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Pre nancy has measurable effects on essen-
E) eveuy or%an stem In a woman’s
? nderdtan %o thesec anges i
vital for determining what is normal gr ab-
normal In a re nant woman. These
chang es fre( uent g/ alter symptoms and
Sig nso surgical di easesdurlng pregnancy.
In addjtion; many surgical diseases, as wéll
as thelr theraP|es have multisystemic ef-
fects. |t there ore is mandator to appre-
clate the physiol O%IC chan%est atoccurin
a normal pretgna{] yt? avoid Incorrect di-
agnoses and freatme
! qhe mech amsmsrl)ehmd these physio-
Ioglc chanPes are complex and not always
II'understood. However, many are me-
diated via proegé ﬁswe mcreases in preg
nancy assomat ormones, such as pr
(IJes erone, estrogens, and human placental
actogien 0r by progressive increases in ma-
ternal cardiaC oufput and blood volume.

res ndence |cha | IV. Vamner, MD, n!l
éF f eirics 0%){ Versit of gﬁ
cme rt cal Drive.

CLINICAL OBSTETRICS AND GYNECOLOGY

I

This article will review these physiologic
cr;hanges concentratmg on an organ-system
ormat, with particular emphasis on’ man-
ifestatjons that mightbe confused with sur-
?lcal diseases or that have implications for

reatment.

Qtlmum Wel (}Gam

timum weight gam during pregnancy is
dePendentuFonthepatlentspreconce ual
nutritional status. In'thin women, optimum
pregnancy outcome occurs with weight
qains 0125-35 pounds, The enlarging uterus
and its contents confribute to t emean 'S
We|?h t 11-14 poun satterm utt ema
ority ofthe remaunmgwelgf htgain is cause
yprogresswe expan ion 0 mat?rna lood
volume (3 r&)oun 5).and mvo untary ca-
loric retention In the forms of fat and pro-
teln (4-6 pounds). The latter occur princi-
F llyin the second trimester. Maternal Ca-
oric retention_is caused by the body’s
anticipation of the progressive late pr g
nancy caloric requirements of the fetus

VOLUME 37 / NUMBER 2 [/ JUNE 199

41

brought to you by .{ CORE
prowded by The Un|versny of Utah: J. Willard...


https://core.ac.uk/display/276286519?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

242 MARTIN AND VARNER

TABLEL Recommended DailyAllowancesfor Pregnancy and Lactation

Additional Requirements for t\dditi_onal Requirements for

Nutrient For Nonpregnant Women  Pregnant Women actating Women
lories (kcal : 3 500
. % :
g ; !
6 2 4
e :
ngcp m i
Riboflavin (mg) 13 )
Thiamin ZF # ;
Vitamin P%}) 1
Vlﬁa[mn 8
e %) i g 4
I?Ori]n%no ; [1%8 Supplement
a rﬁesqim (mg) 3(J}§ 5 150
Zinc (mg 10

well as the increased calgric requirements
of lactation. Qther contributions to mater-
nal weight gam include extracellular fluid
(2-3 pounds) and breast enlargement (1-2
poundsr?. Obese women have optimum
pregzna ¢y outcomes with We,|?_ht ains of
15-20 pounds and characteristically have
less weight r%am in the second trimester than
do thin wornen. Obese women already have
a substantlallz expanded vascular volume
as well as an de(i,uate caloric reserve.

In surgical patients, nutrition may be
compromised b%/ prolon(ged gerlods without
oral Intake. Although 5%-dextrose solution
supplies minimal “energy substrate, It is
usually sufficient to maintain the patient
ang fetus for several days.1However, those
patients who requirg Ion?er periods of F,ar-
enteral nufrition without enteral nutritjon
may require nutritional ,sugﬁlementanon
with total parenteral nutrition (TPN). The
indjcations for sta,rtm(Il_TPN,ln a Rregnant
Batlent include situations in which the

owel Is not functional, such as blllar}/ dis-
gase, pan(fre?,tltls, or complex bowel sur-
gery, and  diseases re%mrmg Erolon?,ed
Dowel rest, ITprolonged bowel rest IS antic-
ipated, TPN should"be started before the

patient's own nutritional stores are de-
Bleted. Whenever the bowel 1s functional,
utthe patient Is unable to eat, for example
with hyperemesw,r{;rawdarum or oral sur-
gery, enteral nutrition via feeding tube Is
appr,o%rlate. , ,
Firm guidelines for the pre?nantFatJent
do not exist for TPN or entefal nutrition.
Therefore, a team approach between the
obstetrician and nutritionist Is desirable.
This, should include routine laboratory
studies as, well as periodic yltrasonography
to verify fetal growth. Persistent kefonuria
should be .avoided, and indicates insuffi-
cient nutritional supP,Iem_entanon. Most
|mRortantIy, malnutrition Is best avoided
rather than corrected, especially In the
pregnantwoman. .
ver the years, a substantial effort has
%one into the definition of recommended
ietary allowances during pre nancg and
[actation, These recommendations are
listed in Table 1.2

Female Reproductive Tract
The increase [n uterine size during preg-
nancy is due primarily to cellular hypertro-
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but js also the result of modest h
BF sia, There isa 20- ? Fd increase In ceYrDTar
mass and a thousandfold increase in intra-
uterine voI%

Uterine blood flow also increases enor-
mously. Uterine arter blood flow Increases
from approximately 50 ml/min In the non-
pregnant woman to 600 ml/min at the end
ofpregnancy. These increases are primaril
estroPen medrated and are critical for ad-
equae erver of oxy%n and nutnensto
the developin fetus terine b
also ma be affected ymany drugs and
maternal conditions ‘T%p

There is also a 60-fold Increase in pelvic
venous capacity by the end of pregnancy.
These dilated pelvic veins are a frequent
site of thrombgembolisms. Although preg-
nancy isasso |atedwrthgmoddest mcregsed
incidence in thromboembolic diseasg, there
is a substantial additional increase in such
complications in the first few weeks post-
partum. Women with reproductive tract
infections and/or operative deliveries are at
a particulary increased risk, Pregnant
women re urnnrq surgery are also at an In-
creased risk overthe general population for
thromboembolrc disease. This necessitates

Proprra frophylactrc measures during

surgery, usually with pneumatic compres-
sion devices.

Increases in blood yolume within the
uterys and perrc vasculature represent ap-
proxrmate 1,000 ml at any moment late

pregnanc Thrs Increase voIHme isnot
the result o] shd ting from elsewhere In the
maternal circylation b&rt rather represents
an Increase of maternal blood volume and
cardiac output during pregnancy.

The breasts, Increase In size from early

in reqnanc in anticipation of lactation.
The enfarge entoftheductals stem 15 due
rrmarrly oestrogen and the enIargement
of the afveolar system Is due to progester-
one. A complex Interaction of estrogen
P %esterone prolactin, hum?n pIacental
actogen, insulin, and cortisol Is required
for lactation.

TABLE2. ?6 Fnd/o#g\/leiirenalemndmons

Increased uterine blood flow

E',rorr Cli norf]acu? Pactor erdeﬂnfra responsible
IrOor e%rease uterrne

s

rost H 'Ca"d i B poc

rease uterrne (J
ter ne COﬂ[I’aC[IOﬂS

ytocin administration
Eer onus?eg abruption)

H
é%mgad]enc blockade

Eiéggs as%parl etic d?scharge

PGIj = prostacyclin; PGE] = prostaglandin E2

Cardiovascular System
CardracoutPut |ncrease by 30-50% durrn%
regnancy, from a level of4.0-4 51/min 1
nonpreg antwomen to a maximum dunng
pregnancyofa?pr?xrrr&ate% 01/min ITrtr
increase in output is directed primarily to
the materna? utgrus kidngys, aﬁd skin, %nd
does not represent shunting from other or-
?ans (?r |acoutiJutrstheprodu tofheart
ate and stroke volume, which both increase
during normal pregnancy Stroke volume
rncreas%s earlg/ r%nancy, then decrease?
somewhat néar and the materna
pulse graduall Iy mcreases through the course
ofpre nancy fo 15-20 beats/min over rates
in non re nantlwom n.

Ere lously stated, maternal bIood
volume also Is Increased by 30-50% d urrng
pregnancy. However, maternal red bloo
cell’volume i only increased by 20-30%.
This results In a decrease in hematocrit
throughout the course of pregnancy, even
though total maternal ox ? carryrn? ca-
pacryrs mcreased In fact, failuré of the
maternal hema ocrrt to decrease dunnq
re nanc Swe the failure of the materna
Io d volume to expand) Is associated with
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a distinct increased risk of su%oRt|mum
pre%nancy outcome. This mechanism Is
Pro aply’in a Ia_r[g_e part undergenet_lc con-
rol.ACertainly, Ifis not necessa ,Yto Impose
large quantities of iron and vitamin Sup-
Plem nts on pregnant women to overconie
his physiologic hemodilution; however, the
maternal hematocrit should be maintained
above 30% to facilitate optimum oxygen
suippIR/to thefetus.Thls,mayre%uwealower
threshold_for transfusion 1n the pregnant
woman after acute surgical blood foss.

Circulatory volume”expansion may in-
terfere with the diagnosis ofsurgical didease
during pregnancy. This js seen mainly in
situations of hyPovoIemm, because tachy-
cardiaand hypotension may not develop in
Pregnant ganents,unul they lose 30-35% of
heir expanded circulating blood volume,1
This maternal blogd volume expansion i
also, gartly r_esp0n5|blfe forthe altered med-
ication requirements frequently seen during
pre1gnancy. o )

here 1S a progressive increase in lower
extremity  venous pressure durm? preg-
nancy. This is the result of several factors
mcIudmg_the expanded bloo? volume and
compressive effects of the en argied uterus.
The ovarian artery and venous plexus com-
Fress the right common iliac vein. This lat-
er effect explains why many of the signs
and symptoms of increased lower extremity
venoufs pressure, such as varicosities, are
more fréquent and more severe on the ma-
ternal right side. Upper extremity venous
pressure and central venous pressure re-
main unc,han%ed during pre%nan,cy.

There 1S a decrease in systemic'vascular
resistance during pregnaricy. When com-
bined with the increase In cardiac oufput
and blood volume, several characteristic
changes can be expected on thswal ex-
amination. Because the uteroplacental bed
functions as a low-pressure, left-to-right
shunt, the maternal blood pressure char-
acteristically drops durmg the midpartion
ofnormal pre?nancy. In the second trimes-
ter, this usually represents a systolic de-

crease of 5-10 mmHg and a diastolic de-
crease of 10-20 mmHg. Th%se ch_an%?s
graduallg/returntoward orqer a sshgh y
hove, the prepregnant levels by the efid of
pre%nancy. Thus, what is normal pressure
inthe nonp_reginant sfate may be considered
abnormalin the m|ddlelu rtion of preg-
nancy. For example, a blood pressure of
140/90 mmHg would be a considered hor-
derline level"in the nonpregnant state.
However, it should be considered distinctly
abnormal at 20 weeks’ gestatlon, reflecting
either a prepregnant E essure of approxj-
mately 145-150/100-110 mmHg ora fall-
ure ofthe maternal vascular volime to_ex-
pand. In either case, such a pregnancy is at
increased risk for sui)e,lm osed’ pre-
eclampsia, abruFtlon, stillbirth, a small-for-
gestational age fetus, and various neonatal
corm)hcatlons. .

any of the normal cardiovascular
change$ in pregnancy could be miscon-
strued as represen mg primary cardiovas-
cular disease. Cruikshank and” Haysb note
that a number of physiojogic changes of
normal pr,egnanc¥ might be” misdiagnosed
as heart disease (Table 3).

TABLE3. Signsand Symptoms ofNarmal
L

Symptoms )
ygé]dluced exercise tolerance
.Dyspnea

! rgari hera| edema
EthnSF(J neanvejns .
oint ofmaximal impulse displaced laterally

A%scu i
C

ion :
rhc,rrel}s]edqs Igaqug Efﬂrsi and second heart sounds

Ird hear S3 gall
:a[éysto IG € ec?mn m rm%r gl@ng |eft sternal border
st radiogral 5%
traightering ofleft ear,tborqer
eart positi g,mRre qrizonta
[ncreaseq cardiothoracic ralllo .
Increaser pulmonary vascular markings
EIEctﬁocar I Q/ram .
eft axis eviation wnhﬂut hg/spertrophy)
Nonspecific ST-T wave chang

From Cruikshank DP, Hays PM.5By permission.
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Labor and deljvery, as well as the im-
mediate puerperium, are periods of In-
creased cardiovascular stress. urhngrlabor,
car mcoutgut may Increase further by as
much as 40%. Although some of this is un-
doubtedly the result 0f respanse to Faln 6
?ome ITS also due to the cardiovascular ef-
ectsoflabor contractions. Each contraction
squeezes 300-500 ml of blo?d out of the
uterus and into the maternal vasculature,
This leads to Increased venous return and
subse%uent increased cardiac_output. The
immediate puerperium also is associated
with changes In cardiac output as a result
oflmmed|ate“auto,tranffuswn”,of500_— Q0
ml of volume previously contained within
the vasculature, of the term uterus, There IS
also a substantial mobilization of intracel-
[ular fluid in the first 48 hours postpartym.
Both result ina 10-20% Increase In cardiac
output, reflex bradycardia, and increased
stroke VPIume. . .

Histologic changes in the peripheral vas-
_cul?ture alSo occur durlng pre(%na_n?y. These
include hyperplasia of the arterial'and ve-
nous intima and changes in the organization
and content of the arterial media. These
conditions ma¥ Pred,lspose the pregnant
woman to the Tormation or rupture of ar-
terial aneurysTms. ) .

Because 0f the multiple changes in the
cardjovascular system durm? pregnancy
the hemodynamic statys of the_pregnant
woman _is” often confusing. Therefore,

cutely ill, pregnant surgical patients ma
gene_ﬂYmorg o?ten from%nvaﬁve%equf{
namic monitoring to facilitate appropriate
fluid resuscitation and care.

Respiratory System

Maternal respiratOry adaptations during
pregnancy can he understood best If ong
considers that the pregnant woman must
t[;et 0xygen In and carbon dioxide out for
two individuals. Fetal ox(Yge,n requirements
Increase exponentially Auring pregnancy.
This 1s reflected clinically as a progressive

increase in minute volume during preg-
nanc .Altﬂou che |apl11rag,m Is e?e\yatgd
during. pregnancy, actual_diaphragmatic
gxcursion is nof impeded. This physiologic
hypervenulagon requires greater use of
the accessory breathing muscles, The pro-
gressive circumferential expansion of the
chest ca?e during gre nancy, averagin
5-7 cm, frequently resutts in disruption o
chest wall_propriaceptors, The combined
re L‘ctlon in maternal Pec* ﬁ°d increase i
tidal volume accounts for the sensation 0
dyspneaand breathlessness reported by two
t ndsofgre_gnantwomen. , ,
Changes in pulmonary-function testing
associated with gre nant ?Iso refl%ct the
need for Increased Materna %as exchange.
The progressive Increase In tidal volume
and minute res_[tnranon reach 30-40% by
term. Because vital capacity and resp_lrat,oryf
rate remain unchanged, the increase in tidd
volume occurs In association with a de-
Crease In expiratory reserve volume,
Neither forced vital capaglty nor forced
explratory volume are altered by pregnanc ,
consistent with the observation that large
alrway, function s unaltered by pregnancy./
Likewise, there is no evidence of impaired
small airway function in pre nancg. )
Analysis of arterial blood qase_ during
preqnan,cy reflects this ghysm oglc téyper-
ven |Iat|?n. Maternal Pec* is decreased, and
maternal pH Is Increased. Because oxygen
consumption Increases less (15-20%) qur-
ing pregnancy than does minute ventifation
a modest increase in maternal arterial PQ?
levels occurs, These changes in maternal
Pe%* and ﬁc* are importan ,beca%se the
enhance the exchange gradients betwee
other and fetus for carbon dioxide and
0xygen. The partially compensated respi-
ratO% alkalosis Is arPaparent within th%ﬂ,rst
fewmonths ofpregnancy. Women with sig-
nificant pulmonary disease, e%pemallyofan
abstructive nature; are affected adversely by
the Physmlo?m changes of pregnancy. By
far, the most common respiratory disease
seen in association with preghancy is
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asthma. Because of its intermittent nature,
the predictability ofIts course during preg-
nancy is often difficult.

Oghthalmlc Changes
Many ofthe ophthalm|f fanges in normal
pregnancy are thf result o the modest |n-
crease In ‘extracellular fluid. Other physio-
Ior{uc cha_ngTs éhat have ophthalmic impli-
cations Include progressive Increases' In
melanocyte-stimulating hormone and en-
Iar%ement thh% p|tuna%gland.
TOQressive }/perp|g ntation of the
e%/,ellds isthe result ofincreased melélnocyte-
S |mulat|ng hormone. Pregnanc 0es not
affect extraocular eye movements but Is as-
sociated with a modest mcrfase in corneal
edema. As a result, contact lenses may not
fit as well during, pregnancy. In_addition
there .ap{)ears to"be a decréase in comeal
sensitivi ydurln%t,he third trimester. There
I5 also 8 modest Increase In extracellular
fluid'in the lens during pregnancy, resulting
in atenden? toward myoRHa.

Intraocular pressure ‘tends to decrease
during the sec?nd half of pregnancy, sTg-
gesting that glaucoma and ts sequelae
mighte |esscommon In pregnant women.
Bec,ausg there are no normal pregnancy-as-
soc_latf changesmth%retlna any observed
retinal changes must be explored further,
The pituitary %land increases In size quring
pregnancy, and a modest bitemporal hemi-
angpsia can occur In some women.

here are no other normal pregnancy-
assoclated changes In the optic™ nerve,
chiasm, or retrochiasmatic structures. ,SPe-
cifically, normal p,repnancy,ls not associated
with increased 'infracranial pressure or
papilledema.

Otorhinolaryn ologlc Changes
Most otorhinolaryrigologic changes &sso-
clated with nPrggnancy are the result of pro-
esterone-medjated “mucosal hyperemja.
his hyperemia is most apparent in the

oroghar nx. H gerem|a of the nasal. mu-
cosa Increases the frequency and severity of
egnstaxms and may cause s mgtomatlc na-
sal congestion. In’ pronounced cases, this
occurrence may be. misinterpreted as
chronic upPer resp|rator¥_|n ection, an
onlg,mo,des improvement js achieved with
medications. However, these symptoms
dramatjcally resolve 2-3 days PO tpartum,
in conjunction with the postpartum de-
crease n (rjnucosalh peremia, ,

In" addition, pregnant women with
preexisting periodontal disease can a_ntlgl-
patf eXacer atlon._Thfre are changes In the
oral cavity microbial flora that apgrommate
those seen In éhe I’EEJFO uctive tract.

. Mucosal edema In the oropharynx has
significant anesthetic implications.”’As mu-
cosal edema mcrea,s%s, espelually, in_the
third trimester or with preeclampsia, intu-
bation and genera| anesthesia become more
difficut. Th% visinility necegsary for |nt%-
bation may be compromised, requiring
beroptic procedures, awake intubatjons, o,
possinly, a significant delay ofsurgical pro-
cedures, In extreme emergencies, the sur-
geon stt be prepared always to Periorm

tracheostomy to restore the' maternal air-

WaX/l . .
ucosal_hyperemia may,pred|sP05e a
woman to functional occlusion ?f he eT-
stachian canal. This gcclusion frequently
becomes symptomatic when pregnant
women experience sudden ch_an(];es In alti-
tude (e.g., during travel bY airplane), The
modest increase in extracellular fluid in the
semicircular canals also mai/, explain in part
why pregna,nt women_are [ikely to experi-
ence transient dizziness with sudden
changes In position. Pregnant women are
also Telatively more |IKEX t? exBenence
symptomatic accumulation of cerimen in
the external auditory canal.

Endocrine System
The endocrine system undergoes profound
alterations during pregnancy. Many ofthese
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changes reflect progressive estrogen-me-
drated increases In hormone binding pro-

othalamrcfunc tion appears
una tere rslurtlnJ pregnancy, there |spe{J
?ressrve mcrease |n pr urtary sizeand

low during H %nancy This | rncreasernP
tuitary blood flow is resfmnsrble ar Iry or
the mcreased susceptibility ofth gIa dto
Ischemic necrosis durin rﬁ preﬁ] ancy and the
rmmedrate pUErperiu gehan’s syn-

Pro actin_ levels grogressrve% increase
from early in pregnancy. This change has
obvious clinical |mportance because It ne-
gates the usefulness of this'blood test for
ragnosrn g or following prolactrnomas
regnancy |sasomate Wlt ati%gres
sive | crease in thyroid-binding globulin
This Increase resyl s ina characterrsttc al-
teration In thyrord function tests with an
Increase In tofal T4, a decrease jn T resin
uptake, and an unchanged thyroid function
mdex (reported by most laboratories as a

T7 or free-thyroid index) (Table 4). Al-

thoug1 recent Iaboratory anal(y is sugngts

ere may be a modest increase In free
T4d urrn? pregnancy, this increase, in free
T4is coniroversial and Isnot of major clin-
ical significance.

Pregnancy Is also assqciated with a pro-
gressive increase In_corticosteroid-binding
globulin, resulting in an elevated pIasma
Sortisol concentration. By the end of preg-
nancy, this increase |n total cortisol may be
as muc sat reea) Becauset e pro-
portrono oundan freecortrso does not
change during p gnancy there 15 relative
rncrease In free rtisol during pregnancy.

ho gh ihese mcreased Ievels may overlap

vels seen In Cushing’s syndrome,
drurna varratirlrty IS %reserved and Serves
as a potentially valuable clinical discrimi-

[Phere i no consistent increase in total
weight of the_normal adrenal gland, al-
though there is a relative Increase in the
zona fasciculata. The zona fasciculata is re-

TABLE4. Pregnancy-Associated Changes in
Thyroid Function Tests

Nonpregnant Pregnant
{?n n dl) 13- 40-
L

sponsible for ucocolrtrcorﬂri gductron Its
crease Is compatible with Taboratory ob-
servatrons that the increase In crrculatrng
glucocortrcords Is the result not oply of In-
reased corticosteroid-binding globulin and
decreased clearance, but of increased pro-
duction as well. Those changes return fo
or below, prepregnant values within the first
2 weeksp stﬁartum and may explain in part
the pregnancy-associated Improvement of
some aUtoimmune drseases notably rheu-
matoid arthritis) as well as the puerperal
exa%erbatron ofothers (e.g., systemic [upus
eryt ?sus)
Other alterations occur in maternal cor
ticosteroid concentra i0 gtha are nott e
exclusive result of altere materna
Ig Pregnancy is associated wit ro
g ive mcreas 5 In deoxycorticosterone,
utthrs reercts increased production by the
etog a enta unit. Maternal levels aré not
fected either by adrenocorticotrophic
hormane admipistration or by dexameth-
asqne suppression.

The agPenai medulla also i affected bg
pregnancyé Normal pregnancy Isassociate
with a su stantrir and pr%gressrve increase
in"aldosterone levels. This_increase F
motes sodium reabsorption in the renal ty-
bules. AIth? gh estrogens and deox%/cortr
costerone also function in this way, the ma-
Jor increase In circulating aldosterone fevels
|s the predomrnant mechanrsm by which
the net sodium re urrement regnancy
59 OlOOOmE atinth etus [acentd

d matemal rntra an extra vascular
space) are met These changes are necessary
because there otherwise exists during preg-
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nanc%/ the Ip055|b|I|t%/ of a significant natri-
uresisasa result ofthe increased glomerular
filtration rate and Increasing progesterone
concentrations. . .
Normal pregnancy is characterized by
accelerated stafvation in the fasting state.
Fasting blood sugars are normally”10-15
mg% helow those seen In the.nonpregnant
state. This Isthe resultpnmanh{_o thé con-

tinuous transplacental metabalic drain of

g,lucose to the fetys and Isnof due to a per-
Istenthyperinsulinemia. In fact, the unfed
state ﬁener,allz js thought ta be associated
with fiypoinstlinemia.” During pregnancy,
starvation predisposes the woman to ketosis
because ofrapid transplacental shunting of
glucose and a decrease in serum buffenng
apacity. On the other hand, the fed stat
during re_%nanc is characterized by hy-
perglycemia and hyperinsulinemia, "This
a?p,arently paradoxical situation 1§ ex-
plained by the progressive increase of hor-
mones_that are functional insulin antago-
nists. These Include estrogens, progestins,
adrenal corticosteroids, and human 8pla-
cental lactogen. These result in a 60-80%
Increase In insulin resistance during preg-

nancy..
W%lle most pregnant women respond to
these.changes by roducm? sufficient extra
insulin, 44-6% ot pregnant women wil| be
unable to increase thelr insulin production
adequats\l)/ and will develolp gestational dI-
abetes, Women particularfy prone to this
complication include those who have a
family history of p% Il diabetes or are
obese, and thase who have a past obstTtrlc
nistory of delivering large or anomalous
bahie$ or having,unexplained stillbirths.
Togetner, the fetus and placenta produce
the majority ofbiologically active hormones
in the maternal compartment. Hum%n cho-
rionic_gonadotropin, sKnthesued 0y the
syncytiotrophoblast in the E)Iacenta, 1§ lu-
eotr%)hlc a%ent that maintains the corpus
uteum during early pregnancy. It also en-
hances steroi O?enesw in the placenta and
the fetal adrenal gland and also is of value

asg tumor marker for varjous trophablastic
and nontrophoblastic malignancies. Certain
systemic diseases ﬁe.g., urinary tract infec-
tion, proteinuria, hematuria, &nd systemic
[upus er thematosu_sg can cause false-gosr
tive human chorioni€ gonadotropin assays,
ES an certain drugs 1.2, phenothiazings,
arbiturates, methadone, and penicillin).
As previously mentioned, progesterone
Causes numerous,ph¥5|ologlc gifects in
pre?nanc,}l., In the first Tew weeks after con-
ceptjon, ftis produced ,nmanle{ by the cor-
pus luteum. After the first 8-10 weeks, the
majority of progesterone IS produced by the
fetlgFIacenta]I unit, ,
uman placenta Iacto,%en,pro?uctlon b
the s¥ncyt|otrophqblast i§ directly propor-
tional to'the functional Placental size. 1t 1s
secreted primarily into the maternal com-
artment, where It facilitates adequate nu-
rient delivery to the fetus (lipolysis, ma-
ternal Insulin"antagonism).9

Orthopedlc Changes .

PregnanCy IS characterized by progressive
ligamentous laxity, especially ofthe weight-
béaring joints. Thlg IS caysed b%_the effects
oflor,ogesterone and relaxin. Mobiljty ofthe
pelvic synchondroses and the pubic sym-
thSIS ¢an he demonstrated, radiographi-
cafly and undoubtedly facilitates normal
vaginal delivery, Unfortunately, these
changes also may lead to pelvic discomfort
Iﬁte n pregnfancly. Inanat em[ftto maintain
the center othafance overthe ePs, t,hepreq-
nant woman experiences progressive out-
ward rotation ofthe femurs agwell as Jum-
b_arlordoswwnhthoramckyF osisand cer-

vical lordosis. Consequenitly, there is. a
greatl mcre(?sed |nC|§gnceo¥Iowbackdls-
omfort an

exacerhation of preexistin
[umbosacral disc disease. Thege change%
predispose the LEregnant woman to an Un-
steady gait, and p eginancy Is a period of
increased risk for falls and other trauma.
However, pregnancy also IS ass,o?lated with
Increased ratés of domestic violence, and
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this possibility always should be considered
In th% d|f]‘ere¥1t_|a_l iagnosis o? orthopedic
and soft tissue m#]urz/(. .

The Increase in extracellular fluid accu-
mulation during pregnancy predisposes the
prePnantwoman to entra‘)ment syndromes
parficularly carpal tunel syndrome. Total
maternal gerum calcium “concentrations
gradually decrease during pregnancy, pri-
marily because of the progressive decrease
in serum albumin that occurs durm(I] preg-
nancy.10The jonized calcium concentration
remains unchanged during gestation, in
spite gfseveral changes that might be ex-
pected to cause a decrease, These changes
include transplacental calcium transfer, In-
creased extracellular qu;F volume, and_the
Increased qlomerular filtration rate. The
jonized calcium concentration s main-
tained at a normal_ nonpregnant level as a
result ofa progressive increase In the para-
thyroid hormone concentration, which
reaches over 100%apove nongr,egnant val-
ues hy term. In spite of thiS ingrease In
parathyroid hormone concentration, no
significant calcium is lost from bone, per-
haps because ofa secondary increase In cal-
citonin concentration during pregnancy.

I\#eurolooglc,ghanlges
There 15 n0”evidence that central nervous
system blood flow is altered by Fregnancy,
although pregnancy does seer o increase
the fréquency of cerebrovascular disease.
The majorit oprh SIO'O?JC changes in the
nervous system reffect peripheral nerve en-
trapment syndromes due to Increased ex-
tracellular Tluid retention or hormonally
medlateF Ilgamentous r,elaxaﬁmn.
Muscle cramps are distinctly more com-
mon durmggre/gnancy. [tis estimated that
as many as ?00 of pregnant women expe-
rience painful mu%cle cramps,LJ2 almost
always Involving the ,IeH muscles and fre-
quen Ig occurringat night. The cause of leg
cramp durmg| p_regnancY remains un-
known. It clearly is not refated to precon-

ceptual condmonmg, although vigorgus
exercise may aggravate the tendency. Like-
wise, women Who experience leg cramps
before conception may find them'to occur
more frequentl¥ and he more severe during
pre%nancy, par |cuIarI?/ if other predispos-
ing Tactors, such as salt depletion, dehydra-
tion, uremia, or hypotnyroidism also are
present. Likewise, certain. rare medical
complications may be associated with mus-
cle cramps plus generalized weakness in-
cluding extrap)(radeaI or pyramidal dis
orders, amyo roghm lateral  sclerosis,
tetanus, or myophosphorylase deficiency
(McArdle’s Disease).

Renal System
The major renal adaptations to pregnanc
result from pregnant woman’s efforts §
clear not only her own fixed metabolic
wastes but those of the fetus as well, This
15 accomplished via Ingreased renal blood
flow and glomerular filtration. Increased
renal blood flow Is associated with.an in-
crease In renal vascular and interstitial vol-
ume, resulting in increased renal size durmgi
[egnanﬁ/. het,wer m(iasutfdb rena
aSma flow or glomerular filtration rate,
renal blood flow Increases within a, few
weeks after.conception, This Increase is as-
sociated with many alterations in normal
[aboratory values. There Is an increase In
creatining clearance during pregnancy to an
averaege,of110-160mllmm,aswellasade-
creasé [n serum creatinine concentration
(normal value In pre,([;nancy, <09 m%%),
erum blood urea nitrogen concentration
normal value m_pregnancz/, <15 mg%)
and serum uric acid concentration (norma
value in pregnancy, < 6 mg%). These
c_han?es are prominent by the'end of the
first frimester and are outlined in Table 5.
It 15 Important to remember these
chanFes, because a patient with moderate
rena dﬁe%se ma?/ have faIseIZ norma(!-éw-
pearing laboratory parameters beyond the
end ofthe first trimester. There is no sig-
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TABLES. Changes during Pregnancy o fRenal Function Parameters

Relative Change Nonpregnant Late Pregnancy
i 4

AT i ﬁg%;’*gg e
i - ;
reatlnige ‘g"/gﬁ 8 i ﬁ ¢ 0-4.7
R .

y (mOsm/kg %5_*_ 05 + 05
e, LG
Protg]nurlr;x?mg1724 ) 100-300 100-300

n|f|c%nt increase in unnﬂ/ Er tein excre-
tion unnq,pregnancy, altho % specimen
contamination with va%mal secretions no-
mally may. increase total urinary protein
concentration to as much as 300 mg per 24

hoBrs. . . ) .
regnancy is associated with progressive
ureteral and'renal pelvic dilation, resultmg
ina doubh?rq ofcollectm?-s stem volum
duetothee ectsofpm?es erone on ureteral
smooth muscle as well as compression by
E_he enIa{gln uteruhs and |nfu0nd|bulo ,eIV|%
Igaments. These changes, more prominen
og the maternal right gu?e than gn the left,
result in ?haracterls_tlc changes on intrave-
nous pyelography mcI,udln% ureteral dila-
tion greatfer on"the right than the Ief,tg,
bluntifg of the renal calyces, and an |
crease in renal size. As a result of these
changes, pregnant women with bacteriuria
are at an Jncreased risk for developing
symptomatic upper urinary tract infection.
regnancY per e does not Increase the risk
ofasymptomatic bacteriuria.

_Plasma osmolality begins to decrease
within the first month after conception, and
by the end of the first trimester decreases
by 10 mOsm/kg. This decrease is due pri-
marily to a decrease. in the serum sodium
concentration. In spite of this change, so-
dium metabolism Is altered during Pre -
nanc?/ to allow the accumulation of ap-
Prox mately 1,000 mEq of sodiym. Al-
hough the increases in glomerular filtration

rate and serum progesterone, might be ex-
pected to cause an Increase in Ufinary so-
dium ?xcr tion, these chanqes arT mor
than offset ylncreasTd renal tubular reab-
sorPnon. Renal tubular absorption is me-
diated by Increased concentrations of al-
{iosteroge,, desoxycorticosterone, and es-
rogen during pregnancy. .
%ﬁere a,rega 50 glgnl?ycant chan,%es in the
renin-angiotensin “system during p[e(];-
nancK, and these, inturn, are responsible
for the observed increase In aldosterone.
Plasma rerln,actlvlty Is increased by ap-
P,rommate y five times, as are concéntra-
ions of angilotensm and angiotensinagen.
The normal pregnant woman has a Sub-
stantially reduced sensitivity to these va-
s?gressors, hut their increase |efi 5 10 the
aforementioned increase In aldosterone
production. Women who subsequently de-
velop preeclampsia show evidence of in-
creased sensitivity to these vasopressors
m,ang weeks before their disease becomes
clini allgl evident. Recent evidence su<h; ests
that this altered sensitivity has a strong ge-
neiljccompopent. o .
rinary glucose excretion is increased in
most pregnant women, primarily because
ofthe'increased glomerular filtration rate.
Asa res%lt, as much as 25% ofall pregnant
women have gl cosunadurm%pregn ncz.
Clinicians appropriately man %e labetés
via blood glucose determinations, hecause
these physiologic alterations make urine
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TABLEG6. Changes duringPregnancy in Serum Chemistries Reflecting Hepatic Function

Parameter Change
tal protein.(g/dl) 1

NE&[&'S H@sléhatase @} tl
spartate fra samrnastf I -

La t r?. iy mgﬂren(oii

Bi?tr rotrrrr]rbolrnn ttrlopf tin trr(rjrg (seconds) :

s %‘erﬁ%eé”?%’d)& %

glucose values unreliable. Likewise, there is
pro?ressrve urinary excretion of many, but
not all, amino acids.3

Gastrorntestrnal System
Mast physiologic alterations of the s-
trointestinal tract during pregnancy are
result of progesterone-mediated smooth
muscle relaxafl on 0r mechanrcal drsrolace-
ment of the abhdominal viscera by the en-
larging uterus This drsplaoementoocurs in
superror, ateral, and posterior directions.
Progesterone causes a decrease in the
tone of the functional gastroesophageal
sphincter, resulting clinically in, Increased
heartburn. Likewise, there IS an increase in
small_bowel transit time, aIIowmo mare
complete absorption, of nitrients. The In-
creased transit time in the colon promotes
more complete water absorption and con-

Aa]tlhou h appendicitis is no_ more com-
mon in Pregnant women than jt Is in non-
pregnant women, It is more serrousrnpreg-
nancy forthe followrnp reasons: the ap#) -
dix 15 displaced upward and outward
McBumey’s point (and therefore oten
misdiagnosed.as cholecystitis) late in preg-
nancy; there is a general reticence amon
physicians to perform exploratary laparot-
omies on pre?nant women; and, If the ap-
pendix ruptures, the omentum 'is, less ca-
patblelff preventing a generalized perito-
nitis

Normal Nonpregnant Value
i Es
e

y

Late Pregnancy Value

WA

Cholecg/strtrs may be another source of
acute abdominal pai in'a pregnant woman.
While 95% of nonpregnant women_ have
?allst?ne chglecyst# Is egal stones are founﬁ
no pregnant woman wit
symFtomatrcchoIec strtrs Murphyssr nis
positive In on%/ out. 5 gnant
women with cholecystitis, and Iaboratory
%sts of ljver function are'less likely to be
abnormal duringp regnancY AIthoughcon
servative management Is the initial treat-
ment of choice, delaying arIJ pro rrae sur-
grcal therapy Is, not warranted % open
nd laparosco rotechmquesp ve been de
scribe turrn aregnancywrt ow compli-
rates

catign
?rere IS no change in hepatic blood flow

during pregnancy, but several serum chem-
istries refleotrve of rver dR/s unctron ma
be altered by normal p ganc (Tab eef
There Is a decrease_In total protein and a
bumin  concentrations. Serum alkaline
phosphatase_concentrations Rro?ressrvel
rnoreerse dgrrn” nancmd eflect Hla
cental produgt eat-stable) rather than
obstructive liver |seafe or one disease.
Serum cholesterol levels increase through
out%egnanc and are proxrmatelyd

enonrp egnant pvels by term.

There_are no changes normaII asso-
crfated with regnar' |n the seru evels

transaminases, la tate dehydrog enase

rrrlfbrn Alternative exglanatrons o
abnorma ities In these values always must
be sought.
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Although concentrations of f|br|nogen
and factors VII-X Increase durm% o q
nancg concentrations of factors \ and X[
as Wel 1as factor I (prothrombin), remain
unch ang(e and concentrations of factors
X1 and X111 decrease. There are ng changes
In the standard coagulation function tests
and the bleequ time is normal during
pregnancy. Nonetheless, pregnanq( gener-
aII%/ Is considered a hy spercoagulab e state.
Ol%}] Fregnanc%/ associated with a
d increase In thromboembolic
d|sorders the first few weeks of the Puer
perjum isactually the period of?rea estrisk,
with relative risks generally noted to be be-
tween four- and sixfold greater than in the
non re?nant state. This certainly demqn-
strates the imporfance of small Vessel in-
{ury and stasis for the development of
hromboemp Ilcdls?rders

Acute abdominal pain, regardless of
%use, Isa great source of confusion for the
physician andsurgeon Almost 50% of pre-
operative diagno3gs In pregnant women
with acute atT) ominal pain are |ncorrect]9
therefore, a firm preoperatlve |agn03|s |s
not alwas essential, At ou% erlnata
outcome d e ends on the severity 0 t eup-
derlying dlsease progess, delay”in the di-
agnosis and thera?y a%he maéor cause of
excessive materna an etal morbidity and
mortality. 11819 By far, the most common
comp Ilcatlon re&aorted from surplcal dis-
eases and procedures s preterm fabor,

In addition to a?pendlcms and chole-
cystitis, other ;ioten ial surgical diseases In
pregnancy Include gallstofie pancreatitis,
adnexal ‘masses or torsion,’ and acuté
trauma.2*2

Hematologlc Changes
Not only doe§ maternal bfood volume ex-
Band Dy'30-50% during normal pregnancy,
ut mrculatmg red blood cell mass also In-
Creases %20 -30%. The net result is that
re%nant omen have an ap arentdecrease
In their hematocrit, even though their total

OXygen carrying capacity is increased. This
méKesteleofo |csense ITa grerqnantwoman
must pump 30-50% more blood through
hervascularsystem 30-50% faster than she
does in the nonpregnant state, It would be
easier to do ifthat Blood were less wscous
Certainly, the once-held op |n|0n that pre
nanc reprgsente 3 'ah smo Ic anemla
shoufd be discarded. Normal pregnancy
associated with a 10-20% relative decrease
in hematocrit, which IS maX|maI at ahout
34 weeks’ gestation. In fact, hematocrit ley-
els that donot decrease are associated with
failure ofmaternal volume expansion. This,
In turn, Flaces the pregnancy at risk for
comphca ions, Including small-for- esta
tlona age fetus, premature labor, an
birth. The mcrease in maternal blood voI
ume also protects the mother from_hem-
?rrha e at the time of delivery, dissipates
etal etabohcheat an provi esadeguate
renal % R]Iacenta perfusion.
iron and folate supplementa-
t|on IS a pro riate to optimize maternal
hematopoiesis, it need not be prescribed in
ﬁuantmes sufﬁment to maintain maternal
ematocrits at nonpregnant levels, The
purpose of iron supplementation. during
regnancy is to prevent iron deficiency In
he mother, not to maintain the matefnal
ematocrit or supplement the fetus, Iron is
transported actively across the placenta,
even with clinical and laboratory evidence
ofiron deficiency in the mother.”In this re-
8ard red bIood cell indices do not change
urmlganorma pre %nanc
heral wh|t lood” cell count% ptrr(])
ressively increase during pregnanc e
g dS oft)% |rsttr|mestarg PhegaverayT v%lhne
00 cell count is between 9,000 célls/mm
000 cells/mm,3with a modest fur-
ther Increase through the second and third
trimesters. Labor and the immediate puer-
Perlum may be assouated W|th a substantlal
eukac t03|s to as |g
cells/mm3 and tnecessan reflect
otherunderllym at oog?/ These mcreases
are primarily in leukocytes. Although the
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number %f lymphocytes remains un-
changed, the number ot helper T3-cells de-
creases through the course of pregnancy.
This suggests that the acquired immune de-
ficiepcy Syndrome may he unmasked or ex-
acerbated by pregnancy, although there is
no clinical eviderice fof this hypothesis.

Platelet counts decrease modestly during
pregnancy, although the platelet caunt in &
normal pregnancy should remain within the
normal range for a nonpre%nant woman.
Tlherf is evidence to su%%stt ttheaverage
plateletli es]pan IS somelyhat shorter duri %
pregnancy. This js manifested by a modes
mgrease in platelet size durin pregnancy
reflecting the presence of % ungér, and
therefore Iarger platelets in the peripheral
circulation. Platelets also are [ikely to ag-
gregate In late greqn,an,c and the puerper-
jum,, This may explain irf part the increased
IIR'CSIdteSW%e of cerebrovascular disease during

IS fime.

The relative increase in circulating coag-
ulation factors during pregnancy Is associated
with an Increased incidence of cerebrovas-
cular disease. This increase Is particularly
grom inent n the first fewweeks postparturj,
sPeuaIIy ifthe pregnancy has been compli-
cated by preeclampsia, chronic hypertension,
ora significant hypotensive episode.

Dermatologic Changes

Pregnancy Is associated wit Ero?resswe, in-
creased pigmentation In areas of high mela-
nocyte concentration, particularly the eyelids,
aredla, lin a,mgra and external genitalia. This
isthe combined effecto fprogressive Increases
of melanocyte-snmulatm? ormone, estro-
gen, and progesterone. Estrogen and proges-
erqne also seem to be responsible for the oc-
casional development of chlgasma in preg-
nant women. This frequegtlgl i referred o as
the “mask of pregnancy” and ,represent?a
photosensitive” hyperpigmentation. 1t also
ma¥, be seen in women taking oral contra-
ceptives, AIthou,gh this condition may fade
after delivery, Iittle can be done to treat It,

and it is best prevented with sunscreen prep-
arations. , ,

Palmar erythema and/or spider nevi are
seen commonly In pregnant women, with
two thirds of women having one or hoth.
The spider nevi are mostcommon gver the
area of superior vena cava distribution.
These changes reflect the progressive in-
crease in circylating estrogen levels durlnP
Pregnanc and do not represent hepatocel-
ulgr dysfunction.

Pregnant women freé]uently report that
their hair ls coarser and/or str,algﬁ erthan
normal. Alopecia 1S seen occasionally in as-
soclation with pre nanc¥ but Is very. com-
mon at 2-4 months postpartum. This Is a
transient phenomenon and should be ex-
pectted to be resolved by 6-12 months post-

artum. ) ,

i Pregnancy also may he associated with a
more masculine hair distribution pattern.
This reflects a modest but progressive In-
creasein urculatm%,androgen [evels durmg
Pre?nancy, and palients can be reassure
hat these_changes will be resolved post-
Hartun]. Slagmﬂcant r?ascuhruzatlon is.not
ormal and requires further Investigation.

Women are’ more diaphoretic during
Fhregnanc%j/.tlnda Iarget partf th||s rt%pr,esents

eir need to dissipate nat only their own
metabolic hea but%at,o?the fgtus as well.

Stretch marks, or striae, are common In
pregnancy, being somewhat more common
In women who are tall, obese, ?r blonde.
They are seen most commonly on the
hredsts, lower abdomen, buttocks, and an-
tergqr thi h.blThe|r cag,se {,emalr}s uchIear
ut is probably a combination of collagen-
|Br|l V\Peakenm)a and mechanical disru ?IO,H
by expanding Underlying tissue in genetl-
cally predisposed individuals. There as yet
Is o effective prophylaxis.

%%:hlatrlc/Psychologlc

nges
Most rggnantwomen havi somedegreeof
anxiety or apprehension about their preg-
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Hapc . This ofteE is ew?ent as the fear of
elivering an abnormal_ Infant, concern
il,bout injury or_pain during lahor and de-
Ivery, or ambivalence toward_ the preg-
nancy or parenthood. Appreciatjon  that
these apprehensions are common allows the
health care provider to resolve them with
explanation and/orcounsel.lmtf].
Pregnancy, labor and delivery, and par-
enthood are Stressful events, Therefore, they
might be_expected to unmask latent psy-
chiatric disease or psycholo%m dysfunction.
This jssue Is confused further bg the pro-
found hormonal changes that occur during
ﬁregnancy and the puerperium, which may
ave ES ¢hologjc |m£I,|cat_|ons.
Postpartum_depression isa very common
occurrence, with over half of all’puerperal
Women,havmg,some degree of transient
depression. This occurs most cgmmonly
around 7,—7 ays postpartum. As long as it
IS short lived (a few ays%and IS N0t asso-
ciated with suicidal thoughts or attempts or
delusional ideation, gatlents may he reas-
sured. ITany ofthe abave psychiatric signs
are seen, however, prompt psychiatric con-
sultation 1s mandatory.

Conclusion = _

Almost every system is affected in some
manner by pregnancy and the postpartum
Penod. This may have profound effects on
he course of surgical diseases In these
women, the choice of d|a%n05|s and the
treatment_gr,otocols used o treaf them. [t
therefore IS important for physicians deal-
ing with women in the repfoductive age
?rpup, especially during pregnancy, to ob-
ain a working knowledge ofthe physiologic
state of pregnancy and the puerpérium.”It
also is important fo rememberthaﬁtge most
Severe o Phcauons from surgical diseases
in rg)regnan women resuli frim delayed di-
agnosis and subsequently delayed” treat-
ment. Some of these complications can be
avolded, given adequate understanding of
the changes occurring during pregnancy and

the puerperium ,along with the knowledge
of the surgical disease processes.

References

1. Dudley D, Cruikshank D. Traumaand acute
surgical emergencies in pregnancy. Semin
Perinatol. 1990;14:42-51.

2. Institute of Medicine, Subcommittee for a
Clinical Application Guide, Committee on
Nutritional Status During Pregnancy and
Lactation, National Academy of Sciences.
Nutrition during Pregnancy: An Implemen-
tation Guide. Washington, DC: National
Academy; 1992.

3. ClarkSL, Cotton DB, Lee W, Bishop C, Hill
T, Southwick J, et al. Central hemodynamic
assessment of normal term pregnancy. Am
J Obstet Gynecol. 1989;161:1439-1432.

4. Ward K, Hata A, Jeunemaitre X, Helin C,
Nelson L, Namikawa C, et al. A molecular
variantofangiotensinogen associated withpre-
eclampsia. Nature Genetics. 1993;4:59-61.

5. Cruikshank DP, Hays PM. Maternal phys-
iology in pregnancy. In: Gabbe SG, Niebyl
JR, Simpson JL. Obstetrics: Normal and
Problem Pregnancies. New York: Churchill
Livingstone; 1986.

6. Ueland K, Hansen JM. Maternal cardio-
vascular hemodynamics, 111: Labor and de-
livery* under local and caudal anesthesia. Am
J Obstet Gynecol. 1969;103:8-18.

7. WeinbergerSE, Weiss ST, Cohen WR, Weiss
JT, Johnson TS. Pregnancy and the lung.
Am Rev Respir Dis. 1980;121:559-581.

8. Russell IF, Chambers WA. Closing volume
in normal pregnancy. BrJAnaesth. 1981;53:
1043-1047.

9. Varner MW, Hauser KS. The efficacy of
HPL assays in clinical obstetrics. Semin
Perinatol. 1981;5:123-130.

10. Pitkin RM. Calcium metabolism in preg-
nancy and the perinatal period: A review.
AmJ Obstet Gynecol. 1985;151:99-109.

11. Page EW, Page EP. Leg cramps in preg-
nancy. Obstet Gynecol. 1953;1:94-100.

12. Salvatore CA. Leg cramps syndrome in preg-
nancy. Obstet Gynecol. 1964;17:634-639.
13. Hytten FE, Cheyne GA. The aminoacidurias
of pregnancy. J Obstet Gynaecol Br Com-

monw. 1972;79:424-432.



14.

15.

16.

17.

18.

Surgical Implications of Physiologic Changes

Halvorsen A, Brandt B, Andreasen J. Acute
appendicitis in pregnancy: Complications
and subsequent management. Eur J Surg.
1992;158:603-606.

McKellar D, Anderson C, Boynton C. Cho-
lecystectomy during pregnancy without fetal
loss. Surg Gynecol Obstet. 1992;174:465-
468.

Weber A, Bloom P, Allan T, et al. Laparo-
scopic cholecystectomy during pregnancy.
Obstet Gynecol. 1991;78:958-959.
Morrell D, Mullins J, Harrison P. Laparo-
scopic cholecystectomy during pregnancy in
symptomatic patients. Surgery. 1992;112:
856-859.

Allen J, Helling S, Langenfeld M. Intraab-
dominal surgery during pregnancy. Am J
Surg. 1989;158:567-569.

19.

20.

21.

22.

255

Mazze R, Kallen B. Appendectomy during
pregnancy: A Swedish registry study of 778
cases. Obstet Gynecol. 1991;77:835-840.
Block P, Kelly T. Management o f gallstone
pancreatitis during pregnancy and the post-
partum period. Surg Gynecol Obstet.
1989;168:426-428.

Hess L, Peaceman A, O'Brien W, Winkel
CA, Cruikshank DP, Morrison JC. Adnexal
mass occurring with intrauterine pregnancy:
Report of fifty-four patients requiring lap-
arotomy for definitive management. Am J
Obstet Gynecol. 1988;158:1029-1034.
Bider D, Mashiach S, Dulitzky M, Kokia E,
Lipitz S, Ben-Rafael Z. Clinical, surgical and
pathologic findings of adnexal torsion in
pregnant and nonpregnant women. Surg
Gynecol Obstet. 1991;173:363-366.



