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INTRODUCTION
Acute appendicitis is the most common cause of acute abdo

minal pain requiring surgery. The most important complication 
of appendicitis is appendiceal perforation, which is associated 

with serious morbidities and even mortality [1]. 
Clear definition of appendiceal perforation has several clinical 

im plications. First, appendiceal perforation rate (the proportion 
of perforation cases out of all appendicitis cases), together with 
nega tive appendectomy rate (the proportion of removal of 

Purpose: This retrospective study was aimed to determine if appendiceal perforation identified pathologically but not sur-
gi cally is clinically meaningful.
Methods: The study consists of 2 parts. First, we reviewed 74 studies addressing appendiceal perforation published in 2012 
and 2013. Second, in a cross-sectional study, we classified 1,438 adolescents and adults (mean age, 29.3 ± 8.4 years; 785 
men) with confirmed appendicitis as “nonperforation” (n = 1,083, group 1), “pathologically-identified perforation” (n = 55, 
group 2), “surgically-identified perforation” (n = 202, group 3), or “pathologically- and surgically-identified perforation” (n = 
98, group 4). The 4 groups were compared for the frequency of laparoscopic appendectomy and the length of hospital stay 
using multivariable logistic regression analyses.
Results: The reference standard for appendiceal perforation was frequently missing or inconsistent in the previous studies. 
Lapar oscopic appendectomies were less frequent in groups 3 (52.5%, P = 0.001) and 4 (65%, P = 0.040) than in group 1 
(70.7%), while group 2 (73%, P = 0.125) did not significantly differ from group 1. Median hospital stays were 2.9, 3.0, 5.1, and 
6.0 days for groups 1–4, respectively. Prolonged hospital stay (≥3.7 days) was more frequent in groups 3 (77.7%, P < 0.001) 
and 4 (89%, P < 0.001) than in group 1 (23.4%), while group 2 (35%, P = 0.070) did not significantly differ from group 1. 
Conclusion: We recommend using surgical rather than pathologic findings as the reference standard for the presence of 
appendiceal perforation in future investigations.
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noninflamed appendices out of all appendectomies), has been 
tradi tionally regarded as an important metric for the quality 
of care in patients with suspected appendicitis [2]. Although 
several studies [3] questioned the relevance of appendiceal 
per foration rate as a quality metric by suggesting that most per
fora tions occur before patient hospital visit, this debate does 
not essentially diminish the importance of clear definition of 
perforation. Second, appendiceal perforation rate has been also 
used as a surrogate index for the quality of general acute care 
in studies measuring ethnic and socioeconomic dis pa ri ties 
[4,5]. Third, preoperative knowledge of appendiceal per fora
tion can critically alter the treatment plan. Several ran domized 
controlled trials [6,7] have recently suggested the fea sibility of 
nonoperative treatment for appendicitis. For such non opera
tive treatment to be truly successful, it is important to pre
operatively discriminate uncomplicated appendicitis cases from 
perforated or gangrenous cases. In addition, perforated appen
dicitis is a relative contraindication for minimally inva sive 
appen dectomy procedures particularly at the hand of less ex
peri enced surgeons [8,9], due to the risk of postoperative intra
abdo minal abscess formation, although experienced surgeons 
would more accept laparoscopic approach regardless of the pre
sence of perforation.

However, the definition of appendiceal perforation has 
sur prisingly been missing or inconsistent in many of pre
vious studies addressing appendiceal perforation rate [5] or 
pre operative diagnoses of appendicitis [10]. The ambiguity 
may partly explain the wide range of reported appendiceal 
per foration rates (16%–39%) as summarized by Birnbaum and 
Wilson [11]. St Peter et al. [12] even stated that “all retro spec
tive data published on perforated appendicitis are unreli able” 
because of the poor definition of perforation. In particular, 
previous studies have rarely clarified whether appen diceal 
per foration indicated gross perforation with peri appen diceal 
abscess or generalized peritonitis, or included also micro per
fora tion with localized peritonitis of minimal extent. While 
the former can be identified during surgery, the latter is likely 
identifiable only via microscopic examination of the appen
dec tomy specimen [13,14]. We hypothesized that the former 
is associated with the surgical approach or with the patient’s 
prognosis, while the latter is not so.

The purpose of this study was to retrospectively determine 
whether appendiceal perforation identified pathologically but 
not surgically is associated with the use of laparoscopic appen
dec tomy or with the length of hospital stay in adolescents and 
young adults, and to establish a clinically meaningful reference 
stan dard for appendiceal perforation for future stu dies address
ing appendiceal perforation rate or preoperative diag nosis of 
appendiceal perforation.

METHODS

Study overview
The Institutional Review Boards of all investigating sites 

(Bundang Jesaeng General Hospital, Myongji Hospital, Hanyang 
University Hospital, Hallym University Kangnam Sacred 
Heart Hospital, Seoul National University Bundang Hospital, 
Soonchunhyang University Seoul Hospital, Soonchunhyang 
University Bucheon Hospital, Samsung Medical Center, Korea 
University Guro Hospital, Hallym University Sacred Heart 
Hospital, and Korea University Ansan Hospital) approved this 
study (Supplementary Table 1) and waived patient informed 
consent for review of patients’ medical records. Our study had 
2 components. First, to reveal the ambiguity in the definition 
of appendiceal perforation in previous studies, we extensively 
reviewed articles addressing appendiceal perforation published 
in 2012–2013. Second, we performed a retrospective study 
including 1,438 adolescents and young adults with confirmed 
appendicitis in 11 hospitals in 2011. The patients were classified 
as follows: nonperforation (group 1), perforation identified 
pathologically but not surgically (group 2), perforation identified 
surgically but not pathologically (group 3), and perforation 
identified both pathologically and surgically (group 4). We 
compared the 4 groups in terms of the use of laparoscopic 
appendectomy and the length of hospital stay associated with 
appendectomy.

Literature review
Two radiologists (with 12 and 14 years of experience, respec

tively) and 1 epidemiologist jointly searched the MEDLINE 
database (Supplementary Table 2) and identified 839 articles 
seemingly addressing appendiceal perforation from January 
2012 through December 2013. The 2 radiologists reviewed 
the articles and extracted the data. Their disagreements were 
resolved by consensus. By screening the titles and abstracts, the 
radiologists excluded 686 articles. Fourteen additional articles 
were excluded because the full texts were not available in 
English. After reviewing the full texts, 65 articles were further 
excluded because they included less than 50 patients with 
confirmed appendiceal perforation (n = 32), did not report the 
number of patients with confirmed appendiceal perforation 
(n = 28), or were review articles (n = 5). The remaining 74 
articles were finally included in our literature review (Fig. 1, 
Supplementary Table 3). The two radiologists extracted the 
following information: name of the first author, number of 
subjects with appendiceal perforations, number of subjects with 
confirmed appendicitis, appendiceal perforation rate, standard 
of reference for appendiceal perforation, and descriptor defining 
appendiceal perforation. 
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Retrospective study
Database 
The data in our retrospective study were extracted from 

a database of a recent crosssectional study [15] aimed at 
mea suring the computed tomography utilization rate and 
nega tive appendectomy rate in patients with appendicitis in 
metropolitan Seoul, Korea, which was conducted by the Low
dOse Computed Tomography for Appendicitis Trial (LOCAT) 
group. The database included adolescents and adults under
going nonincidental appendectomy in 2011 at 11 hospitals 
in metropolitan Seoul. Data were collected from medical 
records as well as from questionnaires and interviews of site 
investi gators by 2 study coordinators (2 radiologists with 1 
and 13 years of experience, respectively) in conjunction with 
site investigators from November 2012 through April 2013. 
Eight tertiary and 3 secondary hospitals with a median bed 
number of 800 (range, 554–1,950) participated in the formation 

of the database (Supplementary Table 1). All hospitals were 
located in metropolitan Seoul, and accounted for 18% of 
the 63 hospitals having 300 or more beds in metropolitan 
Seoul [16] where 40,000 appendectomies are performed 
annually from a total population of 21 million [17] . The site 
investigators searched hospital information systems to iden
tify patients who visited the Emergency Departments and 
then underwent appendectomy, cecectomy, or ileocecectomy. 
In this study, cecectomy and ileocecectomy as well as simple 
appendectomy performed were collectively termed nonin ci
dental appendectomy, if the surgical procedure was aimed at 
the treatment of presumptive appendicitis. In all sites, appen
dectomy was the treatment of choice for appendicitis. None 
of the site attempted nonoperative treatment for appendicitis 
during the study period.

The database included 2,495 consecutive patients aged 15 
years or older who underwent appendectomy. We excluded 

Fig. 1. Flowchart of the literature 
search results.

839 Articles addressing appendiceal perforation
in 2012 and 2013

14 Full texts not available in English

139 Full texts reviewed

74 Articles finally included

65 Excluded by evaluation of full texts
32 Less than 50 patients with confirmed appendiceal perforation
28 Not reporting the number of patients with confirmed appendiceal perforation
5 Review articles

686 Excluded by screening titles and abstracts

Fig. 2. Patient flow diagram. 
Group 1, nonperforation; group 
2, perforation identified path
ologically but not sur gi cally; 
group 3, perforation iden ti fied 
sur gi cally but not path olo gi
cally; group 4, perforation iden
ti fied both pathologically and 
sur gically.

11 Hospitals participated

2,495 Adolescents and adults
undergoing appendectomy in 2011
included in the original database

1,438 Adolescents and young adults
with confirmed appendicitis

1,057 Excluded
808 With age of 45 or older
154 Incidental appendectomy
65 Negative appendectomy
20 Pregnancy
9 Interval appendectomy
1 Missing pathology report

Group 1
n = 1,083 (75.3%)

Group 2
n = 55 (3.8%)

Group 3
n = 202 (14.0%)

Group 4
n = 98 (6.8%)
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cases of 45 years or older (n = 808), incidental appendectomy (n 
= 154), negative appendectomy (n = 65), pregnancy (n = 20), 
interval appendectomy following percutaneous abscess drainage 
(n = 9), or missing pathology report (n = 1). The presence of 
appendicitis was based on clear documentation of appendicitis 
or neutrophil infiltration in the appendiceal wall in pathology 
reports [18]. If neutrophilic collection is confined to the mucosa, 
the diagnosis was based on the documentation of mucosal 
ulcerations [19]. We empirically chose the lower age threshold of 
15 years, reflecting the typical practice pattern of the 11 sites in 
grouping patient age for choosing imaging study for suspected 
appendicitis. We excluded the older patients, with an arbitrary 
threshold of 45 years, because the database had limited 
informa tion on their comorbidities, which could be important 
confounders or effect modifiers of the study hypothesis [20]. 
Therefore, our retrospective study finally included the remain
ing 1,438 adolescents and young adults (mean age, 29.3 ± 
8.4 years; 785 men [29.2 ± 8.7 years] and 653 women [29.3 
± 8.2 years]) with confirmed appendicitis (Fig. 2). They were 
deemed as rarely having serious comorbidities. According to the 
pathologic reports, the study sample included 22 patients with 
appendiceal diverticulitis and four with appendiceal neoplasms, 
which were complicated by appendicitis. The study sample 
accounted for 6.2% of total appendectomies in patients 15–44 
years of age in the metropolitan Seoul in the same period [17]. 

Appendiceal perforation
Two radiologists classified the 1,438 patients into groups 

1–4 according to the surgical or pathologic documentations of 
appendiceal perforation. Pathologically identified perforation 
was defined as a clear documentation of perforation or observa
tion of an appendiceal wall defect due to transmural necrosis 
[13,14] in pathologic reports based on either gross examination 
of the specimen or histopathological examination of tissue 
sec tions. Surgically identified perforation was defined as a 
clear documentation of perforation, or observation of spilled 
appendiceal contents, abscess, obvious peritonitis, or appen
diceal wall defect in surgical records [21]. If there was no clear 
men tion of perforation in the pathologic report or surgical 
record, the patient was regarded as not having pathologically or 
surgi cally identified perforation, respectively.

Endpoints
The retrospective study had 2 endpoints: the use of lapar

os copic appendectomy and the length of hospital stay. The 
former is an important issue in surgical planning [8] and the 
latter is an important outcome measure in patients undergoing 
appendectomy [22]. Small number of open conversions follow
ing initial laparoscopic approach were counted as open appen
dec tomies. The length of hospital stay was defined as the 
inter val from the induction of anesthesia for appendectomy to 
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Table 1. Results of the literature review

Characteristic No. of 
studies (%)

Publication year
2012 47 (64)
2013 27 (36)

No. of patients with appendiceal perforation
50–99 17 (23)
100–299 32 (43)
≥300 25 (34)

No. of patients with confirmed appendicitis
Not clarified 15 (20)
100–499 22 (30)
500–999 11 (15)
≥1,000 26 (35)

Appendiceal perforation rate
Not available 15 (20)
<25% 28 (38)
25%–49.9% 27 (36)
≥50% 4 (5)

Reference standard for appendiceal perforation
Not clarified 30 (41)
Surgical findings 23 (31)
Pathologic findings 10 (14)
Either surgical or pathologic findings 7 (9)
Both surgical and pathologic findings 4 (5)

Descriptor defining appendiceal perforation
Not clarified 45 (61)
Surgical findings

"Perforation" 8
Wall defect or spillage 4
"Perforation" or spillage 1
"Perforation" and (spillage or abscess) 1
"Perforation" or gangrene 1
("Perforation" or gangrene) and (spillage or pus) 1
"Perforation", abscess, or pus 1
Wall defect, abscess, pus, or necrosis 1
Spillage or abscess 1
Pus or phlegmon 1

Pathologic findings
"Perforation" 3
"Perforation" or necrosis 3
"Perforation" and necrosis 1
"Perforation" but not microperforation 1
"Perforation" and gangrene 1
"Perforation", gangrene, or abscess 1
"Perforation", abscess, or peritonitis 1
Wall defect 1
Gangrene 1

Reference standard not clarified 
"Perforation" or peritonitis 1
"Perforation", gangrene, or phlegmon 1
"Perforation", gangrene, abscess, or peritonitis 1

"Perforation" denotes "perforation" without further definition in 
the original text.
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hos pital discharge. A prolonged hospital stay was defined as 3.7 
days (89 hours) or longer with the threshold based on the 75th 
per centile value in group 1 [23]. 

Statistical analysis
The number of patients eligible for the present study deter

mined the sample size. All analyses were planned after the 
formation of the original study database [15] but before the 
selection of the present study sample. The chisquare tests were 
used for the comparison of baseline characteristics among the 
four groups.

The 4 groups were compared for the use of laparoscopic 
appendectomy using the Bonferroni adjustment and for the 
length of hospital stay using the KruskalWallis test with 
post hoc Dunn pairwise comparisons. Multivariable as well 
as univariable logistic regression analyses were performed 
to determine the association between the 4 groups and the 
use of laparoscopic appendectomy or the length of hospital 
stay. Covariates included age, sex, body mass index, time of 
presentation at the emergency department, time to appendec
tomy, and mode of surgical approach [24]. Generalized esti
mating equations were used to adjust for clustering effects by 
site, and thereby to prevent an inflation of type I error. The use 

of the generalized estimating equations would help to estimate 
the average trend across the sites by taking into consideration 
the site heterogeneity. Nine cases with missing data in body 
mass index were not included in the multivariable analyses. 
Pvalues less than 0.05 were considered statistically significant. 
Statistical analyses were performed using Stata ver. 13.0 
(StataCorp LP., College Station, TX, USA).

RESULTS

Literature review
The results of the 74 selected studies are summarized in 

Table 1. Twentyfive studies (34%) used International Classifi
ca tion of Disease code9 or 10 for the patient inclusion. 
Thirty studies (41%) did not clarify the reference standard 
for appendiceal perforation. Of the remaining 44 studies, 23 
(31%), 10 (14%), 7 (9%), and 4 (5%) used surgical, pathologic, 
either surgical or pathologic, and both surgical and pathologic 
findings, respectively, as the reference standard.

The reported appendiceal perforation rate ranged from 5.8% 
to 62% in 59 of the 74 included studies. In the remaining 15 
studies, appendiceal perforation rate was not reported or could 
not be calculated from the reported data. In the studies using 

Table 2. Patient characteristics

Characteristic All  
(n = 1,438)

Group 1
(n = 1,083, 75.3%)

Group 2
(n = 55, 3.8%)

Group 3
(n = 202, 14.0%)

Group 4
(n = 98, 6.8%) Pvalue

Age (yr) 0.169
Mean ± SD 29.3 ± 8.4 29.0 ± 8.4 30.7 ± 8.7 30.0 ± 8.3 30.4 ± 8.9
15–24 450 (31.3) 358 (33.1) 13 (24) 52 (25.7) 27 (28)
25–34 537 (37.3) 400 (36.9) 21 (38) 83 (41.1) 33 (34)
35–44 451 (31.4) 325 (30.0) 21 (38) 67 (33.2) 38 (39)

Sex 0.136
Female 653 (45.4) 505 (46.6) 26 (47) 88 (43.6) 34 (35)
Male 785 (54.6) 578 (53.4) 29 (53) 114 (56.4) 64 (65)

Body mass index (kg/m2) 0.173
Underweight (<18.5) 121 (8.4) 97 (9.0) 7 (13) 12 (5.9) 5 (5)
Normal (18.5–24.9) 978 (68.0) 729 (67.3) 34 (62) 150 (74.3) 65 (66)
Overweight or obesity (≥25.0) 330 (23.0) 251(23.2) 14 (25) 37 (18.3) 28 (29)
Missing 9 (0.6) 6 (0.6) 0 (0) 3 (1.5) 0 (0)

Time of presentation in emergency 0.189
Working hoursa) 454 (31.6) 330 (30.5) 16 (29) 77 (38.1) 31 (32)
After hours 984 (68.4) 753 (69.5) 39 (71) 125 (61.9) 67 (68)

Time to appendectomy (hr)b) 0.330
Median (IQR) 6.6 (4.3–11.6) 6.3 (4.1–11.4) 5.9 (4.0–9.4) 6.8 (4.2–12.8) 6.9 (4.7–12.3)
<6 681 (47.4) 507 (46.8) 28 (51) 104 (51.5) 42 (43)
6–12 437 (30.4) 331 (30.6) 19 (35) 60 (29.7) 27 (28)
>12 320 (22.3) 245 (22.6) 8 (15) 38 (18.8) 29 (30)

Values are presented as number of patients (%) unless otherwise indicated.
Group 1, nonperforation; group 2, perforation identified pathologically but not surgically; group 3, perforation identified surgically but 
not pathologically; group 4, perforation identified both pathologically and surgically; SD, standard deviation; IQR, interquartile range.
a)8:00 AM to 5:00 PM on work days. b)Defined as the interval from the Emergency Department visit to the induction of anesthesia for 
appendectomy.
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surgical, pathologic, and either surgical or pathologic findings as 
the reference standard, appendiceal perforation rate range was 
13.2%–62%, 8.5%–38.6%, and 13.7%–60.5%, respectively. 

Fortyfive of the 74 studies (61%) did not clarify the descriptor 
defining appendiceal perforation. In the remaining 29 studies, 
a variety of descriptors were used (Supplementary Table 3). For 
the surgical or pathologic definition of appendiceal perforation, 
10 studies used “perforation” as the sole descriptor without 
further clarification and 16 studies used “perforation” as one of 
the descriptors.

Appendiceal perforation
Of the 1,438 patients included in the study, 1,083 (75.3%), 55 

(3.8%), 202 (14.0%), and 98 (6.8%) were classified into groups 
1–4, respectively (Table 2). Overall, 355 (24.7%) had perforation 
documented in pathologic reports or surgical records. Fifteen 
patients had to undergo cecectomy (n = 12) or ileocecectomy (n 
= 3) instead of simple appendectomy for the following reasons. 
In 14 patients who were classified into groups 3 (n = 4) and 4 

(n = 10), the surgeons considered the inflammation was too 
extensive to be treated with simple appendectomy. In 1 patient 
who was classified into groups 2, the surgeon chose to convert 
to cecectomy due to severe cecal edema and adhesion.

Use of laparoscopic appendectomy
Overall, the laparoscopic approach was used in 976 of the 

1,438 patients (67.9%); this included 70.7% (766 of 1,083), 73% 
(40 of 55), 52.5% (106 of 202), and 65% (64 of 98) of the patients 
in groups 1–4, respectively. Using the Bonferroni adjustment, 
group 1 significantly differed from group 3 (P < 0.001) but not 
from group 2 (P = 0.871) or 4 (P = 0.310). No significant differ
ences were observed for the remaining pairwise comparisons (P 
= 0.010–0.450). The data for each investigating site are available 
in the Supplementary Table 4.

In the univariable logistic regression analyses, group 3 
was significantly associated with lower use of laparoscopic 
appendectomy. Age (25–34 years), male, and time to appen dec
tomy (6–12 hours) were significantly associated with higher 
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Table 3. Use of laparoscopic appendectomy adjusted for clustering effects by site

Variable Laparoscopic appendectomy 
% (No. of patients)

Univariate analysis Multivariate analysis

OR (95% CI) Pvalue AOR (95% CI) Pvalue

Age (yr)
15–24 66.2 (298/450) Reference Reference
25–34 70.9 (381/537) 1.1 (1.0–1.3) 0.045 1.1 (1.0–1.3) 0.054
35–44 65.9 (297/451) 1.0 (0.9–1.2) 0.450 1.0 (0.9–1.2) 0.590

Sex
Male 68.0 (534/785) 1.2 (1.1–1.4) 0.005 1.3 (1.1–1.5) 0.003
Female 67.7 (442/653) Reference Reference

Body mass index (kg/m2)
Underweight (<18.5) 72 (87/121) 1.0 (0.9–1.2) 0.910 1.1 (0.9–1.3) 0.550
Normal (18.5–24.9) 67.7 (662/978) Reference Reference
Overweight or obesity (≥25.0) 67.0 (221/330) 1.1 (0.9–1.2) 0.290 1.0 (0.8–1.1) 0.500
Missinga) 67 (6/9) NA NA

Time of presentation in emergency department
Working hoursb) 62.1 (282/454) 1.0 (0.9–1.2) 0.350 1.1 (0.9–1.2) 0.360
After hours 70.5 (694/984) Reference Reference

Time to appendectomy (hr)c)

<6 62.8 (428/681) Reference Reference
6–12 67.7 (296/437) 0.9 (0.8–1.0) 0.021 0.9 (0.8–1.0) 0.030
>12 78.8 (252/320) 1.0 (0.9–1.2) 0.560 1.1 (1.0–1.3) 0.121

Perforationd)

Group 1 70.7 (766/1,083) Reference Reference
Group 2 73 (40/55) 0.8 (0.6–1.1) 0.116 0.8 (0.6–1.1) 0.125
Group 3 52.5 (106/202) 0.7 (0.6–0.9) 0.001 0.7 (0.6–0.9) 0.001
Group 4 65 (64/98) 0.8 (0.7–1.0) 0.087 0.8 (0.6–1.0) 0.040

OR, odds ratio; CI, confidence interval; AOR, adjusted odds ratio; IQR, interquartile range; NA, not available.
Generalized estimating equations were used to adjust for clustering effects by site. Nine cases with open conversion from initial 
laparoscopic approach were counted as open appendectomies.
a)Nine cases with missing data were not included in the multivariable analysis. b)8:00 AM to 5:00 PM on work days. c)Defined as the 
interval from the Emergency Department visit to the induction of anesthesia for appendectomy. d)Group 1, nonperforation; group 2, 
perforation identified pathologically but not surgically; group 3, perforation identified surgically but not pathologically; group 4, 
perforation identified both pathologically and surgically.
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use; however, the differences between the subgroups were 
small (Table 3). In the multivariable analysis adjusted for clus
tering effects by site, the use of laparoscopic appendectomy was 
less frequent in groups 3 (adjusted odds ratio [AOR], 0.7; 95% 
confidence interval [CI], 0.6–0.9; P = 0.001) and 4 (AOR, 0.8; 95% 
CI, 0.6–1.0; P = 0.040) than in group 1, but was not significantly 
different between groups 1 and 2 (AOR, 0.8; 95% CI, 0.6–1.1; P 
= 0.125) (Table 3). The covariates significantly associated with 
higher use of laparoscopic appendectomy in the multivariable 
analysis were male and time to appendectomy (6–12 hours). 
The results of the analyses unadjusted for clustering effects by 
site are available in the Supplementary Table 5.

Length of hospital stay
Overall, the median length of hospital stay was 3.1 days 

(inter quartile range, 2.6–4.5 days). The median length of the 
hospital stay (interquartile range) for groups 1–4 was 2.9 (2.5–
3.7), 3.0 (2.1–4.5), 5.1 (3.8–6.6), and 6.0 days (4.7–7.5 days), respec
tively (P < 0.001). In the pairwise comparisons, groups 3 and 
4 signifi cantly differed from groups 1 or 2 (P = 0.138), whereas 
no significant difference was observed between groups 1 and 2 
(P = 0.138) or groups 3 and 4 (P = 0.068) (Fig. 3). The length of 
the hospital stay at each investigating site is summarized in the 
Supplementary Table 6.

In the univariable logistic regression analyses, groups 2–4 
and open appendectomy were significantly associated with 
prolonged hospital stay. Age (25–34 or 35–44 years) was 
significantly associated with the prolonged hospital stay; 

however, the differences were small (Table 4). In the multi vari
able analysis adjusted for clustering effects by site, pro longed 
hospital stay was more frequent in groups 3 (77.7%; AOR, 9.5; 
95% CI, 6.7–13.4; P < 0.001) and 4 (89%; AOR, 23.6; 95% CI, 
12.8–43.5; P < 0.001) than in group 1 (23.4%), but was not 
significantly different between groups 1 and 2 (35%; AOR, 1.7; 
95% CI, 1.0–3.1; P = 0.070). The covariates significantly asso
ciated with the prolonged hospital stay in the multivariable 
analy sis were age (35–44 years) and open appendectomy. 
Similar results were found in analyses unadjusted for clustering 
effects by site (Supplementary Table 7).

DISCUSSION
In our results from the 11 sites, discrepancies often occurred 

between surgical and pathologic findings in regard to the pre
sence of appendiceal perforation in the individual patients. Of 
the 1,438 patients included in our study, 55 appendiceal per
forations were identified in pathologic examination but not 
during surgery (group 2), and 202 appendiceal perforations were 
identified during surgery but not in the pathologic exami na tion 
(group 3). In determining appendiceal perforation, sur geons’ 
inspections during appendectomy can be limited [19], parti
cularly in cases with extensive inflammation [25]. Pus can be 
present on the serosal surface of the inflamed appendix even in 
the absence of perforation, which can result in a falsepositive 
confirmation of perforation [25]. On the other hand, pathologic 
evaluation can be often limited in demonstrating appendiceal 
perforation which was evident during surgery [12]. This can 
be partly attributable to the fact that microscopic examination 
may miss tiny perforations not included in tissue samples.

It should be noted that what our data suggests is simple 
association between “laparoscopic approach” and “surgically 
identified perforation” as surgical identification of appendiceal 
perforation can be established only after the decision as to 
the use of laparoscopic approach. Our study was not aimed 
to propose an individualized management plan by the type 
of appendiceal perforation. Instead, the motivation for our 
study was to establish a clinically relevant reference standard 
for appendiceal perforation for future studies addressing 
appendiceal perforation rate or preoperative diagnosis of 
appen diceal perforation. From the literature review, we found 
a profound inconsistency and ambiguity with regard to the 
reference standard and descriptor of appendiceal perforation in 
the previous studies. This may partly explain the wide range 
of appendiceal perforation rates reported in the studies. With
out a consistent and clinicallyrelevant reference standard for 
perforation, any data on appendiceal perforation rate or on 
the treatment of perforated appendicitis would not be truly 
meaningful. 

Our results from the 11 sites indicate that surgical findings 

Fig. 3. Length of hospital stay. Group 1, nonperforation; 
group 2, perforation identified pathologically but not sur gi 
cally; group 3, perforation identified surgically but not path
olo gi cally; group 4, perforation identified both path olo gi cally 
and surgically. The middle lines in the boxes denote me dians, 
and the upper and lower margins in the boxes re pre sent 
the upper and lower quartiles, respectively. The ends of the 
ver tical lines indicate 1.5 times the interquartile range. The 
crosses indicate outliers.
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are more clinically meaningful than pathologic findings as 
the reference standard, as surgically identified perforation 
was significantly associated with the less use of laparoscopic 
appendectomy and associated with longer hospital stay, while 
pathologicallyidentified perforation was not so. These results 
corroborate the hypothesis by St Peter et al. [12] who stated that 
pathologic evaluation is less useful than surgeons’ observation 
in identifying perforation. Based on our findings, we recom
mend not counting pathologicallyidentified perforation cases 
(group 2 in our study) as appendiceal perforation in an investi
gation wherein appendiceal perforation is measured as an 
endpoint as it was originally meant to be. In term of the prac
tice of individual patients, whether or not group 2 is called as 

perforation should depend on the clinical context.
Some variations may have existed across as well as within 

the investigating sites in terms of the criteria or descriptor used 
for surgical or pathologic diagnosis of appendiceal perforation. 
It has been suggested to use appendiceal wall defect or spilled 
fecalith as the descriptors defining appendiceal perforation 
[12], as this definition can sensitively predict the development 
of postoperative intraabdominal abscess. On the basis of our 
literature review and of our experiences from other studies 
[13,26,27], we recommend that appendiceal perforation should 
be determined based on the observation of spilled appendiceal 
contents, abscess, obvious peritonitis, or appendiceal wall 
defect observed during surgery. Further studies are needed to 

Hyuk Jung Kim, et al: Meaningful appendiceal perforation

Table 4. Length of hospital stay

Variable

Length of hospital stay Univariate analysis Multivariate analysis

Median day  
(IQR)

Prolonged stay 
% (No. of patients) OR (95% CI) Pvalue AOR (95% CI) Pvalue

Age (yr)
15–24 3.0 (2.5–4.0) 30.2 (136/450) Reference Reference
25–34 3.1 (2.6–4.6) 36.9 (198/537) 1.4 (1.1–1.8) 0.013 1.3 (1.0–1.8) 0.067
35–44 3.2 (2.6–4.7) 40.4 (182/451) 1.6 (1.2–2.0) 0.001 1.5 (1.1–2.0) 0.023

Sex
Male 3.1 (2.6–4.6) 36.4 (286/785) 1.0 (0.8–1.3) 0.670 1.0 (0.7–1.3) 0.80
Female 3.1 (2.6–4.1) 35.2 (230/653) Reference Reference

Body mass index (kg/m2)
Underweight (<18.5) 3.2 (2.6–4.1) 36 (43/121) 1.1 (0.7–1.6) 0.720 1.4 (0.9–2.2) 0.108
Normal (18.5–24.9) 3.1 (2.6–4.5) 35.0 (342/978) Reference Reference
Overweight or obesity (≥25.0) 3.1 (2.7–4.6) 38.5 (127/330) 1.2 (0.9–1.5) 0.191 1.2 (0.9–1.7) 0.220
Missinga) 3.7 (2.6–4.1) 44 (4/9) NA NA

Time of presentation in Emergency Department
Working hoursb) 3.6 (2.6–4.8) 40.7 (185/454) 1.2 (1.0–1.5) 0.116 1.2 (0.9–1.6) 0.172
After hours 3.1 (2.6–4.1) 33.6 (331/984) Reference Reference

Time to appendectomy (hr)c)

<6 3.1 (2.6–4.6) 36.4 (248/681) Reference Reference
6–12 3.1 (2.6–4.6) 36.2 (158/437) 1.1 (0.8–1.3) 0.690 1.1 (0.8–1.5) 0.570
>12 3.0 (2.6–4.1) 34.4 (110/320) 1.1 (0.8–1.4) 0.520 1.1 (0.8–1.5) 0.710

Mode of surgical approach
Laparoscopy 2.9 (2.2–4.0) 29.8 (291/976) Reference Reference
Opend) 3.7 (2.9–5.1) 48.7 (225/462) 1.6 (1.2–2.2) 0.001 1.5 (1.1–2.2) 0.012

Perforatione)

Group 1 2.9 (2.5–3.7) 23.4 (253/1,083) Reference Reference
Group 2 3.0 (2.1–4.5) 35 (19/55) 1.8 (1.0–3.1) 0.047 1.7 (1.0–3.1) 0.070
Group 3 5.1 (3.8–6.6) 77.7 (157/202) 8.8 (6.3–12.3) <0.001 9.5 (6.7–13.4) <0.001
Group 4 6.0 (4.7–7.5) 89 (87/98) 21.5 (12.1–38.2) <0.001 23.6 (12.8–43.5) <0.001

AOR, adjusted odds ratio; CI, confidence interval; IQR, interquartile range; OR, odds ratio.
Generalized estimating equations were used to adjust for clustering effects by site. Prolonged stay was defined as 3.7 days (75th 
percentile in group 1) or longer.
a)Nine cases with missing data were not included in the multivariable analysis. b)8:00 AM to 5:00 PM on work days. c)Defined as the 
interval from the Emergency Department visit to the induction of anesthesia for appendectomy. d)Including 9 cases with open con
version from initial laparoscopic approach. e)Group 1, nonperforation; group 2, perforation identified pathologically but not surgically; 
group 3, perforation identified surgically but not pathologically; group 4, perforation identified both pathologically and surgically.
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establish and standardize the descriptors defining appendiceal 
perforation.

In regard to the use of laparoscopic appendectomy, we found 
that the regression model specification and the strength of 
association were changed if the adjustment for the clustering 
effects was not considered. This implies some intracluster 
correlation within site and some heterogeneity across the sites. 
Our results obtained using the generalized estimating equations 
represent average trends across the sites by accounting for 
the clustering effects due to the heterogeneity. The rate of 
laparoscopic appendectomy varied from 25.8% to 98% across 
the sites. Specifically, 2 sites used laparoscopic approach less 
frequently than the remaining sites, probably due to limited 
availability of laparoscopic surgeons and surgeons’ reluctance 
for laparoscopic approach.

In regard to the length of hospital stay, the results of our 
regression analyses were consistent regardless of the adjustment 
of the clustering effects. Our results showed that older age and 
open appendectomy were associated with prolonged hospital 
stay, corroborating previous study results [28]. The absolute 
lengths of hospital stay in our results may be longer than 
those in other countries [29], which may be associated with 
the generous reimbursement policy of Korean national medical 
insurance system in regard to hospitalization cost [30].

Our study had limitations. First, the investigating sites 
were teaching hospitals that voluntarily participated in the 
original study. It is unclear if our results can be generalized to 
other hospitals. Second, we empirically chose the age window 
of 15–44 years for the inclusion of adolescents and young 
adults. Our results may not be generalized to patients with 
other ages. Furthermore, other hospitals may use different age 
thresholds in grouping patient age for choosing imaging study 
for suspected appendicitis. Third, as our database was originally 
formed for another study [15], we did not have individual 
patient data of comorbidities, postoperative complications such 

as intraabdominal abscess, or preoperative CT findings.
In conclusion, we found a profound inconsistency and 

ambiguity with regard to the reference standard and descriptor 
of appendiceal perforation in the previous studies. Our study 
of adolescents and young adults with appendicitis shows that 
surgically identified appendiceal perforation is associated with 
the less use of laparoscopic appendectomy and with longer 
hospital stay, while pathologically identified perforation is 
not so. We recommend using surgical rather than pathologic 
findings as the reference standard for the presence of appen di
ceal perforation in future investigations on appendiceal per fora
tion rate or preoperative diagnosis of perforation.
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Supplementary Table 1. Investigating sites and site investigatorsSupplementary Table 1. Investigating sites and site investigators 

Investigating site IRB approval No. Coinvestigators 

Name Department 

Daejin Medical Center, Bundang Jesaeng General Hospital  DR14-01 Hyuk Jung Kima) Radiology 

 Young Rock Ha Emergency Medicine 

 So Ya Paik Pathology 

 Ki Ho Kim Surgery 

Myongji Hospital  14-009 Noh Hyuck Parka) Radiology 

 Mi Sung Kimb) Radiology 

 Joohyun Suh  Emergency Medicine 

Hanyang University Hospital  HYUH 2014-01-015-003 Soon-Young Songa) Radiology 

  Tae Ho Lim Emergency Medicine 

Hallym University Kangnam Sacred Heart Hospital  2014-02-18 Ji Young Wooa) Radiology 

 Gu Hyun Kang Emergency Medicine 

Seoul National University Bundang Hospital  B-1401/236-105 Ji Hoon Parka) Radiology 

 Bon Seung Gu Radiology 

 Sung-Bum Kang Surgery 

 Kyuseok Kim Emergency Medicine 

 Yousun Ko Radiology 

 Hye Seung Lee Pathology 

 Kyoung Ho Lee Radiology 

Soonchunhyang University Seoul Hospital  2014-01-010 Seong Sook Honga) Radiology 

 Young Shin Cho  Emergency Medicine 

 Kyung Yul Hur Surgery 

 Jiyoung Hwang Radiology 

 Jun Bum Park Emergency Medicine 

 Hye Young Jang Emergency Medicine 

 Young Joo Lee Emergency Medicine 

 Yoon Mi Jeen Pathology 

Soonchunhyang University Bucheon Hospital  SCHBC 2014-01-025 Min Hee Leea) Radiology 

 Hee Kyung Kim Pathology 

 Ho Jung Kim Emergency Medicine 

 Hae Kyung Lee Radiology 

 Eung Jin Shin Surgery 

 Boem Ha Yi Radiology 

Samsung Medical Center  2014-01-120 Hong Eoa) Radiology 

  Won Chul Cha Emergency Medicine 

  Ik Joon Jo  Emergency Medicine 

Korea University Guro Hospital  KUGH13268 Jongmee Leea) Radiology 

 Sung-Hyuk Choi Emergency Medicine 

 Chang Hee Lee Radiology 

 Yang Shin Park Radiology 

Hallym University Sacred Heart Hospital  2014-I033 Min-Jeong Kima) Radiology 

 Hong Il Ha Radiology 

 Dong Hoon Kim Pathology 

 Kwanseop Lee Radiology 

 Man Sup Lim Surgery 

 You Dong Sohn Emergency Medicine 

Korea University Ansan Hospital  AS13183 Han Jin Choa) Emergency Medicine 

  Suk Keu Yeom Radiology 

All hospitals were in metropolitan Seoul, Korea. All investigators provided study data and cared for the study patients. 

IRB, Institutional Review Board. 

a)Site principal investigators. b)Current affiliation: Sungkyunkwan University School of Medicine, Kangbuk Samsung Hospital.
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Supplementary Table 2. PubMed search
Supplementary Table 2. PubMed search 

Query Items found 
(((((appendicitis[MeSH Terms]) OR appendix[MeSH Terms]) OR appendectomy[MeSH Terms]) OR appendic*[Text Word]) OR 
appendix[Text Word]) OR appendectomy[Text Word] 

38,005 

AND  
((((Intestinal perforation[MeSH Terms]) OR perforat*[Text Word]) OR rupture[Text Word]) OR complicat*[Text Word]) OR 
gangren*[Text Word] 

14,012 

AND  
("2012/01/01"[Date - Publication] : "2013/12/31"[Date - Publication]) 1,121 
AND  
Human[Mesh Terms] 839 
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Supplementary Table 3. Articles addressing appendiceal perforation in 2012 and 2013Supplementary Table 3. Articles addressing appendiceal perforation in 2012 and 2013 

Author Appendiceal perforation 
ratea) 

Reference standard  
for appendiceal perforation 

Definition of Appendiceal Perforation 
Surgical Findings Pathologic Findings 

Anderson et al.b) [1] 29.7% (180,849/608,116) Not clarified  Not clarified  Not clarified  

Andersson et al.b) [2] 20.6% (38,128/185,405) Not clarified  Not clarified  Not clarified  

Blanco et al. [3] 33.2% (106/319) Not clarified  Not clarified  Not clarified  

Chao et al.b) [4] 23.1% (156/675) Not clarified  Not clarified  Not clarified  

Deugarte et al.b) [5] 19.0% (555/2,919) Not clarified  Not clarified  Not clarified  

Ein et al. [6] NA (496/NA) Not clarified  Not clarified  Not clarified  

Le et al.b) [7] 35.1% (282c)/804) Not clarified  Not clarified  Not clarified  

Lee et al.b) [8] 29.7% (202,865c)/683,016) Not clarified  Not clarified  Not clarified  

Livingston et al.b) [9] 28.7% (154,468/537,670) Not clarified  Not clarified  Not clarified  

Mason et al.b) [10] 20.6% (2,749c)/13,330) Not clarified  Not clarified  Not clarified  

Massomi et al.b) [11] 27.4% (58,315/212,958) Not clarified  Not clarified  Not clarified  

Massomi et al.b) [12] 49.9% (32,680/65,464) Not clarified  Not clarified  Not clarified  

Naiditch et al. [13] 30.8% (231/750) Not clarified  Not clarified  Not clarified  

Papandria et al.b) [14] 30.3% (207,346c)/683,590) Not clarified  Not clarified  Not clarified  

Ramos et al.b) [15] 43% (64/148) Not clarified  Not clarified  Not clarified  

Raval. et al.b) [16] 31.7% (2,976/9,377) Not clarified  Not clarified  Not clarified  

Redan et al. [17] 40.2% (379/943) Not clarified  Not clarified  Not clarified  

Scarborough et al.b) [18] 18.4% (10,027/54,467) Not clarified  Not clarified  Not clarified  

Scarborough et al.b) [19] 18.7% (7,335/39,122) Not clarified  Not clarified  Not clarified  

Senekjian et al.b) [20] 16.2% (9,998c)/61,830) Not clarified  Not clarified  Not clarified  

Thomas et al. [21] NA (242/NA) Not clarified  Not clarified  Not clarified  

Trent et al.b) [22] 42.4% (203/479) Not clarified  Not clarified  Not clarified  

Unknownb) [23] 16.3% (4,531/27,745) Not clarified  Not clarified  Not clarified  

Unknownb) [24] 30.0% (21,015/70,075) Not clarified  Not clarified  Not clarified  

Wei et al.b) [25] 25.8% (16,857/65,339) Not clarified  Not clarified  Not clarified  

Worni et al.b) [26] 24.9% (37,740c)/151,774) Not clarified  Not clarified  Not clarified  

Yaghoubian et al. [27] 24.5% (4,053/16,512) Not clarified  Not clarified  Not clarified  

Fahrner et al. [28] NA (114c)/NA) Not clarified  "Perforation" or peritonitis 

Wu et al. [29] 46% (52c)/113) Not clarified  "Perforation", gangrene, or phlegmon 

Wei et al.b) [30] 5.8% (53/908) Not clarified  "Perforation", gangrene, abscess, or peritonitis 

Blumfield et al. [31] 36% (58/161) Surgical Not clarified   

Graat et al. [32] 23.9% (325/1,358) Surgical Not clarified   

Kharbanda et al. [33] 27.0% (275/1,018) Surgical Not clarified  

Kong et al. [34] 60.2% (301/500) Surgical Not clarified   

Ladd et al. [35] 43.5% (290/667) Surgical Not clarified   

Leeuwenburgh et al. [36] 24.1% (60/249) Surgical Not clarified   

Levy et al. [37] 36.9% (115/312) Surgical Not clarified   

Mizrahi et al. [38] 13.2% (51/385) Surgical Not clarified   

Saito et al. [39] 25.5% (100/392) Surgical Not clarified   

Schietroma et al. [40] NA (147/NA) Surgical Not clarified  

Chiang et al. [41] NA (70/NA) Surgical "Perforation"  

Kong et al. [42] 62% (114/185) Surgical "Perforation"  

Lacher et al. [43] 21.0% (79/377) Surgical "Perforation"  

Khan et al. [44] 25.4% (100c)/393) Surgical "Perforation" or gangrene  

Broker et al. [45] 21.1% (105/498) Surgical "Perforation", abscess, or pus  

Hughes et al. [46] 29.3% (78c)/266) Surgical ("Perforation" or gangrene) and 
 (spillage or pus) 

 

Galli et al.b) [47] 16.4% (169/1,032) Surgical "Perforation" and (spillage or 
 abscess) 

 

Groves et al.b) [48] NA (289/NA) Surgical Spillage or abscess  

Hartwich et al. [49] NA (237/NA) Surgical Wall defect or spillaged)  

Knott et al. [50] NA (410/NA) Surgical Wall defect or spillaged)  

Safavi et al. [51] 23.6% (57/242) Surgical Wall defect or spillaged)  

St Peter et al. [52] NA (220/NA) Surgical Wall defect or spillaged)  

Fallon et al. [53] NA (50e)/NA) Surgical Wall defect, abscess, pus, or 
 necrosis 

 

Ali et al. [54] 23.5% (295/1,257) Pathologic  Not clarified  
Dennett et al. [55] NA (108/NA) Pathologic  Not clarified  
Hung et al. [56] 38.6% (88/228) Pathologic  Not clarified  
Yannam et al. [57] 29.4% (147/500) Pathologic  Not clarified  
Yilmaz et al. [58] 21.8% (243/1,117) Pathologic  Not clarified  
Teixeira et al. [59] 22.9% (942/4,108) Pathologic  "Perforation" 
Wilson et al. [60] 9.7% (50c)/516) Pathologic  "Perforation" or necrosis  
Dimitriou et al. [61] 37.1% (150c) /404) Pathologic  "Perforation", abscess, or peritonitis 
Wei et al. [62] 8.5% (155f)/1,834) Pathologic  Gangrene 
McGowan et al. [63] 12.1% (154/1,271) Pathologic  Wall defect 
Naiditch et al. [64] 32.1% (254/791) Surgical or pathologic  Not clarified  Not clarified  
Pooler et al. [65] 17.8% (120/675) Surgical or pathologic Not clarified  Not clarified  
Dhupar et al. [66] 13.7% (59c)/431) Surgical or pathologic Not clarified  "Perforation", gangrene, or abscess 
Bansal et al. [67] 60.5% (170/281) Surgical or pathologic "Perforation" "Perforation" 
Tsai et al.b) [68] 58% (102/177) Surgical or pathologic "Perforation" "Perforation" and gangrene 
Hansson et al. [69] 22.8% (52/228) Surgical or pathologic "Perforation" "Perforation" and necrosis 
Azok et al. [70] 17.4% (65e)/374a)g)) Surgical or pathologic "Perforation" "Perforation" or necrosis  
Nomura et al. [71] NA (50/NA) Surgical and pathologic Not clarified  Not clarified  
Akkoyun et al. [72] NA (234/NA) Surgical and pathologic "Perforation" "Perforation" but not 

 microperforation  
Vahdad et al. [73] NA (221/NA) Surgical and pathologic "Perforation" or spillaged) "Perforation" 
Nataraja et al. [74] NA (375c)/NA) Surgical and pathologic Pus or phlegmon "Perforation" or necrosis 

 

NA, not available.  

"Perforation" denotes "perforation" without further definition in the original text. 
a)Data in parentheses are the number of patients with appendiceal perforation divided by the number of patients with confirmed 

appendicitis. b)Patient inclusion was based on the International Classification Disease code-9 or -10. c)"Complicated appendicitis" 

was used instead of "perforated appendicitis" in the original text. d)Citing (reference number 75). e)"Advanced appendicitis" was 

used instead of "perforated appendicitis" in the original text. f)"Gangrenous appendicitis" was used instead of "perforated 

appendicitis" in the original text. g)Not including cases with computed tomography findings of perforation. 
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Supplementary Table 4. Use of laparoscopic appendectomy by site
Supplementary Table 4. Use of laparoscopic appendectomy by site 

Investigating site Overall Group 1 Group 2 Group 3 Group 4 
Overall 67.9% (976/1,438) 70.7% (766/1,083) 73% (40/55) 52.5% (106/202) 65% (64/98) 

Site 1 25.8% (112/434) 25.7% (73/284) 25% (4/16) 23% (22/97) 35% (13/37) 

Site 2 47% (88/189) 50% (85/170) 0% (0/1) 21% (3/14) 0% (0/4) 

Site 3 98% (161/165) 98% (134/137) 100% (7/7) 100% (13/13) 88% (7/8) 

Site 4 92% (141/154) 93% (116/125) NA (0/0) 81% (17/21) 100% (8/8) 

Site 5 96% (117/122) 98% (88/90) 80% (4/5) 85% (11/13) 100% (14/14) 

Site 6 97% (110/113) 100% (80/80) 100% (15/15) 100% (7/7) 73% (8/11) 

Site 7 96% (71/74) 98% (51/52) 100% (1/1) 94% (16/17) 75% (3/4) 

Site 8 95% (56/59) 98% (47/48) 50% (1/2) 75% (3/4) 100% (5/5) 

Site 9 96% (54/56) 98% (46/47) 100% (1/1) 83% (5/6) 100% (2/2) 

Site 10 98% (44/45) 100% (29/29) 100% (5/5) 88% (7/8) 100% (3/3) 

Site 11 82% (22/27) 81% (17/21) 100% (2/2) 100% (2/2) 50% (1/2) 

Values are presented as % (number of patients). 

NA, not available. 

Group 1, nonperforation; group 2, perforation identified pathologically but not surgically; group 3, perforation identified surgically but 

not pathologically; group 4, perforation identified both pathologically and surgically. 

Nine cases with open conversion after initial laparoscopic approach were counted as open appendectomies. 
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Supplementary Table 5. Use of laparoscopic appendectomy: results of univariable and multivariable analyses unadjusted 
for clustering effects by site

Supplementary Table 5. Use of laparoscopic appendectomy: results of univariable and multivariable analyses unadjusted for clustering 

effects by site 

Variable 
Univariate analysis Multivariate analysis 

OR (95% CI) P-value AOR (95% CI) P-value 
Age (yr)     

 15–24 Reference  Reference  

 25–34 1.2 (1.0–1.6) 0.11 1.4 (1.0–1.8) 0.04 

 35–44 1.0 (0.7–1.3) 0.91 1.0 (0.8–1.4) 0.79 

Sex     

 Male 1.0 (0.8–1.3) 0.89 1.2 (0.9–1.5) 0.21 

 Female Reference  Reference  

Body mass index (kg/m2)     

 Underweight (<18.5) 1.2 (0.8–1.9) 0.35 1.2 (0.8–1.9) 0.36 

 Normal (18.5–24.9) Reference  Reference  

 Overweight or obesity (�25.0) 1.0 (0.7–1.3) 0.81 0.9 (0.7–1.2) 0.38 

 Missinga) NA  NA  

Time of presentation in emergency department     

 Working hoursb) 0.7 (0.5–0.9) 0.002 0.8 (0.6–1.0) 0.07 

 After hours  Reference  Reference  

Time to appendectomy (hr)c)     

 <6 Reference  Reference  

 6–12 1.2 (1.0–1.6) 0.10 1.2 (0.9–1.6) 0.14 

 �12 2.2 (1.6–3.0) <0.001 2.2 (1.6–3.0) <0.001 

Perforationd)     

 Group 1 Reference  Reference  

 Group 2 1.1 (0.6–2.0) 0.75 1.1 (0.6–2.1) 0.66 

 Group 3 0.5 (0.3–0.6) <0.001 0.5 (0.3–0.6) <0.001 

Group 4 0.8 (0.5–1.2) 0.26 0.7 (0.5–1.2) 0.19 

AOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio. 

Nine cases with open conversion from the initial laparoscopic approach were counted as open appendectomies. 

a)Nine cases with missing data were not included in the multivariable analysis. b)8:00 AM to 5:00 PM on work days. c)Defined as the 

interval from the Emergency Department visit to the induction of anesthesia for appendectomy. d)Group 1, nonperforation; group 2, 

perforation identified pathologically but not surgically; group 3, perforation identified surgically but not pathologically; group 4, 

perforation identified both pathologically and surgically. 
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Supplementary Table 6. Length of hospital stay by siteSupplementary Table 6. Length of hospital stay by site 

Investigating site Median day (interquartile range) Prolonged Staya) % (No. of patients) 

Overall Group 1 Group 2 Group 3 Group 4 Overall Group 1 Group 2 Group 3 Group 4 

Overallb) 3.1 (2.6–4.5) 2.9 (2.5–3.7) 3.0 (2.1–4.5) 5.1 (3.8–6.6) 6.0 (4.7–7.5) 35.9% (516/1,438) 23.4% (253/1,083) 35% (19/55) 77.7% (157/202) 89% (87/98) 

Site 1 3.8 (3.0–5.5) 3.5 (2.8–4.0) 3.7 (3.0–4.8) 5.6 (4.6–6.7) 5.7 (4.8–7.1) 52.8% (229/434) 35.9% (102/284) 38% (6/16) 90% (87/97) 92% (34/37) 

Site 2 3.0 (2.7–3.6) 2.9 (2.6–3.2) 6.9 (6.9–6.9) 6.9 (5.8–7.1) 6.9 (6.7–7.8) 24% (45/189) 16% (27/170) 100% (1/1) 93% (13/14) 100% (4/4) 

Site 3 2.0 (1.7–2.8) 1.9 (1.7–2.6) 2.7 (1.9–2.9) 3.6 (2.0–5.9) 5.4 (4.0–9.1) 12% (20/165) 4% (6/137) 14% (1/7) 38% (5/13) 100% (8/8) 

Site 4 3.1 (2.8–4.1) 3.0 (2.8–3.9) NA 3.9 (3.0–5.0) 5.1 (4.7–7.1) 36% (56/154) 29% (36/125) NA (0/0) 62% (13/21) 88% (7/8) 

Site 5 2.9 (2.5–4.3) 2.7 (2.2–3.5) 4.3 (3.5–7.0) 4.1 (2.9–8.3) 5.9 (4.2–7.6) 34% (41/122) 20% (18/90) 80% (4/5) 62% (8/13) 79% (11/14) 

Site 6 2.6 (1.8–3.9) 2.5 (1.8–3.0) 2.1 (1.2–4.1) 5.7 (3.5–8.1) 5.9 (3.9–7.7) 28% (32/113) 18% (14/80) 27% (4/15) 71% (5/7) 82% (9/11) 

Site 7 3.6 (2.7–4.8) 3.1 (2.4–3.9) 1.5 (1.5–1.5) 4.8 (3.8–6.5) 8.2 (5.8–11.3) 42% (31/74) 27% (14/52) 0% (0/1) 76% (13/17) 100% (4/4) 

Site 8 2.9 (2.6–4.3) 2.9 (2.5–3.7) 2.4 (2.1–2.6) 4.0 (1.9–6.5) 4.8 (4.2–5.8) 29% (17/59) 23% (11/48) 0% (0/2) 50% (2/4) 80% (4/5) 

Site 9 3.2 (2.5–4.2) 3.0 (2.3–3.9) 1.0 (1.0–1.0) 4.8 (4.0–5.2) 4.0 (3.4–4.6) 32% (18/56) 26% (12/47) 0% (0/1) 83% (5/6) 50% (1/2) 

Site 10 3.7 (2.9–4.2) 3.1 (2.8–3.9) 3.7 (3.1–4.0) 4.0 (3.7–4.9) 9.0 (5.3–9.6) 42% (19/45) 31% (9/29) 40% (2/5) 63% (5/8) 100% (3/3) 

Site 11 2.8 (2.5–3.9) 2.6 (2.4–3.0) 5.2 (2.6–7.8) 3.4 (2.8–4.0) 7.3 (6.7–7.9) 30% (8/27) 19% (4/21) 50% (1/2) 50% (1/2) 100% (2/2) 

NA, not available. 

Group 1, nonperforation; group 2, perforation identified pathologically but not surgically; group 3, perforation identified surgically but 

not pathologically; group 4, perforation identified both pathologically and surgically. 

a)Defined as 3.7 days (75th percentile in group 1) or longer. b)Unadjusted for clustering effects by site. 
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Supplementary Table 7. Prolonged hospital stay: results of univariable and multivariable analyses unadjusted for clustering 
effects by site

Supplementary Table 7. Prolonged hospital stay: results of univariable and multivariable analyses unadjusted for clustering effects by 

site 

Variable Univariate analysis Multivariate analysis 
OR (95% CI) P-value AOR (95% CI) P-value 

Age (yr)     

 15–24 Reference  Reference  

 25–34 1.3 (1.0–1.8) 0.03 1.3 (1.0–1.8) 0.09 

 35–44 1.6 (1.2–2.1) 0.002 1.4 (1.0–2.0) 0.03 

Sex     

 Male 1.1 (0.8–1.3) 0.63 1.0 (0.7–1.2) 0.71 

 Female Reference  Reference  

Body mass index (kg/m2)     

 Underweight (<18.5) 1.0 (0.7–1.5) 0.90 1.4 (0.9–2.3) 0.12 

 Normal (18.5–24.9) Reference  Reference  

 Overweight or obesity (≥25.0) 1.2 (0.9–1.5) 0.25 1.2 (0.9–1.7) 0.23 

 Missinga) NA  NA  

Time of presentation in Emergency Department     

 Working hoursb) 1.4 (1.1–1.7) 0.009 1.3 (1.0–1.7) 0.11 

 After hours  Reference  Reference  

Time to appendectomy (hr)c)     

 <6 Reference  Reference  

 6–12 1.0 (0.8–1.3) 0.93 1.1 (0.8–1.5) 0.59 

 ≥12 0.9 (0.7–1.2) 0.53 1.1 (0.7–1.5) 0.78 

Mode of surgical approach     

 Laparoscopy  Reference  Reference  

 Opend) 2.2 (1.8–2.8) < 0.001 2.1 (1.6–2.8) < 0.001 

Perforatione)     

 Group 1 Reference  Reference  

 Group 2 1.7 (1.0–3.1) 0.06 1.7 (1.0–3.1) 0.07 

 Group 3 11.4 (8.0–16.4) < 0.001 11.4 (7.8–16.5) < 0.001 

Group 4 25.9 (13.6–49.3) < 0.001 27.7 (14.5–53.3) < 0.001 

OR, odds ratio; CI, confidence interval; AOR, adjusted odds ratio.  

Prolonged stay was defined as 3.7 days (75th percentile in group 1) or longer. 

a)Nine cases with missing data were not included in the multivariate analysis. b)8:00 AM to 5:00 PM on work days. c)Defined as the 

interval from the emergency department visit to the induction of anesthesia for appendectomy. d)Including nine cases with open 

conversion from initial laparoscopic approach. e)Group 1, nonperforation; group 2, perforation identified pathologically but not 

surgically; group 3, perforation identified surgically but not pathologically; group 4, perforation identified both pathologically and 

surgically.



Hyuk Jung Kim, et al: Meaningful appendiceal perforation Ann Surg Treat Res 2017;93(2):88-97
https://doi.org/10.4174/astr.2017.93.2.88

REFERENCES

1. Anderson JE, Bickler SW, Chang DC, Talamini MA. Examining a common disease with unknown etiology: trends in epidemiology and 

surgical management of appendicitis in California, 1995-2009. World J Surg 2012;36:2787-94. 

2. Andersson RE. Short and long-term mortality after appendectomy in Sweden 1987 to 2006. Influence of appendectomy diagnosis, sex, age, 

co-morbidity, surgical method, hospital volume, and time period. A national population-based cohort study. World J Surg 2013;37:974-81. 

3. Blanco FC, Sandler AD, Nadler EP. Increased incidence of perforated appendicitis in children with obesity. Clin Pediatr (Phila) 2012;51:928-32. 

4. Chao PW, Ou SM, Chen YT, Lee YJ, Wang FM, Liu CJ, et al. Acute appendicitis in patients with end-stage renal disease. J Gastrointest Surg 

2012;16:1940-6. 

5. Deugarte DA, Stark R, Kaji AH, Yaghoubian A, Tolan A, Lee SL. Obesity does not impact outcomes for appendicitis. Am Surg 2012;78:254-7. 

6. Ein SH, Nasr A, Ein A. Open appendectomy for pediatric ruptured appendicitis: a historical clinical review of the prophylaxis of wound 

infection and postoperative intra-abdominal abscess. Can J Surg 2013;56:E7-12. 

7. Le J, Kurian J, Cohen HW, Weinberg G, Scheinfeld MH. Do clinical outcomes suffer during transition to an ultrasound-first paradigm for the 

evaluation of acute appendicitis in children? Am J Roentgenol 2013;201:1348-52. 

8. Lee J, Tashjian DB, Moriarty KP. Missed opportunities in the treatment of pediatric appendicitis. Pediatr Surg Int 2012;28:697-701. 

9. Livingston EH, Fairlie RW. Little effect of insurance status or socioeconomic condition on disparities in minority appendicitis perforation 

rates. Arch Surg 2012;147:11-7. 

10. Mason RJ, Moazzez A, Moroney JR, Katkhouda N. Laparoscopic vs open appendectomy in obese patients: outcomes using the American 

College of Surgeons National Surgical Quality Improvement Program database. J Am Coll Surg 2012;215:88-99. 

11. Masoomi H, Mills S, Dolich MO, Ketana N, Carmichael JC, Nguyen NT, et al. Comparison of outcomes of laparoscopic versus open 

appendectomy in children: data from the Nationwide Inpatient Sample (NIS), 2006-2008. World J Surg 2012;36:573-8. 

12. Masoomi H, Mills S, Dolich MO, Ketana N, Carmichael JC, Nguyen NT, et al. Does laparoscopic appendectomy impart an advantage over open 

appendectomy in elderly patients? World J Surg 2012;36:1534-9. 

13. Naiditch JA, Lautz TB, Raval MV, Madonna MB, Barsness KA. Effect of resident postgraduate year on outcomes after laparoscopic 

appendectomy for appendicitis in children. J Laparoendosc Adv Surg Tech A 2012;22:715-9. 

14. Papandria D, Goldstein SD, Rhee D, Salazar JH, Arlikar J, Gorgy A, et al. Risk of perforation increases with delay in recognition and surgery for 

acute appendicitis. J Surg Res 2013;184:723-9. 

15. Ramos CT, Nieves-Plaza M. The association of body mass index and perforation of the appendix in Puerto Rican children. J Health Care Poor 

Underserved 2012;23:376-85. 

16. Raval MV, Deans KJ, Rangel SJ, Kelleher KJ, Moss RL. Factors associated with imaging modality choice in children with appendicitis. J Surg 

Res 2012;177:131-6. 

17. Redan JA, Tempel MB, Harrison S, Zhu X. Vacation appendicitis. JSLS 2013;17:9-14. 

18. Scarborough JE, Bennett KM, Pappas TN. Defining the impact of resident participation on outcomes after appendectomy. Ann Surg 

2012;255:577-82. 

19. Scarborough JE, Bennett KM, Pappas TN. Racial disparities in outcomes after appendectomy for acute appendicitis. Am J Surg 2012;204:11-7. 

20. Senekjian L, Nirula R. Tailoring the operative approach for appendicitis to the patient: a prediction model from national surgical quality 

improvement program data. J Am Coll Surg 2013;216:34-40. 

21. Thomas P, Knott EM, Sharp NE, St Peter SD. Implications of foley catheterization in children with perforated appendicitis. J Surg Res 2013; 

184:337-40. 

22. Trent SA, Valley MA, Brookler K, Haukoos JS, Zerzan JT. Potential barriers associated with increased prevalence of perforated appendicitis in 

Colorado's pediatric Medicaid population. Am J Emerg Med 2013;31:469-72. 

23. Appendicitis and appendectomies, active and reserve components, U.S. Armed Forces, 2002-2011. MSMR 2012;19:7-12. 

24. Appendicitis and appendectomies among non-service member beneficiaries of the Military Health System, 2002-2011. MSMR 2012;19:13-6. 

25. Wei PL, Liu SP, Keller JJ, Lin HC. Volume-outcome relation for acute appendicitis: evidence from a nationwide population-based study. PLoS 

One 2012;7:e52539. 

26. Worni M, Ostbye T, Gandhi M, Rajgor D, Shah J, Shah A, et al. Laparoscopic appendectomy outcomes on the weekend and during the week 

are no different: a national study of 151,774 patients. World J Surg 2012;36:1527-33. 

27. Yaghoubian A, Kaji AH, Lee SL. Laparoscopic versus open appendectomy: outcomes analysis. Am Surg 2012;78:1083-6. 

28. Fahrner R, Schob O. Laparoscopic appendectomy as a teaching procedure: experiences with 1,197 patients in a community hospital. Surg 

Today 2012;42:1165-9. 



Hyuk Jung Kim, et al: Meaningful appendiceal perforation Ann Surg Treat Res 2017;93(2):88-97
https://doi.org/10.4174/astr.2017.93.2.88

29. Wu JY, Chen HC, Lee SH, Chan RC, Lee CC, Chang SS. Diagnostic role of procalcitonin in patients with suspected appendicitis. World J Surg 

2012;36:1744-9. 

30. Wei PL, Keller JJ, Liang HH, Lin HC. Acute appendicitis and adverse pregnancy outcomes: a nationwide population-based study. J Gastrointest 

Surg 2012;16:1204-11. 

31. Blumfield E, Nayak G, Srinivasan R, Muranaka MT, Blitman NM, Blumfield A, et al. Ultrasound for differentiation between perforated and 

nonperforated appendicitis in pediatric patients. Am J Roentgenol 2013;200:957-62. 

32. Graat LJ, Bosma E, Roukema JA, Heisterkamp J. Appendectomy by residents is safe and not associated with a higher incidence of 

complications: a retrospective cohort study. Ann Surg 2012;255:715-9. 

33. Kharbanda AB, Dudley NC, Bajaj L, Stevenson MD, Macias CG, Mittal MK, et al. Validation and refinement of a prediction rule to identify 

children at low risk for acute appendicitis. Arch Pediatr Adolesc Med 2012;166:738-44. 

34. Kong VY, Van der Linde S, Aldous C, Handley JJ, Clarke DL. Quantifying the disparity in outcome between urban and rural patients with 

acute appendicitis in South Africa. S Afr Med J 2013;103:742-5. 

35. Ladd MR, Pajewski NM, Becher RD, Swanson JM, Gallaher JR, Pranikoff T, et al. Delays in treatment of pediatric appendicitis: a more accurate 

variable for measuring pediatric healthcare inequalities? Am Surg 2013;79:875-81. 

36. Leeuwenburgh MM, Monpellier V, Vlaminckx BJ, Go PM. Streptococcus milleri in intraabdominal abscesses in children after appendectomy: 

incidence and course. J Pediatr Surg 2012;47:535-9. 

37. Levy SM, Holzmann-Pazgal G, Lally KP, Davis K, Kao LS, Tsao K. Quality check of a quality measure: surgical wound classification 

discrepancies impact risk-stratified surgical site infection rates in pediatric appendicitis. J Am Coll Surg 2013;217:969-73. 

38. Mizrahi I, Mazeh H, Levy Y, Karavani G, Ghanem M, Armon Y, et al. Comparison of pediatric appendectomy outcomes between pediatric 

surgeons and general surgery residents. J Surg Res 2013;180:185-90. 

39. Saito JM, Yan Y, Evashwick TW, Warner BW, Tarr PI. Use and accuracy of diagnostic imaging by hospital type in pediatric appendicitis. 

Pediatrics 2013;131:e37-44. 

40. Schietroma M, Piccione F, Carlei F, Clementi M, Bianchi Z, de Vita F, et al. Peritonitis from perforated appendicitis: stress response after 

laparoscopic or open treatment. Am Surg 2012;78:582-90. 

41. Chiang RA, Chen SL, Tsai YC. Delayed primary closure versus primary closure for wound management in perforated appendicitis: a 

prospective randomized controlled trial. J Chin Med Assoc 2012;75:156-9. 

42. Kong VY, Bulajic B, Allorto NL, Handley J, Clarke DL. Acute appendicitis in a developing country. World J Surg 2012;36:2068-73. 

43. Lacher M, Muensterer OJ, Yannam GR, Aprahamian CJ, Perger L, Megison M, et al. Feasibility of single-incision pediatric endosurgery for 

treatment of appendicitis in 415 children. J Laparoendosc Adv Surg Tech A 2012;22:604-8. 

44. Khan KI, Mahmood S, Akmal M, Waqas A. Comparison of rate of surgical wound infection, length of hospital stay and patient convenience in 

complicated appendicitis between primary closure and delayed primary closure. J Pak Med Assoc 2012;62:596-8. 

45. Broker ME, van Lieshout EM, van der Elst M, Stassen LP, Schepers T. Discriminating between simple and perforated appendicitis. J Surg Res 

2012;176:79-83. 

46. Hughes MJ, Harrison E, Paterson-Brown S. Post-operative antibiotics after appendectomy and post-operative abscess development: a 

retrospective analysis. Surg Infect (Larchmt) 2013;14:56-61. 

47. Galli R, Banz V, Fenner H, Metzger J. Laparoscopic approach in perforated appendicitis: increased incidence of surgical site infection? Surg 

Endosc 2013;27:2928-33. 

48. Groves LB, Ladd MR, Gallaher JR, Swanson J, Becher RD, Pranikoff T, et al. Comparing the cost and outcomes of laparoscopic versus open 

appendectomy for perforated appendicitis in children. Am Surg 2013;79:861-4. 

49. Hartwich JE, Carter RF, Wolfe L, Goretsky M, Heath K, St Peter SD, et al. The effects of irrigation on outcomes in cases of perforated 

appendicitis in children. J Surg Res 2013;180:222-5. 

50. Knott EM, Gasior AC, Ostlie DJ, Holcomb GW 3rd, St Peter SD. Decreased resource utilization since initiation of institutional clinical pathway 

for care of children with perforated appendicitis. J Pediatr Surg 2013;48:1395-8. 

51. Safavi A, Langer M, Skarsgard ED. Endoloop versus endostapler closure of the appendiceal stump in pediatric laparoscopic appendectomy. 

Can J Surg 2012;55:37-40. 

52. St Peter SD, Adibe OO, Iqbal CW, Fike FB, Sharp SW, Juang D, et al. Irrigation versus suction alone during laparoscopic appendectomy for 

perforated appendicitis: a prospective randomized trial. Ann Surg 2012;256:581-5. 

53. Fallon SC, Hassan SF, Larimer EL, Rodriguez JR, Brandt ML, Wesson DE, et al. Modification of an evidence-based protocol for advanced 

appendicitis in children. J Surg Res 2013;185:273-7. 

54. Ali N, Aliyu S. Appendicitis and its surgical management experience at the University of Maiduguri Teaching Hospital Nigeria. Niger J Med 

2012;21:223-6. 



Hyuk Jung Kim, et al: Meaningful appendiceal perforation Ann Surg Treat Res 2017;93(2):88-97
https://doi.org/10.4174/astr.2017.93.2.88

55. Dennett KV, Tracy S, Fisher S, Charron G, Zurakowski D, Calvert CE, et al. Treatment of perforated appendicitis in children: what is the cost? J 

Pediatr Surg 2012;47:1177-84. 

56. Hung MH, Lin LH, Chen DF. Clinical manifestations in children with ruptured appendicitis. Pediatr Emerg Care 2012;28:433-5. 

57. Yannam GR, Griffin R, Anderson SA, Beierle EA, Chen MK, Harmon CM. Single incision pediatric endosurgery (SIPES) appendectomy--is 

obesity a contraindication? J Pediatr Surg 2013;48:1399-404. 

58. Yilmaz M, Akbulut S, Kutluturk K, Sahin N, Arabaci E, Ara C, et al. Unusual histopathological findings in appendectomy specimens from 

patients with suspected acute appendicitis. World J Gastroenterol 2013;19:4015-22. 

59. Teixeira PG, Sivrikoz E, Inaba K, Talving P, Lam L, Demetriades D. Appendectomy timing: waiting until the next morning increases the risk 

of surgical site infections. Ann Surg 2012;256:538-43. 

60. Wilson DG, Bond AK, Ladwa N, Sajid MS, Baig MK, Sains P. Intra-abdominal collections following laparoscopic versus open appendicectomy: 

an experience of 516 consecutive cases at a district general hospital. Surg Endosc 2013;27:2351-6. 

61. Dimitriou I, Reckmann B, Nephuth O, Betzler M. Single institution's experience in laparoscopic appendectomy as a suitable therapy for 

complicated appendicitis. Langenbecks Arch Surg 2013;398:147-52. 

62. Wei L, Macdonald TM, Shimi SM. Appendicectomy is associated with increased pregnancy rate: a cohort study. Ann Surg 2012;256:1039-44. 

63. McGowan DR, Sims HM, Zia K, Uheba M, Shaikh IA. The value of biochemical markers in predicting a perforation in acute appendicitis. ANZ 

J Surg 2013;83:79-83. 

64. Naiditch JA, Lautz TB, Daley S, Pierce MC, Reynolds M. The implications of missed opportunities to diagnose appendicitis in children. Acad 

Emerg Med 2013;20:592-6. 

65. Pooler BD, Lawrence EM, Pickhardt PJ. MDCT for suspected appendicitis in the elderly: diagnostic performance and patient outcome. Emerg 

Radiol 2012;19:27-33. 

66. Dhupar R, Evankovich J, Ochoa JB, Vargas LG, Hughes SJ. Outcomes of operative management of appendicitis. Surg Infect (Larchmt) 

2012;13:141-6. 

67. Bansal S, Banever GT, Karrer FM, Partrick DA. Appendicitis in children less than 5 years old: influence of age on presentation and outcome. 

Am J Surg 2012;204:1031-5. 

68. Tsai CC, Lee SY, Huang FC. Laparoscopic versus open appendectomy in the management of all stages of acute appendicitis in children: a 

retrospective study. Pediatr Neonatol 2012;53:289-94. 

69. Hansson J, Korner U, Ludwigs K, Johnsson E, Jonsson C, Lundholm K. Antibiotics as first-line therapy for acute appendicitis: evidence for a 

change in clinical practice. World J Surg 2012;36:2028-36. 

70. Azok JT, Kim DH, Munoz Del Rio A, Sonavane SK, Bhalla S, Anaya-Baez V, et al. Intraluminal air within an obstructed appendix: a CT sign of 

perforated or necrotic appendicitis. Acad Radiol 2012;19:1175-80. 

71. Nomura O, Ishiguro A, Maekawa T, Nagai A, Kuroda T, Sakai H. Antibiotic administration can be an independent risk factor for therapeutic 

delay of pediatric acute appendicitis. Pediatr Emerg Care 2012;28:792-5. 

72. Akkoyun I, Tuna AT. Advantages of abandoning abdominal cavity irrigation and drainage in operations performed on children with 

perforated appendicitis. J Pediatr Surg 2012;47:1886-90. 

73. Vahdad MR, Troebs RB, Nissen M, Burkhardt LB, Hardwig S, Cernaianu G. Laparoscopic appendectomy for perforated appendicitis in children 

has complication rates comparable with those of open appendectomy. J Pediatr Surg 2013;48:555-61. 

74. Nataraja RM, Teague WJ, Galea J, Moore L, Haddad MJ, Tsang T, et al. Comparison of intraabdominal abscess formation after laparoscopic and 

open appendicectomies in children. J Pediatr Surg 2012;47:317-21. 

75. St Peter SD, Sharp SW, Holcomb GW 3rd, Ostlie DJ. An evidence-based definition for perforated appendicitis derived from a prospective 

randomized trial. J Pediatr Surg 2008;43:2242-5.


