Concentrations of waste inhalation anesthetic gases in the

dental surgery are several times those found in hospital operating rooms.
This study establishes a relationship between exposure to waste gases
and the incidence of health problems including spontaneous abortion
in spouses, congenital abnormalities in offspring, and

cancer and liver disease.
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Measurable concentrations of waste anesthetic
gases have been found in hospital dental operat-
ing rooms. A mail survey of 4,797 general dental
practitioners and 2,642 oral surgeons indicated
that 20.2% of the general practitioners and 74.8%
of the oral surgeons had anesthetic exposures ex-
ceeding three hours per week. In the comparison
of the health of individuals exposed or unexposed
to inhalation anesthetics, there was a significant
increase (78%) of spontaneous abortion in the
spouses of exposed dentists and a significant in-
crease (156%) in liver disease for exposed dentists.
The implication of these findings and possible sol-
utions are discussed.

The widespread application of inhalation anes-
thetics in dentistry raises the question of poten-
tial health hazards to personnel exposed during
this anesthetic administration. In 1967, Vaisman!
surveyed 303 Russian anesthetists and reported
an unusually high incidence of headache, fatigue,
and irritability. Of great interest, he also noted
that a high percentage of the pregnancies among
female anesthetists ended in spontaneous abor-
tion. Subsequent small-scale studies in Den-
mark,? the United States,® and the United King-
dom* confirmed these findings and further sug-
gested the possibility of an increased incidence
of congenital abnormalities for exposed preg-
nant physicians* and of cancer among exposed
nurse anesthetists.> Recently, a large national
study,® investigating the health conditions of
operating personnel in the United States, has
documented significant increases in spontane-
ous abortion, congenital abnormalities, cancer,
and hepatic disease among women who work in
the operating room and who are exposed to waste
anesthetic gases. Although a cause-effect rela-
tionship between the incidence of these diseases
and exposure to the waste anesthetic gases re-
mains to be established, such an explanation ap-
pears reasonable, and results of several animal
studies provide strong supporting evidence for
this hypothesis.

Report of an American Society of Anesthesiologists Ad
Hoc Committee on the Effect of Trace Anesthetics on
the Health of Operating Room Personnel
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Fig 1 & Front of questionnaire mailed
to ASOS and ADA members.

Measurable concentrations of waste anes-
thetic gases are found in both general operating
rooms”!? and in hospital dental operating rooms
according to two reports!!-'2 and a communica-
tion from one of us (C.E.W.). These studies of
ambient gas concentrations during dental sur-
gery indicate that the concentration of halothane
in unvented (unscavenged) rooms may exceed
73 ppm and that the unscavenged concentration
of nitrous oxide ranges from 500 to 6,000 ppm
(0.05% to 0.6%). The number of individuals oc-
cupationally exposed to these trace concentra-
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tions of anesthetics is large and includes sigr
icant segments of the dental profession, as wel
as associated nurse anesthetists and dental as-
sistants. The number of exposed personnel
the United States (dentists and assistants)
conservatively be estimated to exceed 90,00
individuals. ok

This paper reports the results of a survey of
certain health conditions among members of
dental profession. All male members (2,798) of
the American Society of Oral Surgeons were in-
cluded in a retrospective survey, in addition to a
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PREGNANCY HISTORY DURING PAST 10 YEARS. | For males, the following questions pertain to your spouse(s) ). Use a separate fine for each pregnancy {including
miscarriages). In the event of multiple births, list each child indwiduatly

Fig 2 m Reverse side of questionnaire.

sample of other dentists representing about 4%
of the total American Dental Association mem-
bership of 121,068.

Methods

Questionnaires requesting information regarding
health history and the number of hours exposed
per week to anesthetic gases were mailed to
members of the two dental societies (Fig 1, 2).
Information also was sought from male mem-
bers regarding the pregnancy history of their
spouses. Less than 1% of the respondent popu-
lation were women, and their responses are not
analyzed in this report. The questionnaires were
individually numbered, and as responses were
received these were checked off of address lists
supplied by the cooperating societies. Repeat
mailings were sent to each of the nonrespond-
ents. In all, three mailings were carried out. The
data were edited as received and completed
forms entered into a 360/67 IBM computer for
storage and retrieval. Incomplete forms were
returned to the respondent for correction.

Rates for spontaneous abortion (loss of the

product of conception before the 20th week of
pregnancy) were based on the number of spon-
taneous abortions per 100 women as reported
by the male respondents for their spouses dur-
ing the past ten years; therapeutic abortions were
not considered. Congenital abnormality rates
were based on the number of live-born babies
with one or more abnormalities per 100 live-born
babies born over the past ten years. Disease
rates were based on the number of cases diag-
nosed within the past ten years per 100 male re-
spondents. Rates were standardized and adjust-
ed for both age and smoking in the analysis for
spontaneous abortion and congenital abnormal-
ities, and for age alone in the analysis for the var-
ious diseases. In the former calculations, age
and smoking habit of the spouse at the time of
pregnancy were applied, and for the latter, age
of the respondent at the time of the survey. In
calculating standardized rates for spontaneous
abortion and congenital abnormality, the stan-
dard population used consisted of 30% smokers
and 70% nonsmokers, with age distributions of
50% below 30 years of age, 40% in the age range
of 31 to 37, and 10% over 37 years of age. For
adjustment of disease rates, the standard popu-
lation used for all groups had age distributions
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of 40% below 40 years of age; 40% in the age
range of 40 to 54; and 20% over 54 years of age.
Significance tests, P values, were computed us-
ing one-sided tests against the alternative that
exposed groups have higher rates.

Results were analyzed according to the anes-
thetic exposure of the respondent. Respondents
who reported that they worked in dental surgery
with anesthetics a minimum of three hours per
week during the calendar year preceding their
spouse’s pregnancy were separated from those
who reported no exposure to anesthetics. In-
dividuals with intermediary exposure (less than
three hours) were not included in the analysis.
In the analysis for cancer, liver, or kidney dis-
ease, exposure to anesthetics was defined as at
least one year’s exposure, but not necessarily
including the immediate year before onset of the
disease. Respondents from both dental groups
were combined into single ‘“exposed’ and ‘‘un-
exposed’ groups since the effects of exposure
to anesthetic gases proved similar.

Results

The response rate to the three questionnaire
mailings is given in Table 1. The return rate of
the mailings for the oral surgeons was 64.5% and
that for the general dentists totaled 38.9%. Sim-
ilar differences in questionnaire return rates
were reported in an earlier study of operating
room personnel in which the exposed group re-
sponded more completely than the control.®
The hours of exposure to anesthesia in the
dental survey varied considerably between oral
surgeons and the general practicing dentists
(Table 2). The data indicate that whereas 87.9%
of the oral surgeons have some exposure to an-
esthetics, only 27.6% of the general dentists are
so exposed. For purpose of analysis, assign-
ment to the exposure group was limited to those
individuals exposed to anesthesia three or more

Table 1 = Response rate to three mailings of the ques-
tionnaire.

ASOS” ADA*
No. % No. %
Firstmailing 1.009 38.2 746 15.6
Second mailing 378 143 549 114
Third mailing 340 12.9 571 11.9
Total 1.727 65.4 1.866 389

*Percentages adjusted for questionnaires returned "‘address un- .
known.” Total mailing for the ASOS was 2,642 and for the ADA,
4,797

Table 2 s Hours of anesthetic exposure per week within
each of the respondent groups.

Hours of ASOS ADA
exposure No. % No. %
0 209 121 1,351 724
1-2 227 1341 138 7.4
3+ 1,291 74.8 377 20.2

hours per week, and in this category were in-
cluded 74.8% of the oral surgeons and 20.2% of
the general dentists.

The principal results of the study are shown in
Table 3. These results indicate that the incidence
of spontaneous abortion is increased about 78%
in the spouses of the exposed dentists compared
with the spouses of unexposed dentists. These
differences are highly statistically significamt
(P<0.01). Congenital abnormality rates appear
to be slightly higher in the spouses of exposed
dentists than in the spouses of persons in the un-
exposed control group. These women show a 15%
increase in fetal abnormalities over that found
for the spouses of the unexposed dentists. Sam~
ple sizes are small, and the differences are not
statistically different (P=0.26). The rate of can-
cer in the male respondents also appears greater
in the exposed group than in the control group.
The increase in cancer is 35% in the exposed re-
spondents. Again, sample sizes are small, and
the difference is not statistically significant (P=
0.26). The incidence of liver disease was calcu-

lated after excluding cases of serum hepatitis to
eliminate possible differences in exposure to

blood and blood products. The incidence of liver
disease was found to be increased 156% in the

Table 3 = Spontaneous abortion rates per 100 pregnancies, congenital abnormality
rates per 100 live-born babies, and disease rates per 100 respondents in exposed

versus unexposed dentists.

Exposed dentists Unexposed dentists
Sample Standardized Sample Standardized
size rate = SE size rate = SE

Spontaneous abortion

(spouses) 887 16.0=1.8 1,541 9.0+=1.0 P<0.01
Congenital

abnormalities 765 4,711 1,393 4.1+0.4 P=0.26
Cancer 1,631 0.69+0.26 1,326 0.51+0.18 P=0.26
Liver disease 1,528 5.9+0.4 1,249 2.3+0.4 P<0.01
Kidney disease 1,481 2.6%0.3 1,273 3.0+0.5 P=0.74

1294 o JADA, Vol. 90, June 1975



exposed group compared with the unexposed
control group. This difference was highly statis-
tically significant (P<0.01). Kidney disease rates
between the two groups also were examined, but
no noteworthy difference was apparent.

Discussion

From the survey of operating room personnel®
and from the comparison of results for the vari-
ous groups surveyed in this study, it is clear that
the choice of a control group is extremely im-
portant. Unexposed dentists seem to be an excel-
lent control group, but differential response bi-
ases and interpretation of the questionnaire, for
exposed and unexposed respondents, might still
explain some of the differences reported.

In the evaluation of the results of this survey,
the influence of certain possible biases have
been checked. Multiple logistic analyses have
been carried out, correcting for additional vari-
ables that might be different and act differently
in the exposed and unexposed groups. These
variables, in addition to age and smoking, were
the pregnancy history of the spouse and reluc-
tance to respond to the survey (measured by the
number of mailings required to elicit a response).
The results of these more complex analyses
strengthened the conclusion indicated in Table 3
regarding spontaneous abortion, and added addi-
tional weight to the suggestion that exposure of
the male increases the risk of congenital abnor-
mality in his live-born offspring.

The results of this study may be compared
with the data previously obtained in the national
study of exposed operating room personnel.®
The slightly increased incidence of congenital
abnormalities present in the spouses of those in
the exposed group and the greatly increased in-
cidence of liver disease among the exposed re-
spondents are similar in magnitude to those seen
for exposed male physician anesthetists. Simi-
larly, the incidence of kidney disease, alike in
exposed and unexposed groups, was also the
same in anesthetists and pediatricians. However,
the significant increase in spontaneous abortion
found in the spouses of those in the exposed
group and the slight increase in cancer rates
among those in the exposed group were findings
not seen in the survey of exposed male anesthe-
tists.

In comparing this survey of dentists with the
results obtained for physicians, one first notes

the large differences in reporting rates. How-
ever, equally important may be the differences
in the levels of exposure to waste anesthetic gas-
es that are present between dentists and physi-
cian anesthetists. Although the total exposure in
hours for the physician anesthetist is undoubted-
ly greater than that for either the oral surgeon or
general dentist, the concentration of waste anes-
thetic gas present in the dental surgery is at least
several times that found in the operating room.
These concentrations result from the semiopen
anesthetic techniques commonly used in dental
surgery, including the nasal mask and throat
pack, in contrast to the use of a tightly fitting face
mask and sealed endotracheal tubes by the phys-
ician anesthetist. Of particular importance in
this study is the evidence that establishes a rela-
tionship between the incidence of these health
problems and exposure to the waste anesthetic
gases. Both the general dentists and oral sur-
geons provide similar care to their patients in
dental surgery whether or not local or inhalation
anesthesia is used, yet separation of these indiv-
iduals into a group exposed to anesthetic gases
and one not exposed reveals significant differ-
ences in disease rates.

The apparent increased health hazards to the
exposed dentist and his offspring strongly sug-
gest that preventive measures should be taken.
However, the provision of protection to the den-
tists from the hazard of anesthetic exposure pos-
es a difficult problem. Unlike the hospital oper-
ating rooms, most air-conditioning systems used
in dental surgery are of the recirculating type
that provide continuing recirculation of the
waste anesthetic gases. In addition, the use of
a high flow of anesthetic gases in combination
with the open mouth of the patient makes the
application of scavenging techniques difficult.
Nonetheless, our findings suggest that the health
problem is a potentially serious one and that
means must be sought to protect exposed per-
sonnel.

Several methods of using waste gas scaveng-
ing within dental surgery are currently under in-
vestigation. These include the use of individual,
fresh air, breathing masks, the use of a controlled
air flow pattern that rapidly evacuates the air
immediately adjacent to the patient and clini-
cian, and the use of an exhaust line attached to
the exhalation part of the breathing circuit. Fur-
ther information is also urgently needed to de-
fine those levels of exposure that may be con-
sidered safe for dental personnel. However, in
the absence of this information, it seems prudent
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to reduce exposure to the waste anesthetic gases
to as low a level as possible by applying those
scavenging techniques already available. The
rapid development of more efficient scavenging
systems for use in the dental surgery should have
high priority.
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patients.

* Foley’s Footnotes

When one considers the number of dental advertisements published in this country in the 19th century and
the number of lightly educated practitioners, one should not be shocked by the bare-boned wording of these
three well-intended but bizarre notices: ‘Teeth extracted with great pains.”—"Dentist O’Neill is in town to-day,
pulling and filling the people’s aches.”—*'Teeth pulled while you wait.”

However, how can this Philadelphia flippancy of 1955 be other than vigorously damned: *If you have one
tooth that gives you as much trouble as your wife’'s whole mouth, give me a trial.”

For its brevity, boldness, reflected pride, and originality, | present a New Haven dental advertisement of 1880
as being truly antithetical to those nonprofessional blurts given above. F. Norton, dentist, advertised in the
Yale Literary Magazine: “‘All operations in my line done with exactness and perfection.”” Of course, the phrase
“in my line"” and terms “‘exactness’ and ‘‘perfection” will be regarded as questionable wording in our time,
but for his day Dr. Norton revealed a feeling of professional pride and a good concept of obligation to his
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