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Meaningful standard of reference for appendiceal
perforation: pathology, surgery, or both?
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Purpose: This retrospective study was aimed to determine if appendiceal perforation identified pathologically but not sur-
gically 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.
Laparoscopic 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.
[Ann Surg Treat Res 2017;93(2):88-971
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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
implications. First, appendiceal perforation rate (the proportion
of perforation cases out of all appendicitis cases), together with
negative appendectomy rate (the proportion of removal of
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noninflamed appendices out of all appendectomies), has been
traditionally 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
perforation rate as a quality metric by suggesting that most per-
forations 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 disparities
[4,5]. Third, preoperative knowledge of appendiceal perfora-
tion can critically alter the treatment plan. Several randomized
controlled trials [6,7] have recently suggested the feasibility of
nonoperative treatment for appendicitis. For such nonopera-
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 invasive
appendectomy procedures particularly at the hand of less ex-
perienced surgeons [89], due to the risk of postoperative intra-
abdominal abscess formation, although experienced surgeons
would more accept laparoscopic approach regardless of the pre-
sence of perforation.

However, the definition of appendiceal perforation has
surprisingly been missing or inconsistent in many of pre-
vious studies addressing appendiceal perforation rate [5] or
preoperative diagnoses of appendicitis [10]. The ambiguity
may partly explain the wide range of reported appendiceal
perforation rates (16%-39%) as summarized by Birnbaum and
Wilson [11]. St Peter et al. [12] even stated that "all retrospec
tive data published on perforated appendicitis are unreliable”
because of the poor definition of perforation. In particular,
previous studies have rarely clarified whether appendiceal
perforation indicated gross perforation with periappendiceal
abscess or generalized peritonitis, or included also microper-
foration 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-
dectomy 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-
dectomy or with the length of hospital stay in adolescents and
young adults, and to establish a clinically meaningful reference
standard for appendiceal perforation for future studies address-
ing appendiceal perforation rate or preoperative diagnosis 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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839 Articles addressing appendiceal perforation
in 2012 and 2013

—>| 686 Excluded by screening titles and abstracts |

—>| 14 Full texts not available in English |

| 139 Full texts reviewed |

A

5 Review articles

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

A

74 Articles finally included |

| 11 Hospitals participated |

I

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

A4
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

Fig. 1. Flowchart of the literature
search results.

Fig. 2. Patient flow diagram.
Group 1, nonperforation; group

1 Missing pathology report

2, perforation identified path-

ologically but not surgically;
group 3, perforation identified

' ! I

l surgically but not pathologi-
cally; group 4, perforation iden-

Group 1 Group 2 Group 3
n=1,083 (75.3%) n =55 (3.8%) n =202 (14.0%)

Group 4

n = 08 (6.8%) tified both pathologically and

surgically.

Retrospective study
Database

The data in our retrospective study were extracted from
a database of a recent cross-sectional study [15] aimed at
measuring the computed tomography utilization rate and
negative 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
investigators 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, 554-1950) 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 noninci-
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 non-operative treatment for appendicitis
during the study period.

The database included 2,495 consecutive patients aged 15
years or older who underwent appendectomy. We excluded
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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
information 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, 2903 =+
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
sections. 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
mention of perforation in the pathologic report or surgical
record, the patient was regarded as not having pathologically or
surgically identified perforation, respectively.

Endpoints

The retrospective study had 2 endpoints: the use of lapar-
oscopic 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-
dectomies. The length of hospital stay was defined as the
interval from the induction of anesthesia for appendectomy to

Table 1. Results of the literature review

No. of

Characteristic studies (%)

Publication year
2012
2013
No. of patients with appendiceal perforation
50-99
100-299
>300 25 (34)
No. of patients with confirmed appendicitis
Not clarified (
100-499 22 (
500-999 11 (
>1,000 (
Appendiceal perforation rate
Not available 15
<25% 28
25%-49.9% 27
>50% 4
Reference standard for appendiceal perforation
Not clarified (
Surgical findings 23 (
Pathologic findings 10 (
Either surgical or pathologic findings 7 (
Both surgical and pathologic findings 4(
Descriptor defining appendiceal perforation
Not clarified
Surgical findings
"Perforation"
Wall defect or spillage
"Perforation" or spillage
"Perforation" and (spillage or abscess)
"Perforation" or gangrene
("Perforation" or gangrene) and (spillage or pus)
"Perforation", abscess, or pus
Wall defect, abscess, pus, or necrosis
Spillage or abscess
Pus or phlegmon
Pathologic findings
"Perforation"
"Perforation" or necrosis
"Perforation" and necrosis
"Perforation" but not microperforation
"Perforation" and gangrene
"Perforation", gangrene, or abscess
"Perforation", abscess, or peritonitis
Wall defect
Gangrene
Reference standard not clarified
"Perforation" or peritonitis 1
"Perforation", gangrene, or phlegmon 1
"Perforation", gangrene, abscess, or peritonitis 1

UG G N © <)

_ e e W W

"Perforation" denotes "perforation" without further definition in
the original text.
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hospital discharge. A prolonged hospital stay was defined as 3.7
days (89 hours) or longer with the threshold based on the 75th
percentile 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 chi-square 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 Kruskal-Wallis 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

Table 2. Patient characteristics

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.
P-values 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. Twenty-five studies (34%) used International Classifi-
cation of Disease code-9 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 (%), 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

All

Group 1

Group 2

Group 3

Group 4

CrapdiEikie (n=1438) (n=1,083, 753%) (n=55 3.8%) (n=202,14.0% (n=98 6.8%) ' ‘alue
Age (yr) 0.169
Mean + SD 293 £ 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) (34)
35-44 451 (31.4) 325 (30.0) 21 (38) 67 (33.2) (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/m?) 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 (225.0) 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 hours” 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)"” 0.330
Median (IQR) 6.6 (4.3-11.6) 3(4.1-11.4) 5.9 (4.0-9.4) 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) 0(29.7) 27 (28)
>12 320 (22.3) 245 (22.6) 8 (15) 8(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.

8:00 AM to 5:00 PM on work days.
appendectomy.

Defined as the interval from the Emergency Department visit to the induction of anesthesia for
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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.

Forty-five 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 (679%); 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 appendec
tomy (6-12 hours) were significantly associated with higher

Table 3. Use of laparoscopic appendectomy adjusted for clustering effects by site

Laparoscopic appendectomy

Variable % (No. of patients)
Age (yr)
15-24 66.2 (298/450)
25-34 70.9 (381/537)
35-44 65.9 (297/451)
Sex
Male 68.0 (534/785)
Female 67.7 (442/653)

Body mass index (kg/mz)

Underweight (<18.5) 2 (87/121)
Normal (18.5-24.9) 67 7 (662/978)
Overweight or obesity (>25.0) 67 0(221/330)
Missing") 7 (6/9)

Time of presentation in emergency department
Working hours” 62.1 (282/454)
After hours 70.5 (694/984)
Time to appendectomy (hr)?
<6 62.8 (428/681)

6-12 67.7 (296/437)

>12 78.8 (252/320)
Perforation®

Group 1 70 7 (766/1,083)

Group 2 3 (40/55)

Group 3 52 5 (106/202)

Group 4 5 (64/98)

Univariate analysis Multivariate analysis

R (95% Cl) P-value AOR (95% ClI) P-value
Reference Reference
1.1 (1.0-1.3) 0.045 1.1(1.0-1.3) 0.054
1.0 (0.9-1.2) 0.450 1.0 (0.9-1.2) 0.590
1.2 (1.1-1.4) 0.005 1.3(1.1-1.5) 0.003
Reference Reference
1.0 (0.9-1.2) 0.910 1(0.9-1.3) 0.550
Reference Reference
1.1 (0.9-1.2) 0.290 1.0 (0.8-1.1) 0.500
NA NA
1.0 (0.9-1.2) 0.350 1(0.9-1.2) 0.360
Reference Reference
Reference Reference
0.9 (0.8-1.0) 0.021 0.9 (0.8-1.0) 0.030
1.0 (0.9-1.2) 0.560 1.1 (1.0-1.3) 0.121
Reference Reference
0.8 (0.6-1.1) 0.116 0.8 (0.6-1.1) 0.125
0.7 (0.6-0.9) 0.001 0.7 (0.6-0.9) 0.001
0.8 (0.7-1.0) 0.087 0.8 (0.6-1.0) 0.040

OR, odds ratio; Cl, 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.

“Nine cases with missing data were not included in the multivariable analysis.

”8:00 AM to 5:00 PM on work days. “Defined as the

interval from the Emergency Department visit to the induction of anesthesia for appendectomy. “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%
Cl, 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

(interquartile range, 2.6-4.5 days). The median length of the
hospital stay (interquartile range) for groups 1-4 was 2.9 (25—
3.7),3.0 (2.1-45), 5.1 (3.8-6.6), and 6.0 days (4.7-75 days), respec
tively (P < 0.001). In the pairwise comparisons, groups 3 and
4 significantly 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;

P < 0.001
1 - I 1
00 P < 0.001
[ 1
B P =0.138
S
> X X x
& x x
17} xX
E X§XX T T
T 104 e I
3 il
ey
g —
c
s | =2
[0} X
ki | 1
1 ] T — T = T 1

Group

Fig. 3. Length of hospital stay. Group 1, nonperforation;
group 2, perforation identified pathologically but not surgi-
cally; group 3, perforation identified surgically but not path-
ologically; group 4, perforation identified both pathologically
and surgically. The middle lines in the boxes denote medians,
and the upper and lower margins in the boxes represent
the upper and lower quartiles, respectively. The ends of the
vertical lines indicate 1.5 times the interquartile range. The
crosses indicate outliers.

however, the differences were small (Table 4). In the multivari-
able analysis adjusted for clustering effects by site, prolonged
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
analysis 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 examination
(group 3). In determining appendiceal perforation, surgeons'
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 false-positive
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
appendiceal 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 clinically-relevant 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



Table 4. Length of hospital stay

Variable
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Length of hospital stay

Univariate analysis

Multivariate analysis

Meﬂg’l;)day D/oiﬁé?’;gfepda;fr‘{ts) OR(95% CI)  P-value  AOR (95% Cl)  P-value
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/m?®)
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 hours” 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)¢
<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
Perforation®
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; Cl, 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.

“Nine cases with missing data were not included in the multivariable analysis. ”8:00 AM to 5:00 PM on work days. “Defined as the
interval from the Emergency Department visit to the induction of anesthesia for appendectomy. “Including 9 cases with open con-
version from initial laparoscopic approach. “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.

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
pathologically-identified 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 pathologically-identified 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 intra-abdominal 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
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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 intra-abdominal 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 appendi-
ceal perforation in future investigations on appendiceal perfora-
tion rate or preoperative diagnosis of perforation.
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