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Abstract
Introduction In patients treated with an appendectomy for acute appendicitis, the specimen is generally sent for histological
evaluation. In an era of increasing non-operative treatment for acute appendicitis, it is important to know the incidence, the
diagnostic accuracy, and treatment consequences of appendicular neoplasms that are found in acute appendicitis. We hypothesize
that pre- and intra-operative parameters might predict an appendicular neoplasm.
Methods Data was used from our previous prospective observational cohort study. All patients undergoing surgery for suspected
acute appendicitis were included. The primary outcome was the incidence of appendicular neoplasms in patients operated for
acute appendicitis. Secondary outcomes were pre-operative diagnostics and imaging outcomes, intra-operative surgical judgment, and postoperative management and outcome. Possible predictors of an appendicular neoplasm were identified and used in
multivariable logistic regression. Patients with an appendicular neoplasm were followed for 3 years after initial appendectomy.
Results A total of 1975 patients underwent surgery for suspected acute appendicitis and in 98.3% (1941/1975) the appendix was
removed. In 1.5% (30/1941) of these patients, an appendicular neoplasm was found. Among the malignant neoplasms, the
majority were grade 1 neuroendocrine tumors (NET) in 65% (13/20). On pre-operative imaging, there was no suspicion of
malignancy. In three cases, there was an intra-operative suspicion of malignancy. Multivariable analysis showed only age as an
independent predictor for appendicular neoplasms. No recurrent or new malignancy was found during follow-up.
Discussion The incidence of appendicular neoplasm in patients undergoing an acute appendectomy is very low and clinical risk
factors could not be identified.
Keywords Appendix . Acute appendicitis . Neuroendocrine tumors (NET)

Introduction
Emergency appendectomy for acute appendicitis is the most
frequently performed acute surgical procedure in both children and adults. Obstruction of the appendicular lumen is
the most frequent cause of inflammation of the appendix [1].
Usually, the obstruction is caused by either lymphoid
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hyperplasia or fecal impaction, but neoplasms may also be
present. For this reason, it is common practice that all resected
specimens are histologically evaluated, regardless of intraoperative judgment of the macroscopic appearance. An increasing number of studies evaluate the non-operative treatment of selected patients with simple acute appendicitis [2, 3],
which implies that after successful antibiotic treatment, the
appendix cannot be histologically evaluated and theoretically
a neoplasm may remain undiagnosed in the patient. Primary
neoplasms of the appendix are rare, less than 1% of patients
are diagnosed with a neoplasm after appendectomy for acute
appendicitis [4–6]. There is a wide spectrum of appendicular
neoplasms, ranging from benign adenomas to primary adenocarcinomas of the appendix or mucinous cystic adenomas,
which can evolve into peritoneal pseudomyxoma.
Current Dutch guideline states that all appendices should
be send for histological evaluation following the acute
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appendectomy, independently of intra-operative surgical
judgment. Because of the high incidence of acute appendicitis,
the macro-economic costs of histological evaluation are significant. We hypothesize that it may only be necessary to send
the specimen to the pathologist when a macroscopic abnormal
appendix is found during surgery in selected patients.
The aim of this study is to evaluate the incidence of appendicular neoplasms discovered at histological evaluation in patients undergoing surgery for suspected acute appendicitis,
and to identify possible pre- and intra-operative factors associated with the presence of an appendicular neoplasm.
Secondly, we are interested in the different types of appendicular neoplasms and the corresponding postoperative management strategy. We hypothesize that pre-operative imaging and
intra-operative macroscopic evaluation of the appendix are
sufficient to detect clinically relevant appendicular neoplasm
and that selective histological evaluation can be safely
applied.

histological evaluation, and the postoperative management
were evaluated. These patients were followed for 3 years after
initial appendectomy.

Methods

Data extraction and outcome parameters

A consecutive prospective observational snapshot audit was
performed in 62 hospitals in the Netherlands. All hospitals that
provided acute surgical care were invited to participate. This
included academic, pediatric, and general community hospitals (teaching and non-teaching). The study was designed and
led by surgical residents, who together with house officers
collected the data. All consecutive patients undergoing surgery for suspected acute appendicitis were included in a period of 2 months (June and July 2014). Patients were treated
according to the local protocol of the participating hospitals,
based on the national guideline [6]. No adjustments on treatment were imposed for participating hospitals. This study was
designed as an audit of appendicitis treatment and outcome in
the country.
The study methods are explained in more detail elsewhere
[7].

Pre-operative data, imaging results, intra-operative evaluation
of the appendix, 30-day postoperative course, and histological
results of each participating hospital were prospectively collected. The primary outcome was the incidence of appendicular neoplasms in patients that received an appendectomy for
suspected acute appendicitis and had their appendix removed.
Secondary outcomes were pre-operative imaging, intraoperative surgical judgment for complicated appendicitis and
appendix suspicious for malignancy, and postoperative adjuvant treatment and diagnostics, in patients with an appendicular neoplasm.

Appendicular neoplasms
In this study, the presence of appendicular neoplasms discovered at histological evaluation was assessed in all adults and
children (< 18 years of age) in whom the pre-operative clinical
diagnosis was acute appendicitis. For further analysis, the total
initial cohort that underwent surgery for suspected acute appendicitis was divided in two groups, to find possible pre- and
intra-operative factors associated with the presence of an appendicular neoplasm. Group 1: patients with an appendicular
neoplasm and group 2: patients without an appendicular
neoplasm.
In the patients with an appendicular neoplasm, intraoperative judgment, types of appendicular neoplasms at

Pre-operative imaging and intra-operative evaluation
of the appendix
Pre-operative diagnostic imaging consisted of an ultrasound,
computed tomography (CT) scan, or magnetic resonance imaging (MRI). Complicated appendicitis on pre-operative imaging was defined as an inflammatory mass with or without
abscess or appendicitis with visible perforation.
During surgery, appendices were scored as uncomplicated
or complicated appendicitis prior to resection. Uncomplicated
appendicitis was defined as an inflamed but non-perforated
appendix. Intra-operative complicated appendicitis was defined as gangrenous or perforated appendicitis with or without
peritonitis. All resected specimens were sent for histological
evaluation.

Statistical analysis
Normally distributed data was presented as mean with standard deviation (SD) and non-normally distributed data as median with interquartile range (IQR). Continuous variables
were analyzed with the Mann-Whitney-Wilcoxon test and
categorical data were analyzed using the Chi-square test or
Fisher’s exact test. P < 0.05 was considered statistically significant. Possible pre- and intra-operative factors associated
with the presence of an appendicular neoplasm were identified
and used in multivariable logistic regression. All data was
analyzed using IBM SPSS statistics, version 22.0 (IBM
Corp., Armonk, NY, USA).

Results
A total of 1975 patients underwent surgery for suspected acute
appendicitis in the 2-month study period. Of these patients,
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Pre-operative imaging and intra-operative evaluation
of appendicular neoplasms

98.3% (1941/1975) had their appendix removed (Fig. 1). In
1.5% (30/1941) of these patients, an appendicular neoplasm
was discovered at histological evaluation and three patients
were diagnosed with a cecal carcinoma. These three patients
are excluded. The total cohort was divided in two groups for
further analysis. Group 1: patients with an appendicular neoplasm (n = 30) and group 2: patients without an appendicular
neoplasm (n = 1945). All demographics are shown in Table 1.

In all patients with an appendicular neoplasm at histological
evaluation, pre-operative imaging was performed, consisting
of an ultrasound in 66.6% (20/30), a CT scan alone in 6.6%
(2/30), and ultrasound and CT scan in 23.3% (7/30) and in one
patient an ultrasound followed by MRI was done. None of the
30 neoplasm were diagnosed with pre-operative imaging.
Intra-operative examination identified in 3 out of the 30 neoplasm correctly of which one was an adenocarcinoma.
Imaging showed uncomplicated appendicitis in 73.3% (22/
30) of these patients without any suspicion for a neoplasm
(Table 2). In these 22 patients, adenoma, NET, and goblet
cell carcinoid were found in the resected specimens. None of
these patients had an adenocarcinoma. In five patients, preoperative imaging showed complicated appendicitis without
suspicion of a neoplasm. In these patients, all types of appendicular neoplasms were represented. Imaging results were inconclusive in 10% (3/30) of the patients and in their

Pre-operative data and the incidence of appendicular
neoplasms
The median age of the patients with an appendicular neoplasm
was 50.5 years (IQR 25.8;70), compared with 29 years (IQR
16;47) in the patients without a neoplasm (p < 0.001). In the
first group, two patients were < 18 years old, which was significantly less than 27.7% (539/1945) in the latter group (p =
0.01). No significant differences were found in sex, prehospital symptom time, and migration of pain (Table 1).
Fig. 1 Flowchart of all patients in
present analysis

Paents undergoing surgery for
suspected acute appendicis
(n=1975)

Laparoscopic appendectomy
(n=1386)
Open appendectomy (n= 501)
Converted appendectomy (n=
48)
Diagnosc laparoscopy (n=34)
Ileocecal resecon (n= 3)
Right colectomy (n= 3)
Resecon meckels
diverculum + appendectomy
(n=1)

Paents with appendix removed during
surgery (n= 1941)

Paents with an
appendicular
neoplasm at
histology (n=30)

Paents with a
cecal carcinoma
at histology (n=3)
(excluded)
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Pre-operative data of patients with an appendicular neoplasm (n = 30) and patients without a neoplasms in initial cohort (n = 1945)

Age, years (med, IQR)
< 18 years (n, %)
Sex, male (n, %)
ASA (n, %)

I–II
III–IV
Pre-hosp symptom time (n, %)
< 2 days
> 2 days
Pre-hosp symptom time (mean, SD)
Migration of pain (n, %)
Biochemics
White blood cell Count, 10 9/L (mean, SD)
CRP, mg/L (med, IQR)
a

Mann-Whitney U

b

Chi-square

c

Fishers exact

d

Levene’s test

appendices an adenoma or NET was present. During intraoperative evaluation, uncomplicated appendicitis was reported in 60% (18/30) of the patients. Of these patients, 55.6%
(10/18) had a NET, seven patients had an adenoma, and the
remaining patient was diagnosed with a goblet cell carcinoid.
In the remaining 40% (12/30), the intra-operative evaluation
was complicated appendicitis. Pre-operative imaging and
intra-operative diagnosis did not match completely, but both
patients with an adenocarcinoma were pre- and intraoperatively were diagnosed with complicated appendicitis.
In total, complicated appendicitis at pre-operative imaging or
at intra-operative evaluation was not associated with the presence of a neoplasm (Table 2).
Multivariable regression analysis showed that increasing age was slightly associated with the presence of an
appendicular neoplasm (OR 1.03; 1.01–1.05; P = 0.005)
(Table 3).

(Group 1) Appendicular
neoplasm (n = 30)

(Group 2) No appendicular
neoplasm (n = 1945)

p value

50.5 (25.8;70)
2 (6.7)
16 (53.3)
29 (96.7)
1 (3.3)
20 (66.7)
10 (33.3)
2.7 (2.4)
9 (30)
12.2 (4)
43.5 (13.5;87.3)

29 (16;47)
539 (27.7)
1006 (51.7)
1891 (97.2)
54 (2.8)
1499 (77.1)
399 (20.5)
1.96 (1.8)
795 (40.9)
14.1 (4.8)
36 (62.8;75)

< 0.001a
0.01b
0.86b
0.57c
0.1b
0.096d
0.18b
0.032d
0.784a

Types of appendicular neoplasms and additional
management
Of all patients with an appendicular neoplasm, the neoplasm
was a benign adenoma in 33.3% (10/30) and was malignant in
66.7% (20/30). These malignancies mainly consisted of a
grade 1 (NET) in 65% (13/20), followed by a goblet cell
carcinoid in 25% (5/20), an adenocarcinoma in 5% (1/20),
and a mixed adeno-neuroendocrine carcinoma in 5% (1/20)
(Table 4). Table s 5 and 6 show the additional management of
the appendicular neoplasms. This varied widely, 10/30
(33.3%) did not have either adjuvant imaging or therapy,
and 9/30 (30%) had additional resection, consisting of two
ileocecal resections and seven right-sided colectomies. These
resections were planned after discussion in the institutional
tumor board. No complications were reported in patients receiving additional treatment.

Table 2 Pre-operative imaging and intra-operative evaluation of patients with an appendicular neoplasm (n = 30) and patients without a neoplasm in
initial cohort (n = 1945)

Pre-operative diagnosis on
imaging (n, %)
Suspicion of malignancy (n, %)
Intra-operative diagnosis (n, %)
Suspicion of malignancy (n, %)
*Fishers exact test

Uncomplicated appendicitis
Complicated appendicitis
Uncomplicated appendicitis
Complicated appendicitis

(Group 1) Appendicular
neoplasm (n = 30)

(Group 2) No appendicular
neoplasm (n = 1945)

p value

22 (73.3)
5 (16.7)
0
18 (60.0)
12 (40.0)
3

1504 (77.3)
309 (15.9)
NA
1314 (67.6)
631 (32.4)
NA

0.81*
–
0.43*
–
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Table 6

Multivariable analysis
Total cohort (n = 1975)

Age (per year)
> 18 years (versus > 18 years)
White blood cell count (10 9/L)

Table 4

OR

95% CI

p value

1.03
1.83
0.93

1.01–1.05
0.36–9.36
0.85–1.01

0.005
0.47
0.08

Postoperative adjuvant treatment

Neoplasma

Ileocecal resection

Right colectomy

Adenoma
Grade1 NET
Gobletcell carcinoid
Adenocarcinoma
Mixed adeno-neuroendocrine
carcinoma
Total

0
2
0
0
0

0
2
4
0
1

2

7

Type of neoplasm

Type of neoplasm (n = 30)

n (%)

Adenoma
Grade 1 NET
Gobletcell carcinoid
Adenocarcinoma
Mixed adeno-neuroendocrine carcinoma

10 (33.3)
13 (43.3)
5 (16.7)
1 (3.3)
1 (3.3)

Discussion
In our large multicenter snapshot study, we showed that the
overall incidence of appendicular neoplasms and malignancy,
specifically in patients operated for acute appendicitis, is very
low: 0.5% for benign neoplasms and 1.0% for malignancies.
This is consistent with literature showing incidence rates of
appendicular neoplasms between 0.54 and 1.7 [4, 8, 9].
We hypothesized, based on earlier studies [10, 11], that
pre- or intra-operative parameters might contribute to neoplasm recognition. In this study however, we were not able
to demonstrate this. Only increasing age was slightly indicative of an appendicular neoplasm.
Pre-operative imaging was not discriminative, most likely
because neoplasms of the appendix are relatively small and
can have a variable radiological appearance [12]. Suspicion of
complicated appendicitis on pre-operative imaging showed no
tendency towards a higher incidence of a neoplasm. The cecal
carcinomas were not identified on pre-operative CT imaging.
The intra-operative presence of complicated appendicitis
showed no relation to appendicular neoplasms. In only three
patients, the intra-operative suspicion of malignancy was
expressed and confirmed in histological evaluation.
However, the study was not designed for malignancy recognition by the operating surgeon, and surgeons were not trained
to assess the appendix for a neoplasm systematically.
A large variety of neoplasms can occur in the appendix,
both benign and malignant. Murphy et al. published a useful

Follow-up/tumor recurrences
In one of nine patients that had additional resection,
lymph node metastases were found of an adenocarcinoma, and adjuvant chemotherapy was administered. A
total of 35 lymph nodes were collected during right
colectomy of which 2 had metastasis. During initial
work-up and surgery, this patient was diagnosed with
complicated appendicitis. In this patient, no suspicion
of malignancy was expressed on pre-operative CT scan
or intra-operative evaluation of the appendix. The remaining eight resections did not yield extra tumor load.
A total of 11 patients were exposed to an initial regimen of follow-up that ranged from a CT scan to a
SPECT CT scan with colonoscopy, 6 months after initial appendectomy. Three years after initial appendectomy, no recurrent neoplasm was found in all 30 patients
when we reviewed patients’ medical charts and all patients were alive.

Table 5 Postoperative diagnostic
imaging

Neoplasma

None

CT
scan

Colonoscopy

Colonoscopy + CT

SPECT scan

Adenoma
Grade1 NET
Gobletcell carcinoid
Adenocarcinoma
Mixed adeno-neuroendocrine
carcinoma
Total

3
6
1
0
0

1
1
0
0
0

4
1
0
1
0

2
0
0
0
0

0
1
0
0
0

10

2

6

2

1
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classification system [5]. In our study, we used a simplified
classification system, dealing with the most common malignancies. We divided neoplasms in grade 1 NET with a very
good 5-year survival rate between 88 and 100% [13], goblet
cell carcinoid with a 5-year survival rate between 18 and 86%
[14], and (epithelial) adenocarcinomas with survival rates between 11 and 42% [14], as this may have clinical consequences for their respective adjuvant treatment.
In most malignant neoplasms, small low-grade neuroendocrine tumors at the tip of the appendix are diagnosed, generally with no clinical consequences [15]. However, patients
suffering from larger and more poorly differentiated tumors
may benefit from a right hemicolectomy as adjuvant treatment. The purpose of this colonic resection can be both therapeutic and prognostic, although remaining tumor or lymph
node metastasis is seldom found.
Because of the rarity and lack of knowledge, there is variety in management among physicians and it is difficult to
predict the value of additional surgery for the individual patient. In some cases, patients might receive unnecessary additional treatment and are exposed to the risks of a second surgery. Nowadays there are guidelines for (adjuvant) treatment
of neuroendocrine tumors (NETs), but there is less consensus
on more rare subtypes like goblet cell carcinoid [16].
In patients undergoing elective appendectomy after non
surgically managed appendicular inflammatory mass or in patients with a pathologic appearing appendix on imaging, the
incidence of neoplasms is much higher than in acute appendectomy [17, 18].
We showed in our study that a large variety of adjuvant
treatment strategies were used for the various neoplasms, all
patients were discussed in an institutional tumor board. The
different treatment strategies may have been caused by different tumor boards and patient preferences. Only one patient
(0.05%) had persistent malignant disease with nodal involvement in the additional right colectomy specimen, for which he
was treated with adjuvant chemotherapy.
Eight out of nine patients had an additional resection without extra tumor yield, consisting of the grade 1 NET and
goblet cell carcinoid. Majority of these patients received complementary pre-operative imaging. Inevitably, all these patients were exposed to the morbidity and mortality risks of
colonic resections. After 3 years of follow-up, no recurrent
disease was found, and all patients were alive.
In this study population, the clinical consequences of pathologic examination of the appendix specimen seems low.
However, eight patients had additional resection without any
remaining tumor found in the specimen. These patients were
put at risk for surgery without having the benefits of the additional resection.
We have not been able to show either pre- or intra-operative
risk factors for appendicular neoplasms apart from increasing
age. However, our study was not designed to prove specific risk
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factors and further research on this subject is imminent as more
and more patients are non-operatively managed for suspicion of
uncomplicated appendicitis. We suggest that operating surgeons should be trained in potential neoplasm recognition and
after future studies one might refrain from histological evaluation in patients with uncomplicated appendicitis.
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