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A survey was undertaken to evaloate the pos-
ile rclationship between spontaneous miscar.
fizge and exposure to the operating room. The
duly was carried out by personal interview of 67
§ yarating room and 92 general duty nurses. Re-

17 per cent of pregnancies in operating room
" i.nes ended in spontancous miscarriage, com-
gred with only 8.8 per ceut in the control group,
't 4 similar pattern was observed in a second stody
o 50 anesthetists and 81 physicians practicing in
wevidlties other than anesthesia. Dring the six.
vir period 1965-1970, the anesthetists evidenced
' 2318 per cent spontancous miscarrisge rate, come
1 ped with 10.3 per cent in the control group.
4 Wharriages occurred earlier in both operating
* twm nurses and anesthetists commpared with their
witrol groups (eighth versus tenth week), These
tialts suggest a fetal lethality, possibly due te
L¢ anesthetic gases, although the studies do not
g w.riminate any specific anesthetic agent, nor is a
¢ twit-cflect relationship established. (Key words:
Wale anesthetic gases; Spontaneous miscarriages;
5. Kl lethality.)
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Tiz pEMONSTRATION that inhalation anesthet-
s produce teratogenic responses in both
“im and mammalian species *** has raised
Wit as to their effects in an estimated
f "400 women in the United States who an-
1. lly undergo surgery and anesthesia during
‘lr'-‘t-ih'on.‘- 1 Recently it has been recognize
"t 2 second group of women is also exposed
“te effects of inhalation anesthetics. These
" the nurses and anesthetists who work daily
. U %erating rooms contaminated with trace
- “Mvdrations of anesthetics.11# Several pre-
(m!nry reports suggest that such continued
- Eade exposure may be related to an _in-

,Pfggessor of Anesthesia.
§ e (RSO of Commnuity and Preventive Medi-
£ E‘Miﬂstatistics),

‘\'.:{_,;.‘“;.ed from ‘the Dcpartments of Anesthesia,
h""‘"-&‘siti,ty and Preventive Medicine, Stanford
b gy * School of Medicine, Stanford, Califor-
S snD- Accepted for publication April 9,
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 Jis indicate that during the years 1866-1970,
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Anesthesia, Pregnancy, and Miscarriage:
A Stuﬁy of Operating Room Nurses and Anesthetists

Ellis N. Cohen, M.D.,* J. Weldon Bellville, M.D.,*
_Byron W. Brown, Jr., Ph.D.}

- creased spontaneous miscarriage rate and to
an_increase in the incidence of fetal anoma.

lies ™15 The present study was directed to-

" wards this significant question,

Method

Two groups of women working in the op-
erating room were surveyed through a ques-
tionnaire designed to elicit information about
numbers of pregnancies, miscarriages,} contra-
ceptive techniques, birth defects, etc. The
first study was conducted by means of per-
sonal interviews of 159 married operating
robm and general duty nurses between the
ages of 25 and 50 years, employed in three
large general hospitals in Northern Californin,
The key questions were purposefully buried
within a long detailed questionnaire, so that
the nurses were unaware of the major purpose
of the study. This precaution was necessary
to try to avoid prejudice in response, as well
as to avoid any undue personal concern on the
part of those being interviewed. Nurses in-

‘terviewed were selected at random, although

an effort was made to interview all duty per-
sonnel working on a given nursing station or
floor. Questions were carefully phrased and
asked in a fixed format. All interviews werc
carried out by two observers, one a nurse, the
other a psychologist.

The second group of 131 women included
50 physicians, aged 25-50 years, whose spe-
cialty practice was limited to anesthesia. An-
other group of 81 physicians in specialties
other than anesthesia served as controls. After
completion of a mail questionnaire by the
participants, they were instructed to open a
sealed envelope which explained the purpose
of the study, Additional comments were so-
licited, but the participants were requested
not to alter their original responses.

All data were entered into an IBM 360.50

{ Spontancous loss of conceptus up to the
twentieth week of pregnancy,
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TapLe 1. Ubstetrical Informa
Room and General Dut
the Years 196¢

COHEN, BELLVILLE, AND BROWN

tion for 159 Operating
y Nurses during
3-1970*

[ (_)?vmn'ng I General
| toom | Duty
! Nurses Nurses
. L !
Numher in group 647 2
Alean age (vears) P34 11309
Years in the operating | i
room (me:in) ! 3.9 | 1]
Number of : I

preghaneies 36
Practioing contra- !
ception
Nutnher of living

45 p

children 26
Number of mis- ,
carriages 10
Mi-eaniages/ ¢
LT
!

pregoancies
* All purses were martied
wgres of 25 and S venrs,

Tanna, 20 Medienl and tey
Operting Room and (8

! Regular periods ‘
Dyvsmenarrhea f
Hypothyroidi-m '
Nansea during pregrancy
Toxemia
Smake

Regular exereise

Mizearriage by nurse's
mother

Week of miscarriage

er cent a0 per cent

[ 34

1
i
percent ;. 8.6 pereent

and were between the

Jecobne s tanies of
eneral Thuny Naree-

Chperating Cienerd
e Tsary
Norues i Norees

TS per eent
abper cent
12 pereent |
ST per cent
6 per cent |
36 per cent 30 per cent
74 per cont | 79 per cent
a5 per cent } 69 per cent

ST pereent
M et cent
S per eeut
26 per cent
2percent

64 per cent t 09 per cemt
8.3 | 0.0

Taspre: 3. Comparative

Pedintric Histories of

Children from Operating Room and General
Duty Nursing Groups
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TABLE 4. Obastetrical Information fop 131
Anesthetists und Other Physicia,
Practicing during 1065 -1970+

Children of Children of
Operating Room General Duty
Nurses Nrrses

Month sat 5.9 6.1
Month walked 11.3 11.5
Month talked 13.4 14.1
JTeart disease & per cent 3 per cent,
(Operation 10 per cent 6 per cent

| R T
i Anvgthetida .(Im.,“
{ I "ylH'Zl“.

. . | T——
Nutber in group 50 81 3
Mean uge (veurs! : 30.6 16.8
Yeur~ in the operating

root (mean’ ©oa6 I
Number of .
37 o8

pregnaneies ‘
Practicing conira- ;
cepunn !
Number of living ‘
chilthien
Numbet of mis=-
CHr e~
Miseartinges
pregnancies

ot percent |69 perey; 1
perepy

b -
S 32

Lyg 6

“37.8 percent | 103 per ey

* AL phyvarenanus were magried and were betuw,
the agea of 25 1o O vears,

Tawrr O VMedieal and Gy necologe Histores of
Anesthetisie and General Physictans

\nesthetisty I'(h;;:llm;-
Repalar peviods 82 per cent | 01 peran
I osmenorrhes 1% percent | 14 pereen
Hypothyrordism F'12 per cent | 13 perert
Niawsen during pregnaney 54 per cent | 54 peross
Toxenna | 4 percent| dperw
Week of misearriage ; 7.5 9.5

e e e e

computer for storage, retrieval and stist
evaluation,  For the purpose of analysis.
signment to the operating room group n
cated any exposure to the operating yooo
within the past five years in the case of e
nurses, and within six years for the phl

SO

cians, Only data relevant to these time 1"%
riods were considered. ?
Findings and Comments ;

Selected information obtained from the C'.é
erating room and general duty nurses rcla!:‘:f
to the immediate past five-year period, 19%1
1970, is presented in table 1. The mean ¥y

+ 1:alt
of the operating room nurses was shight

higher (3.4 years), but otherwise the 4

groups were comparable in terms of g
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1 Information for 131
1 Other Physicians
ing 1965-1970*

General
Physiciany

—_—

Anesthetista

] 81
0.6 36.8

56 0
7 58
6 per cent | 6Y per cent
3 22

4 6

7.8 per cent | 10.3 per cent

narried and were betwes

"Tvnecologic Histories of
«encral Physicians

. Cieneral
.lhetmts Physicinns

X2 per cent, | 1 per cent

I» per cent | 14 per cent

' 12 per cent ! 13 per ceni

I 54 per eent | 54 per cent

4 per cent | 3 per cent
7.9 0.3

retrieval and statisticd
surpose of analysis, &
wting room group indi
y the operating rogm®
sars in the case of the
¢ vears for the ph¥
vant to these time I

d Comments

obtained from the o
ral duty nurses relati¥
fi /¢ vear period, 1466
able 1, The mean
n nurses was shight ‘_
wt otherwise the ™
le in terms of gener

| L& operafing_room nurses.
9.7 per cent of preguancies ended in miscar-

iology
po e & Oct 1971
pealth, smoking, drinking, exercise habits, etc,
The most striking difference was the large in-
acase in the spontancous miscarriage rate in
In this group,

nage, compared with only 8.8 per cent in the
wperal duty nurses, This dilférence is sta-
astically significant (P == 0,045) by Fisher’s
aact test.  Of interest, the operating room
.uses had more pregnancies (less contracep-
wn practiced ). Thus, despite their increased
wiscarriage rate, the same average numbers of
ving children per nuise were produced in the
wo groups during the five-vear study period.

Since it proved impossible to determine with
wactness the duration of effect of an operat-
ng room exposure upon subsequent preg-
«ncies, any eaposure to the operating rooms
dwing the five-vear study period wbitrarily
wmigned the nuise to the experimental group.
Duing the five-veur period, nmses in this
goup averaged Th per cent time full-tune em-
glhyment in the operating rooms.

The medical und vvnecologic backgrounds
f the two groups of were smlar
dable 2). Of interest, o high percentage of
the operating room e espericneed nausea
aith their preghunca s, shggest g adegpiate
:iup_lmita_t_idl_u. On the average, time o loss
t the pregnancy occmre | ding the cighth
week of gestation in the operding 1oom wonp,
wmpared with the tentl weel in the control
“ises. No obvious hereditary factors jespon-

N ses

“ble for this difference were apparent. and
smilar miscartisge rates were obtained  for
withers of the nurses e the two LLOUPS.
Some questions were designed to elicit pos-
ble physical differences between the surviv-
2 children of the two groups, but the data
ttained did not establish anv such differences
‘\,\h:k 3). Thus, no diflerences 1 levels of
ical performance \ month sat np. or month
~thed), mental acutty (month talked), con-
f“'liml defects (heart disease, surgery, ete.)
:"“? detected among the groups. This find-
‘“2 B not unexpected, since a much larger sur-
:“3’ would be necessaiy to establish such dif-
ences, if present,
“I)Jta derived from the two physician groups
_‘f“"t‘yed by mail questionnaire (response rate
. ’:“(} cent after two mailings) we presented
Wi 4. In these studies, the physician an.
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T'anLE 6. Comparative Pediatric Histories of
Children from Anesthetist and General
Physician Groups

Children of
Generul
Pliysicians

Children of
Anesthetiats

Mouth gat 5.4
Month walked 10.3
Month talked 15.2
Congenital anomalies | 2.0 per cent

5.6
12.1
16.8

4.2

per cent

_esthetist gioup had a 37.8 per cent spontane-

ous miscarriage rate, compared with 10.3 per
cent for the control physicians (P = 0.0035 by
Iisher’s exact test) (table 4). Except for this
finding and that of extensive exposure § to the
operating room during the six-year period, the
two groups appeared comparable (tables 5
and 6).

Of patticular interest was the observation
that loss of the fetus averaged almost two
weeks earlier in the anesthetist group.  The
close similarity of these data to those obtained
in the nurses iy apparent.  Again, no difter;
enves hetween pertormances of the surviy in'{:v
chaldien produced by the two cioups of phy-
stctansy were found (table 6.

Disenssion

There can be Lttle doubt that the spontane-
ous miscartiage tate 1y siguihicantly higher in
both operating toom mnses and anesthetists
compared  with their control groups.  How-
ever, the precise etiologic factors involved are
ditficult to define. It is possible that the
slightly greater ages in the experimental groups
compared with their controls (34.3 vs. 309
vears for the nurses, and 39.6 vs. 36.8 years
for the physicians ) might have influenced the
rates of spontaneous miscarriage observed. On
the other band, an analysis of age incidence of
abortiou in 26,491 pregnancies indicates that
only minor variations in miscarriage rates are
usual at these age levels.’®* No other differ-
ences between the control and study groups
were apparent except the extended periods of
time spent by the lutter in the operating rooms.
The data suggest that there is a significant
differetice between the spontaneous miscarriage

§ During the period 1965-1970, the phvsicians
in this group averaged 3.6 veurs’ work in the op-
eratiny room.
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rates in the two é,roups, and that this may
be related to scmething in the operating room
envirorment, prrsxbiy ‘the Grace concentrations

- of apethetic geses present. A somewhat
- Heber wiscamiege rate in the physitizn anes-

thetist group t3. the operating room nurse
group may rcflect the former’s exposure to the
higher gas concentrations adjacent to the an-
esthesia machine?

Teratogenicity of the volatile anesthetics in
the experimental animal has been well estab-
lisked; although in most studies the ancsthetic
agents were provided in high concentrations
and during short periods of exposure.t® The
suogestion that rosults of the present study re-
flect a fetal lethzlity of the anesthetics is sup-
ported by an carlier mean time of miscarriage
in both operating room groups (two weeks
eatlier than controls). This is a common ef-
fect of terutogenic drugs. The similarity of
the spontaneous miccarriage rates in the moth.
ers of the operating room nurses and the gen-
eral duty nurscs hielps to rule vut the likeli-
hood of a hereditary tendency toward more
spontancous miscarriages in this experimental

group. Since a_number of m&,asurpble physio-

logic effects, e.g., headachs, nausea, enzyme

induction, ‘havé been shown to result from”

prolonged “éxposure to trace conceéntrations of

certain ancstheles,’? it seems ‘reasonable to .
“consider a possible relationship between the,’

increase in spontancous miscarriage rate and
other physiolegically influencing . (toxicologic)
factors. One must remember, however, that
factors unmeasured by the present study may
also have contributed to the results observed.
It is possible, for example, that periods of un-
usual _high stress in the operating room, spe-
cial’ sprays and solvents used in the operating
room~ (antiseptic solutions, propellants, adhe-
sive sohitions, etc:); as well as other unknown
factors thay be incriminated, It is even pos-
sible that biases in selection of study subjects
or in study methods could have caused the
differences reported, though great efforts were
made to minimize bias. The similarity of the

. results of the two separate studies is rcassuring.

To confirmm whether the trend revealed by
these surveys is real, 2 number of additional
studies are Indicated. Cytogenctic examina-
tion of the abortuses of operating room per-
sonnel would help define genetic damage and

'

YR S " Ltk
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wotribute to our understanding of fetal 1. -
thality.*® Second, expansion of the preses
study to include an annual survey would per.
mit us to evaluate the effects of adoqugy
scavenning precantions upon the rates of spo-.
tancous miscarriage. I, over a poriod o
years, following the institution of clean afr in
the cperating room, the miscarringe rate wer-
reduced to that of the control group, we woul
be more confident of a relationship to fhe
trace spesthetic concentrations formerly pres.
ent in the operating room. Third, we beliere
that 2 large-stale survey may be indicai:d,
This would look at the question of wheth::
there is an altu-at:on in the male-female in.

Tant ratio a among wives of anesthesiologists, a5

well as among Women working in: the opemat
ing room. Furthermore, a Jarge survey cony

-~y v

‘provide valuable information about the ing.

denze of congenital deformities among ol
spring of operating room personnel, Finully,
it has been shown that certain primates ar |
satisfactory models for studying the terto- .
genicity and fetal lethality effects of drugst
Studies with rhesus monkeys or babonus e
poscd to chronic concentrations of the i1 |
vidual ancsthetics, or anesthetics in combiny-
tion, would help determine which anesthetic
may be implicated in this syndrome.

Our earlier study of pollutxon of the cp
that trace concentrations of—'ha]o_hane Vi er" ‘
present in the operating room atmosphm s o ¢
weére measurable in_the exhaled air of b,
_ancsthetists and nurses.’?  Since _ &01:33%
‘tions of nitrous gxide, ether, and prc\mnm'f,f '
“other anesthetic agents, are also present in fh- ,
operating _room atmosphere, one cannst a.»
ciate the observed increase in spontanec is 1.
carrdage rate with any particular nm:'l"l"
agent, In the preliminary report by Vaisi -’
et al.,*? the only anesthetics used were mitron”
oxxde and dlethm w
or disproven, all volahle_agents_pmsnm uu'
operating room must remain suspect! © -«

OF practical importance is the recent ¢o -
onstration that contamination of the opcrl”
room by anesth&fcgaTscou!d be reducd ! i

approximately 10=T5 per cent “cent (or T__)

f

tlm!:_p_rgwouily “present_through_tha st !

scavenging Systems. Total elimination. of ;
waste gases is, of course, the goal and de
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pe attainable. In the meantime, we recom-
mend that all possible corrective measures be
mitiated as rapidly as possible. In addition
1o installing adequate scavenging devices, it
would seem prudent to restrict the assignment
of nurses or doctors planning pregnancy to
{hose opcrating rooms where volatile anes.
thetics either are not being used or have been
jemoved, .

Although absolute indications for such pre-
cautions are not available at the present time,
they are reasonable measures and readily un-
' dertaken.  On the other side, there remains
the likelihood that trace anesthetic concentra-
tions do produce fetal lethality in chronically
erposed female personnel.  Under such cir-
cumstances, we choose not to be complacent,
and our institution is proceeding towards rapid
cimination of this potential hazard.

Addendum

Subsequent to the completion of this study, a
report by Askrog and Harvald has indicated simi-
lu findings. (Teratogen effckt af inhalations-
anaestetika, Nordisk Medicin 16:498-300, 1970.)
This survey included 754 persons in 50 anesthe-
wa services in Denmark, and indicated that spon-
Lmeous abortion and perinatal death occurred in
spproximately 10 per cent of pregnancies prior to
vnployment. Following emplovment in the anes-
thesia service, this percentage rose 1o 21 per cent.
Additionally, more female infants were bom to
wisonnel working in the operating roomn, and es-
weially to the wives of male anesthetists. Thi
woild suggest that chrofic exposure to ancsthetics
udiges male-lethality. We did not olserve this
nour_study, although male lethality with drugs
that are embryotosic has been reported

e authors gratefully acknowledge the help of
Mn. Lynne Bellville and Mrs. Sylvia Cohen in
“idueting personul interviews with the nursing
Ml Mrs. Marie 1u was responsible for com-
rdler programming.
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the discrimination of vector of means can be tested for signifi-
cance.

A high disxcrimination between the malformation group and
its matched controls appeared within the first 10 of the 24
variables (sce accompanying figure). Even with 8 variables a
significant discrimination of both groups at 17 level was
found. The discrimination of both groups was also possible
without the two factors “abortions/stillbirths in mothers
family™ and “hours of daily work".

So, even in a sample with factors each not discriminating
sipnificantly between both groups, the linear discriminance
analysis makes it possible 10 discriminate between the maifor-
mation group and the matched controls. This might mean that
the malformations in our sample can be explained as caused by
the combination of many minor factors fextrinsic and intrin-
sic).

Institut fiir Humangenetik,
Klintkum der Johann Wollgang,
Gocthe- Universnit,

Jrankfurt am Main,

Federal Republic of Germany.
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CONGENITAL MALFORMATIONS AND VINYL
CHLORIDE

Sir,—In March, 1975, a significantly incrcased rate of cen-
tral-nervous-system (¢.N.5.) malformations was reported in 3
Ohio communities where polyvinyl chloride (r.v.c..) polymeris-
ation plants are located;! the increase was not uniform and
appcarcd more prominent in the Painesville area. There are
two p.v.C. plants in Painesville, one of which began operation
in 1949 and the other in 1967. The birth-defect rates were
computed from birth-certificate data for 1970-73 and were
compared with similar data for the entire State of Ohio. This
study suggcsted a relationship between the higher rates of
c.N.5. malformations and the increased risk of exposure to
vinyl chloride in these communities.

By analysing data collected through the Center for Discase
Control’s hospital-based birth defects monitoring programme
(r.n.M.P.),2 we examined this relationship. Two hospitals parti-
cipating in the B.D.M.P. are located in cities with polymerisa-
tion plants: one is in Pennsylvania, the other in Painesville,
Ohio. ¢.N.s.-malformation rates for white infants born in these
w0 hospitals in 1970-74 were compared with the rates for
white infants in each State. No increase was seen in the Penn-
sylvania hospital, but an increase, primarily in anencephaly

",

and spina bifida, was noted in the Painesville hospital for the

total time1970-74 (see table).
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ANENCEPHALUS AND SFINA RITIDA IN OHIO STATE AND IN PAINpyy g,
HOATTTAL, OHID f

Ancnccphalu\

leeswlle State

— e

Spina tihda -

l'aln:mlch S_(::_
No of] No. of No o[\ Ng of]
Year cases | Rae*! caces cases | Rate | casey Ry

14

1970 00l 26 . T3 }—m“
1971 103 38 . 309 | a3
1972 %6 3 HQ 47
1973 49| 77 - 249 45
1974 00| 22 . 1511 29

1970- I

1974 6 141 144 . 2121 224

* Icr 10 000 10tal white barths.

The & p.avr. hospital data for Painesville were comparey
with birth-certificate data from the Ohio department of health,
and 1 additional case not included in the B.0.M P. report was
aded, bringing the total to 15, 30 controls, the first normal
white infant born before and after each case, were selcctod
from the hospital birth registry. Medica! records for cascs and
controls were rcviewed to confirm the diagnosis and to obtam,
among other data, the parcnts’ occupation and residence at the
time of the infant’s birth. In addition, paremts of 14 of the
alfected children were interviewed about previous occupations
and residences.

The study revealed that none of the interviewed parents of
affected infants had ever worked at either of the two
r.v.c.-polymerisation plants in Painesville (1 set of parems
could not be located, but records show that they did not work
#1 these plants at the time of their infant’s birth); 2 of the
fathers of controls hod worked at one of the plants at the time
of their infants’ births. None of the parcnts in either group
tived within 2 miles of the two plants. The chi-square test of
significance was used in comparing the distances from
residence and work-place of mothers and fathers to the p.v.c.
plants for cases and controls. Comparisons were made
distances of 1 to 10 milcs, in I-mile increments. A significantly
larger proportion of control mothers than case moihers worked
(inchiding Wousewives) within a 10-mile tadius of he r.v.c.
prant;at ihe 9577 confidence levél. ‘This is probably a ‘chance

‘Breurrence among muluple comparisons.

Viny! chloride is a known carcinogen,” and concern has
arisen over its possible teratogenic effects. This concern stems
from recent studies which have shown (a) an increase in muta-
genicity in bacterial assay systems* and (b) increased breakage
in chromosomes of p.v.c.-polymerisation workers.* The Ohio
Department of Hzalth study! is the only report that has sug-
gested that vinyl chloride causes birth defects in man.
AWW y reported here cnnﬁrmed a
moderateificrease in c.N.s. malformations in Painesville, Ohio,
no association was found with vinyl-chloridé €Xposure.
Db i ok

Crencer and Birth Defects Division,
Hureaw of Epdemivlogy,

Center for Disease Control,
Atlania, Georgia 30333, US.A.
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LATE COMPLICATIONS OF TUBAL LIGATION

. S1R,—Unlike Mr Darwish and Dr Saafan (Nov. 15, p. 973},
we are uncertain as to the atiology of the late sequelz of
female sterilisation, which they refer to as menstrual irrep

Tarity, but in our study it will be noted we looked specifically at i
menorrhagia and dysmenorrheea. It scems unlikely that a2 p)-

chosomatic cadse could be present when wo different tecl
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