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[s Laparoscopy Safe During Pregnancy

Salli vaszuke, Farr .o Nezhat, Ceana T Nezhat, Camaran R Nezhat

NI

corsurcery Shoford Lhoersie Sciiool of Nedieii

Introduction

In the United states, approsimately 270 of

pregnant women undergo non-obstetric surgery every
vear mostcommonlvappendectomy . cholecystectomy
and adneval surgeryv (Nazze and Kallen, 1989) Duc to a
coneral perception that surgery during pregnancy mav
o assocmted with mercased tetal morbidity and
mortahiny and due to the diagnostic ditficattios ot
dommal pathotogy sccondary to anatomical
LDisplacement ot organs by the gravid uterus, the
manacement of surgicab abdomimal pathology m

precrant patients can be very challenging

Lreatment of pregnant patients regquire
constderation of the well-bemyg of both the mother and
the tetus The underlving abdonunal and pelvic
pathoiogies that require surgical intervention or the
procedure atselt cane pose risks Lo the mother and the
fetus The specttic nisks associated with surgery during
presnancy inchude tetal asphyyia, pregnancy demise,
premature labor, premature rupture of membranes, and
thrombocmbolic events. Perinatal mortality had been
reported m TA%0 o pregnant paticnts who underwent
sty (Nazza and Kablen 1989 Cohen et al 1971
Drncareral 1986 Fhe vravid patients can benetit from
the mammatiy mvasn e nature ot operative laparescops
e approach proves to besafe for hoth the mother and

letos

Operative laparoscopy was revolutionized with
the meorporation ot a camera and video equipment in
the mid TUs0's The magnitication ot the pelvic and
abdonmimal anatomy atforded by the camera and video
atlow the surgeon to thoroughlv examine and treat
paltiolo v with greater precision (Nezhat e al 1995),
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[he technique has now been apphed bevond
gynecological indications indluding appendectomy
cholecvstectomy, herntorrhaphy, and bowel resection
Sceveral randonmized studies demonstrated superion
outcome and decreased morbadity and conyalescence
period with the faparoscopic approach compared to
equivalent procedures by laparotonn when pertormed
by skifled surgeon iNeszhat et af 19950 A favorable
expericnee accumulates with operabive laparoscopy it
candidates tor faparoscoprc approach has widened
bevond the healthy adult popudation to mciade th
pregnant patients.

Strree P90, Hhere are scattered case cepatrts on
successtul dragnostic and advanced operativ
laparoscopy durmg pregnancy tor adnesad sargen
apm\ndwtum_\',andghulu'\ stectomy ENeshal 1997 O
retrospective case-control studs compared the outcon
ot laparoscopic appendectomy and cholecystectonn
with that ot faparotomy durmg the first s o rinester
Laparoscopic management signiticanthv decreased the
length ot hospitalization and the need for narcotios for
pain relict. Postoperatively, no ditterences were noted
the gestational age atdehvery, T-and 5 mimaie Npan
scores, birthwerehts, or other complications (¢ urel 140,
Although case reports and one retrospec e case contiod
sticdy are msatticient bases to conclude the sateiy of
operatin e faparoscopy during pregnancy, they sugvest
the potential application of laparoscopy tor this patient
population.

Physiological Changes and Risks Unique to Gravid
Patients

During pregnancy, signiticant maternal and

physiologie changes occur that requore particata
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attention durimg, laparoscopic surgery. for instance, after
the toest timester, the gravid patient’s respiratory
tune ron = stgmificantiy aftered because ot reduction in
fund tional restdual capacity and residual volume,
picreased mmuate ventilation and oxygen consumption,
phyv~iolovic hyperventilation, and a Towered oavgen
reserve tRosen 1999y NMechanical ventilation ot a gravid
patient during laparoscopic surgery can be ditficult
because ol the upnwardhy displaced diaphragm prior to
abdomimat msuttlation. The decreased respiratory
reserve of pregnant patients limits the degree ot the
trendelenbury position. Farthermorre, from mid-
costation aortocaval compression by the gravid vterus
increase the risk ot decreased cardiac output and
Steroplacental blood flow, particalariv e the sapine
positton Anesthetic agents that inlerfere with
svmpathete tone can compromise physiologie
compensation tor the reduced cardioc output, making
pregnants omen prone to profound hy potension during
SUTLen waph\\wlugu allumliunspllttllclvulstobc
at particatar nisK ot hy posia daring surgery and dictate
that the onesthesiologists and surgeons pav particular
attention to proper positioning of the mother. The hip
~hould be tilted byoat Teast 15 degrees, and the
hemodynamie and respiratory variables should be
carctulhy monitored to decrease the risk of hyvposia
PRarron 1uss)

Risk of Premature Labor

Fimited reports and anccdotal experience
~uyeestthat surgery during pregnancy s associated with
aereater Tikelthood of premature labors The gravid
patient swith o surercal abdomen s exposed to the
{atholows condition, anesthesta, surgical manipulation,
and other stressess Tow these affect prostaglandine,
onytoem, hormonal changes, ordirect myometrial activity
alone orm combination that result in premature labor is
unknown Fevine and Diamond (19613 tound that intra-
abdomimal procedures are associated with a greater
tendenay tor premature labor than were extra-abdominal
procedures: smith clved) additionally reported that
surgery requiring cervical manipulation mcreased the
risk tor premature labor as much as did intra-abdominal
mantpulation. Faparoscopic approach may reduce the
need tor aterine or cervical manipulation by enabling
the surgeon (o operate v a timited ficld with smaller

instroaments

Fhemarease i premature labor may also be
cattsed by the underiving pathoiogie condition. This is
most apthe demonstraled mothe case of appendicitis,
where pertoration of the appendin s associated with
risk ot preterm labor at Teast tour times higher than non-
portorated appendicitis (Babaknia ot al 1977 Sharp

N

1994 Ahlgren (1959 demonstrated that cles ated
temperature independently inereased the motility ot
human mvometriany in vitro Kallandes (1977 noted
premature labor i 5070 of rabbits swath imdaced tever
Pyvrogen can alter the neaurohvpophyscal asis, which
mav result in the release of oxviocin from the posterion
pituitary gland (Dinarcllo T9780 Thus, the rever and
infectious processes that mandate surgicalmtery enhon
rather than the operative technigue, can cause uter
contractions and lead to mcercased risk of preterm
dehiveries and pregnancy fossess Larly diagnosis and
prompt intervention to treat the anderlyimeg pathologi
condition is essential when an mtra abdommal

intlammatory process s present.

The increased risk of proeterm dabor voith oo at
procedures durmyg a pregnancy also depend on i
gestational age and the acuteness of the problon in
reports ot the operative management ot adnesal tumon
by [aparotomy, pretermcontractions and fabor were mon
likelv arthe therd fromester. T imergenoy procedores had
a greater risk of causing a spontancous abortion and
premature labor than those pertormed clectively
Although no controlled studies tor efective proceduare:
done at different gestations exist, Hloss roported that
operations required emergentiv duae to torsion and
rupture of adnexal mass atter 31weeks gestation i tw o
patients resulted inpretermydelivery withm 72 hours In
contrast, the 39 cases that underwent efective remoy ol of
the adnexal masses did not have preterm labor lHess e
al 1988y, Such observation advocate that whideconcerns
remain regarding the satety ot surgeny donmnyg o
pregnancy, promptand clectiv e operations are preterabl

toermergency procedures

Reports of Advanced Operative Laparoscopy during
Pregnancy

For many vears, gvnecologists pertormed
diagnostic laparoscopies in pregnantwomen i the first
trimester to rule out an ectopic pregnancy . some of these
resulted in normal intrauterme pregnancies, and
exposure to laparoscopy per se did not have adverse
ctiects on the pregnancy (Samuelson and Spovall 19720

Appendectomy

Appendicitis is the most conmmon indication fo
non-obstetric abdominal surgery during pregnana
occurring at a rate ot riouo 22000, and can pose
significant diagnostic and nunavement challenees duae
to the displacement ot the appendin by the gravid aterus-
{(Ncezhat et al 1997 Currentlv available non myasive
diagnostic tests such as ultrasound and C 1 scans are

associated with a 307 talse posiiive rate. (Sharp rua g



Sarason Bauman 1963). The tear of surgical intervention
i a pregnant woman, compounded by the diagnostic
challenge trequently lead to delay in appendectomy.
However, when a perforation ot the appendin occurs,
fetal mortalitv is dramaticallv increased up to 207 (Fallon
et al, 1995 and hence as ortgmally stated m 1908, the
maortahiny of appendicitis complicatig pregnancy s the
mortality ot delav. (Bobler, 19081 While some nught
arcue that the Taparoscopic approach does not ofter
added benetit of dramaticallyv smaller incisions
compared to the open approach, laparoscopy does
expand the ability to explore the abdomen with fess
uterme manipulation: Faparoscopic appendectomy hav e
heen reported 1n 38 patients trom 20 case reports with
costational ages ranging between 8 to 29 weeks (Nezhat
ctab 1997 Attleck etal 1999 Allbut one study reported
tovorable outcomes with no immediate complications.
Proferm deliverywas reported nyone retrospective case-
contiol serres by Affleck ot al (1999) comparing
Laparoscopie and open appendectomy during
pregnancy . Inthe laparoscopic appendectomy group of
22w omen, preterm delivery occurred on the average 21.6
wecksatter the laproscopic surgery and one week earher
than term buat there were no differences when compared

towomen undergomg openappendectomy.
Cholecystectomy

C hrolecy stilis occurs 1 1:600 to 1:10,000
pregnancies and is the second most common indication
tor non-obstetric surgical intervention during pregnancy
INeshat et al 1997). When cholecystectomies are
pertormed tor uncompheated gallstones, there 1s no
mereased maternal mortality compared to non-obstetric
patients but a tetal Toss rate ot 575 has been reported. I
surgeny was undertaken tor comphicated gallstone
discase, maternal mortality has been as a much as 15%
and tetal loss rate up to 60% (Holthausen et al 19993 A
retrospective study by Dixon et al (1987) compared
maternal morbidity, fetal outcome and cost in 44 patients
with bilrary colic. Twenty-siv were managed
conservatively, and crghteen  underwent
cholecvstectomy by faparotomy. Of those treated
conservatively, 587 had recurrent symptomns, a fraction
required parenteral natrition for extended periods, and
one patient developed pancreatitis. Spontancous
abortion was observed in 3 (12"0) of the patients managed
conservatively, while none occurred in the
choleavstectomy wroup. OF the eighteen who had
choleaystectomy, all the women delivered at term except
one patient. She delivered prematurely because ot pre-
cclampsia durig the eighth month ot gestation, many
weeks atter the surgical procedure.

A review of 33 reports of 159 cases of
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laparoscopic cholecvstectomy occurrmg i prognancie

with gestational ages ranging trom 3 fo 32 was
previoush reported (Nezhat etat 1997 Divonetal TUsT
Cozensactal 1996). Obstetric comphications were notod
in several mstances. Four spontancous abortion

occurred within one wecek atter the procedare e earl

second trimester, another occurred b omonths atter th
operation, and one maternal-ictalmortabity occurred 1
davs later trom an mtra-abdonunal hemorthage ¢ o

et al 1996, Barone ot al bvus s Wihide Taparoscopi
choleovstectomy has been successtahin the third trinester
inover 20women, the risk ot uterme damage s e reased

In 1992, the Office of medical apphoations of rescarch
and the nattonal institute of drabetes and digestrive and
kidney discases of the national institute of health N
19935 held a consensus conterence Lo evatuate the

avatlable data on laparoscopic cholecyvstectomy and
issucd the tollowmg gurdelines speaitic o pregnana

“Patients with acute cholecvstitis, acute gallstone
pancreatitis that has subsided, priorsurgery mthe upper
abdomen, and symptomatic gallstones m the scecond
trimester of pregnancy mav be candidates fon
laparoscopic choleoy stectomy, providmge the operatimg,
surgeon is experienced mntreating patients voith comples
laparoscopic cholecy stectomy problems. The vse ol
laparoscopic choleovstectomy e patient= i the ti
trimester of pregnancy s controy erstal because of the
unknown etiects ot carbon dioxide pneamopertionetn
on the developmy fetus.pationts i the thind trimeste
of pregnancy should not usually undergo laparoscopi
cholecvstectomy because of risk of damage to the ater

durmy the procedure.”
Adnexal Surgery

For the obstetrictans, anothor commuon
mdication tor surgical ntervention durimg pregnancy
Is persistent adnexal mass. In both non-pregnant and
pregnant state, adnexal mass greater than 5-c0m s
considered signiticant. With the routine use of carly
prenatal ultrasounds, the detection of inadental adnesal
tumors have mcreased to SO to L70 pregnant women
{(Hogston 1956; Nelson et al 19865 The majoriiy of thes
have benign ultrasound teatures and 1egress by the
second trimester. Retrospoeciive revies s of the outeony
of pregnancics with adnexal masses tound that |5 12
of cases resulted in complications such as torsion,
rupture, hemorrhage and obstruction ot Tabor m th
second halt ot gestation often necessitating uroent
surgical intervention (Neszhat ot al 1997y Ly
complications were more HRelv if the massawvere gicate
than 5-6 cm. These acute presentations sere associated
with increased fetal morbidity and mortality promarth
due to premature delivery.
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I addibion to potential compheations durimg
prednaney persistent adneval mass may represent
polential cases ot ovarian cancer. Although only 2-87
ol ovarian mors oceuremg during pregnancy are tound
to be mahignant (Nezhat ot al 1997), delaving treatment
of ovarian cancer until the end ot 40 weeks gestation
may be deleterious since the success of ovarian cancer
freatment birgelv depends on the stage at diagnosis. In
non pregnant women, the ancechoic, simple cvsts carry
the deast risk of being malignant. In pregnancy ., these
ancchorc simple evsts, because ot ther size, pulsatility
mdey, resistive mdes values, are frequently m the range
assoctated with malignancey in the non-pregnant state
because of pregnaney related ovarian changes (Salim et
al 1aat: Drillon et al 1993). Thorton and Wells (1987
reported a sertes o o8 adneval oy sts greater than 5 om
Aetected mopregnoney by altrasound. Thev noted that
out of the simple ovsts that did not regress, 6 of them
creater than 10 cmin size contaied borderline
malignant features by histologic analvais. Some have
advocated management ol simple ovaran evsts by needie
asprration as a therapeutic and diagnostic maneus er,
Howeser theaccuracy of evtologie diagnosis of evst thaid
remams controversial. There are two reports of the
development of dittuse intra-abdominal dissemunation
ofstage Tovartan cancer after eyst aspiration. (Trimbos
and Hacker 19493 De Crespigny 1995) Thus, 1f the mass
= ereater than > o cmand persist bevond 15-16 wecks,
the mercased risk of malignancy alone warrants surgical
Jraenosis and removal of the adnexal tumor, By waiting
untilatior 13 1o weeks gestation, the majority of the evsis
will spontancousiv regress, while allowing major
oroanocenesis to be completed mthe developing tetus.
Vonexalsurgenes approached laparoscopicallv appears
to be sate during, pregnancy in the fiest trimester i an
aculesetting, There are eleven instances ot laparoscopic
removal ol heterotopic pregnancies between 6 and 10
woecks of gestation, invohvmg either salpimgectomy or
cornual resection of an interstitial pregnancy. All the
associated moatero pregnancies progressed normally
mto e third frimester. For adnexal mass, there have
been S series ot 38 cases of laparoscopic cvst asprrations
and detorsson done inthe first trimester, and Y series of
TN cases ot laparoscopic evstectomics during the first
and second trimesters. Among these, there were five first
rimester pregnancy losses. two congenital anomalies
resulting i sccond trimester termination of pregnancy,
one premature delivery of twin gestation at 31 weceks
resultig i one neonatal death. (Nezhat et al 1997).

Fhese successtul case reports ot operative
faparoscopy during pregnancy do suggest its feasibility
and potential satetvs However, case reports are biased
m the sense that successes are more likely to be reported.
v recent questionnaire surveying the experience of

2N

laparoscopic surgeons contirn the fow complication rat

Among 189 respondents to the quostiontane b

faparoscopic procedures muolvimg pregnant wonen
were z'opm‘tud: U7 (S choleoy stedtomies oocle 1
appendectomies and T3 12870 adnesal suraorny 33
(32.5%:) were reported (o occur m the tirst trinester, 220
(54.1"0) were in the second trimester and Sl
the third. Out of o total T4 comphications ¢ 3 1 o there
were Sontraoperative complications indludimg one
mntrauterine Veress needie msertton. and Y post operativg
complications icluding 5 tirst trimoester spontancot -
abortions, and 1 preterm tabor (Reedy 19970 Flowever

such survevs are limited due to selection bias as not ali
participants choosce to cumplct(‘ the questionnanes and

are retrospective i nature.
Possible Risks of Laparoscopy during Pregnancy

What are the possible rishs with faparoscopy
durmg pregnancy? Fivst, wath the enlareed terme size
madvertent uterime mjures from trocar pracement nni
occur. There are reports of \eress necdle msatbiating
intrauterine cavity resulting in CO-emibolisme (Recds
1997, Barnett and o 19740 Numerous my estigaton
reported preferrmyg the open laparoscopic approach
using the Hasson cannuda to avord such comphication
(Nezhat et al 19871 Our experience has been to modiiy
the primary and secondary trocar insertron site to crthes
supra-umbilical or sub-viphoid nudline, or et uppe
quadrant. We also believe that direct trocar placemen
rather than insuttlation swith \ eress necdle s sater o
avoid madvertent uterime msuftlation. Hhe priman
insertion site is best determined atter palpating the
uterme fundus. and the ancitlary frocars can be placed
safely under direct visualization.

Another potential visk s the anthaence ol
preumoperttoneunt when usmyg COon the materal
hemodynamics and possible acid-base mbalance form
CO, absorpfion and hvpercarbia. Both mav comypronnse
the fetus. Peritoneal space i~ a closed body cavity which
normally contains a little serous fiurd Increased mtra
abdoimimal pressure alone can decrease cardiac output
by several mechanismes, including dircct alteration o)
venous resistance mothe mmferior vena cava iotal
pcrlphcml reststance, and Dean sy stemie pressi
[mpaired venous return yia compression of the mterioy
vena cava is of particular concern in the second hall o
pregnancy simce the enlarged uterus can also I
venous return. Fhe ulerine compression of vena cava
can be minimized by tilting the fett hip up by about 15
degrees (Barron 1955).

In operative taparoscopy, CO - the cas ot

choice because of its rapid rate of absorption, high



solubilitv, rapid clearance from the body through the
lung and non-explosive nature when electrosurgery is
atthzod. €O pnewmmoperitoneum, however, can result
mophy sotogircally significant hypercarbia and
resprratory acidosis (Callery and Soper 1993). The
pin stologic changes in the pulmonary function make
pregnant women particularly prone to hypoxia and
hyvpercapnia and by perventifation. The risk ot
by percarbia and acidosis s best minimized by
mamntaming the mtra-abdominal pressure to less than
I3-20 il and short operative time. (Kashtan et al
LOS Ty Thvpercarbia and respiratory acidosis can be
monitored Lo some extent by capnography which
measures end-tidal COL concentration in the
cndotracheal tubes. One prn;pocli\’v study by Bhavani-
shankar et al (2000) reported that respiratory acidosis
did not occur when end-tidal COL was maintained at 32
mm He during laparoscopic sur;&cry in eight pregnant
women with 17 30 weceks gestation. Concerns remain,
however. as several studies of pneumoperitoneum in
pregnant sheep have demonstrated increased fetal
arterial blood pressure, tachveardia and respiratory
actdosts which were only partialiy corrected with
alternation in ventilator settings based on maternal
capnography results (Barnard et al 1995; Hunter et al
P90 Frtwin et al 19940 Several reports addressed this
ssteand used the laparvolift technique rather than
msuttiotion with CO S (Nezhat et al, 1997). In one study
with pregnant ewe. the tetal resprratory acidosis was
not demonstrated when pneumoperitoneum was
e~tabh<hed with N O (Hunter ot af, 1995). As an
anesthetic agent nitrous oxide has been adminsstered to
pregnant women during the first two trimesters of
pregnancy for many decades without any reported ill
ctiects on the fetus. However, nitrous oxide can
srreversibly activate vitamin B and has been shown
tocompromise hematopoiesis (Baden et al 1983).
\nother potential danger  specitic to
lrparoscopic surgery s the exposure to intra-abdominal
smoke venerated by electrosurgery and lasers, with
resultant production of increased levels of noxious
gases, most importanty carbon monoxide (Beebe et al
1993y NMeasurement of serunt carboxvhemoglobin in
women undergoing prolonged operative [ aroscopy
procedures mone study, however, did not reveal an
mercase i the levels, which was attributed to rapid
oy acuation of intra-abdonunal smoke generated during

surgery {Nezhat etal 1996).
Conclusion
Abdominal and pelvic pathology that

necessitates surgical intervention represents a clinical
challenge to the obstetrician/gvnecologist. Operative
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taparoscopy is increasinglyv being utilized tor prognant
women due to its known advantages and benetits, Hie
experiences reported thus farin the literature suggesi
that opcrative laparoscopy can be satelv pertormed o
experienced hands and that pregnant women i
benefit from minimally mvasive surgery. Concern

remain, however, and prospective, randomised
controlled trials arc needed to assess the offect ol € O
pneumoperitoneum on the maternal and fetal
hemodvnamics, acid-basc balance, and the sately

efficacy, and advantages of operative laparoscopy oy e
exploratory laparotoms
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