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Abstract. Objective. This study was designed to compare the diagnosis, treatment, and results of acute appendicitis in pregnant and 
non-pregnant women. Material and Methods. Women between the ages of 18 and 40 who were operated for acute appendicitis between 
2015 and 2020 were included in the study. Results. There were 27 (3.8%) patients in Group Pregnant, and 679 (96.2%) patients in Group 
non-Pregnant. The mean WBC values in Group P and Group non-P was 16.53±2.91 and 13.99±4.31 (x103), and there was a significant 
difference between the groups.Mean pain symptom duration time was 3.40±1.90 in Group P and 1.91±1.34 day in Group non-P, while 
it was significantly longer in Group P . When the preoperative USG reports were evaluated, no significant difference was found between 
the groups.The diagnosis was made by MRI in 2 (7.4%) pregnant patients who non-visualized according to the USG report. In Group P, 
10 patients were laparoscopic, 17 patients  open; In group non-P, 153 patients laparoscopic and 526 patients were operated using open 
surgery technique. While the mean operation time did not differ significantly between the groups. Length of hospital stay was significantly 
higher in Group P with 3.48±4.26 days to 1.95±1.45 days. Conclusion. Diagnosis and treatment of acute appendicitis during pregnancy may 
be difficult, but with advanced radiological examinations and experienced surgeons, these difficulties can be easily overcome.
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Introduction

Acute appendicitis (AA) is the most common non-obstetric surgery during pregnancy, with an incidence 
of 1 in 1 400 to 1 500 births similar to the non-pregnant population [1, 2]. It should be kept in mind that 
symptoms such as nausea, vomiting and nonspsific pain can be seen during pregnancy and this may be mis-
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leading in the history and physical examination, also physiological leukocytosis of pregnancy, enlargement of 
the uterus and anatomical displacement of the appendix can decrease the accuracy rates of complementary 
diagnostic tools such as laboratory and ultrasonographic evaluation [3, 4]. Therefore diagnosis of AA is com-
plex due to physiological and anatomical changes that occur during pregnancy and can lead to delayed or 
misdiagnosis. Negative appendectomy with misdiagnosis increases the risk of preterm labor, while perforation 
secondary to delay in treatment increases the rates of premature birth and fetal loss [2]. Despite the tendency 
to diagnose AA late in pregnancy, negative appendectomy rates of up to 23% have been reported [5]. At the 
same time higher perforation rates have been reported in pregnant women [6]. The treatment of acute ap-
pendicitis is appendectomy. It is reported that laparoscopic appendectomy is as safe as open appendectomy 
under appropriate conditions [7]. In any case, rapid diagnosis and treatment of AA patients is important to 
avoid negative maternal and neonatal consequences during pregnancy [4, 8]. 

The aim of this study is to compare the diagnosis, management and outcomes of AA with age-matched 
nonpregnant women. 

Materials and Methods

A comparative retrospective study was designed in a tertiary training and research hospital. The study was 
carried out in accordance with the laws and guidelines in the Helsinki Declaration, after the approval of 
the local ethics committee. Informed consent was obtained from all patients included in the study. Patient 
data were obtained by scanning the hospital electronic record system. Pregnant women over 18 years of age 
who were operated with the diagnosis of acute appendicitis between 2015–2020 were included in the study 
(Group P), and non-pregnant women under 40 years of age (Group non-P) were included in the study as a 
control group to be agematched. Patients <18 and >40 years of age and patients who underwent appendec-
tomy during intraabdominal surgery for any reason were excluded from the study.

For diagnosis, history, physical examination wbc and ultrasonography (USG) was performed as a and 
imaging method. USG results was evaluated as normal, not visualized, appendicitis, perforated appendicitis, 
and suspicious findings. The pregnant patients who failed to be diagnosed with USG and clinical findings 
were diagnosed by magnetic resonance imaging (MRI). Prior to surgery, pregnant patients were evaluated by 
an obstetrician to rule out the presence of other pregnancy-related complications. Obstetric ultrasonography 
was performed on pregnant patients to determine the viability of the fetus. Then, USG was repeated after 
the operation and before the patient was discharged. Preoperative data were determined as: age, white blood 
cell count (WBC), American Society of Anesthesiologists (ASA) scores, duration of syptoms (pain) and 
USG findings. Operative data as: surgical technique and operation time. Length of hospital stay, postopera-
tive complications and pathology results were also recorded. Pathology results were categorized as: negative 
appendectomy; with no pathological findings, appendicitis; inflammation of the appendix, complicated ap-
pendicitis; perforated appendicitis and appendicular abscess, including gangrenous appendicitis, carcinoma 
and mucocele. Then the groups were compared in terms of variables.

Statistical Method

Frequency and percentage values were given for categorical variables, median, mean and standard deviation 
values were given for continuous variables. The normality of continuous variables was checked with the 
Shapiro-Wilk test. Mann Whitney U test was used to compare continuous variables that are not normally 
distributed. Chi-Square test was used for comparison of categorical variables. All analyzes were performed 
with the Social Sciences Statistics Package for Windows 22.0 (SPSS Inc., Chicago, Illinois, USA) and results 
with p < 0.05 were considered significant.
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Results

A total of 706 patients were included in the study. There were 27 (3.8%) patients in Group P, and 679 (96.2%) 
patients in Group non-P. The median age was 28.0 (range: 18–40) in Group P and 27 (range 21–40) (years) 
in Group non-P. There was no significant difference between the groups in terms of age (p = 0.629). The 
mean WBC values in Group P and Group non-P was 16.53±2.91 and 13.99±4.31 (x103), and there was a 
significant difference between the groups (p < 0.001). Mean pain symptom duration time was 3.40±1.90 
in Group P and 1.91±1.34 (days) in Group non-P, while it was significantly longer in Group P (p < 0.001). 
When the preoperative USG reports were evaluated, no significant difference was found between the groups 
(p = 0.062) (Table 1). The diagnosis was made by MRI in 2 (7.4%) pregnant patients who non-visualized 
according to the USG report.

Table 1. Demographic and diagnostic variables

Group P  
(n = 27/3.8%)

Group non–P  
(n = 679/96.2%) P value

Age (years) 28.0 (18–40) 27.0 (21–40) 0.629

WBC (x103) 16.53±2.91 13.99±4.31 <0.001*

Symptom (pain) duration (days) 3.40±1.90 1.91±1.34 <0.001*

ASA scores

1 604 (89.0%) 26 (96.3%)
0.346**

2 75 (11.0%) 1 (3.7%)

USG findings

0.062**

Normal 0 (0%) 101 (14.9%)

Non-visualized 2 (7.4%) 49 (7.2%)

Appendicitis 25 (92.6%) 462 (68.0%)

Perforated appendicitis 0 (0%) 14 (2.1%)

Suspicious 0 (0%) 53 (7.8%)

Continuous variables are expressed as median (min-max) and mean±SD (standart deviation); categorical variables are 
expressed as (n/%). 
* Mann Whitney U test; ** Chi-square test was used for statistical analysis; p < 0.005 was considered significant.

In Group P, 10 (37.0%) patients were laparoscopic, 17 (63.0%) open. In group non-P, 153 (22.5%) 
laparoscopic and 526 (77.5%) patients were operated using open surgery technique. There was no significant 
difference between the groups in terms of surgical technique (p = 0.101). While the mean operation time did 
not differ significantly between the groups (p = 0.573). It was 48.62±15.12 in Group P and 45.80±11.86 
(minutes) in Group non-P (Table 2).

Length of hospital stay was significantly higher in Group  P with 3.48±4.26  days to 1.95±1.45  days 
(p = 0.002). When postoperative pathology results and complications were evaluated, no significant differ-
ence was found between the groups (p = 0.130, p = 0.066) (Table 3). Maternal and fetal death did not occur 
during the perioperative period.
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Table 2. Operative characteristics of the groups

Group P 
(n = 27/3.8%)

Group non–P  
(n = 679/96.2%) P value

Surgical technique

Laparoscopic 10 (37.0%) 153 (22.5%)
0.101**

Open 17 (63.0%) 526 (77.5%)

Conversion to open 2 (20.0%) 10 (6.5%) 0.161**

Operation time (minutes) 48.62±15.12 45.80±11.86 0.573*

Continuous variables are expressed as mean±SD (standart deviation); categorical variables are expressed as (n/%). 
* Mann Whitney U test; ** Chi-square test was used for statistical analysis; p < 0.005 was considered significant.

Table 3. Postoperative outcomes of groups

Group P 
(n = 27/3.8%)

Group non–P  
(n = 679/96.2%) P value

Length of hospital stay (day) 3.48±4.26 1.95±1.45 0.002*

Pathology

Negative appendectomy 1 (3.7%) 32 (4.7%)

0.130**

Appendicitis 22 (81.5%) 599 (88.2%)
Complicated appendicitis 3 (11.1%) 43 (6.3%)

Carcinoma 1 (3.7%) 4 (0.6%)
Mucocele 0 (0%) 1 (0.6%)

Complications

No 23 (85.2%) 626 (92.2%)

0.066**
Wound infection 2 (7.4%) 35 (5.2%)

Intra-abdominal abscess 0 (0%) 5 (0.7%)
Ileus 2 (7.4%) 13 (1.9%)

Continuous variables are expressed as mean±SD (standart deviation); categorical variables are expressed as (n/%). 
* Mann Whitney U test; ** Chi-square test was used for statistical analysis; p < 0.005 was considered significant.

Discussion

Correct diagnosis of AA during pregnancy is challenging. Associated physiological and anatomical changes 
may prevent the diagnosis of appendicitis in pregnancy [9]. Symptoms such as nausea, vomiting and loss of 
appetite, which are common in both cases of AA diagnosis during pregnancy, the typical right lower quadrant 
pain in appendicitis varies due to the upward and lateral displacement of the appendix due to uterine enlarge-
ment during pregnancy, and leukocytosis, which is an important finding of AA, may cause delays in diagnosis. 

Pregnancy in healthy women is associated with leukocytosis, this predominantly related to the increasing 
number of neutrophils [10]. Therefore, inflammatory markers have lower diagnostic accuracy in pregnant 
women. L. Hiersch et al. showed that there was no significant difference in WBC counts in AA in pregnant 
and non-pregnant patients. In our study, WBC values were found to be significantly higher in the pregnant 
group. This can already be explained by the increased WBC numbers triggered by pregnancy leukocytosis 
and AA-related inflammation.
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In most pregnant women, pain in the lower quadrants can occur regardless of the stage of pregnancy. 
Pregnant women are less likely to give a classic presentation in AA, although the most common symptom is 
pain in the right lower quadrant [11]. At the same time, the appendix moves upwards by a few centimeters 
in position with the increase in uterine volume in the third trimester, and pain can be seen in the flank area 
or in the right upper quadrant [12]. Although the sensitivity of the pain symptom is less pronounced during 
pregnancy, still the most common finding in the diagnosis of AA is pain. In our study, the duration of pain 
was significantly longer in the pregnant group. This reflects the fact that pregnant patients have a longer 
symptom duration in AA due to the ambiguous presentation of abdominal pain.

The data indicate that the use of preoperative imaging has increased due to the increasing rates of negative 
appendectomy, which improves the diagnostic accuracy of clinicians. The American College of Radiologists 
(ACR) has adopted abdominal USG as the first preferred imaging for pregnant women in the face of any 
suspected AA [13]. USG will also assist in determining gestational age and fetal viability, in eliminating an 
associated adnexal or obstetric pathology. In our study, USG was used successfully as the first diagnostic 
method. When clinical examination and USG are inconclusive, MRI is an excellent method of excluding 
acute appendicitis in pregnant women [5, 14, 15]. Similarly, the diagnosis was made by MRI in two patients 
who could not be diagnosed by USG in our study.

Surgical appendectomy is the gold standard treatment for acute appendicitis in pregnant women. An 
aggressive surgical approach is accepted in pregnant women to prevent delayed diagnosis and the associated 
increased risk of perforation and adverse pregnancy outcomes [5]. There are controversial results in the litera-
ture regarding the surgical technique. C. A. Walsh et al. [16] was reported that laparoscopic appendectomy 
in pregnancy is associated with increased incidence of preterm labor and fetal loss. A. Westerband et al. [17] 
concluded since increased intra-abdominal pressure during pneumoperitoneum in pregnant women may 
cause a decrease in venous return and this may result in a simultaneous decrease in cardiac output, therefore 
laparoscopy is not safe. J. D. Amos et al. [18] and M. L. McGory et al. [5] reported that the rate of fetal loss 
is higher in laparoscopic appendectomy compared to open technique. Conversely, M. B. Reedy et al. [19] was 
reported that laparoscopic appendectomy during pregnancy caused a decrease in hospital stay, cost, fetal loss 
and post-operative complication rates compared to open surgery. U. Guller et al. [20] showed a significant 
decrease in postoperative morbidity, S. Lyass et al. [7] laparoscopic appendectomy does not cause any com-
plications on mother and fetus. Cheng at al. [21] and B. Kirshtein et al. [22] emphasized that laparoscopic 
appendectomy can be performed successfully in all trimesters with low complication rates. Ultimately, the 
choice of treatment approach should be considered based on skill, surgeon’s experience in laparoscopy, and 
the size of the gravid uterus. Although not statistically significant, the high rate of open surgery in our study 
reflects the uncertainty in terms of the preferred approach to pregnancy.

Considering the difficulties in the clinical diagnosis of appendicitis and the significant risk of fetal death in 
perforated appendicitis; higher rates of negative laparotomy (from 20% to 35%) compared to non-pregnant 
women are acceptable in pregnant women [5, 23]. M. L. McGory et al. [5] reported that negative appendec-
tomy was more common in pregnant women compared to nonpregnant women (23% versus 18%), but in 
our study, no significant difference was found with 3.7% vs 4.7%. 

Overall morbidity rates associated with appendicitis are higher in pregnant women [2, 24]. Similarly, the 
incidence of perforation is believed to be higher in those who are pregnant than those who are not [24]. On 
the contrary, there are also publications arguing that complicated appendicitis is not different in pregnant 
and non-pregnant women [5, 25]. In recent years, a decrease in perforation rates in AA has been observed in 
pregnant patients, this decrease can be accepted as a result of more aggressive surgical treatment to minimize 
maternal and fetal complications. However, high negative rates should also be accepted. Our study found 
much less negative appendectomy rate than the literature. In our study, no significant difference was found 
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between pregnant and non-pregnant patients in terms of complicated appendicitis. This contrasts with studies 
reporting higher rates of complicated appendicitis in pregnant women. However, according to our results, 
the natural course of acute appendicitis was not different from non-pregnant women of reproductive age 
and pregnant women. Fetal loss after appendectomy has been previously reported between 3% and 15%. In 
addition, the rate of fetal loss has been reported to be higher (20% to 37%), especially in the first trimester 
of pregnancy and in patients with complicated appendicitis [26]. No maternal or fetal loss was observed in 
our study. This may be attributed to the small number of patients.

Contrary to the studies reporting that the operation time was faster in the pregnant group [10], no signifi-
cant difference was found in our study in terms of operation time in pregnant and non-pregnant AA patients. 

There are studies reporting that the length of hospital stay is not different between pregnant women and 
non-pregnant women [10], on the contrary, some studies report that the duration of hospitalization is more 
than 3 days in pregnant women compared to non-pregnant women [2]. Not surprisingly, the length of hos-
pital stay in pregnant women was statistically longer compared to non-pregnant women in our study. This 
may be related with obstetric evaluation of pregnant women and prolonged hospital stay due to additional 
medical treatments.

Data from a single center and the limited number of patients can be considered among the limitations of 
our study. Information about the patients was also limited as it was a retrospective study. Since we did not 
know which trimester the pregnant women were in, we could not evaluate the clinical presentation, manage-
ment and results for different trimesters separately. Perhaps another limitation is that different radiologists 
evaluate patients, even if they are all experienced and different pathologists to examine samples.

Conclusion

Diagnosis and treatment of acute appendicitis during pregnancy may be difficult, but with advanced radio-
logical examinations and experienced surgeons, these difficulties can be easily overcome.

Conflict of Interest. Authors did not declare any.
Funding. The authors received no specific funding for this work.
Ethical approvel number: KAEK/2021.01.234. Ethical committee of University of Health Sciences, Kanuni 
Sultan Süleyman Training and Research Hospital, General Surgery, Istanbul, Turkey.
Authors Contribution. Hakan Bolukbasi, Serhan Yilmaz, Engin Okan Yıldırım and Aziz Ocakoğlu are re-
sponsible for the design of manuscript. Hakan Bolukbasi, Aziz Ocakoğlu and Engin Okan Yıldırım collected 
the data, Serhan Yilmaz analyzed the data. All the authors discuss the results and writing-review and editing 
the manuscript. Approval of final manuscript: Hakan Bolukbasi, Serhan Yilmaz, Engin Okan Yıldırım, Aziz 
Ocakoğlu.

References

1. Guttman R, Goldman RD, Koren G. Appendicitis During Pregnancy. Can Fam Physician 2004; 50: 355–357.
2. Abbasi N, Patenaude V, Abenhaim HA. Management and Outcomes of Acute Appendicitis in Pregnancy – Population-

based Study of Over 7000 Cases. BJOG 2014; 121(12): 1509–1514.
3. Debnath J, Sharma P, Maurya V. Diagnosing Appendicitis During Pregnancy: Which Study When? Am J Obstet Gynecol 

2016; 214(1): 135–136.
4. Segev L, Segev Y, Rayman S, Nissan A, Sadot E. Acute Appendicitis During Pregnancy: Different from the Nonpregnant 

State? World J Surg 2017; 41(1): 75–81.
5. McGory ML, Zingmond DS, Tillou A, Hiatt JR, Ko CY, Cryer HM. Negative Appendectomy in Pregnant Women is 

Associated with a Substantial Risk of Fetal Loss. J Am Col Surg 2007; 205(4): 534–540.



115

Originalūs mokslo tiriamieji darbai / Hakan Bolukbasi, Serhan Yılmaz, Engin Okan Yıldırım, Aziz Ocakoğlu.     
Does Acute Appendicitis in Pregnancy a Clinical Challenge in Surgery Practice? Our Experience

6. Somani RA, Kaban G, Cuddington G, McArthur R. Appendicitis in Pregnancy: a Rare Presentation. CMAJ 2003; 
168(8): 1020.

7. Lyass S, Pikarsky A, Eisenberg VH, Elchalal U, Schenker JG, Reissman P. Is Laparoscopic Appendectomy Safe in Pregnant 
Women? Surg Endosc 2001; 15(4): 377–379.

8. Won RP, Friedlander S, Lee SL. Management and Outcomes of Appendectomy during Pregnancy. Am Surg 2017; 
83(10): 1103–1107.

9. Freeland M, King E, Safcsak K, Durham R. Diagnosis of Appendicitis in Pregnancy. Am J Surg 2009; 198(6): 753–758.
10. Hiersch L, Yogev Y, Ashwal E, From A, Ben-Haroush A, Peled Y. The Impact of Pregnancy on the Accuracy and Delay 

in Diagnosis of Acute Appendicitis. J Matern Fetal Neonatal Med 2014; 27(13): 1357–1360.
11. Popkin CA, Lopez PP, Cohn SM, Brown M, Lynn M. The Incision of Choice for Pregnant Women with Appendicitis 

is through McBurneys Point. Am J Surg 2002; 183(1): 20–22.
12. Pates JA, Avendanio TC, Avendiano TC, McIntire DD, Twickler DM. The Appendix in Pregnancy: Confirming His-

torical Observations with a Contemporary Modality. Obstet Gynecol 2009; 114(4): 805–808.
13. Rosen MP, Ding A, Blake MA, Baker ME, Cash BD, Fidler JD, Grant TH, Greene FL, Jones B, Katz DS, Lalani T, 

Miller FH, Small WC, Spottswood S, Sudakoff GS, Tulchinsky M, Warshauer DM, Yee J, Coley BD. ACR Appropriateness 
Criteria Right Lower Quadrant Pain – Suspected Appendicitis. J Am Coll Radiol 2011; 8(11): 749–755.

14. Long SS, Long C, Lai H, Macura KJ. Imaging Strategies for Right Lower Quadrant Pain in Pregnancy. AJR Am J 
Roentgenol 2011; 196(1): 4–12.

15. Pedrosa I, Levine D, Eyvazzadeh AD, Siewert B, Ngo L, Rofsky NM. MR Imaging Evaluation of Acute Appendicitis 
in Pregnancy. Radiology 2006; 238(3): 891–899.

16. Walsh CA, Tang T, Walsh SR. Laparoscopic versus Open Appendicectomy in Pregnancy: a Systematic Review. Int J 
Surg 2008; 6(4): 339–344.

17. Westerband A, Van De Water J, Amzallag M, Lebowitz PW, Nwasokwa ON, Chardavoyne R, Abou-Taleb A, Wang X, 
Wise L. Cardiovascular Changes During Laparoscopic Cholecystectomy. Surg Gynecol Obstet 1992; 175(6): 535–538.

18. Amos JD, Schorr SJ, Norman PF, Poole GV, Thomae KR, Mancino AT, Hall TJ, Scott-Conner CE. Laparoscopic 
Surgery During Pregnancy. Am J Surg 1996; 171(4): 435–437.

19. Reedy MB, Kallen B, Kuehl TJ. Laparoscopy During Pregnancy: a Study of Five Fetal Outcome Parameters with Use 
of the Swedish Health Registry. Am J Obstet Gynecol 1997; 177(3): 673–679.

20. Guller U, Hervey S, Purves H, Muhlbaier LH, Peterson ED, Eubanks S, Pietrobon R. Laparoscopic versus Open Ap-
pendectomy: Outcomes Comparison Based on a Large Administrative Database. Ann Surg 2004; 239(1): 43–52.

21. Cheng HT, Wang YC, Lo HC, Su LT, Soh KS, Tzeng CW, Wu SC, Sung FC, Hsieh CH. Laparoscopic Appendectomy 
versus Open Appendectomy in Pregnancy: a Population-based Analysis of Maternal Outcome. Surg Endosc 2015; 29(6): 
1394–1399.

22. Kirshtein B, Perry ZH, Avinoach E, Mizrahi S, Lantsberg I. Safety of Laparoscopic Appendectomy During Pregnancy. 
World J Surg 2009; 33(3): 475–480.

23. de Franca Neto AH, do Amorim MMR, Nobrega BMSV. Acute Appendicitis in Pregnancy: Literature Review. Rev 
Assoc Med Bras (1992) 2015; 61(2): 170–177.

24. Tracey M, Fletcher HS. Appendicitis in Pregnancy. Am Surg 2000; 66: 555–559.
25. Silvestri MT, Pettker CM, Brousseau EC, Dick MA, Ciarleglio MM, Erekson EA. Morbidity of Appendectomy and 

Cholecystectomy in Pregnant and Nonpregnant Women. Obstet Gynecol 2011; 118: 1261–1270.
26. Ueberrueck T, Koch A, Meyer L, Hinkel M, Gastiner I. Ninety-four Appendectomies for Suspected Acute Appendicitis 

During Pregnancy. World J Surg 2004; 28(5): 508–511.


	Does Acute Appendicitis in Pregnancy a Clinical Challenge in Surgery Practice? Our Experience. Hakan Bolukbasi, Serhan Yılmaz, Engin Okan Yıldırım, Aziz Ocakoğlu
	Abstract.
	Introduction
	Materials and Methods
	Statistical Method

	Results
	Discussion
	Conclusion
	References



