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Purpose: The low rate of recurrent appendicitis after initial nonsurgical management of complicated appendicitis sup-
ports the recently implemented strategy of omitting routine interval appendectomy. However, several reports have sug-
gested an increased incidence rate of neoplasms in these patients. We aimed to identify the risk of neoplasms in the popu-
lation undergoing interval appendectomy.
Methods: This study retrospectively analyzed consecutive cases of appendicitis that were treated surgically between Janu-
ary 2014 and December 2018 at a single tertiary referral center. Patients were divided into 2 groups depending on whether 
they underwent immediate or interval appendectomy. Demographics and perioperative clinical and pathologic parame-
ters were analyzed.
Results: All 2,013 adults included in the study underwent surgical treatment because of an initial diagnosis of acute appen-
dicitis. Of these, 5.5% (111 of 2,013) underwent interval appendectomy. Appendiceal neoplasm was identified on patho-
logic analysis in 36 cases (1.8%). The incidence of neoplasm in the interval group was 12.6% (14 of 111), which was sig-
nificantly higher than that of the immediate group (1.2% [22 of 1,902], P < 0.001).
Conclusion: The incidence rate of neoplasms was significantly higher in patients undergoing interval appendectomy. 
These findings should be considered when choosing treatment options after successful nonsurgical management of com-
plicated appendicitis.
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INTRODUCTION

Appendicitis is one of the most common abdominal emergencies 
worldwide. Since the first publication describing acute appendicitis 
by Fitz in 1886, surgical management of appendicitis has been con-
sidered a standard practice [1]. Appendectomy is the most com-
monly performed abdominal surgery, and the lifetime chance of 

requiring appendectomy in the Korean population is about 8% [2].
However, over the last 2 decades, although the treatment of 

choice for uncomplicated appendicitis remains immediate sur-
gery, the gold standard treatment of complicated appendicitis pre-
senting with abscess or phlegmon has shifted toward conservative 
nonsurgical management, consisting of antibiotic administration 
with or without interventional drainage. Compared with immedi-
ate appendectomy, nonsurgical treatment of complicated appen-
dicitis avoids a large colonic resection, is associated with a lower 
complication rate and shorter hospital stay, and has a success rate 
greater than 90% [3].

It remains controversial whether interval appendectomy should 
be performed after successful conservative management. While 
earlier studies of initial conservative treatment considered elective 
interval appendectomy part of the longitudinal treatment plan for 
complicated appendicitis, recent studies have questioned the need 
for this procedure. Some authors insist that routine performance 
of interval appendectomy should be abandoned because the re-
currence rate of acute appendicitis treated nonsurgically is similar 
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to or even lower than the initial lifetime risk of appendicitis [3-7]. 
On the basis of this low recurrence rate, these authors suggested 
that it is not necessary to accept the considerable morbidity and 
increased cost of interval appendectomy. The World Society of 
Emergency Surgery stated in its 2016 guidelines that, because of 
its consistent morbidity, interval appendectomy as a routine pro-
cedure following successful conservative management is justified 
only in cases of persistent or recurrent symptoms and should be 
avoided in asymptomatic patients [8].

However, some surgeons recommend interval appendectomy 
because of the potential that the appendicitis is associated with a 
hidden neoplasm. Although tumors are a relatively rare cause of 
acute appendicitis, several small studies have suggested increased 
risk of neoplasm after periappendiceal abscess, especially in pa-
tients older than 40 years [9-12]. If this is true, it would be an ar-
gument for interval appendectomy.

In this study, we aimed to identify the risk of neoplasm in the 
population undergoing interval appendectomy, together with the 
safety and effectiveness of interval appendectomy compared with 
immediate appendectomy.

METHODS

Patient selection and data collection
This study retrospectively analyzed a consecutive series of appen-
dicitis cases that were treated with surgery between January 2014 
and December 2018 at a single tertiary referral center. Patients 
aged 18 years and older at the time of the surgery were included 
in the analysis. The patients were divided into 2 groups depend-
ing on whether they underwent immediate or interval appendec-
tomy. Interval appendectomy was defined as elective surgery fol-
lowing initial successful nonsurgical management consisting of 
antibiotic administration with or without percutaneous drainage 
of an abscess. The surgeons in charge of emergency surgery and 
follow-up during the study period routinely recommended and 
performed interval appendectomy in all patients treated success-
fully with nonsurgical management, except when the patient re-
fused surgery. Interval appendectomy was generally recom-
mended 4 to 6 weeks after initial treatment in the case of a small 
abscess. In the case of a larger abscess or phlegmon, interval ap-
pendectomy was recommended 12 weeks or more after initial 
treatment. However, the actual time of surgery was either ad-
vanced or delayed according to the patient’s wishes. Abdomino-
pelvic computed tomography scan was routinely performed dur-
ing the follow-up period before surgery. However, colonoscopy 
was selectively performed when deemed necessary. Patient demo-
graphics and perioperative clinical and pathologic parameters 
were collected from an electronic medical record system. Postop-
erative morbidity and mortality within 30 days following surgery 
were investigated. Postoperative morbidity was defined as compli-
cations that required any additional treatment, prolonged hospital 
stay, or frequent outpatient clinic visits.

The primary outcome measure was rate of appendiceal neo-
plasm in patients undergoing interval surgical treatment. Second-
ary outcome measure was surgical outcome by group (immediate 
vs. interval).

Statistical analysis
Statistical analysis was performed using IBM SPSS ver. 24 (IBM 
Corp., Armonk, NY, USA). Continuous variables were compared 
using Student t-test or Mann-Whitney U-test, and categorical 
variables were analyzed using chi-square test or Fisher exact test. 
P-values< 0.05 were considered significant.

Ethics statement
This retrospective study was approved by the Institutional Review 
Board of Kangbuk Samsung Hospital (No. KSH 2019-06-023), 
and informed consent was waived.

RESULTS

All 2,449 patients surgically treated because of acute appendicitis 
during the study period were identified. Of these patients, 436 
under 18 years of age were excluded from the analysis. The mean 
age of the remaining 2,013 adult patients included in the analysis 
was 42.5 years (range, 18 to 94 years) (Table 1). Incidence rates by 
sex were similar but slightly higher in men (51.4%, 1,034 of 2,013) 
than in women (48.6%, 979 of 2,013). Most of the procedures 
(99.1%, 1,995 of 2,013) were completed laparoscopically, while 5 
cases (0.2%) were initiated laparoscopically and converted to 
open surgery. A planned open procedure was performed in 13 
cases (0.6%). Overall, 92.1% (1,854 of 2,013) of all procedures 
were completed by appendectomy whether the operative findings 
were simple (65.8%, 1,324 of 2,013) or complicated by either cur-
rent or traces of previous perforation, abscess, or inflammatory 
adhesion (26.3%, 530 of 2,013). However, 159 patients (7.9%) re-
quired additional resection including cecectomy (157 patients) 
and ileocecectomy or right hemicolectomy (2 patients). Interval 
appendectomy accounted for 5.5% (111 of 2,013) of cases. The 
mean time to interval appendectomy was 10.2 weeks (range, 1 to 
23 weeks) after initial treatment. In the interval group, 14 patients 
(12.6%) underwent colonoscopy during the follow-up period be-
fore surgery, and there were no abnormal findings of appendiceal 
orifice or cecum in any of the cases. The mean length of postop-
erative hospital stay was 3.83 days (range, 1 to 48 days), the mor-
bidity rate was 6.0% (120 of 2,013), and the most common com-
plication was superficial surgical site infection (4.4%, 88 of 2,013).

Patients in the interval group were older (P< 0.001) and showed a 
trend toward higher American Society of Anesthesiologists (ASA) 
physical status classification (P< 0.001). Extended procedures were 
also more commonly performed in the interval group (P< 0.001). 
Cecectomy as a final procedure was performed in almost one-third 
of the patients (29.7%, 33 of 111) in the interval group but in only 
6.5% of those in the immediate group. However, in the interval 
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group, a larger proportion of the procedures was completed as sin-
gle-port laparoscopy. The conversion rate was similar, and the rate 
of planned open procedures did not differ significantly between 
groups. Similarly, there was no significant difference between 
groups in duration of postoperative hospital stays or morbidity rate.

Appendiceal neoplasm was identified on pathologic analysis in 
36 cases (1.8%) (Table 2). These included 27 low-grade appendi-
ceal mucinous neoplasms (75.0%), 3 mucinous adenocarcinomas 

(8.3%), 2 tubular adenomas (5.6%), 2 neuroendocrine tumors 
(NETs, 5.6%), 1 hyperplastic polyp (1.8%), and 1 sessile serrated 
adenoma (1.8%). Most of the neoplasms were mucinous. The in-
cidence of neoplasm in the interval group was 12.6% (14 of 111), 
which was significantly higher than that in the immediate group 
(1.2% [22 of 1,902], P < 0.001). When comparing the interval 
group and the subset of patients from the immediate group with 
complicated appendicitis (n = 621), the incidence of neoplasm 
was still significantly different between the 2 groups; 12.6% and 
2.2%, respectively, with the interval group having the higher inci-
dence. When the patients were divided into 5-year age groups, no 
cases of neoplasm were seen in the < 35 years old group, and the 
incidence of neoplasms tended to increase with age, being espe-
cially high in the ≥ 60 years old groups (Table 3). Overall, the in-
cidence rate of neoplasms in patients aged ≥ 40 years (3.3%, 35 of 
1,054) was significantly higher than that in patients aged < 40 
years (0.1% [1 of 959]; P< 0.001).

DISCUSSION

For over a century, the gold standard treatment for acute appendi-
citis was immediate surgery. Recently, interval appendectomy fol-
lowing initial conservative nonsurgical management emerged as a 
potentially better treatment option for complicated appendicitis. 
This protocol avoids the possibility of increased morbidity and 
more extensive surgery in the acute situation due to the impaired 
general condition of the patients and the presence of inflamed 
and friable tissue. Initial nonsurgical management has become 
the standard treatment option for complicated appendicitis, with 
a high success rate greater than 90% [3].

More recently, the need for interval appendectomy following 

Table 1. Characteristics of patients who underwent immediate or in-
terval surgical treatment for initial diagnosis of acute appendicitis

Characteristic
Total 

(n = 2,013)
Immediate 
(n = 1,902)

Interval 
(n = 111)

P-value

Age (yr) 42.5 ± 16.3 41.9 ± 16.0 54.0 ± 16.6 < 0.001

Sex 0.848

   Male 1,034 (51.4) 976 (51.3) 58 (52.3)

   Female 979 (48.6) 926 (48.7) 53 (47.7)

ASA PS classification < 0.001

   I 1,422 (70.6) 1,367 (71.9) 55 (49.5)

   II 463 (23.0) 426 (22.4) 37 (33.3)

   III 126 (6.3) 107 (5.6) 19 (17.2)

   IV 2 (0.1) 2 (0.1) 0 (0) 

Operative approach < 0.001

   Conventional laparoscopy 1,956 (97.2) 1,852 (97.4) 104 (93.7)

   Single-port laparoscopy 39 (1.9) 34 (1.8) 5 (4.5)

   Conversion to HAL 1 (0.0) 0 1 (0.9)

   Conversion to open 4 (0.2) 4 (0.2) 0

   Open 13 (0.6) 12 (0.6) 1 (0.9)

Final procedure < 0.001

   Simple appendectomy 1,324 (65.8) 1,281 (67.4) 43 (38.7)

   Perforated appendectomy 530 (26.3) 496 (26.1) 34 (30.6)

   Cecectomy 157 (7.8) 124 (6.5) 33 (29.7)

   Ileocecectomy/right  
hemi colectomy

2 (0.1) 1 (0.0) 1 (0.9)

Neoplasm 36 (1.8) 22 (1.2) 14 (12.6) < 0.001

Postoperative hospital stay 
(day)

3.83 ± 2.8 3.8 ± 2.8 3.5 ± 2.0 0.140

Morbidity 120 (6.0) 113 (5.9) 7 (6.3) 0.874

   Ileus 21 (1.0) 19 (1.0) 2 (1.8) 0.324

   Gastroenteritis 15 (0.7) 15 (0.8) 0 1

   Superficial surgical site  
infection

88 (4.4) 83 (4.4) 5 (4.5) 0.813

   Deep surgical site infection 31 (1.5) 30 (1.6) 1 (0.9) 1

Mortality 0 0 0

Values are presented as mean ± standard deviation or number (%).
ASA PS, American Society of Anesthesiologists physical status; HAL, hand as-
sisted laparoscopy.

Table 2. Histologic types of neoplasms

Histologic subtype
Total 

(n = 2,013)
Immediate 
(n = 1,902)

Interval 
(n = 111)

P-value

Adenoma

   Tubular adenoma 2 2 0

Serrated lesion

   Hyperplastic polyp 1 1 0

   Sessile serrated adenoma 1 1 0

Neuroendocrine neoplasms

   Neuroendocrine tumor G1 1 1 0

   Goblet cell carcinoid 1 1 0

Carcinoma

   Mucinous adenocarci-
noma

3 1 2

   Low-grade appendiceal 
mucinous neoplasm

27 15 12

Total 36 (1.8) 22 (1.2) 14 (12.6) < 0.001
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successful nonsurgical management has been questioned. In the 
early days, interval appendectomy was routinely performed be-
cause of concerns about disease recurrence. However, with several 
reports demonstrating a similar or even lower recurrence rate 
than the initial incidence of acute appendicitis, the argument that 
routine interval appendectomy should be omitted to avoid the 
cost and risk of surgery became stronger [3-8].

However, some surgeons insist that the real danger of abandon-
ing interval appendectomy is not recurrence of appendicitis, but 
rather absence of appendiceal pathological analysis. Although rel-
atively rare, appendiceal neoplasms occur at a rate of 0.7% to 1.7% 
in large series of appendectomies [13-16]. Because of the unique 
anatomic characteristics of the appendix, appendiceal neoplasms 
that are too small to be seen on imaging can infiltrate through the 
wall or obstruct the lumen, leading to acute inflammation and 
distal perforation. Acute appendicitis is the most common initial 
presentation of an appendiceal neoplasm that has not been diag-
nosed preoperatively, accounting for more than 50% of all cases 
[15, 16]. Recently, several studies have suggested increased risk of 
neoplasms after a periappendiceal abscess [9-12], which is cur-
rently usually initially treated without surgery, followed by, in 
some cases, planned interval appendectomy.

This study produced a 1.8% overall incidence of appendiceal tu-
mors in all patients undergoing surgical treatment for a presumed 
diagnosis of appendicitis at a single tertiary center, which is 
slightly higher than previously reported [13-16]. In patients who 
underwent interval appendectomy for complicated appendicitis, 
the incidence of appendiceal tumors was 12.6%, which was sig-
nificantly higher than the 1.2% incidence after immediate appen-
dectomy. This difference did not change even when the interval 
group was compared to the subset of patients from the immediate 
group with complicated appendicitis; the incidence of neoplasm 
in the interval group was significantly higher.

The neoplasms commonly found in the appendix are epithelial 
tumors, including mucinous neoplasms, and NETs. According to 
a previous report, the prevalence of NET among all appendectomy 
specimens was 0.3% to 0.9%, that of epithelial tumors was 0.2% to 
0.3%, and mucinous neoplasms accounted for 70% [17]. In this 
study, the most common neoplastic pathology was low-grade ap-
pendiceal mucinous neoplasm, which accounted for 75% of all 
neoplastic lesions. It could be argued that the increased incidence 
of these neoplasms in interval appendectomy cases is not a signifi-
cant threat because of the low-grade of these tumors. However, 

advanced NET has an unfavorable prognosis, with a 5-year sur-
vival rate of 12% to 28% [18], while undiagnosed mucinous neo-
plasms can manifest as pseudomyxoma peritonei, which not only 
affects patient survival, but also significantly impairs quality of life 
[19]. More importantly, our study clearly identified true malignan-
cies, such as mucinous cystadenocarcinoma and adenocarcinoma, 
which could not be distinguished from ‘low-grade tumors’ in the 
appendix before surgical resection and pathologic examination.

Although there is an increasing number of reports describing 
the incidence of neoplastic disease in patients undergoing interval 
appendectomy, it is difficult to find reports about the incidence of 
neoplastic disease diagnosed in patients followed up without sur-
gical treatment after initial conservative management. This is 
probably because, like most other benign inflammatory diseases, 
patients are not followed closely after treatment of appendicitis, 
and follow-up rarely includes imaging. Even when the patient 
does undergo imaging, the follow-up ends after confirmation of 
resolved inflammation. With this in mind, Mallinen et al. [11] 
aimed to define the risk of neoplastic disease in patients who un-
derwent interval appendectomy or follow-up only after initial 
successful nonsurgical treatment of complicated appendicitis. 
They randomly assigned such patients to interval appendectomy 
or follow-up only, with the latter group undergoing regular serial 
magnetic resonance imaging and colonoscopy. However, the trial 
was prematurely terminated because, at the time of interim analy-
sis, one-third of the patients in the follow-up group required sur-
gery. The 30% of patients in the follow-up group who underwent 
surgery were operated on because of a pathological imaging find-
ing, which accounted for 10% of the neoplastic disease incidence 
in the follow-up group. Thus, contrary to the initial hypothesis of 
the study that ‘interval appendectomy is not necessary,’ the au-
thors concluded that interval appendectomy should be consid-
ered after initial successful treatment of a periappendiceal abscess.

Most studies that have reported an increased risk of neoplasm in 
patients having initial complicated appendicitis or interval appen-
dectomy indicate that an age of 40 years or older is a risk factor 
for neoplastic disease [10-12]. In the present study, the incidence 
rate of neoplasms in patients over 40 years was much higher than 
that of patients under 40 years of age, and no neoplasms were 
identified in patients younger than 35 years, supporting the re-
sults of previous studies. The rate of appendiceal neoplasm in pa-
tients older than 40 years should be further evaluated in prospec-
tive cohort studies of patients undergoing interval appendectomy 

Table 3. Incidence of appendiceal neoplasm by age (n = 2,013)

Variable

Age group (yr), 
5-yr interval P-value

Age group (yr), 
< 40, ≥ 40 P-value

< 35 35–39 40–44 45–49 50–54 55–59 60–64 65–69 > 70 < 40 ≥ 40

Patient 765 (38.0) 194 (9.6) 211 (10.5) 202 (10.0) 154 (7.7) 151 (7.5) 104 (5.2) 82 (4.1) 150 (7.5) < 0.001 959 (47.6) 1,054 (52.4) < 0.001

Neoplasm 0 1 (0.5) 4 (1.9) 3 (1.5) 1 (0.6) 5 (3.3) 8 (7.7) 3 (3.7) 11 (7.3) 1 (0.1) 35 (3.3)

Values are presented as number (%).
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because the procedure is generally well tolerated and eliminates 
the risk of missing a possible tumor. In the present study, the mor-
bidity of the interval group was similar to that of the immediate 
appendectomy group, although the general condition of the pa-
tients in the interval group, as indicated by ASA physical status 
classification, was significantly worse. Moreover, most of the com-
plications were superficial surgical site infections, which can easily 
be controlled in outpatient clinics.

In conclusion, although most of the tumors were low-grade, the 
increased incidence of neoplastic disease in the interval group 
may have clinical significance. Surgeons should consider interval 
appendectomy as a viable treatment option after successful con-
servative management in adult patients, especially those aged 40 
years or older. When the patient chooses not to undergo surgery 
after successful initial conservative treatment, serial follow-up 
with imaging studies might be a better option than abrupt termi-
nation of follow-up.
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