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Abstract

Background: Acute appendicitis is the most common non-obstetric 
emergency requiring surgery during pregnancy, and delayed diag-
nosis is associated with a greater risk of fetal or maternal morbidity 
and fetal loss. The aim of this study is to analyze the diagnosis of 
acute appendicitis during pregnancy, along with maternal and fetal 
complications.

Methods: Between January 1990 and December 2010, 129 preg-
nant women who were operated on due to acute appendicitis were 
evaluated retrospectively.

Results: The mean age of patients was 28.3 ± 6.6 years, and the 
time from presentation of symptoms to admission was 41.1 ± 33.2 
hours. The most common complaints were lower right quadrant 
pain (66.7%) and nausea-vomiting (65.1%). The most common 
physical signs were abdominal tenderness and rebound. Gestational 
stage at diagnosis was second trimester in 74 patients, first trimester 
in 31 patients, and third trimester in 24 patients. The perforation 
rate among our cases was 28.7%. The perforation–associated with 
delayed admission to the hospital (P = 0.001) was the most common 
in the first trimester with a rate of 40.5%. Morbidity occurred in 
41 patients (31.8%). Fetal mortality occurred in 1 (1.1%) of non-

perforated patients, and in 5 of the perforated patients (13.5%). No 
maternal mortality occurred. Mean hospital stay was 2.8 ± 0.9 days 
in non-perforated patients, while 5.3 ± 2.2 days in perforated pa-
tients (P = 0.001).

Conclusions: Because of the nonspecific and pregnancy-attributed 
symptoms, acute appendicitis during pregnancy may result in an 
increased risk of fetomaternal morbidity and fetal mortality.
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Introduction

Acute appendicitis is the most common non-obstetric emer-
gency requiring surgery during pregnancy [1]. The inci-
dences of acute appendicitis are similar in the pregnant and 
non-pregnant women, ranging from 1:1250 to 1:1500 [2, 3]. 
Acute appendicitis is diagnosed through anamnesis, physi-
cal examination, imaging tecniques, and laboratory param-
eters. However, the risk of delay in diagnosis, resulting from 
the absence of specific signs in physical examination and 
from anatomic and physiological changes, is associated with 
a greater risk of fetal or maternal morbidity and fetal loss 
[4, 5]. The incidence rate of perforated appendicitis due to 
delayed diagnosis in preoperative period is greater in preg-
nant women [6, 7]. The aim of the present study is to discuss 
acute appendicitis in pregnancy, along with maternal and 
fetal complications, in an attempt to present ideal medical 
approaches to be employed in patient management.

 
Materials and Methods

   
The retrospective study involved 129 pregnant women who 
received an operation following diagnosis of acute appen-
dicitis in General Surgery Department from January 1990 
to December 2010. All the patients received gynecological 
and obstetrical follow-up both pre- and post-operatively. 
Following a detailed anamnesis, abdominal and gyneco-
logical examinations were performed. Preoperatively, they 
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underwent complete blood count (CBC), biochemical analy-
ses, urinalysis, and abdominal ultrasonography (USG). Age, 
gestational age, gestational history, symptoms and signs, 
durations of symptoms, laboratory parameters, USG find-
ings, time between admission through operation, surgical 
findings, histopathologic diagnosis, and morbidity-mortality 
rates were analyzed. Fetal heartbeat and well-being was fol-
lowed by USG, both pre- and post-operatively. Plain X-ray 
and computed tomography were avoided due to their tera-
togenic effect on the fetus [7]. Patients were operated under 
spinal or general anesthesia, in such a way that their fetuses 
were exposed to the least amount of anesthetic drugs. All of 
them underwent appendectomy either through McBurney’s 
or paramedian incision. The patients receive tocolytic medi-
cation after regular uterine contractions that commenced 
between 1990 and 2005, and as prophylactic in the third 
trimester between 2006 and 2010. In order to eliminate the 
risk of traumas for uterus, surgical operations were kept as 
short as possible. For complicated appendicitis cases, pera-
pendicular regions were drained after surgery. All the cases 
received preoperative prophylactic 2nd generation cephalo-
sporin, while the complicated ones pursued their treatment 
till the fifth day with addition of metronidazole [7]. Patients 
were then discharged, and followed gynecologically and ob-
stetrically. 

Statistical method

Statistical analysis of data was performed by SPSS (SPSS 
for Windows 13.0, Chicago, IL, USA) software. The nor-
mality of distributions was evaluated with the Kolmogorov-
Smirnov test. Student-t test was performed for parametric 
groups, while Mann-Whitney U-test for comparison of non-
parametric and independent groups. Differences in categori-
cal variables were assessed with Chi-square test or Fisher′s 
exact test. Perforation-related risk factors were evaluated 
with logistic regression test. P < 0.05 was considered sta-
tistically significant, and odds-ratio (OR) was calculated for 
each variant.

Results
  

The mean age was 28.3 ± 6.6 (16 - 45) years. Time from 
onset of the symptoms to admission was 41.1 ± 33.2 (6 - 
168) hours. Demographic and clinic data about patients are 
shown in Table 1. Abdominal pain (66.7%) and nausea-
vomiting (65.1%) were the most common complaints. Ab-
dominal tenderness (100%) and rebound (65.9%) were the 
most common physical signs during physical examination. 
Mean white blood cell count (WBC) was 13978 ± 3245 
mm3 (6000 - 25300). In USG results, 74 patients (57.4%) 
had acute appendicitis, 21 (16.3%) had appendicitis perfora-
tion, and 34 (26.4%) proved non-diagnostic. The sensitiv-
ity and specificity of USG were found as 70.2% and 53.3%, 
respectively. Positive and negative predictive values were 
found as 91.9% and 19%, respectively. Symptoms, physi-
cal examination and laboratory parameters, and USG results 
are displayed in Table 2. Gestational stage at diagnosis was 
second trimester in 74 patients (57.4%), first trimester in 31 
patients (24%), and third trimester in 24 patients (18.6%). 
Time from presentation symptoms to admission was 81.03 
± 32.50 hours for the perforated, while it was 25.05 ± 15.09 
hours for the non-perforated. Statistical difference in perfo-
ration rate was considered significant (P = 0.001). Demo-
graphic and clinic parameters compared to perforation are 
shown in Table 3. Operations confirmed acute appendicitis 
in 77 (59.7%), and perforation in 37 (28.7%), while the re-
maining 15 (11.6%) had normal appendix. Among the ones 
with normal appendix, there were various etiologies includ-
ing urinary tract infection (3), lymphadenitis (3), overian 
cyst rupture (2), tuba-ovarian abscess (2), and gastroenteritis 
(1) while 4 of them proved no etiology. For appendectomy, 
McBurney’s incision was performed for 114 (88.6%), while 
15 (11.6%) underwent paramedian incision. Histopathologic 
analyses confirmed acute appendicitis in 96%. Perforation 
occurred in 37 patients (28.7%). Among the patients, 40.5% 
were in first trimester, 28.6% in second trimester, and 10.8% 
in third trimester. In terms of perforation rate, the first tri-
mester was found statistically associated with other trimes-

Parameters Mean ± SD   Minimum - Maximum

Age (years)                  28.3 ± 6.6 16 - 45

Gravidity 2.92 ± 1.69 1 - 8

Time I (h)                       41.1 ± 33.2 6 - 168

Time II (h)                      8.2 ± 7.0 1 - 36

Table 1. Demographic and Clinical Parameters of the Pregnant 
Women With Appendicitis

Time I: Time from onset of symptoms to admission (h); Time II: Time from 
admission to operation (h); SD: Standard deviation.
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ters (P = 0.016). Postoperative morbidity occurred in 41 pa-
tients (31.8%). These included 26.1% of 92 non-perforated 
patients and 48.6% of 37 perforated patients. Comparison 
between two groups was considered significant (P = 0.013). 
Major complications were uterine contraction (10.8%) and 
wound infection (7.8%). Complications both for the perfo-
rated and the non-perforated are shown in Table 4. Of 14 
patients with uterine contraction, 11 were in third trimester. 
Of 10 patients with risk of preterm labor, 8 were provided 
tocolytic drugs. Fetal mortality occurred in only 1 (1.1%) 
patient in the non-perforated group, and in 5 (13.5%) in the 
perforated. Of the losses in the perforated group, 1 was in 
the first (miscarriage), 3 in the second (miscarriage (n = 2) 

and still birth (n = 1)), and 1 in the third trimester (preterm 
delivery (who died shortly after the birth)). The patient in the 
non-perforated group, who was in first trimester, received 
medical abortion upon parental request. No postoperative 
maternal loss occurred in either group. Mean hospital stay in 
postoperative period was 3.4 days (2 - 14). It was 2.8 ± 0.9 
days (2 - 5) for the non-perforated, while 5.3 ± 2.2 days (3 - 
14) for the perforated. The difference between hospital stays 
was considered significant (P = 0.001).

In univariate analyses, mean gestational age was 19.29 
± 7.89 weeks for the non-perforated, and 15.14 ± 8.33 weeks 
for the perforated (P = 0.009). Mean WBC was 13442 ± 
3262/mm3 in the non-perforated, and 15310 ± 2823 mm3 in 

Table 2. Symptoms and Findings of Physical, Laboratory 
and Ultrasonographic Examinations

         N %

Symptoms

Right lower quadrant pain 86 66.7

Right upper quadrant pain 16 12.4

Right and left lower quadrant pain 16 12.4

Diffuse abdominal pain 26 20.2

Nausea and vomiting 84 65.1

Dysuria 26 20.2

Back pain 2 1.6

Vaginal hemorrhage 2 1.6

Physical Findings

Tenderness 129 100

Rebound 85 65.9

Tenderness and guarding 85 65.9

White Blood Count

< 10,000 mm3 14 10.9

10,000 - 15,000 mm3 65 50.4

> 15,000 mm3 50 38.7

Urinalysis

Leukocyturia 74 57.4

Bacteriuria 53 41.1

Ultrasound examination

Non-diagnostic 34 26.3

Acute appendicitis 74 57.4

Intra-abdominal fluid 21 16.3
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the perforated. P = 0.003 was considered statistically sig-
nificant. In binary logistic regression analysis, time from on-
set of the symptoms to admission for both groups was (P = 
0.001, OR = 1.13, 95% Cl = 1.07 - 1.19.) Gestational weeks 
were (P = 0.595, OR = 1.03, 95% Cl = 0.93 - 1.159.) Other 
variants are shown in Table 5.

Discussion
  
Acute appendicitis is the most common non-obstetric emer-
gency requiring surgery during pregnancy, with an incidence 
rate of 25% [5, 8]. Common symptoms are similar to the ones 
with pregnancy, which complicate the diagnosis of pregnant 
patients [1, 9, 10]. The first and early second trimesters are 
much like to the non-pregnant period in terms of appendicial 
symptoms and signs [11]. Also, physical examinations dur-
ing pregnancy may produce different results due to anatomic 

displacement of appendix [12-14]. In accordance with the 
growing uterus in later weeks of pregnancy, appendix moves 
up towards the lateral, causing a tension in the anterior ab-
dominal wall. Thus, it becomes difficult to achieve a clear 
assessment of defense and rigidity during physical examina-
tion [15]. Hodjati et al. [16] and Terzi et al. [17] have report-
ed that the pain in the lower right quadrant occurs more fre-
quently in third trimester. In the present study, the pain in the 
lower quadrant was 66.7%. In our patients, tenderness was 
observed in all, while rebound in 65.9%. According to Pop-
kin et al. [7], McBurney’s incision provides an easy access 
to appendicitis in 94% of patients.  In 88.4% of our patients, 
McBurney’s incision confirmed normal appendix localiza-
tion. Accordingly, we considered that the physical signs and 
symptoms did not change even in the third trimester and that 
the appendix is easily accessible via McBurney’s incision. 
It has been reported that, acute appendicitis is most com-
mon in the second and third trimesters [5, 18]. That 57.4% of 

Table 3. Classification of Demographic and Clinical Parameters of the Patients in 
Terms of Perforation

Table 4. Postoperative Complications for Both Groups

Time I: Time from onset of symptoms to admission (h); Time II: Time from admission to operation 
(h); NS: Not Significant.

Non-perforated (92) Perforated (37) P

Age (years) 28.39 ± 6.60 28.19 ± 6.55 NS

Gravidity 2.83 ± 1.62 3.16 ± 1.85 NS

Gestational age (week) 19.29 ± 7.89 15.14 ± 8.33 0.009

Time I (h) 25.05 ± 15.09 81.03 ± 32.50 0.001

Time II (h) 10.57 ± 6.89 2.32 ± 1.45 0.001

Perforated
(n)

Non-perforated
(n)

Uterine contraction 2 12

Wound infection 8 2

Preterm labor 1 9

Paralytic ileus 4 -

Evisceration 1 -

Acute Respiratory Distress Syndrome - 1

Sepsis 1 -
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our patients were in second trimester was consistent with the 
literature. The case of acute appendicitis during pregnancy 
is primarily attributed to pregnancy, which causes a delay 
in diagnosis [1, 10]. It is though to be that the abdominal 
tension caused by uterus growth in the third trimester ob-
scures the physical examination signs, which causes higher 
perforation rates as a result of delay in diagnosis [12-15]. 
Adversely, we found a higher perforation rate for the first 
weeks of pregnancy. In the perforated group, 15 (40.5%) 
were in the first trimester. Of these, 40% of them were expe-
riencing their first pregnancy. Perforation is observed more 
frequently in the first trimester and mostly during the first 
experience of pregnancy, which implies that the complaints 
are mistakenly regarded as pregnancy-related symptoms and 
thus the patients receive their initial intervention in gyne-
cology department. As for the frequent perforation in preg-
nancy, it could be attributed to the fact that patients refrain 
from surgical interventions while insisting on medication in-
stead, and that doctors assume a more conservative attitude 
towards them. Laboratory studies play a limited role in sen-
sitivity and specificity of diagnosis. Leukocytosis is difficult 
to interpret because of the physiological leukocytosis during 
pregnancy [13, 19]. Anderson et al. [20] reported the normal 
level of leukocytosis as up to 16.000/mm3. In addition, he-
maturia or bacteriuria could be detected in urine, which is 
a complicating issue for such patient groups. Leukocytosis 
was confirmed over 15.000/mm3 in 38.7% of our series, and, 
as consistent with in the literature, leukocyturia and bacte-
riuria were observed in 57.4% and 41.1% of our patients, 
respectively. 

USG is the most common imaging test used in diagno-
sis of acute appendicitis in pregnant patients in that it can 
often visualize an inflamed appendix without any risk to 
the fetus [21]. USG presents great sensitivity and specific-
ity particularly in early periods of pregnancy [22]. Lim et 
al. [23] reported the sensitivity, specificity, and accuracy of 
ultrasonography to be 100%, 96%, and 98%, respectively. 
However, appendix displacement, obesity, and technical 
challenges depending on the overgrowth of uterus and inter-
vening intestinal gas for USG decrease the diagnostic value 
of USG in the third trimester [5]. Mazze et al. [2] found ul-
trasonography to be nondiagnostic in 70% of patients during 
pregnancy. USG verified the sensitivity, specificity and ac-
curacy rate of the diagnosis of our patients as 70.2%, 53.3%, 
and 73.7%, respectively. Nonetheless, USG is reported not 
to be the gold standard and cannot rule out if the appendix 
is negative.

CT is more useful than the USG in the diagnosis of ap-
pendicitis in pregnancy. However, the radiation exposure 
during a CT scan may lead to a slight increase in the risks 
of fetal malformation and leukemia in the childhood period 
[24]. Therefore, CT scans were avoided in our series. 

Differential diagnosis of acute appendicitis may provide 
various conditions: (I) medical emergencies (porphyria, dia-Ta
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betic ketoacidosis, glomerulonephritis, pyelonephritis); (II) 
gynecological emergencies (overian cyst rupture, tubaovar-
ian abscess, fallopian tube torsion); (III) non-gynecological 
emergencies (mesenteric lymphadenitis, acute cholecysti-
tis, acute pancreatitis, peptic ulcus perforation, intestinal 
obstruction); and (IV) obstetrical emergencies (preterm la-
bor, ectopic pregnancy, preeclampsia) [3, 25]. In our study, 
urological, gynecological, and intestinal conditions were 
investigated in the differential diagnosis, and appropriate 
treatments were performed accordingly. Yet, no etiology was 
found in four cases although they were analyzed for familial 
mediterranean fever.

Acute patients should be promptly evaluated and diag-
nosed so as to prevent perforation and negative laparotomies 
[6, 14, 15]. Prompt intervention to be performed within 24 
hours after the onset of symptoms will reduce the risk of fe-
tomaternal morbidity and fetal mortality. A post-24-hours de-
lay increases the risks of perforation, fetal loss, and maternal 
morbidity [1, 3].  High rates of perforation were confirmed 
in our delayed patients. Perforation rate and negative lapa-
rotomy rate during pregnancy are reported to be 12 - 55% 
[6, 14, 15] and 13 - 50% [17, 19], respectively. We found 
the perforation rate as 28.7% and negative laparotomy as 
11.6% between 2005 - 2010 in our department. In the same 
department, Yilmaz et al. [26] assessed perforation as 40% 
and negative laparotomy as 4% between 1990 - 2005. Tech-
nical advances, expanding opportunities in accessing health-
care services and educational improvements have decreased 
the perforation risk while increasing negative laparotomies 
on the other hand. Frequent postoperative complications 
are uterine contraction, preterm labor and wound infection, 
while preterm delivery is rare [5, 10, 13]. Morbidity rate with 
the non-perforated and the perforated groups are 10% and 
35-40%, respectively [27, 28]. We found them as 26.1% and 
48.6%. Both pre- and postoperatively, tocolytic medication 
is reported to prevent post-appendectomy preterm labor [2, 
20]. Adversely, Hee et al. [29] reported the tocolytic medica-
tion as useless. However, we found the preventive rate of 
tocolytic medication as 46% till 2005, which later climbed 
up to 70% between 2005 - 2010 with the aid of prophylactic 
usage. Wound infections recovered with wound care and an-
tibiotics. In these patients, there was no gestational problem 
detected via fetal ultrasonography. Postoperative incidenc-
es of paralytic ileus were treated conservatively. Only one 
patient had the incidence of evisceration, whose skin was 
covered only and which later underwent repair in incisional 
hernia in suitable conditions. The cases of acute respiratory 
distress syndrome and sepsis were healed through medical 
treatment and respiratory exercises.

Fetal mortality rate is reported to be 3 - 5% in non-per-
forated groups, and 20 - 35% in perforated groups [30, 31]. 
The rate in our study was found as 13.5% in the perforated, 
while the non-perforated group consisted of one patient who 
received medical abortus upon parental request. Fetal loss 

may result from increased movements of uterus or it may 
arise because the omentum cannot isolate the peritonitis, 
which is  in turn caused by the perforation resulting from 
delayed diagnosis and intervention [10, 32]. In spite of fetal 
losses and morbidity, there was no maternal loss in our study, 
likely because of antibiotics usage, advances in anesthesia, 
and improvements in pre- and post-operative healthcare ser-
vices. 

Conclusion

Nonspecific symptoms or signs, along with the complaints 
that are attributed to pregnancy, may result in delay in di-
agnosis, causing more frequent perforations. Physical ex-
amination remains useful in the diagnosis of classical acute 
appendicitis in that it reveals the lower quadrant pain and 
rebound positive during pregnancy. Regardless of anatomic 
changes, McBurney’s incision enables easy access to ap-
pendicitis. The third trimester group could be provided with 
tocolytic medication so as to prevent uterine contractions 
and preterm labor. Perforation is likely to occur more fre-
quently in early periods of pregnancy. Perforation increases 
the risk of fetomaternal morbidity and fetal mortality. Thus, 
cases with a suspicion of acute appendicitis should be well-
monitored and followed, and if needed, should be promptly 
operated with a multidisciplinary surgical approach.
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