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Abstract

Background When pregnant patients require surgery,

whether to perform an operation open or laparoscopic is

often debated. We evaluated the impact of laparoscopy for

common general surgical problems in pregnancy to deter-

mine safety and trends in operative approach over time.

Methods Pregnant patients undergoing appendectomy or

cholecystectomy were identified using the National Surgi-

cal Quality Improvement Program (NSQIP) database. We

analyzed demographics, operative characteristics, and

outcomes. Univariate comparison and multivariate regres-

sion analysis (MVA) were performed adjusting for con-

founding factors: age, body mass index (BMI), diabetes,

and smoking, and an additional MVA was performed for

perforated cases.

Results A total of 1999 pregnant patients between 2005

and 2012 were evaluated. Of 1335 appendectomies, 894

were performed laparoscopically (LA) and 441 open (OA).

For 664 cholecystectomies, 606 were laparoscopic (LC)

and 58 open (OC). There were no deaths. For LA versus

OA, patient characteristics were not different {age: 27.7 vs.

28.2 years, p = 0.19; diabetes: 1.8 vs. 0.9 %, p = 0.24;

smoking: 19 vs. 16.1 %, p = 0.2} except for BMI (27.9 vs.

28.4 kg/m2; p = 0.03). LA had shorter operative times

(ORT), length of stay (LOS), and fewer postoperative

complications compared to OA. In MVA, difference

between approaches remained statistically significant for

ORT (\0.0001), LOS (\0.01), and wound complications

(\0.01). MVA was performed for perforated cases alone:

LA had equal ORT (p = 0.19) yet shorter LOS

(p =\0.001). The majority of LA were performed in the

last 4 years versus the first 4 years (61 vs. 39 %,

p\ 0.001). For LC versus OC, patient characteristics were

not different: age (28.3 vs. 28.7 years; p = 0.33), BMI

(31.4 vs. 33.2 kg/m2, p = 0.25), diabetes (2.8 vs. 3.5 %,

p = 0.68), and smoking (21.1 vs. 25.9 %, p = 0.4). LC

had a shorter ORT, LOS, and fewer postoperative com-

plications than OC. In MVA, the difference between

approaches remained statistically significant for ORT

(\0.0001), LOS (\0.0001), and minor complications

(\0.01). In MVA for cholecystitis with perforation, no

difference was seen for LOS, ORT, or postoperative

complications (p[ 0.05). The percentage of LC cases

appeared to increase over time (89 vs. 93 %, p = 0.06).

Conclusion While fetal events are unknown, LA and LC

in pregnant patients demonstrated shorter ORT, LOS, and

reduced complications and were performed more fre-

quently over time. Even in perforated cases, laparoscopy

appears safe in pregnant patients.

Keywords Pregnancy � Appendectomy �
Cholecystectomy � Outcomes � Laparoscopy � NSQIP

With the incidence of acute abdomen occurring in up to 1

in 500 pregnancies, the likelihood of operating on a preg-

nant patient as a General Surgeon is felt to be inevitable

[1]. Appendectomy and cholecystectomy are the most

Presented at the SAGES 2015 Annual Meeting, April 15–18, 2015,

Nashville, Tennessee.

& T. C. Cox

tiffany.c.cox@carolinas.org

& B. T. Heniford

todd.heniford@carolinashealthcare.org

1 Carolinas Laparoscopic and Advanced Surgery Program,

Division of Gastrointestinal and Minimally Invasive Surgery,

Carolinas Medical Center, 1025 Morehead Medical Drive,

Suite 300, Charlotte, NC 28204, USA

123

Surg Endosc (2016) 30:593–602

DOI 10.1007/s00464-015-4244-4

and Other Interventional Techniques 

http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-015-4244-4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-015-4244-4&amp;domain=pdf


common non-obstetrical operations in pregnant patients

[1–5]. The highest incidence is appendicitis, which occurs

in 0.04–0.2 % of all pregnancies; this representing 25 % of

non-obstetric operations performed during pregnancy [1, 2,

4]. Cholecystitis during pregnancy affects approximately

0.1 % of pregnant patients despite 1–3 % of pregnant

patients having cholelithiasis [4].

The controversy of laparoscopy in pregnancy and the

effects of pneumoperitoneum have been analyzed. Physi-

ologic concerns of pneumoperitoneum in the gravid patient

and further influence of positioning such as Trendelenburg

are cumulative in decreasing thoracic cavity compliance,

decreasing functional reserve capacity, increasing peak

airway pressures, and worsening ventilation–perfusion

mismatch [5]. While innovations such as gasless pneu-

moperitoneum in pregnant patients have been trialed [6],

the need for such mechanisms is in debate [7]. No differ-

ences have been identified that could not be resolved by

adjusting minute ventilation when assessing end-tidal CO2,

arterial CO2, or pH during all stages of insufflation or

postoperatively; likewise, any compromise of hemody-

namics can be minimized with such maneuvers as left

uterine displacement and lowering intra-abdominal pres-

sures to 12 mmHg [8]. Acknowledging the results of these

previously studied factors in the pregnant patient and for-

mulating a safe plan of execution, the General Surgeon

may somewhat surrender the apprehension of utilizing the

laparoscopic approach when operating on the gravid

patient. With the incidence of surgery and safety of

laparoscopy in pregnancy identified, we studied the impact

of laparoscopy for common general surgical problems in

pregnancy using a national dataset to determine safety and

trends of application over time.

Methods

Study design

Data source

This study, which was conducted with the approval of the

Carolinas Medical Center Institutional Review Board, ret-

rospectively examined the outcomes of appendectomy and

cholecystectomy in pregnant patients comparing laparo-

scopic versus open technique utilizing the American Col-

lege of Surgeons National Surgical Quality Improvement

Program (NSQIP) database. The methodology of collection

within this database has been previously described [9, 10].

We compared early years (time period (TP)1: 2005–2008)

to late years (TP2: 2009–2012) to identify time trends of

utility of laparoscopy for appendectomy and cholecystec-

tomy in pregnancy. Patients were categorized based on the

current procedural terminology (CPT) codes for laparo-

scopic appendectomy (44970, 44979), open appendectomy

(44950, 44960), laparoscopic cholecystectomy (47562,

47563), and open cholecystectomy (47600, 47605), and

data were collected only for pregnant patients as defined by

the corresponding NSQIP variable pregnancy in patient

characteristics. The exact gestational age or trimester of the

pregnancy is not collected in the NSQIP database. To

specifically analyze high-risk patients with perforated

cases, postoperative diagnosis based on ICD-9 codes was

used for appendicitis (540.0, 540.1) and cholecystitis

(575.0, 575.4) as well as independently identifying patients

having cholecystitis with biliary obstruction (574.01,

574.11). Evaluation of ICD-9 codes with respect to

threatened preterm labor (644.03), preterm labor (644.2),

fetal distress (656.8), or fetal demise (656.4) was per-

formed. No results could be identified for preterm labor or

any fetal outcomes for either appendectomy or cholecys-

tectomy from the database and therefore could not be

analyzed.

Data collection

Patient characteristics such as age, sex, race, BMI, tobacco

use, and comorbidities were collected. Perioperative

information such as surgeon specialty, type of anesthesia,

operative time, and length of stay (LOS) was identified.

Postoperative outcomes such as pneumonia, venous

thromboembolic event, stroke, myocardial infarction, sep-

sis, acute or progressive renal failure, superficial surgical

site infection (SSI), deep SSI, organ space SSI, return to the

operating room, and 30-day mortality were included.

Overall wound complications as well as minor and major

overall complications were classified as previously pub-

lished [11].

Statistical analysis

Standard statistical analysis was performed using Pearson’s

Chi-square and Fisher’s exact tests for categorical variables

and unpaired t test or Kruskal–Wallis test for nonpara-

metric continuous data and ordinal variables as appropriate

to obtain a two-tailed p value; statistical significance was

defined as p\ 0.05. Additionally, multivariate logistic

regression analysis (MVA) adjusting for confounding fac-

tors including age, body mass index (BMI), and comor-

bidities was performed. MVA was additionally performed

on cases involving perforation to identify the outcomes in

these high-risk clinical scenarios. All data were analyzed

using Statistical Analysis Software, version 9.4 (SAS

Institute, Inc., Cary, NC, USA).
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Results

Laparoscopic appendectomy

Patient characteristics

A total of 1335 pregnant patients underwent appendectomy

between 2005 and 2012 in NSQIP hospitals: 894 were

laparoscopic cases (LA) and 441 were performed open

(OA). Full demographics and patient characteristics are

listed in Table 1. Patients undergoing LA compared to OA

were of equal age (27.7 ± 6.2 vs. 28.2 ± 6.3 years,

p = 0.19), race (76.4 % Caucasian vs. 76.7 % Caucasian,

p = 0.93), and comorbidities except for a lower body mass

index (BMI) (27.9 ± 6.9 vs. 28.4 ± 6.1 kg/m2, p = 0.03).

Compared to OA, patients who underwent LA had equal

tobacco use within the last year (19.0 vs. 16.1 %,

p = 0.19) but an increased pack year history (0.85 ± 5.6

vs. 0.42 ± 1.9, p = 0.04). They had equivalent low rates

of chronic obstructive pulmonary disease (0.11 vs. 0 %,

p = 1.0), congestive heart failure (0.11 vs. 0 %, p = 1.0),

and renal failure (0.11 vs. 0 %, p = 1.0). Inpatient status

was higher for the OA patients compared to the LA group

(95.5 vs. 80.7 %, p B 0.0001).

Operative characteristics

Full operative details are listed in Table 2. Overall, most

appendectomies were performed by General Surgeons

(99.5 %) with equally low rates in the LA and OA groups

performed by OB/GYN physicians (0.11 vs. 0.23 %,

respectively, p = 0.6). General anesthesia was used in the

majority of cases (95.1 %), with a higher use of spinal

anesthesia in the OA group versus LA (12.7 vs. 0.67 %,

p =\0.0001). A total of 71 patients (7.9 %) in the LA

group were identified as high risk with a designation of

perforation compared to 49 (11.1 %) in the open group

(p = 0.06). For operative time, in univariate analysis, LA

versus OA was significantly different (47.1 ± 20.2 vs.

52.1 ± 25.1 min, p\ 0.001). Following MVA, which

controlled for confounding factors, a statistically signifi-

cant difference remained with an adjusted mean (± SE) of

51.7 ± 2.8 min in the LA group compared to

57.3 ± 3.0 min in the OA group (p\ 0.0001). In MVA for

cases of perforation alone, operative time for LA with

adjusted mean (± SE) of 60.2 ± 14.0 min was not sig-

nificantly different compared to 67.4 ± 14.8 min in the

OA group (p = 0.19).

Outcomes

In univariate analysis, the average LOS was shorter in the

LA versus the OA groups (2.3 ± 5.8 vs. 3.3 ± 2.5 days,

p\ 0.0001), and this difference remained significant after

MVA controlled for confounding factors of age, BMI, and

comorbidities with an adjusted mean (± SE) (2.7 ± 0.7 vs.

3.7 ± 0.7 days, p = 0.003). Even in cases of perforation

after MVA, LOS was shorter for LA compared to OA with

an adjusted mean (± SE) of 2.3 ± 1.4 versus

4.5 ± 1.5 days, respectively (p = 0.0002). In univariate

analysis of complication outcomes for LA versus OA,

overall wound complications favored LA over OA (0.67 vs.

3.9 %, p\ 0.0001), as well as minor complications (2.8 vs.

5.4 %, p = 0.02); they had equally low rates of major

complications (1.2 vs. 1.6 %, p = 0.6). There was one

reported case of threatened preterm labor for each approach

(p[ 0.5). In MVA, overall wound complications were

higher in OA patients compared to LA with an odds ratio

(OR) of 6.4 (95 % confidence interval (CI) 2.5–16.0,

p\ 0.0001); the same was true for superficial SSI (OR 6.0,

Table 1 Demographics and

patient characteristics of

appendectomies performed in

pregnant patients

Laparoscopic appendectomy (n = 894) Open appendectomy (n = 441) p value

Age (years) 27.7 ± 6.2 28.2 ± 6.3 0.19

BMI (kg/m2) 27.9 ± 6.9 28.4 ± 6.1 0.03

Caucasian 76.4 % 76.7 % 0.93

Diabetes mellitus 1.8 % 0.91 % 0.24

Hypertension 2.2 % 1.1 % 0.2

Tobacco use 19.0 % 16.1 % 0.19

Alcohol use 0.34 % 0.0 % 0.56

COPD 0.11 % 0.0 % 1.0

CHF 0.11 % 0.0 % 1.0

Renal failure 0.11 % 0.0 % 1.0

Steroid use 0.45 % 0.23 % 1.0

Inpatient status 80.7 % 95.5 % <0.0001

Bold values are statistically significant (p\ 0.05)

BMI body mass index, COPD chronic obstructive pulmonary disease, CHF congestive heart failure
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95 % CI 2.2–16.6, p = 0.0005). OA patients also had 2.5

times increased odds of minor complications versus LA

(95 % CI 1.3–4.5, p = 0.004). For cases of perforation in

MVA, OA remained at an increased risk for overall wound

complications with an OR 6.2 (95 % CI 1.1–33.8,

p = 0.04). Details of outcomes for univariate and multi-

variate analyses are as outlined in Tables 3 and 4,

respectively. Return to the operating room was equivalent

for LA versus OA (1.5 vs. 2.7 %, p = 0.11), and no 30-day

maternal mortality was identified for either operative

approach.

Laparoscopic cholecystectomy

Patient characteristics

A total of 664 pregnant patients undergoing cholecystec-

tomy were identified in the NSQIP database between 2005

and 2012; 606 cases were performed laparoscopically (LC)

and 58 open (OC). Full demographics and patient charac-

teristics are listed in Table 5. Patients who underwent LC

compared to OC were of equal age (28.3 ± 6.5 vs.

28.7 ± 9.8 years, p = 0.33), and the majority of patients

Table 2 Operative details of

appendectomies in pregnant

patients

Laparoscopic appendectomy

(n = 894)

Open appendectomy

(n = 441)

p value

Type of anesthesia

General 99.1 % 87.1 % \0.0001

Spinal 0.67 % 12.7 % \0.0001

Performed by

General Surgeon 99.9 % 98.6 % \0.001

Gynecology service 0.11 % 0.23 % 0.6

Perforation 7.9 % 11.1 % 0.06

Operative time (minutes) 47.1 ± 20.2 52.1 ± 25.1 \0.001

Table 3 Univariate comparison

of surgical outcomes for

appendectomies in pregnant

patients

Laparoscopic

appendectomy (n = 894)

Open appendectomy

(n = 441)

p value

Length of stay (days) 2.3 ± 5.8 3.3 ± 2.5 <0.0001

Overall wound complications 0.67 % 3.9 % <0.0001

Superficial SSI 0.45 % 3.0 % <0.001

Deep incisional SSI 0.22 % 0.68 % 0.34

Wound disruption 0.0 % 0.68 % 0.04

Overall minor complications 2.8 % 5.4 % 0.02

Overall major complications 1.2 % 1.6 % 0.6

Organ space SSI 0.78 % 0.45 % 0.73

Acute renal failure 0.0 % 0.0 % –

Progressive renal insufficiency 0.11 % 0.0 % 1.0

Urinary tract infection 0.89 % 0.68 % 1.0

Pneumonia 0.45 % 0.45 % 1.0

Pulmonary embolism 0.22 % 0.0 % 1.0

Deep vein thrombosis 0.11 % 0.0 % 1.0

Myocardial infarction 0.0 % 0.0 % –

Cerebrovascular accident 0.0 % 0.0 % –

Sepsis 0.78 % 1.1 % 0.5

Septic shock 0.0 % 0.0 % –

Threatened preterm labor 0.1 % 0.2 % 1.0

Return to the operating room 1.5 % 2.7 % 0.11

30-day mortality 0.0 % 0.0 % –

Bold values are statistically significant (p\ 0.05)

SSI surgical site infection
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were Caucasian (70.6 vs. 66 %, p = 0.48), with equivalent

comorbidities except for an increased rate of hypertension

(3.3 vs. 8.6 %, p = 0.04). For the LC compared to the OC,

there were equal rates of current tobacco use and history of

use. Inpatient status was higher for the OC patients com-

pared to LC (98.3 vs. 65.2 %, p\ 0.0001).

Operative characteristics

Complete operative details are listed in Table 6. Overall,

most cholecystectomies were performed by General Sur-

geons (99.6 %) with equal rates of other services performing

cholecystectomies in the LC and OC groups (0.5 vs. 0 %,

respectively, p = 1.0). General anesthesia was used in

nearly all cases (99.7 %), with no difference in other types of

anesthetic use (0.33 vs. 0 %, p = 1.0). A total of 35 patients

(5.8 %) in the LC group were identified as high risk with a

designation of perforation compared to two (3.5 %) among

theOC patients (p = 0.76). Additionally, patients diagnosed

with cholecystitis with associated biliary obstruction

occurred in 1.2 % of the LC patients versus 1.7 %, in those

undergoing OC (p = 0.52). For operative time in univariate

analysis, LC versus OC had a significant difference

(64.4 ± 29.7 vs. 110.6 ± 82.3 min, p\ 0.0001), and after

MVA controlling for confounding factors, a significant dif-

ference remained with an adjusted mean (± SE) of

65.6 ± 5.0 min in the LC group compared to

111.3 ± 6.9 min in the OC group (p\ 0.0001). InMVA for

cases of perforation, operative times in LC appeared shorter

with adjusted mean (± SE) of 52.6 ± 17.2 min in the LC

group compared to 95.7 ± 32 min in the OC group but was

not statistically significant (p = 0.1).

Outcomes

In univariate analysis, the average LOS was shorter fol-

lowing LC versus the OC (3.0 ± 4.1 vs. 6.5 ± 7.8 days,

p\ 0.0001), and this difference remained statically

Table 4 Multivariate regression analysis of surgical outcomes for appendectomies in pregnant patients adjusting for age, body mass index, and

comorbidities

All appendectomies Perforation

Laparoscopic

appendectomy

Open

appendectomy

p value Laparoscopic

appendectomy

Open

appendectomy

p value

Overall wound complications 1.00 6.4 (2.5–16.0) \0.0001 1.00 6.2 (1.1–33.8) 0.04

Superficial SSI 1.00 6.0 (2.2–16.6) \0.001 Rare complicationb

Wound disruption Rare complicationb Rare complicationb

Overall minor complications 1.00 2.5 (1.3–4.5) 0.004 1.00 1.6 (0.5–5.4) 0.42

Operative time (minutes)a 51.7 ± 2.8 57.3 ± 3.0 \0.0001 60.2 ± 14.0 67.4 ± 14.8 0.19

Length of stay (days)a 2.7 ± 0.7 3.7 ± 0.7 0.003 2.3 ± 1.4 4.5 ± 1.5 \0.001

SSI surgical site infection, OR odds ratio, CI confidence interval
a Reported as adjusted mean (± standard error)
b Not estimable, low incidence of events occurred

Table 5 Demographics and

patient characteristics of

cholecystectomies performed in

pregnant patients

Laparoscopic cholecystectomy (n = 606) Open cholecystectomy (n = 58) p value

Age (years) 28.3 ± 6.5 28.7 ± 9.8 0.33

BMI (kg/m2) 31.4 ± 7.4 33.2 ± 9 0.25

Caucasian 70.6 % 66.0 % 0.48

Diabetes mellitus 2.8 % 3.5 % 0.68

Hypertension 3.3 % 8.6 % 0.04

Tobacco use 21.1 % 25.9 % 0.4

Alcohol use 0.17 % 0.0 % 1

COPD 0.17 % 1.7 % 0.17

CHF 0.17 % 0.0 % 1.0

Renal failure 0.17 % 0.0 % 1.0

Steroid use 0.5 % 0.0 % 1.0

Inpatient status 65.2 % 98.3 % <0.0001

Bold values are statistically significant (p\ 0.05)

BMI body mass index, COPD chronic obstructive pulmonary disease, CHF congestive heart failure
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significant on MVA after controlling for the confounding

factors of age, BMI, and comorbidities with an adjusted

mean (± SE) of 3.6 ± 0.6 versus 7.2 ± 0.8 days (p\
0.0001). In the evaluation of perforated cases with MVA,

LOS was equivalent in the LC group with an adjusted mean

(± SE) of 3.3 ± 1.2 versus 6.1 ± 2.1 days than in the OC

(p = 0.11). In univariate analysis of complications for LC

versus OC, overall wound complications appeared to trend

toward being in favor of LC over OC (0.66 vs. 3.5 %,

p = 0.09) and were significantly less for minor complica-

tions (1.7 vs. 6.9 %, p = 0.03). A low but equal rate of

major complications were seen (0.66 vs. 1.7 %, p = 0.37).

In MVA, OC patients were at increased risk of minor

complications, with an OR of 5.2 (95 % CI 1.7–15.6,

p = 0.004). For cases of perforation, MVA demonstrated

that OC did not have a statistically significant increased risk

of minor complications as so few events occurred (p[
0.05). Details of outcomes for univariate and multivariate

analyses are as outlined in Tables 7 and 8, respectively.

Return to the operating room was equivalent for LC versus

OC (1.5 vs. 3.5 %, p = 0.25), and no 30-day maternal

mortality was identified for either operative approach.

Approach over time

Appendectomy

For appendectomy, the majority of LAs were performed in

the last 4 years (TP2: 2009–2012) versus the first 4 years

of the NSQIP database (TP1: 2005–2008) (60.7 vs. 39.3 %,

p\ 0.001), and the percentage of patients undergoing LA

increased over time (62 vs. 71 %, p = 0.001). Inpatient

status for LA decreased over time (85.8 vs. 77.4 %,

p = 0.002) and similarly for OA (97.7 vs. 93.4 %,

p = 0.03), although the majority still required an inpatient

stay. For LA, operative time decreased from TP1 to TP2

(49.5 ± 21.4 vs. 45.5 ± 19.3 min, p = 0.009). Operative

time for OA in TP1 versus TP2 remained the same

(51.7 ± 24.5 vs. 52.4 ± 25.7 min, p = 0.8). LOS

decreased over time for LA (2.6 ± 6.9 vs. 2.1 ± 4.9 days,

p = 0.007) but remained the same for OA (3.3 ± 2.6 vs.

3.3 ± 2.4 days, p = 0.99).

Cholecystectomy

For cholecystectomy, the proportion of LC cases trended

toward an increase over time (89 vs. 93 %, p = 0.06); a

similar number of LC cases were seen when comparing the

early years (TP1) versus the later years (TP2) (53 vs. 48 %,

p = 0.22). Inpatient status for LC remained the same over

time (67.4 vs. 63.2 %, p = 0.28) and similarly for OC (100

vs. 95.7 %, p = 0.4), with the majority still requiring an

inpatient stay. Operative times were similar from TP1 to

TP2 for LC (66.0 ± 31.1 vs. 62.9 ± 28.2 min, p = 0.22)

and OC (121 ± 99.7 vs. 94.8 ± 41.8 min, p = 0.67). LOS

remained similar over time as well for LC (3.0 ± 3.6 vs.

2.9 ± 4.5 days, p = 0.28) and OC (7.2 ± 9.9 vs.

5.4 ± 2.6 days, p = 0.53).

Discussion

In this study of 1999 pregnant patients over 8 years, the

laparoscopic approach to appendectomyand cholecystectomy

resulted in a significant decrease in operative time, length of

stay, and minor complications compared to open surgery.

Furthermore, LA patients had fewer wound and overall major

complications compared to those undergoing an open opera-

tion. Even after controlling for confounding patient factors,

the LC and LA groups had a significant reduction in overall

minor andwound complications, operative time, and length of

stay. In cases of perforation, LA had a shorter LOS when

contrasted to the open approach. Unfortunately, fetal out-

comes were not captured within the NSQIP database.

The use of laparoscopy throughout all trimesters has not

always been widely accepted [12–14], but in numerous

Table 6 Operative details of

cholecystectomies in pregnant

patients

Laparoscopic cholecystectomy

(n = 606)

Open cholecystectomy

(n = 58)

p value

Type of anesthesia

General 99.7 % 100.0 % 1.0

Other 0.33 % 0.0 % 1.0

Performed by

General Surgeon 99.5 % 100 % 1.0

Other 0.5 % 0 % 1.0

Perforation 5.8 % 3.5 % 0.76

Cholecystitis with obstruction 1.2 % 1.7 % 0.52

Operative time (minutes) 64.4 ± 29.7 110.6 ± 82.3 <0.0001

Bold values are statistically significant (p\ 0.05)

598 Surg Endosc (2016) 30:593–602

123



series published during the course of the last 25 years,

laparoscopy has been cited as used during all trimesters

[15–29]. The first described case of laparoscopic appen-

dectomy was performed during the 8th week of pregnancy,

followed thereafter with a 1990 case series of six patients

averaging 16.3 weeks of gestation; each had no reported

complications. Overall, when considering the effects of

laparoscopic appendectomy on fetal outcomes, reported

rates of fetal demise are low, ranging from 0 to 4.8 % [19,

20, 22, 30–33]. According to the CDC, the current rate of

fetal loss surveying all pregnancies in the USA excluding

elective abortions is 17 % [34]. Preterm labor or preterm

delivery has been identified after laparoscopic

appendectomy, although rates remain low ranging from 0

to 29 % with a median of 8.1 % [12, 19–22, 24, 30–32,

35]. While the event of intrauterine insufflation causing

preterm delivery and fetal demise has been reported [36],

the event is quite rare. Techniques such as no insufflation

until after scope visualization of the intraperitoneal cavity

are recommended due to the risk of uterine injury [20]. The

literature reports operative times in laparoscopic appen-

dectomy ranging from 29.9 to 64 min compared to

28.9–58 min in the open approach [12, 19–22, 24, 30, 31,

37]. Likewise, length of stay in single-center series publi-

cations ranged from 1.2 to 4.7 days for laparoscopic

appendectomy versus 1.4–6.9 days in open appendectomy

Table 7 Univariate comparison

of surgical outcomes for

cholecystectomies in pregnant

patients

Laparoscopic cholecystectomy

(n = 606)

Open cholecystectomy

(n = 58)

p value

Length of stay (days) 3 ± 4.1 6.5 ± 7.8 <0.0001

Overall wound complications 0.66 % 3.5 % 0.09

Superficial SSI 0.66 % 3.5 % 0.09

Deep incisional SSI 0.0 % 0.0 % –

Wound disruption 0.0 % 0.0 % –

Overall minor complications 1.7 % 6.9 % 0.03

Overall major complications 0.66 % 1.7 % 0.37

Organ space SSI 0.17 % 1.7 % 0.17

Acute renal failure 0.0 % 0.0 % –

Progressive renal insufficiency 0.0 % 0.0 % –

Urinary tract infection 0.83 % 1.7 % 0.42

Pneumonia 0.17 % 1.7 % 0.2

Pulmonary embolism 0.0 % 0.0 % –

Deep vein thrombosis 0.0 % 0.0 % –

Myocardial infarction 0.0 % 0.0 % –

Cerebrovascular accident 0.0 % 0.0 % –

Sepsis 0.50 % 1.7 % 0.31

Septic shock 0.0 % 1.7 % 0.09

Return to the operating room 1.5 % 3.5 % 0.25

30-day mortality 0.0 % 0.0 % –

Bold values are statistically significant (p\ 0.05)

SSI surgical site infection

Table 8 Multivariate regression analysis of surgical outcomes for cholecystectomies in pregnant patients adjusting for age, body mass index,

and comorbidities

All cholecystectomies Perforation

Laparoscopic

cholecystectomy

Open cholecystectomy

OR (95 % CI)

p value Laparoscopic

cholecystectomy

Open cholecystectomy

OR (95 % CI)

p value

Overall minor complications 1.00 5.2 (1.7–15.6) 0.004 Rare complicationb

Operative time (minutes)a 65.6 ± 5.0 111.3 ± 6.9 \0.0001 52.6 ± 17.2 95.7 ± 32 0.10

Length of stay (days)a 3.6 ± 0.6 7.2 ± 0.8 \0.0001 3.3 ± 1.2 6.1 ± 2.1 0.11

SSI surgical site infection, OR odds ratio, CI confidence interval
a Reported as adjusted mean (± standard error)
b Not estimable, low incidence of events occurred
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[19, 21–23, 30, 31, 35]. Our study had a perforated

appendicitis rate of 7.9–11.1 %, similar to current reported

rates of 7–26 % [20, 22–24, 31, 38]. Although not captured

here, rates of negative appendectomy range from 23 to

43 % [24, 32, 39]; considering the risks of surgery,

increasing diagnostic accuracy is beneficial. Yet, diagnos-

tic efficiency is also important given that rates of perforated

appendicitis in the pregnant patient increase to 43 % if

symptoms persist for longer than 24 h [40]. Concerns of

worsened fetal outcomes are associated with cases of per-

forated appendicitis with increased rates of fetal demise

reported as high as 14 % [39]. When evaluating the dif-

ference in clinical presentation, recent studies have evalu-

ated the location of the appendix frequently being

displaced to the right upper quadrant or outside a radius of

45 mm from the iliac crest [41, 42], and correlation

between change in location of appendix and point of

maximal tenderness has been seen [43]. To make the

appropriate diagnosis, imaging is recommended over

clinical judgment alone. Given its safety in these cases, the

most effective strategy may be magnetic resonance imag-

ing (MRI). MRI is associated with a negative appendec-

tomy rate of 2.8 % compared to 7.5 % from computed

tomography scan imaging with a comparable delay in

diagnosis of 8 versus 5.8 %, respectively [44].

The first published article with respect to LC in a

pregnant patient was published by Pucci et al. [45] as a

case report of a woman in her third trimester with no report

of postoperative complications or effect on maternal–fetal

outcome. Current rates of fetal demise following laparo-

scopic cholecystectomy are low ranging from 0 to 5.2 %

[24–29, 46–49]. Rates of preterm labor or preterm delivery

average 0–20 % [24–26, 47–49] for laparoscopic chole-

cystectomy. Little evidence exists of these preterm deliv-

eries’ effect on the fetus with commonly stated APGAR

(appearance, pulse, grimace, activity, respiration) scores at

1 and 5 min ranging 7–9 and 8.9–9, respectively [46, 47,

50]. When examining operative outcomes for cholecys-

tectomy comparing the laparoscopic and open approach,

operative times averaged 59–93 versus 49–118 minutes for

LC and OC, respectively [24–26, 28, 46, 47, 49]; these are

similar to our findings of longer operative times in the open

approach. When considering the risks associated to eval-

uate the duct in the operating room for a pregnant patient,

an intraoperative cholangiogram ranges between 0.02 and

0.05 cGy (centrigray) [51] while ERCP averages 0.04 cGy

[52], all within an acceptable exposure range during

pregnancy under 5 cGy with the additional practice of

shielding the fetus during the procedure [53]. Yet, intra-

operative ultrasound can be the safest approach as it

negates the risk of bleeding and pancreatitis that can be

associated with ERCP, but requires a skilled laparoscopist

for accurate interpretation [54]. When considering

operating on a pregnant patient in cases of biliary colic and

symptomatic cholelithiasis, comparisons of surgery versus

watchful waiting have demonstrated that relapse of symp-

toms requiring hospitalization range from 23 to 38 % and

commonly require operation after readmission [29, 48].

Historically, the second trimester has been considered

the safest time to operate and deferment until that time

period, if possible, was recommended [55–57]. However,

many review studies, including the current SAGES (Soci-

ety of American Gastrointestinal and Endoscopic Sur-

geons) guidelines, do not limit the trimester that the

laparoscopic approach can be utilized as outcomes of fetal

loss and preterm delivery demonstrate equivalent risk [15,

16, 58, 59]. Yet, some studies have argued that the third

trimester is higher risk upon initial access secondary to the

gravid uterus [13, 60]. Repositioning of the trocars is rec-

ommended [24, 37, 58–62] which has been described by

gaining initial access in the midline halfway between the

xiphoid and umbilicus [60] or in the location of the left

midclavicular subcostal margin (Palmer’s point) [63] as

feasible and safe. Additional considerations during the

procedure include maintaining CO2 insufflation between 12

and 15 mmHg [8, 58, 61] and, especially in the third tri-

mester, placing the patient in a left lateral decubitus posi-

tion [8, 58, 62, 63]. The central dictum of treatment

emphasizes the best way to take of the baby is to take care

of the mother, as we have applied throughout time for such

disciplines as trauma emergency care [64, 65].

Limitations

This study is limited due to the inability to evaluate fetal

outcomes as it is not identified within the NSQIP dataset. In

addition, maternal obstetric outcomes affected by surgery

beyond 30 days are not part of the data collected. Addi-

tionally, gestational age or trimester of pregnancy would be

helpful pieces of information when delineating trends and

outcomes.

Conclusion

While the incidence of fetal events is unknown, this study

of nearly two thousand laparoscopic appendectomies and

laparoscopic cholecystectomies performed across the

country in pregnant patients demonstrated shorter operative

time, length of stay, and reduced wound complications

even when controlling for confounding variables. We also

demonstrate that the use of laparoscopy has increased for

both appendectomy and cholecystectomy over time. Even

in the case of perforated appendix or gallbladder, laparo-

scopy appears safe in pregnant patients when looking at the

mother.
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