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The incidence of post-anesthetic mild liver disorder (PAMLD} was
compared between 928 patients administered halothane and 1,766 pa-
tients administered enflurane. They were selected from 19,504 surgical
patients administered general anesthesia at Kyushu University Hospi-
tal over the past 6 vears and 4 months. They had had normal liver
function hefore operation and had no history of blood transfusion.
Alanine aminotransferase (ALT) levels exceeding 70 IU-I~" within 180
days aftcr opceration were found in 226 patients in the halothane group
(24.4%), and in 250 patients in the enflurane group (14.2%) (P< 0.01).
Both maximum ALT levels and duration of ALT elevation were higher
and longer in the halothane group (< 0.01). These results suggest
that, not only in the development of fulminant hepatitis but also in
PAMLD, enflurane is less hepatotoxic than halothane. (Key words:
anesthetics, volatile: halothane, enflurane, liver: hepatitis, drug toxic-
ity)

(Sakaguchi Y, Inaba S, Umeki Y, et al.: Retrospective study of
post-anesthetic mild liver disorder associated with inhalation anesthet-
ics, halothane and enflurane. J Anesth 6:183-191, 1992)

Halothane anesthesia is currently 3000

applied to a quite limited number
of the patients who undergo surgery
in Kyushu University Hospital com-
pared with enflurane anesthesia (fig.
1), mainly because anesthesiologists
foresee the development of liver dis-
order following halothane anesthesia.
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Fig. 1. Number of patients administered

halothane or enflurane in the Kyushu Univer-
sity Hospital from 1981 to 1988.
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Fig. 2. Patient selection flow chart. Comparisons of the incidence and the
severity of post-anaesthetic mild liver disorder (PAMLD} were studied between
928 patients in the halothane group and 1766 patients in the enflurane group. The
group of department (a): General Surgery, Ophthalmology, Gynecology & Ob-
stetrics, Orthopedic Surgery, Neurosurgery and Urology: Group (b): Oto-Rhino-
Laryngology, Dermatology, Cardiac Surgery, Pediatric Surgery and other depart-

halothane or
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ments.

The incidence of fulminant hepatitis
associated with clinical anesthesia is
stated to be around 1 in every 30,000
anesthesia patients! 7. However, the
incidence of subclinical liver disorder,
which is detectable only by the eleva-
tion of serum alanine aminotransferase
(ALT) activity, is not well known.
There are few reports investigating
the incidence of post-anesthetic mild
liver disorder (PAMLD) because of dif-
ficulty in evaluating factors of hepato-
toxic effect in perioperative patients.
In this follow-up study of patients who
had undergone surgery under general
anesthesia, the incidence and severity
of PAMLD after halothane anesthesia
was surveyed and compared with that
after enflurane anesthesia.

Patients and Methods

Patients
From June 1982 to October 1988 (6

years and 4 months), 19,504 operations
were performed under general anesthe-
sia in our institution. Through case
history database of our integrated hos-
pital information system, patients who
had been administered inhalation anes-
thetics during operation were selected
as follows (fig. 2).
1) Patients administered either halo-
thane or enflurane.
2) Patients whose serum alanine
aminotransferase (ALT) levels were
measured at least three times over
4 weeks after general anesthesia
3) Patients whose ALT levels were ex-
amined at least once before opera-
tion
4) Excluded from 1), 2) and 3) were:
a. Patients whose ALT levels were
over 35 TU-I7' just before the
anesthesia

b. Patients diagnosed as having liver
diseases (neoplastic disease of
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Table 1. Distribution of patients by department, age and sex
Halothane group  Enflurane group P value
{N=928) (N=1766)

Department
General Surgery 385 666
Ophthalmology 182 333
Gynecology & Obstetrics 133 272 NS*
Orthopedic Surgery 108 245 (p=0.319)
Neurosurgery 90 186
Urology 30 64

Mean age (£ SD) 44.4 (£ 16.7) 47.3 (£ 17.7) < 0.05**

Sex ratio (Male/Female) 0.573 (338/590)  0.880 (785/981) < 0.01*

*chi-square test
**(, tost

NS: not significant; SD: standard deviation

liver, liver cirrhosis, hepatitis or
bilially tract stones)

c. Patients who bad received blood
transfusion within 6 months be-
fore and/or 1 month after general
anesthesia.

5,754 patients were selected and di-
vided into two gropus; 1,746 (30.3%) in
the halothane group and 4,008 (69.7%)
in the enflurane group. The back-
ground information of the patients in
these two groups was analyzed for the
department, age, sex and history of ad-
ministration of inhalation anesthetics.
Of the 5,754 patients analyzed by de-
partment for grouping, the number of
patients in the halothane and enflurane
groups, respectively, were 484:482 from
Pediatric Surgery, 387:668 from Gen-
eral surgery, 244:420 from Ophthal-
mology, 110:216 from Neurosurgery,
135:272 from Gynecology and Obstet-
rics, 160:335 from Orthopedic Surgery,
47:102 from Urology, 2:5 from Car-
diac Surgery, 148:1253 from Oto-
Rhino-Laryngology, 27:239 from Der-
matology and 2:16 from other de-
partments. In Oto-Rhino-Laryngology
and Dermatology, the number of enflu-
rane anesthesia cases were extremely
high compared to halothane anesthesia
cases. In Pediatric Surgery the num-

ber receiving halothane was higher
than the number receiving enflurane,
There were a little patients in Cardiac
Surgery and other departments. The
mean age was significantly different be-
tween the halothane (28.3 * 23.6) and
enflurane groups (38.8 ¥ 22.9) (P <
0.01). For children, halothanc was used
more frequently than enflurane. For
these reasons, Oto-Rhino-Laryngology,
Dermatology, Pediatric Surgery, Car-
diac Surgery and other departments
patients, and patients aged under 12
years were excluded from the compar-
ison. Consequently, 928 patients were
selected in the halothane group and
1,766 in the enflurane group. There
was no significant difference of pa-
tient distribution in departments anes-
thetized with either halothane or enflu-
rane. The mean age was 44.4 years in
the halothane group and 47.3 years in
the enflurane group. The male/female
ratioc of the halothane group was sig-
nificantly lower than that of the enflu-
rane group at 0.573 (338/590) to 0.880
(785/981) (P < 0.01) (table 1).

Follow-up of liver funciion

ALT levels were followed to eval-
uate the postoperative liver function
for up to 180 days after the operation.
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Table 2. Percentage of patients with ALT elevation

Halothane group Enfluane group P value*

(N=928) (N=1766)
Male 27.8% (94/338)  17.8% (140/785) < 0.001
Female  22.3% (132/590)  11.2% (110/981) < 0.001
Total 24.4% (226/928)  14.2% (250/1766) < 0.001

*chi-square test
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Fig. 3. The number of PAMLD patients
anesthetized halothane or enflurane by the on-
set of alanine aminotransferase (ALT) elevation.
Statistically significant difference (P < 0.01)
between the halothane and enflurane group
(Wilcoxon’s rank sum test).

Patients whose ALT levels were over
70 1U-/~! (twice the normal upper limit
of this hospital) at least twice were
defined as PAMLD cases. The onset
of ALT elevation, the maximum ALT
value and the duration of ALT eleva-
tion were also examined.

Statistics

The chi-squared test was used to
compare distribution of the depart-
ment, sex ratio and the incidence of
PAMLD bhetween the halothane and
enflurane groups. The onset and dura-
tion of ALT elevation and maximum
ALT values between the two groups
were compared using Wilcoxon’s rank
sum tests respectively. Ordinary t test

was used for comparison of age distri-
bution. Computations were carried out
using the statistical package, BMDP
4F, 3D, and 3S on an IBM system 4381
computer?®,

Results

The incidence of PAMLD (table 2)

In the halothane group (226 pa-
tients), the incidence of PAMLD was
significantly higher than in the enflu-
rane group (250 patients) at 24.4% to
14.2% respectively, The male vs fe-
male ratio was 94/132 (0.71) in the
halothane group and 140/110 (1.27)
in the enflurane group. In both sex
groups, the halothane group had a sig-
nificantly higher incidence of PAMLD
than the enfiurane group (P < 0.001).
Of the 476 PAMLD patients, 8 pa-
tients were administered with the
same anesthetics repeatedly; 4 in the
halothane group and 4 in the enfluranc
group.

Severity of PAMLD
1) The onset of ALT elevation (fig.
3)

The onset of ALT eclevation peaked
between the 11th and 20th day af-
ter operation in the halothane group,
while it was between the 3rd and 10th
day after operation in the enflurane
group. ALT wvalues in the enflurane
group were more likely elevated at an
earlier stage than the halothane group
(P < 0.01).

2) Maximum ALT values (fig. 4)

Maximum ALT values were concen-
trated between 100 and 199 IU. !
in both groups, 32.3% of all the
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‘Fig. 4. The number of PAMLD patients
anesthetized halothane or enflurane by the
maximum ALT wvalue. Statistically significant
difference (P < 0.01) between the halothane
and enflurane group (Wilcoxon’s rank sum

test).

halothane group patients and 48.8% of
those in the enflurane group showed
their maximum ALT values in the
postoperative period. Of patients with
maximum ALT over 200 IU-{~!, there
were 35.9% in the halothane group,
which was larger than the 17.2% in the
enflurane group (P < 0.01). There were
7 patients in the halothane group and
1 patient in the enflurane group over
1000 IU-"! (clinically distinguished
hepatitis patients). The maximum ALT
values of the halothane group were
significantly higher than those of the
enflurane group (P < 0.01).

3) Duration of ALT elevation (fig. 5)

The duration of ALT elevation of
the halothane group was significantly
longer than that of the enflurane group
(P < 0.01), centered between 31 to 180
days in the halothane group (37.6%)
and under 7 days in the enflurane
group (48.4%).

Discussion

There have bheen many reports
of the incidence of fulminant hep-
atic failure associated with inhalation
anesthetics, especially with halothane.
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Fig. 5. The number of PAMLD patients

anesthetized halothane or enflurane by the du-

ration of ALT elevation. Statistically significant

difference (P < 0.01) between the halothane

and enflurane group (Wilcoxon’s rank sum
test).

These report the incidence of fulmi-
nant hepatitis after halothane anesthe-
sia as 1:6,000 to 1:40,000, with in-
cidence after enflurane less than one
tenth that of halothane'~". However,
since halothane has several merits such
as ease of induction for infants and
economy, its use should not be re-
stricted if the incidence of adverse
effects are clinically meaningless. On
the other hand, several studies have
reported that the existence of mild and
transient abnormalities in liver func-
tions after halothane anesthesia are
not uncommon® 12,

Therefore, it was necessary to deter-
mine by a large epidemiological study
whether or not there are real hazards
associated with halothane use. It is
very complicated and almost impossi-
ble to both prospectively and retro-
spectively study the hazards of mild
liver toxicity by halogenated anesthet-
ics after general anesthesisa because
there cxist many factors, especially
during the perioperative period, which
are potentially hepatotoxic. The first
factor is anesthesia or surgical manipu-
lation itself, for example, hypotension,
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hypoxemia, mechanical compressions.
The second factor is drugs, not only
inhalation anesthetics but also anti-
neoplastic agents, antibiotics, etc. The
third factor is blood transfusion. The
fourth factor is infection due to bac-
teria or viruses after operations. Age,
sex, obesity and preoperative liver dys-
function have also been considered to
be influencing factors”!%. It is further
complicated because these factors exist
at the same time perioperatively.
Several attempts have been made to
clarify by prospective study whether
or not halothane is more likely to
be associated with liver disorder than
enflurane!*~!®, Fee and colleagues!®!7,
compared post-anesthetic liver func-
tion of patients repeatedly anes-
thetized with the two anesthetic
agents. They concluded that halothane
seemed more often responsible for

liver disorder than was enflurane.
Other studies reported no signifi-
cant difference of change in hep-

atic serum enzymes between the two
anesthetics'*1%!%, The main reason for
these controversial conclusions was the
difficulty of collecting enough cases for
statistical analysis.

This problem was resolved by our
present large scale study. Two for-
tunate events allowed us to find a
solution to this problem. The first, un-
expectedly, randomization of the two
agents was made possible as a result
of the delayed introduction of enflu-
rane in Japan. Although the reason
for the decision by our anesthetists
at the time of operation as to which
agent they would employ can not be
discerned, in the first few years of
our study period halothane was used
exclusively and, by the later period,
this was true of enflurane. For this
reason, the selection bias was consid-
ered negligible. The second fortunate
event was a new approach to com-
puter assistance that became available.
We feel we have succeeded in obtain-
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ing a large enough number of patients
in each group for objective assessment
through statistical analysis by analyz-
ing the huge amount of accumulated
data in our hospital computer without
exhaustive effort. It would probably
have been impossible to carry out such
complicated algorithms as were neces-
sary to use to make two groups for
statistical evaluation and to except the
many influencing factors other than
the two inhalation anesthetics without
computer assistance.

Although our present study was
not done prospectively, the conclu-
sions drawn may be reliable because
there were enough remaining patients
in each group after the several restric-
tions to prove statistically accurate.
Our restrictions were made according
to the findings of past studies!:":13.
The incidence of PAMLD associated
with halothane and enflurane by the
chi-squared method for simple 2 X 2
contingency tables showed a statisti-
cally significant difference (P < 0.01).
Our study also revealed that PAMLD
after halothane anesthesia was nearly
two-fold higher than that of enflurane,
and that the severity of halothane in-
duced liver disorder was greater than
that of enflurane.

Indeed, the pathogenesis of liver dis-
order as a result of halogenated anes-
thetics is unknown. Therefore, it is dif-
ficult to explain why the difference ex-
ists between the incidence of PAMLD
after administration of halothane and
enflurane. Two hypotheses have been
long proposed. One is secondary im-
munological response and the other
is direct toxicity of metabolized sub-
stances from these agents. Recently,
Kenna and colleagues'~?* reported
the existence of anti-triflucloacetic acid
(TFA) antibodies by Western blotting
in severe halothane hepatitis patients.
But, the clinical course and onset time
of PAMLD are different from that of
the fulminant type and they didn’t



Vol 6, No 2

find anti-TFA antibodies in the sera
of symptomless patients. A secondary
effect by immunological process has
usually taken more than a week even
if patients had already been exposed
to repeated administration of these
anesthetic agents. These phenomena
can not explain the pathogenesis of
PAMLD.

Direct toxicity of inhalation anes-
thetics looks likely to be related to
PAMLD. The effects of administration
of halothane and enflurane on splanch-
nic blood flow and metabolic rates are
much different. Whereas 11% to 25%
of halothane administered was metab-
olized, only 2.4% of enflurane was?.
Metabolites and free radicals produced
through both the oxidative and the re-
ductive pathway affect the liver?6-27.
Halothane diminishes hepatic blood
flow and induces hypoxia in liver tissue
much more than does enflurane?$—3!.
These data suggest that halothane in-
duces liver disorder more often than
enflurane. There are very few reports
of fulminant hepatitis associated with
isoflurane®?, a newly developed inhala-
tion anesthetic that is considered to
be less hepatotoxic than enflurane be-
cause both the metabolic rate and
diminished rate of hepatic blood flow
are lower®3—37,

For the past decade many anes-
thetists have used enflurane in place
of halothane bhecause they believed it
less hepato-toxic without convincing
studies. Qur present study of PAMLD
supports this tendency as reasonable.

Acknowledgements: We wish to thank
Prof. T. Yoshimura (the Department of
Clinical Epidemiology, University of Oc-
cupational and Environmental Health) for
his advice with statistical analysis and we
also to thank Mrs.M. Ohga for her valu-
able assistance in recovery of information
from the computer files.

(Received Aug. 22, 1991, accepted for
publication Oct. 18, 1991)

10.

11.

. Brown MB:

Post-anesthetic mild liver disorder 189

References

. Subcommittee on the National Halo-

thane Study of the committee on
Anesthesia National Academy of
Science-National Research Council:
Summary of the National Halothane
Study. JAMA 197:775-778, 1966

. Lewis JH, Zimmerman HJ, Ishak KJ,

et al: Enflurane hepatotoxicity, A clin-
icopathologic study of 24 cases. Ann
Internal Med 98:984-992, 1983

. Inman WHW,. Mushin WW: Jaundice

after repeated exposure to halothane:
An analysis of reports to the Commit-
tee on Safety of Medicines. Brit Med
J 1:5-10, 1974

. DeBacker LJ, Longnecker DS: Pro-

spective and retrospective searches
for liver necrosis following halothane
anesthesia. JAMA 195:95-160, 1066

. Mushin WW, Rosen M, Bowen DJ, et

al: Halothane and liver dysfunction: a
retrospective study. Brit med J 2:329—
341, 1964

. Bottiger LE, Dalén E, Hallén B:

Halothane-induced liver damage: An
analysis of the material reported to
the Swedish Adverse Drug Reaction
Committee, 1966—1973. Acta Anaesth
Scand 20:40-46, 1976

. Stock JGL, Strunin L: Unexplained

hepatitis following halothane. [re-
view article]. Anesthesiology 63:424—
439,1985

Two-way and multi-
way frequency tables, BMDP Statis-
tical Software. Edited by Dixon WJ.
Berkeley, University California Press,
1985, pp.143-206

. Wright R, Eade OE, Chisholm M,

ct al: Controlled prospective study of
the effect on liver function of mul-
tiple exposures to halothane. Lancet
12:817-820, 1975

Trowell J, Peto R, Smith AC: Con-
trolled trial of repeated halothane
anaesthetics in patients with carci-
noma of the uterine cervix treated
with radium. Lancet 12:821-823, 1975
Kalow B, Rogoman E, Sims FH: A
comparison of the effects halothane
and other anaesthetic agents on
hepato-cellular function in patients
submitted to elective operations.



180

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Sakaguchi et al

Canad Anaesth Scoc J 23:71-79, 1976
McEwan J: Liver function tests fol-
lowing anaesthesia. Br J Anaesth
48:1065-1069, 1976

Cousins MJ, Plummer JL, Hall PM:
Risk factors for halothane hepatitis.
[review article]. Aust N Z J Surg
59:5-14, 1989

Allen PJ, Downing JW: A prospec-
tive study of hepatocellular function
after repeated exposures to halothane
or enflurane in women undergoing ra-
dium therapy for cervical cancer. Br J
Anaesth 49:1035-1034, 1977
Thompson DS, Friday DD, Rock L:
Changes in liver enzyme values after
halothane and enflurane for surgical
anesthesia. South Med J 71(7):779—
782, 1978

Johnston SB, Fee JPH, Black GW, et
al: Liver funciton following repeated
anaesthesia method of study and in-
terim results. Acta Anaesth Scand
Suppl. 71:12-14, 1979

Fee JPH, Black GW, Dundee JW, et
al: Prospective study of liver enzyme
and other changes following repeat
administration of halothane and en-
flurane. Br J Anaesth 51:1133-1141,
1979

Cousins MJ, Gourlay GK, Knights
KM, et al: A randomized prospective
controlled study of the metabolism
and hepatotoxicity of halothane in hu-
mans. Anesth Analg 66:299-308, 1987
Neuberger J, Kenna JG: Halothane
hepatitis: A model of immune me-
diated drug hepatotoxicity. Clinical
Science 72:263-270, 1987

Kenna JG, Neuberger, J, Williams R:
Identification by immunoblotting of
three halothane-induced liver micro-
somal polypeptide antigens recognized
by antibodies in sera from patients
with halothane-associated hepatitis.
J Pharmacol Exp Ther 242:733-T40,
1987

Kenna JG, Satoch H, Christ DD, et
al: Metabolic basis for a drug hy-
persensitivity: antibodies in sera from
patients with halothane hepatitis rec-
ognize liver neoantigens that contain
the trifluoroacetyl group derived from
halothane. J Phamacol Exp Ther

22,

23.

24,

25.

26.

27.

28.

29,

30.

31.

J Anesth 1992

245:1103-1109, 1988

Kenna JG, Neuberger J, Williams
R: Evidence for expression in human
liver of halothane-induced neoanti-
gens recognized by antibodies in sera
from patients with halothane hepati-
tis. Hepatology 8:1635-1541, 1988
Christ DD, Kenna JG, Kammerer W,
et al: Enflurane metabolism produces
covalentry bound liver adducts rec-
ognized by antibodies from patients
with halothane hepatitis. Anesthesiol-
ogy 69:833—-838, 1988

Satoh H, Martin BM, Schulick AH,
et al: Human anti-endoplasmic retic-
ulum antibodies in sera of patients
with halothane-induced hepatitis are
directed against a trifluoroacetylated
carboxylesterase. Proc Natl Acad Sci
USA 86:322-326, 1989

Berman ML, Holaday DA: Inhalation
anaesthetic metabolism and toxicity,
CLINICAL ANESTHESIA. Edited by
Barash PG, Cullen BF, Stoelting RK.
Philadelphia, J.B. Lippincott, 1989,
pp326

McLain GE, Sipes G, Brown BR: An
animal model of halothane hepatotox-
icity: Roles of enzyme induction and
hypoxia. Anesthesiology 51:321-3286,
1979

Plummer JL, Beckwith ALJ, Bastin
FN, et al: Free radical formation in
vivo and hepatotoxicity due to anes-
thesisa with halothane. Anesthesiol-
ogy 57:160-166, 1982

Hughes RL, Campbell D, Fitch W:
Effects of enflurane and halothane on
liver blood flow and oxygen consump-
tion in the Greyhound. Br J Anaesth
52:1079-1086, 1980

Shingu K, Eger EI, Johnson BH:
Hypoxia may be more important than
reductive metabolism in halothane-
induced hepatic injury. Anesth Analg
61:824-827, 1982

Gelman S: Halothane hepatotoxicity-
again?  [editorial]. Anesth Analg
65:831-834, 1986

Shieble T, Costa A, Heffel D, et
al: Comparative toxicity of halothane,
isoflurane, hypoxia, and phenobarbital
induction in monolayer cultures of rat
hepatocytes. Anesthesiology 68:485—
494, 1988



Vol 6, No 2

32.

33.

34.

35.

Stoelting RK, Blitt CD, Cohen PJ,
et al: Hepatic dysfunction after
isoflurane anesthesia. Anesth Analg
66:147-153, 1987

Gelman S, Flowler KC, Smith LR:
Regional blood flow during isoflurane
and halothane anesthesia. Anesth
Analg 63:557-565, 1984

Gelman S, Dillard E, Bradley EL:
Hepatic circulation during surgical
stress and anesthesia with halothane,
isoflurane, or fentanyl. Anesth Analg
66:936—943, 1987

Nagagano K, Gelman S, Parks D, et
al: Hepatic circulation and oxygen-

. uptake relationships after hepatic is-

36.

37.

Post-anesthetic mild liver disorder 191

chemic insult during anesthesia with
volatile anesthetics and fentanyl in
miniature pigs. Anesth Analg 70:53—
62, 1990

Noldge GFE, Priebe HJ, Kopp KH,
et al: Differences in effects of isoflu-
rane and enflurane on splanchnic oxy-
genation and hepatic metabolism in
the pig. Anesth Analg 71:258-267,
1990

Goldfarb G, Debaene B, Ang ET,

et al: Hepatic blood flow in hu-
mans during isoflurane-NoO and
halothane-N;O  Anesthesia. Anesth

Analg 71:349-353, 1990



