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This investigation was undertaken because of the number of
reports during the last six years suggesting that halothane has
hepatotoxic properties.

In 1958 Virtue and Payne described a patient who became
jaundiced and died after a cholecystectomy under halothane-
nitrous-oxide anaesthesia. At necropsy the cause of death was
shown to be necrosis of the liver and pancreas. Halothane
was not directly blamed because the treatment of this patient
included measures which might equally well have been
responsible for the liver damage. In the same year Burnap
et al. (1958) described two patients, one of whom died with
necrosis of the liver, and the other developed post-necrotic
cirrhosis of the liver, but recovered. Both patients had halo-
thane anaesthesia.
Other reports followed of cases of suspected liver damage

associated with halothane (Barton, 1959; Vourc'h et al., 1960;
Temple et al., 1962 ; Brody and Sweet, 1963 ; Lindenbaum and
Leifer, 1963; Bunker and Blumenfeld, 1963; Tornetta and
Tamaki, 1963; Heidenberg et al., 1963; Chamberlain, 1963;
Deacon, 1963; Gordon, 1963; Verdenal et al., 1963; Kerbel
and Hilliard, 1963; Tygstrup, 1963; Ashton et al., 1963;
Robinson, 1963; Beddard, 1963, and Chambers et al., 1964).
Altogether 40 cases have now been reported in the world
literature in which halothane is suspected as having hepato-
toxic properties.
The manufacturers of halothane (I.C.I. Ltd.) addressed an

inquiry to 1,700 anaesthetists in Great Britain. The results
were reported by Green and Mungavin (1964). Another 47
instances were disclosed in which jaundice had followed an
operation under an anaesthetic of which halothane was part.
They could not find any clear evidence of a hepatotoxic action
of halothane in these cases. They could not, however, rule out
the possibility of multiple administrations of halothane as a
causative factor.
The evidence so far, therefore, is largely confined to

individual case reports. These have focused attention on
serious and usually fatal hepatic complications.

Johnstone (1964) has recently drawn attention to the pos-
sible factors which may cause post-operative jaundice and liver
necrosis. He points out that halothane does not come within
Klatskin's (1960) definition of a hepatotoxin and that the
majority of the cases of liver damage attributed to halothane
show features similar to "allergic changes caused by the
presence of antigenic substances in the sensitized liver."

Sherlock (1964) suggests that there may exist in certain
individuals a susceptibility of the liver to halothane. However,
apart from such a hypothetical susceptibility, or a sensitivity
induced by multiple administrations, it is not unreasonable to
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assume that if halothane has an effect on the liver as part of its
pharmacological action then there must be a graduated effect on
this organ depending on dosage. The fatal cases would then be,
so to speak, the visible part of an iceberg, the main submerged
mass of which represents lesser and probably subclinical degrees
of hepatic damage from which recovery takes place. It
seemed therefore profitable to study the results of liver-
function tests on a hospital surgical population and see
whether there is any statistical difference in the distribution
of values of these tests between patients who had halothane
compared with those who did not, other things being equal.

In view of the serious nature of the suggested toxic effects
of halothane a prospective controlled study in which all the
relevant factors would be taken note of, and included if
possible, might be open to serious ethical objections. Our
own records offered the chance of a retrospective study from
which some information might be gained. However, such a
study could utilize only data already available. Inevitably
defects and omissions were exposed in case-reporting, and in
laboratory investigations, which were to be expected in the
day-to-day work of a large busy general hospital.

Plan of Investigation
The investigation is divided into three parts. Firstly, there

is a statistical study, mainly of the results of liver-function
tests (L.F.T.s). Comparisons were made between various
anaesthetics, depending on whether they contained halothane
or not. A statistical study was also made of the duration in
hospital and of the post-operative stay of all surgical patients.
Secondly, the clinical histories of patients who had L.F.T.s
postoperatively were studied and an analysis was made of
those who had "abnormal" values. Thirdly, a study was
made of the incidence and the nature of the deaths which
occurred in hospital after surgical operations. A careful
assessment was made of post-mortem findings, which were
also correlated with clinical histories.
The three-year period 1 January 1960 to 31 December

1962 was chosen because it includes the greatest use of halo-
thane in the United Cardiff Hospitals. All patients who had
an operation under general anaesthesia during these years are
included.

Factors Examined

The factors examined can be divided into three groups.
Firstly, the differences between the anaesthetics administered;
secondly, differences in the biological characteristics of the
population receiving the different types of anaesthetics;
thirdly, measurable factors, such as L.F.T.s, which give some
assessment of the effects of anaesthesia on the liver.
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Halothane and Liver Dysfunction-Mushin et al.

The Anaesthetic

It has been the practice in this department for fifteen years
to keep a detailed anaesthetic record of all in-patients anaes-
thetized in the teaching hospital. The data are transferred
to Hollerith cards so that mechanical sorting is easily carried
out. The details of this system have been previously
described (Mushin et al., 1954).

It should be noted that this system is essentially a record
of anaesthetics administered, and not a record of patients
anaesthetized. It has not been possible at this stage to
arrange a statistical system which ensures that patients are
easily identified whenever they receive a second or subsequent
anaesthetic within the United Cardiff Hospitals, and of course,
it is not possible to state which of these patients received
anaesthetics prior to admission to these hospitals. At first
sight this might be considered a serious deficiency in a study
of any possible long-term effects of halothane anaesthesia.
Fortunately, this has not proved a major difficulty. We are
unable to say how many patients have received past anaes-
thetics, and what is the distribution of these anaesthetics.
However, in those patients who had L.F.T.s and in those
patients who died, we examined the clinical notes and were
able to record any sequence of multiple anaesthetics.
The anaesthetics administered are divided into halothane,

non-halothane, and " others." These are defined as follows:
1. Halothane.-Halothane ± nitrous oxide ± thiopentone ± analgesics

(for example, intravenous pethidine) ± relaxants.
2. Non-halothane.-Nitrous oxide ± thiopentone ± analgesics ±

relaxants.
3. " Others."-Consist of any other combination of general

anaesthetics.
The first two groups include more than 80% of the anaes-

thetics given in three years, and these two differ from each
other only according to whether halothane was included.
Because of the variety of the drugs and anaesthetics admin-
istered, the " others " group is used only in the gross analyses.
These anaesthetics included cyclopropane, diethyl ether,
trichloroethylene, methyl-n-propyl ether, ethyl chloride, and
others.

Biological Factors

Of the main biological factors that may influence the effect
of a drug, we considered sex, age, and the state of health of
the patient. Sex has not been found to be relevant and has
been omitted, but age is of great importance, and this has been
divided into four separate categories: 0-14, 15-44, 45-64, 65 +
years. So far as the state of health of the patient is concerned
a detailed classification of all disease separately would have
been too complex. It was found more convenient and more
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relevant to analyse the records in large groups on the basis
of the site of operation. Upper abdominal, lower abdominal,
and perineal sites have been examined in detail, but the
remaining sites have been grouped togther as " other " sites.
This group includes intracranial, intrathoracic, E.N.T., as well
as orthopaedic and accident surgery.

Factors Related to Liver Function

The factors examined as a consequence of the contrast
between the anaesthetic groups, after standardizing for age
and site of operation, were as follows: requests for L.F.T.s,
details of those tests, duration of stay in hospital, death, and
post-mortem examination.

It is assumed that if any major liver damage occurred while
the patient was in hospital this would have been observed by
the clinician, and an L.F.T. of some type ordered. It is also
assumed that even if no L.F.T.s had been carried out, in any
case, death due to major liver disturbances would have
occurred in hospital within 28 days of the operation. There-
fore all deaths in hospital within this period are analysed.

Statistical Results
Characteristics of the Population who Received Anaesthetics

1960-2

Table I shows the principal anaesthetics used in the period
1960-2 in the United Cardiff Hospitals. Table II shows the
site of operation for each one of three groups of anaesthetics.
A total of 26,844 anaesthetics were administered in the three
years, and of these 15,747 were halothane as defined above.
It should be noted, however, that among the other anaes-
thetics there were 937 cases in which halothane was admin-
istered in conjunction with some other agent; but as these
cannot be compared with any other group, they have, in fact,
been allocated to the residual group of " others." It is clear
also from Table II that there was a deliberate choice of anaes-

TABLE I.-United Cardiff Hospitals Anaesthetics 1960-2; Anaesthetics
Administered and Principal Agent

Principal Anaesthetics Used Total Cases Percentage

Halothane group 15,747 58-7
Non-halothane group. 6,123 22-8
"Others" Group 4,974 18-5

All Halothane Mixtures . . 937
Trichloroethylene .. . 2,712
Ethers . . 624
Cyclopropane . . 149
Other Anaesthetics .. . 27
Thiopentone .. . 416
No general anaesthesia given 109

Total cases .26,844 100-0

TABLE II.-Anaesthetic and Site of Operation

Halothane Group Non-halothane Group "Others" Group All Anaesthetics
Site of Operation

Cases % Cases % Cases % Cases %

1. Upper abdomen.700 27-7 1,548 61-2 281 11-1 2,529 100-0
2. Lower abdomen.1,714 36-7 2,576 55-1 381 8-2 4,671 100-0
3. Perineal 4,623 67-0 538 7 8 1,736 25-2 6,897 100-0

4. Intracranial .. .141 27-3 267 51-6 109 21-1 517 100-0
5. Eyes . . .602 76-9 19 2-4 162 20-7 783 100-0
6. Ears . . .361 66 9 34 6-3 145 26-8 540 100-0
7. Nose and throat .. .1,089 75-9 61 4-3 285 19-8 1,435 100-0
8. Mouth and dental .. .583 61-9 23 2-4 336 35-7 942 100-0
9. Other head and neck . .1,042 78-5 75 5-6 211 15-9 1,328 100-0

10. Intrathoracic .63 22-9 192 69-8 20 7-2 275 99.9
11. Kidney region .145 34-8 229 54-9 43 10-4 417 100-1
12. Bronchoscopy, Oesophagoscopy, laryngoscopy 499 71-2 75 10-7 127 18-1 701 100-0
13. Chest wall .655 79-8 41 5 0 125 15-2 821 100w0
14. Inguinal 986 72-7 136 10-0 234 17 3 1,356 100-0
15. Limbs...2,254 73-4 174 5-7 643 21-0 3,071 100-1
16. Remaining sites . . . 290 51-7 135 24-1 136 24-3 561 100-1

All operative sites .15,747 58 7 6,123 22 8 4,974 17 8 26,844 100-0
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8 August 1964 Halothane and Liver Dysfunction-Mushin et al.

TABLE III.-Site of Operation and Age of Patient. Total Anaesthetics; Halothane Anaesthetics; Percentage of Halothane Anaesthetics
Administered in Each Group

0-14 years 15-44 Years 45-64 Years 65 Years + All Ages
Site of Operation

Cases % Hal. Cases % Hal. Cases % Hal. Cases % Hal. Cases % Hal.

Upper abdomen fAll cases 224 515 1,138 652 2,529Halothane 63 2821 132 25 6 306 26-9 199 305 700 27 7

Lower abdomen fAll cases 794 1,917 1,198 762 4,671L.. Halothane 405 51-0 613 32-0 400 33-4 296 388 1,714 36-7

Perineal sites All cases 480 3,528 2,151 737 6,896e Halothane 377 78-5 2,190 62-1 1,513 70-3 543 73-7 4,623 67-0

"Other" sites All cases 1,993 5,463 3,934 1,358 12,748v Halothane 1,279 64-2 3,782 69-2 2,678 68-1 971 71-5 8,710 68-3

AllsitesIfAll cases 3,491 11,423 8,421 3,509 26,844AUsites 0.a.. .. 'lHslothane 2,124 60-8 6,717 58 8 4,897 58 2 2,009 57-3 15,747 58 7

thetic according to the site of operation. Patients requiring
operations on upper abdominal, lower abdominal, intra-
thoracic, intracranial, and renal sites were less often anaes-
thetized by halothane than by non-halothane, whereas
perineal sites and remaining sites were more often anaes-
thetized by halothane. Table III shows that there was an age-
effect in the selection of operation and of anaesthetic. There
seems to have been a slight tendency to use halothane more
frequently for the children and for the older people, than for
those of intervening ages between 15 and 65. This means
that, in general, it is necessary to consider the effects both of
site of operation, and of age of patient, when examining the
result of anaesthesia.

Liver Function Tests

The tests used are shown in Table IV. The results of
these tests are recorded in the biochemical laboratories of the

TABLE IV.-Liver Function Tests with
Zinc turbidity
Thymol turbidity
Bilirubin
Alkaline phosphatase
Serum protein
Serum glutamic oxaloacetictransaminase (S.G.O.T.)
Serum glutamic pyruvic transaminase (S.G.P.T.)

"Normal'" Values
2-8 Kunkel units
0-4 Maclagan units
0-1-0-8 mg./100 ml.
4-13 K.A. units/100 ml.
6-5-8 g./100 ml.
8-40 units/ml
5-35 units/ml.

United Cardiff Hospitals. All patients who had any of the
L.F.T.s performed within 28 days post-operatively have been
studied. In those patients who also had pre-operative tests,

(a) (b)

patients and numbers of anaesthetics, though the difference
is small. No patient had more than two anaesthetics each
followed by L.F.T.s.

In comparing the results of L.F.T.s in the halothane group
with those in the non-halothane group, a primary difficulty is
to decide which results are normal and which are abnormal.
The values given in textbooks, and even in the original papers
describing the tests, have ranges in which the upper limit may
be two to seven times the lower. These ranges of " normal "
values really represent the distribution of values in a healthy
population, and we therefore compared them with the dis-
tribution of values found in our anaesthetic groups.
A normal distribution curve for bilirubin had already been

published (Wootton et al., 1950). In the case of alkaline
phosphatase (Wootton, 1963), and zinc sulphate turbidity
(Wilson et al., 1957), we drew curves from original data
obtained from these authors. The curve for total protein was
constructed from results from our own hospital laboratory
(Keyser, 1963). A normal distribution curve was not drawn
for thymol turbidity, since Maclagen (1963) regards this test
" as a semiquantitative procedure."
We replaced the more familiar frequency-distribution

curves and histograms (Fig. la and lb) by integrated dis-
tribution curves (Fig. ic); this form of presentation is more
economical in space and simplifies visual comparison between
the groups.
There were 290 occasions after anaesthesia when patients

had L.F.T.s performed in the period of these three years;

(C)

4 6 8 10 2 4 6 8 10
TOTAL PROTEIN (9.4IOml.)

FIG. 1.-Frequency and integrated distribution curve for tot
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these are used for comparison with post-operative values. ten of these patients had tests on separate oc(
Only tests performed within 28 days pre-operatively are second anaesthetic. In 82 a pre-operative test
included in the statistical study.

If during the three years of this investigation the same
patient received more than one anaesthetic, each followed by Pre- and Post-operative Liver-function Tests
an L.F.T., then each anaesthetic is treated as a separate
incident. Although a number of patients had previously had Table V shows the number of occasions whet
anaesthetics, only ten had L.F.T.s after each anaesthetic. A both a pre-operative test followed by a post
distinction therefore must be noted between numbers of performed within 28 days of anaesthesia, and i
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times these tests were carried out per 1,000 anaesthetics. It
is apparent that the majority of these tests were asked for
when an upper abdominal operation was about to be per-
formed. In particular it is clear that they were required
especially before a cholecystectomy or the exploration of the
biliary tract. The rates per 1,000 anaesthetics when the site
of operation has been standardized show no statistically
significant difference between the different groups of anaes-
Lhetics. This would suggest that the results of the
pre-operative test did not affect the choice of anaesthetic.

TABLE \'.-L.F.T.s Performed (Pre- and Post-operative) Within 28 Days
of Operation. Anaesthetic and Site of Operation

Halothane Non- "Others" All
Group halothane Group AnaestheticsGroup

Site of Operation
Rate Rate Rate Rate

Cases per Cases per Cases per Cases per
1,000 1,000 1,000 1,000

Upper abdomen 17 21 39 25 2 14 58 23
Lower abdomen 3 1-6 6 2-3 0 0.0 9 19
Perineal 2 0 5 0 00 1 0-6 3 0-5
"Other" sites 7 0-7 4 25 1 0-5 12 10

Table VI shows, for the upper abdominal site only, the
mean results of these tests both before and after operation.
The number of tests carried out by any one method tended
to be rather small. The largest number of any particular test
was, in fact, for bilirubin amongst the non-halothane anaes-
thetics, and even here only on 36 occasions was a pre-operative
and a post-operative bilirubin test performed. On examining
the table in detail it is clear that on the average the post-
operative reading was an improvement on the pre-operative
reading and that this is consistent with all the tests performed.
Type of anaesthesia appears to be entirely irrelevant to
recovery of liver function. In a later section of the paper we

TABLE VI.-L.F.T.s (Upper Abdominal Site Only). Pre-operative
and Post-operative Mean Results
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have considered in detail those few patients whose L.F.T.s
became worse after an operation.

Post-operative Liver-function Tests

In 290 cases a post-operative L.F.T. was requested (Table
VII). This was more frequently required after non-halothane
anaesthesia, where there were 19 post-operative L.F.T.s per
1,000 cases, whereas halothane only required 9 tests per 1,000
anaesthetics. But once again it is clear that when the figures
are standardized for the site of operation the number of tests
is independent of the anaesthetic used. There were roughly
45 requests for tests per 1,000 anaesthetics after operations on
upper abdominal sites, whereas there were only 14 after
operations on lower abdominal sites, and approximately 5
per 1,000 anaesthetics after operations on other sites. Within
these operation sites the frequency of L.F.T.s was independent
of the anaesthetic used.

Table VIII shows the types of L.F.T.s which were used in
the United Cardiff Hospitals during the period 1960-2.
During this period the transaminases were not regularly used
in the assessment of liver function for surgical cases.

TABLE VIII.-All Post-operative L.F.T.s Within 28 Days. Anaesthetic;
Site of Operation; L.F. T.s. Numbers of Cases

Upper Abdomen Lower Abdomen PerinealSand"Other" Sites
Test

Hal. Non- Hal. Non- Hal. Non-
hal. Ha. hal. hal.

Alkaline phosphatase 24 51 12 15 54 8
Bilirubin 28 59 10 16 38 8
Protein 13 29 13 19 57 14
Thymol turbidity 20 51 12 15 44 8
Zinc turbidity 16 34 5 8 26 6
S.G.P.T. . 4 7 1 4 7 1
S.G.O.T. . 4 7 - 3 5 1

Any test .. 39 68 23 33 84 20

Halothane Group: NonG
MeanResults halothane Group:

Type of Test MeaseRes asts Mean Results
Cases Cases

Pre-op. Post-op. Pre-op. Post-op.

Alkaline phosphatase
(K.A. units/100 ml.)

Bilirubin (mg./100 ml.)
Protein (g./100 ml.). .
Thymol turbidity

(Maclagan units) . .
Zinc turbidity

(Kunkel units) . .

15
17
4

12

10

41
8-9
6-3

2-7

5-8

27
6-6
6-4

36

3.4

27
36
8

27

22

34
4-2
6-8

2-7

6-3

30
3-8
5 9

2-6

5-4

TABLE VII.--L.F.T.s (Post-operative Tests) Within 28 Days of Opera-
tion. Anaesthetic and Site of Operation

Site of Operation

Halothane
Group

Rate
Cases per

1,000

Non-
halothane
Group

Rate
Cases per

1,000

"Others"
Group

Rate
Cases per

1,000

All
Anaesthetics

Rate
Cases per

1,000

Upper abdomen . . 39 49 68 43 8 55 115 45
Lower abdomen . . 23 13 33 13 8 35 64 14
Perineal .. 22 5 3 5 3 2 28 4
"Other" sites . . 62 7 17 11 4 2 83 7

Al sites .. .. 146 9 121 19 23 5 290 11

Table IX shows the mean and standard errors of each of
the individual tests for operation site and for type of anaes-
thetic. In this table there are 34 individual comparisons, and
only one pair of these shows a statistically significant difference
at the 5% level. This is the test for zinc turbidity in which
the upper abdominal operations carried out with non-
halothane anaesthesia appear to produce a worse result, but
among such a large group of pairs this finding cannot be
regarded as of any importance. If each one of the readings
is examined in detail after being standardized for site of
operation no particular trend appears. It would seem that the
anaesthetic groups are irrelevant to the mean readings of the
post-operative L.F.T.s.
While the means of two series may remain fairly equal there

may be a considerable change in the scatter of the results or
there may be a few freak results in one particular series which
are not frequent enough to affect the mean reading seriously.
In consequence the L.F.T.s were tabulated for each operative
site and for each anaesthetic group by a narrow range of
results, and in each series the cumulative frequency of cases
has also been calculated. These results are shown in Figs. 2-6.
These demonstrate only one important difference between the

TABLE IX.-All Post-operative L.F.T.s within 28 Days. Means and Standard Error of Mean

Upper Abdomen Lower Abdomen Perineal and "Other" Sites
Test

Halothane Non-halothane Halothane Non-halothane Halothane N.on-halothane

Alkaline phosphatase
Biirubin .
Protein.
Thymol turbidity
Zinc turbidity
S.G.P.T...
S.G.O.T. . .

18-7 ± 2-5
4-7 ± 1-0
6-2 ± 0-3
1-9 ± 0-3
3-7 ± 0-5
48 ± 12-5
25 ± 6-0

23-5
4-1
5.9
2-4
6-0

56
51

+
+
+
+
+
+
+

3-0
0-9
0-1
0-3
0-5

11-0
6-4

15-2 ±
1-4 ±
6-4 ±
2-4 ±
4-7 ±

C-)

2-5
0-3
0-4
0-4
1-6

15-2 +
1-7 +
5.9 +
3-1 +
7-8 +

( )

2-1
0-5
0-3
1-2
2-1

-) = Less than 10 tests available for the comparison between halothane and non-halothane

16-2 ± 1-8
1-6 ± 0-3
6-3 ± 0-2
3-5 ± 0-8
7.7 ± 1-0

(-)(-)I

19-7 ± 3-2
1-3 ± 0-5
6-4 ± 0-3
4-3 ± 1-9
6-2 ± 1-8

(-)

C-)
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Patients receiving halothane and those who received non-
halothane. The bilirubin results differ between these two
groups of patients. Whereas the individual readings for the
bilirubin tests after halothane anaesthesia follow a fairly con-
sistent grouping between a bilirubin of 0.3 mg./100 ml. and
8 mg./1O0ml., the readings after non-halothane anaesthesia
show some degree of clumping at the two ends of the frequency
ditribution. There are a large number of cases at 0.5 mg./1OO
ml. and there are a number of cases over 10 mg./100 ml. This
means that, although there is no statistical difference between
the means of these two tests, yet there are a number of cases
where the individual reading is very high after non-halothane
anaesthesia. In none of the other tests is there an important
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FIG. 2.-Integrated distribution curve for alkaline phosphatase.
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difference of this type, and these individual cases have all been
examined in a subsequent part of this paper.

Duration of Stay in Hospital
Cost is not a factor which restricts the duration of stay in

hospital in this country, and the length of stay after an opera-
tion is a sensitive index of the severity of complications and the
response of the patient to the treatment offered.
The duration of post-operative stay in days, together with

the standard error of the mean, is shown in Table X. Figs. 7,
8, and 9 show the cumulative frequency for duration of stay.
One of the principal factors affecting duration of stay is the
age of the patient. Children tend to stay a little longer than
young adults, but once a patient is past the age of 45 his
duration of stay tends to increase considerably. It is also
apparent that operative site is very important in these condi-
tions: patients undergoing abdominal operations tend to stay
longer and patients with perineal operations are discharged in
a very short time.
At every age patients who received halothane were discharged

sooner than those who did not, and this difference is statistically
significant. This is not necessarily a reflection on the particular.
anaesthetic, since, although there is no evidence for it, patients
with a poorer prognosis might have been selected for non.
halothane anaesthesia.
When the individual tables are considered for each age group

by operative site, there are similar differences. Children of 14
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TABLE X.-Duration of Stay in Hospital. Anaesthetic ; Site of 0 peration ; Age. Mean Duration in Days ± Standard Error of Meanl
Upper Abdomen Lower Abdomen Perineal "Other" Sites ARl Sites

Age(years) Halothane Non-hal. Halothane, Non-hal. Halothane Non-hal. Halothane Non-hal. Halothanef Non-hal.

&-IA ~I sIA7L1.10i7i-i Ii-u I i v-L- ± 0-5 -----~12-5 ±0-5 8- 0- 9-4 ± 1-4 9.4. + 0-3' 11- ± I0- 9-9 ± 0-2'.1-2 ± 0-3
15-44
45-64
65+

6 Difference between Halothane and non-halothane group significant at 5% level.
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or under in the halothane group remain in hospital longer after
upper abdominal operations than after operations on other sites.
In all other cases where there is a difference between groups it
is to the benefit of halothane patients, who are discharged earlier.
The result of this detailed statistical analysis is to suggest

that there was some selection of cases. However, when cases
have been standardized as far as possible for age and site of
operation there is no effective difference in the outcome of the
operation as a consequence of the type of anaesthetic used.

Death Within 28 days of Anaesthesia

Table XI shows the number of deaths in hospital within 28
days of anaesthesia which occurred within each anaesthetic
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FIG. 7. Integrated distribution curve for duration' of stay (age 15-44).
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group by each site of operation. There were 377 of these
deaths during the three-year period. It should be remembered,
however, that there may have been more than one form of
anaesthetic administered before death intervened.

TABLE XI.-Deaths Within 28 Days of Anaesthesia; Anaesthetic; Site
of Operation. Number of Deaths and Death Rate Per 1,000
Anaesthetics

Halo
Gr

Site of Operation

Deaths

Upper abdomen
Lower abdomen
Perineal
Intracranial . .
Intra-thoracic
Remaining sites
All operative sites

34
32

24
5
54
152

)thane
coup

Rate
per
1,000

42
18
06

170
79
6
9

Non- I"Others" Total
halothane Group Anaesthetics
Group

Rate Rate Rate
Deaths per Deaths per Deaths per

1,000 1,000 1,000

50
46
1

44
14
17

172

32 11 75 95
18 16 80 94
1 7 1 0-6 5

165 12 110 80
73 3 150 22
17 10 4 81
27 53 14 377

38
20
0-7

155
80
7
14

It is clear from Table XI that the most important factor
among those considered in this review influencing mortality
was the site of operation, and that intracranial, intrathoracic,
and upper abdominal sites were the most hazardous. The
mortality rate remains fairly constant for upper abdominal,
lower abdominal, perineal, intracranial, and intrathoracic sites.
There is, however, an increase in the mortality following opera-
tions on the " other " sites after non-halothane. This has been
examined further. The deaths in excess were due to selection
of anaesthesia of this type for surgery on poor-risk patients.
There is no statistically significant difference in the mortality
after halothane when it is compared with the non-halothane
group operation site by site. A more detailed analysis of the
clinical and pathological findings follows later in the paper.
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Clinical Considerations
Out of the total of 15,747 halothane and 6,123 non-halothane

anaesthetics there were 257 patients who had 267 operations
followed by L.F.T.s. This section is concerned with these 257
patients.
The L.F.T.s were performed for a variety of reasons. Most

were done to confirm or exclude disease of the liver and biliary
system. Others were performed as an aid in the diagnosis of
bone, heart, and other diseases. It is clearly necessary to cata-
logue the reasons for the L.F.T.s. In order to do this the
clinical case notes of each patient were carefully studied. To
reduce bias, the nature of the anaesthetic was not known during
this scrutiny.
The patients can be classified into broad groups on the basis

of the clinical reasons for which the L.F.T.s were requested
(Table XII). There were 67 patients who had L.F.T.s for non-
hepatic reasons. They were not considered further.

TABLE XII.-Post-operative L.F.T.s for Suspected Liver Disturbance

Halothane Non-halothane-

1. Liver disturbance probably associated witha
surgical condition . . .. 'a 58 73

2. Liver disturbance probably not associated
with surgical condition .38 21

Total .96 94

1. L.F.T.s for Liver Disturbance Probably Associated with
the Surgical Condition

The distribution of these patients according to anaesthetics
used is shown in Table XIII. Only group C is analysed in
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detail, as the others have a clearly discernible cause for the liver
upset.

TABLE XIII.-Post-operative L.F.T.s for Suspected Liver Disturbance
(1) Liver Disturbance Probably Associated with Surgical Condition

Halothane Non-halothane

A. Malignant disease involving hepatic system.. 13 13
B. Hepatic complications of surgery ; e.g. sub-

phrenic abscess and portal-vein thrombosis 25 21
C. Operations for diseases of liver and biliary

system; e.g. cholelithiasis .20 39

Total .5873

Disease of the Liver and Biliary System
The operations performed were (a) cholecystectomy;

(b) exploration of the biliary tract (and operative cholangio-
gram); (c) operations for portal hypertension; and (d) a
miscellaneous group: hydatid cyst, amoebic-abscess, and liver
biopsy. The distribution of these cases by operation, anaes-
thetic, and result of L.F.T. is shown in Table XIV.

TABLE XIV.-L.F.T.s After Operation for Diseases of the Liver and
Biliary System

Halothane Non-halothane
Operations

Total Abnormal Total Abnormal

Cholecystectomy . . 7 1 13 1
Exploration ofbiliary tract . . 9 6 11 3
Operations for portal hypertension 1 1 10 6
Miscellaneous.. 3 1 5 4

Total .20 9 39 14

With the provisos already stated, certain values have been
taken as limits of " normal " for each L.F.T. (Table IV). Each
patient was classified as having normal, or abnormal, post-
operative liver function according to whether any value fell
within or outside these limits. If a pre-operative test had been
carried out as well, then if the post-operative tests were still
within normal limits or all the tests had improved this patient
was graded " normal." All others were graded " abnormal."
The patients with abnormal L.F.T.s are briefly described

below.
Cholecystectomy: Abnormal L.F.T.s.-Halothane (1

case): -This patient developed acute pancreatitis on the
seventh post-operative day with a serum amylase of 6,400
Somogyi Units (normal 80-180 units) and a bilirubin of 3.6
mg./100 ml. Non-halothane (1 case) : -This patient developed
urticaria and exfoliative dermatitis post-operatively. He had
been treated with novobiocin, chloramphenicol, and pro-

methazine. The only abnormal test was a bilirubin of 1.6
mg./100 ml. on the fourteenth day.

Exploration of the Biliary Tract: Abnormal L.F.T.s.-
Halothane (6 cases) :-Four patients were jaundiced pre-

operatively. In one of these a liver biopsy showed " interstitial
hepatitis with biliary obstruction." The highest values of the
tests of the other three were bilirubin 2, 3.6, and 4 mg./100 ml.
Of the two remaining patients, who were not jaundiced pre-

operatively, one died on the third day from coronary throm-
bosis. No liver abnormality was found at necropsy: his
abnormal L.F.T. was bilirubin 1.6 mg./100 ml. The other had
an L.F.T. which showed bilirubin 2.5 mg./100 ml. on the third
day. Non-halothane (3 cases): -One patient was jaundiced
pre-operatively. Another patient developed cholangitis, a

biliary fistula, and a liver abscess after operation. The change
in liver function in the third patient was small-zinc turbidity
7.5 to 9 Kunkel units; the other tests were normal.

Operations for Portal Hypertension: Abnormal L.F.T.s-
Halothane (1 case): -The only abnormal test post-operatively
was a bilirubin of 1.4 mg./100 ml. on the first post-operative
day. This patient had had several pints of blood. Non-
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ha-lothane (6 cases): -Four patients had relatively small
changes in L.F.T.s (the greatest change, from a bilirubin, 1.5--
4.3 mg./100 ml.). Of the other patients, one had a bilirubin
which rose from 0.6-9.6 mg./100 ml. on the second post-
operative day. He became comatose, but recovered and was
discharged on the twenty-fourth day. One very ill patient died.
Here the bilirubin rose from a pre-operative value of 10.5
mg./100 ml. to 22.6 mg./100 ml. on the second post-operative
day. He developed ascites and pleural effusion, and died on the
fourteenth day.

Miscellaneous: Abnormal L.F.T.s-Halothane (1 case):-
This was a patient with cirrhosis of the liver whose
operation- was a splenogram. The bilirubin rose from a pre-
operative value of 0.8 mg./100 ml. to 5.0 mg./100 ml. on the
thirteenth post-operative day. She had a two-year history of
intermittent jaundice. Non-halothane (4 cases):-The opera-
tion on two of the patients was liver biopsy. Both had
jaundice pre-operatively. The changes in the tests were of a
minor degree. Another patient had a hydatid cyst removed;
the bilirubin was unchanged, but the zinc turbidity rose from
a pre-operative value of 4 units to 11 units on the twelfth
post-operative day. The other patient had a liver abscess
drained. His abnormal test was serum alkaline phosphatase of
25 K.A. units.

2. L.F.T.s for Liver Disturbance Probably not Associated
with Surgical Condition

This group consists of patients who had L.F.T.s either
because they were known to have a pre-existing liver condition
such as cirrhosis or infective hepatitis, or because liver dysfunc-
tion was suspected. Table XV shows that in 22 of these

TABLE XV.-Post-operative L.F.T.s for Suspected Liver Disturbance
(2) Liver Disturbance Probably Not Associated with Surgical Condition

Halothane Non-halothane Total

(a) Normal L.F.T.s post-op. .17 5 22
(b) Abnormal L.F.T.s post-op.

(i) Pre-existing liver disease 5 2 7
(ii) Cause doubtful .. 16 14 30

Total .38 21 59

patients the tests were normal. Of the 37 abnormals described
below, 7 had pre-existing liver disease. In 30 patients the
cause of the abnormal L.F.T. is doubtful.

(i) Pre-existing Liver Diseases.-A summary of the abnormal
patients in this group is shown in Table XVI. Some patients
with pre-existing disease did not have pre-operative L.F.T.s and

TABLE XVI.-Liver Disturbance Probably Not Associated with Surgical
Condition. Abnormal L.F.T.s. (s) Pre-existing Liver Disease

Case Operation Liver Disease Remarks

Halothane
A Axillary abscess Infectious hepatitis Diagnosed clinically pre-oper-

atively. Post-operative L.F.T.s
only

B Branchial cyst Infectious Jaundiced post-operatively : Paul-
mononucleosis Bunnell test positive

C Bilateral intra- No diagnosis Slightly jaundiced pre-opera-
nasal ethmoi- tively. Post-operative tests
dectomies only: bilirubin, 1-2 mg./100

ml.
D (a) Amputation Hepatomegaly of Diabetes. Severe coronary artery

of toe diabetic origin disease.
(b) Amputation Not jaundiced post-operatively:

of leg Bilirubin = 0-6 mg./100 ml.
Serum alkaline phosphatase, 35
K.A. units.

E Blade-nailing of Obstructive Jaundiced post-operatively. Died
femur cholelithiasis 14 days post-operatively. P.M.:

Coronary thrombosis. Obstruc-
tive cholelithiasis

Non-halothane
F Transverse Cirrhosis of liver Diagnosed at operation. Post-

Colostomy operative L.F.T.s only.
G Pelvic floor Obstructive Jaundiced post-operatively.

repair cholelithiasis Cholecystectomy later
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therefore, by our definition above, had to be included because of
abnormal results. The diagnosis in case (B) might easily have
been missed if a Paul-Bunnell test had not been performed.
The diagnosis in case (E) was made only at post mortem.

(ii) Patients in Whom the Cause of Abnormal L.F.T. was
Doubtful.-These patients form a residue after eliminating those
in whom the cause of hepatic disturbance was probably due to
either surgery or pre-existing liver disease. This group has
been examined in some detail from a number of points of view
to discover whether there is any difference between those who
had halothane and those who did not. We give as much
information as is practicable in a paper, but further details are
available for study. Tables XVII-XX give analyses and clinical
details about these patients. No consistent differences seem to
exist between the halothane and the non-halothane cases.

TABLE XVII.-Liver Disturbance Probably Not Associated with Surgical
Condition. Abnormal L.F.T.s. (it) Cause Doubtful

Halothane Non-halothane

Number of patients . . 16 14
Mean age (years) . .46-0 49-5

(range 10-89) (range 14-76)
Female incidence . . 56-2% 50%
Request for first Post-op. L.F.T. (mean day) 9-5 6-8

(range 1-22) (range 1-18)
Bilirubin > 1 mg./100 ml. .75% 74%

(12 patients) (10 patients)
Bilirubin >2 mg./100ml. .43-7% 50%

(7 patients) (7 patients)
Pyrexia (temp. > 100° F. (37-8° C.) within 31-2% 44%

7 days of operation) .(5patients) (6 patients)
Deaths (see also Table XX) 5* it

* Case 5: Bronchopneumonia (25th day). Case 6: Pneumonia (16th day).
Case 7 : Carcinomatosis (8 months). Case 9 : Cardiac failure (63rd day). Case
14: Suppurative pylonephritis (54th day).
t Case 29 : Acute hepatic necrosis (18th day).

TABLE XVIII.-Liver Disturbance Probably Not Associated with Surgical
Condition. Abnormal L.F.T.s-Cause Doubtful. Incidence; Site
of Operation; Anaesthetic

Upper Lower Perineal and
Anaesthetic Abdomen Abdomen "Other" Sites All Sites

Total Doubtful Total Doubtful Total Doubtful Total Doubtful

Halothane 702 2 1,714 5 13,331 9 15,747 16
(0-28%) (0-29%) (0-07%) (0-1I%)

Non- 1,548 6 2,576 6 1,999 2 6,123 14
halothane (0-39%) (0-23%) (0-1 %) (0-23%)

TABLE XIX.-Liver Disturbance Probably Not Associated with Surgical
Condition. Abnormal L.F.T.s-Cause Doubtful. Blood Transfu-
sion Associated with Operation; Anaesthetic; Bilirubin Level

Halothane Non-halothane

Bilirubin As % of As % of
Patients Doubtful Patients Doubtful

Group Group

No Bilirubin or Bilirubin
< lmg./100 ml. .. .. 3 18-7 1 7-1

Bilirubin > 1 mg./100 ml. .. 1 6-3 1 7-1
Bilirubin > 2 mg./100 ml. .. 4 25-0 4 28-6

Total blood transfusions .. 8 50 6 42-8

Multiple Anaesthetics

It was not possible to discover the total number of patients
who had multiple anaesthetics. However, the numbers who
had multiple halothane and multiple non-halothane in the total
L.F.T. groups was known. Those in whom the cause of
abnormal liver function was doubtful were considered
further. Multiple anaesthetics in which the anaesthetics were

different on each occasion were not considered.
The patients were compared in a variety of ways (Table

XXI). There appeared to be no consistent or important differ-
ences between the patients who had multiple halothane and
-those who had multiple non-halothane. However, the true
incidence of each multiple anaesthetic appearing in this group

BRnIsn
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could not be calculated. This table should therefore be viewed
with some caution.

TABLE XXI.-Liver Disturbance Probably Not Associated with Surgical
Condition. Multiple Anaesthetics in Those with Abnormal L.P.T.s.
Cause Doubtful

Multiple Multiple
Halothane Non-halothane

Multiple anaesthetics. 4 3
% of 'Doubtful" Group 25% (4/16) 21% (3/14)
Total cases receiving these multiple anaesthetics

(in all L.F.T. groups) 12 9
% of total multiples which appeared in "Doubt-

ful"group .33% (4/12) 33% (3/9)
Pyrexia > 100' F. (37-8' C.) 1 1
Time of previous anaesthetic. 11 days 13 days

2 months 21 ,
3 ,, 5 years
9"13

Deaths* .2 0
Bilirubin > 1 mg./100 ml. 3 2
Bilirubin > 2 mg./100 ml. 1 2
Blood transfusion associated with operation 3 2
Radiation procedures .1. I. 0

Case 5: Bronchopneumonia (25th day). Case 6: Pneumonia (16th day).

Deaths-Clinical and Pathological
Observations

All patients who died within 28 days of having received a

general anaesthetic were listed. This period seemed reasonable;
most of the deaths reported in the literature occurred well
within this period. In addition, we assumed that a disturbance
of the liver due to anaesthesia resulting in death later than 28
days after an operation would in any case have revealed itself
clinically within four weeks of that event.

The distribution of the deaths by anaesthetic is shown in
Table XI. Only the 324 patients who had received either
halothane or non-halothane were analysed further. The clinical
and post-mortem records of these patients were carefully
examined and assessed for the cause of death, special attention
being paid to any record of jaundice or other signs or symptoms
suggestive of liver disturbance. During this procedure the
assessors were unaware which anaesthetic agents had been used.
The causes of death are shown in Table XXII.

TABLE XXII.-Causes of Death Within 28 Days of Operation. (Assessed
from Clinical Records

Classification Halothane Non-halothane

Death due to the surgical disease .. 90 120
Death due to coincident disease . 62 51
No definite cause-suspected hepatic failure 0 1

Total .152 172

Only one patient (No. 29 in Table XX) was classified as dying
of hepatic failure of unknown cause.

Post-mortem Findings

Of the 324 patients who died within 28 days of operation,
242 (74.7%) had a post-mortem examination. The post-
mortem reports were studied ; the macroscopic and microscopic
findings relating to the liver and biliary system are shown in
Table XXIII.
One patient had necrosis of the liver (Case 29 in Table XX).

She had received non-halothane 18 days before death for a

homicolectomy for ulcerative colitis, and halothane for a

sigmoidoscopy 32 days before death. Microscopical examina-
tion of the liver was reported as: " a normal lobular architec-
ture with extensive fatty change. There are, in addition, wide-
spread areas of liver-cell necrosis which are mainly centrilobular
in distribution. In these areas of liver-cell necrosis the outlines
of many of the cells and nuclei are still discernible." In the
pathologist's opinion the appearances suggested that the liver
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necrosis originated not more than two to three days before
death. The fatty changes in this case may have been associated
with the ulcerative colitis (Kimmelstiel et al., 1952 ; Kleckner
et al., 1952).

Finally, the weights of the livers in the "pale and fatty " and
"chronic venous congestion " groups were compared by anaes-
thetic agents, the " no abnormality detected " (N.A.D.) group
serving as a control (Fig. 10). There is an increase in liver
weights in both the "chronic venous congestion" and " pale
and fatty " groups compared with the " N.A.D." group. How-
ever, analysis shows no statistical difference between halothane
and non-halothane in either group.
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FIG. 10.-Integrated distribution curve for liver weights.

Discussion
Most if not all the general anaesthetics cause some temporary

deterioration in liver function although even with coexisting
liver disease little difference exists between the various anaes-
thetics. By 1850 Casper had already reported chronic chloro-
form poisoning (quoted by Bourne, 1932). Whipple and
Sperry (1909) concluded that chloroform anaesthesia of any
long duration invariably produces central necrosis of the liver;
the extent of the effect differed from animal to animal and from
man to man. Others found that even brief periods of chloro-
form anaesthesia are sufficient to produce immediate and late
toxic effects on the liver. Ether also causes definite but transi-
tory impairment of hepatic function, while nitrous oxide and
ethylene appeared to have no effect unless accompanied by
hypoxia (Rosenthal and Bourne, 1928).

Fairlie et al. (1951) compared the effects on the liver of
diethyl ether, cyclopropane, and spinal anaesthesia in patients
undergoing lower abdominal and limb surgery. Even when the
pre-operative liver-function tests were normal almost every case
showed evidence of liver dysfunction after operation. How-
ever, there was no correlation between the type of anaesthetic,
the duration of administration, and the change in the liver-
function test.

French et al. (1952) compared patients with pre-operative
abnormal hepatic function with those with normal function,
using cyclopropane and diethyl ether. Abnormal liver-function
tests before operation invariably became worse afterwards.

TABLE XXIII.-Liver Pindings at Necropsy

P.M. Findings in Liver Halothane Non-halothane

No abnormality detected . 55 (48%) 60 (47%)
Diseases ofliver not associated with

anaesthetic 18 (16%) 22 (17%)
Diseases of liver possibly associated

with anaesthetic 41 (36%) 46 (36%)
(1) Chronic venous congestion 24 (21%) 23 (18%)
(2) Pale and fatty 17 (15%) 22 (17%)
(3) Hepatic necrosis 0 1 (1%)

Totals 114 (100%) 128 (100%)
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However, even those with normal liver-function tests before
operation showed some degree of hepatic dysfunction after
operation. In regard to surgery, Boyce and McFetridge (1935)
studied "liver death" resulting from the so-called " hepato-
renal syndrome," a not unknown complication of major
surgery, in particular that involving the biliary system.

A change for the worse in liver function is therefore to be
expected after most anaesthetics and after major surgery,

especially if involving the hepatic system.

It was realized when halothane was introduced that a halo-
genated hydrocarbon which had some similarity both
chemically and clinically to chloroform might be hepatotoxic.
Raventos (1956) studied the effects of halothane on rats, dogs,
and monkeys, and found little evidence of liver damage even

after prolonged exposure to halothane. This finding has been
confirmed in mice (Jones et al., 1958 ; Gibson, 1959; Davis
et al., 1961), rats (Cavaliere and Moricca, 1960), rabbits
(Vassallo et al., 1962), dogs (Krantz et al., 1958 ; Stephen et al.,
1958; and Haley and Wyant, 1959), and monkeys (Stephen
et al., 1958 ; Krantz et al., 1958). None of these investigators
was able to show more than minimal histological changes in
the liver even with gross and repeated overdosage of halothane.

In patients studied after halothane anaesthesia only minor
effects on liver function were observed. (Burns et al., 1957;
Stephen et al., 1957; Robson and Sheridan, 1957; Brindle
et al., 1957 ; Virtue et al., 1958 ; Little et al., 1958; Carson
et al., 1959 ; Visser and Tarrow, 1959 ; Bianchetti et al., 1960).
With this background it therefore came as something of a

surprise when the reports of serious and often fatal hepatic
complications appeared.
The immediate question became whether halothane should be

abandoned or whether further studies were needed. The
prospective approach seemed ideal, and indeed this was proposed
on a large scale in the U.S.A. However, so long as some

clinicians felt that the association between halothane and liver
damage was proved, serious ethical objections to a prospective
study were raised and the study was abandoned. Retrospective
study is therefore urgent, and the paucity of such studies can

be explained only by the lack of data.
Two limited restrospective studies have already been

reported. One of these (Dawson et al., 1963) compares the
incidence of hepatic complications and mortality after diethyl
ether with those after halothane, in patients undergoing opera-

tions on the gall bladder and bile duct. The anaesthetics were,

however, used in different years. The authors concluded that
there was no significant difference between these groups of
patients. The other investigators (Keerii-Szatnto and Lafleur,
1963) examined coded hospital records for certain hepatic
complications after surgery for the years 1959-61. They con-

cluded that there "remained some doubt about the role of
halothane in the production of such complications " and that
" pre-existing liver disease increased the chance of hepatic com-

plication but did not appear to sensitize against
halothane."
Our own studies were based on a comparison of halothane

and non-halothane anaesthesia. The statistical part did not
reveal any difference in the post-operative liver-function tests,
the post-operative stay, or certain pathological findings in the
liver after death. In the case of the liver-function tests there
were, of course, differences from the normal distributions ; this
is to be expected, as these tests were usually requested for
obvious hepatic dysfunction.

These findings were supported by our studies of the case

histories of patients who had liver-function tests. In patients
who have operations on the hepatic system it is difficult to
apportion the cause for any post-operative hepatic complication
between the surgery and the anaesthetic. The hepatic com-
plications in our patients seemed to be associated with particular
and similar surgical circumstances, whether they received
halothane or non-halothane. Cholecystectomy with either

BRITISH

halothane or non-halothane had a very low incidence of post-
operative hepatic morbidity.
A group of 30 patients was revealed in whom no clear cause

could be assigned for abnormal liver-function tests. This group
emerged because of the severity of the criteria by which we
defined it-a deterioration, however small in any liver-function
test. Nevertheless on analysis of this group there did not
appear to be any quantitative or qualitative differences between
those who had halothane and those who had non-halothane.
We did not find that multiple halothane anaesthetics had any
difference in effect to multiple non-halothane in respect of liver
disturbance.

It has been suggested that the insertion of radium for the
treatment of carcinoma of the cervix or uterus may be a factor
which makes a patient having halothane anaesthesia, and
especially multiple halothane anaesthesia, more likely to develop
hepatic dysfunction (Ashton et al., 1963). We could not find
any indication that this is so. It may, however, be that the
nature of the radium technique and the dosage in our patients
was different from that used elsewhere.

Patients with poor nutrition are generally assumed to be
more prone to suffer from the effects of hepatotoxic drugs. It
was not possible, however, in a retrospective study to attempt
any correlation between pre-operative nutritional status, anaes-
thetic, and hepatic morbidity. Patients of varying nutritional
status are included in this study, and there is no reason to
suppose that there was any special selection of the anaesthetic
for these patients.

Conclusions

Our results lead us to the following conclusions. Firstly,
there is no evidence in our series that any effect which halo-
thane, in an anaesthetic mixture, has on the liver is any different
from that of the anaesthetic mixture without the halothane, or
indeed from that of "others." Secondly, that the duration of
administration of halothane as determined by different types
of surgery makes no more difference in this connexion than
when halothane is not used. Thirdly, that pre-existing liver
disease, and particularly that of the biliary tract, does not
appear to lead to any more hepatic dysfunction after halothane
than after other anaesthetics. In our cases any further
deterioration was more obviously related to the existing disease.
Lastly, more than one administration of halothane does not
seem more damaging to the liver than more than one admini-
stration of non-halothane.

It is impossible to exclude the hypothesis that halothane can

affect the liver in a marked fashion in patients who have some
specific susceptibility to the agent, inborn or acquired. One
such patient, for example, is reported by Tygstrup (1963) as
having this susceptibility. However, since the effect of other
anaesthetics on his patient was not reported, it is not certain
whether Tygstrup's case showed a specific effect of halothane
or whether the effect would have occurred with any other
anaesthetic agent in similar circumstances.
We found no examples of patients with this susceptibility in

the 15,747 halothane anaesthetics we studied. The incidence of
this defect, if it exists, is such that it could not be demonstrated
in that number. It is also not possible from this investigation
to exclude sensitization of the liver to multiple anaesthetics,
although we could not find any evidence for this hypothesis in
this study.
The figures brought to light in this investigation show that

the incidence of hepatic complications afer administration of
halothane is little different to that after non-halothane anaes-
thetics. Since we have not discovered any evidence of a specific
hepatotoxic effect of halothane, or of a sensitizing action of one
administration of halothane to the next, we feel that a prospec-
tive study to investigate further such possibilities could be
carried out without serious ethical objection.
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Summary
A retrospective comparison between the effect on the liver

of halothane and non-halothane anaesthesia, as defined, was
carried out in the United Cardiff Hospitals for the years 1960-2
inclusive. There were no statistical differences in the post-
operative stay in hospital and in the mortality between these two
groups.
The result of liver-function tests performed within 28 days

of an operation were analysed. The tests were compared for
each anaesthetic and for site of operation. There were no
statistical differences between halothane and non-halothane.
The clinical records of these patients were studied

individually, without knowing which anaesthetics had been
used. A small group of patients had tests indicative of post-
operative hepatic dysfunction, the cause of which was not
easily ascertainable. These patients were distributed according
to their anaesthetic in proportion to the total number of each
anaesthetic. The morbidity in the group appeared to be
random and not particularly related to anaesthetic or indeed
to any other factor.
A separate clinical and statistical study was made of deaths

occurring within 28 days of anaesthesia and operation. The
clinical records, and the post-mortem findings including the
liver weights, were studied.
Only in one case could the post-mortem macroscopic or

microscopic finding of an abnormal liver not be explained by
the clinical history. This patient had acute hepatic necrosis
after a non-halothane anaesthetic. No other consistent differ-
ences were found between the deaths which followed halothane
and those after non-halothane.
Out of 15,747 halothane and 6,123 non-halothane anaes-

thetics there does not appear to be any important differences in
the effect on the liver between halothane and non-halothane.
It is unlikely that there is a graduated response on the liver
related to dose.
We found no evidence to show whether halothane produces

a specific toxic effect or allergic reaction on patients with an
inborn or acquired susceptibility to this agent, or indeed to any
other anaesthetic. However, if this is so, the incidence is less
than could be discovered in a series of this size.
This retrospective investigation would enable a prospective

trial to proceed without ethical objections.
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