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Laboratory
Investigations

Reconstituted
thiopentone retains its
alkalinity without
bacterial contamination
for up to four weeks

Clinton L. Wong mp,* C. Brian Warriner FRCpc,*
James P. McCormack pharmD,t Alison M. Clarke rrcpct

The manufacturers of thiopentone recommend that after
reconstitution, it should be kept only for 24 hr to reduce the risk
of contamination. However, there are no studies to support this
practice and compliance with this recommendation has economic
implications. The reasons for discarding a reconstituted bottle of
thiopentone are related to concerns about chemical and physical
(pH) stability, contamination with infectious agents, and
contamination with cellular material. We studied the incidence
of bacterial contamination and pH stability of thiopentone in
clinical use, as well as the pH stability of thiopentone not in
clinical use, and surveyed the eight hospitals affiliated with the
University of British Columbia to determine their protocols for
thiopental preparation and storage. Cost comparisons were
made between our current practice of discarding thiopentone
when depleted and the practice of routinely discarding it 24 hr
after reconstitution. Samples of thiopentone in clinical use were
cultured daily and the pH was measured. The bottles had been
in clinical use from 1 to 25 days (mean 4.23 + 4.32 §D). Of 106
samples there were no positive bacteriological cultures and there
were only minor changes in pH. The telephone survey of the
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eight hospitals revealed that only one had a policy to discard
thiopentone after 24 hr. Cost comparisons indicate that discard-
ing thiopentone 24 hr after reconstitution would result in
increased cost. In conclusion, reconstituted thiopentone retains
its alkalinity for up to four weeks, and has an acceptably low risk
of bacterial contamination for periods beyond 24 hr, therefore
thiopentone need not be discarded after 24 hr.

Afin de diminuer le risque de contamination du thiopental, le
fabricant recommande de jeter le produit 24 h aprés dilution
pour utilization clinique. Cependant, une telle pratique est
coliteuse et sans fondement objectif. Les raisons en faveur de la
recommandation sont 'instabilité chimique et physique (pH) du
médicament, ainsi que sa contamination avec des agents
infectieux ou d'autres particules organiques. Nous avons
déterminé 'incidence de contamination bactérienne et la
stabilité du pH de solution de thiopental utilisée en clinique,
ainsi que la stabilité du pH de thiopental non utilisé en clinique.
De plus, nous avons évalué les protocoles de préparation et de
conservation de thiopental dans huit centres hospitaliers affiliés
a U’Université de Columbie Britannique. Les colits associés a la
pratique recommandée par le fabricant ont été comparés a ceux
de notre pratique actuelle qui consiste a utiliser les flacons de
thiopental jusqu'a ce qu’ils soient vides. Des échantillons de
thiopental disposible en clinique étaient mis en culture a chague
Jour et leur pH était mesuré. Les solutions utilisées dataient de
1325 jours (moyenne de 4,23 * 4,32 jours). Sur 106 échantil-
lons, il n'y a eu aucune croissance bactérienne et seuls des
changements mineurs de pH ont été observés. L’evaluation des
huit centres hospitaliers a rélévé qu'un seul centre suivait la
recommandation du fabricant. L’étude de codt a indiqué que.la
pratique de jeter le thiopental 24 h apreés sa dilution entrainait
de coiits supplémentaires. En conclusion, le thiopental dilué
maintient son alcalinité pendant au moins quatre semaines, avec
des risques minimes de contamination bactérienne aprés 24 h. Il
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n’est donc pas nécessaire de jeter le thiopental 24 h aprés
dilution.

Reconstituted solutions of thiopentone “... should be
freshly prepared and used promptly. Reconstituted so-
lutions ... may be kept, tightly stoppered, under refriger-
ation up to 24 hours — unused portions should be discarded
after 24 hours,” according to the product monograph
supplied by Abbott Laboratories, Montreal, Canada.
However, at many institutions, including this hospital,
these guidelines are not followed. A study was undertaken
to evaluate the effect of storage conditions for thiopentone
on pH and bacteriological contamination. A small survey
was made of the institutions affiliated with the University
of British Columbia with regard to these guidelines. The
cost of discarding thiopentone after 24 hr was calculated.

Methods

Part A: pH stability of thiopentone

Four solutions of thiopentone (Pentothal Kit, Abbott
Laboratories, five grams in 200 ml of sterile water for a
2.5% solution) were prepared from the same lot number
and with the same date of expiration. Bottle A was kept at
room temperature with its dispensing Luer fitment tightly
capped. Bottle B was also kept at room temperature, but
both the cap and the air-inlet filter were removed. Bottles
C and D were kept in the refrigerator at all times, but the
top of bottle C was tightly capped and bottle D was
uncapped and the air-inlet filter was removed. All four
solutions were kept away from patient care areas and were
not in clinical use.

Ten mL samples were obtained immediately after
reconstitution and then daily for three days and then three
times weekly for a total of four weeks. These were ana-
lysed by our hospital chemistry laboratory on a Radiome-
ter PHM 71 pH meter, with a scale from pH 1.0 to 14.0
calibrated with standard buffer solutions from 7.0 to 10.0
before and after each batch of measurements, and accurate
to 0.1 pH units.

Part B: Bacterial contamination of thiopentone

Ten mL samples were taken daily from reconstituted
thiopentone bottles which were in clinical use. The
anaesthetists were not informed of the collection. All
reconstituted thiopentone bottles were stored at room
temperature on top of the anaesthetic cart. There is no
formal policy as to how long thiopentone is kept before
discarding; usually the bottle is discarded when empty.
Samples were obtained in the morning before surgery
began. Note was made of the date the thiopentone bottle
was reconstituted (or if undated, an inconspicuous mark
was made on the label to help to identify the bottle in
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subsequent samplings), the date sampled, whether a cap
was present, and whether precipitate was grossly visible.

Samples were sent to the microbiology lab on the
morning of collection and were filtered through a 0.45 p
filter. The filter was then cultured on a blood agar plate
culture in ambient air for five days. A 1 mL portion of the
sample was also assayed for pH as in part A.

Part C: Survey

The seven other teaching hospitals affiliated with the
University of British Columbia (UBC) were surveyed to
determine how long reconstituted thiopentone solutions
were stored and whether they were refrigerated.

Part D: Cost comparisons

The cost of discarding unused portions of thiopentone was
calculated. Cost comparisons were made between the five
methods for dispensing thiopentone.

For data from part A, a repeated measures analysis of
variance (ANOVA) was performed to test for differences
among the four bottles and differences over time. When
statistically significant differences were found, Newman-
Keul’s tests were used to determine more precisely where
the differences existed. For part B statistical analysis
involved obtaining the 95% confidence interval for a
binomial distribution. Values expressed are mean *
standard deviation.

Results

Part A: pH stability of thiopentone

Thiopentone in bottle A had an initial pH of 11.1 and after
29 days, its pH was 10.9. Thiopentone in bottle B had an
initial pH of 11.1 and this declined to 10.8. Thiopentone in
bottles C and D both started at a pH of 11.2 and declined
to 11.0. The lowest pH recorded was in bottle B on day 22
when it measured 10.7. With the times combined, the
mean pH of bottle B (10.97 * 0.17 s.d.) was less than that
of bottle C (11.05 = 0.15 s.d.) and of bottle D (11.03 =
0.14 s.d.) (P <0.01). However, these differences are small
and are within the laboratory error of 0.1 pH units. With
the bottles combined, the pH decreased slowly over time,
and was different from control values from day 13 and
beyond (P = 0.0001). Although it reached statistical
significance, the magnitude of the difference was small;
the mean pH on day O was 11.15 * 0.06 while the lowest
mean pH, which occurred on day 22, was 10.85 *+ 0.10.

Part B: Bacterial contamination of thiopentone

A total of 106 samples was obtained. No positive bacteri-
ological cultures were found (95% confidence interval 0%
to 3%). The bottles had been in clinical use from 1 to 25
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TABLE I Survey of anaesthesia departments
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TABLE II' Cost of thiopentone

Hospital Storage temperature Routine discard Option Unit cost® Annual cost
A Room temp. No routine 1 5 g bottle $24.00 $18,000.00°
B Room temp. One week multiple-dose
C Room temp. No routine used beyond 24 hr
D Refrigerated Six days until empty
E Refrigerated 24 hr {Abbott Laboratories)
F Room temp. Depleted in 10 days or less 2 5gbottle $24.00 $64,896.00°
G Room temp. One week multiple-dose
H Refrigerated Until depleted or expiry date discarded after 24 hr.

(Abbott Laboratories)

3 500 mg. vial $7.25 $87,000.00°

days (mean 4.23 * 4.32). The majority of bottles (92%) single-dose®
were depleted within eight days of reconstitution. Fourteen (Abbott Laboratories)
percent of the bottles were undated and 16% were 4 1000 mg. vial $10.35 $62,100.00°
uncapped. None of the bottles showed any sign of visual double-dose’
cloudiness or precipitation. The pH ranged from 10.7 to (Abbott Laboratories)
11.1. 5 500 mg syringe $7.70 $92,400.00°

single-dose®

(aMs)f

Part C: Survey

The telephone survey revealed that of the eight hospitals,
three stored their reconstituted solutions of thiopentone in
the refrigerator, and only one had a policy to discard
unused portions after 24 hr (Table I).

Part D: Cost comparisons

(Table II).

Discussion

This study demonstrated that none of the 106 samples of
reconstituted thiopentone in clinical use developed bacteri-
ological contamination over the study period. Thiopentone
became slightly less alkaline over time, which became
statistically significant after 13 days, and storage without
a cap at room temperature resulted in lower pH than refrig-
erated storage with a cap. However, the magnitude of these
differences was small and is not clinically important.

The reasons for discarding a reconstituted bottle of
thiopentone can be classified according to concerns about
(1) chemical and physical stability (i.e., potency and pH),
(2) contamination with infectious agents including viruses,
bacteria and their endotoxins (pyrogens), and (3) contami-
nation with cellular material (red and white blood cells,
epithelial cells, etc.).

The powder form of thiopentone is stable at room
temperature indefinitely.! According to Stoelting’s
review,2 reconstituted solutions of barbiturates remain
stable at room temperature for up to two weeks. The
solution is buffered in NaCO; 6% to maintain a pH of
10.5-11.0,> since thiopentone is insoluble unless in an
alkaline solution with a pH >9.90.* The lowest pH
observed in our study was 10.7. The stability depends on
the storage conditions. Jones et al> found that after

Notes: (a) All costs effective June 1991, in Canadian dollars; (b) Based
on current use of 750 bottles annually; (c) Assuming ten operating
rooms on weekdays and one on weekends; (d) Assuming drawing up
500 mg for an adult patient; (¢) Based on 12,000 cases per year;

(f) International Medication Systems.

reconstitution, thiopentone 2.5% showed visible precipi-
tate due to loss of alkalinity when stored at 25° C for 60
days. At 5° C this loss of alkalinity occurred after 117
days. Our data on the pH stability is consistent with
Jones’s data. Exposure to atmospheric carbon dioxide with
formation of carbonic acid could make the solution less
alkaline, which might be more apparent in an uncapped
bottle.> Our study showed that solutions in capped and
uncapped bottles retained their alkalinity, whether or not
they were refrigerated.

Chemical stability, as measured by potency, has been
reported in several papers from the 1940’s. Most found no
loss of potency up to 16 days, although one author found
that ten-day-old solutions produced slightly longer anaes-
thetic induction times.>® More recently, Jones et al’
found that thiopentone retained 95% of its potency for four
to seven days when stored at 25° C., and refrigerated so-
lutions maintained their potency at more than 95% for at
least 100 days.

The concerns about microbial contamination have
resulted in Abbott Laboratories stating that since there is
no added bacteriostatic agent, unused portions of thiopen-
tone should be discarded after 24 hr. The source of this
recommendation is unclear, but may be related to the
Centres for Disease Control’s suggestion that injectable
medications in multiple-dose vials (MDVs) be discarded
within 24 hr of opening, although there were no formal
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guidelines.” Also, the US Pharmacopoeia gives a 24 hr
limit after opening multiple-dose vials.'?

Surprisingly, the literature on bacteriological contami-
nation of thiopentone in clinical use is sparse. The studies,
dating from the 1940’s and 1950’s, were based on small
sample sizes ranging from one to five samples only.>"!!
None showed any bacterial contamination, but definitive
conclusions should not be based on such small sample
sizes. Our study is the first to utilize a larger sample size
of thiopentone in clinical use.

Data exist on purposely innoculated solutions of thio-
pentone and assessment of subsequent cultures over
time.>’ Young et al.' in 1958 innoculated 100,000 organ-
isms of Staphylococcus aureus into a solution of thiopen-
tone. Cultures showed 51% survival at 30 min, 10.7%
survival at two hours, and 0% at 24 hr. In 1982, Highsmith
et al."? innoculated various MDV:s, including thiopentone,
with 13 different pathogens that are common causes of
nosocomial infections. After innoculation, samples were
obtained at 24, 48, 72, 96 and 168 hr. Only Enterococcus
and Candida were able to survive briefly in thiopentone
and did not survive beyond 24 hr and 48 hr respectively.
The other 11 species died within 24 hr. In contrast, nine of
these 13 species were still present after 168 hr in lidocaine,
consistent with other reports.'

The rate of contamination that justifies discarding a
MDYV after a fixed time is a matter of judgement.’ An
incidence of contamination ranging from 0 to 27% has
been reported for other drugs in MDVs.® Since our Phar-
macy Department uses 3-4% as their upper acceptable
limit of contamination for intravenous admixtures,'*'5 we
adopted this figure for our study. We found none of the
105 samples were contaminated, giving a 95% confidence
interval of 0 to 3%. This occurred despite long storage
times (up to 25 days), uncapped bottles (16.2%), undated
bottles (14.3%), and lack of refrigeration.

Most pathogenic bacteria prefer a narrow pH range of
6.0 to 8.0, and strong alkalis exert marked bactericidal
effects.!®!° If lack of contamination can be correlated to
the highly alkaline pH of thiopentone, time should not be
a concern with respect to risk of infection since the pH is
stable for 60 days even at room temperature, and our study
showed that even uncapped bottles maintained their pH for
at least four weeks. The innoculation studies, which
showed a declining bacterial count over time, suggested
that a policy of discarding after 24 hr does not make
microbiological sense. Thiopentone has been in clinical
use for five decades. There are no reports of clinical
infection arising from contaminated bottles of thiopentone.

The pH stability was assessed in thiopentone from one
manufacturer, and may not neccessarily apply to thiopen-
tone from others, although we have no reason to believe
there would be any differences. Anaerobic bacteria were
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not tested for in this study since thiopentone is kept in
room air. We did not assess endotoxins or pyrogens, which
could persist in the absence of viable bacteria. There has
been one study that addressed this issue in some MDVs,
but did not look at thiopentone MDVs.'? We also did not
address the issue of viral contamination. This issue is
highlighted by the finding that haemoglobin has been
found in the intravenous injection port closest to the
patient,?! and that reusing syringes and refilling of used
syringes from MDVs is common practice amongst anaes-
thesia personnel.?? Also, viral infection of patients has
occurred with other anaesthetic MDVs.?® There is a
potential risk for contamination of thiopentone solutions.
However, viruses are usually stable between pH 5.0t09.0,

and all viruses are destroyed by alkaline conditions.'” Thus
it is unlikely that solutions of thiopentone could become
contaminated by viruses.

Innoculation studies indicate that the risk of thiopentone
contamination is low, while that of lidocaine is higher.
Future studies should focus on other high-risk MDVs,
followed by bacteriological sampling of such MDVs in
clinical settings. These studies would help to establish
objective guidelines for storage and handling of multiple-
dose vials used in anaesthesia.

In conclusion, reconstituted thiopentone maintains its
alkaline pH under various clinical settings for at least four
weeks. This maintains its physical stability in solution, and
may play a role in its ability to remain free of contamina-
tion from infectious agents. There is an acceptably low
risk of bacterial contamination with our current practice
for handling thiopentone, including storage at room
temperature for periods up to 25 days.

Abbott Laboratories’ recommendation that thiopentone
be discarded within 24 hr of reconstitution is not supported
by our study based on bacteriological data; it is costly, and
was disregarded by seven of the eight affiliated institu-
tions.
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