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I. Introduction
Although Poliomyelitis has been known as a disease entity
for meny years, the ronsideration of its possible relationship
to pregnancy was not considered until less than twenty-~five
years ago. Since thet begimning, the subject has become increas-
ingly more prominent through the years due to the increased
number of studies and reports which have appeared in the literature.
It is the purpose of this paper to report in detail a ser-
ies of thirty cases of Poligmyelitis in Pregnancy which were
seen in Nebraska frokh Nineteen Hundred and Forty to Nineteen
Hundred and Fifty-Four. This is the first report from Nebraska
of a series this large. It is also the aim of this paper to
review the literature dealimg with the subject and compare the
resultes of the Nebraska series with the resulte reported by
other investigators, in order to derive a well-rounded, accurate
picture of the relatjonship of Poliomyelitis and Pregnancy if

any such relationship does exist.



II. History

Most of the articles and studies of Poliomyelitis as &

complication of pregnency have been published in recent years.

It wes not until Nineteen Hundred end Thirty-Two that
McGoogen (1) published the first paper which actually die-
cussed the relationship between Poliomyelitis and Pregnancy.
Before this time there had been & number of articles in the
literature dealing with Poliomyelitis, but not one mentioning
Pregnancy associated with the disease.

In the intervening years, there have been a number of
outestanding suthoritiee who have maintained a constant interest
in the study of Poliomyelitis in Pregnancy end have written
numerous articles in the literature dealing with this subject.
Paula Horn (2), has studied the cases of pregnant Poliomyelitis
patiente for a peridd of twenty years in Los Angeles County,
California, has written many articles on the subject between
Nineteen Hundred Thirty-Four end Nineteen Hundred Fifty-Five,
and is one of the owtsteanding authorities on the subject today.
Her latest paper, niblished in Nineteen Hundred and Fifty-Five
with en accumulation of three hundred twenty-five cases, is the
largest series reported to date end many of her findinge and
conclusione are mentioned later in this paper. W. L. Aycock (3)
has written a number of fine articles on the subject, most of
them during the perlier years of etudy. W. Mengert (4),

2



both with associates end in hie own right, is a real authority
on the management of the pregnant Poliomyelitis patient and

has written a number of excellent articles. Many other
out-standing physiciane #nd investigators who have been working
in this field have conttibuted much to our present knowledge of
Poliomyelitis, and a'though there is insufficient space to list
all their names, their reports, findings, and conclusions will
stand for themselves as they are guoted throughout the remainder
of this paper.

Our knowledge of Poliomyelitis in Pregnancy has come far
since the first few srticles, and now much is known about in-
cidence, mortality, severity, and improved management so that we
as physiciane can be#ter care for our patients and give our
patients more to look forward to in regards to prognosis and

healthy, repid, complete recovery.



III. Report of Cases

Figure (I) is en outline report of thirty ceses of
Polio-myelitis in Pregnanty seen in Nebraska between the years
of Nineteen Hundred and Forty and Nineteen Mundred and Fifty-
Four.

These caee reports were extracted from the files of
Douftles Qounty Hoepital, Methodist Hospital, Immanuel Hoepital,
and other hospitale in Omeha, from Lincoln General Hoenitel and"
Bryan Memoriel Hospital in Lincoln, and from the personal files
of private obstetriciens amd general practistidners who saw end
treated these patients durfing their Poliomyelitis.

Some of these reports are incomplete or lacking in certain
aspeets, but most are sufficiently complete that much information
can be extrected end meny sound conclusione cen be derived from
the meterial presented in the follewing table.

This informetion and the conclusions derived from it will be
discussed along Wwith a review of the world literature on the

subject in a later portion of this paver.



Case
No.

-

12.
13.
14.
15.
16.
17.
18.
19.
20.

21.

Age Para.
24 III
23 I
30 IV
50 ?
27 I
18 ?
25 I
28 I
28 ?
21 I

? I
21 I
25 I
26 III
26 II
22 I
39 ?
25 I

t  III

? ?

? 11

Grav.

IV
II
v
?

II

II

II

II

II

II

II

IV

IV

II

II

Iy

Iv

Gest.

(mo.)
>

]
wj-

Fig. I

Paralysis

Spinal
Spinal
Bulbar
None

Spinal
Bulbar
Spinal
Spinsl
Bulbar
Spinal
None

Bulbar
None

Spinal
Spinal
None

Bulbar
Bulbar
Bulbar
Spinal

Spinal

Outcome of

Preg.
?
Aborted
?
?

?

Died Undel.

Prem. Del.

Norm. Del.
Stillborn
Norm. Del.
Norm. Del.

?

?
Norm. Del.
Prem. Del.

?

Died Undel.

Sp. Fluid
Cells

6h
16
aall

113
175
?
31
125
158
154
173
181

C-Sect.(surv.) 548

Stillborn
Norm. Del,

Norm. Del.

331
?

67

Residual
Paralysis

Mild
?
None
?
?

Pat. Died
Mild
Mild

Pat. Died
Mod.
None
None
None

?

Mod.
None
Pat. Died
Pat. Died
Pat. Died

?

Mild

Fetal
Sex

& F



Case
No.

22.
23.
24,
25.
26.
27.
28.
29.
30.

Age

20

21
21
29
22

32

Para.

II

II

II

Grav.

II

III

III

I

II

III

Gest.

(mo.)

\O

Fig. I (eont.)

Paralysis

Spinal
Bulbar
Spinal
Spinal
Bulbar
Spinal
Spinal
None

Spinal

Outcome of
Preg.

Norm. Del.

?

Norm. Del.

Norm. Del.

?

Sp. Fluid Residual

Cells
513
10
285
51
609

Paralysis
Severe
?

Mod.

Pat. Died
Mod.
Mod.
None

None

Fetal
Sex

M

?



IV. Experimental Data

As interest developed im the problems connected with
Polio-myelitis and Pregnancy from a clinical stendpoint,
experimental investigaetors were also attecking the problem from
an experi-mental laboratory stanlipoint.

Weaver and Steiner (5) in 1944 were the first to carry
out experiments in this field. They innoeulated sixty-four preg-
nant cotton rats with wvirus of the Armstrong-Lensing strain, but
were unable to obtain any significant results. They suggested
that either the choridnic gonadotropins or else some substance
active in the formation or metabolism of these hoxl'mones may play
a role in the apparen$ resistance to Poliomyelitis displayed by
pregnent females durijg the first trimester.

Byrd (€) in 1950 innoculated two hundred twenty-seven preg-
nant mice and an equal number of non-pregnent ones with Lansing
strain Poliomyelitis ¥irus. He concluded that the disease had
a shorter incubation beriod in the pregnant mice and also caused
a higher incidence of abortien.

Knox (7) in 195D innoculated one hundred pregnant Swiss white
mice and one huhdred non-pregnant Swiss white mice with Col SK strain
of murihe Poliomyelitis virus.8he found that pregnant mice have an
increased susceptibility to Poliomyelitis and that, begimming with
the fourth day, mortality in the preg-nant group climbed
progressively until it reached an incidence two timee ashigh as in the
control group. es in the control group. es in the control group.

7



Although it is impossible to project the results of mice
experiments to human expectation, these experiments do illus-
trate the fact that there are probebly extra factors involved
in the pregnent femesie which do influence the course of diseecee
or the susceptibility to the Poliomwelitis virus, and which are
not ordinerily presedt in the non-pregnant Poliomyelitis vie-

tim.



¥. Discussion

A. 1Incidence of Poliogyelitis in Pregnancy as Compared to the
Incidence in the General Popukation.

From the very beginning of the increasing interest in the
relationship of Poliomyelitis and Pregnancy, investigatore have
spaculated about the itcidence of the disease in pregnency as
compared to its inciden;e elsevhere.

McGoogen (1) in 1932 cosmented that in view of the fact
that there were many akticles in the literature dealing with
Poliomyelitis, but almost none mentioning the disease as a compli-
cation of pregnency, the occurence of Poliomyelitis in women during

pregnancy must be rare. ,

Aycock (3) in 1941 stated that in view of the expected

incidence of Poliomyelitis befing one case per one thousand in-
dividuasle, this would maeke the expectation of Poliomyilitie in
Pregnsncy spproximetely one case per fifty thousand pregnencies.
Ueing thies expectation in the 1939 epidemic in Detroit, one
would have expected ome case of Poliomyelitis in Pregnancy to
appear, but four ceses were seen, so he concluded that the in-

cidence must be incressed in pregnancy.

Baker and Baker (8) in 1947 reported thirty pregnent patients
in a group of six hunfired nimety-five patients with Poliomye-litis
and concluded that this indicated a higher indidence than would

occur by chance alone.

Fox and Waisman (9) in 1947 decided after a review of the

9




literature that the incidence of Poliomyelitis was greater inthe
pregnent group than the non-pregnant group, and that the
glandular chenges which occur in pregnancy might be a possible
explanation for the discrepency.

Taylor and Simmons (10) in 1948 reviewed twenty-five cases
of Poliomyelitis in Pregnangy teken from a group of nine hundred
cases of Poliomyelitis in which one hundred thirteen were
fe-males between the ages of seventeen and forty years. They
con-cluded that the incidence of disease in pregnancy is two
times greater then the incidence in the non-pregnant group, and
that this may be due to the chronic fatigue of pregnancy.

Fox and Belfus (11) in 1950 stated that in their study of
thirty~three cases, Fifty-séven per cent of married females in
the childbearing years who were admitted for Poliomyelitis were
pregnant. Since this is faft in excess of the percentage of
pragnancy in the general population, they concluded that there
must be an increased incidemce of Poliomyelitis in Pregnancy.

Danial (12) in 1951 reviewed the literature and concluded
that marked sensitivity to Poliomyelitis exiets during pregnancy.

Weinstein, Aycock, and Feemster (13) in 1951 stated that of
one thousand seven hundred and seventy cases of Poliomyelitis in
Massachusetts, eifhty-twoe were females between twenty and forty
years of age. The expectation of pregnancy in this group from
random chance wéuld be approximetely ten cases, but in ac-~
tuaelity wes twenty ceses or two times the expectation.

10



Priddle, Lenz, Young, and Steveneon (14) in 1952 stated thet
the expected incidence of pregnency among one hundred eighty-six
females admitted to the Poliomyelitis service of Hermen Kiefer
Hospital, Debroit, Michigan was eleven eand one-half cases, but the
actual numbdr admitted was thirty-four cases or triple the

expectation.

Cobb, Stuart, and Mengert (15) in 1953, in e review of the
literature, concluddd that the incidence of Poliomyelitis in
Pregnancy is increasing end thet there is some evidence that it is
increasing dispraportionmtely rapidly as compared to the increase
in the general population.

Hunter and Milliken (16) in 1954 reported forty-nine in-
stances of pregnancy in their group of one hundred nineiy females
of reproductive age who had Poliomyelitis. Forty-four of the non-
pregnent portion were single end thus not likely to be preg-nant
on that accounti, so thris resulted in a corrected pregnancy
incidence of thirty+four par cent. This is much higher then
the five to ten per cent incidence of pregnency in the general

population of childbearing females as shown by other studies.

McGord, Alcockt, and Hildes (17) im 1955, in a report of
fifty-one cases from the Wimmepeg, Canada Munincipal Hospital,
concluded that the per cent of pregnant females admitted to the
hospital with Poliodyelitis was significantly higher than the per
cent of other adult groups admitted.

Horn (2) in 1955 repdrted the following numbers of cases

11



seen in the 1950 Poliomyelitis epidemic in Los Angeles County,

California.
Poliomyeiitis and Pregnancy 23
Poliomyelitis without Pregnancy 172
Pregnanc{ without Poliomyelitis 90,234

Remeinde# of Females of Childbearing Age 885,527
These figurees indicate that the Poliqmyelitis attack rate
in thie series was dne and nine-tenths times higher in pregnancy.
¥hen the Chi Square was calculated for this incidence, it was
eleven and five-tenhs, which means that this percentage could
have occured by chance only once in one hundred instences and

thus was considered significant.

Berouist and Sadler (18) in 1955 reported that of five
hundred and sixty-eight patients with Anterior Poliomyelitis,
eighty~e ight were females between fifteen and forty years of
age and twenty-four were pregnant. This ie an incidence of

twenty~seven per cent which is approximately three times the

incidence that would be expected.

Siegel end Greenberg (19) in 1955 , in a report of eighty-
seven cases of Poliopyelitis in Pregnaney in New York City, found
thet the total average annual rate of Poliomyelitis inthe
general population was #ix and six-tenthes cases per one hun-dred
thousand popule ion,K%hat the total average wate in the pregnant
group was twelve and seven-tenths cases per one hun-dred

thousand populagion, and that the rate in the non-pregnant
12



group was six and ond-tenth cases per one hundred thousand
population. PFrom this, they concluded that the incidence of
Poliomyelitis was fifty-nine per cent higher in women who were
pregnant than would be expected in the general population of
vomen of the childbedring age group.

Lathrop, McAllister, Johnson, and Hughes (20) in 1956
studied twenty-five patients with Poliomyelitis who were older
then fifteen yeers ehd found eight were pregnent. This ie an
incidence of thirt.--iwo per cent which agrees with most of the
other studies in whiéh it is shown that the incidence of Polio-
myelitis is two to thkree times increessed in the pregnant group.

As we do not have the recorde of the total number of
pregnant women or the total number of women with Poliomyelitis
during the years fron which our serles ie taken, we ecammot draw
any valid conclusions e to the comparison of incidences of the
pregnent end non-pregnant groups in our study. However, it is
fairly evident frem e review of the literature that there muet
be an increased inciflence of Poliomyelitis in Pregnency and this
increased incidence is probebly somewhere between two and three
times the average ingidence in the general populstion.

In regard to the facters which are involved in this in-
creased incidence, chronic maternal fatigue and the endocrine
changes of pregnancy have been suggested, but there is no real
substantial evidencd to support either of these postulations.
Therefore, thie partiicular phase will need more thorough study

before any well fourlded conclueions can be established.

13



B. Incidence of Polipmyelitis aes Compared to Trimester of Onset.

Meny investigetores have observed come correlation between
the incidence of Polibmyelitis in Pregnency end the trimester
in which the disease First appears. This is an interesting
aspect for study, es-ecially to discover the reason why
sus-ceptibility should chenge with the progress of pregnancy end
thus perhaps be able ko teke means to reduce this susceptibility
to the disease.

The incidence of cases by trimester in the world litera-
ture is illustreted b Figure III, page 16, and the results of
our own series are shown by Figure II, page 14. The apperent
increase in the incidence of Poliomyelitis in the last trimester
in our series is not born out by a comperieson with the world
lit-erature end mey be a reflection of the small number of ceses

inour series or a samplling error in the selection of cases.

Fig. II

Incidence of Poliomyedlitis in Each Trimester of Pregneney

First Trimester 4 15%
Second Trimestdr 10 33%
Third Trimester 16 53%
Total 30 100%

The analyeis of the literasture indicates approximetely
en equal scattering of ceses emong the three trimesters and
although there is a slightly higher incidence of cases in the

14



second trimester, this increase of six to ten per cent above
those incidences in bhe third and first trimesters respectively
is not remarkable.

Therefore, it would be safe to conclude from this study
that Poliomyelitis mey occur et eny stage in the progress of
the pregnancy and th#t there is probably no correlation between

the incidence of the disease and the trimester of onset.

15



Fig. III

Incidence of Cases Trimesater - World Literature
I 11 111
Aycoek (1941) 9 19 23
Blair, Robertson, an:
Robertson (1944) 1 1 4
Beker & Baker (1947) 7 16 7
Taylor & Simmons (1948) 8 11 6
Horn (1948) 50 g1 22
Schaefer & Shaw (1949) 7 7 4
Kos (1949) 2 0 )
Bremm (1951) o] 2 0
Paquet & Schwarz (19%1) o] 0 2
Garlick (1951) o] 0 2
Keminek & Fuche (1953%) o] 0 1
Jackowski (1953) o] 0 1
Carpenter, Cohen, Colman,
and Plotkin (1954) 0 0 1
Hunter & Milliken (1954) 13 19 17
McCord, Alcock, and
Hildes (1955) 14 20 14
Berquist & Sadler (1955) 6 6 12
Weinstein & Meade (195) 14 30 16
Nebraska (1940-54) 4 10 16
Toteal 135 182 151
(28.9%) (38.9%)  (32.3%)

16

Total

51

30
25
113
18

49

48
24

60

20

468
(100%)



C. Incidence of Cases Compsred to the Degree of Severity.

Although ell dggrees of paralysis are seen in Poliomyelitis
in Pregnancy, there have be4n a number of attempte to classifythe
cases and derive a correlation between pregnancy ess a com-
plication end the severity of the paralysis.

Gifford and Hullinghorst (32) in 1948 after a review of the
literature commehted that of one hundred seventy cases re-ported,
there was bulbar involvement in twenty-three per cent, spinal
involvement id thirtg-seven per cent, and no paralysis
in eight per cent. 1In thiryy-twe per cent of cases, the degreeon
paralysis was not reported.

Kos (24) in 1949 reported five ceses, one of which had no
paralysis, three of which had spinal paralysis, and one of which
hed bulbar paralysis.

Paquet and 8chwarz (26) in 1951 reported two cases; one
with spinal paralysis end one with resperatory paralysis.

Brehm (25) in 1951 reported two cases; one with spinal
and one with bulbar paralysis.

Priddle, Lenz, Young, and Stevenson (14) in 1952 reported
thet in their series of thisty-four cases, twenty-one per cent had
bulbar paralyeis, fortyefour per cant had spinal paralypeis,and
thirty-five per éent had no paralysis. They also commented that
the incidence of paralyeis-in female s who had been preg-nant
within twenty meénthe of the onset of Poliomyelitis ﬁas slightly
higher than in the non-pregnant group, indicating that

17



maternal fatigue may be a faétor.

Anderson, Anderegon, Skarr, end Sendlar (3%} in 1952
re-ported seventy-five cases frem the 1946 epidemic in
Minnesote, twelve of which had bhulbar iavolvement, fifty-eight of
whieh had spinel paralysis, end five of which had no paralysis.
They concluded that there wes no evidence of greater severity
occur~ing among pregnent vibktims of Pyliomyelitis than emong
non-pregnent married females of the childbeering age group who
con-tracted the .isease.

Hunter end Millikan (16) in 1954 steted that in their
series of forty-nine cases, bulba=spinal type paralysis wes
present in twenty-two per cent of cases, whereas the ssme type
of paralysis wee present in twenty-one per cent of non-pregnent
women with Poliomyelitis.

McCord, Alcock, end Hildes (17) in 1955 reported fifty-
one cases and found twelve cases with bulber paralysis,
twenty-six with espinal paralysis, and twelve cases with no
paralysis.

Berquist end Sadler (18) in 1955 in a report of twenty-
four cases found fou# cases with bulbar paralysis, seven cases
with spinel paralysis, and eight cases with no pearalysis.

In our own serjes, of thirty patients, nine had bulbar paralyeis,

sixteen héd spindl paralysis, and five had no

paralysis, which is In fairly good agreement with other workers.
It would seem from this study thet in Poliomyelitis there

is probably 1littlé or no correletion between pregnancy as e

18



complicetion and thd severity of the paralysis. All degrees
of paralyeis occur in patiemts who are pregneat, but the
incidence end the severity do not seem to be significently
increased or decresee’ in the pregnent group as compared to

the non-pregnant --oun.

19



D. The Relationshi of the Trimesteér of Onset to the Severity of
Disease.

The relationship of t#imester to severity is very im-portant
not only in éstimating the prognosis in individual cases, but in
trying to detérmine what factors enter into the deter-mination of the

geverity of the paralysis.

Gifford and Hu'linghodst (32) in 1948 after reviewing the
literature stated that the incidence of bulbar involvement was
increased in the las$ trimester.

Taylor and Simions (10) in 1948 reported twenty-five
cases and found that of nineteen patients in the first and second
trimesters, trere were no fatalities end only two had residusal
peralysis. However, of six patients in the third tri-mester,
there were trree deaths, and of the three patients who survived
one had bultar parelysis, and two had severe residual
paralyeis. They comiented that their study refuted statements
previously made by others, that estrogens protect the patient
from disease, becanse in their experience lete pregnency, at
vhich time estrogens are most sbundent, is apperently the time at
which the patient's resistance to the virus is the loweet.They
fountd that recovery during the first seven months of gestation
was good and commemted that estrogen and progesterone may be
protective during early pregnancy. Thay also said that the
severity of the disease in late pregnency mey be due to
the sudden and massive destruction of the neurotropic virus

20




with the accompanying profound tissue response or to the chronic
fatigue of pregnancy.

Weinstein, Aycock, and Feemster (13) in 1951, in a report
of twenty cases, conclided thet patients who develop Poliomyel-
itis early in pregnenay usually suffer no ill effects, but if
parturition takes place in the acute phase of the disease or
shortly thereafter, ar increase in the severity of paralysis or
bxtension of paralysis to muscles not already involved is fre-
quently encountered. The meehenism involved ies not known, but
this phenomenon may be due te the abrupt hormonal changes at the
tine of pearturition.

Priddle, Lenz, Young, and Stevenson (14) in 1952 stated
that in their series bf thirty-four cases, all of the most severe
cases occured during the first six months of gestation. This
observation wes in opposition to previous papers by several other
investigators.

Anderson, Anderson, Skaar, and Samflar (33) in 1952 reported
seventy-five cases, in whicHh there was a slight concentration
of the more serious cases in the two to five month gsstation
group.

Hunter and Milliken (16) in 1954 reported forty-nine cases
and decided that the more severe forms are not limited to eny
particular trimester.

Weinstein and Meade (51) in 1955 reported a series of six-
ty cases and concluded thet the paralytic type of Poliomyelitis

21



occurs most often bétween the fifth and the seventh month of
gestation.
McOord, Alcoclt, and Hildes (17) in 1955, in a report of
fifty-one cases, stated that the length of hospital stay, being
a fairly accurate index of severity, would suggest no increase
in the morbidity encbuntered in third trimester patients.
Berguist and Sedler (18) in 1955 concluded from their
study of twenty-four cases that mortality end paralysis are
vorse during the last trimester. This was decided from the
fact that all their leathe and all their respiratory paralysis
cases occured during the third trimester.
The results of our own study are outlined to Figure IV, page
22, and show an overall predominanece of spinal paralyeis,but a
marked increase in the incidence of the spinal and bulbar forms in
the third trimester. These findings agree fairly closely with

previous studies in most respects.

Fig. IV

Onset in Trimester as Compared to Severity of Disease

Trimester I II IIT Totel
No Paralysis 1 2 2 5
Spinal Paralysis 2 6 8 16
Bulbar Paralysis 1 2 6 9

Except for the Priddle, Lenz, Young, end Stevenson (22)
paper, most of the iniestigatiors sre in agreement that there is

22



an increase in the severity of disease associated with the
lat~ter portion of pregnaehcy. Therefore, this observation
should be teken into account if one wishes to prognosticate in
an in-dividual case and should be a guiding principle te
encourage more vigorous observation end treatment of the third

trimester

petient. In regard to the etiology of this predomimance of sev

erity late in pregnency, there is little evidence available on
which one may base a 'theory. The answer may lie in the
estro-gen and progesterone levels, the destruction of
neurotropic virus, or the chronic fatigue of pregnancy. This

point merits more exhaustive study in thea futiure.



E. Incidence of Casees Classified by Parity and Gravidity.

It is of interebt to aptempt to decide whether there is any
relationship between the parity or gravidity of the patient and
her individuel susceptibility to Poliomyelitis, because if such a
relationship were known to exist, the patients who fell into the
categories ldnown to be more susceptible could be more carefully
observed and extreme care to avoid exposure to Polio-myelitis

could be exarcised.

@ifford end Hullinghorst (32) in 1948 enalyzed the liter-

ature and concluded that the most freguently seen group of cases

with Poliemyelitie in Pregnancy was the Gravide I
classifica~tion, the second most freguently seen group was

Gravida II, and thus the frequency centinued down in a regular

gradusted decline to Gravida VI.

Bowers and Denforth (34) in 1953 reviewed the literature
and found that thirt¥-one per cent of cases occured in the Grav-
idea I classification, fortystwo per cent in Gravida I1I,
seven-teen per cent in Gravida III, and emall per cents in the
other classifications. Thi:e study indicates that the highest

incidence is probably in the Gkavida II group.

McOord, Alcock, end Hildes (17) in 1955, in their repert of
fifty-one cases, showed that the great predominance of cases seen
by them were in the Gravida II clessification. The next most
common clessifications were Gravida I and III, the inci-dences

being adbout ~cuel.
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Weinstein and .eade (31) in 1955, in a study of eixty
patients, reported thmt six and two-thirds ver cent of vatients
vere Gravida I, aboull Fforty~seven per cent were Gravidea II, and
about forty-seven per cent were greeter than Gravida II. There
was en especially high incidence of Poliomyelitis, actually
ninety-four per cent, among the thirty to thirty-six year old
femal es who were multi-gravida when they became ill. They con-
cluded, that in view of their observation that the ratio of
multi-gravidity to primi-gyavidity in Poliomyelitis is
approximately four to one, but in Healthy females is epproximetely
two to one,there must be en iricteased incidence of Poliomyelitis
in multi-grevida patients.

Siegel and Greénberg (19) in 1955 reported eighty-seven
cases and found to their setisfaction, that there was a direct
association between ihe number of children in the household and
the incidence of Poliomyelitis in Pregneancy.

The results of our own series are outlined in Figure V,

page 26, and concur wyith most of the other recent reviews in
illustrating that the higheet incidence of Poliomyelitie is inthe
Para I, Gravida II greup. There seems to be a trend throughthe
years for the predominamce of cases to shift from the Grsw-ida I
group to the Grevida II group. Whether this trend is areflection
of better diagnosis, increased resistence of women carrying their
first baby, or increasing maternal fatigue is
not known.
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Fig. V

Cases by Parity and Gravidity

Para 0 I II  III IV v VI
No. 1 12 5 3 1 0 0
Gravide 0 I II  III IV v VI
No. 0 1 12 3 5 1 0

This increassed incidenee is probably not too significant at
the present time in view of the fact that the predominance
of pregnancies are in Gravida I and Gravida II women, thus
creat-ing the greater likellyhood of a pregnent woman contracting
Polio-myelitis et Gravida II. However, if the trend continues
to shift into the highed grevidity classificetions, it will
become significant, as then it will be extremely important to
protect the multi-gravida padient from exposure to Poliomyelitis.

In regard to the relationship of a high parity to the
severity of disease after Poliomyelitis is once contracted,
Weinstein and Meade (31) in 1955 commented that the paralytic
type of Poliomyelitis occure most often in Para II patiente.Thise
observation is borne out by our own series as shown iJiFigure VI,

page 27, which irdicates that the predominance of

the more severe forms occured in Para I end Para II women. How-
ever, this finding is probably not too remarkable in view of
the fact that, overall, most of the cases of Poliomyelitis occur

in the Para I and Pera II groups, and thues one would expect the
26



predominance of the severe cases to also fall into these groups.

Fig, VI
Onset of Poliomyelitis in Multiparous Patients as Compered to

the Severity of Disease

Parity 0 I 11 I1I Iv v
No Paralysis 0 3 1 0 0 0
Spinal Paralysis 1 6 B 2 0 0
Bulbar Paralysis o) 3 1 1 1 0]
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F. Incidence of Cases Oompered to the Age of the Petients.

The question oi whether there is a reletionshio between the
age of the pregndnt patient and the susceptibility to
Poliomyelitis has been enalyged by various investigators

through the years.

Kleinberg and Horwitz (35) in 1941 reperted thirteen
cases of Poliomyelitis in Prbgnancy which were all between the
ages of seventeen and twertyteight years.

Blair, Robertson, and Robertson {21) in 1944 reported six

cases all within the kwenty to twenty-six year age group.

Gifford and Hullinghorst (32) in 1948 after a review of the
literature decided that the highest incidence of Polio-myelitis
in Pregnancy occurs between ages twenty-four and twenty-six, with
the predom¥pnance of all cases falling between twenty and
twenty-eight yeers of age.

Bowers and Danforth (3#) in 1953 in a review of the lit-

erature concluded that the incidence of Poliomyelitis in Preg-

nency is highest at ages twefity to twenty-nine years.

Weinstein and Meade (31) in 1955 reported sixty cases
and found that there is little or no difference in the incidence
of Poliomyelitis in Lhose women who were in the first two tri-
mesters in the twenty to twefity~four year age group, but that
there is an increased incidemce in those women who were in the
third trimester and in the twenty~five to thirty~eix year age

group.
28



Siegel and Greenberg (19) in 1955 in a report of
eighty-seven cases found thiht the sttack rate of Poliomyelitis
rose progressively with age and was marked in the thirty-five
to thirty-nine year age group.

The results of our own series are shown by Figure VII,
page 29, end indicate that the higheet incidence is probably
between ages twenty-one and thirty years, with an average age
of twenty-five and three-tehths years. Although all but three
of our ceses fell intko this range, extremes are possible, our
youngest case being eighteep years old, and our oldest thirty-

nine.
Fig. VII

Incidence of Onset of Poliokyelitie Compared to Age of Patient

Age 18 19 20 21 22 23 24 25
No. of Cases 1 0 1 4 2 1 1
Age 26 27 28 29 30 31 22 33
No. of Cases 2 1 2 1 2 0 1
Age o 35 36 37 38 39 ko
No. of Cases 0] 0 0] 0 0 1 0

In view of the fact that the majority of pregnencies
probably occur in thé eightéen to thirty year age group, it is
not surprising that nost investigators report the major portion
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of their cases to be in or neer this range. Only in one review,
that of Siegel and Greenberg (19), was there & really marked

variation from the remainder of the literature. In the Wein-

etein and Meade (31) paper, they steted that there was & marked
increase in the twenty-five to thirty-six year age group, but
this included only tnird trimester patients and thus intro-
duced an additionel variable factor. So in summary of these
observations, it is feirly safe to postulate that there is
probably no significknt releationship between the age of the

pregnant patient and her susceptibility to Poliomyelitis.
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G. Outcome of Pregndncies Gomplicated by Poliomyelitis.

As one of the espects in the treatment of the pregnant
petient with Poliomyqlitis is directed at obteining the least
possible incidence of fetal loss, the statistics relating to the
outcome of the pregnancies and the types of fetal loss en-
countered are very important in the study of Poliomyelitis in
Pregnency.

As sbortion is & common cause of fetal loss, an outline of
the incidences of abortion in Poliomyelitis from the world
literature is presentied in Figure VIII, page 32, and indicates
that fourteen per cemt of all pregnencies in which Poliomyelitis
is a complication end in abortion.

McGoogen (1) in 1932 commented that Poliomyelitis
ex-hibited no demonstrable effect on the pregnancy.

Strauss and Bluestone {(36) in 1946 commented that the
infant who is delivered vaginally within a respirator is
exposed to the possibility of air embpolism, pulmonary emboliem,
smd/or incressed intra-cranilel pressure due to the changing
pressures in the respirator, and that thie may have a definite
effect on fetal survival figures.

Baker and Baker (8) in 1947 reported a twenty-three per
cent abortion rate, which thpy felt was higher than usual, but
commented that the Poliomyelitis probably hed little influence
on the course of Preghancy.

Fox and Belfus (11) in 1950 commented that tha rate of
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Fig. VIII

Incidence of Abortiom in Poliomyelitis - World Literature

Cases Abortions Per Cent

1. Kleinberg & Horwitz (1941) 13 1 7.7%

2. Blair & Robertson (1944) 5 1 20.0%

3, Beker & Baker (1947) 30 7 23.3%

4, Taylor & Simmons (1948) 25 2 8.0%

5. Schaefer & Shaw (1949) 18 3 16.7%

6. Fox & Belfue (1950) 33 7 21.2%

7. Hunter & Milliksn (1954) 49 8 16.3%

8. Horn (1955) 325 43 13.0%

9. Berquist & Sadler (1955) 24 5 20.8%

10. McCord, Alcock, & Hildes (1955) 51 7 13.7%
11. Nebraska (1940-195%) 30 1 3.3%
Total 603 85 14.1%



abortion in Poliomyelitis was not gnusual, but felt that the
patients who did abort usually did so during the acute phase of
the illness.

Nettlebled (37) in 19%0 concluded thet unususl presenta-
tione are more likely to oceur in pstients who have hed
Polio-myelitis before or during Pregnancy, and that this
complication would effect the outcome stetistics by virtue of
the added obstetrical hazards of an unusual presentation.

Bowers and DenForth (34) in 1953, in their review of the
literature stated that a striking finding was that in babies
delivered at or near term in patients who had contracted
Poliomyelitis during the first or second trimester, the birth
weights were distinctly subenormel for the period of gestation.

No explenation was given for this finding.

Horn (2) in 19P5 stated that abortion, if it occurred,
was more often assoclated w'th criticel illness and the high
febrile reactions commonly seen in the acute phase of the

disease.

Berquist and Sedler (18) in 1955 reported an overall

fetal loss of fifty per cent, of which forty per cent were
abortions and of which anotner forty per cent died because of
maternal deeth. However, they contcluded that the rete of
abortions waes no nirher than that seen in the non-Poliomyelitis
group and that growll~ an? gvelo- ent of the infant was not

effected by this disease.
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The outcomes in our oim series sre tabuleted in Figure
IX, pa e 34, and shol' en exfremely low incidence of abortion.
This may be due to lick of iagnostic mcumen in ferreting out
the Poliomyelitis pacvients who did not know they were Fregnant
at the time of the onset of disease or who gave inaccurate

histories of a possinle abortion.
Fig. IX

Putcome of the Pregnancy

Normal Delivery 9
Premstute Delivery 2
Btillborn 2
Abortioh 1
Cesearean Section 1
Died with Mother 2
Ungdelivered

The overall incidence of abortion as reported in the
world literature doas not appear to be significantly different
from the overall indlidence of asboriion in the general pregnant
papulation. Therefdre, Pollomyelitie probably has no effect on
the tendency of the preghant pstient to abort.

It would seem likely that due to the additional
diffi-culties and hazards of deliWering patients inside
respirators, of delivering patien:s with unusual presentetions,
and deliver-ing dying patients with inoressed haste, there

would be some 24



increased fetal mortrlity amd morbidity encountered. However,
with increasing knowledge and skill in handling the pregnant.
petient with Poliomy$litis, this morbidity should be held to
an ever decreasing minimum.

In regard to the fetal wastage due to death in utero as
e result of maternal mortality, thils is hard to control umtil
we have better meens of tresting the mothers affdicted with
the more serious forms of the disease.

Several invest|gators heve recorded instances in which
the vaginally delivered infant died of Poliomyelitis post-partum,
the disease robablvy being contracted from fecal con-~teminetion
et the tike of birth. Although this event is probably rare, it
serves to emphasize the need for extreme care in the practice of
sterile technigue when performing a delivery compli-cated by the

added hszard of the Polloityelitis virus.
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H. 1Incidence of Maternal Mertality.
Maternal mortal!ity is one of the most important aspectis
in the study of Polipmyelitis in Pregnency, and if any know-ledge
can be gained es to etiology or methods of reducing mortality, it
will be very important to a physician taking
care of a pregnant Foliomyelitis patient. Only the question
of incidence will be discussed here, as the causes of maternsal
mortality are to be :iscussed in a later section of this paper.
The incideneces of maternal morteslity from the world litera-
ture are outlined in Figure X, page 37, and indicate an overall
death rate of seven and six-tenths per cent with seven hundred
and twelve cases beimg reported in the literature. This in-
cludes the thirty cases from our own series in which six patients
died, maeking a twentr per cent mortality incidence. Thie per
cent is considerably higher than any of the other studies which
reported on more thel§ one case. It is not known why the mor-
tality in Nebrasks from 1940-1954 was so high, but mav be due
to a sampling error, with an unusuelly large number of severely
involved cases being included in our series. If that is not the
reason, then one must assume that some other factor such as tardy
diagnosis, insufficient availability of iron lungs, in-
compentent managemend, decressed resistance of patients to the
virus, or some other unforseen possibility is the basis for the
discrapancy.

Cobb, Stuart, and Mengert (15) in 1953 after a review of
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10.
11.
12.
13,
14,
15.
16.

17.

Fig. X

Meternal Mortality - World Literature

Blair, Robertson, &
Robertson (1944)

Fox & Waisman (1547)
Taylor & Simmons (1948
Schaefer & Shaw (1949)
Kos (1949)

Fox & Belfus (1950)

Priddle, Lenz, ung, &
Stevenson (1B52)

Sindrum & Ven Ddr Wey (1952)
Keminek & Fuchs (1953)
Nilsson (1953)

Hunter & Millika  (195&)
Horn (1955)

Berquiet & Sadler (1955)

Siegel & Greenbarg (1955)

McCord, Alcock, & Hildes (1955)

Lathrop, McAlligter, Jonnson, &

Hughes (1954)

Nebraska (1940-1954)

Total

Cases

14
25
18

33

4o

325
24

87
51

30

712

Mort.

Per Cent

16.6%
14.2%
12.0%

6.0%
20.0%

12.1%

2.9%
100.0%
100.0%
100.0%

6.0%

5.2%

12.5%

2.9%

11.8%

12.5%
20.0%

7.6%



the literature conciuded thet the meternel mortelity as seen in
pregnant patients with Poliomyelitis is not significantly
different from that seen in non-pregnant pestients with
Polio-myelitis. Mengert (4) commented in his editorial on
menage~ ment that the incressed incidence of meternal mortality
seen in the third trimester in some series may be due to the
added insult of a forced :elivery whiech was enough to turn the
tideagainst a patient whb was already fighting for her life
againet acute Poliomyelitis.

McCord, Alcock, and Hildee (17) in 1955 stated that in
their series of fifty-one cases, the maternal mortality rate
was similar to the mbrtality rate seen in other adult groups
with Poliomyelitis so long as their ages were relatively
com-parable. The predomlinence of the maternal deeths occurred
in the third trimester, but this is not remarkable in view of
the well documented obsefvation that the disease is likely to
be more severe in the last trimester.

Horn (2) in 19°° agreed with previous writers that there
was no demonstrable jncrease in the severity or mortality in
the pregnent victims of Poliomyelitis over that seen in
non-pregnent patients in the same age group. She also said
thet mortality was related to the severity of disease and not
neces-sarily to the trimesfer.

Berquist and Ssdler (18) imn 1955 further agreed with

previous studies in e¢oncluding that the maternal mortality in



Poliomyelitis is no greater than the mortelity elsewhere in
Poliomyelitis, but tMat maternal mortality is higher in the
third trimester.

Laudadio (38) in 1955 stated that he believed from =
review of the literaflure thet mortality from Poliomyelitis is
increased in Pregnandy from five to twelve per cent overall and
more increased with -he progress of the pregnancy.

From the world literature and our own series, one may
safely conclude that mortality from Poliomyelitis is probably
not significently incressed in pregnancy, but that due to the
increased incidence severe® disease in the third trimester,
the predominence of the mortalitv is seen in this period of

gestation.



I. OCauses of Maternal Mortality.

It was not until 1952 that a study in the literasture noted
the causes of death 3in the cases of Poliomyelitis in Pregnancy
which ended fatally, so it is assumed that either most of the
deaths occurring prid¢r to that time were considered to be due

to pure respiratory peralyeis and thus not remarkable, or else
post-mortem examinations were not done and the causes of the
deaths were thus not sufficiently well doeumented te be rsported
in the literature.

S8indrem and Van Der Wey (39) (in 1952) reported one case of*
Poliomyelitis in Pkegnanc§ which ended fatally from eir embolism
which was considered to be due to air passed from vagina into
uterine vkins by the alternate pressure of the respirator.

Nileson (40) in 1953 reported one case which developed
kidney stones and died in rensl failure.

Horn (2) in 195%, reported two patients with P§licmyelitis
in Pregnency who died of pneumothorex and six patients who died
in toxemia dnd eclampaise.

McOord, Alcock, end Hildes (17) in 1955 reported one death
due to bronchopneumoniyla, three deaths due to gastro-intestinal
hemorrhage, one death due to perforated duodenal ulcer, and one
death with tracheo-bronchitie and atelectasis.

Lathrop, McAllister, Joknson, and Hughes (20) in 1956

reported one case of dbath in Poliomyelitis in Pregnency due to
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pulmonary embolism, yhich was the first such case to be
reported in the literature. %hey commented that a much higher
incidence of pulmonary embolism would be anticipated due te the
long

periode of inability to move with resulting staesis and phlebo-
thrombosis, but thet the low incidence must be due to the young
age of the patients, the laak of arteriosclerosis, the fact that
the Poliomyelitis virus does not attack blood vessels, or the
active physical therdpy thet is commonly emplpoyed in
Pollio-myelitis patients.

In our own seriles of thirty cases, the six cases which
ended fatally all were fairlv well shown to be due to respira=-
tory paralysis plus ascending varslysis which involved vital
centers which finally produced changes that could not be
suf-ficiently compensated for by the iron lung. In the cases
vhichdied, the iron lung seemed to be of no avail, and the
oxygen embarrassment continived ¥#ith increasing cyenosis and
eventual death in epite of active artificial respiration.

It has been shdwn that although respiratory paralysies is
the most common cause, death is possible from other causes, and
thus the attending nrlysician's sttention must also be directed
to other conditions besidee respiratory distress. It has also
been shown that death may occur in spite of sctive artificisal
respiration, but this statement is not intended to imply that
artificial respiration is not a valuable means of therapy, as

many lives have no 4oubt beéd saved by the prompt use of the



iron lung supplement by trachiotomy if necessary.



J. Incidence of Residual Paralyegis.

Taylor end Simmone (10) in 1948 were the first to report
the incidence of residusl paralysis. In their series of twenty-
five cases, two patients were left with moderate residual par-
alyeis and two patiente with severe residual paralysis, meking an
incidence of sixteen per cent.

Paquet and Schsmrz (26) in 1951 reported one case, in which
the mother survived, but was left with persistent paral-ysis of
the lower extremities.

Brehm (25) in 1951 repbrted one case with residusl par-alysis of
both legs eind slight residual paralysis of the arms.

Jackowski (29) in 1953 reported one case in which there was
marked weekness of the abdominal musculsture end the leg
musculature two months after recovery.

Bowers end Danfbrth 34) in 1953, in a review of the lit-
erature consisting of five hundred eighty-eix cases, concluded
that the chance of residual peralysis wes little, if any
inereased by the presence of priegnaney complicating the
Poliomyelitis.

Berquist and Sadler (1f) in 1955 repérted twenty-four cases
end found that thirty-bhree per cent were left with severe
residual paralyeis ard thirtyv-one per cent were left with mild
residual paralysis. All theee cases, hovever, have reported some
irprovement in the residual paralysis since the sciute phase of
the disease.

The results of our own series are outlined in Figure XI,
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pege 44, and ehow e tstel of Pifty-nine per cent of pstients
left with some form of residusl paralysis, but this is not es
tragic as it might ap ear, as only one case, or less than six
per cent, was left with severe varalysis. Most of the cases

were classified as mild residusl paralyeis.
Fig. XI
Residusl Paralysis

None
Mild

Modersate

SN I

Severe

It has been shoim that patients with Poliomyelitis in
Pregnancy are left wiih a falirly high per cent of residual
paralyseis, but it is pighly probable, from this enalyeis, that
the incidence of resiBusl paralysis in pregnsncy is not
actually significently highep then the incidence in non-
wregnent patients with Poliomyelitis. This aspect hae not been
sufficiently studied to draw any definite conclusions at this

time.



K. Relationship of Bpinal Fluid Cell Count to Severity of
Disease.

MeCord, Alcock, snd Hildes (17) in 1955, in a report of
fifty-one cases at Winjepeg Municipal Hospital, recordéd the
spinal fluid cell counls of all except eight of their patients.
They found that the coants in the patients with no paralysis
whatever, varied from seventy to six hundred with a fairly
even distribution between the extremes. 1In those with spinsl
paralysis, the range wes from zero to one thousand eighty cells
per cubic millimeter, with the majority of cases renging from
one hundred to four hiundred cells. In those with bulbar in-
volvement, the range was sevemty-one to four hundred fifty

with a fairly even distribution throughout.

The results of our own study are illustreted in Figure
X11, page 45 and show elevated counts in all cases. However,
as in the Winnepeg series, no clear cut evidence of increesed

severity of disease with increased cell count is indicated.
Fig. XII

Relation of Spinal Fluid Cell Count to the Severity of Diseacse.

Paralysis Range of Cells
None 125 - 173
Spinal 16 - 313
Bulbar 10 - 609
Fatal 113 - 609
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It is fairly coanclusively shown by this study that high
counts may occur in sll severities of involvement and that

there is probably little if sny prognostiic significance or

diagnostic value with regard to severity of disease to be found
in the spinal fluid cell count. Actuelly, the usefulness of
spinel fluid counts in Poliomyelitis in Pregnancy is probably
limited to the initial disgmosis, as evidenced by an elevated

cell count with & predominence of lymphocytes.
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L. Effect of Pregnsnav on Regpiretion.

The question of Whether the pregnant uterus interferes
with respiration hee long been considered by physeicians inter-
ested in yregnant patients, end ie especially important in
patients'with Poliomydlitis. In meny cases, the respiration
is mueh impaired due to the effect of the Poliomyelitis virus
and if Pregnangy ehould further restrict respiration and oxygen
exchange, this could be a factor that might cause the death of a
patient who would otherwise recover.

McGoogen (1) in 1932, commented that there were reports in
the literature of zregnant uteri encroaching on disphragms and
interfering with respiretion, and that the respiration inthese
cases was seemingly improved on termination of the preg-nsncy,
but thet pregnsmcy should not be interrupted except inthose
cages in which the utertas encroaches on a diaphragm whichis
peralyzed.

Strauss and Bludstone (36) in 1946 published & report of a
case, delivered by Oesearean Section, in which they stated that
the gravid uterus contributed to the respiratory emberrass-ment.

Cobb, Stuert, and Mengdrt (15) in 1953 concluded, after
a review of the litersture, that the respiratory embarressment
seen in pregnent peti¢nts with Poliomyelitis wes & reiult of the

Poliomyelitis and not related to the pregnancy.

Bowere and Denférth (34) in 1953 in e review of the lit-
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ature, also agreed thet the pregnancy probably hae no effect
of the respiratory emberrassment.

McCord, Alcock, and Hildes (17) in 1955 reported fifty-
one cases of Poliomyelitis in Pregnancy and conclsied that al-
though one would expect the pregnant uterus to embarrass
respiration, in their experience, 1t did not ever interfere
with respiration. This conclusion was largely based on the
finding that of all the cases in their series who were in
respiratory distress, not one demonstratied eny improvement in
respiratory symptoms following ddlivery.

In our own series, it is impossible to state whether

the pregnant uterus did play e pert in the respiratory

émbarrass-ment that was seen in some of our cases, as this

particular ob-servation was not well documented. However, in
view of the ob-servations of the several other authors guoted,
it ie fairly reasonable to conclude that there is probably
little if any effect produced by tke pregnent uterus on the

respiratory pro-cess.
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M. Sex of the Fetus Opmpared to the Trimester of Onset.

The question of Whether there is a relationship between
the sex of the fetus cmrried end the susceptibility of the mother
to Poliomyelitis during a certain trimester has been studied by
a number of investigatiors.

Aycock (3) in 1946 was the first to study the problem,
and after reviewing two hundred thi;ty—six cases concluded that
there was a marked predominance of male fetuses in the pregnant
females who contractec Poliomyelitis during the first trimester,
and an overwhelming pfedomindnce of female fetuses in those
whose onset of Poliom§elitis occured during the third trimester.
From these findings, 7e concluded that there must be an increased
susceptibility to Pol ' omyelitis in the first trimester if the
pregnant women is ecarfying a male fetus and an increased sus-
ceptibility in the third trihester if carrying a female fetus.

Scheefer and Shaw (23) in 1949 reported eighteen cases of
Poliomyelitis in Pregnancy end stated that Aycock's original
findings and hypothesis were not borne out in their series.

Anderson, Anderson, Skasr, and Sandlar (33) in 1952 re-
ported seventy-five cases and found that there was a dominance
of male fetuses among the women in their series and especially
in those who contracted Poliomyelitis early in Pregnancy.

Horn (2) in 19%5, in her report of three hundred twenty-
five cases of Poliowmyelitis in Pregnancy, concluded that there

was no relationship between the sex of the infant and the tri-
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mester of onset of .isease.

Berquiet and %edler (18) in 1955 reported twenty-four
cases and stated thdt there was a slight tendency, in their series,
for those affected with Poliomyelitis late in their pregnency to be
cerdying female fetuses.

The results of our own series are shown by Figure XIII,

page 50, and are a reflection of too few cases to be of much

significance.

Fig. XIII

8ex of Fetus as Qompbred to the Trimester of Onset of Poliomyelitis

I II I1I Total
Male 0 2 7 9
Female 0 1 4 5

In view of the fact thet our own small series does not
bear out Aycock's original hypothesis and that there ere so meny
conflicting reports in the literature, it is hard to draw any
very valid conclusions from the evidence available. Although
there may be a real relationehip between the sex of the fetus
and the trimester of onset of Poliomyelitis, it appears
unlikely at thies time, and it is probable that the observations
as made by various investigatbrs are purely an element of

coineidental, chance distribution.
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N. Management of Pdtients with Poliomyelitis in Pregnaney.

The problem of the best course of management of a patient
suffering the hardships of Poliomyelitis in addition to the
regular stress of pregnancy is very important, and a problem which
should be very carefully considered by any physecian car-ing for a
patient afflicted with such a condition.

McGoogen (1) in 1932 stated that very little difficulty
should be encounterdd in delivery of the pregnant Poliomyelitise
patient unless there was malposition or dispropertion present, and
that one should hot intprrupt the pregnency unless the uterus
encroached on the paralyzed diaphragm, or unless the patient had
a severe cystitis.

Kleinberg and Horwitz (35) in 1941 reported thirteen cases
of Poliomyelitis in Pregnsmey in which they used outlet forceps
four times end mid florceps twice, with the remainder of the
in-fants being delivered spontjneously.

Strauss end Bluestone (36) in 1946 performed a Cesearean
Section on a patient confined to a respirator while they
main-tained repirstion with the oositive pressure of the gas

machine. They commented that due to the erroneous belief that

during the agonal period precedin; dea: ., the patient is prone to
have a precipitous delivery, there has been a high fetal
mortality due to undue delay in petforming a Cesearean Section,
with the criti-cal time being used mp in futile attempts to
resuscitate the mother. In addition, there is & real danger to

the infant who 31



is delivered vaginally in a respirator from the possibility of air
embolism, pulmoﬂary embolism, or intra-cranial hemorrhage.

As a result, they rdcommend prompt Oesearean Section to save

the infant, in casees where it appears that a fatal outcome for the
mother is prabahle.

Paylor and Simmons (10) in 1948 renorted e series of twenrtve
five cases and statdd that uterine contractions proceeded
norm-ally in spite of skdletal paralysis, but that low forceps
were usually necessary in paralytic ceses. With this type of
manage-ment, no complications were experienced. However, they
also commented that during the lest trimester, the patient with
Polio-myelitis is a grave risk for operative procedures and such
should not be underteken wikhout careful consideration.

Schaefer and Shaw (23) in 1949, in a review of eighteen
cases of Poliomyelitis in Ptegnaney, stated that there is no
specific treatment of choice, but that *Kermy Packs', prophy-
lactic chemotherapy, and phgsical therapy are a great aid to
fast recovery end the preveption of residual paralysis. They also
stated that there was mo indication to interrupt pregnancy by
Cesearean Section from the standpoint of the effecte of the
Poliomyelitis.

Paquet and Scherz (26) in 1951 reported two cases. One
of these was terminaled in an attempt of improve the paralysis,
but no benefit was realized, and the paralysis of the lower
extremities persisted. In the other case, the mother died of
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vena caval thrombosis, and it was suggested that a special iron
lung which acted only on the thorax would have been of help.They
believed that in a respirator of this type, the lower ex-
tremities could have been passively exercised and the vascular

complicetions more emsily ptevented.

Priddle, Lenz, Young, and Stevenson (14) in 1952 reported

thet their thirty-folir cases of Poliemyelitis in Pregnancy were

all delivered either spéntaneously or by low farceps.

S8indrem and Van Der Wey (39) in 1953 reported a case in
vwhich they forced the delivery of a patient with Poliomyelitis
who was confined to a respiwetor. The patient died of air em~b
olism, the air presumably Weing introduced from the veagina into
the uterine veins by the alternating pressures of the respir-
ator. The investigefors commented thet this unusuel complica-
tion could have probably been prevented by intra-uterine and

vaginal packing.

Nelson and Joh#son (41) in 1953 reported the delivery of
one case in which the respiretion was maintained by menual posi-
tive pressure with an anesthesia machine.

Nilsson (40) in 1953 delivered s patient, who could only
tolerate being out of the respirator for seven minutes at a time,
by alternately pullinr the patient in and out of the respirator.

Bowers snd Denforth (3%) in 1953, after a careful review of

the literature, concluded thaet Poliomyelitis has no effect per se

on the pregnaricy. It may, %%wever, embarrass the respir-



ation, which would secondarily effect the pregnancy, and inwhich
case, a prompl tracheptomy and iron lung therapy should
be instituted. Locdl anesthetic was considered to be the
anes-thesia of choice in the delivery of Poliomyelitis victims.
Mengert (4) in 1953, in an excellent editorial on the
menageme nt of pregnancy com,licated by Poliomyelitis, stated
that there is a strang national tetidency to interrupt pregnency
during the third trimester in spite of the fact that it hes beeb
conclusively shown by Cobb, Stuart, and Mengert (15) that
respir-ation is not embarrdssed by the pregnency. Pregnancy
cannot be terminated, either Wy Oesearean SBection or by Pitocin
induction without trauma, and to force delivery in a patient who
is al-ready fighting for life ageinst acute disease may turn the
tide against her. Menget believes that the pregnant woman with
Poliomyelitis should be treeted for the disease by all modern
methods including tracheotdmy (if necessary), endo-trachesl
aspiration of mucous, positive pressure devices, maintainence
of fluid end electralyte balance, and antibiotics, with the
pregnancy being igndred umless labor supervenes.

Carpenter, Cohen, Colman, and Plotkin (30) in 1954 re-

ported one case, delivered by Pitocin induction and low forceps,
with the operators working through the portholes of the
respira-tor. They concluded that the uterus will respond to
oxytocics in spite of spinal naralysis, that the complete
relaxation of the birth canal which accomnanies spinal paralysis
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erations less likely, and thdt Cesearean S8ection is hazardous in
the respirator because of the need of an endotracheal air-way.
They also felt Lhat besause the removal from the respira-tor
entailed the need for a tracheotomy and added other hazards,
delivery with the aid of foreene manipulated through the port-
holes was the method of choise. ‘

Hunter and Milliken (16) in 1954 stated that in their
series of forty-nine tasee, $here was no need to alter the
menagement or resort Lo Cesearean Section except for obstetrical
reasons. In their experience, the anesthesia of choice for
vaginal delivery was the pudéndal block and the choice for

Cesearean Section was local tlock of the abdominal wall.

McCord, Alcock, and Hildes (17) in 1955 stated that de-
livery within a respirator is not difficult with an uncompli-
cated vertex presentetion, but due to the added difficulties
encountered in breech presentations, these deliveries should be
aone by Cesearean Section in the respirator, or by the vaginal
route with an anesthesia machine for positive pressure respira-
tion and a proper teble for the mechanical manipulations.

Horn (2) in 1955, in her latest paper on the experience
with Poliomyelitis in Pregnamcy in Los Angeles County, Cali-
fornia, states that she believes labor usually proceeds normally
to the pelvic floor, et which time one can complete the
delivery with outlet forceps and control respiration with a gas
machine or a Bennet positive .ressure device if necessary.
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of choice is the pudéndal block or local infiliration of the perineum.
In the case of a breech delivery or a Cesearean

Bection, one should hsve the use of a gas machine and an
ob-stetrical or surgical table.

Berauist end Ssdler (18) in 1955 reported twenty-four
additional cases and commented that in the management of the
pregnant patients with Poliamyelitis, and especially in those
with bulbar involvemeant, it is important to do early tracheotomy

and cautious bronchscopy (when necessary). These patients have
considerable nasal regurgitation and pooling of secretions due
to palatal paralysis ano shsence of the gag reflex, end thus have
interference with good respiration. Their patients with embar-
rassed respiration ware given a tracheotemy plus an endotracheal
tube during deliwery with respiration controlled by menuel com-
pression of the bag. Outlet forcemns and pudendal block were
routinely used, and they concluded after careful follow-up study,
that there wes no damege to mny of their infants by oxygen de-
privation.

In our own series, the records were sporadic in observa-
tions on menagement of the pktients, so it is difficult to draw
any valid conclusionsd iﬁ thie respect from our study . There
vere a number of patiknts who had spontaneous deliveries, a
number of patiente delivered with the aid of outlet forceps,
one Cesearean Section done prior to maternal death with recovery
of a live baby, end one post mortem Cesearean Section for a

gtillborn infant.
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It is fairly evident from the 1iterature that many pat-ients
will deliver spontandously without any evidence that the
Poliomyelitis effecled the delivery, and even in those patients
who have severe spinel paralysis, most will fall into labor
spontaneously and be able to bring the head down onto the pelvic
floor, at which time it can be extracted easily with outlet for-
cepe. This phenomsnon ie espparently due to the fact that the
uterus is separate from spinal nerve innervation and can con-tract
forefully in spite of spinal paralysis.

In almost all cases, one should treat the Poliomyelitis
to the best of his ability by ordinary supportive measures, amd
not attempt to imprdve the condition of the patient by inter-
ruption of the pregnency, aes the benefits thus derived and claimed
by several investiggtore are extremely hard to demonstrate in
clinical practice. In addition, the added trauma of the oper-
ation may be enough +6 push the already weakened patient over
the brink to severe Histress, even to death. Suppertive treat-
ment should include rest, general health improvement, passive
exercise for paralyded muscles, hot packs to affected extremi-ties
(if helpful), naintaimence of fluid and elestrolyte bal-ance,
prophylactic chemotherapy, and if necessary, early assist-ance of
respiration msing the iron lung, tracheotoemy, or cauti-ous
bronbhoscopy, as indiceted. These measures should then be
followed by watchful weiting with full cognizance that some

diffi culties may be sncountered at delivery. It has been shown
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that uncomplicated vértex ddliveries can be accomplished cuite
easily even though the mother is enclosed within a respirator,
but that if a breech delivery or a Cesearean Section is to be
undertaken, one shou'd have a positive pressure gas machine and
an adequate operating table available. Anasthesia of choice is
the pudendal block and/or local infiitration of the psri-neum,
as this type of anesthesia causes the least trauma to the
petient, and is least likely to further embarrass maeternal res-
piration or cause catdio-vascular complications.

The indications for Cesearean Section are for obstetrical
reasons only, and are the same as in cases not complicated by
Poliomyelitis. The énly possible exception might be the mother
who is not in labor, but is carrying what, in the opinion of the
obstetricien, is a viable fetus, and who is rapiély sinking into
greater and greater respiratory difficulty.with increasing oy-
enoeis in spite of active therapy as outlined above, to improve
oxygenation. Here, one might be justified in going ahead with
Cesearean 8estion in an attempt to save the Infant. In regardto
post-mortem Cesearean Seetion, although we have only one report
from the world litersture available of an infant whe survived
after being delivered by post-mortem Cesearean Section
(Kaminek & Fuchs, 28), we still believe that if in the
opinion of the obstetriciai Lhere is any chance of obtaining a
viable fetus by performing khis prbcedure, he is justified in

going shead in an attempt to recover a live infant.
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0. Incidence of Corgenital Anomalies.
Schaefer and Shaw (23) in 1949 reported that there were
no fetal anomalies orserved in the eighteen cases in their series.
Fox and Belfus (11) in 1950 in a revort of thirtv-three
cases of Poliomyelitis in Pregnancy conclud < that there wase

no eviience that Pol'omyeli:ies left any stigme on surviving infants.

Anderson, Andetson, Skaer, and Sandlar (33) in 1952 reported

that there was no indreesed rate of congenital abnormeslities intheir

gseries of sevenity-five cases.

Cobb, Stuert, enhd Mengert (15) in 1953 concluded that the
rate of fetel abnormality is not significantly different from the
normal expestancy, anl thus $here is no useful purpose in a thera-
peutic abortion to avbid fetsl anomalies.

Berouist and Saaler (18) in 1955 in e report of twenty=
four cases agreed with the above statements.

Although no fetql enomalies were seen in our own series, no «
dogmatic statements can be made congerming the incidence of fetal
abnormalities in Poliomyelitis in Preégmsncy, es the scrutiny of
the infants for abnermalitiee was not a well documented, constant
factor. However, inespite of this failing in our report, one
may safely conclude from the literature that the incidence of
fetal enomalies is probably net increased in the pregnancies

complicated by Poliomyptitis.
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P. Effect of Poliodelitis on Future Pregnencies.

McBoogen (1) in 1932 commented that very little difficulty
should be expected in delivery of a women who has had Poliomyel-
itis either preceding or during her pregnancy unless there is
malposition or disprioportiofn present.

Nettleblad (37) in 1950 reported a series of sixty de-
liveries in forty-orle women who hed had Poliomyelitis at some time
preceding delivery. He concluded that there is no evidence that
the average labor is lenger in patients who have previously hed
Poliomyelitis thén in omes who have never had the disease, but
that there is some evidence that unusual presentations aremore
likely to occur in those who have had Poliomyelitis at some time
previous to delivery. He also concluded that there is anincreased
tendency for a premature delivery in a women with a histery of

Poliomyelitis.

Cobb, Stuart, énd Mengert (15) in 1953, after e careful
review of the literadure, concluded that the ability to conceive
or bear children was wnimpeired in women with Poliomyelitis, but
that the big considefation was their ability to care for the

children follewing birth.

Laudedio {38) in 1955 commented that Poliomyelitis in
child-hood often results ir obliquely contracted pelves which
might conceivably seriously effect the outcome of a future
pregnancy.

Berguist and Sadler (18) in 1955 reported twenty-four cases
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effected in eny way py the disease.

Due to the lacr of follow=up studies following the initisl
episode of Poliomyelitis in our own series, no good conclusions
can be drawn. However, from the reports above, it is possibleto
infer that in ell probability the extent of difficulty which
might be anticipated in future pregnancies following
Polio-myelitis would be an occassional malepresentation,
premaeture delivery, or contracted pelvis. The former two can be
very adequately handled bi moderm obetetrical techniques, end
the contracted pelvis can be diagnosed by good pelvic examination
and/or X-rey pelvimejry, followed by Ceseerean Section, if nec-

essary, without undubé hazar to the patient.
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VI. Summsry.

In the preceding pages, we have attempted to present the
problem of Poliomvelitis as a compliceation of Pregnaney in a well
orgartized, accurake paper.

¥Ye have reviewed the literature from Nineteen Thirty-two to
Nineteen Fifty-six mnd have reported a series of thirty cases seen
in Nebraske from Nineteen Forty to Nineteen Fifty-four.

A number of espects have been considered, including incie
dence, severity, triméster of onset, maternal mortality, residusl
paralyeis, and menagejent. These points and their interrelation-
ships have been discuesed and analyzed, and the conclusions de-
rived from the informption ptesented are listed in the follow-ing
section of this paper.

We found that there is an increased indicence ef Polio-
myelitis in Pregnancy, an increaesed incidence of severe paralysis
late in pregnancy, and other notable conclusions, meny of which
would be of real interest to the physician caring for a patient who
was both pregnany and had Poliomyelitis.

It is hoped thdt one mey gain, from reading this paper,
an accurate, concise ¢toncept of the relationship of Poliomyel-

itis and Pregnancy.
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VIiI.

1.

Conclusions.

There is an increesed ineidence of Poliomyelitis in Preg-
nancy, and this increased incidence is probably between
two and three times the average incidence in the general
populetion.
There is probably no correlation between the incidence of
Poliomyelitie in Pregnamcy and the trimester of onset.
There is probablv no correletion between pregnancy as a
complication of Poliompgelities and the severity of paralysis.
There is en increase in the incidence of severe paralysis
associated with $he latter part of pregnancy.

The highest incidence of Poliomyelitis in Pregnancy is be-
tween twenty-one and thirty years, but there is probably no
significant relationship between the age of the patient and
her susceptibility to Poliomyelitis.

There is no increased téndency for the pregnant patient to
abort as a result of Poliomyelitis.

There is no significent increase in maternal mortelity in
Poliomyelitis, Hut most of the deathe which do occur are
seen in the third trimepter.

Maternal mortel ity may occur from means other then respir-
atory peralysis.
There is probably no significent increase in the incidence
of residual paralysis in pregnent patients with Poliomyel-
itis.
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10,

11,

12,

13.

14,

15.

16,

There is prabably little, if any, effect produced Ly the
pregnant uterus of the respiratory process.

There is probably no relationship between the sex of the
fetus and the trimester of onset of Poliomyelitis.

In most cases, pregnant patients with Poliomyelitis will
either deliver spontaneously or at least bring the head
down to the pelvic floor, where it cen be easily delivered
with outlet forceps.

Active supportire therapy, consisting of artificeal respir-
ation, prophyla¢tic chemo-therapy, maintainance of fluid
and electrolyte balance, passive exercise, and
tracheotomy (if necessary), should be carried out early in
the pregnant patient with Polidmyelitis.

The indications for Cesearean Section are for obstetrical
reasons only, ard one should not try to improve the respér-
atory condition by terminasting the pregnancy.

There is no increase in congenital enomalies in pregnancies
complicated by Poliomyelitis.

In all probability, the only difficulties which might be
incountered in pregnangies following Poliomyelitis would be
an occasionel mal-presentation, premature delivery, and/or

a contracted velvis.
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