight heparin which is indicated for

prophylaxis against deep vein thrombosis {DVTJ in patients
undergoing abdominal surgery who are at risk. Available in a

prefilled syringe, it is administered S‘ub—Q.
Glucocorticoid; administered IM or IV for cerebral edema and

unresponsive shock. Also used intra—articular, intralesional or soft

tissue for joints, bursae, and ganglia.
Cardiotonic given IM (not preferred) or Nwith highly individualized

and monitored dosage.

Alpha-adrenergic blocking agent specific in migraine, given IM or IV.

Ane ,norkselective antihistamine administered

intravenously or intrarnuscularly when oral administration is

impractical and indicated for-'13rpe I (i.e., immediate)
hypersensitivity reactions and active treatment oi motion
sickness.

Loop diuretic; adrninistered IM or IV [slowly] for edema or acute
pulmonary edema.

5-HI‘, receptor antagonist indicated for the prevention of nausea
and vomiting associated with and repeat courses of
emetogenic cancer therapy, including high-dose cisplalin.

Anticoagulant administered IV or SubQ, as indicated by activated
partial prothrornbin lime (APIT) or actuated coagulation tlrne {AC1}.

Narcotic analgesic used for the relief of moderate to severe pain;
administered subcutaneously or IM or by slow IV injection.

An antiarrhythrnic drug with predominantly class III (i.e., cardiac

action potential prolongation) properties accordingto thel/aughn
Williams Classification that is infused intravenously undiluted or
diluted in 50 ml diluent.

A hematinic agent administered intravenously or intramuscularly for
the treatment of patients with documented iron deficiency in
whom oral administration is unsatisfactory or impossible.

Adrenergic (bronchodilator) given IM, SubQ, or IV.

Available in'Ii.ibex® syringes for IV.-‘IM closing, this NSAID is

indicated for the short-term (< 5 days) management of
moderately severe. acute pain that requires analgesia at the

opioid level, usually in a postoperative setting.
Cardiac depressant -given IV as an antiarrhythmlc; also as a local

anesthetic, epidurally, by in.filtratior1, and in peripheral nerve block.
-Anticonvulsantfelectrolyteg administered bylivl or direct IV injection.

IV -infusion. or in otherlv infusions for management of
convulsive toxemia of pregnancy, hyperalime-ntation therapy.
mild magnesiurn deficiency, or severe hypomag-nesemia.

Narcotic analgesic given IM. SubQ, or slow continuous IV

cmztinued
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Table 14.4.. Examples of Some Injections Usually Packaged and Administered in Small Volume

Injection Physical I-‘om:

Me-toclopramtde solution

Monohydrochloride
Injection

Midazolam HC1 Injection solution

Morphine Sulfate Injection solution
Nalbuphine I-[Cl Injection solution

Naloxone HCI Injection solution

Oxytocin Injection solution

Phenytoin Sodium Injection solution

Phytonadione Injection dispersion

Procaine Penicillin suspension

G Injection

Prochlorperazine solution
Edisylebe Injection

Propranolol HC1 Injection solution

Sodium Bicarbonate Injection solution

Surnatriptan Succinate Injection solution

Verapauul HC1 Injection solution

Category and Comments

Gastrointesdnal stimulant; administered Ilvl, direct IV, or slowly as

an N admixture for the prevention of chemotherapy»-induced
emests.

A shorbacting benzodiazepine CNS depressant administered IV or
IM and indicated for preoperative sedation, anzdolysia and
amnesia.

Narcotic analgesic. IM. IV. PCA.
Narcotic Agonist-Antagonist Analgesic; administered SC. [M or N

Eor relief of moderate to severe pain and for preoperafive
analgesia.

A narcotic antagonist which prevents or reverses the effects of
opioids including respiratory depression, sedation and
hypotenslon; administered IV. IM, or subcutaneously.

Oxytocic, given IM (erratic) orN obstetrically for the therapeutic
induction of labor.

Anticonvulsant; administered IM [erratic absorption] as a

prophylactic dosage-for neurosurgery or IV {slowly} for status
epilepticus.

Vitamin K (prothrombogenic) employed in hemorrhagic situations.
An aqueous dispersion of plrytortadione, aviscous liquid.

Anti-infective; administered IM for moderately severe infections due

to pentcilIjn—G sensitive microorganisms.
Antidopaminergio, administered 1M or IV for control otsevere

nausea and vomiting associated with adult surgery.

A beta—adrenergic receptor blocking agent indicated in the
management of hypertension. Oral dosage (tablets) is usual;
intravenous administration is reserved forlife-threatening

arrhytlwmias or those occurring under anesthesia.
Electrolyte; administered IV, either undiluted or diluted in other IV

fluids for cardiac arrest and in less urgent forms of metabolic
acidosis.

A selective 5-hydtoxytryptarninel receptor, subtype agonist. used fol:

acute migraine attacks with or without aura. Self-administered
SubQ from unit-of-use syringes and SELI-‘dose unit.

Calcium channel blocking agent; administered as a slow IV injection
over at least 2 minutes for supraventricular tachyarrhythmias.

4. A possible explosion that may result from the

increase in internal pressure as a result of plac-
ing a closed or sealed container into the mi-
crowave oven.

S. The possibility of unequal distrflaution of heat

because microwave ovens do produce heteroge-
neous heat.

6. Developing protocols to ensure that the final
solution ternperature does not exceed room
temperature.

Some manufacturers allow frozen pretrtbted prod-

ucts to be warmed using awater bath, but warn not

to submerge during the thawing process because
there is a distinct possibility that water from the bath
could enter and contatrdnate the contents of the

dosage form. Forced clean air at 25° C flowing over

the bagsrnay help. In fact, using an old laminar flow

hood for thawing has been used with some success.

However, room temperature thawing is a lengthy

process. Thus. appropriate planning is required so
that large numbers ofthese products that are thawed

in advance are used and recycled efficiently. Other-

wise, these small—volume parenteralproducts poten-

dallyincrease waste.Fina1ly, gettingaprescriptton le-

bel to adhere to a thawed minibag can be a problem.
The available ready-to-use systems have not

demonstrated much impact in the pediatric and

neonatal populat.ion.'Il'1e unique dosing and fluid re-

quirements of these patients malce these systems in-
appropriate. In some institutions, the unique dosing
and fluid requirements of pediatric and neonate
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Table 14.5. Representative Marketed Frozen, Premixed Products Illustrating Stability Data
Frozen and After Thawing“

Drug Diluent

Aztreonarn lso-osmotic in dextrose,

1g, 2g 50 ml.
Cefazolin sodium Iso-osmotic in dextrose,

500 mg, 1 g 50 ml.
Cefotaxime sodium, Iso-osmotic in dextrose,

1g, 2g 50 rnL
Cefoidtin sodium [so-osmotic in dextrose,

1g, 2g 50 rnL
Ceftazidime sodium Iso-osmotic in dextrose,

1g, 2g 50 ml.
Ceftizoxime sodium Iso-osmotic in dextrose,

1g, 2g 50 rnL
Ceftriazone sodium Iso-osmotic in dextrose,

1g, 2g 50 mL
Ticarcillin disodiurn Iso-osmotic in Water

and clavulanate for Injection,
potassium 100 ml.

Vancomycin HCI Iso-osmotic in dextrose,

500 mg 100 mL

Expiration Dating

Storage Frozen Refrigerated Roam
Stability Stability Stability Temperature

Frozen 18 months 14 days 48 hours

Frozen 24 months 30 days 48 hours

Frozen 15 months 10 days 24 hours

Frozen 18 months 21 days 24 hours

Frozen 9 months 7 days 24 hours

Frozen 12 months 28 days . 48 hours

Frozen 15 months 21 days 72 hours

Frozen 6 months 7 days 24 hours

Frozen 12 months 30 days 72 hours

‘Stability information provided by Baxter Healthcare Corporation.

patients are addressed by making dilutions of med-

ications to standardized concentrations, filling and

capping individual syringes, and administering these

doses through a syringe pump.

Among the most used of the small volume injec-

tions are the various insulin preparations. Insulin,

the active principle of the pancreas gland, is pri-

marily concerned with the metabolism of carbohy-

drates, but also influences protein and fat metabo-

lism_ Insulin facilitates the cellular uptake of glucose

and its metabolism in liver, muscle, and adipose tis-

sue. It increases the uptake of amino acids and in-

hibits the breakdown of fats and the production of

ketones. Insulin is administered to patients having

abnormal or absent pancreatic beta cell firnction to

restore glucose metabolism and maintain satisfac-

tory carbohydrate, fat, and protein metabolism. It is
used in the treatment of diabetes inellitus, in in-
stances in which the condition cannot be controlled

satisfactorily by dietary regulation alone or by oral

hypoglycemic drugs. Insulin may also be used to

improve the appetite and increase the weight in se-
lected cases of nondiabetic malnutrition and is fre-

quently added to intravenous infusions.

Insulin is administered by needle or jet injec-

tion (Figs. 14.30, 14.31, 14.32). A system for the

Fig. 14.3!) Medi-Iector H, an example ofajet injection device.

Tbejet irgiection method utilizes pressure rather than a needle in
providing the subcutaneous distribution ofan injectable med-
ication. The desire shown can be used with Ll-100 insulin on:

combination offnsulins and can deliverz to 100 units in half-

unit increments. (Courtesy ofDerata Corporation.)
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Fig. 14.31 Examples of insulin syringes mlilvraied in units.
{Courtesy ofl/ifilliam B. French, PhD.)

nasal administration of insulin is presently under

study.
Since its introduction, U-100 insulin has been

suggested as a replacement for the U-4[) insulin

strength, with the intention of making U-100 the

single strength for in—horne use by the patient. In

December 1991, Eli Lilly announced that it would

cease further production of U—40 insulins, and sub-

sequently other insulin manufacturers also decided

to cease production of this strength. The basis for

this decision was a lack of patient demand {i.e., very

low numbers ofpatient utilizing this strength). Rec-

ognizing, however, that lower strengths of insulin

(Le, under 100 Ui’rnL) might still be needed (e.g.,

small children, veterinarian use), Lilly markets a di-

luring fluid for the Regular, NPH, and Lente insulins

of U-100 strength.This fluid can be used to prepare

any strength of insulin below 100 U!mL.

Age-associated sight difficulties and the vision
deterioration associated with diabetes can interfere

significantly with buying and using insulin prod-
ucts. Therefore, packaging of insulins must make
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allowances for the visual deficits of patients with

diabetes. To facilitate identification of the proper

medication at the site ofpurchase, the arrangement

and size of the package lettering must make it easy

for the insulin-dependent patient to recognize the

insulin type and concentration of the product. In

the case of Humulin insulins, an international sym-

bol also appears on the cartons and bottles of all

formulations. These symbols help assure that pa-
tients with diabetes secure the correct Hurnulin

formulation anywhere in the world.

Insulin Injection (Regular)

Insulin Injection is a sterile aqueous solution of

insulin. Commercially, the solution is prepared from

beef or pork pancreas or both or through biosyn-
thetic means (I-Iurnan Insulin), discussed in the
next section. The source must be stated on the la-

beling. In 1980, purified pork insulin [lletin II, pork

(Lilly)] became available for individuals allergic to

or otherwise adversely affected by the mixed pork-

beef product. The first insulin developed for clinical

use was an amorphous insulin. This type has since

been replaced by a more purified crystalline insulin

composed of zinc-insulin crystals which produces

a clear aqueous solution. Originally, insulin injec-
tion (“regular insulin”) had been produced at a pH
of 2.8 to 3.5. This was necessary, because particles

formed in the vial when the pH was increased

above the acid range. However, changes in the

manufacturing methods resulting in the produc-

tion of insulin of greater purity has allowed for the

preparation of insulin injection having a neutral

pl-l.The neutralized product has been shown to ex-

hibit greater stability than the acidic product.

Insulin injection is prepared to contain 100 or

500 USP Insulin Units in each mL. The labeling

must state the potency, in USP Insulin Units in

each mL and the expiration date, which must not

 
Fig. 14.32 Example ofpackaging ofa‘isposable sterile insulin syringes and needles. (Courtesy ofldfiiliem 8. French, Phil)
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be later than 24 months after the date of distribu-

tion from the manufacturers storage. As an added

precaution against the inadvertent use of the in-

correct strength of insulin by the patient during

self-adrninistration of the drug, the package col-
ors vary, depending on the strength. of the
For instance, all insulins (of the various types)

containing 100 units per mL have orange and. the
500 units per mL preparation has brown with di-

agonalwhite stripes . U-500 insulin is indicated for

patients with a marked insulin requirement (more

than 200- units per day). because a large unitfdose
may be administered subcutaneously in a small
volume.

Insulin injection is a colorless to straw-colored

solution, depending upon its concentration; that

containing 500 Units per ml. is straw-colored. It is

substantially free from turbidity. A small amount of

glycerin (1.4 to 1.8%) is added for stabilityand 0.1

to 0.25% of either phenol or cresol is added for

preservation. Insulin remains stable if stored in a

cold place, preferably the refrigerator. However, be-

cause the injection of cold insulin is somewhat un-

comfortable, the patient may store the vial being

used at room temperature (59-86"F or 15-30°C) for
up to 1 1non1:l‘LAny insulin remainingin thevial af-
ter that time should be discarded. Freezing should

be avoided, as this reduces potency.

The various insulin preparations differ as to their

rapidity of action (onset of action) after injection,
their peak of action, and their duration of action

(Table 14.6). Insulin injection, being a solution, is

categorized as a prompt-acting insulin preparation.
Insulin preparations that are suspensions are slower

acting. Only insulin injection maybe administered

Table 14.6. Insulin Activity Profiles and Compatibility

intravenously; all others, as well as insulin injec-

tion, are normally given subcutaneously, usually

1.32 to 2 hours before a. meal so that its physiologi-

cal effects will parallel the absorption of glucose.
The dosage is individually deterrnined, with the

usual dosage range being 5 to 100 USP Units. The

insulin injection containing 500 units per mL is

employed in cases of insulin resistance requiring
very large doses.

It is important to emphasize at this point that the

pharmacist plays a vital role in the education of the

diabetic patient, particularly as it relates to the

proper use ofinsulin. The insulin dosage should al-
ways be checked to ensure it is correct. Because it is

a solution, Regular Insulin can be used in emer-

gency situations, i.e., ketoacidosis, to effect a rapid
decrease in blood glucose levels. However, with the

exception ofcliabetic ltetoacidosis, iris rare for apa-

tient to ever require a dose of Regular Insulin

greater than 25 units. Typically, diabetic patients

combine Regular Insulin with -a modified insulin,

i.e., NPH, to provide daily coverage using two in-
jections (morning, late-afternoon) or now use avail-
able pre-mixed preparations. So it is important that

the patient understand how much of each to use
and know in what order these should be mixed in

the insulin syringe. The unmodified insulin, i.e.,

Regular Insulin, is drawn up first into the syringe...
In an institutional setting the pharmacist must

make sure written insulin orders are correctly tran-

scribed or transmitted, Errors in insulin dosage

have occurred because of allied health professional
error. Written orders for 6 U of insulin have been

interpreted to mean 60 units, an order for 4 U has
been read as it cc. Each of these occurred because

Insulin Pfepamfians Onset 0!!) Peak (hr) Duration (hr) Cbmpanblz mixed with

Rapidmzting Insulin Injection (Regular) 05 to 1 8 to 12 All

Prompt Insulin Zinc 1 to 1.5 5 to 10 12 to 16 Lente
Suspension Csemilente)

Lispro Insulin Solution 0.25 0.5 to 1.5 6 to 3 U1tralente.NPH

Intermediate Isophane l.nsuli.n 1 to 1.5 4 to 12 14 Regular
Acting Suspension (NP!-D

Insulin Zinc Suspension (Lents) 1 to 2.5 7' to 15 24 Regular. semilente
Long Acting Protamine Zinc Insulin 4 to 8 14 to 24 3.6 Regular

Suspension (PZI)
Extended Insulin Zinc 4 to B 1.0 to 30 '> 36 Regular, semilente

Suspension (Ultralenbe)
lsophane Insulin Suspension

Premixed 50% and Insulin Injection. 50%
Insulins Isophane Insulin Suspension 2 to 12 18 to 24 Regular, NPI-i

70% and Insulin Injection, 30%
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the abbreviation”U"'for units was read as a zero or
s. cc.

The patient should be instructed to rotate the

site of insulin injections on a continual basis. Ro-
tation of the site will help to avoid the develop-
ment of lipohyperttophy, a buildup of fibrous tis-

sue .. Otherwise, if there is continual injection into
one site, the tissue becomes spongy and avascular.

The avascular nature of the site perpetuates the

problem because the skin becomes anesthetized

and the injection is not felt. This is a particular

problem with children who continue to use the

same site and do not realize that the absorption of
insulin from this site becomes erratic and uncon-

trollable. Numerous brochures are available from

manufacturers of diabetic supplies that demon-

strate the appropriate rotation of insulin injection
sites over the entire body.

Another encountered problem with insulin in-

jection is the development of lipodystrophy. Gen-

erally, this problem appears within 2 months to 2
years following the beginning of insulin therapy
and occurs predorninantlyin women and children.
The etiology of the problem has been ascribed

to the injection of refrigerated insulin (not giving
enough time for it to warm up prior to injection), to

a failure to rotate the injection site and to insulin

impurities.The result is the formation of a subcuta-

neous indentation or"’pothole"caused by a wasting

or atrophy of the lipid tissue. It appears that the
greater purity of current insulins significantly have

decreased this problem, and a marked improve-

ment in eicistingatrophic areas has been demon-
strated by the injection of highly purified port or

human insulin directly into or on the periphery of

the atrophic areas.
Prior to use, the patient should be instructed to

carefully inspect the insulin. Regular Insulin, a so-

lution, should appear clear, while the other insulins
which are suspensions should appear cloudy. With

the insulins that are suspensions the patient should
be instructed how to prepare the insulin, i.e., the

vial is rotated slowly between the palms of the
hands several times, prior to drawing the insulin
into the syringe. This avoids frothing and bubble
formation which would result in an inaccurate dose

of insulin. The patient should not shake the insulin
vial.

Proper storage should also be encouraged for in-

sulins. These preparations should be stored in a

cool place or a refrigerator. The patient should be

warned to avoid having the insulin come into con-
tact with extremes of temperature, i.e., freezing
[overnight in the car during the wintertime], heat
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[glove compartment of a car, direct sunlight]. If this

occurs, it is preferred that the patient discard the in-
sulin and getanew bottle. Any bottle ofinsulin that

appears “treated” or "clumped"'shou1d be returned

to the pharmacy where the purchase took place.
Lastly, the patient should use the insulin in a timely

fashion, but not beyond the expiration date indi-
cated on the insulin vial.

Human Insulin

Biosynthetic human insulin was the first drug

product developed through recombinant DNA
techniques to receive approval by the federal Food

and DrugAdministration for 1narketing.'1‘his prod-

uct, Humulin, Lilly, became available in 1983. It is

produced by utilizing a special nondisease-forming
laboratory strain of Escherichia con‘ and recom-

binant DNA technology. A recombined plasmid
DNA coding for human insulin is introduced into
the bacteria, and it is then cultured by fermentation

to produce the A and B chains of human insulin.
These A and B chains are freed and purified indi-

vidually beforetheyare linked by the specific distil-

fide bridges to form human insulin. The insulin

produced is chemically, physically, and immuno-

logically equivalent to insulin derived from the hu-

man pancreas. The biosynthetic insulin is free of

contamination withE. ooii peptides, and, is also free
of the pancreatic peptides that are. present as im-

purities in insulin preparations derived from ani-
mal pancreatic extraction. These latter impurities

include proinsulin and proinsulin intermediates,
giucagon, somatostatin, pancreatic polypeptide, and

vasoaclzive intestinal peptide.
Pharrnacokinetic studies in some norrnal sub-

jects and clinical observations in patients indicate

that formulations of human insulin have a slightly

faster onset of action and a slightly shorter duration
of action than their purified pork insulin counter-

parts. Two formulations ofhuman insulin were ini-

tially marketed: Neutral Regular Human Insulin

(1-Iurnulin R, Lilly) and NPI-I Human Insulin (Hu-

mulin N. Lilly). Neutral Regular human insulin

consists of zinc-insulin crystals in solution. It has a

rapid onset-of-action and a relatively short dura-
tion-of—action (6 to 8 hours). NPI-I human insulin

is a turbid preparation that is intermetliate-acting,
with a slower onset-of-action and longer duration-

of-action (slightly less than 24 hours) than regular
human insulin.

Human insulins should be stored as other in-

sulins, in a cold place, preferably a refrigerator.

Freezing should be avoided.
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Ltspro Insulin Solution

Lispro insulin solution consists of zinc—insulin

lispro crystals dissolved in a clear aqueous fluid. It

is created when the amino acids at positions 28 and
29 on the insulin B-chain are reversed.

Lispro insulin solution is rapidly absorbed after
subcutaneous administration and demonstrates

no significant differences in absorption from ab-

dominal, deltoid, and femoral sites of injection. Its

bioavailability mimics that of regular insulin. Corn-
pared to regular insulin, however, peak serum lev-
els of lispro insulin occur earlier, i.e., within 0.5 to

1.5 hours, are higher. and are shorter acting, i.e.,

6-8 hours. Peal: hypoglycemic effects are more

pronounced with lispro insulin solution. Thus, 1'97-

poglycemia is the primary complication associated

with its use. Comparative studies have demon-

strated, however, that hypoglycemic episodes have
been less frequent with lispro insulin than with

regular insulin.

Lispro insulin solution administered fifteen min-
utes before meals has decreased the risk of hypo-

glycemic episodes and improved postprandial glu-

cose excursions when compared to conventional

regular insulin therapy. Some studies have demon-

strated a greater impact on the quality of life with

lispro insulin solution, and it has been shown to be

more effective than regular insulin in reducing ex-
ercise-induced hypoglycemia when exercise is per-
formed three hours after a mealflhus, as a new in-

sulin. it offers more flexibilityfor the diabetes patient
and should be added to formularies as an alterna-

tive to regular insulin.

Lispro insulin solution should be stored in a re-

fiigerator, but not in the freezer. If accidently

frozen, it should not be used If absolutely neces-

sary, it may be stored at room temperature for up to

28 days. In this instance, storage temperature

should be as cool -as possible. The vial or cartridge

containirlg this insulin should be kept away from

direct light and heat. At the end of 28 days, -any un-

used portion of the Lispro insulin solution should
be discarded.

Isophene Insulin Suspension

(NPHInsulin)

lsophane Insulin Suspension is a sterile suspen-
sion, in an aqueous vehicle buffered with dibasic
sodium phosphate to between pH 7.1 and 7.4, of
insulin prepared from zinc-insulin crystals modi-

fied by the addition of protarnine so that the solid
phase of the suspension consists of crystals com-

posed ofinsulin, zinc, and protamine. Protamine is

prepared from the sperm or the mature testes of

fish belonging to the genus Oncorhynchus and oth-

ers. As mentioned earlier during the discussion of

the aqueous insulin solutions, suspensions of in-
sulin with a pH on the alkaline side are inherently

of a longer duration of action than those prepara-
tions that are solutions. Insulin is most insoluble at

pH 7.2..

The rod-shaped crystals of isophane insulin sus-

pension should be approximately 30 micrometers
in length and the suspension free from large ag-

gregates of crystals following moderate agitation.

This is necessary for the insulin suspension to pass
freely within the needle used in injection and fior
the absorption ofthe drug from the site of injection
to be consistent from one manufactured batch

of injection to another. When a portion of the
suspension is examined microscopically, the sus-

pended matter is largely crystalline with onlytraces

of amorphous material. The official injection is re-
quired to contain glycerin and phenol for stability

and preservation. The specified expiration date oc-
curring in the labeling is 24 months after the im-

mediate container was filled by the manufacturer.

The suspension is packaged in multiple-dose con-
tainers having not less than 10 ml. of injection.
Each mL of the injection contains 100 units of

insulin per mL of suspension. The suspension is

best stored in a refrigerator, but freezing must be
avoided.

As indicated earlier, isophane insulin suspension

is an intermediate-acting insulin preparation ad-

ministered as required mainly as hormonal re-

placement in. diabetes. me-llitus.'I'he usual dosage
range subcutaneouslyis ID to '80 USP Units.

The “NI-“H” used in -some product names -stands

for”NeutraI Protamine Hagedorn,“'since the prepa-
ration is about neutral (pH about 72), contains
protarnine, and was developed by Hagedorn. The

term "isophane” is based on the Greek: iso and

phone, meaning"equal”and“'appearance”and refers
to the equivalent balance between the protamine
and insulin.

Isoplmne Insulin Suspension and

Insulin Injection

In years past, patients needing a more rapid on-
set of insulin and the intemtediate duration of ac-

tivity approximately one day, would routinely mix
isophane insulin suspension, an interrnediate-acb

ing insulin, with insulin injection, a rapid-acting in-
sulin. Unexpected patient responses (e.g., hypo-
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glycernic episodes) were encountered. It was not

uncommon for the patient inadvertently to conta-

minate one of the vials during the rnixing process.
Subsequently, a premixed formulation of isophane
insulin suspension and insulin injection became
available. Currently there are two formulations, a

70330 combination that consists of 70% isophane
insulin suspension and 30% insulin injection, and

a 50.350 combination that consists of 50% isophane

insulin suspension and 50% insulin injection.
I-Iumulin 50,50, for example, achieves a higher

insulin concentration (Cam) and higher maxirnurrl
glucose infusion rates with more rapid elimination
than I-Itunulin $30230. However, as expected, the cu-
mulative amounts of insulin absorbed {AUC) and

the cumulative effects over 24 hours following in-
jection are identical. Thus, the 70!‘.-'50 combination

provides an initial insulin response tempered with

a more prolonged release o£insu1in.T1-Le 5050 mix-
ture would be useful in those situations where a

greater initial response is required. and in those

patients who have been using externporaneously
compounded insulin mixtures in a 5050 ratio.

The Humulin 70:30 and 5050 premixed insulins

are cloudly suspensions with a zinc content of

0.01-0.04 mg/100 units. These insulins are neutral

in pH and phosphate buffered. m-Cresol and phe-
nol are .the preservatives employed for both combi-
nations. Protamine sulfate is used as the modifying

protein salt.

Patients should not attempt to change the ratio

of these products with the addition of NPH or reg-
ular insulin. IfHurnulin N and Humulin R mixtures

are prescribed in a different proportion, the indi-

vidual insulin products should be mixed in the
amounts recommended by the physician.

Insulin Zinc .Suspensz'on'

Insulin for Insulin Zinc Suspension is. modified

by the addition of zinc chloride so that the sus-

pended particles consist of a mixture of crystalline

and amorphous insulin in a ratio of approximately

7 parts ofcrystals to 3 parts of amorphous material.
The sterile suspension is in an aqueous vehicle

buffered to pH 7.2 to 7.5 with sodium acetate. In

treating insulin with zinc chloride, it is possible to

obtainboth crystalline and amorphous zinc insulin

The amorphous form has the most prompt hypo-
glycemic effect, since the particles are the smallest

and are absorbed "into the system more rapidly af-
ter subcutaneous injection than are the zinc insulin
czystals.Also, the larger the crystals the less prompt

and the longer-acfing will be the insulin suspen-
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sion. By combining the crystalline and amorphous

forms into one preparation, an intermediate-acting

suspension is obtained. As noted inlable 14.6 the

time-activity of insulin zinc suspension is only

slightly different than that for isophane insulin sus-
pension.The advantage of the former is that no ad-

ditional foreign protein (other than the insulin) is

present, such as protamine, which may produce lo-
cal sensitivity reactions. Also, it may be combined

as desired with either of the following two suspen-

sions to produce an insulin preparation having the

time-activity characteristics that most closely meet

the desires and requirements of the individual pa-

tient. Suspensions available contain 100 USP In-

sulin Units per mL packaged in 10-ml.. vials. ‘The

individual crystalline and amorphous particles may

be seen microscopically, with the crystals being

predominantly between 10 to 40 not in maximum.

dimension and the amorphous particles no greater
than 2 you in rnaximurn dimension.

In addition to the sodium acetate as a butler, the

suspension contains about 0.7% sodium chloride
for tonicity and 0.10% metlwlpaxaben for preserva-

tion. The expiration date of the suspension is 24
months after the immediate container was filled.

The suspension must be stored in a refrigerator

with freezing being avoided.As with all such prepa-

rations, the dose depends upon the individual needs
of thepatient, but generally ranges between 10 and
80 USP Units.

Extended Insulin Zinc Suspension

Extended insulin zinc suspension is a sterile
suspension of zinc insulin crystals in an aqueous

medium buffered to between pH 7.2 and '?.5 with
sodium acetate. Present also are 0.7% sodium chlo-

ride for tonicity and 0.1% rnethylparaben for preser-
vation. Because the suspended matter is composed

solely of zinc insulin crystals, which are slowly ab-

sorbed, this preparation is classified as a long-

acting insulin preparation. Because of the compat-
ibility between the preparations, this suspension

may be mixed with either insulin zinc suspension

or prompt insulin zinc suspension to achieve the

proper time-activiigy requirements of an individual

patient. The usual dosage range is 10 to 80 USP

Units. The suspension is commercially available in

10-mL vials providing 100 USP Insulin Units per

mL. The suspension must be stored in a refrigera-

-tor with freezing being avoided. Under proper stor-
age conditions, the expiration date of the injection
is not later than .24 months after the immediate

container was filled.
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Prompt Insulin Zinc Suspension

The sterile suspension of insulin in Prompt In-
sulin Zinc Suspension is modified by the addition
of zinc chloride so that the solid phase of the sus-

pension is amorphous.The maadmum dimension of
the shapeless particles of zinc insulin must not ex-
ceed 2 rnicrometers. The suspension is available in

100 USP Insulin Units per mL invials of 10 mL.This

preparation has the same pH and additives as ex-
tended insulin zinc suspension, and they may be
mixed as desired to achieve a preparation having

the desired time-activity characteristics. This is a

rapid—act:ing insulin preparation. It must be stored
in a refrigerator and not permitted to fieeze. Its ex-

piration date is not greatcrthan 24 months after the
immediate container was filled.

Insulin Infusion Pumps

Insulin infusion pumps allow patients to achieve
and maintain blood -glucose at near-normal levels
on a constant basis. Continuous infusion of insulin

through use of these pumps eliminates the needfor

the patient to self-administer daily injections of in-
sulin. This provides patient convenience, better pa-
tient compliance, and control over the disease. The

main objective of pump therapy is the strict control
of the blood glucose level between 70 to 140 rngfdl...

This is the primary way to avoid complications in
diabetic patients, such as gangrene and diabetic

tetinopathy,
Early insulin infusion pumps were large bedside

units, used mainly in hospitals.'Ibday, portable, bat-

tery—operated, and programmable units are avail-

ablE'.‘.Tl'|.8S8 systems utilize microcomputers to tag-

ulate the ficrw of insulin from a syringe attached to

a catheter (usually 18 gauge) connected to a 27- to

28-gauge needle inserted in the patient. The insulin
may he delivered subcutaneously, intravenouslyr, or

imraperitoneally.

Patients who use infusion pumps for the confin-
uous subcutaneous administration of insulin may

develop hard nodules at the site of injection. Some
patients may demonstrate nodules that are tender,

develop a rock-hard consistency, and take several
months to subside. Although the cause of this

nodule formation is unknown, a change in insulin
may be beneficial Speculation as to the cause cen-

ters around the development of local traurna or
hematoma formation with a subsequent local in-

flammatory response, stimulation of fibroblast re-

placement, or dystrophic calcificetlon.T1-re need to

rotate sites of injection on a several day basis can-
not be overemphasized. For additional information

on infusion pumps, the reader is directed to the

footnote reference at the end of this chapter (20).

Large Volume Parenterals (LV1"s]

Common examples of large volume parenterals

in use todaywere presented inflfable 14.7.These so-

lutions are usually administeredbyintravenous in-
fusion to replenish body Elnids, electrolytes, or to
provide nutrition.They are usually administered in
volumes of 100 mL to liter amounts and more per

Table 14.7. Examples of Some Injections Administered in Large Volurneby Irltrnvenous Infusion That May
Be Administered in Volumes of 1 Liter or More, Alone, or With Other Drugs Added

Injection Usual Contents Category and Comments

Amino Acid 3.5, 5, 5.5, 7, 8.5, 10% crystalline amino acids with or Fluid and nutrient replenisher.
Injection without varying concentrations of electrolytes

or glycerin
Dextrose 25, 5.0, '10, 20% dextrose, and other strengths Fluid and nutrient replenisher.

Injection, USP
Dextrose andsodium Dextrosevarylng Erorn 25 to 10% and sodium chloride Fluid, nutrient, and electrolyte

Chloride Injection, from 0.11 (19 mEq sodium} to 0.9% (154 rnEq replenisher.
USP sodium)

Mannitol 5, 10, 15, 20 and 25% rnannitol Diagnostic aid in renal function

Injection, USP deterrninstions; diuretic.

Fluid. andnutrient replenisher
Ringer's Injection, 147 mEq sodium, 4 mEq potassium, 4.5 rnEq calciurn, Fluid and electrolyte replenisher.

USP and 156 1nBq chloride per liter
Lectahed Ringer's 2.7mEq calcium, 4 rnEq potassium, 130 1:nBq sodium Systemic aikalinizer; fluid and

Injection, USP and 28 mEq lactate per liter ' electrolyte replenisher.
Sodium Chloride 0.9% sodium chloride Fluid and electrolyte replenishes;

Injection, USP isotonic vehicle.
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Fig. 14.33 Accurate delivery ofiritmoenousfluids and mad-

ications by use ofa controlled rate infusion system {CRlS)for
the drug pic! and :2 volumetric infusion pump for the intra-
penousflufds. (Courtesy ofEli Lilly and Company.)

day by slow intravenous infusion with or without

controlled~rate infusion systems (Fig. 14.33). Be-
cause of the large volumes administered, these so-

lutions must not contain bacteriostatic agents or

other pharmaceutical additives. They are packaged

in large single-dose containers (Figs. 14.34, 14.35).

As indicated previously, therapeutic additives as

electrolytes, vitamins, and ant-ineoplastics are fre-

quently incorporated into large volume parenterals

for coadrninistration to the patient. It is the re-

sponsibility of the pharmacist to be knowledgeable

of the physical and chemical compatibility of the
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Fig. 14.34 Intravenous solution packaged in pliable plastic.

additive in the solution in which it is placed. Obvi-

ously, an incompatible combination which results

in the formation of insoluble material or which af-

fects the efficacy or potency of the therapeutic

agent of the vehicle is not acceptable.

It is also important for the pharmacist to be vigi-

lant of possible incompatibilities associated with

multiple infusions that may be co—adrninistered to a

patient. A typical nursing question may inv'olve,"can

the dopamine infusion (‘drip’) be run in with the

heparin infusion (’clrip’) ?"l"o answer these questions,

the pharmacist should become knowledgeable

about parenteral therapy and be aware of incompat-
ibilities through the literature. Numerous references

(e.g., Handbook of lnjectable Drugs, King's Guide to
Parenteral Admixiitres [Cutter Laboratories]) are

available for sources listing and discussing par-

 
Fig. 14.35 Examples of peritoneal dialysis and irrigation
fluids. (Courtesy ofWilliam E. French, PhD.)
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enteral incompatibilities. However. the pharmacist

should only use the most crurent editions of each of
theserefererrces.Whenever possible, the pharmacist

should attempt to answer these important questions
and explain the incompatibilities that come to
hisiher attention as part of the daily routine. Further.
the pharmacist should create a file of available data

and add it from one's experience and the literature.

While it is impossible to chart every possible ad-

iricornpatibility. principles can be learned and

applied. For example, certain drugs are inactivated or

precipitate at either or low pH values, some

drugs (e.g., sympathomimetics) encounter problems

when added to IV fluids, and certain therapeutic

large-volume solutions (e.g., sodium bicarbonate,
urea, rnacnnitol) should never contain additives.

Large volume parenteral solutions are employed
in maintenance therapy for the patient entering

or recovering from surgery, or for the patient who
is unconscious and unable to obtain fluids, elec-

trolytes, and nutrition orally.'I'he solutions may also

be utilised in replacement therapy in patients who
have suffered a heavy loss of fluid and electrolytes.

Maintenance Therapy

When a patient is being maintained on par-
enteral fluids for only several days, simple solutions

providing adequate amounts of water‘, dextrose,

and small amounts of sodium and potassium gen-

erally suffice. When patients are unable to take oral
nutrition or fluids for slightly longer periods, say‘ 3

to 6 days, solutions ofhigher caloric content may be
used. In instances in which oral feeding must be

deferred for periods of weeks or longer, total par-
enteral nutrition must be implemented to provide
all of the essential nutrients to minimize tissue

breal-:—down and to maintain normalcy within the

body. Tbtal nutrient adrnixtures (i.e., TNA, three-
in-one) include all substrates necessary for nutri-

tional support, e.g.,- carbohydrates, protein, fat, elec-
trolytes, trace elements, that are usually mixed in a

singie plastic intravenous bag for more convenient
admits’'s1ration.

These admbchires are very useful for patients un-

dergoing chemotherapy, and for gastrointestinal

patients, and anorexic patients. The use of three-
in—one admixtures in pediatric patients, especially
neonates is controversial. The concentration ofca1-

cium, phosphorus, and necessary warm adminis-

tration conditions for pediatric TPNs do not lend
themselves to stable preparations.As-a result,ma'ny'

pediatric institutions will not oompound three-in-
one admixtures for their patients, but administer

each component separately.

When using TNA, the pharmacist must consider
the order of substrate mixing, differentiate between

various brands of substrate and their physical-

chemical properties. determine the type of plastic

bag system that is most appropriate to use, deter-
mine whether (and by what mode) theTNA should
be filtered prior to infusion, determine how the

product should be stored, and assess any potential

complications that might arise with the use of this

method of administering nutritional products. For

example, the use of“standard" total pansnteral nu-

trition plastic bags may result in the leaching out of

plasticizer into the solution, and be potentially in-

jurious to the" patient.

In April. 1994, the FDA issued a Safety Alert re-
garding the hazards. ofprecipitation associatedwith

parenteral nutrition (21). ‘This was in response to

two deaths and at least two other patient cases
of respiratory distress associated with the use of
three-in—one adrnixtures.Patie'nt autopsies revealed

diffuse microvascular pulmonary emboli linked to
the presence of a calcium phosphate precipitate in

the admixture. Consequently, the FDA Safety Alert

recommends that a filter be used when infusing ei-

ther central or peripheral parenteral nutrition ad-

rnixt-ures.A 0.22-um filter, containing both a bacte-

rial-retentive and an air-eliminating filter, has been

recornrnended for use with nonlipid (i.e., two-in-
one) containing parenteral nutrient solutions.

Lipid emulsions and three-in—one adrnixture par-

enteral nutrient solutions can be safely filtered

through filters with a pore size of2 1.2 urn. A prob-
lem with the lipid emulsion in a three-in-one ad-

rnixhrre is that it obscures the presence of any pre-

cipitate. Thus, if a lipid emulsion is needed, a

preferable alternative is to employ a two-in-one ad-

mixture with a lipid infused separatelyvia aY—site.

Replacement Therapy

In instances in which there is a heavy loss ofwa-

ter and electrolytes, as in severe diarrhea or vomit-

ing, greater than usual amounts of these materials

may be initially administered and then rna.inte-

nance therapy provided Patients with Crohn's dis-

ease, AIDS, burn patients, or those experiencing

trauma are candidates for replacement therapy.

Water Requirement

In normal individuals, the daily water require-
ment is that amount needed to replace normal and
expected losses.Water is lost dailyin the urine, feces,

skin and from re3pira_tion.The normal daily require-
ment ofwoinet for adults is about 25 to 40 mL:"kg of
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body weight, or an average of about 2,000 mL per

square meter of body surface area (22). Nornograms

for the determination of bodysurface areafrom body
height and weight are presented in Chapter 2, Fig-
ure 2.8. Children and small adults need more water

per pound ofbody weight than do larger adults; wa-
ter requirements correlate more closely with body

surface area than with weight and an employed

guideline to estimate normal daily requirementfor

water in these patients is as follows:

1. <10 kg: 100 mL!kg/day

2. 10-20 kg‘. 1000 mL plus 50 InL/kgfday forweighl.
over 10 kg.

3. >20 kg to maximum of 80 kg: 1500 mL plus 20
mLlkgfday for weight over 20 kg.

However, in the newborn, the volume adminis-
tered in the first week or two should be about half

that calculated from body surface area.

In water replacement therapy for adults, 70 ml.

of water per lag per daymay be required in addition
to the maintenance water requirements; a badly

dehydrated infant may require even a greater pro-
portion (22). Thus, a 50-kg patient may require

3500 mL for replacement plus 2400 mL for mainte-

nance. In order to avoid the consequences of Eluid

overload. especially in elderly patients, and those

with renal or cardiovascular disorders, monitoring

of blood pressure is desirable.

Because wateradrninisteredintravenously as such

may cause the osmotic hemolysis. of red blood cells,

and, since a patient who requires water generally re-

quires nutiition andlor electrolytes, the parenteral

admirustration of water is generally as .a solution

with dextrose or electrolytes in which the solution

has suficient tonicity (sodium chloride equivalency)
to protect the red blood cells from hernolyzing.

Electrolyte Requirement

Potassium, the primary intracellular cation, is par-

ticularly important for normal cardiac and skeletal

muscle 1"unctlon.The usual daily intake ofpotassium

is about 100 rnliq and the usual daily loss is about 40

rnEq.Thus, any replacement therapy should include
a minimum of-40 rnEq plus the amount needed to re-

place additional losses. Potassium can be lost
through excessive pepiration, repeated enemas,
trauma (such as severe burns), uncontrolled dia-

betes, diseases of the intestinal tract, surgical opera-
tions, and the use of such medications as thiazide

and loop diuretics. People who suffer horn poor nu-
trition, those using very low-calorie diet products,
and victims of anorexia neivosa or acute alcoholism
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also may have low potassium levels, i.e., hy-

poltalctnia, because they are not in enough of
the Symptoms of potassium loss include a

weak pulse, faint heart sounds, blood pres-

sure, and generalized weakness. Severe loss of

potassium can lead to death Too much potassium is

not a good thing, either An excess may cause diar-

rhea, irritability, muscle cramps, and pain. Hyper-
lcalemia can be caused by kidney failure or cons-

uming excess amounts ofpotassium-rich foods.1'-‘re-

scribed potassium supplements, potassium-sparing

diuretic therapy: angiotensin converting enzyme in-

hibitors (e.g., Iisinoprll) and the indiscdminate use of

over-the-counter salt-substitute products have also
been implicated to induce hyperkalemia.

In cases of severe potassium deficiency, electrolyte

replacement through the intravenous adn'u'nistra-

tion of potassium is usually emp1oyecl.The pharma-

cist who receives a prescription for intravenous
potassium chloride must be careful and check the

amount of potassium chloride in the prescription

and the infusion rate at which the drugis to be ad-

ministered to the patient. Pbtassium preparations

must be diluted with -a suitable large volume par-

enteralsolution, mixed well, and given bys1owIVin-

fusion. They are not to be administered undiluted.
The most commonlyused concentration ofpotas-

sium chloride for continuous infusion, IV mainte-

nance therapyis between 20-40 mE'.qz’L.With a pe-
ripheral line, that concentration may increase to 60

mEq!L, and with a central line, the maximum con-

centration can be up to 80 mEq!'L.
For intenniitent potassium replacement therapy

in patients suffering from hypokalemia, the usual

infusion rate is 10 rnEq!hr (maximum recom-
mended rate is 20 rnEqI'hr). Because of potassium
chlor-ide’s ability to eifect ECG changes (e.g., pro-

gressive increase in height and peaking .ofT waves,

lowering of the R wave, decreased amplitude and
ultimate disappearance of the P waves), most hos-
pitals establish a maadmum infusion rate of 10
mEqfhr if the patient is not. monitored by EKG. For

patients monitored by EKG, the usual infusion rate
is 20 rnEq!hr with a rnaximurn infusion rate of 40

mEqr'hr depending upon the clinical condition of
the patient.

For patients in need ofaggressive potassium re-

placement, the potassium serum level should be
assessed every 6 hours during the early intensive
phase of therapy and once daily thereafter when

normal potassium serum levels are achieved. For

patients whose serum potassium is >25 1nEq/L,

the potassium level should be measured after the

first 60 mEq are administered. For patients whose

serum potassimn is <25 mEq!L, the potassium
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level should be measured after the first 80 rnfiq are
administered.

Sodium, the principal extracellular cation, is vital

to maintain normal extracellular fluids. Average

daily intake of sodium is 135 to 170 mEq (8 to 10 g

of sodium chloride). The body is able to conserve
sodium when this ion is lost or removed from the

diet. When there is sodium loss or a deficit, the

daily administration of 3 to 5 g of sodium chloride
(51 to 85 rnbq of sodium) should prevent a nega-
tive sodium balance. A low sodium level in the

body may result from excessive sweating, the use of

certain diuretics, or diarrhea. Fatigue, muscle weak-

ness. apprehension, and convulsions are among

the symptoms of excessive sodium loss. Sodium

concentrations can increase when a person does

not drink enough water, especially in hot weather.

or if kidney function is impaired. Dry. sticky
mucous membranes, flushed skin. elevated body

temperature, lack of tears, and thirst are among

the symptoms of sodium excess. In about 20% of
individuals who suffer from high blood pressure.

sodium has been implicated as a causative factor.

Chloride, the principal anion of the extracellular

fluid is usually paired with sodium. Chloride is also
important for muscle contraction, balancing the
fluid levels inside and outside the cells, and main-

taining the acid-base balance of the extracellular

fluid. An adequate supply of chloride is necessary
to prevent bicarbonate, the second most prevalent

anion, from tipping the acid-base balance to the al-
kaline side. (In 1979, a lack of chloride in a brand of
infant formula caused metabolic alltalosis in babies

who had been exclusively fed that formula. As a re-

sult of this episode, Congress passed the Infant
Formula Act of 1980, which spells out the nutrients

that must be in formulas and establishes quality
control procedures for the manufacture of these in-

fant foods.) Although other electrolytes and miner-
als as calcium, magnesium, and iron are lost firom

the body, they generally are not required during

short-term parenteral therapy.

Caloric Requirements

Generally patients requiring parenteral fluids are

given 5% dextrose to reduce the caloric deficit that

usually occurs in patients undergoing maintenance

or replacement therapy. The use ot dextrose also

minimizes ketosis and the breakdown of protein.

Basic caloric requirements may be estimated by

body weight; in the fasting state, the average daily

loss of body protein is approximately 80 gfday for a

70 kg man. Daily ingestion of at least 100 g of gin-

cose reduces this loss by half.

Parenteral Hypera limentaiion

This is the infusion of large amounts of basic nu-
uients to achieve active tissue synthesis

and growth. It is employed in the long-term intra-

venous feeding of protein solutions containing high
concentrations of dextrose (approximately 20$9),

electrolytes, vitamins. and in some instances insulin.

Among the components utilized in parenteral nutri-

tion solutions are the following, listed in quantities

commonly provided per liter of fluid. The individual
components and amounts administered to-a patient

would vary depending on the patients needs.

Electrolytes

Sodium . . . . . . . . . . . . . . . . . . . . . . 25 mEq

Potassium . . . . . . . . . . . . . . . . . . . . . 20 rn'Eq

Magnesium . . . . . . . . . . . . . . . . . . . 5 mEq

Calcium . . . . . . . . . . . . . . . . . . . . . . . 5 mllq
Chloride . . . . . . . . . . . . . . . . . . . . . . 30' mEq

Acetate......................... 25ml-lq

Phosphate . . . . . . . . . . . . . . . . . . . . 18 mlvi
Vitamins:

Vitarnin A . . . . . . . . . . . . . . . . . . . . . . 3300 I.U.

Vitamin D . . . . . . . . . . . . . . . . . . . . 200 l.U.

VitaminE..... . . . . . . . . . . 10I.U.

Vitamin C . . . . . . . . . . . . . . . . . . . . . 100 mg

Niacin . . . . . . . . . . . . . . . . . . . . . . . . 40 mg

VitaminB2 . . . . . . . . . . . . . 3-6—4.93mg

Vitamin B1 . . . . . . . . . . . . . . . . . . . . 3-13.35 mg

Vitamin B5 . . . . . . . . . . . . . . . . . . . . 4-4.86 mg
PantothenicAcid..... . . . . . . . . .. 15mg

FolicAcid . . .. . . . . . . . . . . . . . . 400 mcg

Vitamin B12 . . . . . . . . . . . . . . . . . . . 5 mcg
Biotin........ . . . . 60mcg
Amino Acids: Essential Amino Acids

L-Isoleucine . . . . . . . . . . . . . . . . . . 590 mg

L-Leucine . . . . . . . . . . . . . . . . . . . . 770 mg

L-Lysine acetate . . . . . . . . . . . , . . . 870 mg

(free base . . . . . . . . . . . . . . . . . . . . . 620 mg)

L-Methionine . . . . . . . . . . . . . . . . . 450 mg

L-Phenylalanine . . . . . . . . . . . . . . . 480 mg

L-Threonine . . . . . . . . . . . . . . . . . . 340 mg

L-Try-ptophan........... . . . . .. 130mg

L-Valine . . . . . . . . . . . . . . . . . . . . . . . 560 mg
Nonessentz'aIAm1’no Acids

L-Alanine”.........--\...... 600mg

L-Arginine ....... Swing

L-Histidine . . . . . . . . . . . . . . . . . . . . 240 mg

L-Proline . . . . . . . . . . . . . . . . . . . . . 950 mg

L-Serine.. . . . . . . . . . . . . 500mg

Aminoacetic Acid . . . . . . . . . . . . . . 1.19 g

The large proportion of dextrose increases the
caloric value of the solution, while keeping the vol-
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Lune required to be administered to a rninirnum.

The solutions are administered slowly through a

large vein, such as the superior vena cava. The su-

perior vena cava is accessed through the subclavian

vein, which is located immediately beneath the

clavicle and near to the heart.This permits the rapid

dilution of the concentrated hyperaljrnentation fluid

and minimizes the risk of tissue or cellular damage

due to the hypertonicity of the solution. Generally,
final concentrations of dextrose (510%) can be

given peripherally. Solutions containing dextrose
(>10%) should be given via the central route, i.e.,

the superior vena cava.

Calcium (usually as calcium gluconate) and phos-

phate (usually as potassium or sodium phosphate)

are frequently present in parenteral admixtures. A

significant problem associated with their use is the

formation of calcium phosphate, an insoluble pre-

cipitate. As mentioned earlier in this chapter, the

formation of this and its resultant deposition of cal-

cium phosphate crystals in lung tissue led to the

1994 FDA Safety Alert (21).

Many factors have been implicated in the forrna-

tion of the insoluble precipitate. Among these are
the concentration of the individual ions, the salt

form of the calcium, the concentration and type of
amino acids, the concentration of the dextrose, the

temperature and pH of the TPN, the presence of

other additives (e.g., cysteine), and the order of

mixing. The potential of calcium phosphate precip-

itation is especially challenging for compounding

neonatefpediatric TPN admixtures because of the

small volume they are able to tolerate and the need

for aggressive replacement therapy. Thus, pharma-

cists must be alert to recognize and to avoid this

potential serious compatibility problem.

Figure 14.36 demonstrates a Nutrirnix Macro

TPN Compounder. This device can pump four nu-
tritional solutions (i.e., dextrose, water. amino acids,

fat) simultaneously to compound nutritional ad-

mixtures by gravimetric means.The user programs

the volume and specific gravity of the fluid to be

pumped and the device calculates the weight of the
solution that has to be transferred from the source

station to the patient bag. The fifth load cell serves

as a confirmation of the weights programmed vs.

weights delivered.
With the increasing use of parenteral solutions in

the pediatric population, including parenteral nutri-

tion solutions, pharmacists are frequently con-

fronted with inquiries concerning the appropriate

method of parenteral drug delivery (20). A dilemma

with pediatric patients is that they often have a lim-

ited fluid capacity caused by disease (e.g., congestive
heart failure, renal insufficiency) and limited vascu-

Prl nentemls 443

 
Fig. 14.36 Nutriiiiix Macro TPN Compotmdetz (Courtesy of
Abbott Hospital Products Division.)

lar access. As a consequence, pharmacists are asked
whether a medication can be adrninistered along

with a parenteral nutrition solution. Although this

practice is to be discouraged, in the pediatric popu-

lation it may be the only way to ensure that the pa-

tient is receiving adequate nutrition as well as ap-

propriate drug therapy. Further, by administering the
medication with the PN solution, rather than inter-

rupting the PN to adrninister medication, rebound

hypoglycemia is less likely to develop in the patient.

The pharmacist must remember that the practice of

administering medication through a central venous
line intended for PN solutions is not without risks.

Catheter sepsis and occlusion can result

Formerly,TPNs were prepared one liter at a time.
However, to conserve pharmacist and nursing time,

a 24-hour supply is much more efficient and now

the norm. Indeed, if a patient encounters a problem

necessitating a bag to be remade, the cost differ-

ence between one or two liters and a 2000 ml. bag

is not that significant. Waste should not be a con-

sideration because the attending physician should

not use the TPN to minutely adjust for a patient’s

need. Typically, electrolyte requirements exceed the

physical compatibilities of the TPN components

(e.g., calciumiphosphate compatibilities in lipid

containing TPNs), and when this occurs the phar-
macist should encourage the physician to write for

a separate infusion to make up the deficiency.

The following abbreviations may be used in the

hospital in describing the desired order for par-
enteral nutrition:

CVTPN [CentralVeinTPN)

TPN (Total Parenteral Nutrition)

PPN (Peripheral Parenteral Nutrition)
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Enteral Nutrition

As appropriate, hospitalized and home care pa-

1ients may be provided their nutritional needs

through cnteral rather than parenteral means. Enteral

nutrition products may be administered orally, via

nasogastric tube, via feeding gastrostomy, or via

needle-catheter jejunostorny. These products are
formulated to contain a variety of Vitamins, miner-

als, carbohydrates, proteins, fats and caloric require-

ments to meet the specific needs of patients. While

parenteral feedingis appropriate for short-term use

in a hospital or long-term care facility, or when the

gastrointestinal tract is unable to absorb nutrients,

enteral feeding is preferable whenever possible. It is

just as effective as a source of nutrients, less expen-

sive than parenteral feeding, and has a low potential

to cause serious complications.
The defined formula diets may be monomeric or

oligomeric (1'.e., amino acids or short peptides and

simple carbohydrates) or polymeric (more complex
protein and carbohydrate sources). Modularsupple-

ments are used for individual supplementation of

protein (ProMod powder, Propac powder), carbohy-

drate (Moducal powder), or fat (Lipomul liquid)
when formulas do not offer sufficient flexibility. For

example, a physician may order a powder reconsti-

tuted one-quarter strength, half-strength, or full

strength for a particular patient and ‘then have this

administered via a nasogastric tube, a feeding gas-
trostorny, or a needle-catheter jejunostomy.

There is no single classification system for these

products, and there are different criteria for evalu-

ating and categorizing them. Caloric density

(generally in the range of 1, 1.5, or 2 1<cal:'mL) in-
fluences the density of other nutrients. Protein

content is also a major determinant in these prod-

ucts. For those patients who experience diarrhea

and cramping, high Dsmolality formulas may pres-
ent difficulty. Low-fat—content products should be
suggested for patients with significant 'rnalabsorp-

tion, hyperlipidemia, or severe exocrine pancreatic

insufficiency. Medium chain triglycerides (MCI),

while providing a useful source of energy in pa-
tients with malabsorption, do not provide essential
fatty acids.

Ofig1'.nal1)r, enteral feedings contained lactose and

presented problems in lactase-deficient individuals.

This ingredient has been eliminated from many of
the nutritionally complete enteral formulas For
those patients with hepatic or renal disease, the

sodium and potassium content of the formulations

must be considered For padents maintained on

warfarin therapy, consideration should be focused
on the content ofVitarnin K in the f0Irnula1:lon.Al—

though many products now have less Vitamin K

than before, caution is still warranted to avoid hy-

poprothrombinemic alterations in warfarln therapy.

Specific enteral products are selected according

to the patient type they serve. For example, a re-

quirement for less than 2000 calories per day, or in-
creased protein typically involves an elderly, bed-
fsst patient who is not physically active. This level

of support is also advocated for postsurgical pa-
tients, and those who suffer from infection or frac-

tured bones. While requiring fewer calories, these

individuals still need normal nutrients, including
protein. Such products as Ensure I-IN, Sustacal, and

Osmolite HN are appropriate in this circumstance.
Alternatively, most persons fall within the 2000 to

3000 calorie per day category, inclusive of patients
with poor appetite or those suffering from cancer.
The last category of patients are those with daily
caloric needs which exceed 3000 calories. These-in-

dividuals usually have high protein losses from se-

vere trauma, e.g._, burns, sepsis, multiple trauma. As
in the first example there are numerous products
for the latter two patient categories.

The pharmacist can be helpful in the selection

of these products because these do differ in the

amount of their carbohydrate, fat, and protein con-
tent, and in fiber. Further. these products differ in

taste and consumer acceptability criteria, e.g.,
"mouth fee1,""cost Pharmacists mayencounter con-
sumers who wish to self-administer an enteral

product. If the intent is to supplement calories or

protein in an otherwise healthy individual who

simply wishes to assure a balanced dietary intake,

a complete formula can be recommended. How-

ever, if it is to help a person regain weight
which has been lost unexpectedly, the individual
should be instead referred to a doctor. Sudden

weight loss may indicate a serious pathologic prob-
lem requiring medical attention.

Pharmacists can also be helpful in cost manage-

ment associated with these products. Composition

(oltgomeric or polymeric) and form (ready-to-use

vs. powder) of the product influence cost. Gener-
ally, the polymeric products are less expensive than

the oligomeric products. While powder forms may
be less expensive compared to ready-to-use for-

mulations, there is an indirect cost oflabor required
in the powder preparation.

Intravenous Infusion Devices

Since the early 1970s, the use of the intravenous

route to adiruhister drugs has become increasingly

popular. In 1989, it was estimated that about 40%

of all drugs and fluid adrninistered in the hospital
setting are done through intravenous administra-
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tion (22). This increase has affected the develop-
ment and use of mechanical infusion devices.

Advances in infusion technology and computer
technology have resulted in devices with extremely

sophisticated drug-delivery capabilities (e.g., mul-
tiple-rate progranuning, pump or controller opera-
tion) (23). As a result, these cost-efficient devices

provide greater accuracy and reliability of drug
delivery than the traditional gravity-flow ‘Infusion
methods. They also help reduce the fluid volume
.attributable to the medication infusion and de-

crease the need for monitoring fluid input (thus,

decreased nursing time). Further, multiple-drug

dosages can be administered, and incompatible
drugs can be administered separately (22).

There are disadvantages associated witlr these

mechanical devices, however, including the initial

capital investment and extensive in—service educa-
tion..Further, the influence of infusion pump devices

on the delivery of a drug has not been fully recog-
nized by For example, intrinsic factors (op-
erating rnechanisms, flow accuracy, flow continuity;
occlusion detection) and an extrinsic factor (back-

pressure) may alter the rate of drug delivery and the
corresponding therapeutic response of the patient.

Pumps are classified by their mechanism of opera-

tion (peristaltic, piston, diaphragm),fiequency or type

of drug delivery (continuous or intermittent, bolus

dosing, single-solution or multiple-solution), or

therapeutic application (patient-controlled analgesia

IPCAJ) (24). Current research focuses upon the in-

fluence ofdrug deliveryby these devices and the cre-
ation of new technologies (e.g., implantable pumps,
pumps with chronobiological applications, osmotic-

pressute devices, and open- or closed-loop systems)
(24). Table 14.8 demonstrates several infusion de-

vices which are used in parenteral nutrition support.
including features associated with each.

Special Considerations Associated

with Parenteral Therapy

Adsorption offlrugs

Numerous studies have demonstrated that some

drugs -are adsorbed onto the inner lining of IV con-

tainers and tubing or administration sets. Some of

the drugs that have been implicated in this phe-
nomenon and lost from aqueous solutions during

infusion through plastic Ndelivery systems include:

0 Chlorpromazine I-ICI

II Diazepam
I Insulin

' Promazine I-IC1

I Promethazine I-IC1

0 Thiopental sodium
0 Thioridazine HC1

I Tl-lfluoperazine HCI
0 Warfmzin sodium

Thus, pharmacists must be cognizant of this and

take appropriate steps to prevent their occurrence.
The significance of the loss is magnified with dnrgs

that are used in lower quantities because a small

amount lost to adsorption results in a higher per-
centage loss of the drug being delivered to the
patient. One method to rm'ru'mize this, is to—ad1m'n-

ister infusions through short lengths of small-

dlameter tubing made of inert plastics.

Nitroglycerln. for example, should always be pre-

pared in glass containers, and is adsorbed (40—30%
of total dose) to polyvinylchoride (PVC), a plastic
commonly used in administration components and

some infusion containers. Thus, nitroglycerin for IV

use is packaged with special non-PVC tubing by
some manufacturers to avoid loss ('<5%) of the

drug into the tubing during a.d1ru'.nistration. The
amount of the adsorption depends upon such fac-
tors es concentration, flow rate, surface area of the

tubing, and contact time with the tubing.

Intravenous nilznoglycerin should be regulated by

automatic infusion equiprnent (i.e., pumps, con-
trollers) to enhance consistent dose administration.

However, a problem may occur in that infusion

pumpsmayfail to occlude the non-PVC infusionsets
completely because the non—PVC (J'.e.. polyetlrylene)

tubing is less pliable (i.e., more stiff) than standard
PVC tubing. Excesdve flow at low infusion rate set-

tings may occur, causing alarms or unregulated grav-

ity flow when the infusion pump is stopped. This
could lead to overinfusion of

Some practitioners have responded by using the

PVC containing tubing with the nitroglycerin and

working around the problem. This is justified by

some in that even ‘though a great amount of drugis

lost, the amount of drug the patient receives is
based on hemodynamic functions. But. when the

previous set is replaced, netitratlon of the drug is

necessary, To allay this problem, several manufac-

turers have made available non-PVC containing

pump administration sets.

The adsorption of insulin onto glassware and

tubing depends upon -several factors (i.e., concen-

tration of"insulin, contact time of insulin with glass

and tubing flow rate of the insulin infusion, pres-

ence of negatively charged proteins [human serum

albumin]). Plastic IV infusion sets have reportedly

removed up to 80% of a close, but 20% to 30% is

more common. The percent adsorbed is inversely
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Table 14.8. Selected Infusion Devices Used in Parenteral Nutrition ‘Support’-

Pump Manufacturer Cost {ii}

Volumetric infusion pumps
AV1 2000 #200 AVI, 3M I-iea1thCare 2800

Group
Flo-Gard 8100 Baxter Healthcare 2800

IMED [MED 2600

Multiple-rate prograrrtrnahle pumps
C&DD—'l'PN Sims Deltec 3500

Volumetric infusion pumps
Provider One Pancretec 2995

Quest 521 McGaw 2895

Intelligent

Multiple-solution prograrrunable pumps
Gemini PC-2 IMED 4250

LifeCare Abbott 3500
5000 Plum

Omni-Flow 4000 Abbott 4995

Alarms, Features

Safety alarms; variable occlusion pressure limits; _
automatic KVO rate switch when volume limit reached.

Visuallaudible alarms ior flow rate error, improperly
loaded cassette or drop sensor, infusion complete. low

battery, occlusion; disposable cassette, gravity control
plunger elimh-nates"run-aways" and allows tor use on
pump or by gravity, adjustable ditierentisl occlusion
detection.

Alarms for air in line, door open, lowbattery, rnalfunction,

occlusion; automatic priming, dual—rate sequential
piggybacking, syringe-use, selectable tamper-proof
modes.

Alarms for infusion period completed, low reservoir
volume, invalid rate, pressure, system error,
ambulatory system, may be stored and operated in
backpack, programmable taper features.

Alarms for air in line, computer error, end of infusion, low
battery, low reservoir, occlusion, programming error;
ability to taper up, down, or both, ability to adjust flow

rate automatically. convenient carry case.
Alarms for air in line, check set, door open, low battery,

repair, set volume; selectable variable pressure limits,
9 programmable cycles of time and rate.

Alarms fiorcheclr iv. set, open-close door, air in line,

occlusion inpatient or fluid-side; 2 channels allowing
delivery of 2 fluids at independent rates, canbe
operated as pump, controller, or both.

Alarms for high or law How; distal. and proximal air in line
or occlusion, dose end, low battery; history bankwith

last15 alanns,variab1e pressure limits, tubing
conversion to gravity'£lou.r, allows delivery of 2 fluids at

independent rates, can be operated as pump, controller,
or both.

Alarms for air in line, cassette unlocked, empty container,
low battery, occlusions in patient lines or upstream;

automatic air elimination, can deliver up to 4 fluids
simultaneously in continuous or intermittent modes.

‘Copyright permission, American College of Clinical Pharmacy

proportional to the insulin concenb:ation and will
take place within 30 to 60 rnirtutes. Because this
phenomenon cannot be easily and accurately pre-

dicted, patient monitoring is essential.

Handling/Disposal of

Chemotherapeutic Agentsfor Cancer

In the 1980s awareness developed among

health care personnel about environmental cont-

anunation that was possible after handling cyto-

toxic agents. Mutagenic and allergic case reports
began to emerge in the literature, and in response

in 1985, the then American Society of Hospi-

tal Pharmacists (now the American Society of
I-Iealth-System Pharmacists) published a techni-
cal assistance bulletin on handling cytotoxic and
hazardous drugs. This bulletin has been updated
through the years and is now found in the Practice
Standards. ofASI-LP (25).
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In theory, "correct and perfect preparation and

handling techniques will prevent drug particles or

droplets £1-om escaping from their containers while

they are being manipulated” (25). However; near

perfect technique is uncommon and quite impossi-

ble. Thus, there must be structured training and

quality-assurance programs in place within institu-

tions that use these hazardous drugs, and the phar-

macist must play a vital role in creating and execut-

ing these.

At potential risk for harm are those personnel

who handle cytotoxic drugs; and steps should be

taken to unnecessary exposure by imple-

menting basic steps and following common sense

(26).'I‘hese basic steps include:

1. Utilizing vertical laminar flow hoods (or bacte-

riological glove boxes) for the preparation and

reconstitution of cytotoxic drugs.-

2. Wearing protective gloves and mask during

product preparation.
3. Handling and disposing of cytotoxic drugs can-

trally utilizing specially designed waste contain-
ers and incineration.

4. Periodic monitoring of personnel involved with
handling admixtures of cytotoxic drugs (e.g.,

CBC, blood chemistry screen, differential cell

count).

5. Informzing personnel handling cytotoxic drugs
that a potential risk to their health exists.

6. Instituting specialized labeling of containers to

ensure proper handling and disposal of the cy-
totoxic agent.

Other Injectable Products-

Pellets or Implants

Historically, pellets or implants were sterile,

small, usually cylindrical-shaped solid objects
-about 3.2 mm in diameter and 8 mm in length,

prepared by compression and intended to be

implanted subcutaneously for the purpose of

providing the continuous release of medication
over a prolonged period of time. The pellets,
which are implanted under the (usually

of the thigh or abdomen) with a special injector
or by surgical incision, are used for potent hor-

mones. Their implantation provides the patient
with an economical means of obtaining long-

lasting effects (up to many months after a single
implantation) and obviates the need for frequent

parenteral or oral hormone therapy."I'he implanted
pellet, which might contain 100 times the amount
of drug (e.g.. desoxycorticosterone, esttacliol,
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testosterone) given by other routes of admiru'stra—

tion, release the drug slowly into the general
circulation.

Pellets were formulated with no binders, dilu-

ents, or excipients, to permit total dissolution and

absorption of the pellet from the site ofimp1anta—

tion. Recently; a levonorgestrel implant contra-

ceptive system was developed- Rather than dis-
sohite entirely, the surgically implanted capsules
are intended to be removed subsequently by

surgery after an appropriate amount of time (up to

5 years).

Levonorgestrel Implants

These are a set of six flexible, closed capsules

of a dimethylsiloxanelmethylvinydsiloxane copoly-

mer, each containing 36 mg of the progestin

levonorgestrel (2'?). These are found in an inser-
tion kit to facilitate surgical subdermal implanta-

tion through a 2 mm incision in the mid-portion
of the upper arm about eight to ten cm above

the elbow crease. These are implanted in "a fan-

like pattern, about 15° apart, for a total‘ of 75*‘.
Appropriate insertion facilitates removal by the
end of the fifth year. 'I'l'u's system provides long-

term (up to 5 years) reversible contraception.
Diffusion of the levonorgestrel through the wall

of each capsule provides a continuous low dose of

progestin. Initially, the dose of levonorgestrel is
about 85 nrcgiday. followed by a decline to about5O
mcgfday by 9 months, and to about 35 mcgfday by
18 months, with a further decline thereafter to

about 30 rncgiday. The resulting blood levels are
substantially below those generally observed among

users of combination oral contraceptives oontain-
ing the progestins norgestrel or 1evonorgestre1.Be-

cause of the range of variability in blood levels and

variation in individual response, blood levels alone

are not predictive of the risk of pregnancy in an in-
dividual woman (27).

Irrigation and Dialysis Solutions

Solutions for irrigation of body tissues and

for dialysis resemble parenteral solutions in that
they are subject to the same stringent standards.
The difierence is in their use. These solutions

are not injected into the vein, but employed out-
side of the circulatory system. Since they are gen-

erally used in large volumes, they are packaged in
large volume containers, generally of the screw-
cap type which permits the rapid pouring of the-
solution.
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Table 149. Examples of Irrigation solutions

Solution

Acetic Acid Irrigation. USP

Description

This solution is employed topically to the bladder as a 0.25% solulion for
irrigation. It has a pH of between 2.8 and 3.4 and a calculated osrnolarity of
42 rnOsm!L, and is employed during urologic procedures. It is administered
to wash blood and surgical debris away Wl'l11E maintaining suitable conditions
for the tissue and petrnitfing the surgeon anunobstructed view.

Neornycin and Polymyxln
B sulfates Solution for

Irrigation. USP

This sterile urogenital solution contains 57 mg neornycin sulfate (40 mg of

neomycin) and Polymyxin B Sulfate 200.000 Units (of polymyxin B) per ml
and is ernployedas a topical antibacterial in the continuous irrigation ofthe
bladder. It has a pH between 4.5 to 6.0. One ml of this solution is added to
1 L of 0.9% sodium chloride solution and administered via a 3-way catheter

at the rate of 1 L every 24 hours (Le. approximately 40 mIJhr)..
Ringer's Irrigation, USP This solution contains sodium chloride (8.6 g!'l..), potassium chloride (0.3 gll..),

and calcium chloride [053 gll.) in purifiedwater. "in the same proportions, as
is present in l's’.inger‘sInject'1on.'l'he solution is sterile and pymgen-free. It is
used topically as an irrigation and must be 1abcled"not for injecl:ion."lt has a
pH between 5.0 and 7.5 and a calculated osrnolarity of 309 m0sm1L.

Sodium Chloride Irrigation. USP This sterile solution of sodium chloride in water for injection contains 7? or 154
mEqlL each of sodium and chloride in the 0.6 and 0.9% solution.

respectively. Sodium chloride irrigation has a pH of approximately 5.3. and
the 0.45 and 0.9% solutions have a calculated osmolarity of 154 and 308
rnOsrn!L. respectively.'I'he solution is employed topically to wash wounds
and into body cavities where absorption into the blood is not li1€.ely.The
solution may also beernployed rectally as an enema; for simple evacuation,

150 ml. is usually employed and for colonic flush. 1500 mL may
This is water for injection that has been sterilized and suitably pacltagedflheSterile Water for Irrigation, USP

be used.

label designations"for irrigation only”and"not for iniection“rnust appear
prominently on the labeLThe water must not contain any antimicrobial or

other added agent.

Inigation Solutions.

Irrigation solutions are intended to bathe or

wash wounds. surgical incisions, or body tissues.

Examples are presented in'I'able 14.9.

Dialysis Solutions

Dialysis may be defined as a process whereby

substances may be separated from one another in

solution by taking advantage of their differing dif-
fusibility through membranes. Peritoneal dialysis

so1utio1‘ts..allowed to flow into the peritoneal cav-
ity. are used to remove toxic substances normally

excreted by the kidney. In cases ofpoisoning orkid-

ney failure, or in patients awaiting renal trans-
plants, dialysis is an emergency life-saving proce-

dure. Solutions are commercially available

containing dextrose as a major source of calories.

vitamins, minerals, electrolytes, and amino acids or

peptides as a source of nitrogen. The solutions are

made to be hypertonic (with dextrose) to plasma to

avoid absorption ofwater from the dialysis solution
into the circulation.

Peritoneal dialysis involves the principles of os-
mosis and diffusion across the semipermeable
peritoneal membrane and includes the osmotic

and chemical equilibration of the fluid within the

peritoneal cavity with that of the extracellular

compartment. The semipermeable peritoneal
membrane restricts the movement of formed ele-

ments (e.g., erythrocytes) and large molecules
(e.g., protein) but allows the movement of smaller
molecules (e.g.. electrolytes, urea, water) in both

directions across the membrane according to the
concentration on each side of the membrane, with

net movement occurring in the direction of the

concentration gradient. Instillation of dialysis

solutions containing physiologic concentrations
of electrolytes intraperitoneally allows for the
movement of water, toxic substances andlor

metabolites across the membrane in the direction

of the concentration gradient, resulting in removal

of these substances from the body following
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drainage of the solution from the peritoneal cavity
(i.e., outflow).

Hsrrwdialysis is employed to remove toxins from
the blood. In this method. the arterial blood is

shunted through a polyethylene catheter through

an artificial dialyzing membrane bathed in an elec-
trolyte solution. Following the dialysis, the blood is
returned to the body circulation through a vein.

Various dialysis solutions are available commer-

cially and the pharmacist may be called upon to

provide them or to make adjustments in their com-

position.
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