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Abstract: Background: Acute appendicitis is the most common cause of non-obstetric surgical disease
in pregnant women. The diagnosis and treatment of appendicitis during pregnancy are very impor-
tant because it can cause life-threatening morbidity to the fetus and mother. We evaluated the clinical
characteristics of acute appendicitis in pregnant women. Methods: We retrospectively reviewed a
medical database that included patients who underwent surgery for acute appendicitis at our hospital
from January 2013 through December 2022. We compared non-pregnant women of reproductive
age with pregnant women. We classified the pregnant women according to gestational age. Result:
A total of 828 patients were reproductive-aged women between 15 and 44 years old. There were
759 non-pregnant patients and 69 pregnant patients. ASA (American Society of Anesthesiologists)
physical status classes were significantly higher and hospital stays were significantly longer in the
pregnant group. There was no significant intergroup difference in terms of the proportions of compli-
cated appendicitis, extended surgery, or complications. When the enrolled pregnant women were
divided into three subgroups according to gestational age, the mean operation time was longest in the
third-trimester subgroup. There were no differences among the subgroups in terms of the proportions
of complicated appendicitis, extended surgery, or complications, nor were there differences among
the subgroups in terms of laboratory findings. Preterm labor and stillbirth occurred in two pregnant
women with complicated appendicitis in the second trimester. Conclusion: Immediate surgical
treatment should be strongly considered in pregnant women with appendicitis. Efforts for more
accurate diagnosis are needed for pregnant women with appendicitis.

Keywords: acute appendicitis; pregnant women; appendectomy

1. Introduction

Acute appendicitis is the most common disease requiring emergency surgery among
abdominal organ diseases. The lifetime incidence of acute appendicitis has been reported
to be 8.6% among men and 6.7% among women, and it is known to occur in one out
of every 15 people [1,2]. Several studies have investigated non-surgical treatment for
acute appendicitis, but the gold standard is surgical appendectomy [3–5]. If non-operative
treatment fails, there is increased risk of morbidity, such as that associated with the higher
probability of open surgery and bowel resection [6]. The delayed diagnosis and surgical
treatment of appendicitis increases the risk of appendiceal perforation, which is associated
with several challenges and complications and can lead to shock or death [4,7]. Perforated
appendicitis has been reported to have a mortality rate of 0.2–0.8% [8]. Several diagnostic
modalities—such as laboratory inflammatory markers, various scoring systems, abdominal
computed tomography (CT), and abdominal ultrasonography (US)—have been used for
the diagnosis of appendicitis. The current gold-standard diagnostic tool is abdominal
CT [9,10].
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Acute appendicitis is the most common cause of non-obstetric surgical disease in preg-
nant women [11,12]. It accounts for 65.6% of non-traumatic surgical emergencies in pregnant
women [11]. It has a reported frequency of 1/700–1/4000 in pregnant women [13–17]. Acute
appendicitis is most prevalent in the second trimester of pregnancy, and it causes the most
complications during the second trimester [18].

There are several specific considerations regarding appendicitis in pregnant women.
The symptoms of appendicitis in pregnant women can be similar to those in non-pregnant
patients, but they may be masked by physiologic changes and obstetric problems during
pregnancy. The diagnosis of appendicitis in pregnant women is made more challenging
by the inability to use CT (because of the radiation hazard to the fetus), which is the most
useful modality for diagnosing appendicitis [19,20]. The delayed diagnosis and appropriate
treatment of appendicitis in pregnant women is associated with higher rates—and higher
associated mortality rates (relative to the general population)—of complications such as
amniotic fluid infection, pneumonia, and sepsis. These problems can lead to increased
morbidity and mortality for both the mother and fetus [21,22].

Nowadays, the marriage rate and birth rate in South Korea have decreased signifi-
cantly, with a birth rate of 0.78 in 2022. The age of women at their first marriage increased to
31.1 in 2022, and average age at first birth for women also increased to 32.3 in 2022 [23]. The
age at first childbirth for women in South Korea has continued to increase from 27.5 years
in 1995, to 31.3 years in 2010, and to 33.4 years in 2021. The infant mortality rate was
931/326,822 (2.8%) in 2018, 822/302,676 (8.7%) in 2019, and 674/272337 (2.5%) in 2020 [24].
The maternal mortality ratio per 100,000 was 11.3 in 2018, 9.9 in 2019, and 11.8 in 2020.
In mothers over the age of 40, the maternal mortality ratio increased steeply [25]. Older
pregnant women have a higher risk of complications during childbirth. The appropriate di-
agnosis and treatment of various diseases during pregnancy have become more important.

This study analyzed patients who underwent surgery, over a 10-year period, for acute
appendicitis at a single tertiary medical institution in South Korea. We investigated the
characteristics, diagnosis, and treatment of appendicitis in pregnant women in comparison
with non-pregnant women.

2. Materials and Methods
2.1. Data Collection and Patients’ Grouping

We reviewed electronic medical records for acute appendicitis patients who underwent
surgery at Inha University Hospital from January 2013 through December 2022. A total
of 3532 patients who eventually underwent surgery for acute appendicitis visited the
emergency room during the study period. There were 828 patients who were reproductive-
aged women (between the ages of 15 and 44 years), as defined by the CDC (Centers for
Disease Control and Prevention) [26].

Sixty-nine pregnant women with acute appendicitis were classified according to
gestational age: 23 patients in the first trimester, 36 patients in the second trimester, and
10 patients in the third trimester.

We collected clinical data, including patients’ general characteristics (age, sex, and
body mass index (BMI, kg/m2)); operation-related variables (operation time, surgical
extent, drain use, histopathologic results, and American Society of Anesthesiologists (ASA)
physical status classification); laboratory values (white blood cell count (WBC), hemoglobin
concentration (Hb), absolute neutrophil count (ANC), and platelet count); postoperative
clinical course; and postoperative surgical/medical complications.

2.2. Definitions

The severity of appendicitis was classified based on the postoperative histopathologic
results. We reviewed the histopathologic data of all patients. Normal to mild inflammation,
as well as suppurative and gangrenous appendicitis, were classified as uncomplicated
appendicitis. Perforated appendicitis was classified as complicated appendicitis.
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The surgical extent was divided into two categories based on the extent of surgery,
regardless of whether the patient had an open or a laparoscopic approach. The appen-
dectomy group included patients who only underwent appendectomy, and the extended
surgery group included partial cecectomy, ileocecectomy, or right hemicolectomy.

Negative appendectomy was defined according to the postoperative biopsy result (nor-
mal to mild inflammation). Postoperative complication was defined as the occurrence of a
relevant event related to surgery within 30 postoperative days.

2.3. Surgical Method

The surgical approach was defined according to the method used to perform surgery—
open or laparoscopic. The choice of surgical approach was decided by the individual
operating surgeon. All the patients were operated on as emergencies.

Open appendectomy: A 5 to 7 cm incision was made at the McBurney point. After
the abdominal wall was opened, the appendix was identified. The peri-appendiceal
tissue was dissected, and the appendiceal vessels and mesoappendix were ligated with
absorbable suture material. The appendix base was ligated using the double tie method, and
appendectomy was performed. The exposed mucosa of the appendix base was cauterized
using a Bovie device. The appendix base stump was inverted using a pulse-string suture,
and the operation was terminated.

Laparoscopic appendectomy: A 12 mm trocar was initially inserted at the infra-
umbilicus or umbilicus. CO2 was insufflated at a pressure of 12 mmHg through an initial
trocar, and two additional ports were inserted (5 mm at two sites; or 5 mm and 12 mm,
depending on the surgeon’s preference). The appendix was identified using a laparoscope.
The mesoappendix and appendiceal vessels were dissected using an ultrasonic shear
device (Harmonic, Ethicon Endo-Surgery, Cincinnati, OH, USA). The appendix base was
ligated using Endoloops (Vycril Endoloop-0, Ethicon Endo-Surgery) or polymetric clips
(Hem-o-lok, Teleflex, Morrisville, NC, USA). The appendix was resected, and removal was
performed. The appendix base mucosa tip was cauterized using the Bovie device, and the
surgery was terminated.

Single-port laparoscopic appendectomy: A single port (Gloveport, Nelis, Bucheon,
Gyeonggi-do, Republic of Korea) was used for laparoscopy instead of the traditional three
ports. A 2 to 3 cm transumbilical incision was performed, and a single port was inserted
through the transumbilical incision. The overall surgical procedure was conventional
laparoscopic appendectomy.

2.4. Statistical Analysis

Statistical analysis was performed using SPSS Statistics for Windows, version 28.0 IBM
Corp., Armonk, NY, USA). The chi-square test was used for cross-table analysis according to
the sample size. Unpaired t-tests were used to compare the means between the two clinical
groups. Pregnant women were classified into subgroups according to gestational age, and
ANOVA (analysis of variance) was used in the subgroup analyses. Statistical significance
was defined by p values < 0.05.

2.5. Ethics

The study protocol was approved by the Institutional Review Board of Inha University
Hospital (IRB number: INH 2023-03-022).

3. Results

The 828 patients were reproductive-aged women between the ages of 15 and 44 years.
There were 759 non-pregnant women and 69 pregnant women. The clinical characteristics
are described in Table 1. The mean age and BMI were not significantly different between
the two groups. The mean ASA class value representing the preoperative condition of the
patients was significantly higher in the pregnant group (1.93 ± 0.53 versus 2.47 ± 0.53;
p < 0.001), and the proportion of ASA class III cases (patients with severe systemic disease)



J. Clin. Med. 2023, 12, 3277 4 of 12

was significantly higher in the pregnant group. There was no significant difference in
operation time between the two groups, but the mean hospital stay was significantly longer
in the pregnant group (3.80 ± 2.94 versus 6.36 ± 4.75; p < 0.001).

Table 1. Clinical characteristics of the reproductive-aged women with appendicitis.

Variables All
(n = 828)

Non-Pregnant Appendicitis
(n = 759)

Pregnant Appendicitis
(n = 69) p-Value

Age (years, mean ± sd) 29.99 ± 8.27 29.90 ± 8.56 31.00 ± 5.65 0.288
Gender

Female 828 (100.0%) 759 (100.0%) 69 (100.0%)
ASA class 1.97 ± 0.55 1.93 ± 0.53 2.47 ± 0.53 <0.001

ASA I 130 (15.7%) 130 (17.1%) 0 (0.0%) <0.001
ASA II 554 (66.9%) 516 (68.0%) 38 (55.0%)
ASA III 107 (12.9%) 77 (10.3%) 30 (43.5%)
ASA IV 1 (0.1%) 0 (0.0%) 1 (1.5%)
Value not being recorded 36 (4.4%) 36 (4.7%) 0 (0.0%)

BMI (kg/m2) 23.03 ± 14.39 23.01 ± 4.97 23.23 ± 3.66 0.907
Operation time (minutes, mean ± sd) 72.48 ± 92.55 72.43 ± 95.91 73.03 ± 40.23 0.959
Hospital stay (days, mean ± sd) 4.02 ± 3.20 3.80 ± 2.94 6.36 ± 4.75 <0.001

ASA: American Society of Anesthesiologists. ASA I: a normal healthy patient. ASA II: a patient with mild systemic
disease. ASA III: a patient with severe systemic disease. ASA IV: a patient with an incapacitating systemic disease
that is a constant threat to life. Value not being recorded: no ASA score in medical records. BMI: body mass index,
kg/m2. NA: not applicable.

Table 2 shows the histopathologic and surgical characteristics of the non-pregnant
group and the pregnant group. There was no difference between the two groups in the
proportion of complicated appendicitis (59/759 (7.8%) versus 5/69 (7.2%); p = 0.875).
There was no significant intergroup difference in the detailed histopathologic results. The
negative appendectomy rate was higher in the pregnant group, but there was no significant
difference in this regard (12/759 (1.6%) versus 3/69 (4.3%); p = 0.099). There was no
significant difference in the proportions of extended surgery between the two groups
(5/714 (0.7%) versus 1/69 (1.4%); p = 0.496). There were also no intergroup differences
in intraoperative drain placement rates and the readmission rates for problems related to
acute appendicitis within 30 days after surgery.

Table 2. Histopathologic and surgical characteristics of the reproductive-aged women with appen-
dicitis.

Pathologic Result All
(n = 828)

Non-Pregnant Appendicitis
(n = 759)

Pregnant Appendicitis
(n = 69) p-Value

Uncomplicated appendicitis 764 (92.3%) 700 (92.2%) 64 (92.8%) 0.875
Complicated appendicitis (perforated) 64 (7.7%) 59 (7.8%) 5 (7.2%)
Biopsy result details

Normal to mild inflammation 15 (1.8%) 12 (1.6%) 3 (4.3%) 0.322
Suppurative 685 (82.7%) 632 (83.3%) 53 (76.8%)
Gangrenous 63 (7.6%) 55 (7.2%) 8 (11.6%)
Perforated 64 (7.7%) 59 (7.8%) 5 (7.2%)
Tumor 1 (0.1%) 1 (0.1%) 0 (0.0%)

Negative appendectomy 15/828 (1.8%) 12/759 (1.6%) 3/69 (4.3%) 0.099
Surgical extent

Appendectomy 822 (99.3%) 754 (99.3%) 68 (98.6%) 0.459
Extended surgery 6 (0.7%) 5 (0.7%) 1 (1.4%)

Surgical method NA
Open appendectomy 165 (19.9%) 147 (19.4%) 18 (26.1%)
Laparoscopic appendectomy 465 (79.9%) 607 (80.0%) 50 (72.5%)
Cecum wedge resection

(partial cecectomy) 3 (0.4%) 2 (0.3%) 1 (1.4%)
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Table 2. Cont.

Pathologic Result All
(n = 828)

Non-Pregnant Appendicitis
(n = 759)

Pregnant Appendicitis
(n = 69) p-Value

Others 3 (0.3%) 3 (0.4%) 0 (0.0%)
Intraoperative drain placement

No 597 (72.1%) 547 (72.1%) 50 (72.5%) 0.944
Yes 231 (27.9%) 212 (27.9%) 19 (27.5%)

Readmission in 30 days
No 809 (98.9%) 742 (99.1%) 67 (97.1%) 0.135
Yes 9 (1.1%) 7 (0.9%) 2 (2.9%)

Readmission cause
Post OP ileus 4 3 1
Post OP pain 0 0 0
Post OP fluid collection 4 4 0
Wound problem 1 0 1

NA: not applicable. OP: operation.

Table 3 shows the laboratory results before surgery and 2 days after surgery. In both
groups, inflammatory markers, such as WBC and ANC, were increased. The mean WBC
count of the pregnant group was significantly higher than that of the non-pregnant group
(12,610 ± 4062/µL versus 14,160 ± 3851/µL; p = 0.003), and the mean ANC was also
significantly higher in the pregnant group (10,281 ± 4010/µL versus 11,892 ± 4003/µL;
p = 0.002). Laboratory tests were performed 2 days after surgery. In both groups, the WBC
and ANC values decreased within the normal range. Even though inflammatory markers
improved within the normal range, the mean WBC and ANC values of the pregnant group
were significantly higher than those of the non-pregnant group. The preoperative and
postoperative Hb levels were significantly lower in the pregnant group.

Table 3. Laboratory test results of the reproductive-aged women with appendicitis.

Laboratory Test All
(n = 828)

Non-Pregnant Appendicitis
(n = 759)

Pregnant Appendicitis
(n = 69) p-Value

Preoperative period
WBC 12,870 ± 4088 12,760 ± 4091 14,160 ± 3851 0.008
Hb 12.95 ± 1.22 13.03 ± 1.18 11.99 ± 1.25 <0.001

ANC 10,532 ± 4062 10,411 ± 4048 11,892 ± 4003 0.005
PLT 255,350 ± 59,938 255,710 ± 60,338 251,340 ± 55,523 0.574

Postoperative (2 days)
WBC 6870 ± 2337 6670 ± 2194 9330 ± 2577 <0.001
Hb 10.79 ± 1.16 10.83 ± 1.14 10.32 ± 1.32 0.001

ANC 4754 ± 2298 4533 ± 2127 7441 ± 2601 <0.001
PLT 212,820 ± 53,598 211,640 ± 53,559 226,860 ± 52,493 0.036

WBC: white blood cell count (/µL). Hb: hemoglobin (g/dL). ANC: absolute neutrophil count (/µL). PLT: platelet
count (/µL).

A total of 69 pregnant women were classified as follows: 23 patients in the first
trimester, 36 patients in the second trimester, and 10 patients in the third trimester. Table 4
describes their clinical characteristics according to this subgroup classification. Women
in the first-trimester subgroup were significantly younger than those in the other groups
(28.22 ± 6.31 versus 32.61 ± 4.77 versus 31.60 ± 4.99; p = 0.011). There were no significant
differences among the subgroups in terms of ASA classifications. Hospital stays were
longer in the second-trimester subgroup relative to the other subgroups, but there was no
significant difference in this regard. The mean operation time was statistically significantly
longest in the third-trimester subgroup (62.22 ± 23.95 min versus 69.31 ± 38.12 min versus
104.40 ± 62.22 min, respectively; p = 0.024).
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Table 4. Clinical characteristics of the pregnant women with appendicitis.

Variables 1st Trimester
(n = 23)

2nd Trimetster
(n = 36)

3rd Trimetster
(n = 10) p-Value

Age (years, mean ± sd) 28.22 ± 6.31 32.61 ± 4.77 31.60 ± 4.99 0.011
ASA class 2.43 ± 0.51 2.51 ± 0.56 2.40 ± 0.52 0.777

ASA I 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.639
ASA II 13 (56.5%) 19 (51.4%) 6 (60.0%)
ASA III 10 (43.5%) 16 (45.7%) 4 (40.0%)
ASA IV 0 (0.0%) 1 (2.9%) 0 (0.0%)

Pregnancy weeks 8.74 ± 3.80 20.25 ± 3.48 33.20 ± 2.25 <0.001
BMI (kg/m2) 23.35 ± 4.08 22.33 ± 3.04 26.01 ± 3.49 0.017
Operation time (minutes, mean ± sd) 65.22 ± 23.95 69.31 ± 38.12 104.40 ± 62.23 0.024
Hospital stay (days, mean ± sd) 5.70 ± 3.09 6.94 ± 5.79 5.80 ± 3.74 0.574
Abdomen US in our hospital 13/23 (43.5%) 18/36 (50.0%) 6/10 (60.0%) 0.678
Abdomen MR in our hospital 0/23 (0.0%) 2/36 (5.6%) 1/10 (6.5%) 0.210

ASA: American Society of Anesthesiologists. ASA I: a normal healthy patient. ASA II: a patient with mild systemic
disease. ASA III: a patient with severe systemic disease. ASA IV: a patient with an incapacitating systemic disease
that is a constant threat to life. BMI: body mass index, kg/m2. NA: not applicable.

The histopathologic and surgical results of the three subgroups were reviewed
(Table 5). There were no significant differences among the subgroups in rates of com-
plicated appendicitis, negative appendectomy, or extended surgery. There were also no
differences among the subgroups in terms of intraoperative drain placement rates or
readmission rates within 30 days after surgery.

Table 5. Histopathologic and surgical characteristics of the pregnant women with appendicitis.

Pathologic Result 1st Trimester
(n = 23)

2nd Trimetster
(n = 36)

3rd Trimetster
(n = 10) p-Value

Uncomplicated appendicitis 22 (95.7%) 34 (94.4%) 8 (80.0%) 0.884
Complicated appendicitis (perforated) 1 (4.3%) 2 (5.6%) 2 (20.0%)
Biopsy result details

Normal to mild inflammation 2 (8.7%) 1 (2.8%) 0 (0.0%) 0.384
Suppurative 16 (69.6%) 29 (80.6%) 8 (80.0%)
Gangrenous 4 (17.4%) 4 (11.1%) 0 (0.0%)
Perforated 1 (4.3%) 2 (5.6%) 2 (20.0%)

Negative appendectomy 2/23 (8.7%) 1/35 (2.8%) 0/10 (0%) 0.425
Surgical extent

Appendectomy 23 (100.0%) 35 (97.2%) 10 (100.0%) 0.628
Extended surgery 0 (0.0%) 1 (2.8%) 0 (0.0%)

Surgical method 0.736
Open appendectomy 5 (21.7%) 9 (25.0%) 4 (40.0%)
Laparoscopic appendectomy 18 (78.3%) 26 (72.2%) 6 (60.0%)
Cecum wedge resection (partial cecectomy) 0 (0.0%) 1 (2.8%) 0 (0.0%)

Intraoperative drain placement
No 17 (73.9%) 28 (77.8%) 5 (50.0%) 0.216
Yes 6 (26.1%) 8 (22.2%) 5 (50.0%)

Readmission in 30 days
No 23 (100.0%) 34 (94.4%) 10 (100.0%) 0.389
Yes 0 (0.0%) 2 (5.6%) 0 (0.0%)

Readmission cause
Post OP ileus 0 1 0
Post OP pain 0 0 0
Post OP fluid collection 0 0 0
Wound problem 0 1 0

NA: not applicable. OP: operation.
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Table 6 shows the laboratory test results of the three subgroups before and after surgery.
The preoperative WBC and ANC values were highest in the second-trimester subgroup,
but there was no statistically significant difference in this regard. In the laboratory tests
at 2 postoperative days, the WBC and ANC values were highest in the second-trimester
subgroup, but this difference was not statistically significant. WBC and ANC recovered to
within normal ranges in all three subgroups after surgery.

Table 6. Laboratory test results of the appendicitis pregnant women.

Laboratory Test 1st Trimester
(n = 23)

2nd Trimetster
(n = 36)

3rd Trimetster
(n = 10) p-Value

Preoperative period
WBC 13,460 ± 3962 14,690 ± 3903 13,750 ± 3366 0.483
Hb 12.44 ± 1.29 11.82 ± 0.92 11.48 ± 1.99 0.085

ANC 11,066 ± 4195 12,535 ± 4078 11,352 ± 2889 0.376
PLT 248,550 ± 63,275 257,940 ± 52,817 230,120 ± 43,222 0.430

Postoperative (2 days)
WBC 8660 ± 2851 9880 ± 2141 8860 ± 3236 0.226
Hb 10.86 ± 1.59 10.01 ± 0.91 10.16 ± 1.65 0.074

ANC 6437 ± 2636 8198 ± 2237 6770 ± 3190 0.051
PLT 234,000 ± 63,754 228,840 ± 43,103 201,380 ± 54,137 0.322

WBC: white blood cell count (/µL). Hb: hemoglobin (g/dL). ANC: absolute neutrophil count (/µL). PLT: platelet
count (/µL).

4. Discussion

It has been reported that acute appendicitis occurs in more than 1/20 of women of
reproductive age [27]. In this study, acute appendicitis was diagnosed in 69 (8.8%) of
783 reproductive-aged women and 69 (4.3%) of all 1618 women. These results were higher
than previous reports because patients with the most severe clinical features and diagnoses
(such as acute appendicitis) are routinely referred to our hospital. In this study, pregnant
women with appendicitis were most commonly in the second trimester, as in previous
reports [18,28]. In our study, there were two cases of preterm labor and stillbirth due to
appendicitis. Both of these cases occurred in pregnant women in their second trimesters,
and the histopathology results revealed the presence of complicated appendicitis with
perforation. The rate of complicated appendicitis was higher in this study than in other
previously reported studies [29,30]. There was no significant difference between pregnant
and non-pregnant women in this regard.

Because of the increase in subcutaneous fat and intra-abdominal fat, there are many
limitations in obese acute appendicitis patients compared to non-obese acute appendici-
tis patients in the diagnosis using US [31,32]. Sauvain et al. reported that the useful-
ness of US is questionable in the diagnosis of appendicitis in overweight patients with a
BMI > 25 kg/m2 [33]. It is known that the subcutaneous fat of women with normal weight
before pregnancy is thinner than that of obese women before pregnancy. The prepreg-
nancy overweight ratio of Korean women was 14.5–15.2% in 2017 [34]. The prepregnancy
overweight ratio of American women was known to be 25.6% in 2014 [35]. Although the
gestational age of Korean women is getting older compared to Western countries, the diag-
nosis of appendicitis in pregnant women using US can be performed more easily, quickly,
and accurately in South Korea. It was thought that there was no significant difference
in the rate of complicated appendicitis, extended surgery, or complications compared to
non-pregnant appendicitis patients in this study.

Several studies have reported favorable outcomes associated with the non-operative
treatment of uncomplicated acute appendicitis in the general population [3–5]. Matthew et al.
performed a meta-analysis on the non-operative treatment of complicated appendicitis in
pregnant women [30], and they found that the non-operative treatment of complicated
appendicitis had a failure rate of 2646/3600 (73.5%). It has been reported that the failure of non-
operative management increases maternal and fetal morbidity. Appendicitis is a risk factor for
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amniotic fluid infection, pneumonia, and sepsis in pregnant women [36,37]. The failure of non-
operative treatment is associated with fetal morbidity and mortality, including in the contexts
of preterm delivery, miscarriages, and stillbirths. Preterm labor in pregnancy-associated
appendicitis has been reported to arise in 5–11% of cases. Perinatal mortality has been
reported at 1.5% for uncomplicated appendicitis and 37% for perforated appendicitis [36,38].
In our study, preterm labor occurred in 2 (2.9%) of 69 patients with appendicitis and 2 (40.0%)
of 5 patients with complicated appendicitis. All fetuses born after preterm labor died. If
appendicitis is diagnosed in pregnant women, surgery should be strongly considered. The
national guideline published by the Society of American Gastrointestinal and Endoscopic
Surgeons also strongly recommends appendectomy for acute uncomplicated appendicitis in
pregnant women [39].

In several previous studies, inflammatory markers, such as WBC and C-reactive
protein levels, were found to be increased in healthy pregnant women [40–42]. Bazdar et al.
reported appendicitis in pregnancy to be associated with WBC values over 18,000/µL (as
a diagnostic parameter) [43]. Quinn et al. reported that a maternal relative neutrophil
count <70% had a 100% negative predictive value for appendicitis [44]. In this study,
pregnant women with appendicitis had significantly higher WBC and ANC values than
non-pregnant women with appendicitis. However, WBC values did not reach 18,000/µL.
The pregnant group had a mean relative neutrophil count of 83.9%, which was higher than
the 81.5% determined for the non-pregnant group. WBC and ANC values normalized on
the second postoperative day, but the mean WBC and ANC values of the pregnant group
were significantly higher than those of the non-pregnant group. One study found that
neutrocyte-to-lymphocyte ratios were higher in the second and third trimesters than in the
first trimester [45]. In this study, there was no variation in the mean WBC or ANC according
to gestational age. The WBC and ANC values were higher in the second trimester, but this
was a non-significant trend.

The accurate diagnosis of appendicitis in pregnant women is very important. Accurate
diagnosis can reduce complications and negative appendectomy. Additionally, delayed
diagnosis can increase maternal and fetal mortality and morbidity [21,45]. Abdominal US
is performed as the first option for pregnant women with appendicitis. The sensitivity
of abdominal US has been reported to be 50–70%, with the specificity reported to be
83–100% [46,47]. In US, the diagnosis of appendicitis is based on the following criteria: the
diameter of the appendix is >7 mm, and there is probe tenderness. Additionally, the echo
signal is increased by inflammation in the surrounding tissue. Effusions or fluid collections
are also commonly observed in the right fossa or Douglas fossa [12]. As the size of the
uterus increases in the second and third trimesters, it is difficult to find the appendix as it is
displaced by the uterus (highly situated and more lateral). Low-dose CT can be used, but
the radiation hazard to the fetus should be considered. If the mother and fetus are stable,
abdominal magnetic resonance imaging (MRI) can be a helpful diagnostic method. The
diagnostic accuracy of MRI for acute appendicitis has been reported to be 90.4% (positive
predictive value) and 99.5% (negative predictive value) [40,47]. In this study, three patients
were diagnosed with unidentified appendicitis with a clinical suspicion of appendicitis
in US, and they were accurately diagnosed with acute appendicitis using abdominal
MRI. Several studies have reported negative appendectomy rates of 13–38% [41,48,49].
Abdominal MRI can be used to reduce the rate of negative appendectomy for pregnant
women. Additionally, low-dose abdominal CT and abdominal MRI can be helpful to
patients who are not diagnosed via US but highly suspicious of appendicitis.

There are several concerns about laparoscopic appendectomy in pregnant women.
The appendix is displaced from its normal position from the first to the third trimester.
The operative field and adequate space cannot be properly secured due to the enlarged
uterus. There is a high possibility of uterine and intra-abdominal organ injury during
trocar insertion. Moreover, the effect of a pneumatic pressure of 12 mmHg is still unclear.
Despite these concerns, many studies have reported that laparoscopic results are better
than those associated with open appendectomy [28,36,39,50,51]. Laparoscopy has the
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advantage of the easier exploration of areas that cannot be directly visualized through
a camera and has the advantage of exploring various variant locations [37]. Surgery
remains the mainstay of treatment for appendicitis in pregnant women, and laparoscopic
surgery is preferred over open surgery due to its lower risk of complications. In this
study, appendectomy was associated with similar outcomes in the pregnant and non-
pregnant groups. Laparoscopic appendectomy was performed at a similar rate to open
appendectomy in all pregnant women. There was no intergroup difference in postoperative
results. However, the operative time of the third-trimester subgroup was significantly
longer than that of the first- and second-trimester subgroups.

Previous research found that abortion and threatened preterm labor could be pre-
vented when a tocolytic agent was administered systemically for uterine contraction pre-
vention [52]. In our study, tocolytics were used in 6 out of 69 patients, and preterm labor
occurred in 2 patients. Considering that appendicitis in pregnancy is most common in
the second trimester, that the fetus is still immature in the second trimester, and that the
probabilities of stillbirth and fetal sequelae are high, it is necessary to actively manage to-
colytics in acute appendicitis in pregnancy. The management of appendicitis in pregnancy
involves a multidisciplinary approach, with close collaboration between obstetricians,
general surgeons, and anesthesiologists.

Limitations

This was a retrospective study, and we cannot rule out selection bias. Although
10 years of medical records were reviewed, the number of patients in the pregnant group
was insufficient compared to the meta-analysis. However, the number of pregnant patients
in this study was not small compared to other single-center analyses. We evaluated the
clinical characteristics of pregnant women with appendicitis compared to non-pregnant
women of childbearing age. In our hospital, we performed an appendectomy according to
duty. Non-specialized surgeons, including breast or thyroid surgeons, performed appen-
dectomy without discrimination. Our results do not apply to specialized gastrointestinal
surgeons but to generalized surgeons regarding appendectomy for pregnant women. Since
this is a single-center study, although a comparison can be made with other single-center
studies, the results may not be generalizable.

5. Conclusions

Surgery is the gold-standard treatment for pregnant women with appendicitis. Given
that morbidity and mortality are high in pregnant women, immediate surgical treatment
should be strongly considered. Pregnant women with appendicitis have several particular
features that differ from those of the general population, and special attention should
be paid to obstetric complications. To prevent undiagnosed appendicitis or negative
appendectomy, more accurate diagnosis using abdominal MRI should be considered.
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16. Eryilmaz, R.; Sahin, M.; Baş, G.; Alimoglu, O.; Kaya, B. Acute appendicitis during pregnancy. Dig. Surg. 2002, 19, 40–44.

[CrossRef]
17. Mourad, J.; Elliott, J.P.; Erickson, L.; Lisboa, L. Appendicitis in pregnancy: New information that contradicts long-held clinical

beliefs. Am. J. Obstet. Gynecol. 2000, 182, 1027–1029. [CrossRef] [PubMed]
18. Franca Neto, A.H.; Amorim, M.M.; Nóbrega, B.M. Acute appendicitis in pregnancy: Literature review. Rev. Assoc. Med. Bras.

2015, 61, 170–177. [CrossRef]
19. Woodfield, C.A.; Lazarus, E.; Chen, K.C.; Mayo-Smith, W.W. Abdominal pain in pregnancy: Diagnoses and imaging unique to

pregnancy–self-assessment module. AJR Am. J. Roentgenol. 2010, 194 (Suppl. 6), S42–S45. [CrossRef]
20. Segev, L.; Segev, Y.; Rayman, S.; Nissan, A.; Sadot, E. Acute Appendicitis During Pregnancy: Different from the Nonpregnant

State? World J. Surg. 2017, 41, 75–81. [CrossRef]
21. Lemieux, P.; Rheaume, P.; Levesque, I.; Bujold, E.; Brochu, G. Laparoscopic appendectomy in pregnant patients: A review of 45

cases. Surg. Endosc. 2009, 23, 1701–1705. [CrossRef] [PubMed]
22. McGory, M.L.; Zingmond, D.S.; Tillou, A.; Hiatt, J.R.; Ko, C.Y.; Cryer, H.M. Negative appendectomy in pregnant women is

associated with a substantial risk of fetal loss. J. Am. Coll. Surg. 2007, 205, 534–540. [CrossRef] [PubMed]
23. Statistics Korea. Available online: https://kostat.go.kr (accessed on 2 March 2023).
24. Lim, J.W. The changing trends in live birth statistics in Korea, 1970 to 2010. Korean J. Pediatr. 2011, 54, 429–435. [CrossRef]

[PubMed]
25. Choi, H.; Nho, J.-H.; Yi, N.; Park, S.; Kang, B.; Jang, H. Maternal, infant, and perinatal mortality statistics and trends in Korea

between 2018 and 2020. Korean J. Women Health Nurs. 2022, 28, 348–357. [CrossRef] [PubMed]

https://doi.org/10.1097/SLA.0000000000002188
https://doi.org/10.1186/1865-1380-7-12
https://www.ncbi.nlm.nih.gov/pubmed/24533851
https://doi.org/10.1007/s11605-021-04988-1
https://www.ncbi.nlm.nih.gov/pubmed/33772399
https://doi.org/10.1001/jama.2015.6154
https://www.ncbi.nlm.nih.gov/pubmed/26080338
https://doi.org/10.1007/s00268-009-0343-5
https://www.ncbi.nlm.nih.gov/pubmed/20041249
https://doi.org/10.1016/j.amjsurg.2017.10.032
https://doi.org/10.1007/s00268-017-4280-4
https://doi.org/10.1186/1471-230X-12-154
https://doi.org/10.1007/s13312-019-1518-2
https://doi.org/10.3390/children8040309
https://doi.org/10.11604/pamj.2018.30.212.14515
https://www.ncbi.nlm.nih.gov/pubmed/30574231
https://www.ncbi.nlm.nih.gov/pubmed/30215950
https://doi.org/10.1007/s00404-014-3276-7
https://doi.org/10.1034/j.1600-0412.1999.780903.x
https://doi.org/10.1159/000052004
https://doi.org/10.1067/mob.2000.105396
https://www.ncbi.nlm.nih.gov/pubmed/10819817
https://doi.org/10.1590/1806-9282.61.02.170
https://doi.org/10.2214/AJR.10.7224
https://doi.org/10.1007/s00268-016-3731-7
https://doi.org/10.1007/s00464-008-0201-9
https://www.ncbi.nlm.nih.gov/pubmed/19057956
https://doi.org/10.1016/j.jamcollsurg.2007.05.025
https://www.ncbi.nlm.nih.gov/pubmed/17903726
https://kostat.go.kr
https://doi.org/10.3345/kjp.2011.54.11.429
https://www.ncbi.nlm.nih.gov/pubmed/22253639
https://doi.org/10.4069/kjwhn.2022.12.23
https://www.ncbi.nlm.nih.gov/pubmed/36617486


J. Clin. Med. 2023, 12, 3277 11 of 12

26. Graham, L. CDC released guidlines on improving preconception health care. Am. Fam. Physician 2006, 74, 1967–1970.
27. Won, R.P.; Friedlander, S.; Lee, S.L. Management and Outcomes of Appendectomy during Pregnancy. Am. Surg. 2017, 83,

1103–1107. [CrossRef] [PubMed]
28. Lee, S.H.; Lee, J.Y.; Choi, Y.Y.; Lee, J.G. Laparoscopic appendectomy versus open appendectomy for suspected appendicitis

during pregnancy: A systematic review and updated meta-analysis. BMC Surg. 2019, 19, 41. [CrossRef] [PubMed]
29. Akın, T.; Birben, B.; Akkurt, G.; Karaca, O.; Dönmez, M.; Er, S.; Tez, M. Acute Appendicitis During Pregnancy: A Case Series of 42

Pregnant Women. Cureus 2021, 13, e17627. [CrossRef]
30. Ashbrook, M.; Cheng, V.; Sandhu, K.; Matsuo, K.; Schellenberg, M.; Inaba, K.; Matsushima, K. Management of Complicated

Appendicitis During Pregnancy in the US. JAMA Netw. Open 2022, 5, e227555. [CrossRef]
31. Gorter, R.R.; Eker, H.H.; Gorter-Stam, M.A.; Abis, G.S.; Acharya, A.; Ankersmit, M.; Antoniou, S.A.; Arolfo, S.; Babic, B.; Boni, L.;

et al. Diagnosis and management of acute appendicitis. EAES consensus development conference 2015. Surg. Endosc. 2016, 30,
4668–4690. [CrossRef]

32. Mahajan, P.; Basu, T.; Pai, C.W.; Singh, H.; Petersen, N.; Bellolio, M.F.; Gadepalli, S.K.; Kamdar, N.S. Factors Associated With
Potentially Missed Diagnosis of Appendicitis in the Emergency Department. JAMA Netw. Open 2020, 3, e200612. [CrossRef]
[PubMed]

33. Sauvain, M.O.; Tschirky, S.; Patak, M.A.; Clavien, P.A.; Hahnloser, D.; Muller, M.K. Acute appendicitis in overweight patients:
The role of preoperative imaging. Patient Saf. Surg. 2016, 10, 13. [CrossRef]

34. Choi, S.K.; Lee, G.; Kim, Y.H.; Park, I.Y.; Ko, H.S.; Shin, J.C. Determining optimal gestational weight gain in the Korean population:
A retrospective cohort study. Reprod. Biol. Endocrinol. 2017, 15, 67. [CrossRef]

35. Ratnasiri, A.W.G.; Lee, H.C.; Lakshminrusimha, S.; Parry, S.S.; Arief, V.N.; DeLacy, I.H.; Yang, J.S.; DiLibero, R.J.; Logan, J.;
Basford, K.E. Trends in maternal prepregnancy body mass index (BMI) and its association with birth and maternal outcomes in
California, 2007–2016: A retrospective cohort study. PLoS ONE 2019, 14, e0222458. [CrossRef] [PubMed]

36. Abbasi, N.; Patenaude, V.; Abenhaim, H.A. Management and outcomes of acute appendicitis in pregnancy-population-based
study of over 7000 cases. BJOG Int. J. Obstet. Gynaecol. 2014, 121, 1509–1514. [CrossRef] [PubMed]

37. Ball, E.; Waters, N.; Cooper, N.; Talati, C.; Mallick, R.; Rabas, S.; Mukherjee, A.; Sri Ranjan, Y.; Thaha, M.; Dodia, R.; et al.
Correction: Evidence-Based Guideline on Laparoscopy in Pregnancy: Commissioned by the British Society for Gynaecological
Endoscopy (BSGE) Endorsed by the Royal College of Obstetricians & Gynaecologists (RCOG). Facts Views Vis. ObGyn 2020, 11,
261. [PubMed]

38. Germer, C.T.; Reibetanz, J. Suspected appendicitis during pregnancy: Laparoscopic or open approach? Der Chirurg. 2019, 90, 675.
[CrossRef]

39. Pearl, J.P.; Price, R.R.; Tonkin, A.E.; Richardson, W.S.; Stefanidis, D. SAGES guidelines for the use of laparoscopy during pregnancy.
Surg. Endosc. 2017, 31, 3767–3782. [CrossRef] [PubMed]

40. Bilski-Pasquier, G.; Charon, P.; Bousser, J. Leukosis and pregnancy. Nouv. Rev. Fr. Hematol. 1962, 2, 289.
41. Sazhin, A.V.; Kurtser, M.A.; Konoplyannikov, A.G.; Ivakhov, G.B.; Panin, A.V.; Son, D.A.; Shulyak, G.D.; Serebrennikova, Y.A.

Complicated appendicitis during pregnancy. Khirurgiia 2019, 4, 15–23. [CrossRef]
42. Yazar, F.M.; Bakacak, M.; Emre, A.; Urfalıoglu, A.; Serin, S.; Cengiz, E.; Bülbüloglu, E. Predictive role of neutrophil-to-lymphocyte

and platelet-to-lymphocyte ratios for diagnosis of acute appendicitis during pregnancy. Kaohsiung J. Med. Sci. 2015, 31, 591–596.
[CrossRef] [PubMed]

43. Bazdar, S.; Dehghankhalili, M.; Yaghmaei, S.; Azadegan, M.; Pourdavood, A.; Niakan, M.H.; Bananzadeh, A.M. Acute Appen-
dicitis during Pregnancy; Results of a Cohort Study in a Single Iranian Center. Bull. Emerg. Trauma 2018, 6, 122–127. [CrossRef]
[PubMed]

44. Gentles, J.Q.; Meglei, G.; Chen, L.; Hague, C.J.; Melck, A.L. Is neutrophilia the key to diagnosing appendicitis in pregnancy? Am.
J. Surg. 2020, 219, 855–859. [CrossRef] [PubMed]
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