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Abstract
Purpose  Laparoscopic appendectomy (LA) for acute appendicitis (AA) remains controversial during pregnancy. We aimed 
to determine surgical and obstetrical outcomes of LA in pregnant women.
Methods  Pregnant women who underwent LA for AA (G1) between 2006 and 2019 were included and matched by gender, 
age, white blood cells, ASA score, and presence of peritonitis in a 1:2 ratio with non-pregnant women who had undergone 
LA (G2). Demographics and surgical outcomes were compared between groups. Preterm delivery and fetal loss rate were 
also analyzed.
Results  From a total of 2009 LA, 18 (0.9%) were included in G1 and 36 (1.8%) in G2. There were no intraoperative com-
plications or converted surgeries. Length of hospital stay was longer in G1 (G1: 2.6 vs G2: 1.4 days, p < 0.01). There was no 
difference in overall morbidity and readmission rates. Fetal loss and preterm delivery rates were both 11%.
Conclusion  LA in pregnant women has similar intraoperative and postoperative outcomes as those achieved in non-pregnant 
patients. In addition,  the laparoscopic approach does not seem to jeopardize obstetrical outcomes.
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Introduction

Acute appendicitis (AA) is the most common non obstetric 
indication for surgery during pregnancy [1]. The wide vari-
ety of obstetric and non-obstetric causes of abdominal pain 
and leukocytosis, along with the inability to use computed 
tomography (CT) scan make the diagnosis of AA challeng-
ing in pregnant women.

Laparoscopic appendectomy (LA) is the cornerstone 
treatment for AA treatment in non-pregnant women, mostly 
due to its proven benefits, such as decreased postoperative 
pain, shorter hospital stay, faster return to normal activi-
ties, and fewer abdominal wall complications as compared 
to the open approach [2–4]. However, safety of LA for both 
the mother and fetus is still a matter of debate. While some 
studies have shown that LA was safe in pregnant women 
[5–10], others reported an increased fetal loss rate without 
significant advantages in AA resolution [11, 12]. Current 

guidelines state that LA should only be considered during 
pregnancy when vast laparoscopic expertise is available [2, 
13].

The aim of this study was to assess the surgical and 
obstetrical outcomes of LA in pregnant women.

Materials and methods

Study design and population

Data were collected prospectively from all patients who 
underwent LA between 2006 and 2019. Pregnant women 
over 16 years old who underwent LA for AA were included 
for analysis (group 1) and compared with a matched series 
of LA in non-pregnant women (group 2).

Diagnosis of acute appendicitis was based on clinical, 
laboratory and imaging findings. Patients were admitted for 
surgery within 12 h after diagnosis. All pregnant patients 
were assessed by an obstetrician to exclude any compli-
cations of pregnancy. Obstetric ultrasound (US) was also 
performed in all patients to establish gestational age and to 
confirm fetal vitality.
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All patients received a single preoperative intravenous 
infusion of broad-spectrum antibiotics 30 min before the 
surgical incision. A laparoscopic three-port technique was 
used as previously described [14]. Trocars’ placement was 
modified in pregnant patients according to their gestational 
age. During the first or second trimester of pregnancy, we 
placed a 10 mm umbilical port for the camera and one 
10 mm suprapubic and 5 mm left lower quadrant for lapa-
roscopic instruments (similar port placement locations as 
non-pregnant patients). For patients in the third trimester, 
the initial 10 mm port was placed 2 cm cephalad to the 
gravid uterus in the upper midline between the umbilicus 
and xiphoid process. The second port (5 mm) was placed 
in the left upper quadrant, and the third port (10 mm) was 
placed in the right upper quadrant. After identification of the 
appendix, mesoappendix was cauterized and sectioned with 
bipolar coagulation. An endoloop was placed at the base 
of the appendix and sectioned leaving a 5-mm stump. The 
appendix was removed through the suprapubic port. Peri-
toneal fluid was irrigated with normal saline and drained, 
when present. A surgical Blake drain was placed during sur-
gery according to surgeon’s criteria. No prophylactic tocoly-
sis was performed in any of our pregnant patients.

Complicated appendicitis was defined intraoperatively as 
perforation of the appendix, gangrene, empyema, or abscess 
formation. A normal appearing appendix in laparoscopy plus 
absence of histological findings of AA was defined as nor-
mal appendix. The severity of peritonitis was classified as 
mild (turbid/purulent fluid localized in one, two or three 
quadrants) or severe (fecal peritonitis or turbid/purulent fluid 
in four quadrants).

Patients with complicated appendicitis underwent anti-
biotic therapy for 7 days postoperatively. Analgesia based 
on acetaminophen and opioids was administered postopera-
tively in pregnant women. Ambulation and oral feeding with 
clear liquids was resumed when patients were fully awaked. 
Patients were discharged when they met the following cri-
teria: normal vital signs, adequate oral intake, satisfactory 
pain control, ability to ambulate and urinate, newborns´ nor-
mal examination, and appropriate supervision/assistance at 
home. In pregnant patients, an obstetric ultrasound was also 
performed before patients´ discharge.

Follow-up was scheduled at clinics on postoperative day 
7, 14 and 30 for pregnant patients and on day 7 and 30 for 
non-pregnant women. Unless a postoperative complication 
was clinically suspected, no laboratory or imaging test were 
performed after surgery. Postoperative intra-abdominal 
abscesses (IAA) were treated with intravenous antibiotics 
alone, percutaneous drainage or laparoscopic lavage accord-
ing to our institution treatment algorithm [15].

This study was approved by the institutional review board 
(IRB) of our institution. The written informed consent was 
waived by the IRB owing to the study’s retrospective nature.

Variables and outcomes

Data collected included age, gender, body mass index 
(BMI), and American Society of Anesthesiologists (ASA) 
classification. Operative variables such as grade of appen-
dicitis (normal, catarrhal, phlegmonous, gangrenous or 
perforated), presence of peritonitis, conversion rate, opera-
tive time, and intraoperative complications were also reg-
istered. Morbidity following Clavien–Dindo classification, 
mortality, and readmissions were also assessed. The birth 
records were also reviewed to assess gestational age at 
delivery, birth weight, and Apgar score.

Preterm delivery was defined as birth on or before 
the last day of the 37th week (259th day) as defined by 
the American College of Obstetricians and Gynecolo-
gists [16]. Trimesters of pregnancy were divided into 
first (1–14  weeks), second (15–28  weeks), and third 
(29–42 weeks).

Statistical analysis

Case–control matching was performed to compare the 
pregnant group (G1) with a non-pregnant group (G2) with 
a 1:2 ratio. The matching criteria were sex, age, white 
blood cells, ASA score, and presence of peritonitis. Cat-
egorical data were analyzed with chi-squared test. Con-
tinuous variables were compared with Mann–Whitney U 
test or Student´s T test according to their non-parametric 
or parametric distribution, respectively.

Statistical analysis was calculated with IBM SPSS v.25 
(IBM, Armonk, NY, USA) and a p value < 0.05 was con-
sidered significant for all tests.

Results

A total of 2009 LA were performed during the study 
period; of these, 18 (0.9%) patients were included in G1 
and 36 (1.8%) in G2.

ASA score and comorbidities such as hypertension, 
coronary heart disease, chronic obstructive pulmonary 
disease, diabetes, and obesity had similar distribution 
between groups. Diagnosis of AA was achieved with 
ultrasound in 17 (94%) patients in G1 and in 28 (78%) 
in G2. CT-Scan was performed in 8 patients in G2 (G1: 
0% vs G2: 22%, p = 0.03) and magnetic resonance imag-
ing (MRI) in one patient in G1 (G1: 5.55% vs G2: 0%, 
p = 0.16). Baseline characteristics are shown in Table 1.

Intraoperative characteristics are shown in Table 2. 
Complicated appendicitis rate was similar in both groups 
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(G1: 22% vs. G2: 19%, p = 0.81). Similar mean operative 
times (G1: 56 vs. G2: 49 min, p = 0.55) were found in 
both groups. There were no intraoperative complications 
or conversions to open surgery in the analyzed series.

Overall morbidity (G1: 22% vs. G2: 17%, p = 0.49) and 
postoperative IAA rates (G1: 5.55% vs. 2.77%, p = 0.61) 
were similar in both groups. There was no mortality in the 

series. Length of hospital stay (LOS) was longer in G1 (G1: 
2.6 (1–7) days vs. G2: 1.4 (1–5) days, p < 0.01). One (5.55%) 
patient was readmitted in G1 and 1 (2.77%) in G2, p = 0.61 
(Table 3).

Among pregnant patients, 4 (22%) underwent LA in the 
first trimester of pregnancy, 12 (67%) in the second trimes-
ter and 2 (11%) in the third trimester. There were 7 (39%) 
patients with high-risk pregnancies due to addiction to illicit 
substances, uncontrolled hypertension, history of previous 
fetal losses, anti-phospholipid syndrome, intrahepatic chol-
estasis of pregnancy, obesity, and threat of preterm labor.

Mean gestational age at LA was 29 (19–39) weeks. Mean 
Apgar score at 5 min was 9 (8–10) and mean birth weight 
was 3.52 (2.76–3.95) Kg.

Fetal loss occurred in 2 (11%) patients after LA. One was 
diagnosed at postoperative day 15 after LA, in a patient with 
major depression and addiction to illicit substances (8 weeks 
pregnancy). The second fetal loss occurred in a patient with 
a complicated AA at presentation. A re-laparoscopy was 
performed at postoperative day 6 due to the presence of 
three intra-abdominal abscesses. Subsequently, the patient 
was admitted in the ICU due to septic shock and fetal loss 
was diagnosed four days after the re-laparoscopy (17 weeks 
pregnancy).

Preterm delivery following LA occurred in 2 (11%) 
patients. One birth was induced at 35 weeks due to a refrac-
tory intrahepatic cholestasis of pregnancy and the other one 

Table 1   Preoperative and 
operative variables

p < 0.05 are denoted in bold
BMI body mass index, ASA American Society of Anesthesiologists, WBC white blood cells

Variable G1
n = 18

G2
n = 36

p

Mean age, years (range) 29.17 (19–39) 30.64 (16–43) 0.55
Mean BMI, /kg/m2 (range) 24 (18–30) 22.5 (19–27) 0.19
Comorbidities, n (%)
 Smoking 3 (17) 1 (2.77) 0.07
 Hypertension 1 (5.55) 0 (0) 0.16
 Coronary heart disease 0 (0) 0 (0) 1
 Chronic obstructive pulmonary 

disease
0 (0) 0 (0) 1

 Diabetes 1 (5.55) 0 (0) 0.16
ASA, n (%)
 I 0 (0) 1 (2.77) 0.48
 II 16 (89) 32 (89) 1
 III 2 (11) 3 (8) 0.74
 IV 0 (0) 0 (0) 1

Diagnostic imaging, n (%)
 Ultrasound 17 (94) 28 (78) 0.12
 CT 0 (0) 8 (22) 0.03
 MRI 1 (5.55) 0 (0) 0.16

Mean WBC, /mm3(range) 1,4718 (4420–24,230) 1,4683 (8600–23,000) 0.70

Table 2   Intra-operative variables

Variable G1
n = 18

G2
n = 36

p

Grading of acute appendicitis, n 
(%)

 Normal 1 (5.55) 0 (0) 0.16
 Catarrhal 1 (5.55) 5 (14) 0.36
 Phlegmonous 12 (67) 24 (66) 1
 Gangrenous 4 (22) 6 (17) 0.62
 Perforated 0 (0) 1 (2.77) 0.48

Mild peritonitis, n (%) 5 (28) 11 (31) 0.69
Severe peritonitis, n (%) 2 (11) 1 (2.77) 0.83
Operative time, (range) minutes 56 (20–120) 49 (20–120) 0.55
Conversion rate, n (%) 0 (0) 0 (0) 1
Intraoperative complications, n (%) 0 (0) 0 (0) 1
Conversion rate, n (%) 0 (0) 0 (0) 1
Abdominal drain, n (%) 1 (5.55) 1 (2.77) 0.61
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was delivered by cesarean section at 34 weeks because the 
patient was in preterm labor at AA presentation (Table 4).

Discussion

The aim of this study was to assess the surgical and obstetri-
cal outcomes of LA in pregnant women. Except for a longer 
LOS, we did not find differences in postoperative outcomes 
between pregnant and a matched-cohort of non-pregnant 

patients. In addition, obstetrical outcomes were favorable in 
the majority of patients.

The diagnosis of surgical emergencies such us AA during 
pregnancy remain challenging, and a late diagnosis can lead 
to serious complications. Historically, pregnant women had 
a higher negative appendectomy rate, ranging from 23 to 
55% compared with 18% in non-pregnant women [17]. This 
could be explained by the low threshold for surgical inter-
vention in this population due to the high incidence of fetal 
and maternal mortality from appendiceal perforation [18, 
19]. However, this approach is not exempt of complications, 

Table 3   Post-operative 
variables

p < 0.05 are denoted in bold

Variable G1
n = 18

G2
n = 36

p

Unexpected consults, n (%) 5 (28) 5 (14) 0.22
Readmissions, n (%) 1 (5.55) 1 (2.77) 0.61
Mean length of stay, (range) days 2.6 (1–7) 1.4 (1–5) < 0.01
Clavien–Dindo, n (%)
 I 3 (17)

1 abdominal pain
1 fever
1 wound infection

5 (14)
2 abdominal pain
2 wound infection
1 fever

0.44

 II 0 (0) 1 (2.77)
1 intra abdominal abscess

0.48

 IIIa 0 (0) 0 (0) 1
 IIIb 0 (0) 0 (0) 1
 IV 1 (5.55)

Septic shock
0 (0) 0.16

Overall morbidity, n (%) 4 (22) 6 (17) 0.49
Mortality, n (%) 0 (0) 0 (0) 1

Table 4   Obstetrical outcomes

LA laparoscopic appendectomy

Obstetrical variables and outcomes

Trimester at LA, n (%)
 1° 4 (22)
 2° 12 (67)
 3° 2 (11)

Mean gestational age at LA, (range) weeks 29 (19–39)
High risk pregnancy, n (%) 7 (39)
Fetal loss, n (%) 2 (11)
Pre-term delivery, n (%) 2 (11)
Types of delivery, n (%)
 Cesarean section 7 (44)
 Vaginal delivery 9 (56)

Fetal outcomes

 Mean 5-min Apgar score, (range) 9 (8–10)
 Mean birth weight, (range) Kg 3.52 (2.76–3.95)
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exposing patients with normal appendix to an unnecessary 
higher risk of fetal loss [20]. In our series, negative appen-
dectomy rate was 5%, similar to the rate of general popula-
tion with AA diagnosis [21].

The abdominal ultrasound plays a central role in the diag-
nosis of AA diagnosis among pregnant women. A recent 
study has demonstrated no difference in the accuracy of US 
to diagnose AA between pregnant and non-pregnant women 
at reproductive ages [22]. Interestingly, in our series 94% 
of pregnant women were successfully diagnosed by US. 
Although current guidelines recommend the use of CT 
scan in patients with suspected AA and negative ultrasound 
findings, its use in pregnant women is limited due to the 
deleterious effects of radiation on the fetus. The American 
College of Radiology Appropriateness Criteria for pregnant 
women recommend MRI as a second-line imaging method 
in inconclusive cases. Although MRI appears to have similar 
sensitivity and specificity as CT, higher costs and lack of 
availability hinder the use this diagnostic method in many 
institutions [23]. In our series, we did not use CT for the 
diagnosis of AA in pregnant women, and MRI was used in 
only one patient with a negative US.

The use of laparoscopy provides better intraoperative 
visualization, less postoperative pain, shorter LOS, quicker 
return to normal activities, and fewer abdominal wall com-
plications as compared to the open approach [3, 4]. LA is 
technically feasible in all trimesters of pregnancy and is 
associated with the same benefits of laparoscopic surgery 
seen in non-pregnant patients [17]. The potential deleteri-
ous effect of pneumoperitoneum, which may provoke uterus 
contractions and possible fetal loss is a common concern. 
However, a study evaluating the fetal response to pneu-
moperitoneum showed the lack of adverse effects of CO2 
insufflation on the fetal placental perfusion and blood gases 
[24]. Although recent studies have demonstrated the safety 
and feasibility of LA in pregnancy [5–10, 25], a systematic 
review [26] and four meta-analysis [12, 27–29] concluded 
that LA during pregnancy might be associated with a greater 
risk of fetal loss. Therefore, the optimal surgical approach in 
pregnant women remains uncertain. In our series, all preg-
nant women with AA were treated with LA and, despite a 
longer LOS, postoperative outcomes were similar to those 
observed in non-pregnant women. Furthermore, the longer 
hospital stay seen in pregnant patients was likely related to 
the closer follow-up of this population after the operation. 
In non-pregnant patients, we follow a fast-track protocol and 
patients with non-complicated appendicitis are often dis-
charge within 12–24 h from the operation [30]. In pregnant 
patients, however, we prefer to prolong the hospital stay to 
rule out pregnancy-related complications. The rate of fetal 
loss was 11% which is in agreement with previous reported 
rates of fetal loss in pregnant women with AA (3–15%) [20]. 
It is worth mentioning, however, that both patients were 

at high risk for fetal loss (one with major depression and 
addiction to illicit drugs and the other one with complicated 
appendicitis and septic shock).

Previous studies suggested that irritation of the uterus 
during an abdominal operation was associated with preterm 
delivery [31]. A recent meta-analysis reported no significant 
difference between LA and open approach with respect to 
preterm delivery. However, a trend towards an increasing 
risk of preterm delivery was evident in those who underwent 
open appendectomy [25]. On the other hand, another meta-
analysis showed a non-significant increased risk of preterm 
delivery in those who underwent LA [12]. In our series, 2 
(11%) patients had preterm delivery, which is similar to the 
rates reported in the literature (15–45%) [20].

The main limitation of this study is its retrospective 
nature. In addition, a relatively low number of pregnant 
women patients with AA were operated in our institution. 
Finally, we did not have a control group with conventional 
approach.

Conclusion

Despite a longer LOS, postoperative outcomes following LA 
were satisfactory and similar as those achieved in non-preg-
nant women with AA. In addition, obstetrical outcomes were 
favorable in the majority of patient. Our results, however, 
should be interpreted with caution due to the low number of 
pregnant patients included. Therefore, large scale and well-
designed trials are still needed to clarify the inconsisten-
cies in the evidence regarding the safety of LA in pregnant 
patients.
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