Laparoscopic appendectomy versus open appendectomy in pregnancy: A population-based analysis of maternal outcome
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Abstract

Background: Laparoscopic appendectomy is the standard treatment of acute appendicitis for the general population, however, there is still some doubt regarding its safety for pregnant patients. Therefore, the purpose of this study is to investigate and compare the maternal outcome of pregnant patients with acute appendicitis following either an open or laparoscopic appendectomy from a population-based database. 
Methods: This study is based on the National Health Insurance Research Database. Patients with both ICD-9-CM codes for appendicitis (540.9, 540.0 and 540.1) and pregnancy (V22) in the same admission were considered to have acute appendicitis during pregnancy. These patients were divided into three groups according to the type of treatment: laparoscopic appendectomy (LA), open appendectomy (OA) and non-operative treatment. Outcome measures that were compared between the groups included maternal complications such as preterm labor, abortion and the need of cesarean section. Besides, the differences of medical expenditure and length of hospital stay between the groups were also analyzed.

Results: From 2005 to 2010, a total of 859 pregnant women who had acute appendicitis were identified. They had increased risks for preterm labor, abortion and increased requirement of cesarean section compared to the control group (i.e. those without acute appendicitis). Among the 3 groups, the non-operated group has the highest risk of preterm labor. Patients who underwent LA did not have any increased risk of maternal complications as compared to the OA group. Furthermore, LA patients had shorter hospital stay than OA. 
Conclusion: Compared to non-operative treatment, appendectomy is the preferred treatment for pregnant patients who have acute appendicitis. LA can be performed safely in pregnant patients without bringing additional maternal complications as compared to OA.
Introduction

Acute appendicitis is the most common non-obstetric surgical emergency during pregnancy which has an estimated incidence between 0.05% and 0.13%
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. However, the utility of LA for pregnant women with acute appendicitis is still in debate for its potential maternal complications such as preterm labor and fetal loss1

. Appendicitis in pregnancy has been a challenge for surgeons not only for its difficulty to diagnosis but also treatment. During the past decade, laparoscopic appendectomy (LA) has gained wide acceptance for the treatment of acute appendicitis because such approach has better visualization, fewer wound infections, less post-operative pain, shorter hospital stay and earlier return to daily activities compared to that of open appendectomy

3

. Although some studies have compared the intra-operative safety of LA as well as its association with fetal and maternal outcome to that of open appendectomy, nonetheless, these studies were based predominantly on small case series and the results were still inconclusive
 HYPERLINK \l "_ENREF_3" \o "Walsh, 2008 #1429" 
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 . Therefore, by using the entire Taiwanese population as the subject, the purpose of this study is to investigate and compare the maternal outcome following either an open or laparoscopic appendectomy through a population-based database.
Materials and Methods

Data source

This study was a nationwide, retrospective, population-based analysis of insurance claim data from 23 million insured people obtained from Taiwan’s National Health Insurance (NHI) program via the National Health Research Institutes (NHRI) database
 ADDIN EN.CITE 

15, 16
. The NHI program in Taiwan is a universal insurance system that covers 99% of the population in Taiwan. The patient information recorded included all medical services received in 2005–2010. The database also contained information regarding the inpatient expenditures of all the patients who had been admitted to the hospital. We used this database to identify those patients who had an acute appendicitis during pregnancy.
Methods


The International Classification of Diseases, ninth revision, Clinical Modification (ICD-9-CM) codes were used as the coding system for the database. Between 2005 and 2010, all the patients who had an acute appendicitis during their pregnancy were included in this study. To sort these patients out, an individual who was coded for both acute appendicitis (ICD-9-CM: 540.9, 540.0 and 540.1) and pregnancy (V22) in a same hospitalization was defined as having an acute appendicitis during pregnancy. 


Patients were divided into three groups: laparoscopic appendectomy group (LA), open appendectomy group (OA) and the antibiotics-only group (non-OP). Besides, another 3436 pregnant women who did not have acute appendicitis during their pregnancy were randomly selected as the control group. The control group had a matched age distribution as the study group and was used to estimate the baseline incidence of maternal complications during pregnancy of a general population. A total of 4295 women enrolled in this study. 

The demographic data and maternal outcome were retrieved from the database. The demographics included maternal age and urbanization level of the patient’s residence. The degree of urbanization of the cities/counties was classified into four stratifications, which were modified from the standards published by the Institute of Occupational Safety and Health in Taiwan (1= most urbanized, 4= least urbanized)17

. We also took potential confounding factors into consideration in order to examine the independent effect of acute appendicitis on the pregnancy outcomes. These factors are common comorbidities including alcoholism, gestational diabetes, gestational hypertension, anemia, coronary heart disease, hyperlipidemia and obesity. 

ICD-9-CM code 540.9 was defined as simple appendicitis while 540.0 (acute appendicitis with rupture) and 540.1 (acute appendicitis with abscess formation) were defined as complicated appendicitis which have been known to increase the risk of fetal loss in pregnant women as compared to simple appendicitis
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. Preterm labor(ICD-9-CM code: 644.2x), abortion(ICD-9-CM code: 632, 634.xx, 637.xx, 640.xx, 656.4x) and the requirement of cesarean section(ICD-9-CM code for procedure: 74.xx, exclude 74.9) were chosen as maternal complications for outcome measures and were followed up to the end of pregnancy. These complications were considered to have occurred if these codes appeared at the end of that indicated pregnancy.

X2-tests and multiple logistic regression analyses were used to compare the demographics and maternal outcomes among the groups. Odds ratios (OR) were calculated to estimate the risks of having adverse outcomes in pregnant women with acute appendicitis to that of the pregnant women without acute appendicitis. The data are represented as OR (95% confidence interval [CI]). All statistical analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC, USA), and a p value of < 0.05 was considered significant.
Results
From 2005 to 2010, 859 out of 1,147,214 pregnant women were identified to have acute appendicitis during their pregnancy and thus the incidence was estimated to be 0.075 %. They were treated by either an open appendectomy (n=653) or laparoscopic appendectomy (n=128), or by antibiotics treatment only (n=78). The distributions of patients’ age and urbanization levels were similar between the control (without appendicitis during pregnancy) and the study group (with appendicitis during pregnancy) (Table 1-1). Among all the potential confounding factors, the incidence of anemia was significantly higher in the study group compared to the control group while no statistical difference was noted for the rest of the confounding factors. In addition, no differences were noted for the demographic and incidence of comorbidity between those who underwent laparoscopic appendectomy (LA group) and open appendectomy (OA group) (Table 1-2). However, a significantly higher percentage of patients in the OA group had a complicated appendicitis compared to the LA group (16.7% vs. 9.4%, p< 0.05) (Table 1-2).


When comparing the incidences of maternal complications between those pregnant women with or without an acute appendicitis during their gestation, we found that those with acute appendicitis had higher risks of preterm labor (10.4% vs. 4.4%, p<0.0001), abortion (6.2% vs. 0.4%, p<0.0001) and rate of cesarean section (38.9% vs. 34%, p=0.0072) (Table 2).


The odds ratios of the occurrence of maternal complications after acute appendicitis were calculated for each type of treatment (Table 3). Compared to the control group, the risks of preterm labor and abortion were significantly increased in the antibiotic-only group. Furthermore, the risks for the three maternal complications were all increased in the OA group. In contrast, patients of the LA group only had an increased risk of abortion while the risks for preterm labor and the need for a cesarean section remained the same as that of the control group. Nonetheless, in terms of the risk of abortion following acute appendicitis, the antibiotics-only group carried the highest risk with an OR of 31.37 (95% CI = 13.12~75.01), followed by the OA group (OR =14.34, 95% CI = 7.70~26.71) and the LA group (OR= 13.88, 95% CI = 5.50~35.04). 
When the OA and the LA group were compared with each other for the risks of abortion, preterm labor and cesarean section, both groups were similar without any significant differences between them (Table 4). Finally, the OA group had a significantly longer hospital stay than the LA group {mean (range) = 5.5 (1.0~34.0) days for the OA group and 3.8 (1.0~9.0) days for the LA group}. In contrast, the overall medical expenditure were similar between both groups (Table 5). 

Discussion 
Laparoscopic appendectomy is the treatment of choice for acute appendicitis in the general population because of its overall superiority to open appendectomy
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. Its application has been extended to the pregnant women as well. The safety of laparoscopic appendectomy for pregnant women has been widely discussed in the past 10 years; however, most of those studies were single-institution experiences or consisted of only small number of patients
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. A systematic review and meta-analysis for the studies between January 1990 and July 2011 that compared laparoscopic and open appendectomy in pregnancy provided low-grade evidences that laparoscopic appendectomy in pregnant women might be associated with a greater risk of fetal loss


4

. Another systemic review for laparoscopic appendectomy in pregnancy which included twenty-eight articles that documenting 637 cases of LA in pregnancy noted that laparoscopic appendectomy in pregnancy is associated with a significantly higher rate of fetal loss compared to open appendectomy


3

. Carver et al. suggested that an open approach may be preferred for appendectomy in pregnant patients during the first two trimesters of pregnancy in their retrospective study which enrolled twenty eight patients6
. One the other hand, there were also many studies supporting the safety and advantages of laparoscopic appendectomy performed during pregnancy. Sadotet al. conducted a hospital-based retrospective study enrolling 65 patients that underwent appendectomy, 48 were laparoscopic and 17 open, which showed no difference in terms of fetal loss, APGAR score, birth weight, and preterm delivery rate. They suggested it was likely that not the surgical approach but the underlying diagnosis combined with maternal factors that might have determined the risk for pregnancy complications, and the benefit of laparoscopy was the diagnostic ability to identify other intra-abdominal pathology which might mimic appendicitis and harbor pregnancy risks


7

. Boris et al. also concluded that laparoscopic appendectomy was safe and effective during pregnancy through their study which included 42 pregnant patients


8

. As the conclusion of these reports remained contradicted, we conducted a population-based analysis aiming at clarifying whether laparoscopic appendectomy is superior to open appendectomy in terms of carrying lower risks of maternal complications.

Pregnancy has not been found to increase the risk of appendicitis, and the reported incidence of acute appendicitis in pregnancy varies widely. One study reported an estimated incidence of between 0.05% and 0.13%23

. Our study, based on the epidemiology data of the entire Taiwanese population between 2005 and 2010, showed that the incidence of acute appendicitis in pregnancy is 0.075% which is similar to most of the studies around the world. 
1

 while another larger series reported the incidence to be 1 in 1440 pregnancies
Due to anatomical and physiological changes during pregnancy, the diagnosis of acute appendicitis in these patients is a challenge for clinicians. Borst et al. reported that the rate of appendiceal perforation during pregnancy can be as high as 43% while it was about 19% in the general population26

. In the current study, we found that acute appendicitis during pregnancy did increase the risk of preterm labor, abortion and higher rate of undergoing cesarean section compared to those without appendicitis (Table 2). 
25

. In a recent study, appendicitis during pregnancy was found to adversely cause increased risks for small for gestational age, low birth weight, preterm labor, and some major congenital anomalies24

. In pregnant women, a ruptured appendicitis due to delayed diagnosis of acute appendicitis may result in an increased risk of fetal loss for up to 36%
Similar to that of the general population, surgical intervention remains the treatment of choice for acute appendicitis in pregnant women. Our data indicated that, for pregnant women, treating acute appendicitis with antibiotics not only did not reduce the risk of preterm labor but also carried the highest risk of abortion compared to the OA and LA groups. This was because medical treatment for acute appendicitis carried a higher failure rate than that of appendectomy and significantly increased the risk of maternal morbidity and fetal loss once the disease progressed into perforated appendicitis
 ADDIN EN.CITE 
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. When a further analysis was performed between OA and LA, we found that the risks of preterm labor, abortion and the requirement to undergo a cesarean section were similar without statistical differences between the groups. One major concern for laparoscopic surgery during pregnancy is that carbon dioxide pneumoperitoneum not only causes maternal hypotension due to decreased systemic venous return, but also the carbon dioxide is absorbed across the peritoneum and leads to fetal acidosis 


4

. On the other hand, there are studies reporting that no substantial adverse effect on the fetus was noted when the maximum pneumoperitoneal pressure was around 10–12 mmHg and the duration less than 30 min


28

. Our current national-wide data supported the observation that laparoscopic surgery is a safe procedure without significant adversely effect during pregnancy. An additional advantage of LA to OA is that the laparoscopic approach is not only therapeutic but also diagnostic. For those pregnant patients with suspicious acute appendicitis, early diagnostic laparoscopy with an attempt to undergo appendectomy may compensate the limitations of radiological studies and avoid unnecessary delayed diagnosis that leads to poor maternal and fetal outcome
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. Finally, LA is also superior to OA to have a reduced length of hospital stay with a mean hospital stay of 5.5 days (range from 1.0 to 34.0 days) in the OA group but only 3.8 days (range from 1.0 to 9.0 days) in the LA group. Such advantage of laparoscopic surgery over conventional surgery is virtually universal not only for the general population but also for pregnant women.

The limitations of the current study were similar to the other database-based studies that all the information were in the form of numbers or codes and the results were generated by comparing the statistical differences of all these codes between the groups. Therefore, without reviewing individual medical records of each patient that contained clinical data, one shortcoming of this study is that there could be a deviation of the codes from the actual severity of the disease if they were not been coded precisely. Nonetheless, as the same database has been applied in many other fields of studies with numerous high-impact publications, we believe that this population-based national claim database can be recognized as a reliable one and the accuracy of coding for maternal complications in this study such as preterm labor and abortion can be trusted30
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. 
Conclusion

The laparoscopic approach has several well-known advantages over open techniques such as better visualization of the abdominal cavity, fewer wound infections, less post-operative pain, shorten hospital stay and earlier return to daily activities. In addition to these advantages, we found that laparoscopic appendectomy had reduced and fewer risks for maternal complications as compared to open appendectomy. In summary, laparoscopic appendectomy is a safe and preferable technique in pregnant women with acute appendicitis. 
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	Table 1-1

	
	Comparison women
(n=3436)
	Women with appendicitis
(n=859)
	

	Variable
	n
	(%)
	n
	(%)
	p

	Age, years
	
	
	
	
	1.0000

	<20
	88
	(2.6)
	22
	(2.6)
	

	20-24
	576
	(16.8)
	144
	(16.8)
	

	25-29
	1236
	(36.0)
	309
	(36.0)
	

	30-34
	1036
	(30.1)
	259
	(30.1)
	

	>34
	500
	(14.5)
	125
	(14.5)
	

	Urbanization1
	
	
	
	
	0.4812

	1
	1009
	(29.4)
	269
	(31.3)
	

	2
	1056
	(30.7)
	269
	(31.3)
	

	3
	642
	(18.7)
	157
	(18.3)
	

	4-7
	728
	(21.2)
	164
	(19.1)
	

	Comorbidity2
	
	
	
	
	

	Alcoholism
	1
	(0.03)
	1
	(0.1)
	0.3600

	Diabetes
	28
	(0.8)
	7
	(0.8)
	1.0000

	Hypertension
	79
	(2.3)
	21
	(2.4)
	0.8003

	Anemia
	166
	(4.8)
	72
	(8.3)
	<0.0001

	Coronary heart disease
	2
	(0.06)
	1
	(0.1)
	0.4881

	Hyperlipidemia
	4
	(0.1)
	3
	(0.4)
	0.1479

	Obesity
	1
	(0.03)
	0
	(0)
	1.0000

	1. Urbanization level: 1= most urbanized, 8= least urbanized. 2. potential confounding factors to examine the independent effect of acute appendicitis on the pregnancy outcomes


	Table 1-2

	
	OA

(n=653)
	LA

(n=128)
	

	Variable
	n
	(%)
	n
	(%)
	p

	Age, years
	
	
	
	
	0.2608

	<20
	19
	(2.9)
	3
	(2.3)
	

	20-24
	119
	(18.2)
	15
	(11.7)
	

	25-29
	232
	(35.5)
	43
	(33.6)
	

	30-34
	187
	(28.6)
	47
	(36.7)
	

	>34
	96
	(14.7)
	20
	(15.6)
	

	Urbanization1
	
	
	
	
	0.2100

	1
	200
	(30.6)
	51
	(39.8)
	

	2
	207
	(31.7)
	35
	(27.3)
	

	3
	116
	(17.8)
	22
	(17.2)
	

	4-7
	130
	(19.9)
	20
	(15.6)
	

	Comorbidity2
	
	
	
	
	

	Alcoholism
	0
	(0)
	0
	(0)
	-

	Diabetes
	5
	(0.8)
	2
	(1.6)
	0.3473

	Hypertension
	16
	(2.5)
	2
	(1.6)
	0.7520

	Anemia
	56
	(8.6)
	10
	(7.8)
	0.7765

	Coronary heart disease
	0
	(0)
	1
	(0.8)
	0.1639

	Hyperlipidemia
	1
	(0.2)
	1
	(0.8)
	0.3011

	Obesity
	0
	(0)
	0
	(0)
	-

	Complicated appendicitis3
	
	
	
	
	0.0364

	No
	544
	(83.3)
	116
	(90.6)
	

	Yes
	109
	(16.7)
	12
	(9.4)
	

	1. Urbanization level: 1= most urbanized, 8= least urbanized. 2. potential confounding factors to examine the independent effect of acute appendicitis on the pregnancy outcomes 3. Simple appendicitis was defined as ICD-9-CM: 540.9 while complicated appendicitis was defined as ICD-9-CM: 540.0, 540.1


	Table 2

	
	Comparison women

(n=3436)
	Women with appendicitis

  (n=859)
	

	Variable
	n
	(%)
	n
	(%)
	p

	Preterm labor
	151
	(4.4)
	89
	(10.4)
	<0.0001

	Abortion
	14
	(0.4)
	53
	(6.2)
	<0.0001

	Cesarean section
	1168
	(34.0)
	334
	(38.9)
	0.0072

	


	Table 3

	
	Control
	Non-op
	OA
	LA

	Variable
	n
	%
	n
	%
	OR
	(95%CI)
	n
	%
	OR
	(95%CI)
	n
	%
	OR
	(95%CI)

	Preterm labor
	151
	4.4
	8
	10.3
	2.47
	(1.17-5.24)
	74
	11.3
	2.76
	(2.06-3.70)
	7
	5.5
	1.25
	(0.57-2.73)

	Abortion
	14
	0.4
	9
	11.5
	31.37
	(13.12-75.01)
	37
	5.7
	14.34
	(7.70-26.71)
	7
	5.5
	13.88
	(5.50-35.04)

	Cesarean section
	1168
	34.0
	24
	30.8
	0.85
	(0.52-1.38)
	258
	39.5
	1.24
	(1.05-1.48)
	52
	40.6
	1.31
	(0.91-1.88)

	Adjusted anemia


	Table 4
	
	

	
	OA
	LA
	OA vs. LA

	Variable
	n
	%
	n
	%
	OR
	(95%CI)

	Preterm labor
	74
	11.3
	7
	5.5
	2.06
	(0.92-4.59)

	Abortion
	37
	5.7
	7
	5.5
	1.09
	(0.38-3.15)

	Cesarean section
	258
	39.5
	52
	40.6
	0.97
	(0.66-1.43)

	Adjusted anemia and complicated appendicitis


	Table 5

	
	OA
	
	LA
	
	OA (vs. LA)

	Variable
	mean
	range
	
	mean
	range
	
	Coef.
	(SE)
	P

	Hospital Stay
	5.5
	(1.0-34.0)
	
	3.8
	(1.0-9.0)
	
	1.4
	(0.4)
	0.0005

	Cost
	1312.9
	(605.6-17751.1)
	
	1260.7
	(859.9-2366.4)
	
	-20.8
	(102.0)
	0.8512

	Adjusted anemia and complicated appendicitis
1US$=30 NTD


