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Chapter 3

Abstract

Aim 
Histopathological examination of the appendix after appendectomy is 
routinely performed. The object of this systematic review is to determine 
whether routine histopathological examination of the appendix is justified.

Methods 
PubMed, EMBASE, Web of Science and the Cochrane library were searched 
without language restriction up to 1 October 2009. All articles that reported 
on the incidence of histopathologically proven aberrant appendiceal 
pathology were included.

Results 
Nineteen case series reported the incidence of a benign neoplasm [0.5%, 
weighted mean (WM)], malignant neoplasm (0.2%, WM) and other pathology 
(0–14%). Nine articles reported the sensitivity of the intra-operative findings 
to detect aberrant diagnoses. Parasitic infection was detected in 0–19%, 
endometriosis in 0% and granulomatosis in 0–11% of cases. Five articles 
addressed the consequences of aberrant pathology. Most patients with 
parasite infection, granulomatosis and malignant neoplasms underwent 
additional investigation or treatment, in contrast to patients with a benign 
neoplasm.

Conclusion 
The incidence of unexpected findings in appendectomy specimens is low 
and the intra-operative diagnosis alone appears insufficient for identifying 
unexpected disease. The benefit of histopathology is studied inadequately. 
From the present available evidence, routine histopathology cannot be 
judged as useless.
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Introduction

Routine histopathological examination of surgical specimens is expensive 
[1,2]. It is therefore no longer carried out for all procedures. In 1996 the 
American College of Pathologists officially stated that the submission of 
certain well-determined specimens for histopathological examination 
is not beneficial and should be omitted [3]. Meanwhile, the UK Royal 
College of Pathologists has published a list of recommendations to limit 
histopathological evaluation of specimens of limited or no clinical value [4]. 
In the current era of cost containment in healthcare, it seems useful to study 
the value of routine histopathological examination for surgical specimens. 
Acute appendicitis is the most common general surgical emergency [5]. 
Approximately 7% of individuals in Western countries suffer from an episode 
of acute appendicitis during their lifetime, requiring an appendectomy. 
The procedure is sometimes performed for non-appendiceal pathologies, 
especially in young women [6–8]. In other cases unexpected appendiceal 
pathology is found in the specimen. Aberrant findings occur in a small 
percentage of appendices, but can have major consequences. The practice 
of sending appendectomy specimens for histopathological analysis varies 
among hospitals [9]. Whereas it is recognised that many resected specimens 
in general surgery need not be sent, there are as yet no guidelines as to 
whether appendiceal specimens should be sent routinely for histopathology. 
Opponents of screening argue that not sending the specimens is justified by 
the rarity of aberrant findings combined with the low clinical significance and 
the significant costs of specimen processing. However, a number of published 
papers have found aberrant incidental findings to be more common. Selective 
histopathology for appendiceal specimens might induce the risk of missing 
significant pathologies, which may have an impact on patient management 
[10–12]. Further, histopathological examination of appendiceal specimens 
may ascertain other diagnoses such as parasitic infections, endometriosis 
and granulomatosis. Based on three research questions, the objectives of 
this systematic review is to create an overview of all studies published on 
the histopathological results of appendiceal specimens, and to determine 
whether routine histopathological examination of the appendix is justified. 
1. What is the incidence of aberrant findings in appendiceal specimens?
2. How reliably can we identify aberrant findings during surgery?
3. What are the consequences of aberrant findings for the management of 

the patient?
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Methods

This systematic review was conducted according to the MOOSE guidelines. 
PubMed, EMBASE (OVID version), Web of Science and the Cochrane library 
were searched without language restriction up to 1 October 2009 by a 
clinical librarian. To trace all publications that report on histopathological 
outcome of appendiceal specimens, three combinations of key words 
were constructed and applied to the databases, taking into account the 
terminological differences between them. The search was performed with 
both keywords and MeSH terms. The first combination consisted of routine 
(histopatholog* OR pathology OR cytology) AND append*. The second 
included appendix OR appendectomy OR appendicectomy OR appendices 
AND histopathology OR histopathological AND routine. The third consisted 
of appendix OR appendectomy OR appendicectomy OR appendices AND 
routine AND histopathology OR histopathological.
Two reviewers (HS and EE) independently screened titles and abstracts 
for their relevance. All articles or letters that discussed at least one of our 
research questions, supported by new data, were included. Commentaries 
were excluded, as well as studies with specimens retrieved from incidental 
appendectomy. The bibliographies of all included articles were then searched 
for other relevant references. Extraction of study and patient characteristics 
and the outcome data was independently conducted by two reviewers (HS 
and EE). Disagreements were reconciled by discussion. 
To establish the incidence of aberrant findings, all articles listing diagnoses 
found at routine histopathology were included. All findings were classified 
in one of the following groups: (i) normal appendix; (ii) inflammation; 
(iii) benign neoplasm; (iv) malignant neoplasm; (v) other pathology and 
(vi) other non-pathological findings. To assess the usefulness of the intra 
operative findings to detect any aberrant appendiceal diagnoses, all articles 
comparing per- and postoperative diagnoses were included. Sensitivity 
was calculated as the fraction of appendices with a consequential aberrant 
histopathological diagnosis that was detected by the surgeon intra-
operatively. Specificity was calculated as the fraction of appendices without 
an aberrant histopathological diagnosis that was detected by the surgeon 
intra-operatively. All diagnoses resulting in diagnostic or therapeutic 
change were considered consequential. Five groups of consequential 
diagnoses were considered: (I) parasite infection, (II) endometriosis, (III) 
granulomatosis, (IV) benign neoplasm and (V) malignant neoplasm. Parasite 
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infection was defined as the finding of parasites or ova in the specimen, and 
the granulomatous diagnoses consisted of tuberculosis, Crohn’s disease, 
Yersinia infection and foreign body granuloma. Benign neoplasms included 
mucocele, mucinous cystadenoma, carcinoid tumour and polyps; malignant 
neoplasms were primary adenocarcinoma, metastases and lymphoma. To 
calculate the percentage of aberrant findings with diagnostic or therapeutic 
consequences, all articles reporting on the number of histopathological 
diagnoses that were followed by a diagnostic or therapeutic change were 
included. From the articles, the number of patients who had additional 
treatment was retrieved, along with the patients who benefitted from this 
additional treatment. All diagnostic or primary therapeutic interventions 
that had consequences for the management of the patient were considered 
beneficial.

Results

Study characteristics
The search produced 207 potentially relevant publications, of which 29 were 
considered relevant to the topic based on abstract and title. Three articles 
[13–15] and four abstracts [16–19] were excluded because their research 
questions were different, as well as one abstract [20] and two letters being 
commentaries without new data [21,22]. Nineteen remaining articles and 
letters (one prospective case series, 18 retrospective case series) were 
selected for further data analysis (Figure 1, Table 1). 

One of the included studies was published by Collins [23], whose results 
are analysed separately. This article was written in 1963, after 40 years 
of study. The first specimens are therefore more than 8 years older than 
those described in the more recent articles. Furthermore, the distribution 
of the diagnoses was different because there was no mention of secondary 
adenocarcinoma, lymphoma, endometriosis, granulomatosis or fibrosis. 
In contrast, Collins et al. found high numbers of parasites, faecaliths, 
diverticulosis, melanosis, leiomyomas, neurinomas and neurofibromas. Also 
in contrast to other articles, many specimens were taken post-mortem.
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Identified articles based on 
search strategy 

 N=207

Retrieved to read full text 
article 
 N=29

Excluded N=178 
Not relevant ot the topic based on 

title or abstract 
 

Articles selected on 
relevance 

N=22

Excluded N=7 
Not relevant to the topic based on 

text 
 

Eligible articles
N=19

Excluded N=3 
Did not meet inclusion criteria 

 

Sensitivity of 
surgical diagnosis 

N=9
 

Incidence of 
aberrant findings 

N=19
 

Consequences of 
aberrant findings 

N=5
 

Figure 1. Flowchart of included studies 

All 19 studies gave figures on the total number of specimens, but only one 
reported the number of normal specimens and those with acute appendicitis. 
Other baseline characteristics were scarce: six stated a male⁄female ratio and 
only three stated a mean age. None of the studies gave adequate information 
on the criteria for an intra-operative or histopathological diagnosis. Due to 
this lack of baseline information, we decided to pool only the incidences 
of benign and malignant neoplasms because these were the only data 
sufficiently homogeneous to justify pooling.

Incidence of aberrant findings
Excluding the paper by Collins et al., 55 138 appendiceal specimens were 
reported (Table 2). Most of the specimens appeared to be inflamed (range 
65–91%). In the series reported by Collins et al., 59% of 71 000 specimens 
were said to be inflamed and 17% were normal. A benign neoplasm was 
found in a weighted mean (WM) of 0.5% (SD ± 0.4) of all specimens. Of 
these, carcinoid tumour, mucocele and mucinous cystadenoma were the 
commonest types. 
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Table 1. Study characteristics
Author Year Country N Conclusion on

histopathology 
Collins [23] 1963 USA 71000

Chang [27] 1981 New Zealand 3003 all specimens 

Chan [10] 1986 Hong Kong 12513 all specimens 

Lau [31] P 1986 Hong Kong 1699 all specimens 

Brooks [24] 1987 UK 653 selective and for all 
patients >age 50

Champ [26] 1988 UK 200 all specimens 

Gupta [28] 1989 India 2921 all specimens 

Ross [36] 1990 Venezuela 436

Babekir [34] 1990 UAE 405

Ojo [35] 1991 Nigeria 316

Wolkomir [25] 1991 USA 17105 selective after incision

Blair [37] 1993 Canada 2216

Duzgun [11] 2004 Turkey 2458 all specimens 

Marudanayagam [5] 2006 UK 2556 all specimens

Matthijssens [9] 2006 France 1465 selective 

Jones [29] 2007 UK 1225 all specimens

Khan [30] 2007 UK 236 all specimens

Martellucci[33] 2009 Italy 1219 all specimens

Lohsiriwat [32] 2009 Thailand 4545 all specimens 

P = prospective case series
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Table 2. Incidence of histopathological findings in appendiceal specimens 
First author
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Collins 17.1% 59.0% 6.0% 0.7% 18.7% 66.2%
Chang 18.2% 65.1% 0.6% 0.0% 7.7% 12.8%
Chan 12.8% 81.9% 0.4% 0.3% 1.7% 3.1%
Lau 11.4% 87.4% 0.4% 0.1% 0.4% 0.5%
Brooks 31.7% 67.5% 0.8% 0.0%

Champ 29.0% 58.5% 1.0% 0.5% 8.0% 3.0%
Gupta 10.6% 84.2% 0.3% 0.0% 7.4% 0.0%
Ross 7.1% 71.6% 0.5% 0.2% 14.2% 7.8%
Babekir 83.2% 0.0% 0.0% 10.6% 2.5%

Ojo 11.7% 76.6% 0.9% 0.0% 8.5% 3.5%
Wolkomir               98.9%f 0.3% 0.3% 0.6%

Blair 15.7% 80.2% 0.5% 0.1% 1.6% 1.9%
Duzgun 9.9% 78.6% 0.4% 0.1% 9.0%

Marudanayagam 23.2% 67.4% 1.5% 0.4% 5.0% 3.5%

Matthijssens 20.0% 69.6% 1.4% 0.3% 5.7% 3.3%
Jones 23.2% 76.8% 1.9% 0.2% 2.5%

Khan 11.0% 74.2% 0.0% 0.0% 0.0% 14.8%
Martellucci 0.9% 0.5% 0.7%

Lohsiriwat 8.4% 90.6% 0.5% 0.0% 0.5%

Range 8-32% 65–91% 0.5% 
(0.4%)g

0.2% 
(0.1%)g

0–14% 0–15%

a.  acute appendicitis with or without abscess, chronic appendicitis, resolving appendicitis, 
peri-appendicitis, sub-acute appendicitis

b.  mucocele, mucinous cystadenoma, carcinoid tumour, polyp, leiomyoma, neurinoma, 
neurofibroma

c.  primary adenocarcinoma, secondary adenocarcinoma, metastasis, lymphoma, other 
malignant neoplasm

d. parasite infection, endometriosis, granulomatosis, lymphoid hyperplasia, diverticulosis, 
diverticulitis, subserosal cyst

e. fibrosis, faecalith, melanosis, foreign body
f. combined number of normal and inflamed specimens
g. weighted mean with standard deviation 
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They found a lower incidence of primary adenocarcinoma (0.1%), but a 
higher number of other malignancies (0.6%). Other pathologies included 
parasitic infection, endometriosis, granulomatosis, lymphoid hyperplasia, 
diverticulosis, diverticulitis and subserosal cyst as primary diagnosis in 0.0–
14% of cases. Of these, parasitic infection was the most frequent, followed 
by granulomatosis, of which the majority was tuberculosis. Collins et al. 
found a high frequency of parasite infection (17.0%) with other pathologies, 
including fibrosis, faecalith (44%), melanosis (15%) and foreign body (4%).

Table 3. Sensitivity of intra-operative findings to detect aberrant diagnoses  
Parasite 
infection

Endo
metriosis

Granulo-
matosis 

Benign 
neoplasm

Malignant 
neoplasm 

Chana 1 / 58 0 / 9 2 / 9 12 / 50 33 /35
Lau 0 / 2 0 / 1 2 / 5 0 / 1

Brooks 4 / 4 1 / 1

Gupta 1 / 57 3 / 70 

Wolkomirb 41 / 43

Matthijssensc 19 / 56 0 / 2 0 / 6 13 / 14 0 / 5
Jonesd 0 / 11 0 / 3 0 / 6 2 / 23 0 / 3
Martellucci 4 / 4 13 / 13 4 / 4

Lohsiriwate 0 / 2
Range 0 – 19% 0% 0 – 11% 9 – 100% 0 – 100%

a.    benign neoplasm: 32 mucoceles and mucinous cystadenomas, 11 carcinoid tumours.    
         malignant neoplasm: 25 metastatic tumours, 7 adenocarcinomas
b.  2 primary adenocarcinomas, 41 metastatic tumours
c.  benign neoplasm: 9 mucoceles and mucinous cystadenomas, 5 carcinoid  

tumours
d.  both recognised neoplasms were carcinoid tumours
e. one lymphoma, one carcinoma

Usefulness of the intra-operative findings in detecting aberrant diagnoses
Unfortunately, no study mentioned the intra-operative diagnosis and 
how this varied from the eventual histopathological features. As a result 
no specificity data could be calculated. Nine case series (one prospective, 
eight retrospective) were included to establish the sensitivity of the intra-
operative surgical examination. The methodological quality of the studies 
was analysed according to the Cochrane checklist for cross-sectional studies 
and was found to be moderate (Table 4). 
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Five articles mentioned the sensitivity of finding parasite infection, which 
ranged from 0 to 19%. Three stated that no case of endometriosis had 
been found intra-operatively and granulomatosis had a sensitivity ranging 
from 0 to 11%. With regard to benign neoplasms, some authors reported 
the diagnosis to have been made intra-operatively in all cases while others 
found that the diagnosis was missed in most cases. There was great variation 
between studies, ranging from 9 to 100%. The same was true for malignant 
neoplasms (range 0–100%).

Consequences of aberrant findings
Five studies (all retrospective case series) reviewed the consequences of 
discordant findings at surgery and on histopathological examination (Table 
5), but none included information on negative and positive intra-operative 
diagnosis. Only four articles specified whether there had been a change 
in management as a result of an unexpected histological finding. The fifth 
article did not specify the diagnoses, but stated that out of 236 specimens, 
10 unusual pathologies were found, of which five had consequences for the 
patient. In three of the four remaining studies, all patients diagnosed with a 
parasitic infection received anti-helminthic drugs. In the fourth, only three 
out of 16 patients received further treatment. None of the studies gave any 
further information about the consequences of this treatment. Only one 
study described the finding of endometriosis (in three patients) but there 
was no statement of the outcome. The finding of appendiceal granulomatosis 
in 23 patients was always followed by further investigation; of these, 11 
were diagnosed with Crohn’s disease. One study reported benefit for all 
three patients with granulomatosis, while the two other studies described 
unnecessary follow up for 50% and 100% of their patients.

The consequences of finding a benign neoplasm were described in four 
articles. This led to a change in management in the form of a right hemi-
colectomy to gastroenterological follow up. The percentage of patients with 
this diagnosis who needed further investigation or treatment ranged from 0 
to 64%. One article described no benefit for three out of seven patients and 
another considered further investigation not to have been useful in all nine 
patients. The finding of malignant disease was always followed by further 
investigation and treatment, as described in three articles, including right 
colectomy or palliative care.
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Table 4. Quality assessment for cross-sectional studies
First author

Validity questions 
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Was histopathology valid as a 
reference test? 

+ + + + + + + + + +

Was the decision to demand 
histopathological examination 
independent of the intra-operative 
diagnosis? 

+ + + + + + + + + +

Was the selection of patients 
selective (-) or not selective (+)? 

+ + + + + + + + + +

Is de method of intra-operative 
examination sufficiently described? 

- + - - - - - - - -

Are the patients in the study 
representative for patients with 
acute appendicitis in future 
reference? 

+ + + + + + + + + +

Was the intra-operative examination 
established independent of other 
relevant clinical information? 

? ? ? ? ? ? + + ? ?

Were intra-operative and 
histopathological examination 
blinded from each other?  

- + - - - - - - - -

Overall quality 

M
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Derived from Cochrane checklist for cross-sectional studies (form 1). Studies included for 
establishing sensitivity of the surgical findings to diagnose aberrant findings. The quality of 
a study was considered ‘good’ when at least items 1-4 were fulfilled and ‘moderate’ when at 
least items 1-3 were fulfilled.
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Table 5. Consequences of aberrant histopathological diagnoses 
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Jones 1 1225 11 3 6 23 3 

treatment 11 0 6 7 3

benefit 3 4

no benefit 3 3

Chan 2 12513 60 3 9 47 35 

treatment 60 3 9 27 35

Matthijssens 3 1465 55 2 5 14 

treatment 55 0 5 9

benefit 0 0

no benefit 5 9 

Lohsiriwat 4 4545 16  1 3 22 2 

treatment 3 0 3 0 2

benefit 3 1

no benefit 0 1 
1.   Pararasite infection treated with anti-helminthic drugs. Crohn’s granulomatosis  
 followed by gastroenterological follow-up.  Carcinoid tumours received either  
 diagnostic follow-up (1) or right hemi-colectomy (4).  Adenocarcinoma treated  
 with right hemi-colectomy (2) or palliative care (1)
2.  Benign neoplasm: mucoceles (20) and mucinous cystadenomas (5). Malignant  
 neoplasms: adenocarcinoma (7), metastasis (25), lymphoma (2), leukaemia (1)
3.  Parasite infection treated with anti-helminthic drugs. Crohn’s granulomatosis  
 followed by meticulous gastroenterological investigations. None of the carcinoid  
 tumours needed further resection. Mucocele/mucinous cystadenoma followed by  
 uneventful follow-up. 
4.  Tuberculous granulomatosis followed by 6-month regimen of anti-tuberculosis  

 drugs. Benign neoplasm: carcinoid tumour (6), mucocele (7) cystadenoma   
 (7) polyp (3).  Malign neoplasm:  primary adenocarcinoma followed by right hemi- 
 colectomy. Lymphoma followed by periodic surveillance.
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Discussion

Because nonsurgical treatment of appendicitis is currently being advocated 
as an alternative to surgery [24], questions regarding histopathological 
examination of the specimen in patients having appendicectomy are 
important. The present review shows that the incidence of an unexpected 
diagnosis, particularly of a benign or malignant neoplasm, is low. The 
diagnosis was made intra-operatively in only a few cases; in particular, 
diagnosis of parasite infection, endometriosis and granulomatosis. The 
presence of neoplasia was also frequently missed intra-operatively, although 
the variation among the studies was high. Some authors claim to have 
diagnosed all aberrant findings intra-operatively [9,25,26] but most articles 
recommend routine histopathology owing to the unreliability of intra-
operative diagnosis [5,10,11,27–34].

The available data did not permit an assessment of the clinical impact of 
histopathological examination, because this was not reported sufficiently. 
Thus it is not possible to estimate its benefit to the patient and, based on the 
available evidence, the justification for routine histopathological examination 
cannot be determined. This review included 19 articles from a wide variety 
of countries. Eleven articles came from Western countries, five from Asia 
and three from other continents. Parasitic infection and tuberculosis 
were more common in the studies from Asia, Africa and the Middle East 
[5,10,28,29,32,33,35,36], and were not found at all in some of the Western 
studies [25,34]. In contrast, endometriosis and Crohn’s disease were more 
frequent in Western countries. Due to this geographical heterogeneity, pooling 
of the data would not have been meaningful. Nonetheless, neoplasms were 
found in all but one study and their incidence was similar in the included 
articles. The sensitivity of the intra-operative findings to detect aberrant 
diagnoses found in this review was subject to great variation. This may have 
been caused in part by the very low frequency of neoplasms in some studies 
[9,25,32,33]. One author claimed that all neoplasms were macroscopically 
suspicious, but did not state whether the suspicion was raised by the surgeon 
or the histopathologist [34]. 

One of the articles dismissing the need for routine histopathological 
examination suggested opening all specimens at the time of surgery for 
macroscopic examination [25] while others took the view that opening the 
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specimens would interfere with the histopathological examination [27]. 
From the available evidence it is not possible to conclude whether routine 
histopathology is justified or not. The incidence of unexpected findings is low, 
intra-operative diagnosis is insufficient, and the benefit of histopathology 
has not been adequately studied. Until more reliable data become available, 
histopathological examination of the removed appendix should continue to 
be carried out.
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