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Abstract
Objective: To evaluate the effects of non-obstetric surgical procedures on maternal and fetal outcome.
Methods: A systematic review of all English language literature.
Results: Fifty-four papers met the inclusion criteria. The overall number of patients reported was 12,452. Reported maternal death was rare
at .006%. The miscarriage rate was 5.8%; however, this number is difficult to interpret since matched controls were not available. The rate
of elective termination of pregnancy following non-obstetric surgery was 1.3%. The rate of premature labor induced by non-obstetric
surgical intervention was 3.5% and this was noted specifically following appendectomy versus other types of interventions (P ⬍ .001). A
total of 2.5% of pregnancies resulted in fetal loss. The prematurity rate was 8.2%. The rate of major birth defects among women who
underwent non-obstetric surgical intervention in the first trimester was 3.9%. Sub-analysis of papers reporting on appendectomy during
pregnancy revealed a high rate (4.6%) of surgery-induced labor. Fetal loss associated with appendectomy was 2.6%; however, this rate was
increased when peritonitis was present (10.9%).
Conclusions: Modern surgical and anesthesia techniques appear to diminish the rate of maternal death. Surgery in the first trimester does
not appear to increase major birth defects and should not be delayed when indicated. Acute appendicitis with peritonitis is associated with
higher risk to the mother and fetus. © 2005 Excerpta Medica Inc. All rights reserved.
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We systematically reviewed the English literature to determine the effect of non-obstetrical surgical procedures on
pregnancy outcome. While more than 8000 urgent surgical
procedures are performed each year in pregnant patients [1],
the fetal risks have not been critically evaluated. Our goal is
to provide the surgeons up-to-date accurate information for
decision making in such cases.

Methods
Data sources

1966 –2002. All of the titles of papers on non-obstetric
surgical intervention during pregnancy were considered.
Combination of Medical Subject Headings (MeSH) terms
(pregnancy outcome, pregnancy complications, and surgical procedures) in an “explode” mode was used as search
strategy. MeSH terms specific for different non-obstetrical
surgical procedures (appendectomy, cholecystectomy, and
laparoscopy) combined with pregnancy were also used. All
titles and abstracts published in the English literature were
evaluated, excluding animal studies, comments, letters, editorials, and reviews. References from the retrieved articles
and those that were rejected were scanned as well in order
to identify further papers.

A literature search was performed using MEDLINE and
Cochrane Controlled Trials Register databases for the years

Study selection
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Each article was evaluated according to the preset inclusion criteria. These included studies reporting any surgical
intervention, urgent or elective, under anesthesia (regional
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or general) during pregnancy, performed at any trimester of
pregnancy, and reporting pregnancy outcome measurements. All types of study design were considered, although
studies had to report a series of at least 10 patients to be
included. Studies reporting minor interventions or obstetric
procedures (eg, skin excisions, chorionic villi sampling,
amniocentesis) under local anesthesia during pregnancy
were excluded. Papers discussing procedures such as cesarean delivery, fetal surgery, and dilation and curettage were
excluded as well. Studies reporting women exposed to
known teratogens (eg, chemotherapy or radiotherapy for
malignancy) were excluded. Among papers that reported on
the same group of patients, only the most recent and updated
one was considered to prevent duplication of data.
Data gathering
The quality of the papers was evaluated with respect to
study design, number of patients, and whether confounders
affecting pregnancy outcome were considered. Data regarding the underlying condition and the indication for the
surgical procedure were collected. Pregnancy outcome measurements such as miscarriage, voluntary termination due to
surgical intervention in pregnancy, cesaean delivery, or delivery induced by the preceding surgery were retrieved as
well. Fetal and newborn outcome such as fetal loss, prematurity, malformations, and post-delivery complication were
recorded. Maternal complications following surgical intervention and underlying condition were also collected.
Data analysis
Data were collected and tallied in tabular form. We
found high variability among studies in terms of indication
for surgery, surgical approach, different anesthetic methods,
and improved care for the neonate in the recent years.
Meta-analysis was judged to be inappropriate. Therefore,
critical synthesis of reasonably similar studies was performed.

Results
The literature search resulted in 4052 titles that were
scanned for relevance according to the preset inclusion
criteria. Fifty-four articles matched our inclusion criteria
and were included in the systematic review; 52 were retrospective cohorts or case series, 1 was a prospective cohort,
and 1 described a case-control study (Table 1). Four publications were based on patients’ registry data. Thirty-five
(65%) publications were published since 1990. Most of the
publications focused on acute abdominal conditions requiring urgent or semi-urgent surgical intervention (eg, appendicitis). Only 1 paper focused on thyroidectomy during
pregnancy, mainly for malignancy, where decision making
could be made electively. Table 2 delineates the studies

according to the surgical procedure. In most of the papers,
pregnancy outcome was a secondary end point. The focus of
most papers was on the surgical aspects of diagnosis and
measures associated with the underlying acute medical conditions that required urgent surgical intervention during
pregnancy.
Reported patients
The overall number of patients reported in articles based
on patients’ registries was 12,452; however, overlap of
patients was noted in papers originating in the Swedish
Registry [2– 4]; therefore, each was addressed individually
to avoid data duplication. The total number of patients
reported excluding the Swedish Registry was 4473 (this
number includes 2565 patients reported from the Manitoba
Health Insurance records [5].
Fifteen papers did not report the trimester of pregnancy
when the surgical intervention took place. The total number
of patients reported by trimesters was 1387: 411 patients in
the first trimester, 688 in the second, and 288 patients in the
third trimester.
Maternal death
Maternal complications following surgical procedure
during pregnancy were not reported consistently among the
reviewed studies. Only 1 maternal death of a woman undergoing laparoscopic cholecystectomy due to intra-abdominal hemorrhage 2 weeks postoperatively during the 20th
week of pregnancy was reported [6]. This corresponds to a
maternal death rate of .006%.
Miscarriages
The overall number of reported miscarriages was 236,
which is 5.8% of all reported patients who underwent a
surgical intervention throughout their pregnancy. In papers
that specified trimester of pregnancy, the rate of miscarriages was 10.5% (n ⫽ 43) of the pregnant women who
were exposed to surgical intervention in the first trimester.
Although the rate of miscarriages according to the reviewed
papers was not high, it would be very difficult to evaluate
this value in the lack of a control group collected in a similar
manner but without surgery. The reported patients were
exposed to the surgical procedures at various points in their
gestational ages, and thus their chances for a naturally
occurring abortion, not associated with surgery, would be
highly variable as well. Therefore those rates should not be
over-interpreted.
Elective termination
From the studies reporting on elective termination following a surgical procedure, 1.3% (n ⫽ 23) of women
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Table 1
Characteristics of the included publications with the retrieved data
First author and year
of publication

Procedure

Finch 1974 [17]
Mohammed 1975 [18]
Cunningham 1975 [19]
Townsend 1976 [31]
Gomez 1979 [32]
Punnonen 1979 [33]
Frisenda 1979 [34]
Farquharson 1980 [20]
McComb 1980 [35]
Horowitz 1985* [21]
Doberneck 1985 [36]
Bailey 1986 [22]
Liang 1989 [23]
Tamir 1990† [24]
Mazze 1991 [3]
Halvorsen 1992‡ [37]
To 1995§ [38]
Al-Mulhim 1996 [25]
Andersen 1999 [39]
Hee 1999¶ [26]
Mourad 2000 [27]
Tracey 2000 [28]
Sakhri 2001 [29]
Hsu 2001 [30]
Hill 1975 [40]
Dixon 1987 [41]
Swisher 1994 [42]
Davis 1995 [43]
Steinbroook 1996 [44]
Barone 1999 [6]
Cosenza 1999 [45]
Daradkeh 1999 [46]
Muench 2001 [47]
Curet 1996 [8]
Amos 1996 [48]
Reedy 1997 [4]
Conron 1998 [9]
Akira 1999 [10]
Andreoli 1999 [11]
Affleck 1999 [12]
Lyass 2001 [13]
Rojansky 2002 [14]
Hess 1988 [49]
Platek 1995 [50]
Soriano 1999 [51]
Moore 1999 [52]
Usui 2000 [53]
Hamilton 1968 [54]
Duncan 1986 [5]
Mazze 1989 [2]
Kort 1993 [55]
El-Amin 1998 [56]
Gerstenfeld 2000 [57]
Visser 2001 [58]

Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Cholecystect.
Cholecystect.
Cholecystect.
Cholecystect.
Cholecystect.
Cholecystect.
Cholecystect.
Cholecystect.
Cholecystect.
Laparoscopy
Laparoscopy
Laparoscopy
Laparoscopy
Laparoscopy
Laparoscopy
Laparoscopy
Laparoscopy
Laparoscopy
Adnexal
Adnexal
Adnexal
Adnexal
Adnexal
Thyroidectomy
Various
Various
Various
Various
Various
Various

Study design

Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. registry
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Case control
Retro. series
Retro. registry
Retro. series
Retro. series
Retro. series
Retro. series
Pros. cohort
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. series
Retro. registry
Retro. registry
Retro. series
Retro. series
Retro. series
Retro. series

N (trimesters: 1,2,3)

56 (16,25,15)
20 (12,6,2)
34 (10,16,8)
29 (8,14,7)
35 (9,17,9)
24 (2,14,8)
37 (10,16,11)
25 (9,13,3)
19 (3,9,7)
10 (1,9,0)
29 (9,14,6)
41 (NA)
24 (6,12,6)
77 (27,37,13)
778 (272,400,106)
12 (0,6,6)
34 (13,13,8)
49 (10,31,8)
56 (12,28,16)
117 (28,67,22)
67 (17,27,23)
22 (5,6,11)
23 (2,6,15)
35 (1,19,5)
20 (NA)
18 (3,14,1)
16 (5,11,0)
19 (4,10,5)
10 (NA)
46 (NA)
32 (8,22,2)
16 (2,10,4)
14 (NA)
34 (15,19,0)
12 (NA)
3,704 (NA)
21 (12,0,9)
35 (NA)
18 (4,11,3)
98 (NA)
22 (7,8,7)
37 (NA)
54 (9,41,4)
19 (NA)
93 (64,29,0)
14 (0,9,0)
60 (NA)
24 (5,18,1)
2565 (NA)
5405 (2252,1881,1272)
78 (0,36,42)
41 (NA)
106 (53,52,1)
76 (NA)

Pregnancy outcome

Fetal outcome

SA

TA

Surgery induced Death Prematurity MM
delivery

0
2
2
1
NA
0
1
NA
1
1
0
1
0
2
NA
0
5
3
4
4
0
0
0
0
1
0
0
0
0
0
1
0
0
0
2
NA
1
1
0
0
0
2
5
1
7
0
2
0
181
NA
NA
2
2
NA

0
0
0
1
NA
0
0
NA
NA
0
2
NA
0
7
NA
0
0
0
0
2
0
0
0
3
1
2
0
0
0
0
2
0
0
0
0
NA
0
0
0
0
0
1
1
0
NA
0
0
0
NA
NA
0
0
NA
1

0
0
NA
1
1
2
0
1
NA
1
3
NA
3
4
39
0
4
7
2
0
1
1
0
3
0
0
0
0
0
1
0
0
0
0
0
NA
0
NA
0
NA
0
0
0
0
0
0
0
0
NA
NA
NA
NA
1
4

4
1
1
2
0
1
0
1
1
3
0
1
0
0
14
1
0
7
1
NA
0
0
1
1
1
0
0
0
0
2
1
0
0
0
4
30
1
1
0
0
0
0
0
0
0
1
3
0
NA
99
3
0
2
0

2
2
3
2
3
1
1
4
3
1
3
0
5
23
57
2
5
3
4
2
3
5
3
0
0
1
2
5
0
1
1
0
1
0
0
NA
1
0
1
11
0
3
3
0
8
3
7
1
NA
423
17
5
11
12

0
0
0
0
0
0
0
0
0
0
0
1
0
0
18
0
0
0
0
NA
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
173
0
0
0
0
0
2
0
0
3
0
2
0
82
102
0
0
NA
1

Maternal
mortality

0
0
0
0
0
0
0
0
0
0
0
0
0
0
NA
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
NA
0
0
0
0
0
0
0
0
0
0
0
0
NA
NA
0
0
0
0

MM ⫽ major malformations; NA ⫽ not available (information is missing or not clear); Pros ⫽ prospective; Retro ⫽ retrospective.
* Horowitz et al reported on 12 patients; however, 2 patients were operated on at the puerperium.
† The study by Tamir reported on 84 patients; however, only 77 were eligible for pregnancy outcome analysis; 7 patients were diagnosed at the puerperium.
‡ Halvorsen et al reported on a group of 16 patients; however, the report considers only those who were diagnosed with acute appendicitis.
§ To et al reported on a group of 38 patients; however, 4 patients were treated in the postpartum period, and therefore only 34 were considered for analysis.
¶ Missing data on several patients; information on preterm termination is not available for 5 of 11 patients.
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Table 2
The included publications (N ⫽ 54) according to the surgical procedure
at focus
Surgical procedure

No. of publications

Appendectomy*
Cholecystectomy*
Laparoscopy†
Adnexal mass
Miscellaneous

24
9
9
5
7

* Papers that were focusing on 1 type of condition managed either by
laparotomy or laparoscopy.
† Papers discussing laparoscopic procedures focusing on more than 1
type of intervention (eg, laparoscopic appendectomy and laparoscopic
cholecystectomy).

elected to terminate. The rationale for termination was not
specified in most papers.
Delivery induced by surgical procedure
The rate of delivery induced by the surgical intervention,
whether the etiology for that was the procedure itself or the
underlying condition was 3.5% (79/2282). This adverse
outcome was prevalent in studies reporting on appendectomy in pregnancy. Fewer cases dealing with medical conditions other then appendicitis reported on surgery-induced
labor (73/1559 vs. 6/723, P ⬍ .001).
Fetal outcome
Fetal death
A total of 2.5% (n ⫽ 45) of pregnancies resulted in fetal
loss. This number does not include studies based on patients’ registries. A total of 1.8% (n ⫽ 99) of deaths of 5405
cases were reported by the Swedish registry [2]. Later, the
same group reported 14 cases of fetal death among 778
(1.8%) patients from the Swedish Registry undergoing appendectomy during pregnancy [3]. Obviously, based on the
same database, an overlap exists between the 2 populations.
Reedy, based on the Swedish registry as well, reported a
rate of .8% (30/3704) of fetal death cases [4].

Table 3
Pregnancy outcome measures for studies reporting on appendectomy
during pregnancy
Outcome measure
Miscarriages
Elective termination
Surgery induced delivery
Fetal loss
Fetal loss in patients with perforated
appendix
Prematurity
Major birth defects

n

N

%

27
15
73
40
18

815
755
1559
1536
182

3.0
2.0
4.7
2.6
10.9

137
18

1653
464*

8.3
3.9

* Only for patients who were operated on during the first trimester.

Prematurity
The prematurity rate in the reviewed articles was 8.2%
(597/7313). This rate includes patients from registries.
Major birth defects
The rate of major birth defects concluded from the reviewed studies was 2.0% (194/9878). The calculation was
based on all studies, excluding late reviews of the Swedish
Registry [3,4] to avoid data overlap. From studies that
reported on patients per trimester and major birth defects,
the rate of major malformation among patients who underwent a surgical procedure during the first trimester was
3.9% (105/2663).
Appendectomy in pregnancy
Since appendicitis is more of a homogenous surgical
condition, we conducted a sub-analysis of the previous
parameters with respect to appendectomy. All papers were
retrospective series except for 1 paper based on the Swedish
Registry [3]. None of these papers addressed confounders
(Table 1).
Data summary for parameters on outcome following
appendectomy are presented in Table 3. A unique feature of
appendectomy is an apparently high rate of surgery-induced
delivery (4.6% or 73/1559). There appears to be a difference
between the rate of surgery-induced labor when appendicitis
is compared to other medical conditions (73/1559 vs. 6/723,
P ⬍ .001). The fetal loss rate for appendectomy during
pregnancy was 2.6% (40/1559) versus 1.2% (56/4485) for
other surgical procedures during pregnancy (P ⬍ .001). The
fetal loss rate was 10.9% when peritonitis was present.

Comments
The need for non-obstetric surgery in pregnancy has
been estimated to be .12% [1]. This translates to 8000 cases
in the United States every year. Estimation of the effect that
general anesthesia and surgical intervention have on reproductive risk among these patients is critical in evaluating
therapeutic choices.
The available world literature includes more than 10,000
patients in 54 studies. The main focus of these articles was
not maternal and fetal outcome but mainly diagnosis, surgical management, or the effects of anesthesia. The wide
variability of surgical indication and anesthetic technique
and article focus made the comparison and combination of
these articles difficult. There was also very little information
on other possible confounders of pregnancy outcome such
as maternal age, lifestyle, underlying condition, and drugs.
For these reasons we felt that meta-analysis of the articles
would not be meaningful. Yet, systematic review of these
papers does allow several observations:
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Maternal outcomes

Laparoscopic versus open procedures

There was inconsistent reporting of maternal outcomes
in the papers. The report of 1 death in approximately 12,542
procedures (.006%) implies that the risk of death is extremely low. This rate is lower than one would expect based
on traditional teaching. However, it is possible given the
nature of the published papers that some bias against reporting deaths occurred. It seems that concerns over possible maternal death due to anesthesia and surgery alone are
not a reason to delay prompt treatment of the underlying
surgical condition.
Miscarriage is a big concern for both patient and
physician. The overall rate of 5.8% for miscarriage/fetal
death for all trimesters and the rate of 10.5% for first
trimester patients certainly is concerning. However, the
lack of control groups for the patients makes these results
difficult to interpret. One cannot separate the contribution
of surgery and anesthesia from the underlying medical
condition.
Elective termination occurred in 1.3% of women. The
reasons for termination of pregnancy were not given. One
could speculate that it may be due to fears about possible
teratogenicity of anesthetics or concerns over fetal hypoxia. We did note that there appears to be a trend in
reporting increased rates of elective termination since
1990. It is not readily apparent why this may be the case.
Possible reasons would include improved reporting of
outcomes, changes in societal attitudes, or even legal
code changes.
The rate of premature delivery induced by the surgical
intervention or underlying condition was 3.5% and was only
reported in cases of appendectomy. This will be discussed
further under the appendectomy section.

We identified 9 studies that focused on laparoscopic
surgery during pregnancy. None of the studies came to
the conclusion that laparoscopic procedures were harmful
to the mother or fetus. In general, the most common
conclusion was that laparoscopic surgery was safe and
may benefit with the patient when compared to open
procedures [8 –14].

Fetal outcomes
The fetal loss rate was 2.5% in non-registry studies and
ranged from .8% to 1.8% in registry studies. Interpretation
is limited by the lack of a suitable control groups. Premature
birth occurred in 8.2% of cases. Improvements in neonatal
care have occurred with time and it makes comparison of
results across years impossible. Premature labor that might
have resulted in fetal loss in 1985 may not have the same
outcome today. We noted that the fetal loss rate in studies
on appendectomy appeared higher.
The rate of major birth defects in the studies reviewed
was 2.0%, excluding late reviews of the Swedish registry
data. The rate of major birth defects in patients undergoing
surgery during the first trimester was 3.9%. This rate is
slightly higher than the expected rate of 1% to 3% for major
birth defects in the general population [7]. None of the
individual studies showed that the increased rate of birth
defects was statistically significant.

Appendectomy in pregnancy
Appendectomy is probably the most frequently performed non-obstetrical surgical procedure in pregnancy
[15,16]. We noted differences in the data for this medical
condition when compared to others.
The rate of premature delivery for patients with appendicitis was statistically higher when compared to
other medical conditions (P ⬍ .001). Including registry
data, the fetal loss rate for patients undergoing appendectomy was significantly greater than the fetal loss rate
(P ⬍ .001) for patients undergoing other surgical procedures during pregnancy. The already high fetal loss rate
during appendicitis increases to 10.9% when peritonitis is
present. It appears from these simple comparisons that
the effects of acute appendicitis and surgery on the patient are more severe and different from other acute
conditions requiring surgery during pregnancy. Most papers on appendectomy concluded that there is worse
maternal and fetal outcome if peritonitis develops and
encouraged prompt diagnosis and treatment of this condition [17–30].
Summary
We identified 54 papers that provided maternal and
fetal outcome data for review. Although maternal death is
rare (⬍1/10,000), it can occur. There appears to be no
difference between open and laparoscopic procedures.
Premature labor and fetal loss are the most common
undesired consequences, especially if acute appendicitis
is present. Acute appendicitis has significantly more severe effects on the maternal and fetal outcome particularly if peritonitis develops when compared to other acute
surgical conditions during pregnancy.
Based on our review of the literature, we came to the
following conclusions:
● Using modern surgical and anesthetic techniques, the
risk of maternal death appears to be very low.
● Surgery and general anesthesia do not appear to be
major risk factors for spontaneous abortion.
● The rate of elective termination appears to be in the
range of the general population.
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● Non-obstetric surgical procedures do not increase the
risk for major birth defects. Hence, urgent surgical
procedures should be performed when needed.
● Acute appendicitis, especially when accompanied by
peritonitis, appears to be genuine risk for surgeryinduced labor or fetal loss.
This review and analysis underscores our lack of
knowledge in this area and points out a critical need for
better data, with details not only on surgical condition,
the anesthetic and surgical techniques, but also careful
attention to confounders such as the underlying maternal
condition and its management, smoking, alcohol consumption, socioeconomic status, and many others.

Acknowledgment
GK holds the Ivey Chair in Molecular Toxicology, University of Western Ontario.

References
[1] Jenkins TM, Mackey SF, Benzoni EM, et al. Non-obstetric surgery
during gestation: risk factors for lower birthweight. Aust N Z J Obstet
Gynaecol 2003;43:27–31.
[2] Mazze RI, Kallen B: Reproductive outcome after anesthesia and
operation during pregnancy: a registry study of 5405 cases. Am J
Obstet Gynecol 1989;161:1178 – 85.
[3] Mazze RI, Kallen B: Appendectomy during pregnancy: a Swedish
registry study of 778 cases. Obstet Gynecol 1991;77:835– 40.
[4] Reedy MB, Kallen B, Kuehl TJ: Laparoscopy during pregnancy: a
study of five fetal outcome parameters with use of the Swedish Health
Registry. Am J Obstet Gynecol 1997;177:673–9.
[5] Duncan PG, Pope WD, Cohen MM, et al. Fetal risk of anesthesia and
surgery during pregnancy. Anesthesiology 1986;64:790 – 4.
[6] Barone JE, Bears S, Chen S, et al. Outcome study of cholecystectomy
during pregnancy. Am J Surg 1999;177:232– 6.
[7] Heinonen OP, Slone D, Shapiro S: Birth Defects and Drugs in
Pregnancy. Littleton, MA: Publishing Sciences Group; 1977.
[8] Curet MJ, Allen D, Josloff RK, et al. Arch Surg 1996;131:546 –50.
[9] Conron RW Jr, Abbruzzi K, Cochrane SO, et al. Laparoscopic procedures in pregnancy. Am Surg 1999;65:259 – 63.
[10] Akira S, Yamanaka A, Ishihara T, et al. Gasless laparoscopic ovarian
cystectomy during pregnancy: comparison with laparotomy. Am J
Obstet Gynecol 1999;180:t-7.
[11] Andreoli M, Sayegh SK, Hoefer R, et al. Laparoscopic cholecystectomy for recurrent gallstone pancreatitis during pregnancy. South
Med J 1996;89:1114 –5.
[12] Affleck DG, Handrahan DL, Egger MJ, et al. The laparoscopic
management of appendicitis and cholelithiasis during pregnancy.
Am J Surg 1999;178:523–9.
[13] Lyass S, Pikarsky A, Eisenberg VH, et al. Is laparoscopic appendectomy safe in pregnant women? Surg Endosc 2001;15:377–9.
[14] Rojansky N, Shushan A, Fatum M: Laparoscopy versus laparotomy
in pregnancy: a comparative study. J Am Assoc Gynecol Laparosc
2002;9:108 –10.
[15] McGee TM. Acute appendicitis in pregnancy. Aust N Z J Obstet
Gynaecol 1989;29:378 – 85.
[16] Mourad J, Elliott JP, Erickson L, et al. Appendicitis in pregnancy:
new information that contradicts long-held clinical beliefs. Am J
Obstet Gynecol 2000;182:1027–9.

[17] Finch DR, Lee E: Acute appendicitis complicating pregnancy in the
Oxford region. Br J Surg 1974;61:129 –32.
[18] Mohammed JA, Oxorn H: Appendicitis in pregnancy. CMAJ 1975;
112:1187– 8.
[19] Cunningham FG, McCubbin JH: Appendicitis complicating pregnancy. Obstet Gynecol 1975;45:415–20.
[20] Farquharson RG: Acute appendicitis in pregnancy. Scott Med J 1980;
25:36 – 8.
[21] Horowitz MD, Gomez GA, Santiesteban R, et al. Acute appendicitis
during pregnancy. Diagnosis and management. Arch Surg 1985;120:
1362–7.
[22] Bailey LE, Finley RK Jr, Miller SF, et al. Acute appendicitis during
pregnancy. Am Surg 1986;52:218 –21.
[23] Liang CC, Hsieh TT, Chang SD: Appendicitis during pregnancy.
Changgeng Yi Xue Za Zhi 1989;12:208 –14.
[24] Tamir IL, Bongard FS, Klein SR: Acute appendicitis in the pregnant
patient. Am J Surg 1990;160:571–5.
[25] Al Mulhim AA: Acute appendicitis in pregnancy. A review of 52
cases. Int Surg 1996;81:295–7.
[26] Hee P, Viktrup L: The diagnosis of appendicitis during pregnancy and
maternal and fetal outcome after appendectomy. Int J Gynaecol Obstet 1999;65:129 –35.
[27] Mourad J, Elliott JP, Erickson L, et al. Appendicitis in pregnancy:
new information that contradicts long-held clinical beliefs. Am J
Obstet Gynecol 2000;182:1027–9.
[28] Tracey M, Fletcher HS: Appendicitis in pregnancy. Am Surg 2000;
66:555–9.
[29] Sakhri J, Youssef S, Ben Letaifa D, et al. Acute appendicitis during
pregnancy. Tunisie Medicale 2001;79:521–5.
[30] Hsu YP, Chen RJ, Fang JF, et al. Acute appendicitis during pregnancy: a clinical assessment. Chang Gung Med J 2001;24:245–50.
[31] Townsend JM, Greiss FC: Appendictiis in pregnancy. South Med J
1976;69:1161–3.
[32] Gomez A, Wood M: Acute appendicitis during pregnancy. Am J Surg
1979;137:180 –3.
[33] Punnonen R, Aho AJ, Gronroos M, et al. Appendicectomy during
pregnancy. Acta Chir Scand 1979;145:555– 8.
[34] Frisenda R, Roty AR Jr, Kilway JB, et al. Acute appendicitis during
pregnancy. Am Surg 1979;45:503– 6.
[35] McComb P, Laimon H: Appendicitis complicating pregnancy. Can
J Surg 1980;23:92– 4.
[36] Doberneck RC: Appendectomy during pregnancy. Am Surg 1985;51:
265– 8.
[37] Halvorsen AC, Brandt B, Andreasen JJ: Acute appendicitis in pregnancy: complications and subsequent management. Eur J Surg 1992;
158:603– 6.
[38] To WW, Ngai CS, Ma HK: Pregnancies complicated by acute appendicitis. Aust N Z J Surg 1995;65:799 – 803.
[39] Andersen B, Nielsen TF: Appendicitis in pregnancy: diagnosis, management and complications. Acta Obstet Gynecol Scand 1999;78:
758 – 62.
[40] Hill LM, Johnson CE, Lee RA: Cholecystectomy in pregnancy. Obstet Gynecol 1975;46:291–3.
[41] Dixon NP, Faddis DM, Silberman H: Aggressive management of
cholecystitis during pregnancy. Am J Surg 1987;154:292– 4.
[42] Swisher SG, Schmit PJ, Hunt KK, et al. Biliary disease during
pregnancy. Am J Surg 1994;168:576 –9.
[43] Davis A, Katz VL, Cox R: Gallbladder disease in pregnancy. J
Reprod Med 1995;40:759 – 62.
[44] Steinbrook RA, Brooks DC, Datta S: Laparoscopic cholecystectomy
during pregnancy. Review of anesthetic management, surgical considerations. Surg Endosc 1996;10:511–5.
[45] Cosenza CA, Saffari B, Jabbour N, et al. Surgical management of
biliary gallstone disease during pregnancy. Am J Surg 1999;178:
545– 8.

R. Cohen-Kerem et al. / The American Journal of Surgery 190 (2005) 467– 473
[46] Daradkeh S, Sumrein I, Daoud F, et al. Management of gallbladder
stones during pregnancy: conservative treatment or laparoscopic cholecystectomy? Hepatogastroenterology 1999;46:3074 – 6.
[47] Muench J, Albrink M, Serafini F, et al. Delay in treatment of biliary
disease during pregnancy increases morbidity and can be avoided
with safe laparoscopic cholecystectomy. Am Surg 2001;67:539 – 42.
[48] Amos JD, Schorr SJ, Norman PF, et al. Laparoscopic surgery during
pregnancy. Am J Surg 1996;171:435–7.
[49] Hess LW, Peaceman A, O’Brien WF, et al. Adnexal mass occurring
with intrauterine pregnancy: report of fifty-four patients requiring
laparotomy for definitive management. Am J Obstet Gynecol 1988;
158:1029 –34.
[50] Platek DN, Henderson CE, Goldberg GL: The management of a
persistent adnexal mass in pregnancy. Am J Obstet Gynecol 1995;
173:1236 – 40.
[51] Soriano D, Yefet Y, Seidman DS, et al. Laparoscopy versus laparotomy in the management of adnexal masses during pregnancy. Fertil
Steril 1999;71:955– 60.

473

[52] Moore RD, Smith WG: Laparoscopic management of adnexal masses
in pregnant women. J Reprod Med 1999;44:97–100.
[53] Usui R, Minakami H, Kosuge S, et al. A retrospective survey of
clinical, pathologic, and prognostic features of adnexal masses
operated on during pregnancy. J Obstet Gynaecol Res 2000;26:
89 –93.
[54] Hamilton NT, Paterson PJ, Breidahl HD: Thyroidectomy during pregnancy. Med J Aust 1968;1:431–3.
[55] Kort B, Katz VL, Watson WJ: The effect of nonobstetric operation
during pregnancy. Surg Gynecol Obstet 1993;177:371– 6.
[56] El Amin AM, Yahia Al-Shehri M, Zaki ZM, et al. Acute abdomen in
pregnancy. Int J Gynaecol Obstet 1998;62:31– 6.
[57] Gerstenfeld TS, Chang DT, Pliego AR, et al. Nonobstetrical abdominal surgery during pregnancy in Women’s Hospital. J Matern Fetal
Med 2000;9:170 –2.
[58] Visser BC, Glasgow RE, Mulvihill KK, et al. Safety and timing of
nonobstetric abdominal surgery in pregnancy. Dig Surg 2001;18:
409 –17.

