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Abstract
Background  Postoperative peritonitis still remains the cause of a high mortality rate in emergency abdominal surgery. Here 
we aimed to evaluate the efficacy of different surgical strategies for small-bowel perforations that resulted in postoperative 
peritonitis.
Methods  Surgical management results for 140 patients with postoperative peritonitis due to small-bowel perforations, 
necrosis and anastomotic leakage were comparatively analyzed. Using the APACHE-II and MPI scoring systems, different 
surgeon attitudes were examined in three patient groups (primary anastomosis, delayed anastomosis, and enterostomy).
Results  The surgical approach in patient group I (n = 47, APACHE-II 11.7 ± 1.2, MPI 14.7 ± 1.3) involved the closure of 
small-bowel perforations or small-bowel resection to place primary anastomosis. The mortality rate was 17%. Patient group II 
(n = 48, APACHE-II 16.8 ± 0.7, MPI 19.3 ± 0.3) underwent delayed small-bowel anastomosis during planned relaparotomies. 
The mortality rate was 18.8%. Because patients in patient group III (n = 45, APACHE-II 22.3 ± 1.3, MPI 24.6 ± 1.2) were in 
very critical condition, anastomoses were not placed after bowel resection, and the surgical procedure was completed with 
enterostomy. The highest mortality rate of 37.8% was documented in this patient group.
Conclusion  The differentiated surgical approach undertaken herein using delayed small-bowel anastomosis in more serious 
patients with postoperative peritonitis was able to mitigate the risk of recurrent anastomotic leaks and was not accompanied by 
a considerable rise in mortality. The mortality for primary repair and delayed primary closure was basically the same (17.0% 
and 18.8%, p = 0.03); however, delayed anastomosis in the patients with postoperative peritonitis at higher APACHE-II and 
MPI scores for severity of illness showed 15.1% less complications in the form of anastomotic leaks (p = 0.04).

Keywords  Postoperative peritonitis · Small-bowel anastomotic leakage · Nontraumatic small-bowel perforation · Delayed 
anastomosis · Primary anastomosis

Introduction

Postoperative peritonitis distinguishes itself by severe course 
and difficult surgical treatment, with high mortality rates 
ranging from 15 to 70% [1–3]. This is attributed to the spe-
cifics of etiology, pathogenesis, clinical implications and 
imperfect approaches to surgical management [4, 5]. The 
most common causes of postoperative peritonitis include 
intestinal anastomotic leakage, spontaneous small-bowel 
perforations, abdominal abscesses, and ongoing intestinal 

necrosis after surgical operations for acute mesenteric 
ischemia [6–9]. The surgeons still have mixed views on the 
surgeon volume in postoperative perforative peritonitis, the 
number of surgical operations and their completion tech-
nique, which are always nonstandard in nature and depend 
on a specific situation revealed by inspecting the abdominal 
cavity [10–12]. In most cases, it is a common practice to 
perform relaparotomy with resection of the altered intestinal 
loop [13]. However, placing new small-bowel anastomoses 
under conditions of severe peritonitis and abdominal sepsis 
is really risky because intestinal suture may fail [14–16]. 
In this context, the development of novel tactical and tech-
nical approaches becomes especially relevant, and such 
approaches are associated with the choice of interintestinal 
anastomosis time and techniques using primary or delayed 
anastomosis during programmed relaparotomies [17, 18], 
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as well as with the choice of methods focused on enhanc-
ing the integrity of anastomoses placed under postoperative 
peritonitis conditions [19].

The aim of this study was to evaluate the efficacy of dif-
ferent surgical strategies for repairing small-bowel defects 
that caused postoperative peritonitis.

Patients and methods

Between May 2010 and October 2018, 140 patients with 
postoperative peritonitis admitted to our clinical hospital 
were included in this prospective cohort study. To ensure 
quality and consistency in the delivery of the intervention, 
a quality control commission was formed in the clinical hos-
pital and comprised five members including the Chief of 
General Surgery Department, the Chief of Purulent Surgery 
Department, Deputy Chief Doctor, Associate Professor at 
the Chair of Departmental Surgery and Hospital Surgery, 
and a representative from a Medical University. Ninety-eight 
males and forty-two females received surgical treatment. 
The mean age was 51.9 ± 2.2 years. All patients were hos-
pitalized to the clinic with postoperative small-bowel leaks. 
Primary diagnoses, due to which the patients were oper-
ated on at the previous stages, were acute adhesive bowel 
obstruction (n = 64, 45.7%), acute mesenteric ischemia 
(n = 21, 15%), incarcerated hernia (n = 20, 14.3%), acute 
appendicitis (n = 18, 12.9%), pancreonecrosis (n = 9, 6.4%), 
and tubo-ovarian abscess (n = 8, 5.7%). Primary opera-
tions that resulted in small-bowel leakage were adhesioly-
sis, small-bowel resection with enteroenterostomy, closure 
of small-bowel perforation, and enterostomy. The major 
complications from preceding operations that resulted in 
progression of postoperative peritonitis were small-bowel 
anastomotic leakage (58.6%), nontraumatic small-bowel 
perforations (29.3%) and segmental small-bowel necrosis 
(12.1%). APACHE-II (acute physiology, age, chronic health 

evaluation) and MPI (Mannheim Peritonitis Index) scores 
were calculated for all patients on admission to the inpa-
tient treatment facility to assess severity of illness, mortality 
risk and severity of peritonitis [20, 21]. On the basis of the 
APACHE-II and MPI scores, the patients with postoperative 
small-bowel leaks were divided into groups with different 
anastomotic placement time following small-bowel resec-
tion: group I—primary anastomosis (n = 47), group II—
delayed anastomosis (n = 48), and group III—anastomosis 
was not placed and enterostomy was performed (n = 45). The 
groups were comparable in gender, age, and small-bowel 
pathology. The clinicopathological characteristics such as 
gender, age, and causes of postoperative peritonitis for the 
patient groups are listed in Table 1.

Patient inclusion criteria were postoperative peritonitis as 
clinical diagnosis and the conduct of relaparotomy. Exclu-
sion criteria were peritoneal cancer and multiple organ dys-
function syndrome.

Statistical analysis

The data were presented as mean ± standard deviation (SD), 
medians (range), and proportions. Differences in categorical 
and continuous variables were analyzed using the Student’s t 
test. The mortality rate and post-surgery complications were 
compared in the three patient groups with different severity 
of postoperative peritonitis and different surgical approaches 
to anastomosis placement: primary anastomosis, delayed 
anastomosis, and enterostomy. A significant difference was 
considered when the two-tailed p value was less than 0.05. 
All statistical analyses were done using the Statistica 6.0 
software. The patient assignment to three groups depending 
on the APACHE-II and MPI score points is given in Table 2.

According to the Clavien–Dindo classification of surgical 
complications, patient group I had Grade IIIb, group II had 
Grade IVa and group III had Grade IV complications.

Table 1   Clinicopathological 
characteristics of patient groups

Additional information: statistically insignificant (р > 0.05)

Total n = 140 (%) Primary 
anastomosis
n = 47 (%)

Delayed anasto-
mosis
n = 48 (%)

Enterostomy
n = 45 (%)

Age
Mean 51.9 50.4 52.8 55.9
Range 20–81 23–78 20–81 21–79
Sex
Male 103 (73.6) 32 (68.1) 38 (79.1) 33 (73.3)
Female 37 (26.4) 15 (31.9) 10 (20.9) 12 (26.7)
Small-bowel pathology
Anastomotic leak 94 (67.1) 32 (68.1) 35 (72.9) 27 (60)
Nontraumatic perforation 29 (20.7) 11 (23.4) 6 (12.5) 12 (26.7)
Segmental necrosis 17 (12.2) 4 (8.5) 7 (14.6) 6 (13.3)
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Patient group I included 47 patients (33.6%) who received 
conventional surgical management during relaparotomy, tak-
ing into account the APACHE-II severity of illness and MPI 
severity of peritonitis. This surgical intervention involved 
suturing the small-bowel defects or small-bowel resection 
to place primary anastomosis. The further course of postop-
erative peritonitis in this patient group implied on-demand 
relaparotomies.

Group II included 48 patients (34.3%) to whom the 
delayed anastomosis technique was applied during relapa-
rotomy, taking account of the APACHE-II and MPI scores. 
During relaparotomy, the affected area of the small bowel 
was subjected to resection (or in combination with right 
hemicolectomy) to create small-intestinal stumps (1 and 
2) or small-intestinal and colonic stumps (1 and 4) bur-
ied with two purse-string sutures. The closed intestinal 

segments were not brought out into the anterior abdominal 
wall but were left in the abdominal cavity instead (Fig. 1). 
A drain tube was introduced into the upper small intestine. 
Temporary abdominal closure was then performed.

Later on, 48 h postoperatively, the second programmed 
relaparotomy was done, during which a decision was pend-
ing about whether to place delayed interintestinal anasto-
mosis. The criterion for applying delayed interintestinal 
anastomosis was the subsidence of inflammatory changes 
(clear exudate, single fibrin deposits, reduced edema, 
small-bowel wall infiltration, shiny serous membrane of 
the abdomen).

Group III included 45 patients (32.1%) who had the 
highest risk of small-bowel suture failure on closing the 
defects in either primary or delayed anastomosis, as well 
as the risk of new small-bowel perforations. In this case, 

Table 2   Severity of illness and 
severity of peritonitis in patients 
with postoperative peritonitis

*Statistically significant

Primary 
anastomosis
n = 47 (%)

Delayed anastomosis
n = 48 (%)

Enterostomy
n = 45 (%)

p1 − 2 
p2 − 3 
p1 − 3

value

Scoring system (mean ± SD)
APACHE-II 11.7 ± 1.2 16.8 ± 0.7 22.3 ± 1.3 p1 − 2 < 0.001*

p2 − 3 < 0.001*
p1 − 3 < 0.001*

MPI 14.7 ± 1.3 19.3 ± 0.3 24.6 ± 1.2 p1 − 2 < 0.01*
p2 − 3 < 0.001*
p1 − 3 < 0.001*

Fig. 1   Schematic representation of obstructive resection of the small bowel. а Small bowel, b small bowel and the right side of the colon: 1—
proximal stump of the small bowel, 2—distal stump of the small bowel, 3—intestinal probe, 4—colonic stump
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resection of the intestine was performed with enterostomy, 
along with planned relaparotomies and open abdomen 
management.

In the postoperative period, the number of complica-
tions (new small-bowel perforations, recurrent anasto-
motic leakage) and the mortality rate were studied in the 
groups.

Results

The favorable prognosis for intestinal defect closure or pri-
mary interintestinal anastomosis after small-bowel resection 
was noticed with APACHE-II < 15 points (11.7 ± 1.2) for 
morbidity and MPI < 21 points (14.7 ± 1.3) for severity of 
peritonitis in patient group I. Among the objective intra-
operative signs in patients were slight small-bowel serosa 
hyperemia, single fibrin deposits on the abdomen, reduced 
small-bowel peristaltic activity, slight small-bowel wall 
infiltration, moderate small-bowel distension (4–5 cm), and 
single perforations of up to 0.5 cm wide (Fig. 2).

The technique involving small-bowel obstructive resec-
tion and delayed anastomosis was basically used with 
APACHE-II > 15 points (16.8 ± 0.7) and MPI 21–29 points 
(19.3 ± 0.3) in patient group II. The main intraoperative 
changes within the abdominal cavity included absent small-
bowel peristalsis, considerable small-bowel distension (over 
6.0 cm wide), significant small-bowel wall infiltration and 
hemorrhage, moderate fibrinous deposits, two and more 
small-bowel perforations of 0.5–1 cm wide, small-bowel 
anastomotic leaks, and segmental small-bowel necrosis. 
There was a very real risk of suture failure in these situa-
tions when closing the intestinal defects or placing primary 
anastomosis. The patients therefore underwent small-bowel 
resection with delayed anastomosis (Fig. 3) during subse-
quent planned relaparotomies in 36–48 h.

Group III comprised the most critical patients who had 
APACHE-II > 20 points (22.3 ± 1.3) and MPI > 30 points 
(24.6 ± 1.2). The intraoperative changes within the abdom-
inal cavity were significant and exhibited persistent absent Fig. 2   Postoperative peritonitis: closure of spontaneous small-bowel 

perforation

Fig. 3   Postoperative peritonitis: a obstructive resection of the small bowel (1—stump of the afferent loop of the small bowel) and b planned 
relaparotomy in 36 h, delayed anastomosis (2—ileocolonic anastomosis)
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peristalsis, massive multiple confluent serosal hemor-
rhages, small-bowel color change to dirty gray, huge fibrin 
deposits on the abdomen, pronounced intestinal wall infil-
tration, multiple small-bowel perforations, small-bowel 
anastomotic leaks, and ongoing intestinal necrosis after 
resection. These patients had the highest risk of suture fail-
ure both in defect closure and in primary or delayed anas-
tomosis with a real risk of new spontaneous small-bowel 
perforations to occur. In these cases, small-bowel resection 
was performed with further enterostomy (Fig. 4a), coupled 
with planned peritoneal cavity lavage. The patients were 
subsequently managed by the open abdomen technique 
to perform a vacuum-assisted abdominal closure (VAC) 
(Fig. 4b).

At early stages of postoperative peritonitis with low 
morbidity points (APACHE-II 11.7 ± 1.2), placement of 
primary interintestinal anastomoses was accompanied by a 
mortality rate reaching 17%. In patients with severe tox-
emia and clinical evidence of organ dysfunction (APACHE-
II 16.8 ± 0.7 points in patient group II), the suture failure 
risk when surgical procedures were completed with delayed 
anastomosis was 1.8% higher than with primary anastomosis 
(p > 0.05). The mortality rate in patient group II came up 
to 18.8%. The highest mortality rate was noted in patient 
group III (APACHE-II 22.3 ± 1.3 points) in which it attained 
37.8% with increasing number of laparotomies (4.2 ± 0.8) 
due to new perforations of the small bowel (31.1%). The 
overall mortality was 35 patients (25%). Postoperative 

Fig. 4   Postoperative peritonitis: а enterostomy and b enterostomy and vacuum-assisted abdominal closure

Table 3   Postoperative 
complications and mortality

*Statistically significant

Primary 
anastomosis
n = 47 (%)

Delayed 
anastomosis
n = 48 (%)

Enterostomy
n = 45 (%)

p1 − 2 
p2 − 3 
p1 − 3
value

Complications
New small-bowel perforations, n (%) 4 (8.5) 10 (20.8) 14 (31.1) p1 − 2 0.3

p2 − 3 0.03*
p1 − 3 0.02*

Recurrent anastomotic leakage, n (%) 11 (23.4) 4 (8.3) – p1 − 2 0.04*
Relaparotomy
Planned/on demand (mean ± SD) 1.1 ± 0.3 2.3 ± 0.5 4.2 ± 0.8 p1 − 2 < 0.05*

p2 − 3 < 0.05*
p1 − 3 < 0.01*

Mortality
Multiple organ dysfunction syndrome,n (%) 8 (17.0) 10 (18.8) 17 (37.8) p1 − 2 0.3

p2 − 3 0.05*
p1 − 3 0.04*
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complications and mortality rates are summarized in 
Table 3.

Discussion

In recent years, damage control surgery (DCS) involving 
programmed relaparotomies has increasingly been gaining 
ground [22, 23], and the open abdomen (OA) management 
combined with vacuum-assisted closure (VAC) therapy 
is becoming the standard of care [10, 24, 25]. The prin-
cipal and most reliable method to achieve source control 
of intraabdominal infection [26, 27] is to perform resection 
of the intestine during both primary surgery and repeated 
lavage of the abdominal cavity. However, placing inter-
intestinal anastomoses as the final surgical step comes amid 
an enhanced risk of anastomotic leaks under conditions of 
diffuse suppurative inflammation in the abdominal cavity 
and anterior abdominal wall, mesenteric circulatory disor-
der, and deficiency in enteral nutrition [28–30]. Obstructive 
resection of the small bowel was first performed in patients 
with acute mesenteric ischemia that occurred in the territory 
of the superior mesenteric artery and was accompanied by 
the intestinal necrosis [31]. To control the condition of the 
remaining intestinal segments in this situation, the second-
look laparotomy procedure was developed. It was reported 
that the frequency of the planned second-look surgery was 
10%, in which case the need for repeat intestinal resection 
arose in 25% of cases [32]. Given the high incidence of 
postoperative complications and fatal outcomes, it becomes 
evident that a new surgical approach is needed for the res-
toration of intestinal continuity. The differentiated approach 
to primary and delayed anastomoses in patients with post-
operative peritonitis, which relies on evaluating the sever-
ity of illness and intraoperative picture of peritonitis in the 
abdominal cavity [18], could serve this purpose.

Strengths and limitations of this study:

•	 To the best of our knowledge, no differentiated approach 
to repeat anastomoses (primary or delayed) in patients 
with postoperative peritonitis, on the basis of the 
APACHE-II and MPI scores, exists in Russia.

•	 The findings from this study will help choose a repeat 
surgical strategy to treat patients suffering from postoper-
ative peritonitis resulting from small-bowel anastomotic 
leakage, perforations and segmentary necrosis.

•	 Delayed anastomosis in patients with postoperative peri-
tonitis has a limitation that should be borne in mind when 
one considers it for application in surgery. For instance, 
45 patients had a very critical condition, with 22.3 ± 1.3 
APACHE-II and 24.6 ± 1.2 MPI, indicating a high mor-
tality risk. In such cases, delayed anastomosis cannot 
be advised and the operation should be completed with 

enterostomy. However, if the section of the small-bowel 
proximal is short (less than 20 cm), enterostomy is not 
appropriate due to the jejunal stump and related substantial 
intestinal losses. In this case, one should consider delayed 
colonic anastomosis (entero-colonic anastomosis).

Following on from the data obtained on the use of delayed 
anastomosis in surgical management of patients with postop-
erative peritonitis, plans are underway to study delayed anas-
tomosis time, anastomosis type (enteroenterostomy, entero-
colonic anastomosis), and temporary and ultimate abdominal 
closure techniques after programmed relaparotomies.

Conclusion

Obstructive resection of the small bowel with delayed anasto-
mosis in patients with postoperative peritonitis during planned 
relaparotomies improves surgical treatment outcomes, because 
the incidence of anastomotic leaks goes down and the mor-
tality rate does not rise. The surgical indications for obstruc-
tive resection of the small bowel are as follows: small-bowel 
perforations, small-bowel anastomotic leakage, small-bowel 
necrosis or right-sided colonic necrosis, with APACHE-II > 15 
points for severity of illness and МPI > 20 points for severity 
of peritonitis. Placement of the final small-bowel anastomosis 
in delayed anastomotic repair is recommended when hemody-
namic parameters and hemostatic profile of the patient in the 
intensive care unit are stabilized, suppurative inflammation 
of the peritoneal cavity is abated and infiltration of the small 
intestine at the anastomotic site is reduced during programmed 
relaparotomies.
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