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ABSTRACT

BACKGROUND: The aim of this study was to compare the obstetric and surgical outcomes of laparoscopic appendectomy (LA) 
and open appendectomy (OA) performed for pregnant women at a single center. It was the hypothesis of this study that there would 
be no significant difference in the results.

METHODS: The medical records of 57 consecutive pregnant women who underwent an appendectomy between January 2009 and 
September 2018 were reviewed retrospectively. The patients were divided into 2 groups: OA and LA. The collected data included age, 
gestational age, diagnostic modalities used, duration of surgery, length of hospital stay, morbidity, and mortality.

RESULTS: Eighteen (31%) patients underwent LA and 39 (69%) patients underwent OA. There were no significant differences in the 
demographic data. The duration of surgery was significantly less in the laparoscopic group (37 vs 57 minutes; p=0.005). There were 
no statistically significant differences in the outcomes of deep or superficial surgical site infection, length of hospital stay, pre-term 
delivery, or loss of the fetus. There was no mortality in either group.

CONCLUSION: The results of this study suggest that LA can be a safe option for both the pregnant patient and the child. Further 
prospective, randomized studies with a larger group of pregnant patients with appendicitis are needed to fully determine the effects 
of laparoscopy in these circumstances.
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fetal demise shock, and venous thromboembolism as com-
pared with operative management.[3,4] The optimal surgical 
technique is still controversial in pregnant patients, but during 
recent years, laparoscopic appendectomy (LA) has become 
the preferred treatment for pregnant women with AA.[5,6] 
Appendectomy in pregnancy may have poor obstetric out-
comes when a delay occurs in the diagnosis and/or treatment. 
The aim of the present study was to compare obstetric and 
surgical outcomes of LA and open appendectomy (OA) dur-
ing pregnancy in a single center. We hypothesized that there 
are no differences between LA and OA according to obstetric 
and surgical outcomes in pregnancy.

  O R I G I N A L  A R T I C L E

INTRODUCTION

Acute appendicitis (AA) is the most common non-obstet-
ric surgical emergency in pregnant women.[1] Owing to the 
physiological changes in pregnancy, such as mild leukocytosis 
and change in appendix location, diagnosis of appendicitis may 
be challenging. Surgical treatment is the standard of care in 
pregnant women with appendicitis. Nevertheless, Carstens et 
al.[2] reported that they have successfully treated a pregnant 
patient with appendicitis non-operatively in a remote area 
where there is no place for non-operative management of 
AA during pregnancy because of a higher rate of peritonitis, 
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MATERIALS AND METHODS

The medical records of 57 consecutive pregnant women 
who underwent appendectomy between January 2009 and 
September 2018 were reviewed retrospectively. The patients 
were divided into two groups as OA and LA. Data regard-
ing age, gestational age, diagnostic modalities, duration of 
surgery, length of stay, pathological results, morbidity, and 
mortality were collected. The local ethics committee ap-
proved the study in accordance with the guidelines of the 
Declaration of Helsinki (second revision, 2008). Patient char-
acteristics including age, gestational week, admission, white 
blood cell count, diagnostic modalities, surgical approach, 
and final pathology report were obtained from the medical 
records. The study population was divided into two groups 
according to the surgical approach. The 30-day postdischarge 
complications were compared between the two groups. Pri-
mary outcomes were the loss of the fetus and the preterm 
delivery. Secondary outcomes were the development of deep 
and superficial surgical site infections, hospital length of stay, 
duration of surgery, and readmission.

All patients were evaluated according to the İstanbul Univer-
sity Istanbul Faculty of Medicine, Trauma and Emergency 
Surgery Unit guideline (Fig. 1). The appendicitis diagnosis was 
based on the clinical, laboratory, and imaging findings. All pa-
tients underwent abdominal ultrasonography (US). Magnetic 
resonance imaging (MRI) was used to support the appen-

dicitis diagnosis if the initial diagnosis could not be defini-
tively diagnosed in the US. All patients were consulted by 
the Department of Obstetrics & Gynecology to evaluate fetal 
viability before and after the abdominal surgery. All of them 
received nifedipine and indomethacin for tocolytic purpose. 
In addition, they received ampicillin–sulbactam (4 g/day) pre-
operatively and postoperatively for 24 h.

Standard or modified McBurney incision was preferred in 
open approach according to gestational age. Laparoscopic 
procedures were performed in all patients with three stan-
dard trocars (umbilicus 10 mm, left lower quadrant 10 mm, 
and suprapubic 5 mm) and HD systems (Karl Storz GmbH 
& Co. KG, Tuttlingen, Germany). Open incision technique 
was performed for entering the first trocar that was used 
for the camera. CO2 pressure was 14 mm Hg to maintain 
pneumoperitoneum. The specimens were extracted through 
the left lower quadrant trocar incision with a plastic bag.

All patients underwent operation with general anesthe-
sia. Heart rate (three-channel electrocardiography), blood 
pressure, peripheral oxygen saturation, and end-tidal CO2 
(Drager Infinity Vista XL Monitor) were monitored. For 
anesthesia induction, 2–3 μg/kg fentanyl, 2–2.5 mg/kg propo-
fol (up to the loss of eyelash reflex), and 0.5 mg/kg rocuro-
nium bromide were used. Patients were intubated with an 
appropriate endotracheal tube. The fresh gas flow was ad-
justed to 2–3 l/min (O2/air mix, 50%/50%) during surgery. 
The tidal volume was adjusted to 6–8 ml/kg with a ventila-
tory frequency of 12 beats/min by volume-controlled me-
chanical ventilation (Drager Fabius GS). End-tidal CO2 was 
maintained at 30–40 mm Hg. During anesthesia maintenance, 
50% O2/50% air mix, sevoflurane (0.5%–2%), and 0.05–0.45 
μg/kg/min remifentanil were used. All patients received 1 g 
intravenous paracetamol and 1 mg/kg tramadol. For post-
operative analgesia, a 500 mg/6 h intravenous paracetamol 
was used. 

Statistical analysis was performed by using the Statistical 
Package for the Social Sciences software, version 23 for Win-
dows (IBM Corp., Armonk, NY, USA). The chi-squared test 
or Fisher’s exact test was used to compare categorical vari-
ables. The Student’s t-test was used to analyze normally dis-
tributed variables, and the non-parametric Mann–Whitney U 
test was used to analyze non-normally distributed variables. 
A p-value <0.05 was considered statistically significant.

RESULTS

During the study period, 57 pregnant patients were admitted 
with a diagnosis of appendicitis and underwent appendec-
tomy. Of the patients, 18 (31%) underwent LA, and 39 (69%) 
underwent OA. The overall median age of the patients was 
28 (19–41) years. There were no statistically significant differ-
ences between the two groups according to age, pregnancy 
week, and laboratory and pathological findings (Table 1).Figure 1. Trauma and Emergency Surgery Unit guideline.
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All patients underwent abdominal US (n=57, 100%). MRI 
was obtained to clarify the diagnosis for 10 (17.5%) patients 
with an unclear diagnosis of appendicitis. Sensitivity and 
specificity of US were 84.9% and 50%, respectively. Sensi-
tivity and specificity of MRI were 66.7% and 100%, respec-
tively.

There were no statistically significant differences between 
the two groups according to preterm delivery, fetal loss, and 
other complications. The duration of surgery was signifi-
cantly shorter in the LA group than in the OA group (Table 
2).

DISCUSSION
The aim of the present study was to compare obstetric and 
surgical outcomes of LA and OA in pregnant women in a 
single center. The findings from our study showed that there 
were no differences between LA and OA in pregnancy in 
terms of obstetric and surgical complications. There was 
no evidence of a statistically significant negative effect of la-
paroscopy on obstetric and surgical outcomes. On the other 
hand, the duration of surgery was significantly shorter in the 
LA group (57 vs. 37 min, p=0.005) (Table 2). There was a 
pronounced trend for OA in late gestational age, but there 
was no statistical significance.

Table 1. Demographic, laboratory, and pathological findings

  Overall Open appendectomy  Laparoscopic appendectomy p
  n=57 (100%) n=39 (69%) n=18 (31%)

Age (years) 28 (19–41) 27 (19–41) 29 (21–41) 0.606

Gestational age (weeks)  16 (4–36) 17 (5–36) 15 (4–26) 0.078

Pregnancy trimester

 1 18 (32.0%) 11 (28.2%) 7  (38.9%) 

 2 29 (51.0%) 19 (48.7%) 10 (55.6%) 0.258

 3 10 (17.0%) 9   (23.1%) 1   (5.6%) 

Leukocyte count

 (range: 4300–10300) 13106 (7600–23700) 12500 (7600–27300) 12550 (8800–19600) 0.491

Neutrophil count

 (range: 2800–10000) 9800 (5270–22800) 9800 (5900–22800) 9810 (5270–17700) 0.712

CRP level (mg/L, range: 0–5) 21 (1–160) 21 (1–160) 22 (2–139) 0.711

Pathology     

 Normal appendix  4 (7.0%) 3 (7.7%) 1 (5.6%) 

 Acute appendicitis 52 (91.0%) 36 (92.3%) 16 (88.8%) 0.323

 Perforated appendicitis 1 (2.0%) 0 (0.0%) 1 (5.6%)

Table 2. Outcomes

  Overall Open appendectomy  Laparoscopic appendectomy p
  n=57 (100%) n=39 (69%) n=18 (31%)

Primary outcomes     

 Preterm delivery  2 (5.0%) 2 (5.1%) 0 (0.0%) 1.000

 Fetal loss 1 (2.5%) 1 (2.6%) 0 (0.0%) 1.000

Secondary outcomes     

 Readmission 3 (12.5%) 2 (5.1%) 1 (5.6%) 1.000

 SSSI 2 (5.0%) 1 (2.6%) 1 (5.6%) 0.536

 DSSI 2 (5.0%) 2 (5.1%) 0 (0.0%) 1.000

 LoS (days) 1 (1–7) 1 (1–7) 1 (1–3) 0.243

 DoS (min) 50 (25–110) 57 (25–110) 37 (23–95) 0.005

Mortality 0   

SSSI: Superficial surgical site infection; DSSI: Deep surgical site infection; LoS: Length of stay (days); DoS: Duration of surgery (minutes).
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Somewhat surprisingly, the length of stay was not different 
in two groups. We were expecting that the length of stay of 
the LA group might be shorter than that of the OA group. 
In a systematic review of 20 studies, Prodromidou et al.[7] re-
ported that the length of stay of LA is 1 day shorter than that 
of OA.[7] We think that our result might be due to preoper-
ative and postoperative consultations to assess the mother 
and fetus regardless of the surgical intervention. In addition, 
the diagnostic tools that we used to ensure the diagnosis of 
appendicitis, such as US and MRI, take some time. In the same 
study, they found that there is no difference in the incidence 
of intra-abdominal abscesses or wound infection among the 
two groups. This result is similar to our results according to 
surgical site infections, despite the surgical site infection rate 
would be expected to be lower in laparoscopic cases. We 
think that our result might be due to pre- and postoperative 
antibiotic treatments.

The risk of preterm delivery is associated with perforated 
appendicitis. Some studies reported that the risk of preterm 
delivery is between 8% and 33%.[8,9] In our study, we observed 
that the perforated appendicitis rate was 2%, and the preterm 
delivery rate was 5% (Tables 1 and 2).

In a large population-based study, the negative appendec-
tomy rate is 17.4%.[10] Bhandari et al.[11] reported that the 
negative appendectomy rates are 21.4% and 21.3% (p=0.52) 
in their pregnant and non-pregnant cohorts, respectively. In 
our study, we observed the negative appendectomy rate in 
4 (7%) patients. This could be explained by the accuracy of 
our diagnostic tools. Appropriate imaging in the diagnosis of 
appendicitis has resulted in a decreased negative appendec-
tomy rate from as high as 25% to approximately 1% to 3%.[12] 
Some series reported that US was found to be 78% to 83% 
sensitive and 83% to 93% specific for the diagnosis of AA.[13,14] 
The use of MRI during the work-up of suspected appendicitis 
during pregnancy reduces the unnecessary operation rate by 
50%.[15] Avcu et al.[16] reported that the sensitivity and speci-
ficity of MRI are 84.9% and 50%, respectively. In our study, the 
sensitivity and specificity of US were 84.9% and 50%, respec-
tively, and the sensitivity and specificity of MRI were 66.7% 
and 100%, respectively.

LA was preferred in the first and second trimesters. Owing to 
the technical difficulties of LA, OA was preferred more often in 
the third trimester. Some studies showed that LA can be used 
in all trimesters, whereas Kirshtein et al. recognized the third 
trimester as a contraindication for LA.[17–19] A systematic re-
view stated that there is no difference in fetal loss or preterm 
delivery for LA managed in the first and third trimesters.
[20] In our study, only one patient underwent LA in the third 
trimester, whereas nine patients underwent OA (Table 1).

Before this, laparoscopy was considered as a risk factor for 
fetal loss due to the pneumoperitoneum. Increased intra-
abdominal pressure and Trendelenburg position during la-

paroscopy may cause maternal hypercapnia and hypoxemia 
that affect the fetus.[21] Some studies suggested low pressure 
during laparoscopy to prevent fetal loss.[22,23] On the contrary, 
in our study, the pressure was maintained at 14 mm Hg as our 
standard laparoscopic pressure, and there were no statisti-
cally significant differences between the two groups according 
to preterm delivery and fetal loss. Safe abdominal access for 
laparoscopy can be accomplished using either an open or a 
closed technique when used appropriately. The concern for 
the use of closed access techniques, such as Veress needle or 
optical entry, has largely been based on the potentially higher 
risk for injury to the uterus or other intra-abdominal organs 
in pregnant patients.[24,25] In the present study, always open in-
cision technique was performed for initial port placement to 
avoid the aforementioned complications. An increasing num-
ber of studies have suggested that laparoscopic surgeries are 
safe during pregnancy.[22,23,26,27]

In our study, we tried to summarize our institution’s experi-
ence on pregnant women with appendicitis, but the study has 
some limitations. These limitations include small sample size, 
retrospective design, only 30-day outcomes, and not well 
documented physical examination findings.

Conclusion
Overall, the present study suggests that LA is safe for preg-
nant patients and their infants. It must be kept in mind that 
our study was only conducted on a small group of patients 
retrospectively. Further prospective randomized studies are 
needed to determine the effects of laparoscopy on a larger 
group of pregnant patients.

Conflict of interest: None declared.
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OLGU SUNUMU

Gebelikte laparoskopik ve açık apendektominin karşılaştırılması: Tek merkez deneyimi
Dr. Ali Fuat Kaan Gök,1 Dr. Yiğit Soytaş,1 Dr. Adem Bayraktar,1 Dr. Selman Emirikçi,1
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AMAÇ: Bu çalışmanın amacı tek bir merkezde apandisit nedeniyle ameliyat edilen gebe kadınlarda laparoskopik ve açık apendektominin (OA) 
obstetrik ve cerrahi sonuçlarını karşılaştırmaktır. Bu çalışmadaki ana hipotezimiz bahsedilen sonuçlar açısından açık ya da laparoskopik apendektomi 
(LA) arasında fark olmadığıdır.
GEREÇ VE YÖNTEM: Ocak 2009 ile Eylül 2018 arasında apendektomi yapılan 57 ardışık gebe kadının tıbbi kayıtları geriye dönük olarak incelendi. 
Hastalar açık ve laparoskopik apendektomi olmak üzere iki gruba ayrıldı. Toplanan veriler yaş, gebelik yaşı, tanı yöntemleri, ameliyat süresi, kalış 
süresi, morbidite ve mortaliteyi içermektedir. 
BULGULAR: On sekiz (%31) hastaya LA ve 39 (%69) hastaya OA uygulandı. Demografik veriler arasında fark yoktu. Laparoskopik grupta cerrahinin 
süresi anlamlı olarak daha kısaydı (37 ve 57 dakika, p=0.005). Derin ve yüzeyel cerrahi alan enfeksiyonları, yatış süresi, erken doğum ve fetal kayıp 
gibi sonuçlarda istatistiksel olarak anlamlı bir fark bulunmadı. Her iki grupta da mortalite yoktu.
TARTIŞMA: Genel olarak, bu çalışma LA’nın gebe hasta ve fetüs için güvenli olduğunu düşündürmektedir. Apandisitli gebe hastalar üzerinde lapa-
roskopinin etkilerini belirlemek için, daha geniş sayıda olguda ileriye yönelik randomize çalışmalara ihtiyaç vardır.
Anahtar sözcükler: Açık apendektomi; apendektomi; gebelik; laparoskopi.
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