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Regular Reviewz

Occupational hazards of anaesthesia

M P VESSEY, J F NUNN

"The people of the city said to Elisha, 'You can see how
pleasantly our city is situated, but the water is polluted
and the country is troubled with miscarriages."'
2 Kings 2, 19 (New English Bible).

The concept of pollution causing miscarriage is evidently not

novel, and the atmosphere in operating theatres is invariably
contaminated by anaesthetic gases; in the absence of special
precautions background levels for the two most important
inhalational anaesthetics, halothane and nitrous oxide, ranged
from 0-1 to 60 and 30 to 3000 parts per million (ppm) re-

spectively in a study of theatres in 20 hospitals in Britain.'
Furthermore, bromide, produced by biotransformation,
accumulates in appreciable quantities in the blood of an-

aesthetists exposed to halothane.2
Anxieties about the possible hazards of working in this

polluted environment were triggered by the results of a survey

reported by Vaisman in 1967.3 A questionnaire was sent tc

354 Russian anaesthetists (of whom 28% used halothane, 59%
nitrous oxide, and 98% ether) and 303 replies were analysed.
Of these, 110 related to women who reported a total of 31
pregnancies, of which no fewer than 18 had ended in spon-

taneous abortion. Vaisman did not, however, specifically
single out pollution of the operating theatre atmosphere as the
likely cause of this and other health problems (such as head-
ache, insomnia, and liver disorders) reported by her colleagues;

she drew attention to other unfavourable aspects of the
anaesthetists' lot-long and irregular hours of work, constant

mental stress, and exposure to extremes of temperature-as
important factors.

Vaisman's paper inspired a great deal of animal experimenta-
tion and epidemiological research undertaken to try to shed
further light on any occupational risks for anaesthetists and
other operating-theatre personnel. Most workers have been
concerned with 'possible fetotoxic or carcinogenic hazards,
but some have looked at other problems such as the occurrence

of hepatic or renal disease. This work has, in general, focused
on long-term exposure to low concentrations of anaesthetic
gases as the suspected cause rather than on the other factors
mentioned by Vaisman. This choice seems to be due partly to

the development of improved methods of measuring trace

levels of anaesthetic gases, partly to recognition that the
metabolism of anaesthetic gases may lead to the release of toxic
substances in the body, and partly to the generally high level of
concern about possible teratogenic and carcinogenic effects of
drugs.4
Not surprisingly, most animal studies have been concerned

with mice, rats, rabbits, or guinea-pigs. The uncertainties of
extrapolating the findings in such species to man are well
known. Experiments in which very large doses of anaesthetic
agents in liquid form were given by unusual routes (by mouth,

for example) should clearly be ignored, but the results of
studies seemingly more relevant may still have been distorted
by insufficient attention to detail. Resorption of the fetus in
rats, for example, can be induced by relatively minor stress
such as handling or changes in patterns of feeding or lighting;
any disparity between experimental groups with respect to
variables such as these could easily lead to incorrect con-
clusions.

Several workers have investigated the effects of anaesthetic
gases on chromosomal breakage or have sought other experi-
mental evidence of mutagenicity, since 900/o of carcinogens are
also mutagenic.5 6 The results with the Ames test and mamma-
lian cell cultures have been negative except in regard to certain
anaesthetics containing a vinyl group, and, of these, only
trichloroethylene is now used as an anaesthetic in Britain.7-"

Early animal studies of the possible carcinogenic and
teratogenic effects of inhalational anaesthetics produced some
suspicious findings,'2-" but more recent experiments based on
exposure to subanaesthetic concentrations have been more
reassuring.'5-21 Lansdown et al15 and Pope et al,16 for example,
have conducted studies in which animals were exposed
throughout gestation to concentrations of anaesthetics at least
500 times higher than those likely to occur in the operating
theatre. No evidence of teratogenicity and no significant
increase in fetal loss were found. Coate et al17 exposed rats to
halothane 1 ppm combined with nitrous oxide 50 ppm or to
halothane 10 ppm combined with nitrous oxide 500 ppm.
Though extended exposure at both levels resulted in chromo-
somal damage to bone marrow and spermatogonial cells,
exposure before and after mating (seven hours a day and five
days a week) did not produce any teratological or abortifacient
effects. Exposure to anaesthetising concentrations of certain
agents, on the other hand, including nitrous oxide, does appear
to cause an increased incidence of abortion and fetal malforma-
tions in rodents.22
Baden et all8 concluded that, in the conditions of their

experiment on Swiss/ICR mice, lifetime exposure to halothane
at its maximum tolerated dose was not associated with an
increased incidence ofneoplasia. A similarly negative result was
obtained with 300 Fischer rats exposed to halothane 10 ppm
and nitrous oxide 500 ppm for seven hours a day, five days a
week for 104 weeks.'9 An important study by Eger, Corbett,
and others20 has refuted the earlier finding by Corbett'2 that the
anaesthetic isoflurane (Forane, never released in Britain) was
a transplacental carcinogen.
With the consensus of data from animal experiments at

subanaesthetic concentrations yielding no convincing evidence
of either fetotoxicity or carcinogenicity, epidemiological
studies in man assume particular importance. Investigations
of this type published before the end of 1977 have recently
been reviewed by MPV.23 This review was limited to studies
in which control data were collected; after sifting the literature
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12 investigations were considered to be eligible for in-
clusion.24-31
Three of the studies considered only the pattern of mortality

in anaesthetists. The first two24 32 were concerned with deaths
among members of the American Society of Anesthesiologists
during the intervals 1947-66 and 1967-71. Both studies had
serious methodological shortcomings, but the results suggested
that anaesthetists are at an increased risk of death from
suicide. In addition a modest excess of deaths from tumours of
the lymphatic and reticuloendothelial systems had been noted
in the earlier period, but no such difference was apparent in
the later period. The third study35 concerned over 20 000 male
British doctors followed up for 20 years. Of these, some 1250
were full-time or part-time anaesthetists. No excess was found
either in overall mortality or in deaths from tumours of the
lymphatic and reticuloendothelial systems, though five deaths
from pancreatic cancer were observed among the full-time
anaesthetists, while only 1-7 would have been expected on the
basis of data from other doctors.
The remaining nine studies (four North American, three

British, two Scandinavian) were concerned with a wide range
of possible hazards, though most attention had been paid to
spontaneous abortion (seven studies) and to the birth of
malformed offspring (seven studies). In three studies these
outcomes ofpregnancy had been examined in the wives ofmen
exposed to anaesthetic gases as well as in exposed women
themselves. The standard approach in each study was to
identify a group of persons who had been exposed (usually
anaesthetists or anaesthetic nurses) from a register and to send
out a questionnaire inquiring about the past occurrence of the
disorders under investigation. For control purposes, similar
information was sought from a group of unexposed persons
(usually doctors other than anaesthetists, and nurses other than
anaesthetic nurses). This methodological approach is not, of
course, satisfactory for the study of diseases leading to retire-
ment or death, especially those running a short course. The
response rates in the various study groups were rather low,
varying from about 40% to about 85%. A particularly serious
problem was noted in the largest of the investigations31;
response rates in the unexposed. groups were much lower than
those in the exposed groups. The questionnaires used in some
of the studies were found to be heavily "loaded," being
entitled, for example, "Effects ofwaste anaesthetics on health,"
while many of the events recorded (such as spontaneous
abortion and minor congenital malformation) were ill defined
and open to the influence ofreporting bias.
Viewed against this methodological background, the various

studies were nevertheless found to provide reasonably con-
vincing evidence of an increase of about 40% in the risk of
spontaneous abortion in exposed women (but not in the wives
of exposed men). Even this result might, however, possibly
have been attributable to reporting bias. The evidence relating
to other suspected hazards considered in the review (cancer,
malformation, stillbirth, altered sex ratio, low birth weight,
and infertility) was judged to be unconvincing, nor is it likely
that trace concentrations of anaesthetics have any appreciable
effect on mental performance.36-38
Two further epidemiological studies have been published

since the appearance of the review. The first, by Tomlin,39
concerned 340 anaesthetists in the West Midlands region of
England, of whom 314 completed a survey questionnaire.
About half the anaesthetists were trainees; an unknown
proportion of the remainder must have been included in
earlier British surveys conducted by Knill-Jones et al.27 33
In the absence of a proper control group, Tomlin used for
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comparative purposes those pregnancies experienced by
anaesthetists (or their wives) either before they took up
anaesthetics or after a year or more away from the operating
theatre. Tomlin concluded that spontaneous abortion, various
congenital malformations and "non-acquired anomalies," low
birth weight, infertility, cancer in adults and children, and
(possibly) impaired intellectual development in children were
all health problems of anaesthetists and their families. Careful
examination of his data, however, shows that only the rates
for spontaneous abortion in exposed women were significantly
in excess of the control values.40 41 Many other major criticisms
have been directed at Tomlin's study,42 43 which, while
provocative, seems to add little that is concrete to the
existing literature.

In the second study, by Cohen and his colleagues in North
America,44 male dentists and female chairside assistants who
used anaesthetic gases (mainly nitrous oxide) were compared
with those who did not. At first sight, this design would appear
to have overcome the problem of finding an appropriate
control group. In the event, however, users of anaesthetics
were found to be younger than non-users: though allowance
was made for this age difference in the analysis, doubts must
remain about the comparability ofthe groups in other respects.
As with other, similar studies, there may also have been
biased reporting since the purpose of the inquiry was well
known. Furthermore, the response rate was disappointing:
only 78% of the 138 000 dentists originally mailed a postcard
by the American Dental Association responded and, of the
responders, only 740 of those selected for detailed investiga-
tion returned a questionnaire. Nevertheless, the study showed
a highly significant association between exposure to anaesthetic
gases and spontaneous abbrtion in the chairside assistants (the
rate rising from 8-1 per 100 pregnancies in those without
exposure to 19-1 per 100 pregnancies in those heavily exposed).
An association was also observed in the dentists' wives, but
the differences (6.7 per 100 for non-exposed against 10-2 per
100 for heavily exposed husbands) were much less impressive.
There was no increase in congenital malformations among the
children born to exposed dentists. The corresponding data for
chairside assistants showed a weak association, but no dose-
response relation was apparent and the findings were of
borderline statistical significance.

Liver diseases and kidney diseases (renal lithiasis in dentists,
genitourinary infection in chairside assistants) were reported
significantly more often by those exposed to anaesthetics, but
differences in reported cancer rates were minimal and not
significant at the 5% level. There was, however, a substantial
increase in the reporting ofnon-specific neurological symptoms
in those exposed to anaesthetic gases. A condition resembling
subacute combined degeneration of the cord has been reported
in 15 persons who had been abusing nitrous oxide (14 ofwhom
were dentists)45 and this condition might be related to the
inactivation of vitamin B12 by nitrous oxide.46 Levels of nitrous
oxide polluting the air in American dental operatories are
generally much higher than in operating theatres.47
Where, then, does all this evidence point? Firstly, it is

reasonably conclusive that there is an increased risk ofabortion
in theatre staff, and two of the studies we have cited22 44 firmly
suggest that high concentrations of nitrous oxide may be the
causative factor. Secondly, intermittent exposure to high
concentrations of nitrous oxide can apparently induce lesions
indicative of interference with vitamin B12 metabolism. The
other suggested hazards may be real but the consensus of
evidence is not, in our opinion, conclusive at present. Never-
theless, steps should be taken to reduce contamination of the
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atmosphere in operating theatres as much as is reasonably
possible-which, of course, is DHSS policy48 -and scaveng-
ing systems are now being installed in many operating theatres.
While these systems may not succeed in reducing pollution
levels to those recommended by the American National
Institute of Occupational Safety and Health (not more than
2-0 ppm for halothane and 25 ppm for nitrous oxide) they may
considerably improve on the concentrations found in the
absence of pollution control.' Nevertheless, to a large extent
the recommended levels are arbitrary and no "safe" level of
exposure has yet been defined.
On the present evidence, a theatre nurse or female anaesthe-

tist becoming pregnant or wishing to become pregnant should
be advised to avoid working in an environment contaminated
with anaesthetic gases, such as an operating theatre without
an effective scavenging system (but there is no certainty that
some other occupations in the hospital service, or elsewhere for
that matter, are any more favourable). On the information at
present available, there are no grounds for recommending

therapeutic abortion for the working theatre nurse or anaesthe-
tist who becomes pregnant, and Cohen (personal communica-
tion) concurs with this view.

Prospective studies are in progress which it is hoped will
assess the hazards of work in operating theatres after the
introduction of scavenging systems. There are formidable
difficulties in quantifying the long-term exposure of an indivi-
dual anaesthetist or nurse to waste anaesthetic gases, but only
the relation of exposure to hazard will indicate whether any
part of the apparent risk of working in an operating theatre
may be attributed to the inhalation of trace concentrations of
anaesthetic gases.
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