
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Minimally invasive surgery for lower abdominal peritonitis

Swank, H.A.

Publication date
2012

Link to publication

Citation for published version (APA):
Swank, H. A. (2012). Minimally invasive surgery for lower abdominal peritonitis. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/minimally-invasive-surgery-for-lower-abdominal-peritonitis(dbf34dfe-c9ad-406a-ad88-c752d4f1a5d7).html


81

5
Risk factors and predictive 
power of risk indices in 
perforated diverticulitis 

I.M. Mulder
Department of Surgery, Erasmus MC 

H.A. Swank
Department of Surgery, AMC 

W.A. Bemelman
Department of Surgery, AMC 

J.F. Lange
Department of Surgery, Erasmus MC 

J. Vermeulen
Department of Surgery, Erasmus MC 



82

Chapter 5

Abstract

Background
Emergency surgery for perforated diverticulitis is associated with substantial 
morbidity and mortality. This study investigates risk factors for mortality 
and reintervention in patients following surgery for perforated diverticulitis. 

Methods
Files of all patients operated for perforated diverticulitis were searched 
in 3 hospitals. Patients operated in an emergency setting and treated with 
Hartmann’s procedure (HP) or primary anastomosis (PA) between January 
1 1995 and December 31 2008 were included. Accuracy of the Mannheim 
Peritonitis Index was calculated and the best cut-off point was chosen. 
Univariate and multivariate logistic regression analysis were performed to 
identify risk factors associated with mortality and surgical reintervention. 

Results
A total of 201 patients (51% male, median age 68 years) were included. The 
ASA score was 4 in 23% of patients, and Hinchey stage IV was diagnosed 
in 27%. In 77% HP and in 23% PA was performed. The overall hospital 
mortality was 30% and in 36% of patients emergency surgical reintervention 
was performed. Univariate analysis showed that ASA, Hinchey, MPI, and 
type of operation were associated with increased reintervention rates. In 
multivariate analysis, ASA and Hinchey were independent risk factors for 
reintervention. Mortality was associated in univariate analysis with age, ASA, 
Hinchey, MPI and type of operation. Logistic multivariate analysis identified 
age and ASA as independent risk factors for mortality. 

Conclusion
Hinchey classification is not an independent risk factor for mortality after 
emergency surgical treatment. The main identified risk factors for mortality 
are age and ASA. 
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Introduction

With increasing age the incidence of diverticular disease rises, however 
significant complications such as perforation occur only in a minority of 
patients [1]. Patients without a history of diverticular disease present 
with perforation in only 20% of cases [2]. Perforation with localised or 
generalised peritonitis is historically an absolute indication for emergency 
surgery.  Recently for patients in whom perforation has led to purulent 
peritonitis, less aggressive treatment with laparoscopic peritoneal lavage 
and non-operative management were reported [3,4]. Surgical treatment of 
patients with perforated diverticulitis is accompanied with high mortality 
and morbidity rates. Traditional therapeutical strategy is represented by 
the performance of HP with the descending colon diverted as colostomy. 
Alternatively a PA after sigmoid resection with or without diverting ileostomy 
can be created. Type of surgery is matter of debate since both options have 
their specific advantages and disadvantages, such as risk of morbidity and 
mortality during reversal of colostomy or diverting ileostomy, possible 
anastomotic leakage and continuing sepsis. Studies comparing outcome after 
Hartmann’s procedure with primary anastomosis in emergency surgery 
have failed to show significant differences partially because of insufficient 
recruitment [5,6]. A prognostic scoring system is desirable to select patients 
for the appropriate treatment. Currently Hinchey classification is most 
frequently used although it subdivides only according to the peroperative 
evaluation of the loco-regional severity of disease [7]. Mannheim Peritonitis 
Index (MPI) was designed as a predictive scoring system for patients with 
peritoneal inflammation [8]. It combines patient- and disease related factors 
to determine a score and can be calculated in routine clinical conditions with 
an adequate sensitivity and specificity [9,10]. Besides patient characteristics, 
MPI is regularly reported in trials which allows for comparing patient groups 
between studies. Accuracy of MPI in patients with perforated diverticulitis 
was previously calculated in a series of 39 patients [11]. Best cut-off point 
was calculated to be 26.
The aim of the current study was to investigate the risk factors for mortality 
and emergency surgical reintervention in patients treated for perforated 
diverticulitis.  

Methods 

Retrospectively, computerised surgery registration databases were searched 
between January 1 1995 and December 31 2008 in the Academic Medical 
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Center, Erasmus University Medical Center and affiliated teaching hospital 
Maasstad Hospital (The Netherlands). The search codes “exploratory 
laparotomy”, “diverticulitis”, “perforated hollow viscus”, “Hartmann’s 
procedure”, “left hemicolectomy”, “sigmoid resection”, “low anterior 
resection” were used. Patients older than 18 years undergoing emergency 
surgery for perforated left sided diverticulitis were included in the study. 
Two patients were excluded because of relocation to another hospital 
in the postoperative period so survival was missing from the data. After 
selection of the patients, clinical variables were distracted from the 
computerised patient’s registration databases and paper medical records. 
Data assessed were age, gender, classification according to American Society 
of Anaesthesiologists (ASA), severity of disease stratified by Hinchey score 
and MPI, type of surgery, surgical reintervention and in-hospital mortality. 
The preoperative physical state was scored by ASA: ASA 1 is a normal healthy 
patient, ASA 2 is a patient with mild systemic disease, ASA 3 is a patient with 
severe systemic disease, ASA 4 is a patient with severe systemic disease that 
is a constant threat to life.
Hinchey classification was used to stratify the included patients according 
to intraoperative findings: Hinchey I for a small pericolic abscess, Hinchey 
II for pelvic abscess, Hinchey III when purulent peritonitis was present, 
Hinchey IV when free intra-abdominal faeces were found. As a predictor 
of the mortality risk MPI was retrospectively calculated from the medical 
reports of all patients (Table 1). 
Table 1. Mannheim Peritonitis Index

Risk factor Weight
Age >50 years 5
Female gender 5
Organ failure 7
Malignancy 4
Preoperative duration of peritonitis >24h 4
Diffuse generalised peritonitis 6
Exudate
Clear
Cloudy, purulent
Faecal

0
6
12

The origin of sepsis was always colonic: 0/4 points.
Definition of organ failure:
• Kidney: creatinine >177 µmol/L, urea >167 µmol/L, oliguria <20 mL/h
• Lung: pO2  <50 mmHg, pCO2  >50 mmHg
• Shock: hypodynamic or hyperdynamic
• Profound intestinal obstruction: paralysis >24 h or complete mechanical ileus
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Type of surgery was recorded as Hartmann’s procedure or sigmoid resection 
and primary anastomosis with or without diverting loop ileostomy. 
Statistical analysis was performed with Mann Whitney U tests for quantitative 
variables and Fishers exact test for categorical data because the data did not 
show a normal distribution. Therefore all results are presented using the 
median and the interquartile range. Mean mortality rate was determined 
for each MPI score. Sensitivity, specificity and accuracy of MPI scores were 
calculated and the best cut-off point was established. The score distribution 
was displayed and receiver-operating characteristic (ROC) curves plotted 
to correlate specificity and sensitivity. Correlation of concrete data was 
tested with Spearman’s rho. A multivariate analysis of the significant clinical 
variables was performed using logistic regression to determine the odds 
ratio (OR) and the 95% confidence interval (CI) for each factors related to 
surgical reintervention and mortality. All reported p-values are two-sided 
and considered significant if less than 0.05. Statistical analysis was performed 
using PASW statistical software package (IBM SPSS statistics).

Table 2: Patient characteristics
Non-deceased 
(n=141)

Deceased 
(n=60)

p

Age (median, IQR) 66 (52-75) 73 (67-81) <0.001
Gender 
        Male
        Female

71 (50%)
70 (50%)

33 (55%)
27 (45%)

p=0.546

ASA (median, IQR)
        ASA I        
        ASA II         
        ASA III        
        ASA IV

2 (1.5-3)
35 (25%)
40 (28%)
47 (33%)
19 (13%)

3 (3-4)
2 (3%)
8 (13%)
24 (40%)
26 (43%)

<0.001

MPI (median, IQR) 22 (17-26) 28 (25-30) <0.001
Hinchey (median)
        Hinchey 3
        Hinchey 4

108 (77%)
33 (23%)

38 (63%)
22 (37%)

0.054

Type of operation
        HP
        PA
        PA+stoma

102 (73%)
19 (13%)
20 (14%)

53 (90%)
5 (8%)
2 (3%)

0.019

Reintervention 
        No intervention 
        Intervention

99 (70%)
42 (30%)

30 (50%)
30 (50%)

0.006
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Results

Patients 
A total of 201 patients, 104 males (51%) and 97 females (49%) were included 
with a median age of 68 years (range 23-95, IQR 57-76). Preoperative 
physical state was in 37 patients (18%) scored ASA 1; 48 patients (24%) 
ASA 2; 71 patients (36%) ASA 3; and 45 patients (23%) ASA 4. Seventy-three 
per cent presented with purulent peritonitis and 27% with faecal peritonitis. 
The median MPI was median 22 (IQR 17-28). In 78.1% of patients HP was 
performed, in 24 (11.9%) patients PA and 22 (10.9%) patients PA with 
ileostomy. Of the included patients 142 survived leading to an in-hospital 
mortality of 30%. Differences in patient characteristics of non-deceased and 
deceased patients are shown in Table 2. When using Hinchey classification 
to predict mortality, accuracy was 64.6% with sensitivity of 36.7% and 
specificity of 76.6% (Table 3).
MPI scores varied from 11 to 39, with a median of 22 and 28 respectively 
in non-deceased and patients with mortality (p<0.001). The mortality rate 
increased proportionally according to the MPI score (Figure 1). Linear 
correlation between the index score and the mortality rate in our study 
resulted in a correlation coefficient of r=0.484. The sensitivity and specificity 
of the index are shown as a ROC curve in Figure 2. 

Table 3. Observed mortality with Hinchey classification
Death Survival Total

Hinchey 4 22 33 80
Hinchey 3 38 108 121
Total 60 141 201

Sensitivity and specificity 36.7%, specificity 76.6%, Positive Predictive 
Value 27.5%, Negative Predictive Value 89.3%

Table 4. Observed mortality with the MPI index. 
Death Survival Total

MPI ≥ 26 45 35 80
MPI <26 15 106 121
Total 60 141 201

Sensitivity and specificity 75%, specificity 75.1%, Positive Predictive Value 
56.3%, Negative Predictive Value 87.6%
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Figure 1: Mortality rate according to MPI.

Figure 2: Comparison of sensitivity and specificity of the MPI for patients with 
diverticulitis using receiver-operating characteristic curves. 

Figure 3: Sensitivity and specificity of the MPI. 
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The area under the curve (AUC) was 0.802. The comparison of the different 
score cut-off points showed that with the critical score over 25 (equal 
or over) the best accuracy (75.1%) was obtained with a sensitivity and 
specificity of 60% (Table 3, Figure 3). HP was more frequently performed in 
patients with MPI score over 25 (87.5% vs 71.1% p=0.006). The mortality 
rate differed significantly between the patient groups with a mortality of 
12.3% at a score under or equal and 56.3% at a score over 25 (Odds ratio 
= 9.1; 95% CI 4.5-18.3; p<0.001). Reintervention was significantly more 
frequently performed in with MPI >25 compared to those with lower MPI 
(45% vs 29.7%). 

Reintervention
In 72 patients (36%) surgical reintervention needed to be performed, 
in whom 63 a HP and 9 a PA was performed (87.5% vs 12.5%, p=0.012). 
Mortality rate in patients that underwent reintervention was 41.6%. In 
univariate analysis ASA classification, Hinchey, MPI, and type of operation 
were associated with an increased incidence of reintervention (Table 5). 
After adjusting for age, ASA, Hinchey and type of surgery using multivariate 
analysis reintervention was significantly related to ASA and Hinchey score 
(Table 6). When Hinchey score was replaced by MPI in the multivariate 
analysis, only ASA 4 was found to be an independent risk factor with an odds 
ratio of 3.2. Evaluation of age, gender and Hinchey score and MPI together 
was not possible because of their correlation. 

Table 5: Univariate analysis of factors associated with reintervention and mortality.
Reintervention: p-value Mortality: p-value

Age (median) 0.19 <0.001
Gender 0.42 0.55
ASA 0.02 <0.001
Hinchey (3 vs 4) 0.001 0.06
MPI (≤25 vs >25) 0.03 <0.001
Type of operation 0.05 0.03
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Table 6a: Multivariate analysis of patient factors associated with reintervention.
Odds ratio 95% CI P-value

Age (median) 0.99 0.97-2.69 0.278
Gender 1.42 0.75-2.69 0.278
ASA (reference ASA I)
  2
  3
  4

2.24
3.11
3.88

0.72-7.03
1.02-9.22
1.22-12.31

0.125
0.165
0.04
0.02

Hinchey 2.83 1.41-5.6 0.003
Type of operation (ref: PA + ileostomy)
  HP
  PA

3.04
1.88

0.93-9.96
0.39-8.89

0.151
0.065
0.424

Table 6b: Multivariate analyses of patient factors associated with reintervention.
ASA (reference ASA I)
  2
  3
  4

1.49
2.45
3.18

0.52-4.3
0.88-6.84
1.07-9.48

0.153
0.458
0.086
0.038

MPI (≤25 vs >25) 1.30 0.68-2.49 0.429
Type of operation  (ref: PA + ileostomy)
  HP
  PA

2.57
1.66

0.81-8.15
0.36-7.5

0.229
0.109
0.513

Mortality
Mortality rate after HP differed significantly from patients in whom PA 
was performed (34.6% vs 13.3%, p=0.005). In this study, patients who 
had undergone HP generally had a higher age, ASA classification, higher 
Hinchey and MPI compared to patients who had undergone PA. Therefore, 
it seems that the more severely affected and high-risk patients underwent 
HP. Univariate analysis revealed a statistically significant relationship 
between elevated surgical risk according to age, ASA classification, Hinchey, 
MPI and type of operation with postoperative mortality in the included 
patients. In multivariate analysis age and ASA 4 classification were found to 
be independent predictive factors for mortality, while the abovementioned 
other factors lost statistical significance (Table 7).
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Table 7a: Multivariate analyses of patient-related factors associated with mortality.
Odds ratio 95% CI P-value

Age 1.05 1.02-1.09 0.002
Gender 1.19 0.58-2.42 0.636
ASA (reference ASA I)
  2
  3
  4

2.25 
4.76 
14.07 

0.41-12.23
0.973-23.3
2.75-71.84

<0.001
0.346
0.054
0.001

Hinchey 1.24 0.57-2.68 0.584
Type of operation (ref: PA with ileostomy)
  PA
  HP

3.93
5.26

0.81-19.07
0.71-39.18

0.203
0.089
0.105

Table 7b: Multivariate analyses of patient-related factors associated with mortality.
ASA (reference ASA I)
  2
  3
  4

2.59 
3.84
12.42

0.48-14.07
0.74-19.85
2.33-66.35

0.003
0.269
0.108
0.003

MPI (≤25 vs >25) 6.43 2.99-13.81 <0.001
Type of operation (ref: PA with ileostomy)
  PA
  HP

0.26
1.11

0.05-1.33
0.275-4.47

0.262
0.104
0.885

Discussion

In the current study mortality after emergency surgery for perforated 
diverticulitis was high with 30%. General physical condition, reflected by 
age and ASA classification, was related to mortality. After adjusting for age 
and ASA, severity of disease (Hinchey and MPI) was not related to outcome. 
Reintervention was performed in 36% of patients which was related to 
independent risk factors age and ASA.

Mortality rate after HP differed significantly from patients in whom PA 
was performed (34.6% vs 13.3%). This is comparable to mortality rates 
in literature and reflects the poor general condition of this patient group 
[12]. In this study, patients who had undergone HP generally had a higher 
age, ASA classification, higher Hinchey and MPI compared to patients who 
had undergone PA. Therefore, it seems that the more severely affected 
and high-risk patients underwent HP.  To reduce the found bias in patient 
selection multivariate analysis was performed and revealed that type of 
surgery was not an independent risk factor for postoperative mortality or 
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need for reintervention. This is in concordance with previous reports were 
type of surgery was not related to mortality [13]. The current finding shows 
that many surgeons still prefer HP over PA in patients with perforated 
diverticulitis. Preference for HP earlier appeared to be related to surgeon’s 
experience in colorectal surgery and emergency surgery outside office hours 
[14,15]. In a few prospective studies PA was performed in all consecutive 
patients to prevent selection bias, concluding that HP was not superior to PA 
[5, 16-18].

At presentation manifestation of disease, physical examination and 
radiological imaging of surviving patients do not differ from deceased 
patients. Preoperative prognostic testing could be helpful to identify 
patients in need for aggressive treatment to reduce mortality and need for 
surgical reintervention. MPI was developed to predict individual prognosis 
for patients with various causes of peritonitis. In this heterogenous group 
highest accuracy (83%) was obtained with a threshold index score of 26 [8]. 
For more homogeneous patient groups other thresholds were found to be 
more accurate [11,19]. Patient characteristics differ between patient groups 
with dissimilar origin of peritonitis and hospitals. Therefore it is proposed to 
adjust the MPI cut-off point for each hospital and various causes of peritonitis 
[19].
Accuracy of Hinchey and MPI as predictor for mortality were 64.6% and 
75.1% respectively. Previous studies found severity of disease using Hinchey 
or MPI to be related to postoperative mortality [11,15,20]. However, most 
studies report on small numbers of patients with generalised peritonitis 
and results of patients with purulent or faecal peritonitis are often not 
described separately. Results in this study show that current classification 
indices fail to predict postoperative mortality in our population with 
perforated diverticulitis. Previously a propensity score to select patient with 
diverticulitis for non-restorative procedure (HP) has been proposed although 
not implemented in subsequent research [21]. Adaptation of present indices 
by providing a disease-specific prediction model could be of value in the 
future and aid to guide clinical decision making. 

Failure to find differences between patient groups with low and high severity 
of perforated disease could be explained by the hypothesis that purulent and 
faecal peritonitis should be classified as one. Since aetiology of the disease 
is still unknown, either form of peritonitis could be caused by presence of 
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macro- or micro-perforation of the sigmoid, respectively. This hypothesis is 
challenged by the good results reported on laparoscopic peritoneal lavage 
and non-surgical treatment in patients with purulent peritonitis [3,4,22]. 
However, most micro-perforations will be covered by omental tissue and 
adjacent organs which are not retracted from the diseased colon during 
these treatment options. 
In conclusion, mortality rate and need for reintervention after emergency 
surgery for perforated diverticulitis were high but not related to type of 
surgery, Hinchey classification and MPI. The main risk factors for mortality 
identified in this study are patient characteristics age and ASA. Our data 
demonstrate that current indices for preoperative risk assessment for 
mortality and reintervention are insufficient, and therefore a renewed 
classification system is advocated.  
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