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Abstract

Background: Perforation peritonitis is a high-stakes, life-threatening surgical emergency requiring rapid
clinical evaluation. This prospective study was designed to compare the precise prognostic value and clinical
tracking capability of the disease-specific Mannheim Peritonitis Index (MPI) against the physiology-based Acute
Physiology and Chronic Health Evaluation II (APACHE II) score in secondary hollow viscus perforation
peritonitis scenarios.

Materials & Methods: A single-center prospective observational tracking paradigm evaluated 50 consecutive
adult patients undergoing emergent exploratory laparotomy for secondary generalized peritonitis over a
designated longitudinal operational window from November 2023 to August 2025 at a public tertiary teaching
healthcare center in Nagpur, Maharashtra. Prognostic discrimination profiles and overall predictive cutoff
boundaries were mapped out mathematically utilizing formal Receiver Operating Characteristic (ROC) curve
metrics.

Results: Gastric perforations comprised the primary structural presentation (36%), displaying a stark 76% male
dominance across the cohort, alongside a cumulative index group mortality rate of 18%. An optimal ROC-derived
MPI evaluation cutoff of 21 yielded a sensitivity of 88.89% and a specificity of 85.37% (AUC = 0.889).
Concurrently, an optimal baseline APACHE II cutoff threshold of 15 generated a sensitivity of 77.78% and a high
specificity of 97.56% (AUC = 0.955), tracking a superior overall predictive diagnostic accuracy of 94% versus
86% recorded for the alternative MPI model. Elevated risk parameters across both systems displayed strong
statistically significant correlations (p < 0.05) with extensive postoperative wound infection tracks and complex
fascial dehiscence complications.

Conclusions: Both structural metrics deliver reliable diagnostic guidance for secondary peritonitis cohorts. The
comprehensive multi-parameter APACHE II configuration secures marginally stronger overall precision and
predictive specificity markers for in-hospital mortality triage, whereas the rapid, non-resource-dependent
calculation matrix of the MPI makes it exceptionally practical for instantaneous, bedside clinical stratification
inside low-resource emergency operating settings.
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I.  Introduction

Burden of Secondary Peritonitis

Perforation peritonitis, defined as full-thickness perforation of the gastrointestinal hollow viscus
resulting in contamination of the sterile peritoneal space, represents one of the most frequently encountered
emergency surgical scenarios globally. It accounts for approximately 1% of all urgent general surgical admissions
and stands as the second leading etiology for severe sepsis within intensive care settings. In developing regions,
the epidemiological spectrum shifts toward upper gastrointestinal and ileal perforations, which are strongly linked
to acid peptic disease, infectious typhoid enteritis, and endemic tuberculosis. Despite improvements in emergency
resuscitation protocols, broad-spectrum antimicrobial regimens, and intensive care interventions, secondary
peritonitis continues to carry a considerable clinical burden, with overall mortality rates surging past 30% in
individuals who progress to multi-organ dysfunction syndrome or profound septic shock.

Clinical Gap in Prognostic Stratification

The variable clinical presentation and progression of peritonitis demand accurate, prompt prognostic
tools to safely differentiate low-risk patients from individuals requiring aggressive physiological optimization
and post-surgical critical care management. Although multiple localized or physiological scoring metrics have
been introduced, establishing an institutional paradigm that balances precision with ease of use is a persistent
challenge. The Mannheim Peritonitis Index (MPI), conceived as a disease-specific intraoperative tool, relies
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heavily on easily captured clinical indices and procedural observations. In contrast, the Acute Physiology and
Chronic Health Evaluation I (APACHE II) score is a multi-parameter physiologic model that incorporates 12
acute biochemical and clinical parameters to capture full systemic health profiles. There remains a relative scarcity
of robust prospective data directly comparing these two distinct frameworks in uniform secondary perforation
cohorts within public healthcare networks. This study addresses this clinical gap by defining the sensitivity,
specificity, and overall diagnostic accuracy of both systems under identical clinical constraints.

II.  Materials & Methods
Study Design and Timeline
This study was structured as a single-center, prospective observational tracking trial at a major public
tertiary health referral teaching hospital in Nagpur, Maharashtra. The clinical protocol spanned an active tracking
timeline from November 1, 2023, to August 10, 2025. Institutional ethical clearances were formally secured prior
to initiation, and written informed consent was systematically completed by all participating patients or their
immediate legal representatives before surgical deployment.

Patient Selection and Criteria

The sample architecture comprised a fixed cohort of 50 consecutive patients who explicitly satisfied the
structural enrollment criteria. Inclusion parameters encompassed all individuals, across all adult age groups,
diagnosed with secondary generalized peritonitis secondary to hollow viscus rupture who were directly admitted
via the emergency department and subsequently assigned to emergent laparotomy. Conversely, patients
presenting with primary bacterial peritonitis, peritonitis directly linked to ongoing continuous ambulatory
peritoneal dialysis (CAPD), acute necrotizing pancreatitis, or peritonitis resulting from blunt or penetrating
abdominal trauma were strictly excluded from evaluation.

Clinical and Operative Protocol

At initial emergency admission, all patients underwent a standardized preoperative evaluation consisting
of detailed clinical history, physical assessment, and point-of-care laboratory panels to compute baseline
APACHE I scores within the initial 24 hours. The clinical workflow included complete blood counts, serum
electrolytes, renal function tests, and arterial blood gas analyses. Radiographic diagnostics, such as erect
abdominal films and contrast-enhanced computed tomography (CECT), were deployed based on hemodynamic
stability. Emergency surgical interventions were executed via standard midline vertical exploratory laparotomies.
Intraoperative findings—including exact anatomical perforation coordinates, linear dimensions, and visual
characteristics of the peritoneal exudate (clear, purulent, or feculent)—were meticulously logged to formulate the
MPI score matrix. Therapeutic interventions included primary suture closure, omental patch buttressing
(Graham’s patch), or segmental bowel resection coupled with stoma creation or primary anastomosis, followed
by standard warm saline lavage and closed-suction drainage. Postoperatively, patients received uniform broad-
spectrum antimicrobial cover (intravenous Ceftriaxone and Metronidazole) and were closely monitored for
localized or systemic complications through a 3-month formal follow-up interval.

Statistical Evaluation

Statistical analyses were compiled utilizing standard software packages. Continuous baseline datasets
were expressed as mean value vectors supplemented by standard deviations (£SD), whereas categorical
representations were converted to raw frequencies and percentages. Univariate correlations between high-risk
scoring classifications and actual endpoints (in-hospital death or discharge) were evaluated via Chi-square filters
and Fisher's exact tests. Diagnostic performance matrices, including sensitivity, specificity, positive predictive
values (PPV), and negative predictive values (NPV), were calculated using Receiver Operating Characteristic
(ROC) curves, and the aggregate discriminatory value was expressed as the Area Under the Curve (AUC).

III.  Results

The baseline cohort comprised 50 active patients, demonstrating a distinct male preponderance with 38
male individuals (76%) and 12 female individuals (24%). The overall mean age vector was logged at 43.14 +
12.83 years, spanning an absolute range from 18 to 72 years, with peak frequency distributed within the 4655
years demographic band. Topographical mapping identified gastric perforations as the primary pathology (36%),
followed by appendicular (22%), duodenal (16%), and ileal (14%) pathology. The cumulative mortality track
across the entire study sample was 18% (9 deaths out of 50 patients), with large-bowel colonic ruptures
demonstrating the highest site-specific fatality rate (100%), followed by ileal (28.6%), duodenal (12.5%), and
gastric (11.1%) perforations.
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Table 1: Cohort Demographics, Anatomical Perforation Sites, and Site-Specific Mortality Distribution

(N=50)
Clinical Parameter / Site Male (n) Female (n) Total (N) Deaths (n) Mortality (%)
Gastric 16 2 18 (36%) 2 11.1%
Appendicular 6 5 11 (22%) 0 0.0%
Duodenal 6 2 8 (16%) 1 12.5%
Tleal 6 1 7 (14%) 2 28.6%
Colonic 3 1 4 (8%) 4 100.0%
Gall Bladder 0 1 1 (2%) 0 0.0%
Jejunal 1 0 1 (2%) 0 0.0%

Risk stratification utilizing the MPI scoring system allocated 52% of the study population to the low-
risk tier (< 15), 34% to the moderate-risk range (16-26), and 14% to the high-risk group (= 27). No mortalities
occurred in patients presenting with an MPI score < 15. In contrast, patients categorized into the high-risk MPI
band (> 27) demonstrated a mortality rate of 57.1% (p = 0.000044). For the APACHE II model, 34% scored in
the lowest physiologic range (< 5), 52% occupied the moderate band (6—15), and 14% presented with high scores
(= 16). All fatalities were clustered at the higher end of the spectrum, with patients scoring > 16 tracking an 87.5%
mortality rate (p = 0.000003).

Table 2: Comparative Performance Metrics of MPI and APACHE II Scoring Systems in Predicting In-

Hospital Mortality
Scoring Cutoff Sens (%) Spec (%) PPV (%) NPV (%) Accuracy ROC-AUC
System (%)
Mannheim >21 88.89% 85.37% 57.14% 97.22% 86.0% 0.889
Peritonitis
Index
APACHE 11 >15 77.78% 97.56% 87.50% 95.24% 94.0% 0.955
Score

Postoperative morbidity evaluation established strong correlations between elevated risk scores and
severe surgical complications. An MPI score > 21 was significantly associated with a 64.3% incidence of wound
infection (p = 0.000), a 42.9% rate of fascial dehiscence (p = 0.001), and a 21.4% rate of unplanned surgical re-
operation (p = 0.019). Similarly, an APACHE II score > 15 correlated with an 87.5% wound infection rate (p =
0.000) and an 87.5% incidence of absolute wound dehiscence (p = 0.000), serving as a clear indicator of localized
tissue failure and prolonged ICU status.

Table 3: Postoperative Morbidity Profiles Stratified by Risk Thresholds of MPI and APACHE II Scoring

Frameworks
Surgical MPI > 21 MPI <21 p-value APACHE 11 APACHE 11 p-value
Complication (n=14) (n=36) >15 (n=8) <15 (n=42)
Wound 9 (64.3%) 1 (2.8%) 0.000 7 (87.5%) 3(7.1%) 0.000
Infection
Wound 6 (42.9%) 1 (2.8%) 0.001 7 (87.5%) 0 (0.0%) 0.000
Dehiscence
Re-operation 3 (21.4%) 0 (0.0%) 0.019 1 (12.5%) 2 (4.8%) 0414
Rate
Anastomotic 2 (14.3%) 0 (0.0%) 0.074 1 (12.5%) 1(2.4%) 0.297
Leak
IV.  Discussion

Objective risk stratification in secondary peritonitis is an essential cornerstone of clinical triage, guiding
surgical decision-making and postoperative resource management. The findings from this prospective
observational study confirm that both the Mannheim Peritonitis Index and the APACHE II scoring models are
reliable tools for predicting mortality and major postoperative morbidity. However, their structural differences
result in distinct variations in performance when applied to emergency settings.

In this study, setting an optimal diagnostic threshold for the MPI at > 21 yielded a sensitivity of 88.89%
and a specificity of 85.37%, with an aggregate area under the ROC curve (AUC) of 0.889. This profile aligns
closely with the landmark multi-center European validation study conducted by Billing et al. (1994), which
tracked 2,003 cases and demonstrated an identical baseline accuracy threshold. Although Billing et al. utilized a
score of 26 to categorize high-risk patient bands, the mortality risk gradient observed across our cohort confirms
their findings: lower-tier scores track low mortality rates, whereas scores in the moderate-to-high tiers match
steeply rising mortality rates. Compared to other regional evaluations, such as the retrospective tracking by
Makkar et al. (2016) in Amritsar, which reported 100% specific rule-out capacity when utilizing a cutoff of 27,
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our lower threshold of 21 maintained high sensitivity while safely capturing emerging systemic infectious insults
early in the disease process.

Evaluating the physiologic parameters of the APACHE II protocol using an optimal threshold of > 15
revealed a sensitivity of 77.78% and an exceptional specificity of 97.56%, yielding an overall diagnostic accuracy
of 94.0%. The ROC analysis generated an outstanding AUC vector of 0.955. This high precision is consistent
with the findings of Kumar P et al. (2017), who reported that the comprehensive, physiology-driven metrics of
the APACHE II system outperformed localized disease indices in identifying critical physiological decline.
Similarly, Kulkarni et al. (2007) reported near-perfect discrimination (AUC = 0.984) in a 50-patient cohort in
Bangalore, observing a clear separation where scores above 15 were associated with high mortality risk.
Furthermore, our findings are supported by the large-scale series from Nair et al. (2022) in Kerala, which
demonstrated that an APACHE II score above 15 carried a 99% sensitivity and 94.4% specificity for predicting
peritonitis-related mortality.

A primary difference between these scoring models lies in how they integrate specific health parameters.
The MPI incorporates localized intraoperative criteria, such as the origin of sepsis and the macroscopic nature of
the peritoneal exudate. It proved highly sensitive for predicting direct local tissue failure, correlating strongly
with postoperative wound infection (p = 0.000) and fascial dehiscence (p = 0.001). On the other hand, the
APACHE II matrix captures acute multi-organ physiology, including components like arterial pH, respiratory
mechanics, and neurological function via the Glasgow Coma Scale. This system effectively registers severe,
systemic physiological derangement, explaining its superior specificity and positive predictive value for
mortality. This distinction is highly relevant: while a low MPI score reliably predicts survival, a high APACHE
II score is a strong indicator of impending systemic failure, highlighting the need for aggressive central venous
fluid resuscitation, inotropic support, and immediate intensive care optimization.

Translating these statistical findings into clinical practice provides a clear model for emergency surgical
care. The choice of scoring system can be tailored to institutional resources and the immediate clinical context.
In resource-limited centers or high-volume emergency rooms lacking rapid point-of-care biochemical panels, the
MPI is a highly practical option. It requires only standard clinical data and intraoperative observations, allowing
surgeons to risk-stratify patients directly at the first laparotomy. In contrast, in tertiary centers with advanced
laboratory and critical care infrastructure, the APACHE II score provides a precise model for tracking real-time
physiological decline. This capability allows for targeted decisions regarding open-abdomen management,
planned re-laparotomies, or prolonged postoperative mechanical ventilation. Ultimately, utilizing these diagnostic
scoring frameworks helps clinicians move past subjective assessments, improving triage efficiency and helping
to lower the mortality burden of secondary peritonitis.

V.  Conclusions

This prospective comparative evaluation confirms that both the Mannheim Peritonitis Index (at a
threshold of > 21) and the APACHE II score (at a threshold of > 15) provide reliable prognostic guidance in cases
of secondary hollow viscus perforation peritonitis. The APACHE II system demonstrates superior specificity and
diagnostic accuracy, making it an excellent choice for mortality risk stratification and critical care optimization.
Conversely, the Mannheim Peritonitis Index is simple and rapid to calculate without requiring extensive
laboratory inputs, making it a highly practical tool for immediate, bedside triage and morbidity prediction in low-
resource emergency settings. Implementing these objective scoring models routinely supports early clinical
decision-making, helps optimize surgical resource allocation, and improves perioperative risk counseling for
patients and their families.
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