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Alteration of Warfarin Kinetics in Man

Associated with Exposure to an
Operating-room Environment

M. M. Ghoneim, M.D.,* M. Delle, M.S.,t W.

The plasma halflife of warfarin (mean = SE) in
five normal. nonmedicated control subjects
given a single 40 mg/m® oral dose of warfarin
was 38.8 = 4.1 hours. It was essentially the same
(37.7 = 2.6 hours) in these subjects when deter-
mined again four months later. The effect of the
single dose of warfarin on prothrombin complex
activity (prothrombin response) was determined by
calculating the area under the curve obtained by
plotting h bin time ds) versus time
after the warfarin dese (hours). The prothrombin
response in control subjects was 1670 = 64 sec-hr
initially and essentially the same at the end of the
four-month interval (1730 = 96 sec-hr).

Plasma warfarin half-life and prothrombin re-
sponse in seven anesthesiology residents were
32.1 =3.6 hours and 1337 =78 sechr at the
start of their trining period, i.c.. before working
in the operating room. Four months later. their
plasma warfarin half-lives were significantly
prolonged (49.3 = 4.8 hours) and the prothrombin
responses were significantly greater (133
hr) compared with their initial values. The altera-
tion of warfarin kinetics appeared to be due
mainly to inhibition of warfarin metabolism, pre-
sumably related to the repeated exposure of these
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drug-metabolizing enzymes.! Operuhn?&
room  personnel, particularly anesthesiola®

gists, are subject to a unique en\'ironmer%
in which they are continually exposed to sma

amounts of volatile anesthetics and otheg
chemicals.? Exposure to subdncsthcnr
amounts of some volatile anesthetic agen

has been shown to influence drug metabolisiy
in animals.? In this study, we made an attemy
to evaluate the effect of lhlh exposure on drug
metabolism in man. We determined plasmg.
warfarin  half-lives and the prothrombig
responses to warfarin in seven subjects before
and after they had worked for four month§
in the operating room. Another five suhjut%
who did not work in the operating mmg

/AB

served as a control group. =
@

@

Methods @

&

R

Seven normal volunteer male subjectS
starting their residency training in anesa

thesiology participated in the study. Anotheg
group of five normal volunteer male \lll)lt’LfO
served as controls. The control subjects w cr@
medical students who lived in the same are
and were in training at the same hospital a8
the anesthesiology residents, but did not workS
in the operating room. Ages of the sul)jcctg
ranged from 21 to 30 vears. They had ng
history of drug intake immediately before nP
during the investigation, and they were asked
to keep their use of alcohol, coffee, tea, andg
cigarettes constant during the study periodg
The study was approved by the Institutions x@
Committee on Research Involving “um.ub
Subjects, and informed written consent wa§
obtained from each subject. g“
A single oral dose of sodium warfurin®
(Coumadin®), 40 mg/m* body surfice arca, wasd
administered early in the moming. Fifteen
milliliter venous blood samples were taken ;lt%
0,3, 6,9, and 12 hours, and then every 12 hoursg
until 60 hours after warfarin administration®™
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for measurement of plasma warfarin levels.
Venous blood samples of 4.5 ml were also
taken at 0, 3, and 12 hours and then every
12 hours until 96 hours after administration
for measurement of prothrombin time. Plasma
levels of warfarin were determined spectro-
photometrically.* The log plasma concentra-
tion was plotted against time and a line was
fitted to data points from 24 to 60 hours by
the least-square method. The plasma half-life
was calculated from the slope of this line.
One-stage prothrombin times were deter-
mined using an automatic timer and the pro-
thrombin response was calculated by plotting
prothrombin time (seconds) versus time, from
24 to 96 (hours) after warfarin administration,
and then calculating the total area under the
curve by the trapezoidal method.

Plasma warfarin half-lives and prothrombin
responses in the anesthesiology residents
were determined by the above procedures
just prior to the start of their training. The
residents administered various anesthetic
agents, though nitrous oxide and halothane
were the most common agents used. All
residents had approximately the same ex-
posures to all agents. None of the operating
rooms had equipment for scavenging over-
flow anesthetics. Warfarin half-lives and
prothrombin responses were determined
again in the anesthesiology residents four
months after they started to work in the
operating room. In two subjects, the procedure
was repeated after a vear. The control sub-
jects were each studied on two occasions

Results

5

Plasma half-lives of warfarin for individua§
subjects in both groups are shown in table 13
Half-lives determined on two occasions at ang
interval of four months did not change signiﬁg
cantly in the control subjects. The ch‘.mgtgo
in half-life was 3.5 = 0.9 hours (mean = SE)z
for this group. Plasma warfarin halflives ()l)—.‘§
tained in the anesthesiology residents before®
they started to work in the operating room®
were not significantly different from those2.
of the control group. All of these values agree§
with those found previously in groups ofS
normal subjects.® However, after exposure to
the operating room environment for four®
months, plasma warfarin half-lives in theg
anesthesiology residents were significantly3
increased above their initial values. The in&
creases in half-lives averaged 18.4 = 5.6 hours$,
(mean = SE). In all but one subject \\'arfaring—
disappearances from plasma were prolongedS
In that subject, who had a slight shorteningj!:’
of the warfarin half-life, the magnitude of%
the change was small and similar to that seend
in the control group. In two residents, !he§
plasma warfarin half-lives, which were pro-@
longed after four months, showed the same org
even greater prolongation after a vear of \\'ork§
in the operating room. Apparent volumes ofty
distribution of warfarin in control subjects®
were 9.6 = 0.4 liters and 8.9 = 0.3 litersQ
(mean = SE) for the two detemlinations.g
Apparent volumes of distribution of warfaring
in the anesthesiology residents were 8.9 = 1.28

separated by four months. liters initially and 10.7 = 1.0 liters after they‘g
9
a
TABLE l. Plasma Half-lives of Warfarin (Hours), Single Oral Dose, 40 mg/m* §
>3
Anesthesioloy Residents z
Control Subjects 8
Initial —O
(hefore Working 4 Manths 12 Months 1 Month©
in Operating Room) Later Later Initial Luter '8
Subject 1 379 64.2 66.0 Subject 8§ 32.1 3408
Subject 2 312 38.7 45 Subject 9 29.9 309
Subject 3 33.0 70.0 Subject 10 423 ¢
Subject 4 1.7 42.3 Subject 11 456 =
Subject 5 348 48.1 Subject 12 325 5
Subject 6 41.0 36.7 N
Subject 7 35.2 453 >
4‘
Mean 321 193 388 3T
SE 36 18 41 263
R

t 3.12* 0.58

= Sigmificant, P < 0.05, by t test for paired data.
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TABLE 2. Plasma Levels of Warfarin, Single Oral Dose, 40 mg/m*

lw]

Warfarin in Plasma (ag/'mh)® g

IHoun | 6 Hours 9Honrs | 12Hours | 24Houns | 36Hours | 48 Houss [ 60 nnm@:

Anesthesiology ;
residents (n = 7) o
Initial 69=09(66=05[63=04]|65=06|48=02]42=02(25=01]|23=0. 3

4 months later |6.7=09[66=06[66=06|61=05{48=05[44=05|33=05|30= 03
Control group §
(n=35) 4
Initial 64+08/7.0=03]|67=02(67=03]|50=02]|42=02]33=02{26= 0.2,)
4months later [65=10|75=03[71=202]|68=02{55=02[45=03[35=02]|28= 0.%

* Mean = SE. %

. . Q

had worked for four months in the operating Discussion S
room. There was no significant difference o
3

among these values. Warfarin is cleared from the plasma pri®
Plasma warfarin lecels (mean = SE) forthe marily by metabolism. Changes in pl'lsm’%"

two groups are shown in table 2. There was
no significant difference among these values
at any time point. Prothrombin responses for
individual subjects in both groups are shown
in table 3. Prothrombin responses determined
on the two occasions at an interval of four
months did not change significantly in the
control subjects. However, after exposure to
the operating room environment for four
months, prothrombin responses in the anes-
thesiology residents were significantly greater
than their initial values. The three subjects
with the greatest changes in the halflives
(Subjects 2, 3, and 4) had the greatest in-
creases in prothrombin responses, so changes
in prothrombin response paralleled changes
in plasma warfarin half-life.

half-life of warfarin are considered to reﬂectg
therefore, alterations in the rate of its metag
bolism by hepatic microsomal enzymes.® IrE
our study the plasma halflife of warfarirg,
appeared to be a highly reproducible charg
acteristic of normal, nonmedicated suhjects‘g_
Vesell et al. have shown this to be true foR
other drugs such as antipyrine and dicumarol.§
For this reason, a change in the plasma \mrf-\u
farin half-life in a given individual over éﬁ
period of time indicates that some ennronw
mental factor has influenced the rate of \\ar{g
farin metabolism. Assuming no change in thé.g
availability of vitamin K, a change in prothrom8
bin response to a given dose of warfarin wouldn
indicate a similar influence, since the effecty
of warfarin on prothrombin complex activitio

2
o
S
TABLE 3. Prothrombin Time (Seconds) Versus Hours after Warfarin Dose, Area under the Curve (sec-hn}§
=]
Anesthesiology Residents S
Contrul Subjects S
Initial

thefore Working 14 Months 12 Months + Months
in Operating Room? Later Later Initial Later =1
o
Subject 1 1,482 1,848 Subject 8 1,443 1,3262
Subject 2 1,449 1,722 Subject 9 1,884 1,932°¢c
Subject 3 978 Subject 10 1,649 1,785 ’%
Subject 4 1,140 Subject 11 1,732 1,882 o
Subject 5 1,342 Subject 12 1.640 1,724 ’1
Subject 6 1,554 S
Subject 7 1,416 _5
Mean 1,337 1,670 1,730
SE ] 64 96 9
N

t 2.5+ 125

* Significant, P < 0.03, by t test for paired data.
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is related to warfarin plasma levels.* Altera-
tions in the volume of distribution of warfarin
could theoretically account for changed
plasma warfarin half-lives. However, in this
study the apparent volumes of distribution
of warfarin were too similar on repeated deter-
mination to explain the large change in war-
farin half-life observed in the anesthesiology
residents.

Our data suggest that exposure of an indi-
vidual to the operating room environment is
associated with a change in warfarin metab-
olism. Although other factors could be in-
volved, one possibility is that this represents
the result of frequent exposure to subanes-
thetic amounts of volatile anesthetics. Other
studies have shown that anesthetic gases are
present in the operating room air® and in the
blood of the anesthetist.?

Repeated exposure of animals to low or
subanesthetic amounts of these agents stimu-
lates drug metabolism?® Cascorbi et al. re-
ported than anesthesiologists metabolized
halothane at a faster rate and to a greater
extent than a group of subjects not exposed to
anesthetic agents.!® A later preliminary report
suggested absence of such a difference with
respect to fluroxene metabolism.! We have not
been able to find reports of inhibition of drug
metabolism in either animals or man after
low-level exposure to anesthetic agents.

Since the development of hepatic disease
may change the plasma half-lives of various
drugs,’*¥ prolongation of warfarin half-life
in anesthesiologists might also represent some
nonspecific hepatotoxic effect of exposure to
the operating room environment. Chenoweth
et al. described histologic evidence of hepatic
toxicity in rats chronically exposed to subanes-
thetic concentrations of halothane and
methoxyflurane.® There was no consistent
change in results of standard liver function
tests of the animals. Although anesthesiolo-
gists have a higher incidence of hepatic
disease than other physicians working out-
side the operating room,** we have not been
able to find histologic or liver function test
studies of alterations in occupationally ex-
posed populations. The prolongation of
plasma warfarin half-life may be a more sensi-
tive indicator of low-grade hepatic injury than
the standard liver function tests.

The results of this study indicate the need
for additional studies of the effects of exposure
to the operating room environment.

GHONEIM ET AL.

—

=

o

. Conney AH, Burns JJ: Metabolic interactions

. Linde HW, Bruce DL: Occupational exposure

. Berman ML, Bochantin JF: Nonspecific stimu-

. O'Reilly RA, Aggeler PM, Hoag MS, et al:

. Andreasen P, Vesell ES: Comparison of

. Koch-Weser J, Sellers EM: Drug interactions

. Vesell ES, Page JG: Genetic control of dicu-

. Nagashima R, O'Reilly RA, Levy G: Kinetics o

. Hallen B, Ehmer-Samuel H, Thomason M:

. Cascorbi HF, Blake DA, Helrich M: Differences

. Blake DA, Cascorbi HF: A note on the biotrans-

Anestheviology
V' 43, No 3. Sept 1975

References

among environmental chemicals and drugs.
Science 178:576-586, 1972

of anesthetists to halothane, nitrous oxide and
radiation. ANESTHESIOLOGY 30:363-368,
1969

lation of drug metabolism in rats by methoxy-
flurane. ANESTHESIOLOGY 32: 500-506.
1970

Studies on the coumarin anticoagulants: The
assay of warfarin and its biological appli-
cation. Thromb Diath Haemorrh 8:82-95,
1962

plasma levels of antipyrine, tolbutamide and
warfarin after oral and intravenous adminis-
tration. Clin Pharmacol Ther 16:1059-1065,
1974

with coumarin anticoagulants. N Engl J Med
285:487-498, 1971

ol levels in man. J Clin Invest 47:
2660, 1968

ma

pharmacologic effects in The anti-
coagulant action of warfarin in man. Clin
Pharmacol Ther 10:22-35, 1968

99/9/8V/}pd-a|O!1JE//(60|O!SQL{}SSUE/LLIOO'J IeyOJIaA|Is” ZESE//:duL{ wolj pspeojumoq

Measurement of halothane in the atmosphere &
of an operating theatre and in expired air &
and blood of the personnel. Acta Anaesthesiol &
Scand 14:17-25, 1970

in the biotransformation of halothane in man.
ANESTHESIOLOGY 32:119-123, 1970

formation of fluroxene in two volunteers.
ANESTHESIOLOGY 32:560, 1970

Branch RA, Herbert CM, Read AE: Deter-
minants of serum antipyrine half-lives in
patients with liver disease. Gut 14:569-573,
1973

0-000605.61-2%S0000/666

. Hvidberg EF, Andreason P, Ranek L: Plasma 8

half-life of phenylbutazone in patients with 3
impaired liver function. Clin Pharmacelg
Ther 15:171-177, 1973 =3

. Levi AJ, Sherlock S, Walker D: Phenylbutazone &

and isoniazid metabolism in patients withQ
liver disease in relation to previous drug

[}
therapy. Lancet 1:1275-1279, 1968 2

. Chenoweth MB, Leong BK, Sparschu CL.%

et al: Toxicities of methoxyflurane, halothane S
and diethyl ether in laboratory animals ony
repeated inhalation of subanesthetic con-3
centrations, Cellular Biology and Toxicity of
Anesthetics. Edited by BR Fink. Baltimore,Q
Wwilliams and Wilkins, 1972, pp 275-285 =

. Report of ASA Ad Hoc Committee: Occupa-

tional disease among operating room per-
sonnel. ANESTHESIOLOGY 41:321-340, 1974



