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that expires much sooner than its expiration
date when warmed to room temperature and
another that no longer requires refrigeration.

3. Discuss the reason why medication refrigera-
tors must be connected to emergency power.

4. Discuss the detrimental effects of refrigeration
on medications that are not designed to be
refrigerated.

5. Describe actions for anesthesia providers to
prevent use of medications requiring refriger-
ation but not under their control in areas other
than the operating room that may have been
at room temperature for weeks or months.

Introduction
Most anesthesia medications need not be refriger-
ated. A number, however, must be refrigerated to
maintain potency until the expiration date. Some
of the medications that require refrigeration may
be kept in a room temperature anesthesia cart or
emergency box in emergency or labor and
delivery areas for weeks or months before use.

Medications have strength, expiration date,
and storage conditions printed on the
medication bottle or package. Some
anesthesia medications require refrigeration
to maintain the stated strength and safety
until the expiration date. These
medications may expire in days rather than
years when left at room temperature in
anesthesia carts or emergency boxes. The fol-
lowing AANA Journal course discusses
anesthesia-related medications that require
refrigeration and how long potency and
safety is maintained out of the refrigerator
and provides a chart for future referral.

Key words: Medications, potency,
refrigeration, safety, warming.

Objectives:

1. Describe the needed conditions for a medica-
tion’s expiration date to remain valid.

2. Name the commonly used muscle relaxant
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How long these medications maintain potency
after warming to room temperature or mixing is
vital information for anesthesia providers so they
can administer medications of known safety and
concentration. This article reviews the anesthesia-
related medications that should be refrigerated
and their duration of safety and acceptable
strength when left at room temperature. The
strengths, temperature storage conditions, and
expiration dates for medications are printed on
bottles or packages.

� Temperature storage conditions.Manufacturers
have determined proper temperature storage condi-
tions needed to maintain safety and efficacy until
the expiration date. The United States Pharmacopeia
sets standards for storage temperatures.1(p11-12) Table 1
specifies those temperature standards.

� Expiration date. The expiration date denotes
the date after which themedication is considered to
be unusable owing to safety or potency concerns.
Acceptability past the expiration date may be com-
promised because of production of toxic by-
products or a decrease in potency below a prede-
termined point. The generally agreed upon, but
not universally accepted, belief is 90% of a medica-
tion’s original strength or a change in physical or
chemical specifications.2 The expiration date only
holds true if a medication is stored under the con-
ditions specified by the manufacturer and applies
to the medication as it comes from the manufac-
turer, not after it is mixed, diluted, or, with some
medications, warmed.1(p2011) A medication expires on
the last day of the stated month if only the month
and year are given.1(p13) That is, a medication with an
expiration date of 9/00 means it is acceptable

through and including the 30th of September 2000.
� Manufacturers’ information. The informa-

tion in Table 2 is frommanufacturers’ literature or
correspondence directly with companies. Liquid
manufactured medications require refrigeration
(or refrigeration is recommended or preferred) to
maintain potency and safety until the expiration
date. All powders, before mixing, are stored at
room temperature. Table 2 lists periods of accept-
able safety and concentration maintenance for
opened and unopened liquid medication vials
(diluted or nondiluted) when warmed to room
temperature or maintained at refrigerated tem-
peratures. If a medication is manufactured as a
powder, Table 2 shows the length of time accept-
able concentration and safety are maintained after
the powder is mixed and the mixture stored at
room temperature or refrigerated. Opened, in
Table 2, is defined as puncturing the rubber
stopper (even once) for withdrawal, dilution, or
mixing. Acceptable liquids are indicated for
diluting liquids and reconstituting powders.

Discussion
Once reaching room temperature, atracuri-

um and cisatracurium, even if re-refrigerated,
maintain safety and the stated concentration for 14
and 21 days, respectively. There are no published
studies indicating how long other medications
maintain strength if they reach room temperature
and are returned to refrigeration. The duration of
potency and safety for rocuronium at room tem-
perature depends on whether the rubber stopper
is punctured. The durations of safety and strength
for atracurium, cisatracurium, and pancuronium

Table 1. Medication storage conditions and temperature as defined by the United States Pharmacopeial

Convention

Storage condition Temperature

Freezer Between –13°F and 14°F
Protect from freezing That temperature at which a medication will freeze
Refrigeration 36°F to 46°F
Cold place Not exceeding 46°F (including a refrigerator)
Cool place Between 46°F and 59°F or in a refrigerator unless otherwise spec-

ified by monograph
Room temperature That prevailing in the work place
Controlled room temperature 68°F to 77°F with occasional decreases to 59°F and increases to

86°F typical in the work place; may be stored in cool place
unless otherwise specified by monograph

Warm Between 86°F and 104°F
Excessive heat Above 104°F
No specified storage temperature Protect from moisture, freezing, and excessive heat
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Table 2. Manufacturers’ recommended expiration time when in and out of refrigerator for anesthesia-associated

liquid medication requiring refrigeration, diluted liquid medication, and powdered medication after mixing*

Out of Out of
refrigerator, refrigerator, In

Medication unopened opened refrigerator

Atracurium (Tracurium and Ohmeda brands)
Liquid, from manufacturer, once medication 14 d 14 d 14 d
reaches room temperature, even if re-refrigerated

Liquid, from manufacturer, diluted with D5W, NS, – 24 h 24 h
or D5NS, but not LR

Cisatracurium (Nimbex)
Liquid, from manufacturer, once medication reaches 21 d 21 d 21 d
room temperature, even if re-refrigerated

Liquid, from manufacturer, diluted with D5W, NS, or – 24 h 24 h
D5NS, but not LR

Liquid, from manufacturer, diluted with D5LR – – 24 h
Pancuronium (Pavulon, generic products†)

Liquid from manufacturer 180 d 180 d UE
Liquid from manufacturer, diluted with NS, D5W, D5NS, or LR – 48 h –

Pipecuronium (Arduan)
Powder from manufacturer, mixed with bacteriostatic – 5 d 5 d
water for injection

Powder from manufacturer, mixed with sterile water for injection, – – 24 h
NS, D5W, D5NS, or LR

Rocuronium (Zemuron)
Liquid from manufacturer 60 d 30 d UE
Liquid from manufacturer, diluted with NS, D5W, D5NS, or LR – 24 h 24 h

Succinylcholine (Anectine, Quelicin, and Organon brands) (Anectine
Flo-Pack)

Liquid from manufacturer 14 d 14 d UE
Powder from manufacturer, mixed with D5W, NS – 24 h –

Vecuronium (Norcuron and Marsam brands)
Powder from manufacturer, mixed with bacteriostatic water for – 5 d 5 d
injection

Powder from manufacturer, mixed with sterile water for injection, – – 24 h
NS, D5W, D5NS, or LR

Protamine
Lilly brand 10 d – UE
Elkin-Sinns brand – SCRT –

Carboprost (Hemabate) Potency loss, 0.5% per day out UE
of refrigerator‡

Insulin
Humalog 28 d 28 d UE
Humulin UE if kept as cool as possible (<86°F); refrig-

eration recommended
Novolin (vials) UE if kept in cold place; refrigeration preferred

* Information was obtained from the following package inserts: Anectine, GlaxoWellcome, Inc, Research Triangle Park, NC, Nov. 1997; Anectine Flo-Pack,
GlaxoWellcome, Inc, Nov. 1997; Quelicin, Abbott Laboratories, North Chicago, Ill, Jan. 1995; succinylcholine, Organon, Inc, West Orange, NJ, Oct. 1995;
Humulin, Eli Lilly and Company, Indianapolis, Ind, March 26, 1997; Nimbex, GlaxoWellcome, Inc, Sept. 1998; Norcuron, Organon, Inc, Feb.1998; vecuroni-
um, Marsam Pharmaceuticals, Inc, Cherry Hill, NJ, Feb. 1996; Novolin, Novo Nordisk, Princeton, NJ, Nov. 1992; Pavulon, Organon, Inc, April 1993; Arduan,
Organon, Inc, Feb. 1992; pancuronium (available from: Abbott Laboratories, Nov. 1990; Astra USA Inc, Westborough, Mass, July 1996; Gensia Laboratories,
Ltd, Irvine, Calif, Jan. 1997; Ohmeda PPD, Inc, Liberty Corner, NJ, Feb. 1997; Elkins-Sinn, Inc, Cherry Hill, NJ, Oct. 1992); pentothal, Abbott Laboratories,
Nov. 1993; thiopental, Ohmeda PPD, Inc, Aug. 1996; protamine (available from Eli Lilly and Company, Aug. 1996, and Elkins-Sinn, Inc, Feb. 1995); Tracrium,
GlaxoWellcome, Inc, Nov. 1997; atracurium, Ohmeda PPD, Inc, May 1997; Zemuron, Organon, Inc, Aug. 1997.
†Abbott, Astra, Elkin-Sinn, Gensia, Ohmeda, Organon
‡ Letter from Ronald Schrock, Drug Information Specialist, Pharmacia Upjohn, May 13, 1999.
– Indicates no data available or not applicable; D5LR indicates dextrose 5% in lactated Ringerʼs solution; D5NS indicates dextrose 5% in 0.9% sodium
chloride (isotonic) solution; D5W indicates dextrose 5% in water solution; LR indicates lactated Ringerʼs solution; NS indicates 0.9% sodium chloride
(isotonic) solution; SCRT indicates stored at controlled room temperature (see definition in Table 1); UE indicates until expiration date.
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vary depending on whether the medication is
diluted. Different diluents may impart varying
potency retention times and safety as illustrated
with vecuronium. Different brands of protamine
may or may not require refrigeration.

� Medications that do and do not require refrig-
eration. Some mixed powdered medications often
are stored in a refrigerator, but according to man-
ufacturers they do not need refrigeration; metho-
hexital and thiopental are examples. Opened mul-
tidose vials that are not designed to be refrigerat-
ed should not be refrigerated to inhibit bacterial
growth and delay deterioration. Medication that
should be stored at room temperature, if refriger-
ated, may precipitate due to a decrease in solubili-
ty at lower temperature.2 Certain preservatives are
designed to work most efficiently at room temper-
ature. Davies et al,3 Lehmann,4 and Longfield et al5
showed that preservative function may be delayed
by several hours or inhibited by refrigeration.
Therefore, opened or unopened multidose vials
should be stored as indicated by the manufacturer.

� Dating opened vials. Some facilities’ policies
direct that the date of initial opening be written on
a multidose vial. It might be good, better, or addi-
tional policy to write the date when a medication
that requires refrigeration is removed from the
refrigerator. One should consider the date med-
ication is removed from refrigeration when using
these medications not only from anesthesia carts,
but also areas where medications are not used as
often as in anesthesia. These medications may be
in emergency boxes for weeks or months, yet they
maintain potency for only a couple of weeks. For
example, succinylcholine (commonly found in
emergency boxes) maintains acceptable strength
and safety for 14 days after removal from refriger-
ation. The anesthesia provider could remove these
medications from emergency boxes before loss of
potency, replacing them with recently refrigerated
vials and placing the warm medications in the
anesthesia department where they will be used
within a short time. The anesthesia provider also
might question who in the institution is account-
able for verifying that these medications have not
been in room temperature emergency boxes for
longer than the period recommended by the man-
ufacturer. An emergency intubation is not the
time to discover the succinylcholine one is about
to use has been out of the refrigerator too long
and has lost potency.

� Emergency power. Anesthesia-related medica-
tion refrigerators must be linked to emergency
power. As a pharmacist, I was surprised to have been
told by another pharmacist of a medication refriger-
ator in a pharmacy that was “presumed” to be on
emergency power for years but was not. As an anes-
thetist, I have discovered during an electrical storm
that required the need for use of the emergency
generator that the anesthesia medication refrigera-
tor was not connected to emergency power. A dan-
gerous extension cord to an emergency power
outlet needed to be used to assure refrigerator
power during that time. That medication refrigera-
tor now is connected to emergency power.
Anesthesia providers should ask medical mainte-
nance personnel to check and guarantee (not just by
verbal assurance) that medication refrigerator
outlets are connected to emergency power.

Conclusion
Different medications require different

storage environments to preserve acceptable
strength and safety. These conditions must be
maintained wherever anesthesia-related medica-
tions are stored and used. Warming medications
that require refrigeration can decrease medication
efficacy that may become evident during the use
of that medication at a critical time (eg, anesthetic
or emergency procedure such as delivery room
intubation). Anesthesia providers must be aware
of the period during which acceptable efficacy is
maintained at room temperature for medications
they use that require refrigeration.
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