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INTRODUCTION 

Infection from bacteria or fungi may result into 

inflammation of peritoneum tissue which is a membrane 

that covers the inner wall of abdomen.1,2 Inflammation of 

abdominal peritoneum lining is call as peritonitis.3 

Abdominal peritonitis occurs either as a consequence to 

other diseases, trauma, infection, malignancy, or due to 

therapeutic and diagnostic procedures in abdominal 

region.4 It is one of the most common causes of surgical 

emergencies in developing countries, particularly in 

India.1-4 Nausea, dull or persistent abdominal ache, poor 

appetite, abdominal distension and rigidity, restlessness, 

dehydration, oliguria, fever are considered to be the 
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ABSTRACT 

 

Background: Perforation peritonitis has emerged as one of the very common cause of surgical emergencies, 

particularly in developing countries like India. If left untreated for long due to improper prognosis or late diagnosis, 

perforation peritonitis may prove potentially fatal with a high mortality and morbidity rate. Scoring systems like 

APACHE-II (acute physiology and chronic health evaluation), p-POSSUM (Portsmouth-POSSUM) and MPI 

(Mannheim peritonitis index) may serve as simple, critical, and efficient prognostic tools in predicting the mortality in 

patients with perforation peritonitis. Thus, the aim of the current investigation was to examine the usefulness and 

accuracy of these scoring systems for predicting the mortality rate in perforation peritonitis. 

Methods: Current study was a prospective observational comparative study conducted at department of general 

surgery, KK Hospital, Lucknow. Detailed clinical and lab investigations of the participating patients were done and 

their demographic details were documented. Using history, clinical examination and lab values p -POSSUM, 

APACHE- II and MPI scores were calculated. Scores of each scoring system were statistically analyzed in 

prognosticating the mortality rate. 

Results: Mean age of the participating patients was 41.24±19.32 years. Abdominal pain and vomiting were observed 

as the most common symptoms in majority of patients.  No mortality was observed in patients with ≤20 MPI 

score, ≤20 APACH-II scores and ≤55 p-POSSUM score. Whereas mortality rate was observed to be 21.53% in patients 

with >20 MPI score, 82% in >20 APACH-II scores and 78% in >55 p-POSSUM score. 

Conclusions: APACHE II and p-POSSUM scores had a higher sensitivity and specificity in comparison to MPI for 

predicting the mortality in perforation peritonitis. 
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common symptoms of peritonitis and if left untreated for 

long it can spread into blood and varied other organs, 

leading to potentially fatal complications like multiple 

organ failure and death.5  Prompt diagnosis and prognosis 

is essential for management of perforation peritonitis to 

reduce the mortality and morbidity rates. Thus, the need 

of the hour is early recognition and effective management 

therapies in perforation peritonitis. 

Scoring systems like APACHE-II, Portsmouth 

physiological and operative severity score for the 

enumeration of mortality and morbidity (p-POSSUM) 

and MPI may serve as simple, critical, and efficient 

prognostic tools in predicting the mortality in patients 

with perforation peritonitis.6,7 However, it is essential to 

screen a reliable and reproducible scoring system to 

predict the mortality rate in perforation peritonitis. Thus, 

the current investigation was focused on comparing the 

accuracy of APACHE-II, p-POSSUM and MPI scoring 

systems for predicting the mortality in patients with 

perforation peritonitis. 

APACHE-II is a commonly used prognostic tool in ICU. 

It not only accurately measures but also correlates the 

patient severity with outcomes.8 It is a relatively simple 

scoring system with no extensive calculations required 

and serves as an effective and efficacious tool for 

mortality predictions.9 APACHE-II scoring system is a 

chronic health evaluation based system which is based 

principally on predicting mortality rates through multiple 

organ failure considerations.10 An APACHE-II scoring 

system is composed of three parts on the basis of which 

the patient is placed in chronic health categories A to D.11 

First part i.e., the acute physiology score is composed of 

12 varied laboratory values and physical findings (APS -

12, 0-60 points), the second part is based on points for 

patient’s age above 44 years (0-6 points) and the third 

part is based on points for chronic health and whether 

the patient is post-operative or not (0, 2, or 5 points).12 

MPI scoring system was developed in 1983 by Wacha 

and Linder.13 1253 patients were critically examined to 

obtain the retrospective data of 20 possible risk factors 

that can be potentially used as MPI parameters. Out of 20 

only 8 factors were proven to be of prognostic relevance 

and were included to structure the MPI based scoring 

system to predict the morbidity and mortality rate in 

patients.14 Cloudy and fecal exudates were given 6 and 12 

points respectively. Organ failures were given 7 points 

and diffuse peritonitis was given 6 points. Age >50 years 

and female gender factors were given 5 points each, 

whereas; malignancy, duration of peritonitis >24 h and 

non colonic origin of peritonitis were given 4 points each. 

MPI is considered widely for prediction of morbidity and 

mortality because of its accurateness as well as 

simplicity.13-15 

p-POSSUM scoring system was developed in 1991 by 

Copeland et al utilizing multivariant discriminant 

analysis of 18 operative variables a n d  48 

physiological.16 p-POSSUM scoring system lead to over 

prediction of mortality in low risk patients which was 

overcome by utilizing Portsmouth predictor equation.17 

Two broad parameters mainly physiological severity 

(age, cardiac signs, respiratory signs, systolic blood 

pressure, pulse, Glasgow coma scale, hemoglobin, total 

count, urea, sodium, potassium and ECG) and operative 

severity (multiple procedures, total blood loss, peritoneal 

soiling, malignancy, operative severity and mode of 

surgery) were considered for calculating POSSUM 

scores.18-20 Mortality was calculated coming the 

POSSUM score with p-POSSUM predictor equation as 

stated below:  

Predicted death rate = 1/ (1 +  𝑒 − 𝑅) 

Where R is (0.1692×physiological 

score)+(0.1550×operative score)-9.065 in POSSSUM and 

R is (0.13×physiogical score)+(0.16×operative score)-

7.04 in p-POSSUM.16-19 

Aim and objectives 

Aim of the current investigation was to examine the 

usefulness of the prognostic values of POSSUM scoring 

systems, APACHE-II scoring system and Mannheim 

peritonitis index in patients with perforation 

peritonitis. Primary objective of current study was to 

compare the accuracy of these scoring systems in 

predicting the mortality in patients with perforation 

peritonitis. 

METHODS 

Study design, location, duration and population  

Current study was a prospective observational 

comparative study conducted at the department of 

general surgery, KK Hospital, Lucknow from 

December 2019 to May 2021. Study population included 

the patients of the hospital selected on the basis of 

inclusion and exclusion criteria. 

Inclusion criteria 

Inclusion criteria for current study were; both male and 

female patients with clinically proven features of 

perforation peritonitis (secondary peritonitis), patients 

more than 18 years and less than 75 years of age, patients 

willing to give informed written consent and patients with 

negative RTPCR. 

Exclusion criteria 

Exclusion criteria for current study were; patients less 

than 18 years and more than 75 years of age, patients with 

primary and tertiary peritonitis, patients with traumatic 

perforation, peritonitis due to ruptured liver abscess or 

appendicular abscess. 
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Sample size  

In the current investigation sample size was calculated 

using the formula; 

𝑍2 ×
𝑝(1 − 𝑝)

𝑒2
/1 + (𝑍2 × 𝑝(1 − 𝑝)/𝑒2𝑁) 

Where N=population size, e=margin of error (percentage 

in decimal form) z=z-score, p=population proportion. 

Taking z-score = 1.65 at 90% confidence interval, 

N=1000, e = 10% and p=50%; the sample size was 

calculated to be 64. Thus 65 patients were selected in the 

current study for investigation. 

Procedure 

All biochemical investigations were done upon 

admission and relevant clinical details were noted. 

Standard operative procedures were followed for 

different causes of perforation peritonitis. Diagnosis of 

peritonitis due to hollow viscous perforation was made by 

history and clinical examination, X-ray, chest PA view 

with both domes of diaphragm showing air under 

diaphragm, detailed history of presenting illness and 

history suggestive of chronic health disorders such as 

cardiac, renal, hepatic conditions were examined and 

noted. Using history, clinical examination and lab 

values POSSUM scoring systems, APACHE II score 

and Mannheim peritonitis index were calculated. For 

each physiological variable, the most abnormal 

measurement was included, if the test had been done 

more than once prior to surgery. The outcome of each 

test for individual patient was noted and compared to the 

initial score. Thus, the value of each scoring system was 

tested in prognosticating the outcome of patients. 

Mortality was defined as any death occurring during the 

hospital stay. 

Data collection and statistical analysis 

In current study required data were collected from the 

complaints, history of presenting illness and past 

history of the patients, radiological investigations, 

biochemical lab values, intra-operative findings. The 

data obtained from the study was coded, recorded 

and analyzed using IBM SPSS (statistical package 

for social sciences) 21.0 software package. The two 

scores were compared statistically using Z-test and 

p<0.05 was considered significant. For data evaluation, 

continuous variables were expressed in mean (standard 

deviation) while the frequency of data was expressed in 

numbers (%). Kruskal-Wallis, Mann Whitney U, N-Par 

and Chi-square tests were used for statistical analysis. 

RESULTS 

Demographic details 

The outcomes of current investigation revealed that 35 

(53.84%) patients out of total 65 were males and the rest 

30 (46.15%) of the study population were females (Table 

1). Age based distribution analysis of the current study 

population revealed that 7 (10.76%) patients were found 

to be in the age group below 20 years, 9 (13.84 %) were 

in the age group of 21 to 30 years, 15 (23.07%) patients 

were found to be in the age group of 31 to 40 years, 11 

(16.92%) were in age group of 41 to 50 years, 19 

(29.23%) patients were in 51 to 60 years age group and 4 

(6.15 %) patients were observed in the age group of 61 to 

70 years (Table 1). Mean age of current study participants 

was observed to be 41.24±19.32 years, mean height was 

observed to be 164.17±6.75 cm, mean weight to be 

64.55±5.56 kgs and mean BMI was found to be 

24.00±2.75 kg/m2 (Table 1). 

Table 1: Distribution of patients based on 

demographic details. 

Parameters N (%) 

Gender 

Male 35 (53.84) 

Female 30 (46.15) 

Total 65 (100) 

Age group (years) 

18 to 20  7 (10.76) 

21 to 30  9 (13.84) 

31 to 40  15 (23.07) 

41 to 50  11 (16.92) 

51 to 60  19 (29.23) 

61 to 70  4 (6.15) 

Total 65 (100) 

Mean age (years) 41.24±19.32 

Mean height (cm) 164.17±6.75 

Mean weight (kg) 64.55±5.56 

Mean BMI (kg/m2) 24.00±2.75 

Symptoms 

In current investigation common symptoms observed in 

patients with perforation peritonitis were; pain in 

abdomen (100%), distension of abdomen (41%), 

vomiting (61%), constipation/ loose stools (31.8%), fever 

(26.1%), oliguria (16.7%) and cold extremities (3.8%) 

(Table 2). 

Table 2: Symptoms observed in patients with 

perforation peritonitis. 

Symptoms Percentage (%) 

Abdomen pain 100 

Vomiting 61 

Distension of abdomen 41 

Constipation or loose  

stools 
31.8 

Fever 26.1 

Oliguria 16.7 

Cold extremities 3.8 
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Comparison of survivor and non-survivor peritonitis 

patients based on POSSUM score, APACHE II and 

MPI score 

Mean MPI score in survivor participants was observed to 

be 21.62 and in non-survivors it was observed to be 

35.23. Mean APACHE II score in survivor was observed 

to be 15.50 and in non-survivors it was observed to be 

23.651. Mean p-POSSUM score in survivors was 

observed to be 26.2 and that in non-survivors it was 

observed to be 52.3 (Figure 1). 

Current investigation results revealed that in 27 patients 

with ≤20 MPI score, no mortality was observed. In 23 

(35.4%) patients with MPI score between 21 to 29, 

mortality rate was found to be 21%, whereas in 12 

(18.4%) patients with MPI score ≥30, mortality rate was 

observed to be 75% (Table 3). In assessing the APACHE 

II based scoring systemit was observed that no mortality 

was observed in patients with APACHE II score ≤20, 

whereas the mortality rate was observed to be 82% in 

patients with APACHE II score >20 (Table 4). 

Observations based on p-POSSUM scoring system 

revealed that mortality rate was not observed in patients 

with p-POSSUM score ≤55, whereas the mortality rate 

was observed to be 78% in patients with p-POSSUM 

score above 55 (Table 5). 

 

Figure 1: Comparison of survivor and non-survivor 

peritonitis patients based on POSSUM score, 

APACHE II and MPI score. 

Table 3: Mortality rate of patients based on MPI 

scoring system. 

Score 
Patients,  

n (%) 

Death,  

n (%) 

Mortality 

rate, (%) 

≤20 27 (41.5) 0 0 

Between 21 

to 29 
23 (35.4) 5 (7.69) 21 

≥30 12 (18.4) 9 (13.84) 75 

Table 4: Mortality rate of patients based on APACHE 

II scoring system. 

Score 
Patients,  

n (%) 

Death,  

n (%) 

Mortality 

rate, (%) 

≤10 20 (30.7) 0 0 

Between 11 

to 20 
27 (30.7) 0 0 

>20 17 (26.15) 14 (21.6) 82 

Table 5: Mortality rate of patients based on p-

POSSUM scoring system. 

Score 
Patients,  

n (%) 

Death,  

n (%) 

Mortality 

rate, (%) 

≤35 16 (24.61) 0 0 

Between 36 

to 55 
31 (47.7) 0 0 

>55 18 (27.7) 14 (21.5) 78  

ROC analysis of scoring systems 

Comparative ROC analysis of the scoring systems 

investigated in current study was done by determining the 

proportion of predictions that come under a particular 

outcome, which in current investigation was either 

mortality or low probability of death. The area under the 

curve (AUC) for each of the scores was calculated for 

different cutoff points and the cut off at which maximum 

AUC was obtained was chosen. Results of the ROC 

analysis revealed that APACHE II and p-POSSUM score 

had a higher sensitivity as well as specificity as compared 

to MPI in predicting the mortality rate of perforation 

peritonitis patients (Table 6, Figure 2-4). 

Table 6: Sensitivity and specificity-based analysis of 

scoring systems with cut-off values. 

Parameters 
Sensitivity 

(%) 

Specificity 

(%) 

MPI (cut off 26) 72.3  68.4 

APACHE II (cut off 24) 89.2 73.2 

p-POSSUM (cut off 56) 85.2 69.65 

 

Figure 2: ROC analysis of MPI scoring system. 
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Figure 3: ROC analysis of APACHE II scoring 

system. 

 

Figure 4: ROC analysis of p-POSSUM scoring system. 

DISCUSSION 

Results of patient distribution analysis based on 

demographic details in current study revealed that 

number of males participants slightly exceeded the 

number of female participants. Maximum study 

participants were in the age group range from 31 to 60 

years. Mean age of current study participants was 

observed to be 41.24±19.32 years, mean height was 

164.17±6.75 cm mean weight was 64.55±5.56 kg and 

mean BMI was 24.00±2.75 kg/m2. Results of 

demographic observations in current study were in 

accordance to earlier reports published by Jhobta et al 

and Budamala et al.21,22 It was observed in current study 

that difference in the mortality rate was observed to be 

significant (χ2 test value 4.42; p≤0.05) when participants 

were regrouped into ≤ 50, >50 age groups, the results 

were in close agreement with the previously published 

report by Wacha et al who also reported significant 

difference in the mortality rate when patients are 

regrouped into <40 and >40 age groups.23 Type of 

symptoms observed in current study participants was in 

accordance to the earlier published reports of Halim et al 

and Wacha
 
et al.23,24 

Current study results revealed that the MPI score in 

survivor participants was 21.62 and in non-survivors it 

was 35.23, whereas mean APACHE II score in survivor 

was 15.50 and non-survivors was 23.651 and mean p-

POSSUM score in survivor was 26.2 and non-survivor 

was 52.3. Thus, it could be observed through current 

study findings that rate of mortality is directly related to 

higher score. Similar observations were published by 

Bohnen et al and Adesunkanmi et al in their reports.25,26 

Results of the current study revealed that the mortality 

rate in patients with perforation peritonitis ranges 

between 7.69% to 13.84% based on the MPI scoring 

system. Bohen et al reported that the hospital mortality 

rate in patients with perforation peritonitis ranges 

between 19% to 60% based on MPI scores but indicated 

that outcome of such patients is depends upon several 

other factors related to patients age and sex, disease, co 

morbidities, time of presentation, therapeutic intervention 

undertaken and the post-operative complications.25 In the 

study reported by Kumar et al actual MPI score predicts 

higher mortality rate (26%) in both survivors as well as in 

non survivors as compared to APACHE II score (15%).27 

Rogy et al described in their study that MPI scores has 

the lowest positive predictive value and discriminatory 

ability compared to other scoring systems.28 While, 

Demmel et al reported MPI scores on par with APACHE-

II in predicting mortality.29 Correia et al retrospectively 

analyzed data of 89 cases with secondary peritonitis and 

found the mean MPI score to be 26.6 with a sensitivity of 

87.3%, and a specificity of 41.2%.30  

Results of current investigations revealed that based on 

APACHE II scoring system the mortality rate was 

observed to be 82% in patients with APACHE II score 

more than 20. In the study reports of Kumar et al; 

according to APACHE II system, 8.6% patients with 

APACHE II score less than 10 expired. Mortality rate 

among score 11 -20 group was 36%. With APACHE II 

score above 20, none of the patients were survived. In the 

study done by Malik et al there was 91.7% mortality in 

the APACHE II score group of more than 20, 35.3% in 

the score group of 11-20 and 0% below score 10.31 

Published report of Malik et al have reported that 

APACHE II score have better prognostic power for 

outcome prediction then the MPI score because it 

includes physiological variables, while many other 

authors like Fuger et al have over weighted the MPI 

score then other scores because of its easy 

applicability.31,32 

Results of current investigations revealed that based on 

APACHE II scoring system the mortality rate was 

observed to be 78% in patients with p-POSSUM score 

above 55. The observations made in current study were 

similar to reports published by authors Ghooi et al.33 

Results of present investigation depicted that in 

predicting the mortality rate by MPI, APACHE II and p-
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POSSUM scoring systems, APACHE II and p-POSSUM 

score had a higher sensitivity as well as specificity as 

compared to MPI. Similar results were also reported by 

Hobson et al.34 In current study ROC (receiver operating 

characteristic) curve analysis was done for prediction of 

morbidity using POSSUM, MPI and APACHE II scoring 

system. Observed area under the curve of MPI was 

observed to be 96.8% (cut off 26), for APACHE II 

scores, area under the curve was 100% (cut off 24) and 

for p-POSSUM, observed area under the curve was 

99.7% (cut off 56) thus p-POSSUM was not useful in 

predicting mortality. Similar results were observed by 

Kitara et al who reported p-POSSUM scores failed to 

predict any kind of observed complications.35 Ohmann et 

al performed a multicentric study and compared 

APACHE II, MPI and peritonitis index Altona scores in 

271 cases of laparotomies for perforation peritonitis.36 

The sensitivity and specificity of MPI score were 

reported to be 60% and 80%, respectively. According to 

reported literature APACHE-II had the maximum area 

under the curve followed by p-POSSUM and MPI. Thus, 

it was concluded through current study findings and 

published reports that APACHE-II is a perfect test that 

has the capability to predict with maximum accuracy the 

subset of patients that are going to die from perforative 

peritonitis. Published report by Pacelli et al confirmed 

age as a decisive factor related with mortality however 

current study does not show any statistical significance.37  

Limitations 

A relatively small sample size of the investigated study 

participants can be considered as the limitations of the 

current study. More concrete results and 

recommendations could have been made with a larger 

sample size. 

CONCLUSION 

Management strategies for perforation peritonitis are 

constant evolving along with emergence of completely 

newer strategies. Continuous audit of scoring systems is 

essential periodically to check the efficacy of the 

management strategies as well as to predict the mortality 

risk. It was concluded through current study findings that 

APACHE II and p-POSSUM scoring systems had higher 

sensitivity as well as specificity when compared to MPI 

scoring system in predicting the mortality rate in patients 

with perforation peritonitis. 
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