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Abstract
BACKGROUND: Laparoscopic surgery in pregnant women has become increasingly more common

since the 1990s; however, the safety of laparoscopy in this population has been widely debated,
particularly in emergent and urgent situations.

METHODS: A retrospective chart review of all pregnant women following a nonobstetric abdominal
operation at a University hospital between 1993 and 2007. Perioperative morbidity and mortality for the
mother and fetus were evaluated.

RESULTS: Ninety-four subjects were identified; 53 underwent laparoscopic procedures and 41
underwent open procedures. Cholecystectomy and appendectomy were performed in both groups with
salpingectomy/ovarian cystectomy only in the laparoscopic group. No maternal deaths occurred, while
fetal loss occurred in 3 cases within 7 days of the operation and in 1 case 7 weeks postoperatively. This
and other perinatal complications occurred in 36.7% of the laparoscopic group and 41.7% of the open
group.

CONCLUSION: Laparoscopic appendectomy and cholecystectomy appear to be as safe as the
respective open procedures in pregnant patients; however, this population in particular remains at risk
for perinatal complications regardless of the method of abdominal access.
© 2010 Elsevier Inc. All rights reserved.
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Nonobstetric general surgery procedures are required in
pproximately 1 in 635 pregnancies, acute appendicitis and
ymptomatic biliary disease being the most common indi-
ation for these procedures.1–4 The rate of appendicitis
uring pregnancy is similar to that of nonpregnant women;
owever, the rate of appendiceal perforation is much higher
n the pregnant population.5 Perforated appendicitis is the
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ociety.
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ost common general surgical cause of fetal loss during
regnancy. When perforation does occur, the rate of fetal loss
s up to 20%, and as high as 37.5% with generalized peritonitis
ompared with 1.5% for uncomplicated appendicitis.6

Cholecystectomy is required in approximately 45% of
regnant patients who present with symptomatic cholelithi-
sis with a 5% rate of fetal loss associated with open
holecystectomy.7 This is complicated by a 15% incidence
f maternal mortality and up to a 60% incidence of fetal loss
f the disease progresses to acute biliary pancreatitis.8

Pregnancy remains a relative contraindication for lapa-

oscopic procedures. Despite this, the use of laparoscopy for
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he treatment of appendicitis and biliary disease in pregnant
omen has increased and the question of its safety to the
other and fetus when compared with open procedures still

emains.4,6,9 We hypothesize that laparoscopic management
f nonobstetrical abdominal disease in the pregnant pa-
ient is safe to both the mother and fetus. A review of our
nstitutional experience was undertaken to address this
uestion.

ethods

This study was conducted as a single-center retrospective
eview of all pregnant women who underwent a nonobstet-
ic abdominal procedure between January 1, 1993 and June
0, 2007. This study was approved by the Institutional
eview Board of the University of Texas Health Science
enter at San Antonio (UTHSCSA).

Subjects were identified through a query of the Univer-
ity Hospital Medical Records for all ICD-9 and CPT codes
ith modifiers for pregnancy coinciding with a nonobstetric

bdominal procedure. For each subject, charts and elec-
ronic medical records were used to collect data regarding
emographic information, past medical and surgical history,
nown obstetric history, presenting clinical history, opera-
ive reports, and clinical course/discharge disposition. Fetal
eart tones, using Doppler or ultrasound, were documented

Table 1 Demographics

Subjects (n) Age (y

Open procedures 41 25 �
Appendectomy 40 26 �
Cholecystectomy 1 22

Laparoscopic procedures 53 26 �
Appendectomy 9 24 �
Cholecystectomy 39 26 �
Salpingectomy/cystectomy 5 30 �

All procedures 94 26 �

Table 2 Distribution of procedures during the course of pregn

First
trimester (n)

Seco
trime

Open procedures 19 (20%) 12 (1
Appendectomy 19 (20%) 12 (1
Cholecystectomy 0 0

Laparoscopic procedures 21 (22%) 28 (3
Appendectomy 6 (6%) 3 (3
Cholecystectomy 9 (10%) 25 (2
Salpingectomy/cyst 5 (5%) 0

All procedures 40 (43%) 40 (4

Percentages are ratios of the total procedures (n � 94). A significan
all procedures for an increase in open procedures in the third trimester
n each patient pre- and postoperatively per obstetric guide-
ines.

The birth records for each study subject who returned to
niversity Hospital to give birth were reviewed. The peri-
atal complications rate was defined as a composite of fetal
osses (abortion and fetal demise/stillbirth), preterm deliv-
ries, pre-eclampsia/eclampsia, placenta previa, placental
bruption, oligohydramnios, and intrauterine growth restric-
ion. Abortion was defined as the loss of a fetus or embryo
efore 20 weeks of gestation or weighing less than 500 g.10,11

etal demise/stillbirth was defined as a fetus born dead at 20
r more weeks of gestation or weighing greater than
00 g.10,11 Statistical analysis between groups was by Stu-
ent t test or �2 where appropriate.

esults

A total of 94 subjects were identified (Table 1). Of these,
3 underwent laparoscopic procedures and 41 underwent
pen procedures. Laparoscopic procedures included appen-
ectomy, cholecystectomy, and salpingectomy/ovarian cystec-
omy; open procedures included appendectomy and cholecys-
ectomy. Postoperative lengths of stay were not significantly
ifferent between groups. Most both the laparoscopic and
pen procedures were performed in either the first or second
rimester of pregnancy. There was a significant difference in

Hospital length of stay Postoperative length of stay

4 � 3 3 � 2
4 � 3 3 � 2
7 2
6 � 5 4 � 3
5 � 4 3 � 3
6 � 6 4 � 3
4 � 1 4 � 1
5 � 4 4 � 3

)
Third
trimester (n)

Estimated gestational age
at surgery (wk)

10 (11%) 17 � 9
9 (10%) 17 � 9
1 (1%) 36
4 (4%) 16 � 7

0 11 � 6
4 (4%) 18 � 7

0 7 � 2
14 (15%) 16 � 8

nce was seen in distribution between open and laparoscopic groups for
022).
)

6
6

6
8
6
2
6

ancy

nd
ster (n

3%)
3%)

0%)
%)
7%)

3%)

t differe
(P � .
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365M.G. Corneille et al. Laparoscopic surgery in pregnancy
istribution between groups, favoring open procedures in
he third trimester (Table 2).

Immediate operative complications included 2 conver-
ions from laparoscopic to open, 1 each for appendectomy
nd cholecystectomy. One patient with biliary pancreatitis
equired an emergent cesarean section for severe pre-eclampsia
nd fetal bradycardia. A Pfannenstiel approach was opened
nd closed, following which a laparoscopic cholecystectomy
as performed.

Table 3 Patients with severe disease and respective
operations performed

Pathology Procedure performed

Gangrenous cholecystitis,
perforated

Laparoscopic
Cholecystectomy

Acute appendicitis, severe Laparoscopic Appendectomy
Gangrenous gallbladder with

focal areas of necrosis
Open cholecystectomy

Acute appendicitis, perforated Open appendectomy
Acute appendicitis, perforated Open appendectomy
Acute appendicitis, perforated Open appendectomy
Acute appendicitis, perforated,

with fecalith
Open appendectomy

Acute gangrenous
appendicitis, perforated

Open appendectomy

Acute gangrenous
appendicitis, perforated

Open appendectomy

Acute gangrenous appendicitis Open appendectomy
Acute appendicitis, serositis Open appendectomy
Acute appendicitis, serositis Open appendectomy
Acute appendicitis, serositis

with abscess formation
Open appendectomy

Acute appendicitis, transmural
inflammation extending to
serosa and adjacent adipose
tissue

Open appendectomy

Acute necrotizing appendicitis,
acute peritonitis, fecalith

Open appendectomy

Acute necrotizing appendicitis,
reactive lymph node

Open appendectomy

Acute appendicitis, pinworms
in lumen

Open appendectomy

Acute appendicitis,
suppurative appendix

Open appendectomy

Acute appendicitis,
perforation, suppurative
appendix

Open appendectomy

Table 4 Distribution of procedures in patients with live birth

No. of
subjects (n)

Average ag
of procedur

Open procedures 21 26 � 6
Laparoscopic procedures 29 26 � 6
All procedures 50 26 � 6

EGA � Estimated gestational age.
The rate of perforation identified intraoperatively differed
ignificantly between the open and laparoscopic groups. The
ate of perforation in the open group was 27% (11/41) and
% (1/53) in the laparoscopic group (P � .05). Nineteen
atients were identified by postoperative pathology reports
s having a more advanced stage of disease. Seventeen of
hese women underwent open procedures and 2 underwent
aparoscopic procedures (Table 3).

Of the 94 patients identified, 54 had delivery records in
he University Hospital system. Of these 54 patients, 30
nderwent laparoscopic procedures and 24 underwent open
rocedures. There were 50 live births and 4 pregnancy
osses. The pregnancy losses included 3 instances of spon-
aneous abortion and 1 instance of stillbirth/fetal demise. Of
he 50 patients who had a live birth, 21 underwent an open
urgical procedure during pregnancy, and 29 underwent a
aparoscopic procedure (Table 4). The average age of pa-
ients in both groups was 26 � 6 years. The average ges-
ational age of patients who underwent open procedures was
9 � 9 weeks and the average gestational age of patients
ho underwent laparoscopic procedures was 18 � 7 weeks

P � not significant). Estimated gestational age at delivery
as not different between groups. We found no relationship
etween trimester of pregnancy at which a surgical proce-
ure was performed and estimated gestational age at deliv-
ry. The average Apgar scores at 1 minutes and 5 minutes
or each group were the same at 8 � 2 and 9 � 2, respec-
ively.

Forty women included in the study did not have birth
ecords in the University Hospital system. Of these 40
atients, 17 underwent an open surgical procedure and 23
nderwent a laparoscopic procedure. The average ages of
atients who underwent open and laparoscopic procedures
ere 25 � 7 years and 26 � 6 years, respectively. The

stimated gestation ages at the time of the procedure for
atients who underwent open and laparoscopic procedures
ere 14 � 9 years and 13 � 6 years, respectively. A

omparison of patients who did and did not have available
irth records at University Hospital is detailed in Table 5.

No maternal deaths occurred in this series; however,
here were 4 recorded instances of fetal loss (4%, 4/94).
wo subjects who underwent an open appendectomy suf-

ered spontaneous abortion within the first 7 days following
heir respective surgical procedure (2%; 2/94). One of these
as found to have a perforated and gangrenous appendix

vailable delivery records

e Average EGA at time
of procedure (wk)

EGA at time of delivery
(live birth) (wk)

19 � 9 38 � 3
18 � 7 38 � 5
18 � 8 38 � 4
s and a

e at tim
e (y)
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ntraoperatively and suffered a spontaneous abortion on
ostoperative day 7 in the 10th week of gestation. The
econd underwent an exploratory laparotomy for appendi-
itis and experienced a septic abortion on postoperative day
in the 12th week of gestation. One woman underwent a

aparoscopic salpingectomy at the 8th week of gestation had
spontaneous abortion at the 15th week of gestation; how-

ver, the fetus was only at a 9 week size. The last woman,
ho was also found to have a perforated and gangrenous

ppendix, suffered fetal loss/stillbirth on postoperative day
in the 23rd week of gestation (Table 6). Other perinatal

omplications included premature delivery, pre-eclampsia/
clampsia, placenta previa, placental abruption, oligohy-
ramnios, and intrauterine growth restriction. The overall
erinatal complication rate, including the 4 instances of fetal
oss, was 38.8% (21/54); 36.7% (11/30) for laparoscopic
rocedures and 41.7% (10/24) for open procedures.

omments

The advantages of laparoscopic procedures over open
rocedures in the general population are well described.
hese include reduced postoperative pain, shorter length of
ospital stay, a decreased incidence of thromboembolic
vents, faster recovery, improved cosmesis, and decreased
ates of postoperative ileus.12 For these reasons, laparos-
opy has become the preferred method for many surgical
rocedures, including cholecystectomy and appendectomy.
espite this, some surgeons are reluctant to employ this

echnique when treating a pregnant patient with appendicitis
r biliary disease, as there are few data showing the safety
f laparoscopy for general surgical procedures during preg-
ancy.

Our retrospective review of both laparoscopic and open
rocedures performed on pregnant women showed that

Table 5 Summary of patients with and without available
birth records

Delivery
at UH

Delivery records
unavailable

No. of patients (n) 54 40
Average age (y) (P � NS) 26 � 6 25 � 7
Open procedures 21 17
Laparoscopic procedures 29 23
EGA at time of procedure (wk) 18 � 8 13 � 8
Specific diagnoses (P � NS)

Acute appendicitis, uncomplicated 10 10
Acute appendicitis, severe 10 7
Acute cholecystitis, uncomplicated 7 2
Acute cholecystitis, severe 2 0
Chronic cholecystitis 15 11
Normal pathology 10 10

UH � University Hospital; NS � not significant; EGA � Estimated
gestational age.
aparoscopic cholecystectomy and appendectomy were as
afe and effective as their respective open procedures; this
orrelates well with previous findings reported in the liter-
ture. Affleck et al reported 67 laparoscopic operations
afely performed on pregnant women with no incidence of
etal loss, uterine injury, or birth defects.13 They concluded
hat the use of laparoscopy during pregnancy was safe for
oth the mother and fetus. Halkic et al also reported on 16
aparoscopic procedures in pregnant patients without any
aternal or fetal morbidity.14 Neither of these groups com-

ared laparoscopic procedures to open. An additional group
eported 1 case of fetal demise in both the laparoscopic and
pen appendectomy groups in pregnant women, within 1
onths to 2 months after surgery.15 This is consistent with

ur data for those operations.
In our series, of the patients undergoing appendectomy,

perioperative spontaneous abortions (2%) and 1 periop-
rative instance of fetal demise/stillbirth were reported.
hese instances of abortion and fetal demise/stillbirth oc-
urred in women who carried a diagnosis of perforated
ppendicitis. All 3 underwent open appendectomies; how-
ver, it more likely that the subsequent spontaneous abor-
ions and fetal demise were associated with maternal disease
everity rather than with operative technique. This is con-
istent with authors who report the rate of fetal loss as high
s 35% associated with perforated appendicitis, compared
ith 2% for nonperforated appendicitis.16 In our series, the

ate of fetal loss was 25% for those with perforated appen-
icitis (3/12), and 0% for nonperforated appendicitis (0/37).
o maternal deaths occurred in our series.
The risk of developing appendicitis does not appear to be

ncreased by pregnancy, but the incidence of perforated
ppendicitis in pregnant patients is significantly higher than
n the general population.16 In our series the overall rate of
erforated appendicitis was 14% (7/49), the second trimes-
er having the highest rate (20%, 3/15). The rate of perfo-
ation was lowest in the first and third trimesters, at 12%
3/25) and 11% (1/9), respectively. Dietrich et al described
he incidence of perforated appendicitis in pregnancy to be
s high as 43% of those with appendicitis, compared with
% to 19% in the general population.17 The increased inci-

Table 6 Pregnancy/delivery complications

Laparoscopic
procedures

Open
procedures

Appy Chole Sal Appy Chole

Premature birth 1 3 0 5 0
Fetal loss 0 0 1 3 0
Pre-eclampsia/eclampsia 1 0 0 3 0
Placental abruption 0 1 0 0 0
Placenta previa 0 1 0 0 0
Intrauterine growth delay 0 1 0 0 0
Oligohydramnios 0 2 0 0 0

This group of 54 patients underwent 30 laparoscopic procedures
and 24 open procedures. Appy � appendectomy; Chole � cholecys-
tectomy; Sal � salpingectomy.
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ence of appendiceal perforation in the pregnant patient is
ften attributed to a delay in diagnosis and operative man-
gement.16,18 The physiological changes that occur during
regnancy can make the diagnosis of acute appendicitis
ore difficult. Though right lower quadrant pain is still the
ost common location for appendicitis pain in pregnant
omen, the appendix may be displaced as the uterus en-

arges. Thus, the expected right lower quadrant pain seen in
onpregnant patients with acute appendicitis may not be
resent in pregnant patients.18

Complications other than the instances of fetal loss in-
luded the premature birth of a viable neonate (15%, 8/54),
re-eclampsia/eclampsia (7%, 4/54), placenta previa or
bruption (4%, 2/54), intrauterine growth restriction (2%,
/54), and oligohydramnios (4%, 2/54). All of the placental
nd amniotic complications occurred in patients undergoing
holecystectomy, and were all in the laparoscopic group.
dditionally, the incidence of placental/amniotic complica-

ions was statistically higher in those undergoing cholecys-
ectomy compared with appendectomy (P � .05). The eti-
logy of this association is not clear.

Of the pregnancy and birth complications that occurred,
one were technical or operative complications. Three of
he 4 cases of fetal loss occurred within 7 days of the
urgical procedure. As discussed previously, these cases of
etal loss were most likely due to maternal disease severity
ather than the actual operation itself. The patient who had
he laparoscopic salpingectomy at the 8th week of gestation
ad a spontaneous abortion at the 15th week of gestation.
ecause the fetus was at a 9-week size, it is possible that

etal loss occurred within 7 days following the operation.
e were unable to find any further documentation of this

nstance, so we cannot definitively conclude when fetal loss
ccurred. All of the other pregnancy and birth complications
hat occurred in women who had undergone laparoscopic
rocedures occurred at least 4 weeks postoperatively. Due
o this temporal span, we conclude that the complications
ere most likely not influenced by the surgical approach

hat was performed.
A total of 50 of the women with available birth records

ad live births. Of these women, 16% (8/50) delivered
efore 37 weeks of gestation and were therefore classified
s having a premature delivery. In the laparoscopic and
pen groups, 14% (4/29) and 19% (4/21) gave birth before
7 weeks, respectively. Although the incidence of delivery
efore 37 weeks in our study population is slightly higher
han the published norms,19 we are unable to determine if
he difference is statistically significant. Overall, the esti-
ated gestational age at time of delivery was the same in

oth the open and laparoscopic groups. This suggests that
aparoscopic procedures during pregnancy do not impart a
igher risk of premature delivery than open procedures.

In conclusion, we have shown in a series of pregnant

atients undergoing general surgery procedures that out-
omes following laparoscopic approach appear to be similar
o those following open procedures. The open approach;
owever, was somewhat favored in the last trimester. Ma-
ernal mortality is absent, but the instances of fetal loss that
ccurred in our study population are believed to be second-
ry to maternal disease rather than operative technical com-
lications. These findings underscore the importance of a
imely diagnosis and expedient intervention of surgical dis-
ases that occur during pregnancy.
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