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THE PRESENT REPORT, prepared Dby the
American Society of Anesthesiologists Ad
Hoc Commiittee on Effects of Trace Anes-
thetic Agents on Health of Operating Room
Personnel, summarizes a two-vear effort to
investigate the health experience of anes-
thesia and operating room personnel in the
United States. Preliminary studies in Russia,
Denmark, the United Kingdom, and the
United States had suggested that an increased
rate of spontaneous abortion was to be found
among women working in operating rooms and
presumably exposed to waste anesthetic
gases. A number of animal studies have
supported this suspicion and further suggest
that if abortions are caused by anesthetics,
they should be considered in the larger
context of t , teratoge and
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careine is.

Interest in this question has been consid-
enible, and the problem has received careful
review by the National Research Council Ad
Hoc Committee on Adverse Reactions to
Anesthetic Agents, and the Scientific Advi-
sory Council for the Association of University
Anesthetists. Strong interest has also been
shown by govemmental agencies, principally
by the National Institute for Occupational
Safety and Health (NIOSH). In June 1972, a
workshop was convened in Salt Lake City
under the auspices of NIOSH to discuss the
problem. At this meeting, attended by rep-
resentatives of government, members of pro-
fessional anesthesia societies, health and
hospital associations, and involved scientists,
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a unanimous recommendation was made for
initiation of a national study to define the
problem as precisely as possible. Following
completion of the study, a criteria document
would be issued establishing standards and
recommendations for control. An Ad Hoc
Committee was appointed by the American
Society of Anesthesiologists (ASA) and
charged with preparation of a study protocol
to be submitted to NIOSH for approval and
funding. Preparation of the protocol was
quickly accomplished, and on October 16,
1972, a contract for a two-phase study to
investigate the health of operating room
personnel was signed by the ASA and by
NIOSH.

A questionnaire was designed and mailed
to 73,496 individuals,} including the entire
memberships of the American Society of
Anesthesiologists, the American Association
of Nurse Anesthetists, the Association of
Operating Room Nurses, and the Association
of Operating Room Technicians. These indi-
viduals represent essentially all personnel in
the United States who are continuously ex-
posed to trace anesthetics in the operating
room environment. Questionnaires were also
mailed to the membership of the American
Academy of Pediatrics and to a segment of
the membership of the American Nurses
Association, which served as comparison
groups. These mailings took approximately
six weeks. Three months later, a second
mailing was sent to those individuals failing
to respond to the original questionnaire.

During the next six months statistical
analyses of the preliminary data were re-
viewed on several occasions at executive
sessions of the Ad Hoc Committee attended
by a number of invited consultants. A com-
plete tabulation of the then-available data
was made during the summer of 1973. It
seemed apparent, even at that stage of
analysis, that a number of important positive
findings were present. These were consid-
ered serious enough to warrant a prelimi-

1 Later mailings were also made to the American
Society of Oral Surgeons and to a segment of the
American Dental Association, which add 7,791
more individuals to the study. These data are
being analyzed separately and will be the subject
of a second report.
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nary release of the committee findings,
coupled with a strong recommendation to
initiate operating room anesthetic scavenging
procedures as rapidly as possible.

Despite the strength of these positive
findings, several deficiencies were uncov-
ered in this early analysis. Concern was
expressed regarding the large percentage of
non-respondents (45 per cent), and it was
considered essential to define the charac-
teristics of this non-responding group. Ac-
cordingly, personal letters were addressed
and telephone calls attempted to each non-
responding woman member of the pediatric
society. This group was selected for rep-
resentative analysis because of its geographic
stability, and because additional data were
needed in this relatively small but important
control group.

Final questionnaires were accepted by
February 15, 1974, and a detailed analysis of
the data carried out in the succeeding weeks.
Although the information presented in the
current report does not provide unequivocal
evidence concerning the several occupa-
tional diseases studied, it seems likely that a
number of serious environmental problems
do exist in the operating room. Corrective
measures are indicated, and appropriate
steps have been carefully considered. These
are described below.

Finally, although specific health hazards
are designated, no data which allow us to
prove a direct cause—effect relationship be-
tween them and trace concentrations of
anesthetic gases are presently available.
Considerable supportive evidence is to be
found in experimental animal data, but
human studies do not exist. This emphasizes
the importance of the second phase of the
study, which is planned for 1978. By that
time it is assumed that the proportion of
personnel working in ventilated and
anesthetic-scavenged operating rooms will
have increased from the present 21 per cent
to almost 100 per cent. At that time, if the
results of the second survey indicate reduc-
tion in the incidences of the reported prob-
lems to control levels, we can more safely
assume that the anesthetic gases are indeed
the causative agents. However, even before
such evidence becomes available, the Ad
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Hoc Committee strongly urges that all
operating rooms be cleaned of trace concen-
trations of anesthetic gas

Background

The discovery of an occupational disease
frequently results from the identification of
clusters of specific disease entities among
individuals engaged in similar occupations or
environments, followed by isolation of the
offending agent in the laboratory.

In 1967, Vaisman! surveved 303 Rus
anesthesiologists and reported an unusually
high incidence of headache, fatigue, irritabil-
ity, nausea, and pruritus. He also noted that
1S of 31 pregnancies among the female
anesthesiologists ended in spontancous abor-
tion. In addition, two of the pregnancies
ended in premature delivery and one in
congenital malformation.

In 1968, Bruce ¢t al.® published a study of
the causes of death among anesthesiologists
over a 20-yvear period. This survey revealed a
trend toward higher than normal incidences
of death from reticuloendothelial and Ivin-
phoid malignancies. It was based on 41
deaths among members of the American
Society of Anesthesiologists from 1947 to
1966. In 1969, Li et al.® similarly studied the
causes of death among chemists, and found a
higher proportion of deaths from cancer than
among other professional men. Nearly half
the excess cancer deaths were attributable to
malignant Iymphomas and cancer of the
pancreas. This excess mortality may relate to
the exposure to noxious chemicals in a fash-
ion comparable to that for the anesthetist.

In 1970, Askrog and Harvald® reported a
high mte of spontaneous abortion among
anesthetists in Denmark. Their study re-
vealed that approximately 20% of all preg-
nancies ended in spontineous abortion,
compared with a rate of approximately 10 per
cent among the same group prior to operating
room employment. In 1971, Cohen ¢t al®
reported a 38 per cent abortion rate among
physician anesthetists and a 30 per cent
abortion rate among operating room nurses,
with a 10 per cent abortion rate for control
groups of other female physicians or general
duty nurses. Miscarriages occurred earlier in

an
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gestation in both opertting room nurses and
anesthetists, compared with their control
groups. These results suggested a fetal lethal-
ity, possibly due to anesthetic gases, al-
though the studies did not incriminate any
specific anesthetic agents, nor was a cause—
effect relationship established.

In 1972, Knill-Jones et al.® studied 563
married women anesthetists and 828 non-
anesthetist married women doctors, and
found the frequency of spontaneous abortion
to be higher (18.2 per cent) when the anes-
thetists were working, than when they did
not work (13.7 per cent). The miscarriage rate
in the control group was 14.7 per cent. The
incidence of congenital anomalies was also
higher when the mother worked, and 12 per
cent of anesthetists and 6 per cent of the
controls suffered involuntary infertility.

In 1973, Corbett ¢t al™* surveyed 621
female nurse-unesthetists in Michigan, The
incidence of malignancy among the group
was three times the expected mate. This
survey also revealed a high incidence of birth
defects among children of the nurse-
anesthetists. The ovenll incidence of con-
genital anomalies was significantly higher
when the mother practiced during pregnancy
than when the mother did not practice (16 vs.
6 per cent).

Industrial toxicologists have been con-
cerned for many years with the chronic
exposure of workers to low concentrations of
industrial chemicals and gases, and
Threshold Limit Values (TLV){ have been
established for a number of agents. The first
documentation of occupational exposure of
operating room personnel to anesthetic gases

was reported in 1969, when Linde and
Bruce® described peak levels of 27 ppm

halothane and 428 ppm N,O in the operating
room. In 1970, Askrog and Petersen®® re-
ported average concentrations of 83 ppm
halothane and 7,000 ppm in the inhala-
tion zone of the anesthesiologist when a
nonrebreathing system was used. In 1971,

1 These were 1 by the
American Conference of Government Industrial
Hygienists (A.C.G.I.LH.) and subsequently through
the Occupational Safety and Health Act (0.S.H.AL),
and represent time-weighted averages reflecting
conditions under which it is believed that workers
may be repeatedly exposed without adverse effect.
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Corbett et al.' found levels of methoxy-
flurane in the operating room ranging from
210 ppm in the area of the anesthetist, and
from 1-2 ppm around the surgeons. The
latter authors demonstrated that methoxy-
flurane concentrations could be reduced
significantly by the use of a gas trap placed
over the pop-off valve which vented waste
anesthetic gases to the wall suction. Later
that year, Whitcher et al.’* documented con-
centrations of halothane in the operating
room environment and demonstrated a ten-
fold reduction in atmospheric contamination
of the operating room through use of appro-
priate scavenging equipment, which shunted
the waste gases into the operating room
ventilation system outlet. Additional studies
of atmospheric concentrations of N;O* and of
trichloroethylene'* in the operating room
followed.

Certain chemicals and envirc tal pol-
lutants are known to be carcinogenic,
teratogenic, mutagenic, and/or embryolethal.
A systematic study of the carcinogenicity of
anesthetic agents has not been done. The
embryotoxic and teratogenic effects of
anesthetic concentrations of inhalation agents
have been well demonstrated in animal
studies by Fink et al.,'> Basford and Fink,'
Smith et al.,* and others. This toxicity is
manifested by increased fetal death rates and
increased rates of congenital anomaly in the
offspring of both mammalian and avian
species.!®® The ppressive effect:
of anesthetics have also been documented.®®
Bone marrow depression in humans from
chronic exposure to N.O has been dem-
onstrated in leukemia patients by East-
wood et al.?*' and in normal subjects by
Parbrook.”® Green™ reported differences in
toxicity from N.O for various strains of rats by
measuring leukocyte counts and DNA-RNA
ratios of thymus tissue. The Long-Evans rat
proved to be the most sensitive. Corbett et
al.** demonstrated fetal lethality in Long-
Evans rats exposed to low concentrations of
N.O during early pregnancy. Concentrations
of the anesthetic in these studies ranged from
1,000 to 10,000 ppm. Bruce et al.*® were
unable to demonstrate toxic effects on preg-
nancy using low concentrations of halothane
in mice, and Corbett et al.2® were unable to
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demonstrate a toxic effect on pregnancy
using low concentrations of methoxyflurane
in Sprague-Dawley rats.

Evidence for the metabolism of a number
of anesthetics was reviewed by Van Dyke
and Chenoweth* in 1965. Since that time,
the metabolic pathways of several anesthetic
agents have been determined. Toxicity re-
lated to these anesthetics frequently appears
to be associated with their metabolic degra-
dation rather than the parent agent itself.

Studies by Stier et al.*® and by Rehder et
al.® demonstrated that metabolites of
halothane could be recovered from the urine
of patients as long as 20 days following
anesthesia. In 1970, Holaday et al*® found
long-term storage of methoxyflurane in pa-
tients, with excretion of metabolites for as
long as 10 days following surgical anesthesia.
Subsequent clinical studies by Corbett and
Ball revealed the exhalation of N,O as long as
56 hours after anesthesia.”® Studies of the
retention of anesthetic agents in anes-
thesiologists following routine occupational
exposure have demonstrated traces of
halothane in expired air for as long as 64
hours, methoxyflurane for 29 hours, and N,O
for 7 hours following the administration of
clinical anesthesia. Increased fluoride ion
concentration has been found in an anes-
thesiologist following 6% hours of occupa-
tional exposure to methoxyflurane.’*

It is not known whether long retention of
low concentrations of these anesthetic agents
is harmful. Cascorbi et al. investigated the
possibility of enzyme induction due to
chronic exposure to low concentrations of
anesthetic gases. There is a wide variation in
the rates of metabolism of anesthetic agents
from person to person,® and nonspecific
stimulation of drug-metabolizing enzymes in
laboratory animals by inhalation of anesthetic
agents has also been demonstrated.®®3*
Chenoweth et al.3s were able to demonstrate
hepatomegaly and histologic changes in the
livers of rats following chronic exposure of
these animals to low concentrations of
halothane or methoxyflurane. Bruce et al. 3*
found focal lesions in livers of rats exposed
daily to halothane and N,O simultaneously
for periods of six weeks.
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Methods

The present study consisted of a survey of
49,585 operating room personnel whose
names were supplied by their individual
professional societies. The exposed person-
nel included members of the American Soci-
ety of Anesthesiologists (ASA), the American
Association of Nurse Anesthetists (AANA),
and the Associations of Operating Room
Nurses and of Operating Room Technicians
(AORN/T). These individuals represent es-
sentially all exposed operating room person-
nel in the United States. Their levels of
anesthetic exposure, however, range from
relatively high exposure among the physician
anesthetists and nurse-anesthetists to sub-
stantially lower exposure among operating
room nurses and technicians. Mail surveys of
the four societies were carried out simultane-
ously with the permission and support of
each society. Results from the operating room
nurses and operating room technicians have
been combined for all analyses. Two profes-
sional societies, the American Academy of
Pediatrics (AAP) and the American Nursing
Association (ANA), provided 23911 indi-
viduals who served as an unexposed com-
parison group. Personnel within the study
societies who reported that they were not
working in the operating room (see below for
details) provided further control groups.

A questionnaire was mailed to every
member of each society, with the exception
of the American Nursing Association, where
a 10 per cent nationwide sample was used.
The questionnaire consisted of a legal-size
form printed on both sides (Fig. 1A and B).
The forms were individually numbered, and
as the responses were received, they were
checked off address lists prepared by the
societies. The data were edited for inadmis-
sible replies, ambiguities, obvious errors, and
missing data. Acceptable forms were
keypunched into standard punch cards and
entered into a 360/67 IBM computer. Xerox
copies of unacceptable forms were returned
to the respondents, with indications of
deficiencies and a request for correction and
returm.

After the data were stored in the computer
in a temporary file, they were again checked
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by computer for inconsistencies, missing
data, inadmissible entries, and unusual re-
sponses. When possible, these deficiencies
were corrected.

A second mailing was sent to those who
did not respond to the first mailing. Re-
sponses to the second mailing were handled
in the same manner, but first- and second-
responder data were stored separately in the
computer bank for comparison. A special
study was carried out among the female
members of the American Academy of
Pediatrics, to determine whether the non-
responders after two mailings in this group
were different from those members who had
responded to the first or second mailing. This
study involved a third mailing, with follow-
up telephone calls to those who did not
respond to the mailing.

After the data from the several mailings
had been edited, corrected, and stored in the
computer in permanent files, the exposed
and unexposed groups of respondents were
compared to determine whether there were
important differences in occurrence rates of
five major characteristics: spontaneous abor-
tion rate,§ congenital abnormality rate,
cancer rate, hepatic disease rate, and renal
disease rate. The rates for spontaneous abor-
tion were based on the number of spontane-
ous abortions per 100 pregnancies reported
over the last ten vears (ignoring therapeutic
abortions in both the numerator and de-
nominator). Congenital abnormality rates
were based on the number of liveborn babies
with one or more reported abnormalities per
100 liveborn babies born over the last ten
years. For male respondents, all rates refer to
the pregnancies and liveborn babies of their
spouses. With regard to disease, the rates
were based on the number of cases diag-
nosed within the last ten vears per 100
respondents.

Rates were standardized by the direct
method* adjusted for both age and smoking
in the case of spontaneous abortion and
congenital abnormality rates, and age alone

d as the loss of the
product of conception prior to the twentieth week of
gestation.

§s abortion defi
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in the case of disease rates. $For the former,

age and smoking habit of the mother at
the time of pregnancy were used in the
adjustment calculations; for the latter, age

of the respondent at the time of the survey

was used. In calculating spontaneous abor-

tion and congenital abnormality rates, the

siindard  population utilized counsisted of
one third smokers and two thirds non-smokers,

with age distributions ascribing 50 per cent

to less than 30 years of age, 40 per cent in the

age range of 31-37 years, and 10 per cent

more than 37 vears of age. For the adjustment

of diseuase rates, the standard population used

for all groups had age distributions: 40 per

cent less than 10 years of age: 40 per cent in

the age range of 40~34 vears; 20 per cent

more than 54 vears of age. Standard errors for

the adjusted rates were computed by the

usual method, assuming that cell rates were

binomially distributed proportions, and pool-

ing the exposed and unexposed cell data to

estimate standard errors of differences to test

the null hypothesis that rates do not differ

with exposure. To determine significance, “P

values” were computed, using one-sided

tests against the alternative that exposed

groups have higher risks. Comparisons of
spontaneous abortion mtes and congenital

abnormality rates for exposed and unexposed

groups were made separately for female

respondents and for wives of male respond-

ents. Disease rates were also analyzed sepa-
rately by sex.

Results were individually analyzed for
each of the several societies working in the
operating room. Those respondents who re-
ported that they were working in the operat-
ing room at the time of their pregnancy were
separated from those who reported no expo-
sure. For pregnant women working in the
operating room, exposure was defined as
exposure during the first trimester of preg-
nancy end work in the operating room
during the calendar year previous to the
event. In the case of the male respondents,
exposure was defined as work in the operat-
ing room during the calendar vear prior to
the pregnancy. Spontaneous abortion rates
and congenital abnormality rates were com-

¢ Smoking data available only during period of
gestation.
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pared for the exposed and the unexposed
groups within each of the exposed societies,
i.e., the ASA, the AANA, and the AORN/T. In
addition, the rate for the exposed group in
each society was compared with the rates
determined for the parallel control society,
i.e., the American Academy of Pediatrics for
the physician anesthetists, and the American
Nursing Association for the nurse-anes-
thetists, operating room nurses, and tech-
nicians. Respondents in the control societies
who reported operating room exposure
(e.g., pediatric anesthesiologists) were sepa-
rated out and not used in the calculation
of rates for the control groups. Duplication of
memberships in the study and control
societies was checked by social security
number. Negligible overlap was found, but
detected duplications were assigned to the
exposed groups.

In analyzing disease rates, only the com-
parisons between societies were utilized. No
efforts were made to compare exposed with
unexposed members within a society, since
effects here might be expected to be due to
chronic exposure, and exposure information
for respondents was available for the last ten
vears only. Data from respondents in the
exposed study societies were deleted from
the comparisons when they reported no ex-
posure to the operating room within the last
ten yvears. Similarly, respondents in the con-
trol societies were deleted from the analysis
of disease rates when thev reported any
operating room exposure during the last ten
years. :

In defining the types of congenital abnor-
malities, the form (Fig. 1B) shows the
categorization of questions asked of the re-
spondent. After these data had been assem-
bled, it was felt that further details as to the
tvpes of abnormality were needed. There-
fore, all respondents reporting a liveborn
baby with an unspecified type of congenital
abnormality (“other” on the form) were sent
a letter requesting a specific diagnosis of the
abnormality. This information was edited by
a physician, coded, and then added to the
data in the computer. Data on types of
abnormality were used to determine the
distribution of congenital abnormalities be-
tween the exposed and unexposed groups.
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The abnormalities were then further
categorized and analyzed according to
whether they were thought to be multifacto-
rial in inheritance.® The first question was
investigated by chi-squared comparison of
the distribution of types of defects among
babies with congenital abnormalities. The
second question was studied by applying the
same analysis described earlier, using stand-
ardized rates, but restricting the count of
defects to multifactorial abnormalities.

Since definitions of rates for cancer, he-
patic disease, and renal disease were diffuse
and each involved many forms of diseuase,
several sub-analyses were carried out. Rates
were compared for specific diagnoses, or
eliminating certain other specific diagnoses.
For cancer, the rates for Iymphoma and
leukemia were computed separately and
compared sex-specific for the exposed and
unexposed groups. Subjects more than 63
vears of age were excluded from this
analysis. For hepatic disease, rates were
computed excluding reported cases of serum
hepatitis, since it was anticipated that serum
hepatitis rates might be higher for operating
room personnel frequently exposed to blood.
For renal disease, the mtes were computed
excluding pyelonephritis and cystitis, since
the risks of these infections were thought to
be unrelated to the anesthetic exposure.

In addition to the calculation of disease
rates for cancer, hepatic disease, and renal
disease, modified as described in the preced-
ing paragraph, the distributions of the several
diagnoses within each category were com-
pared for exposed and unexposed groups,
using the chi-squared test for common dis-
tribution.

Several further analyses which are not
reported in the Results section were carried
out. The rates for spontaneous abortion pre-
sented in the Results section were computed
on a per-100-pregnancy basis, and the con-
genital abnormalities on a per-100-liveborn
baby basis. The statistical analyses (standard
errors and tests of significance) took the
events to be independent even though cer-
tain women contributed reports on several
pregnancies. Thus, the statistical tests do not
discount for correlations in the clusters of
data per respondent and may claim a higher
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degree of statistical significance than a closer
analysis would indicate. To investigate the
effect of this simplifving approach, two types
of additional analysis were done. The first
consisted of looking only at the last preg-
nancy reported by each respondent. Of
course, this analysis disregards a substantial
portion of the data, and the results show
attenuation of the significance levels ob-
tained with the complete sets of data. How-
ever, the results confirmed statistical sig-
nificance in most of the critical comparisons
and provided an additional justification for
the results that are presented below.

In another analytical approach, the multi-
ple logistic model was used to describe the
binary spontaneous abortion data. This mul-
tiple logistic analysis** was carried out to
adjust for the individual characteristics of
each individual mother, including her previ-
ous pregnancies within the study period, and
to see whether multiple adjustment for all
interfering variables for which information
was available would minimize or magnify the
results obtained by simple direct adjustment
for age and smoking. The multiple logistic
results are not reported in the present paper,
but they confimn and strengthen the results
reported below in terms of simple age- and
smoking-standardized rates, and serve to add
detail in terms of the relative risks of expo-
sure for women with various characteristics.
The multiple logistic approach was also
applied to the congenital abnormality data,
and again the results confirmed the results of
the simpler adjusted-rate approach reported
in this paper.

The multiple logistic analyses showed that
second responders were different from first
responders and that this factor interacted
with the exposure factor. Nevertheless,
higher risks for exposed personnel confirmed
the simpler adjusted-rate analyses. Further

** This approach provided an estimate of the
probability of spontaneous abortion as a function of
all of the following simultaneous variables: expo-
sure during the first trimester, first or second
responder, history of previous spontaneous abor-
tion, age of the mother at the time of pregnancy,
smoking habit of the mother at the time of the
pregnancy, and the first-order interactions among
the first three listed variables {previous exposure,
first or second responder, and abortion history).



Anesthesiology

330 ASA AD HOC COMMITTEE v a1, Sesthestolony
TABLE 1. Total Mailing and Numbers of Responses to the First
and Second Mailings by Society and by Sex
Responses
First Mailing Second Mailing Total Responses
Society Suneyed Number PerCent Number Per Cent Number PerCent

ASA

Men 9,793 3,579 57.0 979 100 6,558

Women 1,398 892 63.8 167 11.9 1,039 75.7
AAP

Men 7,024 2,452 349 441 6.3 2,893 41.2¢

Women* 886 384 43.3 69 7.8 639 72.1%
AANA

Men 2,627 1,666 55.0 228 10.4 1,894 65.4

‘Women* 11,967 6,064 50.7 1,072 8.6 7,136 59.3
AORN/T _

Men 1,666 646 38.8 245 14.7 891 33.5

Women* 22,133 9,946 +.9 2,326 10.5 12,272 55.4
ANA

Men 320 112 35.0 30 9.3 142 +1.3

Women* 15,681 3,111 32.6 1,449 .2 6,560 41.8

73,496 32,852 7,006 40,044

* These are estimates based on samples of several hundred names on the address lists, classified

by sex on the basis of name only.
} The results from first and second mailings to

b ug

female AAP i by 186

were

further responses obtainedina thlrd mailing to the non-respondents. Recent mailings to male AAP members

have now i he

in the analysis.

light on non-responder bias was cast by the
special study of “non-responders” among the
female pediatricians. It was found that the
rates obtained from the 186 “non-
responders” were very nearly equal to the
rates calculated from the 639 first and second
responders. This provided further indication
that non-responder bias is not an interfering
influence in the study results presented be-

low.
Results

Table 1 shows the numbers of persons
surveved in the several society memberships,
and the numbers of responses, by mailing
and by sex. In addition to the responses from
the first and second mailings, additional
responses from the special study of the

to 3,998 (56.9 per cent), although these data are not included

Table 2 indicates the numbers of pregnan-
cies reported by the male and female re-
spondents in the survey. Table 3 presents
spontaneous abortion rates for female mem-
bers of the several societies, excluding data
from the unexposed members of the study
groups and data from exposed members of
the control societies who reported that they
had worked in the operating room. The rates
are standardized for both age and smoking
habit at time of pregnancy. Rates for the

TABLE 2. Numbers of Pregnancies (Excluding
Therapeutic Abortions) Reported by
Respondents in the Several

non-respondents among female members of
the American Academy of Pediatrics brought
their response rate up to 72.1 per cent of all
female members of the association, compara-
ble to the 75.7 per cent rate for female
members of the American Society of Anes-

thesiologists.

Socieities
Wives of Male Femule
Respondents Respondents Total
ASA 5,790 848 6,638
AAP 2,534 381
AANA 2,107 3,491
AORN/T 436 5,896
ANA 79 2,626
10,946 13,242
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study groups are higher than those for the
control societies and attain statistical sig-
nificance (P < .01) for the physicians and for
the operating room nurses and technicians.

Table 4 presents standardized spontaneous
abortion rates for exposed and unexposed
groups within the several societies. The
figures for the exposed groups are, of course,
the same as reported in table 3. The rates for
the unexposed nurse-anesthetists and operat-
ing room nurses and technicians are very
close to the rate for unexposed members of
the American Nursing Association. However,
members of the American Society of Anes-
thesiologists who report exposure neither
during the first trimester nor during the
calendar vear previous to the event have a
rate of spontaneous abortion of 15.7, mark-
edly higher than the rate for female pedia-
tricians (8.9) and almost as high as the rate for
exposed female anesthesiologists (17.1). The
rate for female pediatricians seems remarka-
bly low, but it is closely compamble to the
rates reported by unexposed members of the
American Dental Association and unexposed
members of the American Society of Oral
Surgeons, in a concomitant survey still in
progress.

Tables 3 and 4 show statistically significant
evidence that spontaneous abortion rates are
higher among women working in the operat-
ing room than in comparable groups of
women working outside the operating room.
I this increased risk of abortion is caused by
insult to the fetus from some environmental
hazard, such as ambient anesthetic gases, it
might be anticipated that the effect might
also be evidenced by earlier abortions among
operating room women, and a decrease in the
sex ratio (male/female} of liveborn babies.
Indeed, earlier reports had suggested both
possibilities.** These questions were pur-
sued in the present analysis. No statistically
significant differences were found in the
average number of weeks’ gestation at the
time of abortion, when exposed and unex-
posed groups of women were compared, nor
was there any evidence that the sex ratio was
decreased in the exposed groups.

Table 5 presents the spontaneous abortion
rates reported by male respondents and
standardized for the ages and smoking habits
of the spouse at the time of her pregnancy.
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TABLE 3. Spontaneous Abortion Rates
for Female Respondents*

Oranization Hate Organization Rate P

ASA 1n1=20 AAP 89 =15 | <00l
{168 {30%)

AANA 170=09 ANA 1531=09 007
(L5261 (1948

AORN/T 195=09 ANA 1531209 | <nul
2781 {1.34%)

* Rates catenlated per hundred i Tadinstl

abortions! and standurdized for axe and smoking habit at pmglum\
{see Methods), The standard emroraccompanies the rate, The standard
error and the one-sided significance test "P value™ are based on
standard binomial theory applied to standan] rates. The total number
of pregmancies contributing to the mte is given below each mte.
Unexposed persons have been deleted from the groups on the left-
hand side and exposed persons from societies on the aght-hand
side. (See Methods for definitions of “exposed” and “unexposed ™.

TaBLE 4. Spontaneous Abortion Rates for Exposed
and Unexposed Members of the Several
Study Socieities*

ASA AANA AODRNT
Unexposed mother 157 =33 JERER RS 151=12

(l&‘ﬂ (676) {1533
Expoved mother 20 170 =09 195 =08

(455! (1.826) (2,751
Sigmificance P =035 P =006 P<u0l

“Age and smoking stindardized rate per 100 pregnancies,
with standard error and total numlm .)r pregiancies. See
Methods for deseri| of and  defini-
tions of exposure.

TABLE 3. Spontaneous Abortion Rates for
Wives of Male Respondents*

Organization Hate Oranization Rate P
ASA 1.6 =06 Aap 126=08 | 051
(3.416) (1.982)
AANA 1.7 = 1.0 ANA 100=33 0.36
(1,350) 3H
AORN/T 154 = 4.1 ANA 100=33 | 003
237 54

* Hates per hundred pregnancies, with standasd ermror and total
number of preguancies reported by each gronp. See explanatory
footnote in table 3.

Along with rates for the other societies, data
are also reported for male members of the
ANA and the AORN/T, although there are
very few male members of these organiza-
tions. There is little evidence that male
exposure results in abortion in the spouse.
Table 6 compares congenital abnormality
rates for the exposed female members of the
study societies with the unexposed members
of the control societies. The rate for the
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TABLE 6. Congenital Abnormality Rates for Children
of Female Respondents*

ASA AD HOC COMMITTEE

Organization Rate Organization Rate P
ASA 59=14 AAp 007
{359
AANA 96=035 ANA 0.03
(LA4S0Y
AORN/T kR .6 ANA 047
{: il

* Standardized rates are mlmhml on the number of livebom
habies with one or more i lities (skin exclided
per 100 livebom infants. Standard errors and numbens of livebom
fabies are given with the rtes. See the footnote in table 3 con-
ceming standardization of these rates and othes details of caleulation.

TaBLE 7. Congenital Abnormality Rates for Children
of Exposed and Unexposed Women within
the Several Study Societies*
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Table 7 presents the congenital abnormal-
ity rates for unexposed and exposed groups
within each of the three study societies. The
rates for the unexposed personnel in the
societies are very close to the mtes reported
in table 6 for the pamllel control societies.
The rate for the exposed nurse-anesthetists
(9.6) is more than 50 per cent higher than the
rate for members reporting that they were not
exposed during and just before pregnancy
(3.9), and this difference is highly significant
(P < 0.01).

Congenital abrormality rates among the
livebomn infants of the wives of male respond-
ents are reported in table 8. The rates for
wives of males exposed to the operating room
are uniformly higher than the rates for wives

of unexposed muales in the control societies.
ASA AANA AORN/T
Unexposed mather | 3.4=12 ]| 59=10 | 7.0=09 TaBLEY. Distributions of Congenital Abnormalities
(116) {566) (1,275) {Skin Excluded) by Organ System, for
Exposed mother 59=14 | 96=08 [ 7.7=06 Babies Bomn of Female Members
{354) {1,480) (2.210) of the Physician Societies*
Significance P =013 P <001 P =023
* Standardized !al v rates, per 100 live- A2 Aat
bom babies, with standard emors and number of livebomn Organ System Per Cent | Number [ Per Cent | Number
babies per group. Skin lities were excluded from
the enumeration. See footnotes for tables three and six for  Cardiovascular 37 10 0
more detail Jeul and definiti of Respi v 7 2 0
exposure. Musculoskeletal 26 7 29 2
Gastrointestinal ) [H
TaBLE 8. Congenital Abnormality Rates for Children ci‘:‘sﬂ:tn ous 19 5 14 1
of Wives of Male Respondents* Urogenital n 3 P 1
Total ital
Organization Rate Ormnization Rate r abnarmalities 100 a7 100 7
Asa a.-: :\:5))4 Asp vt * Only data from d dents are included in the
AANA 5 5. \0‘9 ANA 013 study group, and only data from unexposed respondents
(1,168} are included in the control group.
AORNIT 64=25 ANA 022
{203}
TasBLE 10. Congenital Abnormality Rates Age- and
* Standardized ital ab lity mate, per 100 Hvebom Smoking-standardized per 100 Live Births

babies, skin abnormalities excluded, with standard emor and total
livebom lubm per xmup Sev footnote to table 3 for further

details and definition of groaps.

female ASA members was double that for the
members of the AAP, and the rate for the
AANA was more than 25 per cent higher than
the rate for the ANA, both differences attain-
ing at least borderline significance (P = 0.07
and 0.03, respectively). All skin abnor-
malities are excluded in computing these
rates.

for Femuale Respondents and Wives of
Male Respondents, Using Sel
Multifactorial Categories*

AsA Aar P
Female 124 = 047]021 2021 | 0.06
respondents (354) (276)
Wives of male 1.56 = 0.211 0.90 = 0.24 | 0.03
respondents (2,988) (L71)

* Atrial septal defect, patent ductus, congenital
hip, clubfoot, cleft palate or lip, pyloric stenosis,
anencephaly, spina bifida, and hydrocephalus.



Anesthesiology
V41, No 4, Oct 1974

The difference for male physicians is statisti-
cally significant (P = 0.04). The differences
for the nurses and technicians, though larger
than for physicians, are not statistically sig-
nificant. The numbers of male respondents in
these groups, however, are limited.

Tables 6, 7, and 8 show statistically sig-
nificant or borderline significant differences
in the congenital abnormality rates for babies
bom of women and also the spouses of men
who work in the operating room, compared
with babies bom of control women and the
spouses of men who work outside the operat-
ing room. However, even if this difference is
valid, the limited numbers of abnormalities
reported make it difficult to determine
whether any specific type of abnormality is
occurring with unusually high frequency.
Table 9 presents the breakdown of abnor-
malities according to organ system for the
physician groups, but the numbers do not
afford clear conclusions.

In reviewing the congenital abnonmalities,
a category of multifactorial inheritance that
included atrial septal defect, patent ductus,
congenital hip, cleft palate or lip, clubfoot,
pyloric stenosis, unencephaly, spina bifida,
and hydrocephalus was defined. When the
abnormuality rates for these multifactorial ab-
normalities were compared between the
babies of the exposed and the unexposed
physician groups, it was found that the rates
were distinctly different, as shown in table
10. These differences support the suggestion
that the increased risk of congenital abnor-
muality among operating room personnel may
be due to environmental hazard as well as to
genetic differences.®
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TaBLE 11. Cancer Rates for Female Respondents,
Skin Excluded*

Orzanization Hate Orzanization Rate r

ASA 30 =06 AAP 16=035 (11157
({1L,00S) (5661

AANA 26=02 ANA S=02 <0.01
16,4071 A0

AORN/T 23=02 ANA I8s=02 w07
{1LS33 15,4000

* Hates are dardized amd are culeulated ou the basis of

the number of respondents reporting a cancer diagnosis within the
fast ten years per 100 respondents. Standard error and total number
1 for each rate, Respondents for the societies

they reported working in the O.R.

of respordents ane

on the left wer
one or more of the last ten years. Respondents for societies on the
reported no O.R. exposure in the

last ten yean.

TaBLE 12. Cancer Rates for Male Respondents,
Skin Excluded*

Orzanization Rate Organization Hate r
asa 07 =01 Aap 049
6230
AANA 15=03 aNa 013
(1835
AORN/IT 03=02 ANA . 027
(550 (109

* Agetamdandized rate, per 100 responds with standan!
error and total number of respondents. See footnote to table 11

for further details,

Table 11 presents the age-standardized
-ancer rates for the several study and control
societies for female respondents. Table 12
presents analogous rates for the male respond-
ents. There is strong evidence for a higher
risk for exposed females than for unexposed
females. Table 13 shows the breakdown of
cancer diagnoses by type for females. The in-
cidence of lymphoma and leukemia is in-

TaBLE 13. Comparison of the Distribution of Cancer Cases by Type for
Female Respondents in the Several Societies

AS3 AAP AANA AORN-T ANA
Cuncer Per Cent | Namnber | Per Cent | Number | Per Cent | Number [ P'er Cent | Number | Per Cent { Number

Cervix 7 2 o 22 34 35 1 13 12
Breast 14 S0 S 40 61 29 39 51 5
Uterus 15 3 10 1 14 21 10 21 16 15
Thyruid n 3 0 1 2 6 12 2 2
Leukemia and lymphoma i 1 0 3 5 3 5 1 1
Melanoma 1 1 0 3 5 2 4 2 2
Miscellaneous 6 2 10 1 17 23 15 31 15 20

Total cases 100 25 1 10 100 153 100 203 100 91
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TaBLE 14. Hepatic Disease Rates for Female
Respondents, Serum Hepatitis
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TABLE 15. Hepatic Disease Rates for Male
Respondents, Serum Hepatitis Excluded*

Excluded*
O izati Rate Organization Rate r
Organization Rate Organization Rate r
ASA 41203 AAP 26 =04 <0.01
AsA 19=07 AAP 004 5 (2.337)
o2 AANA ANA st=22 | o035%
AANA 38=03 ANA <01 (56
(3. AORN/T ANA 51=22 0.65
AORN-T 2r=02 ANA 0.08 (561
9541
* Rates are caleulated per 100 respondents, with standard enur

* Rates are caleulated per 100 respondents, with standand eror
and totad number of respondents per group. See footnote to table 11
for further details.

creased approximately threefold in exposed fe-
males (P = 0.05 for exposed groups vs. unex-
posed groups using age-standardized rates).
No statistically significant differences in other
tvpes of female cancer were found, within
the limited numbers of cases reported, and
there were no differences found between ex-
posed and unexposed males (data not shown).

There were markedly higher rates of
hepatitis for the study societies compared
with the control societies, and these elevated
rates were statistically significant. Since
operating room personnel administer blood
and therefore run a high risk of infection, a
diagnosis of serum hepatitis was disregarded
in a recalculation of hepatic disease rates.
Table 14 shows the hepatic disease rates for
females, and table 15 the rates for males, with
serum hepatitis excluded. Even excluding
serum hepatitis, the evidence for increased
risk of hepatic disease for both sexes when
exposed to the operating room environment
seems strong. However, an analysis of the
types of hepatic disease according to the
diagnosis reported by the respondent does
not shed further light on the nature of the
risk. Table 16 presents the tabulations of
types of diagnoses of hepatic disease re-

and total number of respandents per group, See footnote to
table 11 for further details.

ported by the female respondents in the
several societies. The results for males are
similar (not shown).

In calculating the rates for renal disease,
diagnoses of infectious origin such as
pyelonephritis and cystitis were excluded.
Tables 17 and 18 present the renal disease
rates for females and for males for the several
study and control societies, excluding unex-
posed respondents from the study society data
and exposed respondents from the control so-
ciety data. All rtes are standardized for the age
of the respondent. There is some evidence in
these results to indicate that nurse anes-
thetists and operating room nurses and tech-
nicians have a higher risk of kidney disease
than do nurses outside the operating room.
The differences for the females are statisti-
cally significant (P = 0.01 for the AANA vs.
ANA; P = 0.04 for the AORN/T ¢s. the ANA).
No particular type of renal disease stood out
as more frequent in occurrence. These dif-
ferences were not present in the physician
groups, and the reason remains obscure.

Conclusions

The results of the survey strongly suggest
that working in the operating room (and

TaBLE 16. Comparison of the Distributions of Hepatic Disease Diagnosis
for Female Respondents in the Severul Societies

ASA AAP AANA AORN/T ANA
PerCent | Number | PerCent [ Number | Per Cent | Number | Per Cent | Number | PerCent | Numnber
Hepatitis 35 17 30 4 39 6 43 51 32 26
Infectious hepatitis 3 14 25 2 18 34 23 43 23 23
Tufectivus mononucleosis 11 H 0 9 7 11 21 15 12
Cholecystitis 4 2 12 2 10 19 7 13 5 4
Miscellaneous 14 T 13 E 24 18 16 32 20 16
Total cases 100 15 100 10 100 194 100 150 100 81
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TABLE 17. Renal Disease Rates for Female
Respondents, Pyelonephritis and
Cuystitis Excluded*
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TABLE 18. Renal Disease Rates for Male
Respondents, Pyelonephritis and
Cystitis Excluded*

Oranization Hate Organization Rate I Organization Rate Organization Rate 4
ASA AAP 19=07 038 ASA AAP 46=03 056
(2339
AANA ANA 001 AANA ANA L1zl LiXrg
(86)
AORN/T ANA 0.05 AORN/T ANA L1=11 0.19
(56

* Rates are caleulated per 100 respondents, with standard error
and total number of respondents per group. See footnote to table 11
for further details.

presumably exposure to trace concentrations
of anesthetic agents) entails a variety of
health hazards for operating room personnel
and their offspring.

SPONTANEOUS ABORTION

Survey data provide statistically significant
evidence that the risk of spontaneous abor-
tion is increased for women exposed to
the operating room environment during the
first trimester of pregnancy and the preceding
vear. The increased risk was observed in
female physician anesthetists, nurse-anes-
thetists, and operating room nurses and tech-
nicians. The risk is estimated to be 1.3 to
two times that of unexposed personnel.

There appears to be no increased risk of
spontaneous abortion for the wives of ex-
posed male respondents, compared with the
wives of unexposed male respondents.

CONGENITAL ABNORMALITIES

There is evidence for an increased risk of
congenital abnormalities among the liveborn
babies of exposed female respondents. An
intra-group analysis of the exposed nurse-
anesthetists compared with the unexposed
members of this group indicated an increase
of more than 60 per cent (P < 0.01). The
exposed female physician anesthetists
showed a twofold increase compared with
the unexposed female physician anesthetists
and female pediatricians (P = 0.13 and 0.07,
respectively). There was also an increase of
25 per cent in the incidence of congenital
abnormalities for the wives of exposed male
physician anesthetists (P = 0.04). This unex-
pected finding represents a matter for serious
concern and deserves further investigation.

* Hates are caleulated per 100 respondents, with standard exror and
total number of respondents per group. See footnote to table 11 for
further details.

A separate analysis of the multifactorial
abnormalities in the children of both female
respondents and the wives of male respond-
ents strengthens the above conclusions and
provides evidence for an environmental ef-
fect.

CANCER

The data suggest an increased occurrence
of cancer in the exposed female respondents
compared with those in unexposed control
groups. The increases ranged from approxi-
mately 1.3 to somewhat less than twofold,
with P = 0.05, <0.01, and 0.07 for the physi-
cian anesthetists, the nurse-anesthetists, and
the operating room nurses and technicians, re-
spectively. Separate analyses by type and
location of tumor indicate that, with the
exception of leukemia and lymphoma, there
is no effect at a particular location or for a
specific type of cancer. The increased oc-
currence of cancer was not verifiable in
exposed male respondents.

HEPATIC DISEASE

Hepatic disease was reported more fre-
quently in the exposed female respondent
groups compared with unexposed controls
(even after excluding serum hepatitis). The
range of increase was approximately 1.3- to
2.2-fold, with P values of 0.04, <0.01, and
0.08 for the three comparisons. A similar
statistically significant increase in hepatic
disease was reported by the exposed male
physician anesthetists compared with the
male pediatricians (P < 0.01).

RENAL DISEASE

The exposed female groups reported
higher rates of renal disease (pyelonephritis
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and cystitis excluded) ranging from 1.2- to
L4-fold in magnitude (P =0.28 for female
physicians, 0.01 and 0.05 for the two nurse
comparisons). No increased risk of renal
disease for male physician anesthetists was
observed.

Although differences in disease rates de-
scribed for each of the above conditions are
consistently present between the exposed
and unexposed individuals on both intra- and
inter-group analysis, there are a number of
difficulties in interpretation. For example,
while the AAP provides an appropriate com-
parison group for the ASA, and the ANA

balances the AORN/T, no proper comparison
group is available for the AANA, whose
members in many respects are between

physicians and nurses in their training and
exposure. Since reporting rates are critical
to the analysis, differences in medical back-
ground may result in either over- or under-
reporting of certain diseases by members
of the AORN/T when compared with mem-
bers of the AANA or the ASA. Caution
must therefore be applied in choosing the
appropriate control for inter-group analysis,
and an additional hazard is present in making
inter-group comparisons between the ex-
posed societies.

The conclusion that operating room per-
sonnel are subject to a health hazard, and that
such a hazard is the result of anesthetic gases
in the ambient air of the operating room,
must be advanced with caution. The findings
presented here are survey data, retrospective
in nature, obtained by mail, and invelve data
that are subject to misinterpretation, mis-
recollection, and variation due to the experi-
ence and education of the responder. Thus,
despite the strong support from animal
studies, the consistency of our clinical data
with results reported in other studies, the
internal consistencies in comparisons of ex-
posed groups in this study with control
groups, and the generally high statistical
reliubility of the results, there remains the
possibility that the increased rates for the
exposed groups may be due to some unde-
tected binses. There may be an unknown
hazard in these locations which is unrelated to
anesthetics. However, based on all the in-
formation gathered, the commiittee concludes
that an increase in disease rates in operating
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room personnel is present, and that exposure
to waste anesthetic gases in the operating
room provides the most reasonable explana-
tion.

Current Status of Waste-gas
Scavenging

Waste anesthetic gases are widely distrib-
uted throughout the operating room.*' The
major sources of pollution are the pop-off
valve and the ventilator. Other sources of
leaks include poorly fitted components of the
breathing system, spilled liquid anesthetics,
and worn-out seals in high-pressure hose
connectors. All operating room personnel are
exposed.

Early reports of special apparatus for
scavenging appeared in 19693 and more
elaborate equipment was subsequently
shown to reduce waste gas concentrations by
approximately 90 per cent.”® A detailed pre-
liminary report on current scavenging
technology is scheduled for publication this
vear,® and additional studies of anesthetic
gas scavenging are currently in progress
under NIOSH Contract #HSM 99-73-73.
Technology presently available for anesthetic
gas scavenging requires the trapping of waste
gases at the site of overflow on the breathing
circuit followed by disposal to the outside
atmosphere. In addition, the room air-
conditioning system helps eliminate residual
waste gases resulting from leaks in the
anesthetic apparatus. Apparatus for trapping
the waste gases at the site of overflow is
currently available for most anesthetic breath-
ing systems. Unfgrtunately, no scavenging
is vet available for open systems, largely
employed by dentists, who administer an
estimated 4.3 million inhalation anesthetics
per yvear.tt The development of open-system
scavenging is presently under investigation.

The waste-gas disposal system includes
two major components. The first component
is an interface svstem which joins the
scvenging trap at the breathing system with
the disposal tube or duct in the operating
room. This interface serves to balance posi-
tive pressure present at the site of overflow

11 Projected from data obtained from the North-
em Califomia Society of Oral Surgeons and South-
em California Society of Oral Surgeons.
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with negative pressure existing at the dis-
posal tube or duct, thus avoiding interference
with the anesthelic breathing system. The
second component of the disposal system
carries the waste gases from the operating
room to the outside atmosphere.

Several alternative disposal routes may be
used. Assuming a non-recirculating  air-
conditioning system, disposal of the waste
gases into the air-conditioning exhaust grill
remains an efficient and inexpensive method.
The disposal of halogenated componnds into
activated charcoal is efficient, but unfortu-
nately not applicable to nitrous oxide. The
recirculating  air-conditioning  system  may
also be used, provided that the waste gases
are introduced into the exhaust duct
downstream from the point of recirculation.
Use of a separate specialized scavenging duct
with blower is feasible, and wall suction
offers vet another possible alternative, pro-
vided flammable anesthetics are not used.

All scavenging systems add complexity, if
not hazards, to the administration of anes-
thesia. For example, the exhaust grill method
presents the hazard of occlusion when
operating room personnel accidentally step on
the exhaust tubing. Moreover, if the waste
was line enters the air-conditioning exhanst
duct downstream from the grill. negative
pressure is apt to be excessive and the
breathing bag rapidly empties. This
phenomenon is prevented by means of a
pressure-balancing  interface system  when
wall sunction is used for scavenging. A
further concem is the need for compliance
with NFPA Code No. 36-A, which specifies
that flammable vapors shall not be emptied
into a central suction system.® Finally,
the use of wall suction requires that the
compressor be vented to the outside, away
from personnel or air intakes.

Not all recommended scavenging methods
are equally effective. One example of an
ineffective method is venting to the OR floor
on the assumption that the heavier anesthetic
gases will remain near the floor away from
the inspired air of personnel. Although
anestheties are heavier than air, turbulence
induced by the air-conditioning system effec-
tively stirs up even the heaviest agents. The
result is an almost equal distribution
throughout the operating room except in the
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immediate region of the “pop-off " valve.?
One frequently-used anesthetic ventilator
disposes of approximately 10 liters per min-
ute of high-pressure driving gas into the
disposal system. If the wall suction is used
for disposal, the scavenging flow rate must
meet the requirement for 1-2 times the
anesthetic gas flow rate, plus 10 liters of
driving gas per minute, in order to achieve
efficiency. Thus the mere availability of a
scavenging device in no way guarantees its

cflicaey.

No scavenging system is 100 per cent
effective, and waste gases are invariably
present in the atmosphere. These may be
partially  removed by the air-conditioning
system, and their rate of removal depends on
the rate at which fresh air enters the operat-
ing room and the patterns taken by air
currents through the room. In the past, most
air-conditioning systems for operating rooms
were non-recirculating, with the air ex-
hausted to the outside. Such a system is
efficient in removing waste anesthetic gases,
but the operating cost is high. Recirculating
systems, which are more economical, are
permissible, because high-efficiency particu-
late air filters (HEPA) efficiently remove
bacteria. Unfortunately, these filters do not
remove the waste wases, and the reduced
intake of outside air (tyvpically only five
exchanges per hour compared with 15 for
non-recirculating systems) results in an in-
creased residual waste gas level.

Laminar-flow air-conditioning ems
move large volumes of air over wide areas.
Such systems may work in combination with
standard non-recirculating systems and pro-
vide 15 exchanges per hour of fresh air
These create no special problem for the
accumulation of waste gases. lowever,
laminar-ow systems which take in a lower
exchange rate of pure air are certain to
increase the exposure of personnel.

The necessity for an atmospheric monitor-
ing program seems inescapable, and such a
program has previously been recommended
by this committee in a report to the ASA
House of Delegates, October 1973. The ap-
pearance of anesthetic gas leaks is unpredict-
able, and detection may be difficult. Pollution
may thus persist despite the conscientious
use of scavenging. An effective clean-air
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program for the operating room should
promptly identify and eliminate all major
sources of contamination. In addition, it may
prove desirable to monitor personnel ex-
posed to unsuspected anesthetic gas leaks.

What are the minimum levels of waste
gases achievable and what are the costs? As
an example, the unscavenged operating room
tvpically contains halothane in the range of
10 ppm and nitrous oxide in the range of 600
ppm. After scavenging, these values are re-
duced to the range of 1 ppm for halothane
and 60 ppm for nitrous oxide. Further reduc-
tion to less than 0.05 ppm for halothane and 1
ppm for nitrous oxide is achievable by addi-
tional effort to eliminate all leaks from the
anesthesia apparatus, by using low-flow
techniques, and by maintaining a high flow
rate of fresh air into the air-conditioning
system.

The cost of scavenging a “pop-off” valve is
approximately $63, and most anesthetic
ventilators can be equipped for scaveng-
ing for less than $100. In addition to the cost
of the scavenging equipment, the cost of
maintaining a monitoring program must be
included to insure continuing purity of the
environmental air.

Specific data on safe levels of exposure to
waste inhalation anesthetics are not availa-
ble. The present survey indicates disease
rates which are dose-related. Thus, the more
heavily exposed groups, such as the anes-
thetists, generally show a higher incidence
of disease in comparison with less-exposed
personnel, such as the operating room nurses
and technicians. Unfortunately, there are no
data which permit quantitative comparison of
the anesthetic exposure levels for these
groups. At present, the best recommendation
is to reduce the exposure of all personnel to
the lowest possible level consistent with
reasonable cost. Preliminary experiments in-
dicate the possibility of maintaining the N.O
pollution level below 1 ppm and halothane
levels below 0.05 ppm, but further work is
needed to confirm the practicality of main-
taining such levels.1{

11 Although our data refer to concentrations of
N:0 and halothane, this does not imply that these
are the only trace anesthetics present in the
operating room, nor is concem restricted to these
agents alone.
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Implications and Future Studies

Many of the positive findings in the pres-
ent survey had been suggested by a number
of earlier studies published in several coun-
tries. Questions of occupational morbidity are
even now being widely discussed throughout
the United States. It is therefore important
that these risk data be made generally availa-
ble to the medical community, and that there
be no delay in initiating a national effort to
formulate policies and institutional plans for
appropriate precautionarvy measures. All per-
sonnel working in operating rooms, particu-
larly women of childbearing age, should be
informed of these findings and allowed to
determine individually whether they will
continue to work in operating rooms not
provided with scavenging equipment.

The question frequently arises as to
whether a pregnant anesthetist or nurse
should remove herself entirely from this
environment. Unfortunately, the answer is
not clear, and as with most medical deci-
sions, a value judgment must be made, taking
into consideration physiologic, psychological,
and economic factors. It would appear that
the increased rates of spontaneous abortion
and congenital abnormalities of children of
operating room personnel makes it reasona-
ble to advise such individuals to avoid un-
scavenged operating rooms at least during
the first trimester of pregnancy. Additional
factors, including a history of habitual abor-
tion and/or malformations in previous chil-
dren, may make this advice more urgent. On
the other hand, the hazard of spontaneous
abortion and malfermation in well-vented
operating rooms (halothane concentrations in
the order of magnitude of 1 ppm and nitrous
oxide 60 ppm or less) may be no greater than
that for unexposed health care personnel.
There is at present no information with
which to define safe concentrations for the
volatile anesthetics.

Despite the possibility of pollution control
through alternative measures such as use of
regional anesthesia or closed anesthetic sys-
tems, it is recommended that scavenging
facilities be provided in all anesthetizing
locations. No doubt the use of a low-flow
closed system will reduce pollution. How-
ever, the high-flow techniques, now in wide-
spread use, were introduced because of pre-



Anesthesiology
V 41, No 4. Oct 1974

sumed patient safety. Any widespread
change to closed systems might well increase
anesthetic mortality and morbidity. More-
over, use of regional anesthetics does not
totally eliminate the need for scavenging
facilities. An anesthetic procedure planned
as a regional block may require inhalation
anesthetics, when surgery outlasts the re-
gional anesthesia, or if failure of the regional
block occurs. In addition to these considera-
tions, vet other reasons exist for the institu-
tion of anesthetic gas scavenging. Recent
studies by Bruce et al.** indicate that four-
hour exposures to trace concentrations of
anesthetics result in measurable decrements
of perceptive, cognitive, and motor skills.

Scientific studies designed to elicit infor-
mation defining the exact nature of anes-
thetic effect on health must largely be limited
to laboratory animal experimentation. One
area in which human information might have
been obtained was the careful study of
abortuses from operating room personnel.
Recent federal legislation has made such
studies difficult to conduct. Thus, the only
studies possible are in animals deliberately
exposed to anesthetics of various durations
and dosages. It is hoped that qualified repro-
ductive physiologists will find this topic of
sufficient interest and importance to devote
their attention to deriving data defining the
effects anesthetics have on pregnancy and
gestation. Despite the limitations imposed by
species differences, useful information might
very well accrue from such animal studies.

The most important future study will be
the second national survey. This will be done
in 1978 after passage of sufficient time to
allow the majority of operating rooms in the
United States to be equipped with scavenging
devices. It also provides time for individuals
working in these newly protected environ-
ments to accumulate significant amounts of
health experience. If the only variable that
changes in the intervening years is the
institution of venting devices, and the data
no longer show the differences and trends
found in the present study, a strong case will
have made for the correctness of the decision
to move ahead with such scavenging prac-
tices.

Successful completion of this study required the

cooperation of numerous individuals. Ms. Ann
Varady, Dr. Laurie Smith, and Mr. David Himmel-
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berger provided statistical and programming skills.
Rosalie de la Tome served as Stanford study
coordinator, and Mr. Glenn Johnson served as ASA
coordinator. Drs. M.R. Bemnfield and H.M. Cann
offered consultation in the areas of pediatric
teratology and genetics, and Drs. R. Miller and C.
Stark in areas in epidemiology and bi istic
The manuscript was reviewed by Professors R.
Miller, L. Moses, and P. Basch. Finally, the study
would never have become a reality without the
dedicated support and scientific advice of Dr.
Joseph K. Wagoner, Director of Field Studies and
Clinical Investigation, and Dr. William M.
Johnson, former Deputy Director, NIOSH, to
whom much credit is due.

The Ad Hoc Committee was appointed during
the presidential tenure of Dr. M. T. Jenkins and
continued through the tenures of Drs. E. S. Siker
and D. W. Little. Cooperating representatives from
the various societies included Mr. John French,
AANA; Dr. L M. Jacobi, ANA; Dr. R. G. Frazier,
AAP; and Ms. Jerry Peers, AORN.

ADDENDUM

Tapes of the study data are on file at the National
Institute for Occupational Safety and Health, Cin-
cinnati. Interested parties should inquire directly.
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