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Chapter 4

Abstract

Introduction
The most common cause of sigmoid perforation is diverticulitis. Treatment for 
perforated diverticulitis is shifting from sigmoid resection to non-resectional 
treatment. However, overlooking alternative aetiology of the perforation such 
as malignancy or ischaemia might lead to failure of treatment with significant 
impact on patient outcome. In the current study, risk factors that can identify 
non-diverticular aetiology of sigmoid perforation were investigated.

Methods
Patients who underwent acute surgery for peritonitis caused by perforation 
of the sigmoid colon between January 1 2000 and December 31 2011 were 
retrospectively included. 

Results
Three hundred and twenty five patients were included, of whom 299 
histopathological reports could be retrieved. Most common histopathological 
diagnoses were perforated diverticulitis (69%), iatrogenic perforation (8%), 
malignant perforation (7%) and ischaemic perforation (4%). Malignancy 
was found in 4.6% of patients suspected for benign disease. 
Patients with perforation caused by diverticular disease were older than 
patients with other benign cause (means 65 vs. 54 years). Pre-existent, 
non-colonic malignancy was present in 20% of patients with perforated 
diverticulitis and 12% of patients with other benign sigmoid perforations. 
Steroid treatment was related to perforation in 23% of patients with 
diverticulitis.
Overt perforations were found more frequently in patients with other benign 
cause of perforation when compared to patients with diverticulitis, both 
intra-operatively (87% vs. 63%) and on histopathogical examination (76% 
vs. 51%).

Discussion
Younger age and overt sigmoid perforation, both intra-operatively and 
histopathologically, should raise suspicion for non-diverticular aetiology.  
From this study, there were no pre- and intraoperative hallmarks for the 
presence of malignancy or ischaemia. In case of non-resectional treatment, 
postoperative colonoscopy remains important to exclude malignancy. 
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Introduction

Sigmoid perforation represents a severe threat to the patient and a challenge 
to the surgeon. The most common underlying cause is diverticulitis, leading 
to perforation in approximately 10% of patients. Yet the surgeon needs to 
be cautious for other causes of perforation, such as carcinoma or ischaemia. 
The traditional treatment of sigmoid perforation is resection of the diseased 
part, either with end-colostomy (Hartmann’s procedure) or with primary 
anastomosis [1]. Recently a new treatment for perforated diverticulitis has 
emerged for patients in whom the perforation has led to purulent peritonitis 
without overt sigmoid perforation (Hinchey III). In these patients, a more 
conservative treatment with laparoscopic peritoneal lavage might be 
sufficient. Additionally, Costi and colleagues presented the first results 
of non-operative management of perforated diverticulitis in a series of 
hemo-dynamically stable patients [2]. Currently, the safety and efficacy of 
non-resectional treatment for perforated diverticulitis is studied in four 
randomised trials [3-6]. Since the sigmoid remains in situ in non-resectional 
treatment strategies, in the underlying study the aetiology of the perforation 
was investigated. Overlooked overt perforation, perforated malignancy or 
ischaemia will lead to failure of non-resectional treatment with significant 
impact on patient outcome. In the current study, risk factors that can identify 
non-diverticular aetiology of sigmoid perforation were studied. 

Methods

The operation records from two academic and one large teaching hospital 
in the Netherlands were screened for “colonic resection”, “colostomy”, 
“laparoscopic colonic resection” and “suturing intestinal perforation” 
between January 1 2000 and December 31 2011. All patients who underwent 
acute surgery for peritonitis caused by perforation of the sigmoid colon were 
included. Excluded were patients with a sigmoid abscess in the absence of 
free air and/or a purulent peritonitis, patients with fistula of the sigmoid 
without free perforation, patients with perforation of the caecum, rectum or 
descending colon in the absence of a perforation of the sigmoid colon, and 
patients with a sigmoid perforation that was caused by tumour growth from 
an adjacent organ. 
Based on the histopathological diagnosis, the following diagnoses were 
distinguished: diverticular perforation, ischaemic perforation, malignant 
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perforation, perforation caused by inflammatory bowel disease (IBD), 
stercoral perforation (caused by faecal impaction), iatrogenic perforation, 
foreign body perforation, perforation caused by radiation enteritis and 
idiopathic perforation. 
From the histopathology reports, it was determined whether an overt 
perforation was present. In this respect the criteria were met that a 
perforation through all layers of the sigmoid wall must be visible either at 
macroscopic or microscopic examination, in the presence of fibrinopurulent 
deposit on the outer serosal layer. 
The primary endpoints from this study are the histopathological diagnoses 
for patients operated for a suspected benign perforation of the sigmoid. The 
secondary endpoints are the pre- and intraoperative characteristics of the 
patients per histopathological diagnosis. 
From the medical files of the included patients, the following data were 
collected: demographic data, medical history (limited to: pre-existent 
malignancy, renal insufficiency, use of corticosteroids), findings on physical 
examination, findings of diagnostic measures (CT, thoracic and abdominal 
X-ray, ultrasound), intra-operative findings, type of operation performed 
and histopathological findings. Pre-existent malignancy was recorded 
for any current carcinoma, brain tumour, lymphoma or leukemia. Renal 
insufficiency was defined by the need for peritoneal or hemodialysis, or 
renal transplantation in the past. 
Statistical analysis was performed with IBM SPSS for Windows, version 20.0. 
The chi square test, the Fisher’s exact test, the Mann Whitney U test and the 
Kruskal Wallis test were applied when applicable. 

Results 

A total of 325 patients underwent surgery for sigmoid perforation. The 
male:female ratio was 1:1.2, the mean age was 62 years.  All patients had 
clinical and radiological evidence of local or generalised peritonitis and 
underwent an emergency procedure. The median time between admission 
and operation was 1 day. Preoperatively, in 155 patients (48%) a CT scan 
was performed, 125 patients (38%) were screened with plain abdominal or 
thoracic X-ray only, and in 17 patients ultrasound was used as sole diagnostic 
measure. The most common surgical interventions were Hartmann’s 
procedure (68%) and sigmoid resection with primary anastomosis (21%). In 
19 patients no resection was performed and therefore no histopathological 
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reports could be assessed. In 7 patients who underwent sigmoid resection, 
the histopathological report was not available. 
The histopathological diagnosis of 299 specimens was reported (Table 1). 
The most common diagnosis was perforated diverticulitis (68.6%), followed 
by iatrogenic perforation (8.4%), malignant perforation (6.7%) and 
ischaemic perforation (3.7%). In five patients with perforating diverticulitis, 
a malignancy was found in the resected specimen. The perforation was 
found proximally to a sigmoid or rectal carcinoma in 4 patients diagnosed 
as perforated malignancy. Stercoral perforation, caused by faecal impaction, 
was diagnosed in 3 patients. 

Table 1. Histopathological aetiology of sigmoid perforation 
N=299

Diverticular 205 68.6%

Iatrogenic 25 8.4%

Malignant 20 6.7%

Ischaemic 11 3.7%

Foreign body 6 2.0%

Idiopathic 6 2.0%

Traumatic 6 2.0%

IBD 4 1.3%

Stercoral 3 1.0%

Radiation enteritis 3 1.0%

Other 10 3.4%

The group of patients with perforated diverticulitis was characterised by 
a high prevalence of pre-existent malignancy (20.0%), renal insufficiency 
(11.7%), and the use of systematic corticosteroids (23.9%) (Table 2). 
Pre-operatively, free air was revealed in 67.8% of patients and 24.4% of 
patients showed signs of ileus. Intra-operatively, 21% of patients had faecal 
peritonitis, and in 63% of patients overt sigmoid perforation was found at 
the time of sigmoid resection (Table 2). At the time of histopathology, overt 
sigmoid perforation was found in 51% of specimens. 
Patients with perforation from other benign origin were younger (54 vs. 65 
years). Compared to the diverticulitis group, fewer patients suffered from pre-
existent malignancy (12%) and renal insufficiency (6%); 12% of the patients 
received treatment with corticosteroids. Intra-operatively, overt sigmoid 
perforation was present in 87% of these patients. A histopathologically overt 
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perforation was present in 76% of patients. 
Patients with perforating sigmoid carcinoma or sigmoid perforation 
proximal to a sigmoid or rectal carcinoma were older (median 72 years) and 
least likely to have pre-existent malignancy, renal insufficiency and steroid 
treatment. In most patients with malignant perforation, no free air was 
present at preoperative imaging. 

Table 2. Patient and preoperative characteristics per histopathological subgroup 
Diverticular
N=205

Other benign
N=74

Malignant
N=20

p

  P
at

ie
nt

 ch
ar

ac
te

ri
st

ic
s 

Male/female 93/112 38/36 6/14 0.229

Age
Mean
Median 

65 
68

54
56

68
72

0.0001

Systemic 
corticosteroids
Yes
No

49 (24%)
156 (76%)

9 (12%)
65 (88%)

3 (15%)
17 (85%)

0.227

Pre-existent 
malignancy
Yes
No

41 (20%)
164 (80%)

9 (12%)
65 (88%)

2 (10%)
18 (90%)

0.208

Renal insufficiency
Yes
No

24 (12%)
181 (88%)

5 (7%)
69 (93%)

1 (5%)
19 (95%)

0.354

  P
re

op
er

at
iv

e 
fin

di
ng

s 

Free intra-
abdominal air 
Yes 
No 
Unknown

139 (72%)
49 (25%)
5 (3%)

53 (83%)
11 (17%)
0

8 (40%)
12 (60%)
0

0.0012

Profound ileus 
Yes
No
Unknown

48 (23%)
143 (70%)
14 (7%)

18 (24%)
55 (74%)
1 (1%)

7 (35%)
13 (65%)
0 (0%)

0.232

1. Diverticular vs. other benign perforation p=0.000 (Mann Whitney U test) 
Diverticular vs. malignant perforation p=0.233 (Mann Whitney U test)

2. Diverticular vs. other benign perforation p=0.045 (chi square test) 
Diverticular vs. malignant perforation p=0.006 (chi square test) 
 

Preoperatively, 61 patients were operated on a clear indication. 38 of these 
patients developed an acute abdomen after colonoscopy or prior surgery. 
In 11 patients, anamnesis revealed ingestion or rectal insertion of a foreign 
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body. Eight patients underwent emergency surgery for blunt or sharp 
abdominal trauma causing sigmoid perforation. Four patients had a clear 
history of recent pelvic irradiation. There was a preoperative suspicion 
for malignancy in 24 patients (7.4%). Histopathologically, malignancy was 
found in 9 of these patients. The perforation was adjacent to the carcinoma 
rather than caused by tumour invasion in three of these. Eleven patients had 
perforated diverticulitis without malignancy. In two patients, the perforation 
was caused by radiation enteritis. 
240 patients underwent surgery for a suspected benign perforation. In 7 of 
these patients, no resection was performed and therefore no histopathological 
report was available. From the remaining patients, the majority of the 
sigmoid perforations was caused by diverticulitis (82.4%). 

Table 3. Intra-operative and histopathological characteristics per histopathological 
subgroup 

Diverticular
N=205

Other benign
N=74

Malignant
N=20

p

Peritonitis 
Faecal 
Non-faecal  
Unknown

44 (21%)
146 (71%)
15 (7%)

26 (35%)
44 (59%)
4 (5%)

8 (40%)
11 (55%)
1 (5%)

0.113

Intraoperative overt 
perforation
Yes
No
Unknown

129 (63%)
72 (35%)
4 (2%)

64 (86%)
8 (11%)
2 (3%)

12 (60%)
8 (40%)
0 (0%)

0.0021 

Histopathological 
overt perforation 
Yes 
No 

104 (51%)
101 (49%)

56 (76%)
18 (24%)

12 (60%)
8 (40%)

0.0012

1. Diverticular vs. other benign perforation p=0.000 (chi-square test) 
Diverticular vs. malignant perforation p=0.764 (chi-square test) 

2. Diverticular vs. other benign perforation p=0.000 (chi-square test) 
Diverticular vs. malignant perforation p=0.290 (fisher’s exact test) 

Malignancy was found in 11 patients (4.7%) of whom there was intraoperative 
suspicion for sigmoid malignancy in three. Histopathologically, five tumours 
were perforating carcinoma (T4). Perforation was proximal to carcinoma 
rather than caused by tumour invasion in three patients with a T3 sigmoid 
carcinoma and in one patient with a rectal carcinoma. In two specimens no 
perforation was found at the time of histopathology (T3).
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Ischaemic perforation was diagnosed in 7 patients (3.0%), of whom 5 patients 
had previous abdominal surgery. In 6 patients with ischaemic perforation, a 
large overt perforation was found intra-operatively, accompanied by faecal 
peritonitis. 
Other histopathological diagnoses were IBD (4 patients, 1.6%) and faecal 
impaction (3 patients, 1.3%). In 8 patients, the perforation was idiopathic 
(3.3%). 

Sigmoid perforation N=325

Suspected benign aetiology N=240

Evident aetiology N=61
Iatrogenic N=38

Foreign body N=11
Traumatic  N=8

Radiation enteritis N=4

Suspected malignant aetiology N=24

Diverticulitis 
N=192

(82.4%)

Malignancy
 N=11
(4.7%)

Ischaemia
N=7

(3.0%)

Other 
N=23

(9.9%)

No histopathology N=7
Clinical diagnosis: 
Diverticulitis N=6
Malignancy N=1

Figure 1. Flowchart of histopathological diagnosis for suspected benign aetiology

Discussion 

Treatment for perforated diverticulitis is shifting from sigmoid resection 
to non-resectional treatment by means of laparoscopic lavage and non-
operative management. Therefore pre- and intra-operative selection of 
patients amenable for non-resectional treatment has become crucial: 
exclusion of patients with sigmoid perforation due to malignancy or ischaemia 
is of primary concern. Malignant perforation can be either due to locally 
advanced disease with perforation at the tumour site, or it can be adjacent to 
a carcinoma due to local inflammatory changes in the colonic wall. As a third, 
the perforation can be found proximally to an obstructing tumour causing 
ischaemia and subsequent perforation [7]. In the current study, only 4 out 
of 20 patients with malignant perforation had such a proximal perforation. 
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In all other patients, the perforation was due to locally advanced disease or 
adjacent inflammation. From this study, besides higher age in patients with 
malignant perforation than patients with benign perforation, there were no 
pre- and intraoperative hallmarks for the presence of malignancy. In case 
of non-resectional treatment, postoperative colonoscopy remains therefore 
important. 

Ischaemic sigmoid perforation can be predisposed by numerous conditions. 
Interestingly, most patients in this study, although a very small subset, 
had underwent previous abdominal surgery as a causative factor. Intra-
operatively, these perforations were characterised by a clear ischaemic 
perforation, associated with faecal peritonitis.  
In patients who present with sigmoid perforation after colonoscopy the 
site of perforation is more easily identifiable. Since most patients undergo 
sufficient bowel preparation prior to colonoscopy, iatrogenic perforation 
does usually not lead to extensive intra-abdominal contamination. Taking 
into account the delay to diagnosis, condition of the bowel, degree of 
contamination and severity of inflammation, immediate primary repair is 
appropriate in this patient category [8]. 
Perforations due to faecal impaction (stercoral perforation) were only present 
in 3 patients in this study. Stercoral perforation is defined as perforation of the 
bowel due to pressure necrosis from faecal masses leading to a round or void 
perforated ulcer with necrotic and inflammatory reaction [9]. The known 
main aetiological factor is chronic constipation, with dehydrated faeces 
most profound in the sigmoid. Furthermore, the sigmoid is most vulnerable 
for this type of ischaemia due to the absence of the ramus anastomoticus 
between the lowest branch of sigmoid arteries and the superior rectal artery. 
Differentiation from perforated diverticulitis intra-operatively is possible by 
the location of the perforation which is typically antimesenteric in stercoral 
perforation; compared to perforated diverticulitis in which perforations are 
located more adjacent to the mesentery [10]. At the same time discrimination 
between stercoral perforation and ischaemic perforation may be difficult. 
However, ischaemic perforation can be distinguished by preceding abdominal 
pain with absence of faecalomas. Stercoral perforation should be included in 
differential diagnosis in case of free air and a history of chronic constipation.

In this series, certain co-morbidities were frequently found in patients 
with benign sigmoid perforation and perforated sigmoid diverticulitis in 
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particular. In literature, the relationship between steroid treatment and 
intestinal perforation is well known, and  the sigmoid colon is at high risk 
[11]. The current study shows that steroid treatment is related to perforation 
in as many as 23% of patients with diverticulitis, which is similar to previous 
results [12]. In addition, pre-existent (non-colonic) malignancy was present 
in 20% of patients with perforated diverticulitis and 12% of patients with 
other benign sigmoid perforations. We did not find any literature describing 
this relationship. Although the aetiology is unclear, it is likely that sigmoid 
perforation can be the result of radio- or chemotherapy. 13% of patients 
with perforated diverticulitis suffered from renal insufficiency. Apart from 
the frequent use of steroids in this group of patients, a second cause might 
be the treatment with chronic ambulant peritoneal dialysis in some patients, 
predisposing for perforation. 

Interestingly, in only half of specimens with diverticular perforation, overt 
perforation was found at the time of histopathology. This can explain 
partly why non-resectional treatment might be successful for many, yet 
not all, patients with perforated diverticulitis. The initial perforation 
might have already been sealed by adjacent organs, or the perforation is of 
microscopic proportion only, too small to be found either intra-operatively 
or histopathologically. In the vast majority of specimens in which the 
perforation was caused by non-diverticular processes, overt perforation was 
found histopathologically, indicating that conservative treatment might not 
be sufficient for these conditions. To prevent the spread of faecal content, 
suturing the perforation or sigmoid resection should be considered. 
At present it is unclear which patients should be selected for non-resectional 
treatment for perforated diverticulitis. The operation records in this study 
were too succinct to indicate whether the surgeon is able to detect any 
present overt perforation intra-operatively. Prospective studies should aim at 
a high quality comparison between the intra-operative and histopathological 
findings. 

This study has shown that pre-operative diagnostics are reliable in detecting 
non-diverticular causes of sigmoid perforation. Intra-operatively, the 
surgeon should be cautious for overt sigmoid perforation, requiring sigmoid 
resection. In case of non-resectional treatment, colonoscopy is always 
recommended postoperatively to exclude perforation related to malignancy 
that was undetected during the operation.  
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