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Abstract

and

Background Risk scoring systems are required to allow accurate prognostication, compare outcomes of surgery,
and allow patients to make informed decisions about their health. This prospective study compares the p-POSSUM
(Portsmouth Modification to Physiological and Operative Severity Score for Enumeration of Mortality), Mannheim
Peritonitis Index, and Jabalpur Peritonitis Index for their utility in predicting mortality in patients with peritonitis.

Methods Perioperative data was collected from 235 patients with secondary peritonitis and used to calculate p-POS-
SUM, MPI, and JPI scores. The accuracy of the 3 scores was compared using receiver operator characteristic curves.

Results p-POSSUM and Mannheim Peritonitis Index were similar in their accuracy with area under the curve (AUC)
values of 0.756 and 0.757. Jabalpur Peritonitis Index had an AUC of 0.665.

Conclusion p-POSSUM and Mannheim Peritonitis Index can be used to predict mortality in patients with secondary
peritonitis. Jabalpur Peritonitis Index is not suited for this purpose. Further studies are required to improve the diag-
nostic performance of p-POSSUM and MPI in patients with secondary peritonitis.
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Introduction

Secondary peritonitis and complicated intra-abdominal
infections are common causes of emergency surgical
admissions worldwide with significant associated mortal-
ity and morbidity (Spalding et al. 2008; Sartelli et al. 2014;
Malangoni and Inui 2006; Gupta and Kaushik 2006; Yii
and Ng 2002). The mortality rates vary from 12 to 41%
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(Weledji and Ngowe 2013; Pearse et al. 2012), and the pri-
mary treatment in most cases requires source control with
surgical intervention. The disease profile shows great vari-
ation between the developed and developing world with
older patients affected more in the West (Malangoni and
Inui 2006; Pearse et al. 2012; Salamone et al. 2016) and a
more diverse distribution across the ages in developing
countries (Gupta and Kaushik 2006; Teleanu et al. 2014;
Bali et al. 2014).

This demographic difference may arise due to the differ-
ence in aetiologies with chronic diseases and neoplasms
found more in the West (Malangoni and Inui 2006). In
India, small bowel perforations form a large portion
of the cases of peritonitis, with tubercular and enteric
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perforations contributing significantly (Bali et al. 2014;
Ghosh et al. 2016; Jhobta et al. 2006) along with smaller
numbers from the causes prevalent in the West. In the
setting of peritonitis factors such as the degree of perito-
neal contamination, time from onset to operative inter-
vention, cause of peritonitis and source of contamination
have been found to significantly alter disease process and
outcomes (Tolonen et al. 2019a; Tolonen et al. 2019b).

The patients who require emergency interventions for
perforation peritonitis are markedly heterogeneous in
their capacity to tolerate surgery and the required post-
operative course. Furthermore, many of the underlying
surgical pathologies are not readily diagnosed or appar-
ent prior to surgery, especially surgery in an emergency
setting (Tolonen et al. 2018). For a prognostic score to be
useful in the setting of peritonitis it has to be both accu-
rate and broadly applicable across the range of patient
status, intra-abdominal pathology, and the required sur-
gical interventions.

Because of this variation in prognostic factors and out-
comes, risk-scoring systems which can predict outcomes
and determine prognosis can help the surgeons in mak-
ing objective decisions during treatment (Sartelli 2010;
Koperna 2001). Risk assessment and stratification of
patients can also help in surgical audits and assessing qual-
ity of care by providing information about expected out-
comes which can be then compared to observed outcomes
(Deans Gordon and Roy Douglas 1988). They can also help
the patients in making more informed decisions regard-
ing procedures and prognosis for a condition that car-
ries high mortality and significant morbidity rates (Anaya
and Nathens 2003). While there are multiple scoring sys-
tems available to assess mortality risk in surgical patients,
their usage is commonly limited by paucity of time and
resources. This is especially pertinent in low-resource
settings where a highly accurate scoring system may not
be useable due to an inability to collate all the required
parameters. Another factor to be considered is that some
systems require data collected longitudinally over a time
period to determine prognosis (Koperna 2001; Fuchs et al.
2019) when the need of the hour may be patient factors
at a single point of time to aid surgical decision making.
Apart from these, many scoring systems do not take sur-
gical findings and intraabdominal pathology into account
even though these contribute significantly to the overall
prognosis and risk for a given patient (Sartelli et al. 2014;
Tolonen et al. 2019b).

Keeping the above factors in mind, this study was con-
ducted to evaluate the performance in real-world clini-
cal situations of 3 mortality risk scoring systems which
are used commonly for prognosticating patients and
determining the optimum course of treatment based
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on easily accessible parameters, routine preoperative
investigations, and intraoperative findings, namely the
p-POSSUM (Portsmouth Modification to Physiological
and Operative Severity Score for Enumeration of Mortal-
ity) (Prytherch et al. 1998), MPI (Mannheim Peritonitis
Index) (Linder et al. 1987), and Jabalpur Peritonitis Index
(JPI) (Mishra et al. 2003).

Materials and methods

Ethical statement

The study did not aim to change or modify existing clini-
cal or laboratory practices. Steps were taken to ensure
data collection was anonymous. The data collected was
not used for making clinical decisions.

This study was reviewed and cleared by the Institu-
tional ethics committee prior to the study as it was car-
ried out as a thesis project for post-graduate degree
certification.

Study design and setting

The study was a prospective observational cohort study
carried out at the Department of Surgery, University
College of Medical Sciences, and GTB Hospital, Delhi
between December 2018 and March 2020. The hospital is
a 1800-bedded multi-specialty tertiary care facility with
facilities for acute and emergency surgery and a dedi-
cated surgical ICU. Approximately 600—800 surgeries for
gastrointestinal emergencies are carried out per year with
the bulk being made up of secondary peritonitis followed
by bowel obstruction.

The intention behind the study was to evaluate three dif-
ferent risk scoring systems in current use by surgical teams
at the institution and affiliated hospitals for the purposes of
triage, resource allocation, and prognostication.

The study has been written in conformation with
STROBE Guidelines for cohort studies.

Inclusion and exclusion criteria

All consecutive patients of non-traumatic second-
ary peritonitis undergoing emergency laparotomy by
three different general surgical units in this period were
included in the study. Secondary Peritonitis was defined
as an intra-abdominal infection that extended beyond
the organ of origin and caused either a localized or dif-
fuse inflammation of the peritoneum with soiling of the
peritoneal cavity.

The exclusions were as follows:

« DPatients with traumatic perforations due to blunt or
penetrating trauma.

+ Postoperative peritonitis due to leaks who had under-
gone index surgery elsewhere.
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Table 1 Patient demographics

Parameter Survived Died
Gender MALE 122 (78.7%) 33 (21.3%)
FEMALE 48 (60.0%) 32 (40.0%)
TOTAL 170 (72.3%) 65 (27.7%)
Age <18 Years 16 (66.7%) 8(33.3%)
18-40 Years 87 (77.0%) 26 (23.0%)
40-60 Years 42 (68.9%) 19 (31.1%)
>60 Years 25 (67.6%) 12 (32.4%)
Total 170 (72.3%) 65 (27.7%)
Mean age 35.68 years 38.95 years
Number of known None 104 (83.2%) 21 (16.8%)
comorbidities 1 37 (78.7%) 10 (212%)
2 19(52.7%) 17 (47.2%)
3 9 (37.5%) 15 (62.5%)
>4 1(33.3%) 2 (66.7%)

+ Those who could not be taken up for surgery either
due to lack of consent or preoperative death were
excluded from the study.

Outcome measures

The primary outcome measure was postoperative mor-
tality (either in a hospital or within 90 days of the proce-
dure if discharged) or survival.

Treatment

Every patient followed the same standard pathway using the
Surviving Sepsis Guidelines (Rhodes et al. 2016). Clinical
and biochemical assessment was carried out to determine

Table 2 Preoperative findings
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and classify the presence of sepsis, septic shock, and organ
dysfunction according to internationally accepted criteria
(Sartelli et al. 2014; Sartelli et al. 2012; Rhodes et al. 2017).
After confirmation of diagnosis and adequate resuscitation,
patients were taken up for exploratory laparotomy after
pre-anesthetic assessment by the anesthesia team on duty.
The procedure performed was decided by the operating
surgeon, either the consultant on duty or senior resident
after a discussion with the consultants.

Data collection

The clinical findings were recorded from hospital pre-
operative notes, operative notes, anesthetic charts,
and postoperative ward notes. After the initial registry,
patients were followed till the end of their stay in the hos-
pital (discharge or mortality). For patients who were dis-
charged to home, follow-up visits occurred at 7 days, 28
days, and 3 months.

The data collected was of the following types:

1. Preoperative data including demographic data, co-
morbid history, examination findings, laboratory
investigations, and radiological findings.

2. Intraoperative findings, i.e., degree of contamination,
etiology of perforation, source of contamination,
intraoperative blood loss, method of abdomen clo-
sure, and need for blood transfusion.

3. Postoperative course including the need for ICU stay,
course of disease, and any postoperative complications.

The final etiology was defined by intraoperative find-
ings, histopathological, and microbiological examination.

Number of patients  Survived Died
Duration of disease (onset to intervention) <1 Day 16 13 (81.25%) 3(18.75%)
1-3 Days 129 100 (77.5%) 29 (22.5%)
3-5 Days 54 35 (64.8%) 19 (35.2%)
>5 Days 36 22 (61.1%) 14 (38.8%)
Admission to operation interval (hours) 0-6H 36 26 (72.2%) 10 (27.8%)
6-12 H 1A 89 (80.2%) 22 (19.8%)
12-24 H 67 39 (58.2%) 28 (41.8%)
>24H 21 16 (76.2%) 5(23.8%)
Organ dysfunction Yes 119 61 (51.3%) 58 (48.7%)
No 116 109 (93.9%) 7 (6.03%)
Number of organ systems affected preoperatively None 116 109 (93.9%) 7 (6.1%)
1 System 58 37 (63.8%) 21 (36.2%)
2 Systems 36 16 (44.4%) 20(55.5%)
3 Systems 22 8 (36.3%) 14 (63.6%)
4 Systems 3 0 (0.0%) 3(100.0%)
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Table 3 Intraoperative findings
Number of patients Survived Died

Extent of contamination Localized 24 22 (91.7%) 2 (8.3%)
Diffuse 211 148 (70.1%) 63 (29.9%)

Source of Contamination Gastro-Duodenal 54 41 (75.9%) 13 (24.1%)
Jejunal 25 9 (36.0%) 16 (64.0%)
lleal 80 65 (81.2%) 15 (18.8%)
Colon 32 19 (59.4%) 13 (40.6%)
Appendix 17 17 (100.0%) 0 (0.0%)
Recto-Sigmoid 14 10 (71.4%) 4 (28.6%)
Hepato-biliary 6 5(83.3%) 1(16.6%)
Others 1 1(100.0%) 0 (0.0%)
Not Found 6 3 (50.0%) 3 (50.0%)

Etiology Amoebic 15 8(53.3%) 7 (46.7%)
Appendicular Gangrene/Perforation 17 17 (100.0%) 0 (0.0%)
Bowel Ischemia 11 8 (72.7%) 3(27.3%)
Chronic peptic ulcer 47 36 (76.6%) 11 (23.4%)
Enteric 22 18 (81.8%) 4(18.2%)
Liver Abscess rupture 3 3(100.0%) 0(0.0%)
Neoplasm 22 15 (68.2%) 7 (31.8%)
Obstruction 5 4 (80.0%) 1 (20.0%)
Tubercular 69 46 (66.7%) 23 (33.3%)
Others 24 15 (62.5%) 9 (37.5%)

Table 4 Comparison of scores

Score Cutoff score Sensitivity Specificity PPV NPV Area under Chi-square value

curve

p-POSSUM 29.1% 88% 52% 41% 91.7% 0.756 30.2965

MPI 27 85% 58% 43.3% 90.7% 0.757 338152

JPI 6 94% 34% 353% 93.5% 0.665 18.9315

Postoperative mortality was defined as intrahospital
death or death within 90 days of the index procedure.

To reduce bias, all consecutive patients with secondary
peritonitis who underwent laparotomy were included in
the study. All the data points required for the calculation
of scores were collected from patient records and verified
by two different investigators.

Statistical analysis and scoring systems

The scoring systems to be evaluated were chosen after tak-
ing a survey of multiple surgeons at our institution and
affiliated hospitals about the risk scoring systems being
used commonly to prognosticate and triage patients. The
scoring systems used were p-POSSUM (Portsmouth Mod-
ification to Physiological and Operative Severity Score for
Enumeration of Mortality) (Prytherch et al. 1998), MPI
(Mannheim Peritonitis Index) (Linder et al. 1987), and
Jabalpur Peritonitis Index (JPI) (Mishra et al. 2003).

Using the patient data and variables, risk scores for every
patient, under each of the three systems to be assessed
were calculated. Receiver operator characteristic (ROC)
curves were constructed for sensitivity analysis for each of
the 3 risk-scoring systems. These ROCs are used to deter-
mine diagnostic performance and compare the three scores
based on the area under the curve (AUC) (Soreide 2009).
The receiver operator characteristic curve was also used
to define a cutoff score, using the Youden Index (Safari
et al. 2016) beyond which patients were considered to be
high risk (Safari et al. 2016). Based on the stratification of
patients into high- or low-risk populations and the mortal-
ity rate in these, sensitivity, specificity, positive predictive
value, and negative predictive value were calculated.

After cutoff scores were calculated using ROC, further
calibration of scores was done using chi-square test for
observed to expected mortality rates (Oliver et.al 2015)
to ensure the applicability of results.
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p value of < 0.05 was considered significant.

Scoring systems

Both p-POSSUM and MPI are commonly used systems
that have been reported to have high accuracy based on
the area under the curve (AUROC) in receiver opera-
tor characteristic curves (Gonzdlez-Pérez et al. 2019;
Neary et al. 2007; Scott et al. 2014) with AUROC greater
than 80% indicating good diagnostic ability (Safari et al.
2016; Hanczar et al. 2010). The Jabalpur peritonitis
index is easy to use with few components and perhaps
more suited to Indian populations as the original patient
cohort was based in India. Due to its simplicity and low
number of variables, it is also commonly used in low-
resource settings where extensive preoperative workup
may not always be feasible.

p-POSSUM

p-POSSUM, standing for Portsmouth Modification to
Physiological and Operative Severity Score for the Enu-
meration of Mortality was devised by Prytherch et al.
(1998). The system uses a 12-factor physiological score
for patient condition prior to surgery and a 6-factor oper-
ative severity score, both of which were derived from ear-
lier observations on 1372 patients (Copeland et al. 1991).
The physiological and operative scores are used to give
a predicted percentage risk of mortality for a patient by
calculating via the p-POSSUM equation as follows:
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cutoff value, beyond which 50% mortality was observed,
the authors determined the system to have a sensitivity of
87% and specificity of 85%.

Results

Patient characteristics

A total of 235 patients of secondary, non-traumatic,
bacterial peritonitis who underwent emergency
laparotomy with a mean age of 36.58 years (range
11—85 vyears) were included in the current study.
The largest number of patients (n=113) were in the
age group 18-40 years. Eighty patients were females
(34.04%), and 155 were males (65.9%) (Table 1). One
hundred nineteen out of 235 patients had organ dys-
function at the time of admission as defined by bio-
chemical and physical parameters. The onset to
intervention time was measured from the time of onset
of symptoms to the time of the start of surgery. The
admission to operation interval was measured from
the time of admission to the time of the start of surgery
(Table 2).

Intraoperative findings

Extent of contamination

Two hundred eleven out of 235 patients had diffuse peri-
tonitis with multi-quadrant contamination intraopera-
tively. Twenty-four patients had localized peritonitis with
contamination only in a single quadrant (Table 3).

In[R/(1—R)] = —9.065+(0.1692 x physiological score) + (0.1550 x operative severity score)

where R is the predicted risk of mortality.

Mannheim Peritonitis Index (MPI)

Based on the clinical observations and risk factors from
1243 patients of purulent peritonitis, Linder et al. (1987)
devised the Mannheim Peritonitis Index for predicting
mortality in patients of perforation peritonitis. A total
of 8 factors are included in the scoring system covering
demographic, physiological, and disease-specific factors.
The total score possible is 47. In the original study, with
a cutoff value of>26, MPI helped in identifying patients
at increased risk of mortality with good sensitivity ( 84%),
specificity (79%), and overall accuracy (81%).

Jabalpur Peritonitis Index

Mishra et al. (2003) devised the Jabalpur peritonitis index
for perforation peritonitis as a simplified system for use
in resource-poor situations where extensive preopera-
tive investigations may not be available. One hundred
forty patients were studied prospectively, and multiple
regression analysis was employed to identify 6 factors
which had a high association with mortality. Using 9 as a

Source of contamination and etiology

Of the 235 patients included in the study, the source
could not be localized in 6 patients due to dense intra-
peritoneal adhesions, omental thickenings, and scleros-
ing peritonitis.

Overall, the most common site of perforation was the
ileum (n=280; 34%) followed by gastro-duodenal perfora-
tions (n=54; 23%).

The most common etiology for perforation was
tubercular enteritis and tubercular peritonitis (69 out
of 235) followed by gastroduodenal ulceration (47 out
of 235).

Twenty-two out of 235 patients had a perforation sec-
ondary to a neoplasm, either detected at the time of
surgery or on histopathological analysis of the resected
specimen (Table 3).

Outcomes and postoperative course

Out of 235 patients, there were a total of 65 deaths for an
overall mortality rate of 27.7%. The maximum number of
mortalities was in the time period <7 days from surgery
(36 out of 65). Thirty-two of the 36 patients who died in
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Fig. 1 ROC curve for p-POSSUM

this time period had organ dysfunction and severe sepsis
prior to surgery.

Scoring systems

p-POSSUM

The area under the receiver operator characteristic
curve (AUROC) for p-POSSUM in predicting the out-
come, died or survived was 0.756 (95% CI 0.688-0.823),
demonstrating fair diagnostic performance. It was sta-
tistically significant (p= <0.001). Based on the receiver
operator characteristic curve, the ideal cutoff score for
p-POSSUM in predicting mortality was 29.1%. At this
cutoff score of 29.1%, p-POSSUM predicted mortality
with a sensitivity of 88% (95% CI 77-95) and a specific-
ity of 52% (95% CI 44-59).

The odds ratio (95% CI) of mortality in patients with
p-POSSUM score >29.1% was 6.68 (95% CI 3.11-14.36)
as compared to those patients who had scores below the
cutoff score (Fig. 1).

Mannheim Peritonitis Index

The area under the ROC curve (AUROC) for MPI in pre-
dicting mortality in cases of perforation peritonitis was
0.757 (95% CI 0.691-0.824), which is considered as fair
diagnostic performance. It was statistically significant
(p=<0.001). Based on the ROC, the ideal cutoff value for
the Mannheim Peritonitis Index in predicting mortality
was 27. At a cutoff of MPI> 27, MPI predicted mortality

with a sensitivity of 85% (95% CI 74-92) and a specificity
of 58% (95% CI 50-65).

The odds ratio (95% CI) of mortality in patients with
MPI score >27 was 4.88 (95% CI 2.65-8.97) as compared
to those patients who had scores below the cutoff (Fig. 2).

Jabalpur Peritonitis Index

The area under the ROC curve (AUROC) for JPI in pre-
dicting mortality versus survival was 0.665 (95% CI
0.592-0.739), thus demonstrating poor diagnostic per-
formance. Based on the receiver operator characteristic
curve, the ideal cutoff value for dividing patients into
high-risk and low-risk groups was 6. At a cutoff score
of > 6, the Jabalpur Peritonitis Index predicted mortality
with a sensitivity of 94% (95% CI 85-98) and a specificity
of 34% (95% CI 27-42) (Fig. 3).

The odds ratio (95% CI) of mortality in patients with
JPI score>6 was 2.68 (95% CI 1.38-5.2) as compared to
those patients who had scores below the cutoff.

Comparing the 3 scoring systems (Table 4), p-POSSUM
and Mannheim Peritonitis Index had almost equivalent
diagnostic performance, while Jabalpur Peritonitis Index
had poor diagnostic performance. While all three scores
had good sensitivity, they had low specificity in predict-
ing mortality. All three of the scores had very high nega-
tive predictive value, indicating their utility in identifying
low-risk cases more than high-risk cases.
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There was a significant correlation between being based on cutoff scores, the patients in high-risk groups
in the high-risk group (Table 5) in any of the 3 scores under each of the 3 systems had a significantly higher
and mortality (p <0.01) on calibration using chi-square  risk of mortality as shown by the odds ratio for mortal-
test. On division into high-risk and low-risk groups ity earlier.
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Table 5 Comparison of scores in high-risk and low-risk patients
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Score Cutoff score Total positives True positives  True negatives False positives (high risk  False negatives
(high risk) (died) (low risk) but survived)) (low risk but
died)
p-POSSUM 29.1% 139 (59.1%) 57 (24%) 88 (37%) 82 (35%) 8 (3%)
MPI 27 127 (54.0%) 55 (23%) 98 (42%) 72 (31%) 10 (4%)
JPI 6 173 (73.6%) 61 (26%) 58 (25%) 112 (48%) 4 (2%)
Discussion in small sample sizes (Gupta and Kaushik 2006; Chakma

The objective of our study was to compare the perfor-
mance of 3 scoring systems, p-POSSUM, Mannheim
peritonitis Index, and Jabalpur peritonitis index in pre-
dicting mortality in patients with perforation peritonitis
using receiver operator characteristic curves.

Of the three scores under evaluation, Jabalpur Perito-
nitis index had a poor diagnostic performance with an
area under the curve (AUC) of 0.665, whereas Mannheim
Peritonitis Index and p-POSSUM had almost equivalent
performance with AUC of 0.757 and 0.756, respectively,
which can be considered as fair diagnostic performance
(Safari et al. 2016; Oliver et al. 2015). Based on the overall
fair diagnostic performance as assessed by receiver oper-
ator characteristic curve (Oliver et al. 2015; Hanczar et al.
2010), comparable performance with other studies and
independent correlation with mortality, p-POSSUM and
Mannheim Peritonitis Index can be used for risk assess-
ment in perforation peritonitis. However, these scores
also require updating and re-evaluation as the perfor-
mance is on the lower side as compared to other scores
(Sartelli et al. 2015).

The performance of the systems was also worse than
that reported in many other studies as many stud-
ies have reported AUC for p-POSSUM to be above
90% (Hobson et al. 2007; Nachiappan and Litake 2016;
Mohil et al. 2004). Similarly, the reported AUC for the
Mannheim Peritonitis Index in predicting mortality is
above 0.8 (Gonzdlez-Pérez et al. 2019; Mineccia et al.
2016). This difference may arise from the fact that we
had a significantly higher portion of patients with organ
dysfunction at the time of admission in our study and
the scores do not include all the parameters that define
organ dysfunction (Dellinger et al. 2013), thereby
underestimating the risk of mortality in these patients
as patients with significant organ dysfunction may still
not be given a higher risk score because they fall outside
the parameters of the scoring system.

There is also the fact that most of the studies reporting
good performance of the scoring systems have smaller
sample sizes and a higher proportion of low-risk patients
(Mohil et al. 2004; Yelamanchi et al. 2020). This is also
seen in Indian studies where despite the high incidence
of disease, few patients are included in studies resulting

et al. 2013). As has been reported in many studies,
p-POSSUM specifically overestimates mortality in low-
risk cases and slightly underestimates mortality in high-
risk cases (Neary et al. 2007; Mohil et al. 2004).

The cutoff scores for the different systems beyond
which a patient was to be deemed high risk in our study
differed from those described by the original authors
(Linder et al. 1987; Mishra et al. 2003).

Of the three systems under evaluation, p-POSSUM
may be best suited for usage in clinical audits as the
patients can be grouped in risk strata and observed to
expected outcomes derived easily.

Mortality rates for perforation peritonitis range from 10
to 33% (Salamone et al. 2016; Anaya and Nathens 2003).
The mortality rate in our study was 27.7% (n=65). As com-
pared to most other studies, we had a very high portion of
patients with sepsis and organ dysfunction, which strongly
correlates with mortality in peritonitis (Sartelli et al. 2014;
Anaya and Nathens 2003; Pacelli 1996).

The age distribution in our study was similar to other
studies conducted in Indian populations (Bali et al. 2014;
Jhobta et al. 2006) but on the lower side compared to
Western studies (Anaya and Nathens 2003; Gauzit et al.
2009). A possible cause for this may be the increased inci-
dence of perforation due to infectious causes in Indian
populations. All three risk scoring systems in this study
utilize age as one of the risk factors involved in determin-
ing the risk of mortality, although different age cutoffs are
used in each of the systems.

Similar to other studies (Paya-Llorente et al. 2020),
there was an increase in mortality rates with an increas-
ing number of prior comorbid conditions. Of the three
risk-scoring systems assessed in this study, only the
p-POSSUM takes patient comorbidities into consid-
eration (Prytherch et al. 1998) while the Mannheim and
Jabalpur peritonitis indices make no separate provision
for concurrent illness.

Multiple studies have found that the duration of symp-
toms beyond 24 h significantly worsens mortality (Sartelli
et al. 2014; Sartelli et al. 2015) and morbidity (Paya-Llor-
ente et al. 2020). In our study, only 16 patients presented
within 24 h of symptom onset and this subgroup had a
lower mortality rate than patients who presented beyond
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24 h of disease onset. Both the Mannheim and Jabalpur
Index ascribe points for delayed presentation while cal-
culating scores for patients; however, this important fac-
tor is not included in p-POSSUM.

Of the 3 scoring systems, only the MPI gives risk points
based on the source of contamination, a factor found to
have a significant correlation with poor outcomes (Sartelli
et al. 2014) and mortality rates (Sartelli et al. 2015). The dif-
ference in mortality rates based on the source of contami-
nation was also observed in our study.

To conclude, all 3 risk-scoring systems have clinical utility
in predicting the risk of mortality in patients with perfora-
tion peritonitis; however, there are distinct shortcomings in
the systems and upgradation of parameters to more recent
definitions may be required to increase accuracy.

Limitations

The study was a single-center study. As a tertiary care
center, the majority of patients included in the study
were significantly sicker with more organ impairment
and higher risk as compared to the general population
at most other centers. Some factors such as duration of
symptoms cannot be quantified with complete accuracy
as they are subjective and based on patient recall rather
than an objective measure Despite a larger sample size
than older reported studies, the sample size may still be
smaller than that required to generate findings applicable
to the general population.

Conclusions

p-POSSUM and Mannheim Peritonitis Index can be cau-
tiously used in assessing the risk of mortality in patients
with perforation peritonitis, while the Jabalpur Peritoni-
tis Index is not suited for this.

The profile of perforation peritonitis differs signifi-
cantly in developing countries as compared to the West-
ern world, and large, multi-centric cohort studies are
needed to accurately describe the risk and prognostic
factors that can influence outcomes in these populations.
Larger studies are also required to compare the surgical
systems currently in use with newer, physiological risk
systems.
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