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Purpose: Surgeons may be uncertain about the optimal timing of appendectomy to decrease complications, especially
for complicated appendicitis. The aim of the study was to compare clinical outcomes between early and late surgery for
complicated appendicitis.

Methods: A prospectively maintained database of complicated appendicitis was queried. Elective interval surgery (EIS)
group and early surgery (ES) were matched with propensity score and marked with a prefix ‘p." Patient characteristics and
surgical outcomes were compared.

Results: The propensity score-matched EIS group had a lower chance to underwent ileo-cecectomy or right hemicolectomy
(1.5% vs. 6.9%, P = 0.031], a tendency of lower rate of postoperative complication (6.9% vs. 13.7%, P = 0.067), a lower rate
of wound infection (1.5% vs. 8.4%, P = 0.010), and shorter postoperative hospital stay (3.72 days vs. 5.82 days, P < 0.001)
than the propensity score-matched ES group. Multivariate analysis showed that delayed surgery for more than 48 hours
or urgent surgery due to failure of EIS and open conversion were independent risk factors for postoperative complications
(P =0.001 and P = 0.025, respectively). In subgroup analysis, high American Society of Anesthesiologists physical status
classification and distant abscess or generalized ascites in initial CT increased the risk of failure of EIS.

Conclusion: EIS can be a useful option for selected adult patients with complicated appendicitis.

[Ann Surg Treat Res 2019;97(2):103-111]
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INTRODUCTION

Appendicitis is one of the most common diseases requiring
emergency operation after the onset of symptoms [1]. It is
generally accepted that prompt surgery is necessary to prevent
disease progression which is associated with an increased risk
of morbidity and mortality [2]. Recently, however, the timing

for performing emergency operations for nonlife-threatening
diseases has been under scrutiny because of new insights into
the natural history of acute appendicitis due to developments
in imaging and antibiosis that can improve preoperative assess-
ment and treatment, allowing for nonoperative management of
abscesses and phlegmons and potentially limiting the need for
immediate operative intervention to halt disease progression [3].
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The concept of the necessity of emergency operation for
complicated appendicitis has been challenged by recent
studies reporting semi-elective surgery after initial use of
antibiotics [4,5]. In addition, several studies have reported
that the administration of antibiotics alone enables surgeons
to perform interval appendectomy at up to 6-8 weeks after
the diagnosis of appendicitis [6,7]. However, such treatment
of complicated appendicitis that might progress to abscess or
generalized peritonitis without operative intervention remains
controversial. A recent study has found that a substantial
percentage of patients with suspected acute complicated
appendicitis and a plan for interval appendectomy require
unplanned readmission [8]. Additionally, 2 randomized control
trials have demonstrated that patients undergoing immediate
appendectomy have quicker return to normal activity, fewer
adverse events, and lower cost to the system compared to those
with late appendectomy [9,10]. A separate randomized trial
enrolling only children with an appendiceal abscess has mixed
findings in terms of clinical parameters when comparing early
to late appendectomy [11].

Despite emerging data favoring early appendectomy, no
consensus exists on the optimal management for complicated
appendicitis in adults. In addition, practice patterns continue
to vary dramatically. This might be partially due to the fact that
most studies on this topic were single-center studies with small
sample sizes and limited follow-up periods. Thus, the purpose
of the present study was to compare surgical outcomes of early
versus late surgical management for complicated appendicitis
using a large-scale multicenter database, and to find the criteria
to choose late surgical management.

METHODS

Patients
A prospectively maintained database containing data for

affected individuals who underwent surgery for complicated
appendicitis was queried to evaluate the role of clinical
and serologic markers with clinical phenotypes in acute
appendicitis. We retrospectively reviewed medical records of all
patients who were diagnosed with complicated appendicitis and
underwent surgery at 2 hospitals (Hallym University Dongtan
Sacred Heart Hospital and Hallym University Kangnam
Sacred Heart Hospital) affiliated to Hallym University, Korea
between January 2013 and June 2019. Complicated appendicitis
was defined as gangrenous, perforated appendicitis, and
periappendiceal abscess formation, and when there is a
mention of perforation on formal reading of CT scan. Patients
underwent either laparoscopic, single-port laparoscopic or open
surgery.

We included patients older than 18 years in this study. We
excluded patients who underwent incidental appendectomy or

negative appendectomy and those who were diagnosed with
dysplasia or cancer.

Patients' characteristics included age, gender, and American
Society of Anesthesiologists (ASA) physical status classification
at initial diagnosis. CT scan was performed for diagnosis. CT
finding was described based on modified Hinchey classification
of diverticulitis [12]: Grade Ia, appendiceal wall thickening
with periappendiceal soft tissue change; Grade Ib, Ia +
periappendiceal abscess or ileo or cecal edema; grade 11, 1a
+ distant abscess (generally deep in the pelvis or interloop
regions); and grade 111, free gas associated with localized or
generalized ascites and possible peritoneal wall thickening,

Perioperative data included postoperative hospital stay,
postoperative complications, cost for surgical treatment, and
total cost. The 'cost for surgical treatment’ was defined as total
cost of admission for surgery while ‘total cost’ was defined
as the total sum of cost for surgical treatment and cost of 1st
admission for antibiotics.

Patients were divided into 2 groups according to the timing
of surgery after hospital admission: (1) early surgery (ES) group,
having surgery within 2 days during index admission; and (2)
late surgery (LS) group, having surgery at more than 2 days after
admission, whether during index admission or at subsequent
one. Surgeons decided whether each patient would receive ES
or LS, considering disease severity and condition of patient.
We subdivided the LS group into 3 subgroups: patients who
had surgery delayed more than 48 hours but during index
admission (urgent > 48 hours), those who had surgery at
urgent subsequent admission (failure of EIS), and those who
had surgery on a planned date during an elective subsequent
admission called elective interval surgery (EIS) (Fig. 1). In the
EIS group, intravenous (IV) antibiotics were administered
during index admission and oral antibiotics were prescribed
after discharge. The most commonly used IV antibiotics were a
combination of second-generation cephalosporin (cefuroxime)
and metronidazole. Third-generation cephalosporin (ceftriaxone
or cefotaxime) was used for cases with severe inflammation. If
a patient was allergic to cephalosporin antibiotics, ciprofloxacin
was administered. Prescribed oral antibiotics were either
second generation (cefaclor) or third generation (cefditoren)
cephalosporin. Occasionally, metronidazole was added if
needed. Total duration of antibiotic use was about 2 weeks or
more. Interval appendectomy was performed in 4 to 8 weeks
after the initial presentation.

Operative types were classified as appendectomy, cecectomy,
and ileo-cecectomy or right hemicolectomy. Postoperative
complications were defined as wound infection, postoperative
ileus, intra-abdominal abscess, or gastroenteritis occurring up
to 30 days after surgical treatment, and they were also graded
using the Clavien-Dindo classification [13].

For comparison of peri- and postoperative outcomes between
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6,074 Appendicitis diagnosed
from 2013 to 2019

l

1,627 Complicated appendicitis |

v

360 Excluded

1) Dysplasia or cancer: 8

2) Pediatrics (age < 18 yr): 332

3) Far delayed operation (> 3 mo): 20

Fig. 1. Flow chart showing the
selection of patients. ES, early

1,067 ES

200LS

surgery within 2 days during
index admission; LS, late surgery
delayed more than 2 days; Urgent
> 48 hours, late surgery delayed
for more than 2 days during index

! l

admission; failure of EIS, surgery
at urgent subsequent admission;

| 13 Urgent > 48 hr | |

34 Failure of EIS |

pES, propensity score-matched
early surgery; pEIS, propensity

v

131 pES

score-matched elective interval
surgery on a planned date in 4-8

Propensity score matching

the EIS group and the ES group, propensity score matching was
performed. The propensity score-matched EIS (pEIS) group was
then compared to the propensity score-matched ES (pES) group.

The first aim of this study was to compare surgical out-
comes of the pEIS group and the pES group. The second aim
was to identify risk factors associated with postoperative
complications.

The study was reviewed and approved by the Institutional
Review Boards (IRB) of Kangnam Sacred Heart Hospital (Seoul,
Republic of Korea) (approval number: 2016-12-159). Informed
consent was waived by the IRB because of the retrospective
nature of the study and the analysis used anonymous clinical
data.

Statistical analysis
All analyses were performed using IBM SPSS Statistics ver.

22.0 (IBM Co., Armonk, NY, USA). Continuous variables were
analyzed using Student t-test or the Mann-Whitney U-test.
Categorical variables were analyzed using Fisher exact test.
Continuous variables including age and WBC count were
categorized according to their mean values for inclusion in
regression models. Propensity score statistical analysis was
performed with IBM SPSS Statistics version 22.0 including
R-Essentials for SPSS (IBM Co.) and Syntax version 4 software
(EANCOM, United Nation's Directories for Electronic Data
Interchange for Administration, Commerce and Transport).
Patients were matched one-to-one by propensity score (random
selection from severe near neighbour propensity score of
which difference between the standard and the matching value
less than 0.001, matching with logistic regression, caliper 0.2
without replacement) using the covariates of age, sex, initial
CT finding, surgical approach (open, laparoscopy, and single-
port laparoscopy), ASA physical status classification, body

131 pEIS

weeks.

mass index, and WBC count. Categorical data were analyzed
using y° and Mann-Whitney U-tests for comparison of peri- and
postoperative outcomes between the pEIS group and the pES
group. The likelihood ratio test was performed to determine
trends in complications over time. Multivariable logistic
regression analysis was performed to identify independent
factors associated with postoperative complications and failure
of EIS. P-values of 0.05 were considered statistically significant.

RESULTS

A total of 6,074 patients with acute appendicitis underwent
appendectomy at Hallym University Dongtan Sacred Heart
Hospital or Hallym University Kangnam Sacred Heart Hospital
between January 2013 and June 2019. Of them, 1,627 patients
underwent surgery for complicated appendicitis. A total of
360 patients were excluded for dysplasia or cancer (n = 8),
age younger than 18 years (n = 332), or far delayed operation
(>3 months) (n = 20). Two hundred patients had LS and 1,067
patients had ES (Fig. 1).

Characteristics of patients undergoing LS or ES for
complicated appendicitis are summarized in Table 1. Patients
with LS were significantly older than those with ES (mean: 48.1
years vs. 42,5 years, P < 0.001). Additionally, grades Ib and 1I
on initial CT finding were significantly more prevalent in the
LS group than those in the ES group (P < 0.001). The incidence
of cecectomy and ileo-cecectomy or right hemicolectomy was
more common than that of appendectomy in the LS group (775%
vs. 85.2%, P < 0.001).

Postoperative complications occurred in a total of 124 patients
(9.8%). The most common complication was wound infection
(n = 77 [6.1%]), followed by postoperative ileus (n = 30 [2.4%)),
intra-abdominal abscess (n = 14 [1.1%]), gastroenteritis (n =
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Table 1. Characteristics of patients undergoing late surgery or early surgery for complicated appendicitis

Characteristic LS (n = 200) ES (n = 1,067) P-value
Age (yr) 48.14 £ 15.52 42.53 +15.52 <0.001
Sex <0.001
Male 81 (40.5) 595 (55.8)
Female 119 (59.5) 472 (44.2)
Initial CT findings <0.001
la 27 (13.5) 844 (79.1)
Ib 122 (61.0) 165 (15.5)
Il 45 (22.5) 53 (5.0)
I 3.0 5(0.5)
Surgical approach
Open 7 (3.5) 26 (2.4) <0.001
Laparoscopic 165 (82.5) 1015 (95.1)
Single port 28 (14.0) 26 (2.4)
ASA PS classification 0.137
| 168 (84.0) 949 (88.9)
1 19 (9.5) 72 (6.8)
Il 28 (6.5) 46 (4.3)
Operation types <0.001
Appendectomy 155 (77.5) 909 (85.2)
Cecectomy 41 (20.5) 137 (12.8)
lleo-cecectomy or right hemicolectomy 4(2.0) 21 (2.0)
Body mass index (kg/m?) 23.76 £4.5 24.05 £ 4.7 0.288
Cost (KRW)
Surgical treatment 839,400 + 253,600 918,300 + 752,100 <0.001
Total treatment 1,220,300 + 270,500 918,300 + 752,100 <0.001
Interval from diagnosis to surgery (day) 44.14 £ 16.0 0.32 +0.46 <0.001

Values are presented as mean + standard deviation or number (%).

LS, late surgery; ES, early surgery; ASA PS, American Society of Anesthesiologists physical status; KRW, Korean won.

Table 2. Overall complications in complicated appendicitis

Morbidity No. (%)
Postoperative complications 124 (9.8)
Wound infection 77 (6.1)
Postoperative ileus 30 (2.4)
Intra-abdominal abscess 14 (1.1)
Gastroenteritis 2(0.2)
Port site hernia 1(0.1)

Clavien-Dindo classification

Grade | 86 (6.8)
Grade Il 27 (2.1)
Grade Il 11 (0.9)
Readmission 50 (3.9)
Reoperation 1(0.1)

2 [0.2%]), and port site herniation (n = 1 [0.1%]). Readmission
was required in 50 patients (3.9%) and reoperation was needed
in 1 patient (0.1%) (Table 2). According to Clavien-Dindo
classification, grades I, II, and III were found to be in 86 (6.8%),
27 (2.1%), and 11 patients (0.9%), respectively.

Table 3 shows patient characteristics of the EIS group and
the ES group before and after propensity score matching.

These 2 groups were well matched especially for sex, initial
CT finding, surgical approach, and WBC count. Surgical
outcomes of the pEIS group and the pES group are shown in
Table 4. Operation types were significantly different between
the 2 groups. Ileo-cecectomy or right hemicolectomy was less
prevalently performed in the pEIS group (P = 0.030). Open
conversion rate was similar between the 2 groups (2.3% vs.
6.1%, P = 0.124). Among postoperative complications, wound
infection rate was significantly lower in the EIS group (1.5%
vs. 8.4%, P = 0.010) while intraabdominal abscess rate and
ileus rate were similar between the 2 groups (P = 0561 and
P = 0.758, respectively). The pEIS group tended to have less
prevalent grade I complication than the pES group (3.8% vs.
0.9%, P = 0.085), although total distribution of Clavien-Dindo
classification was similar between the 2 groups. Postoperative
hospital stay was significantly shorter in the pEIS group (3.7 vs.
5.8 days, P < 0.001). Although the pEIS group had more cost for
total treatment (P < 0.001), its cost for surgical treatment only
significantly less (P < 0.001).

In univariate analysis, age (=65 years), sex, ASA physical
status classification, laboratory variables (WBC count), or body
temperature did not increase the odds ratio of postoperative
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Table 3. Subgroup analysis of patients of elective interval surgery versus early surgery for complicated appendicitis before
and after propensity score matching

Variable EIS (n=153) ES (n=1,067) P-value pEIS (n =131) pES (n=131) P-value
Age (yr) 47.42 +14.63 42.53 +14.3 0.430 46.44 + 14.23 47.57 +15.2 0.536
Sex <0.001 0.901
Male 95 (62.1) 472 (44.2) 74 (56.5) 75 (57.3)
Female 58 (37.9) 595 (55.8) 57 (43.5) 56 (42.7)
Initial CT finding <0.001 0.987
la 19 (2.2) 844 (79.1) 19 (14.5) 19 (14.5)
Ib 93 (36.0) 165 (15.5) 88 (67.2) 89 (67.9)
Il 37 (41.1) 53 (5.0 24 (18.3) 23 (17.6)
Surgical approach <0.001 0.792
Open 3 (2.0 26 (2.4) 3(2.3) 3(2.3)
Laparoscopy 131 (85.6) 1,015 (95.1) 116 (88.5) 119 (90.8)
Single-port laparoscopy 19 (12.4) 26 (2.4) 12 (9.2) 9 (6.9)
ASA PS classification 0.800 0.762
| 134 (12.4) 949 (88.9) 112 (85.5) 112 (85.5)
Il 13 (15.3) 72 (6.7) 13 (9.9) 15(11.5)
1 6 (11.5) 46 (4.3) 6 (4.6) 4 (3.1)
Body mass index (kg/m’) 23.80 + 3.85 24.06 + 3.58 0.717 24.02 +3.9 23.97 +4.0 0.923
WBC count (/ul) 8,260 = 4,050 12,270 + 4,463 0.090 8,850 = 4,271 8,790 + 3,626 0.905

Values are presented as mean + standard deviation or number (%).
EIS, elective interval surgery; ES, early surgery; pEIS, propensity score-matched elective interval surgery; pES, propensity score-
matched early surgery; ASA PS, American Society of Anesthesiologists physical status.

Table 4. Surgical outcomes between propensity score-matched elective interval surgery and early surgery for complicated
appendicitis

Variable pEIS (n=131) pES (n =131) P-value
Operation types 0.031
Appendectomy 110 (84) 95 (72.5) 0.035
Cecectomy 19 (14.5) 27 (20.6) 0.128
Ileo-cecectomy or right hemicolectomy 2(1.5) 9 (6.9 0.030
Open conversion 3(2.3) 8 (6.1) 0.124
Postoperative complications 9 (6.9) 18 (13.7) 0.067
Wound infection 2 (1.5) 11 (8.4) 0.010
Postoperative ileus 6 (4.6) 5(3.8) 0.758
Intra-abdominal abscess 1(0.8) 2 (1.5) 0.561
Clavien-Dindo classification 0.415
Grade | 5(3.8) 13 (9.9 0.085
Grade Il 3(2.3) 5(3.8) 0.722
Grade Il 1(0.8) 0 (0) 1.000
Postoperative hospital stay (day) 3.72 £2.32 5.82 +2.55 <0.001
Total hospital stay (day) 9.61 +4.11 5.82 +2.55 <0.001
Cost (KRW)
Surgical treatment 809,400 + 23,740 989,700 + 26,130 <0.001
Total treatment 1,263,000 + 24,120 989,700 + 26,130 <0.001

Values are presented as number (%) or mean + standard deviation.
PEIS, propensity score-matched elective interval surgery; pES, propensity score-matched early surgery; KRW, Korean won.

complications. Multivariate analysis showed that open  postoperative complications (Table 5).

conversion (odds ratio [OR], 4.94; P = 0.025) and delayed Risk factor analysis was performed for failure of EIS. A total
surgery for more than 48 hours or urgent surgery due to failure  of 34 patients (18.2%) needed urgent operation before planned
of EIS (OR, 2555; P = 0.001) were independently associated with ~ surgical date. In univariate analysis, high ASA physical status
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Variable

Age > 65 yr
Sex, male vs. female
ASA PS classification, lll vs. |, 1l
Operation timing
ES
Urgent > 48 hr or failure of EIS
EIS
Open conversion
CT finding

WBC > 12,000/uL
BT > 38T

OR

1.09
0.90
1.12

5.80
0.87
3.50

1.36
1.66
0.65
1.06

Table 5. Risk factor analysis for postoperative complications

Univariate analysis

95% Cl

0.59-2.20
0.62-1.31
0.64-1.94

0.30-10.9
0.46-1.62
1.65-7.38

0.88-2.10
0.92-3.02
0.45-0.96
0.61-1.85

Multivariate analysis

P-value OR 95% ClI P-value
0.78

0.59

0.70

0.001 4.94 2.49-9.78 0.001
0.67 0.71 0.35-1.44 0.348
0.001 2.55 1.13-5.80 0.025
0.14 1.01 0.60-1.70 0.95
0.09 1.04 0.70-2.73 0.36
0.03 0.73 0.48-1.10 0.13
0.83

OR, odds ratio; Cl, confidence interval; ASA PS, American Society of Anesthesiologists physical status; ES, early surgery; EIS, elective

interval surgery; BT, body temperature.

Table 6. Risk factor analysis for failure of elective interval surgery

Univariate analysis

Variable
OR 95% ClI

Age > 65 yr 0.58 0.23-1.43
Sex, male vs. female 1.84 0.87-3.90
ASA PS classification, lll vs. 1, Il 5.26 1.58-17.54
CT finding

la

Ib 4.65 1.84-11.74

Il 6.00 1.92-18.78
WBC > 12,000/uL 0.58 0.26-1.31
BT > 38T 1.15 0.62-2.55

Multivariate analysis

P-value OR 95% Cl P-value
0.232

0.109

0.007 6.85 1.83-25.64 0.004
0.001 4.60 1.78-11.90 0.002
0.002 7.85 2.30-26.85 0.001
0.19

0.40

OR, odds ratio; Cl, confidence interval; ASA PS, American Society of Anesthesiologists physical status; BT, body temperature.

classification (Il vs. I or II) (OR, 5.26; P = 0.007), and Grades Ib
(OR, 4.65; P = 0.001) and II/11I (OR, 6.0; P = 0.002) on CT finding
were risk factors for failure of EIS. For CT findings, only 1.7% in
grade Ia, 6.7% in grade Ib. and 10.0% in grade II/III resulted in
failure of EIS. In multivariate analysis, OR for failure of EIS was
6.85 for ASA physical status classification of II1, 4.60 for grade Ib,
and 7.85 for grade II/I1I on initial CT finding (Table 6).

DISCUSSION

There were significant differences in sex, age, initial CT
findings, surgical approach, and operation times between the
LS group and the ES group. EIS was defined as patients who
underwent LS on a planned date, excluding delayed surgery

for more than 48 hours or urgent surgery due to failure of EIS.
The EIS group was propensity score-matched with the ES group.
They were redefined as the pEIS group and the pES group.
Finally, surgical outcomes were compared between the pEIS
group and the pES group.

The pEIS group in this study showed a lower rate of ileo-
cecectomy or right hemicolectomy, a shorter hospital stay, and
a lower rate of wound infection compared to the pES group.
However, delayed surgery for more than 48 hours or urgent
surgery due to failure of EIS significantly increased the risk of
postoperative complications. Our subgroup analysis showed
that high ASA physical status classification and initial CT
findings of grades II/1Il were independently associated with
failure of EIS.
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Acute appendicitis was initially described in terms of its
natural history and progression in 1886 by Reginald H. Fitz
(quoted from [14]). Since then, it has become widely accepted
that untreated appendicitis can progress to perforation which
is associated with significant increases in morbidity, mortality,
hospital stay, and resource usage [2,15]. Complicated appendicitis
generally increases the risk of postoperative complications [16].
Thus, new strategies such as nonsurgical treatment and interval
appendectomy after initial antibiotics treatment are discussed.
Recent studies in pediatric patients suggest that hydration
and administration of antibiotics can allow surgeons to delay
surgery without detrimental effects on patient outcome [17,18].
Furthermore, randomized controlled trials have suggested that
antibiotic therapy without surgery is a safe treatment option for
acute appendicitis [19,20]. Some recent studies have reported
that nonoperative management without interval appendectomy
after treatment with antibiotics could be an alternative option
for complicated appendicitis, and this is supported by evidence
of relatively low rates (<10%) of recurrence of appendicitis or
abscess after conservative management as well as reportedly
high complication rates (as high as 12%-23%) in patients
undergoing interval appendectomy [21-23]. However, another
study concluded that interval appendectomy should be strongly
considered in those over the age of 40 because the rate of
neoplasm in patients over 40 was 10 of 62 (16%) compared to 1
of 27 (4%) in those under age 40 [24]. In our study, 187 patients
(14.8%) were planned to undergo EIS following initial antibiotics
treatment. Of 187 patients, 34 (18.2%) were refractory to initial
treatment. They underwent urgent surgery.

Several recent studies have also investigated the relationship
between preoperative hospital delay (i.e., time from admission
to surgery) and postoperative outcomes [25-27]. Previous
randomized controlled trials have reported that patients with
suspected complicated appendicitis but no abscess have lower
cost, shorter length of hospital stay, and lower complication rate
when they are treated with early rather than late appendectomy
[9,10]. A separate randomized trial has evaluated early versus
delayed surgical management of appendiceal abscess and
found that operating time and time to food intake in the early
operation group are significantly longer [11]. Additionally, they
did not find differences in recurrence of abscess or hospital
charges [11]. Positive association between the increase of
postoperative complications and delayed surgery for more than
48 hours or urgent surgery due to failure of EIS in this study
might be due to delayed surgical management of appendiceal
abscess or inflammation. However, the pEIS group showed
significantly reduced wound infection rate and a tendency of
decreased overall complications. Surgical complications that
are known to be associated with acute inflammation might be
decreased in the pEIS group because patients in the EIS group
were treated with antibiotics for sufficient period and acute

inflammation had fully subsided. In addition, we could avoid
an unnecessary ileocecectomy or right-hemicolectomy like-
wise. Recent meta-analysis has shown that immediate surgical
treatment of enclosed appendiceal inflammation is associated
with a more than 3-fold increase in morbidity compared
with conservative management and that it may result in an
unnecessary ileocecal resection or right-sided hemicolectomy
for technical reasons or suspicion of malignancy in about 3% of
patients [26]. Our data showed a 4-fold increase of postoperative
complication rate in the group having delayed surgery for more
than 48 hours or urgent surgery due to failure of EIS. Similar
increased postoperative complications were reported in delayed
appendectomy for more than 48 hours [26] and 36 hours [5].

Postoperative hospital day was significantly reduced
probably because of avoiding unnecessary ileo-cecectomy or
right hemicolectomy in the pEIS group. The cost for surgical
treatment was also significantly lower in the pEIS group in this
study. However, total hospital stay was longer and total cost
was higher in the pEIS group due to a total of 2 admissions.

Recent meta-analysis has shown that use of preoperative
abdominal CT is associated with lower negative appendectomy
rates [28]. In our study, all patients underwent preoperative
CT scan for diagnosis of appendicitis and grading severity
of inflammation. Our data showed that the grading system
using CT scan was very important to select patients for EIS
with complicated appendicitis. In univariate analysis, failure
of EIS was associated with a 4.65-fold increase of initial CT
finding for grade Ib and a 6-fold increase for grade II/1IL. It
means that patients, who were initially planned to undergo
EIS, experienced failure of EIS in only 1.7%, 6.7%, and 10.0%
in grade Ia, Ib, and II/111, respectively. Hashizume et al. [29]
have classified pathologic grades and CT grades into four
grades and reported a close relationship between CT findings
and pathologic findings. Kim et al. [30] have also investigated
correlations of CT findings with WBC count and CRP levels and
shown that WBC count might be useful for grade I appendicitis
(normal) (P < 0.001) and CRP levels might be useful for grade
IV appendicitis (perforated appendicitis) (P < 0.001).

EIS is a good option for reducing surgeon's fatigue. A high
overnight caseload might cause excessive fatigue and sleep
deprivation among hospital and surgical staff. Several studies
have reported negative effects of sleep deprivation on cognitive
abilities [10,11]. Accordingly, sleep deprivation could adversely
affect surgical performance and patient safety. In addition,
some surgical procedures such as appendectomy could be
delayed in a semi-elective manner to reduce overnight caseload
and avoid negative effects of sleep deprivation.

This study has several limitations. First, this study was
performed retrospectively. Thus, there might be selection bias
and recall bias. However, because the data collector retrieved
these data from medical records without knowledge of the
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primary endpoint, results were less likely to be affected by
data collection bias. Second, although the present study was
conducted at 2 hospitals, the number of patients was not
enough to reach a definitive conclusion.

In conclusion, the pEIS group showed a lower rate of ileo-
cecectomy or right hemicolectomy, a tendency of lower rate
of overall complication, a lower rate of wound infection, and
a shorter postoperative hospital stay, although total hospital
stay was longer and total cost was higher in the pEIS group.
Failure of EIS increased the risk of postoperative complications.
High ASA physical status classification (II1I) and CT finding
of grades Ib and 11/l were risk factors for failure of EIS. EIS
can be a useful surgical option in adults with complicated
appendicitis, especially for patients with low ASA physical
status classification (I or 1I) and initial CT finding of grade Ia.
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