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and operative techniques are provided.

Nonobstetric surgery is performed in 1.6-2.2%
of pregnant women, comprising approximately
50,000 cases pet year in the USA 1]. Operative
laparoscopy is becoming increasingly popular
owing to the low postoperative morbidity and
minimally invasive nature of procedures [2]. It
has been associated with more rapid return of
bowel function, decreased postoperative inci-
sional pain, reduced requirement for pain medi-
cations and lower morbidity from atelectasis and
thromboembolic events [1]. It is therefore not
surprising that the laparoscopic approach in the
pregnant patient is gaining acceptance as the
method of choice for treating a variety. of condi-
tions, including adnexal masses, heterotopic preg-
nancy, appendicitis and cholecystitis. Additional
indications for laparoscopic surgery in pregnancy
have included adrenal tumors, splenic and renal
disorders and abdominal pain of unknown etiol-
ogy [3]. However, concern exists for the specific
challenges of performing surgery on the pregnant
patient. Namely, the effects of anesthesia, pneu-
moperitoneum, instrumentation and positioning
must be carefully considered. This article reviews
current indications and recommendations for
. laparoscopy in the pregnant patient.

Surgical indications
for adnexal masses
asses are reported to occur in between

vith an anechoic,

The following article presents an overview of current practices in laparoscopy for pelvic pathology
during pregnancy. It includes a review of physiologic changes in pregnancy. Common indications
for surgery during pregnancy, including adnexal masses, appendicitis and biliary disease are
discussed. Recommendations for the safe practice of laparoscopy in pregnancy including timing

simple cyst (which carries the least risk of being
malignant) being the most common finding
[6.7. Among all adnexal masses in pregnancy,
30% are found to represent corpus luteum and
between 24 and 40% represent benign cystic
teratomas or dermoid cysts [8]. However, adnexal
tumors greater than 5-6 cm are considered sig-
nificant in both the pregnant and nonpregnant
state and a general consensus exists that masses
that persist beyond 15-16 weeks require a tissue
diagnosis [1]. Traditional management has been
to follow conservatively until 15-16 weeks’ ges-
tation and then to remove any adnexal masses
greater than this size[1].

Conservative observation of benign pathology
has been associated with complications 13—-42%
of the time [1]. There is literature on women with
adnexal masses followed expectantly during preg-
nancy dating from 1906, a time when surgery was
a considerably more perilous undertaking than it
is at present [9]. Surgical mortality in these early
years was as low as 4.6%, compared with a mor-
tality rate of 26% in women followed expectantly.
Deaths were attributed to suppuration of adn-
exal torsion, hemorrhage or peritonitis and sepsis
from ruptured cysts or obstruction of labor. Later
studies noted that 80% of cysts causing serious
complications in patients managed expectantly
wete greatet than 6 cm in diameter [10].

In 1984, in a series of 90 cases with adnexal
tumors greater, than 5 cm in diameter, Struyk
reported that of the 75 tumors not removed elec-
tively at the time of diagnosis, 13 (17%) required
emergency surgery prior to 16 weeks [11]. Of the
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remaining 62 patients who were managed expectantly, two (3.2%)
had torsion, with one resulting in preterm labor and neonatal death
at 24 weeks. In total, 13 (20%) of these patients had obstruction
at parturition and six (9.5%) had cyst rupture during labor with
ensuing peritonitis and postpartum sepsis. In general, surgical
intervention even in asymptomatic patients may be justified if the
incidence of potential complications without surgery is high and an
adverse effect on the pregnancy can be reasonably expected [1).
Although ovarian malignancy is rarely diagnosed in pregnant
patients because of the young age of the reproductive demogtaphic,
1-8% of adnexal masses in pregnancy have been observed to be
malignaht [1.45]. Given the fact that survival in ovarian cancer
is largely dependent upon the stage at which the disease is diag-
nosed, removal of persistent adnexal masses (especially those with

features suggestive of malignancy on ultrasound, color Doppler -

or magnetic resonance imaging) should be undertaken even dur-

" ing pregnancy so as to avoid an unnecessary delay in diagnosis
and treatment. The role of maternal hormone secretion in accel-
erating the growth of hormone-dependent tumors also argues
for prompt removal of a suspicious adnexal mass. Although both
transcutaneous and transvaginal aspiration have been suggested
and attempted as alternatives to removal, several reports in the
literature demonstrate diffuse intra-abdominal dissemination of
ovarian cancer after cyst aspiration [12,13].

Waiting until 15-16 weeks’ gestation allows for the majority
of cysts that are likely to regress to do so spontaneously (11,14], for
the fetus to complete organogenesis and for most of the spontane-
ous miscarriages that are expected to have already taken place (1.
However, unequivocal indications for surgical intervention in the
first trimester do exist and operative laparoscopy in eatly preg-
nancy has been found to be both safe and feasible [14,15]. In a
series of 11 patients undergoing laparoscopic surgery during the
first trimester, the indications for surgery included persistent and
enlarging ovarian cysts, torsion of adnexa and rupture of cysts
with internal bleeding [16].

Ahpendectomy
Appendicitis is the most common acute general surgical condition
during pregnancy {17]. Approximately 0.05-0.1% of pregnant
women will have appendicitis, which is evenly distributed through
all three trimesters [18,19]. Appendicitis in pregnancy presents a
unique diagnostic challenge due to the anatomic and physiologic
changes discussed previously. There is also an effect of advanc-
ing gestation in making the correct diagnosis. The preoperative
diagnosis of appendicitis is correct in the first trimester 85% of
the time, but only correct 30—50% of the time in the second and
third trimesters (18].

Risk of complications, including spontaneous miscarriage and
preterm labor, increases greatly with perforation [20-24). Itis owing
to the morbidity of appendiceal perforation that, in routine sur-

gical treatment of appendicitis, a one-third false-positive rate is

generally considered acceptable (24-26].

Laparoscopy offers the ability to allow the surgeon to diagnose
pathology more accurately in a less-invasive manner than laparo-
tomy. With increasing acceptance of laparoscopic appendectomy

in pregnancy, risk of fetal mortality may decrease as surgeons’
hesitancy to offer surgical intervention lessens. It is therefore rec-
ommended that the pregnant patient with acute appendicitis be
treated in a manner identical to the nonpregnant patient with
regard to rapid resuscitation with intravenous fluids, antibiotics
and prompt surgical intervention.

Cholecystectomy

Pregnancy predisposes women to the formation of gallstones.
While gallstones can be found in 4.5-12% of all pregnant
patients, only 0.05% will suffer symptomatic cholelithiasis [27];
40% of these patients will require cholecystectomy. This makes
cholecystectomy the most common general surgical procedure
in pregnancy, with three to eight out of 10,000 pregnancies
requiring the procedure 18].

Until recent years, cholecystectomy in pregnancy was tradition-
ally managed conservatively [24]. The case for more-aggressive
management was greatly aided by a 1987 review of 44 patients
with biliary colic [28]. Of the 26 patients managed conservatively,
58% had recurrent episodes of colic, with some requiring par-
enteral nutrition and one developing pancreatitis; three (12%)
suffered spontaneous miscarriage. Of the 18 patients who under-
went laparotomy for gallbladder removal, none miscarried. All of
the patients available for follow-up delivered at term, except for
one patient who delivered at 8 months’ gestation after a diagnosis
of preeclampsia.

As in the case of appendicitis, delay in diagnosis and treat-
ment of biliary disease carries serious risks for both the mother
and fetus. Nonoperative management of symptomatic chole-
lithiasis increases the risk of gallstone pancreatitis by up to
13% [29]. This complication carries a 15% risk of maternal
mortality (18-27). Moreover, while only 5% of patients under-
going uncomplicated cholecystectomies suffer pregnancy loss,
this rate is as high as 60% in cases complicated by gallstone
pancreatitis [19]. ‘

Initial management of symptomatic cholelithiasis should be the
same as in the nonpregnant patient. Restriction of oral intake,
intravenous hydration and analgesic support should be accom-
panied by antibiotic therapy as needed [27,30]. The risk of relapse
after conservative therapy is greatest in the first trimester, at 92%.
The risk decreases to 64% in the second trimester and 44% in
the third 27).

Owing to the location of the gallbladder in the right upper
quadrant, laparoscopic cholecystectomy appears feasible even
at an advanced gestational age (1]. Improved outcomes with
decreased risk of spontaneous abortion and preterm labor have
been reported with a laparoscopic approach compared with lapa-
rotomy [27). The indications for surgery include failed medical
therapy, obstructive jaundice, gallstone pancreatitis and perito-
nitis [30]. The indications for operative cholangiography are also
identical to those in the nonpregnant patient. They include a
total bilirubin of 1.5 ng/dl or greater, a dilated common bile duct
8 mm or greater and the presence of gallstone pancreatitis [19].
When cholangiography is used, a lead abdominal shield may be
employed to minimize risk to the fetus [2).
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Solid organ resection

Laparoscopic adrenalectomy during pregnancy has been success-
. fulin the treatment of primary hyperaldosteronism (31}, Cushing’s
syndrome [32-34] and pheochromocytoma [35-40]. Laparoscopic
spelenctomy has been used in the management of antiphospho-
lipid syndrome (41], hereditary spherocytosis [42] and autoimmune
thrombocytopenia purpura [43-45] in pregnant patients with excel-
lent outcomes for mother and fetus. Two cases of laparoscopic
nephrectomy in the first [46,47) and one in the second [48) trimester
of pregnancy have been reported without adverse events for the
mother or fetus.

Laparoscopic myomectomy

The literature includes a few isolated case reports of laparo-
scopic myomectomy performed in the second trimester of preg-
nancy (49,50]. This type of procedure can be undertaken in care-
fully selected patients with acute abdominal pain. It remains,
however, experimental and somewhat controversial.

Pregnancy outcomes & fetal risk
Risk to the fetus .

Limited reports suggest that surgery during pregnancy may be
associated with a greater risk of pregnancy loss or premature
labor [1]. Evidence suggests that intra-abdominal procedures
and those requiring cervical manipulation were associated with
a greater tendency for premature labor than extra-abdominal
procedures [s1,52]. However, the question remains as to whether
the increased risk of premature labor is due to the surgery or to
the condition itself requiring surgical intervention.

The clearest example of this is in the case of appendicitis, where
petforation of the appendix is associated with at least a four-times
higher risk of preterm labor than nonperforated appendicitis (20-24].
Fever and pyrexia themselves may induce uterine contractions [25].
It is therefore reasonable to posit that inflammation and infectious
processes themselves may increase the risk of pregnancy loss and
preterm delivery, rather than surgery itself [1).

Surgery undertaken in the third trimester and surgery that
is performed emergently as opposed to electively have a higher
risk of spontaneous miscarriage and preterm labor. In a review
of 55 cases of adnexal masses in pregnancy (53], Hess noted no
pregnancy losses in the 39 patients who underwent elective sur-
gery for removal. Of the six cases undergoing emergent surgery in
the first trimester, three (50%) suffered spontaneous miscarriage.

reterm delxvery within 72 h.
that surgery itself may not
formed in a nonemergent set-

CO, pneumoperitoneum [54-56], other animal studies have
demonstrated no fetal acidosis (571. More importantly, no long-
term adverse effects have been identified in these studies [s4-57].
Fetal acidosis with insufflation has not been documented in the
human fetus. Therefore, the most effective strategy for ensuring
adequate oxygenation of the fetus, it would seem, is to ensure
close monitoring and adequate oxygenation of the mother.

Long-term follow-up
Laparoscopy has been safely performed in all trimesters of preg-

~ nancy with good fetal and maternal outcomes. However, the long-

term effects to the child after delivery have not been well studied.
One recent study evaluating 11 children from aged 1-8 years
whose mothers underwent laparoscopic surgery while pregnant
did not find any growth of developmental delays 7).

Physnologlc changes & maternal rlsk
Physiologic changes in pregnancy
Physiologic changes in pregnancy must be taken into account
when discussing surgery in this group of patients. Respiratory
changes include an increase in minute volume up and 2 mild respi-
ratory alkalosis [53]. Cardiovascular changes include mild anemia,
increased cardiac output, increased heart rate and increased oxy-
gen consumption. Altered gastric motility contributes to gastro-
esophageal reflux, which can increase the risk of aspiration. These
changes must be taken into account when monitoring the patient
under general anesthesia.

Changes in the circulatory system, which include a signifi-
cant increase in blood volume diverted to the growing uterus
and feto—placental unit, must also be taken into account when
considering pelvic surgery. The engorged uterus may be prone
to excessive bleeding when traumatized. It is for this reason that,
in general, uterine surgery should be deferred during pregnancy
whenever possible.

Altered physiology also conttibutes to an increased risk of peri-
operative thromboembolic disease. A mildly thrombogenic state
in these patients is the result of increased fibrinogen, factor VII
and XII and decreased levels of antithrombin IIL There is a pau-
city of research on prophylaxis for deep venous thrombosis in the
pregnant patient in general and no data exist regarding the use of
unfractionated or low-molecular-weight heparin for prophylaxis
in pregnant patients undergoing laparoscopy [3]. Increased vigi-
lance for venous thromboembolism and conscientious employ-
ment of preventive measures (including antiembolism stockings,
pneumatic compression devices and early ambulation) are the best
strategies available in preventing this devastating complication.

Last, and significantly, the diagnosis of abdominal pathology in
pregnancy can be complicated by changes in anatomy and symp-
tomatology. The usual location of abdominal organs is changed
when they are pushed cephalad by the gravid uterus. Nausea
and vomiting as well as leukocytosis, lowgrade fever, anorexia
and mild hypotension are common and cannot be relied upon
in assessing the acute abdomen as they are in the nonpregnant

patient. To some degree, the surgeon must rely on other tools in -

his or her diagnostic arsenal for these patients.

WWW.eXpert-rey
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Effects of pneumoperitoneum on maternal physiology
The creation of pneumoperitoneum can have a deleterious effect
on maternal acid—base status and hemodynamics, which might
pose a threat to the fetus. Insufflation of the peritoneal cavity has
two immediate effects. First, it increases the intra-abdominal pres-
sure, displacing the patient’s diaphragm. This results in decreased
residual lung volume and functional residual capacity, predispos-
ing the patient to arterial oxygen desaturation [59]. Second, the
induction of CO, pneumoperitoneum induces a gaseous exchange
leading to an equilibrium with gases in the blood. It is therefore
of concern as to whether the induction of pneumoperitoneum
might lead to possible acid—base imbalance from CO, absorption
and hypercarbia 60]. CO, is absorbed across the peritoneal surface
and equilibrates into the bloodstream, eventually making its way
into muscle, viscera and even bone. Patients undergoing a long
laparoscopic procedure are at risk of maintaining hypercarbia
and acidosis postoperatively until all excess CO, is eliminated
from the tissues.

Monitoring end-tidal CO, is useful so that, when a rise is
detected, controlled hyperventilation of the patient can be used
to eliminate excess CO, via the alveoli. A reasonable goal may be
set at less than 35 mmHg [2]. However, a mismatch in ventilation
in relation to perfusion can lead to falsely normal or low end-tidal
CO, readings. Monitoring of arterial partial pressure of CO, may
be preferable for some patients with medical comorbidities in order
to limit the risk of hypercarbia and acidosis from compromised
cardiopulmonary status. Close monitoring of arterial partial pres-
sure of CO, can also be important to minimize the decrease in
cardiac output that results from the effect of CO, in increasing
mean arterial pressure and total peripheral resistance.

Hemodynamic effects of pneumoperitoneum also contribute
to a reduction in cardiac output as a result of direct alteration of
venous resistance in the inferior vena cava and decreased mean
systemic pressure [61]. This is of particular concern during and
after the second trimester, when pressure from the enlarged uterus
on the vena cava already decreases venous return. It is for this rea-
son that slight lateral positioning of the mother is recommended
at the time of surgery (1.16]. This deviation from the usual practice
of patient positioning should be taken into account at the time of
trocar placement, when the relationship of anatomic landmarks
to undetlying structures may be affected.

Increased intra-abdominal pressure causing decreased venous
return and cardiac output may contribute to decreased uterine and
fetal perfusion. This decrease is volume-dependent. Therefore,
in an adequately resuscitated pregnant woman, increased intra-
abdominal pressure should not lead to decreased CO, and fetal
blood flow (62].

The use of low-pressure pneumopetitoneum has been suggested
following the entry phase of laparoscopy, with a maximum of
8-12 mmHg, so as to minimize any adverse effect on fetal perfu-
sion [2]. However, others have argued that insufflation less than
12 mmHg may not provide adequate visualization of the intra-
abdominal cavity [2963]. Pressures up to 15 mmHg have been
used during laparoscopy on pregnant patients without increasing
adverse outcomes for the patient or the fetus [29,63].

Concerns related to the effects of pneumoperitoneum on the
mother and fetus have led to the development of techniques using
abdominal wall elevators in ‘gasless’ or ‘isobaric’ laparoscopy.
There are reports in the literature of the successful use of gasless
laparoscopy during pregnancy [49.64-70] but this technique is not
used widely and has not been evaluated systematically for safety
compared with conventional laparoscopy.

Technique

Anesthetic considerations

General anesthesia with curarization and endotracheal intubation
is essential for safely performing laparoscopy (15). The majority of
anesthetic drugs, skeletal muscle relaxants and morphine-related
drugs are nonteratogenic and nontoxic for the fetus [71). They can
be used for surgery during pregnancy where indicated.

The patient should be placed in the left lateral recumbent
position (or in the lithotomy position with a left tilt) to reduce
compression of the vena cava and subsequent reduction in venous
blood return to the heart [1,3,16]. Change in position to trende-
lenburg should be undertaken slowly [15,16] so as to minimize the
hemodynamic effects of a sudden increase in venous return from
the relatively blood-enriched pelvic area.

A nasogastric or orogastric tube is recommended in pregnant
patients (and in all patients undergoing laparoscopy) to decrease
the risk of stomach injury and to minimize the risk of aspiration
of gastric contents.

Entry techniques

With enlarged uterine size, injury from Veress needle or trocar
placement may occur. Risk of trocar injury to the uterus increases
with increasing gestational age (58]. The first step in entry should
involve palpation of the uterine fundus to help determine the
optimal primary insertion site. During the first trimester, umbili-
cal entry is safe. Later in pregnancy, sites in the midclavicular
line (in the left or right upper quadrant), subxiphoid space or a
supra-umbilical site may be used (172].

Both the Veress needle and open technique have been utilized
safely and effectively. Some surgeons insert the Veress needle
under ultrasound guidance in an effort to avoid underlying
structures (16]. Pneumoamnion with pregnancy loss has been
reported as a result of inadvertent utérine injury at the time of
Veress needle placement 73]. To prevent this, the needle may be
directed away from the gravid uterus (toward the upper abdomen) -
to decrease the likelihood of uterine injury 16]. Veress needle
entry can be aided by the use of pneumoperitoneum creation
assistance devices, such as the LapCap™ [74].

Some surgeons prefer the open method using the Hasson can-
nula owing to decreased theoretical risk to the uterus by avoiding
blind entry (1]. Optical trocars have also been used 3] but the use
of bladeless trocars in pregnancy has not been evaluated system-
atically. Surgeon preference is often the deciding factor in deter-
mining which method of entry is used. Regardless of the entry
technique chosen, a Foley catheter should always be placed prior
to abdominal entry to decrease risk of injury to the bladder and
secondary trocars should be placed under direct observation.
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It has been recommended that the maximum intra-abdominal
pressure on the insufflator should be set at 15 mmHg [6], as
opposed to the higher intra-abdominal pressures that are often
employed during the entry phase in nonpregnant patients.
This pressure may decrease following the entry phase to
8-12 mmHg (1] while paying attention to the maintenance of
adequate visualization.

Uterine manipulation

Since instrumentation of the cervix is contraindicated, extra-
corporeal uterine manipulation has been attempted, with some
reported success [16]. Other recommendations that have been
suggested include tilting the operating table away from the lesion
and the use of smooth instruments to displace the uterus under
direct visualization.

Electrosurgery & hemostasis : :

Bipolar cautery is recommended [15] for hemostasis to avoid
‘sparking’ phenomena associated with monopolar energy sources
that may endanger the fetus or displaced bowel. It is fair to
extrapolate that there may be an advantage in using tools that
minimize the risk of thermal spread (i.e., tools with harmonic
or radiofrequency technology), although this has never been
studied formally. The use of the argon beam coagulator may
be contraindicated, as this has been associated with reports of
rapid overpressurization of the peritoneal cavity, resulting in gas
embolism and death [75,7).

The potential danger of exposure to intra-abdominal smoke
generated by electrosurgery and lasers, with increased produc-
tion of noxious gases including carbon monoxide, remains
unclear. However, no increase in the levels of carboxyhemoglo-
bin have been detected in women undergoing prolonged opera-
tive laparoscopic procedures [77]. Nevertheless, rapid evacuation
of intra-abdominal smoke is recommended.

The safety of adjunctive hemostatic medications and devices
has often not been established in pregnancy. Their use should be
avoided wherever possible.

Fetal surveillance

Surviellance of the fetal heart rate is recommended before and
after surgery. Pre- and postoperative fetal heart activity should be
documented. In high-risk patients, intraoperative transvaginal
monitoring of the fetal heart rate is recommended as early as the
second trimester [2]. In the event that fetal distress is detected,
the surgeon can release the pneumoperitoneum and deflate the

erative nonstress test is reasonable
1ealthy, well-oxygenated fetus. A
fess test might be a contrain-

ch as dehydration,

Laparoscopic management of pelvic pathology during pregnancy R Vlﬁ}W’

A reasonable schedule of fetal surveillance should include ar
assessment in the immediate postoperative period, and migh
be followed by an assessment approximately 4 h later. Regular
assessments in the postoperative days should follow [1s].

Postoperative support

Some surgeons have recommended giving one dose of proges-
terone 50 mg intramuscularly after surgery for luteal support in
patients at greater than 10 weeks’ gestation. Patients less than
10 weeks received progesterone 200 mg orally twice daily until
10 weeks [16]. This was thought helpful in minimizing vaginal
bleeding after surgery.

Tylenol alone has been used effectively for postoperative pain
management in some patients [16], although other patients will
require narcotic pain relief. Some surgeons have used ketoprofen
as an analgesic and for the prevention of uterine contractions {1s]
in patients in the first and second trimester. of pregnancy. There
is, however, no evidence to support the routine use of prophy-
lactic tocolytics (27]. In general, nonsteroidal anti-inflammatory
agents are to be avoided after the second trimester, since their
use is associated with an elevated risk of premature closure of

- the ductus arteriosus.

Expert commentary
Laparoscopic surgery in pregnancy is safe and feasible. It offers
the patient the benefits of a minimally invasive approach,
including decreased postoperative pain, decreased narcotic
requirements, decreased recovery time, smaller incisions and
a faster return to normal activity. The risks to the pregnancy
appear smallest when surgery is performed in a nonemergent
setting, in the second trimester and with careful monitoring of
the special physiologic needs of the mother and fetus. Although
current data are insufficient, there does not appear to be any
long-term ill effects of laparoscopic surgery on either the mother
or fetus.

It is not acceptable to delay treatment and diagnosis of sur--
gical conditions in any patient owing to pregnancy status. In
general, pregnant patients with an acute abdomen, appendicitis
or cholecystitis should be treated in a manner identical to the
nonpregnant patient with as little delay in surgical treatment as
possible. Adnexal masses can be managed expectantly until they
can be removed in the second trimester unless torsion, hemot-
rhage, suppuration, rapid enlargement or features suggesting
malignancy are evident. Solid organ removal can be undertaken
during pregnancy as medical circumstances dictate.

As laparoscopy in pregnancy becomes increasingly common
and the surgeons’ comfort level increases, prompt surgical inter-
vention will prevent complications in the large number of patients
with uncertain diagnoses and those who might otherwise be
managed by previous conventional methods.

Five-year view

We expect that laparoscopic surgery will become the standard of
care for a number of conditions encountered in pregnancy, just
as it is currently the standard of care in the nonpregnant patient.
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Eventually, laparotomy in pregnancy may become rare or obsolete
as the benefits of a minimally invasive approach lead physicians to
abandon older techniques.

As laparoscopy in pregnancy becomes more common for a
wider vatiety of conditions, the literature will begin to focus less
on isolated case reports of successful surgeties and should begin
to focus on a systematic evaluation of the various techniques cur-
rently being employed. This shift will be important in developing
an evidence-based best practice for fetal and maternal monitor-
ing, primary entry techniques and the use of different energy

modalities. This will improve safety and potentially increase the |

number of surgeons who are capable of providing the benefits of
a minimally invasive approach to their pregnant patients with
surgical problems.
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