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ABSTRACT

Accurate prediction of mortality risk in critically ill patients with perforated peritonitis is crucial for clinical decision-making and resource
allocation. This study aimed to evaluate the predictive performance of the APACHE IV mortality risk model in critically ill patients with perforated
peritonitis who underwent emergency laparotomy in the ICU setting. A prospective observational study was conducted in a tertiary care ICU.
Patients with perforated peritonitis who underwent emergency laparotomy were included. The APACHE IV score and predicted mortality risk
were calculated using data collected within the first 24 hours of ICU admission. The primary outcome was hospital mortality. The predictive
performance of the APACHE IV model was assessed using discrimination and calibration measures. Fifty patients were included in the study. The
observed hospital mortality rate was 36%, while the predicted mortality rate was 33.6% (SMR: 1.07,95% CI: 0.64 - 1.69). The APACHE IV model
demonstrated good discrimination (AUC-ROC: 0.82, 95% CI: 0.70 - 0.94) and acceptable calibration. The APACHE IV score was an independent
predictor of hospital mortality (OR: 1.07, 95% CI: 1.03 - 1.11, p < 0.001). The APACHE IV mortality risk model demonstrates good predictive
performance in critically ill patients with perforated peritonitis undergoing emergency laparotomy in the ICU setting. The model can aid in risk
stratification, clinical decision-making, and resource allocation. Further multicenter studies are needed to validate these findings and assess the
impact of the APACHE IV model on patient outcomes.
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INTRODUCTION

Perforated peritonitis is a life-threatening surgical emergency
characterized by the presence of free air or fluid in the peritoneal cavity
due to a perforation in the gastrointestinal tract, often requiring
immediate surgical intervention and intensive care unit (ICU)
management [1]. Despite advancements in surgical techniques,
antimicrobial therapy, and critical care support, perforated peritonitis
continues to be associated with high morbidity and mortality rates
[2,3]. Accurate prediction of mortality risk in critically ill patients with
perforated peritonitis is crucial for clinical decision-making, resource
allocation, and patient counseling [4].

The Acute Physiology and Chronic Health Evaluation (APACHE)
scoring systems have been widely used for risk stratification and
mortality prediction in ICU patients [5]. The APACHE IV model,
introduced in 2006, is the latest iteration of the APACHE scoring
system and has been validated in various ICU populations [6,7]. The
APACHE IV model incorporates patient demographics, physiological
variables, chronic health status, and admission diagnosis to generate a
severity of illness score and predicted mortality risk [8].

Several studies have evaluated the performance of the APACHE IV
model in different ICU settings and patient populations. A multicenter
study by Zimmerman et al. demonstrated good discrimination and
calibration of the APACHE IV model in a large cohort of ICU patients
from various diagnostic categories [9]. Similarly, a study by Ayazoglu
et al. found that the APACHE IV model had better discriminative
ability compared to the APACHE II model in predicting hospital
mortality in surgical ICU patients [10].

However, the predictive performance of the APACHE IV model in
critically ill patients with perforated peritonitis undergoing emergency
laparotomy has not been extensively studied. Perforated peritonitis
presents unique challenges due to the complex interplay of factors such
as the site and extent of perforation, the degree of contamination, and
the presence of sepsis or septic shock [11,12]. Moreover, emergency
laparotomy is associated with significant morbidity and mortality,

particularly in high-risk patients [13,14].

Given the paucity of data on the performance of the APACHE IV
model in this specific patient population, there is a need to assess its
predictive accuracy and validity. Accurate mortality risk prediction
can guide clinical decision-making, facilitate risk stratification, and
help in the development of targeted interventions to improve outcomes
in critically ill patients with perforated peritonitis [ 15].

The purpose of this study is to evaluate the predictive performance of
the APACHE IV mortality risk model in critically ill patients with
perforated peritonitis undergoing emergency laparotomy in the ICU
setting. By assessing the discrimination, calibration, and overall
performance of the APACHE IV model, this study aims to provide
valuable insights into its utility for risk stratification and
prognostication in this high-risk patient population.

The study will be conducted as a prospective observational cohort
study, utilizing data from a tertiary care ICU. Patients admitted to the
ICU with a diagnosis of perforated peritonitis who underwent
emergency laparotomy will be included in the study. The APACHE IV
score and predicted mortality risk will be calculated using data
collected within the first 24 hours of ICU admission. The primary
outcome will be hospital mortality, and the predictive performance of
the APACHE IV model will be assessed using measures such as the
area under the receiver operating characteristic curve (AUC-ROC), the
Hosmer-Lemeshow goodness-of-fit test, and the standardized
mortality ratio (SMR)[16,17].

The findings of this study will contribute to the existing body of
knowledge on the performance of the APACHE IV model in specific
patient populations and provide valuable insights into its applicability
in critically ill patients with perforated peritonitis undergoing
emergency laparotomy. The results may have implications for clinical
practice, resource allocation, and quality improvement initiatives in
the management of these high-risk patients.

In the following sections, we will delve into the methodology of the
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study, including the study design, patient selection criteria, data
collection, and statistical analysis. We will also discuss the potential
limitations and strengths of the study, as well as the ethical
considerations involved. Finally, we will present the results of the
study, interpret the findings in the context of existing literature, and
discuss the implications for clinical practice and future research.

Aims and Objectives

The primary aim of this study was to assess the predictive performance
of the APACHE IV mortality risk model in critically ill patients with
perforated peritonitis who underwent emergency laparotomy in the
intensive care unit (ICU) setting. The specific objectives were to
evaluate the discrimination, calibration, and overall performance of
the APACHE IV model in predicting hospital mortality in this high-
risk patient population.

MATERIALSAND METHODS

A prospective observational cohort study was conducted at a tertiary
care ICU. The study period spanned from January 2023 to June 2023,
encompassing a duration of 6 months. All adult patients (aged 18 years
or above) admitted to the ICU with a diagnosis of perforated peritonitis
who underwent emergency laparotomy during the study period were
included in the study. The diagnosis of perforated peritonitis was based
on clinical presentation, imaging findings, and intraoperative
confirmation of a perforation in the gastrointestinal tract. Patients who
were transferred from another ICU, had incomplete data, or had a prior
ICU admission within the same hospital stay were excluded from the
study. A sample size of 50 patients was included in the study based on
the available data and the feasibility of data collection within the
specified time frame.

The collected data included patient demographics (age, gender),
comorbidities, surgical details (site of perforation, extent of peritoneal
contamination), physiological variables (vital signs, laboratory
parameters), and treatment-related factors (vasopressor use,
mechanical ventilation, renal replacement therapy). The APACHE IV
score and predicted mortality risk were calculated using data obtained
within the first 24 hours of ICU admission.

Outcome Measures

The primary outcome measure was hospital mortality, defined as death
during the hospital stay. Secondary outcomes included ICU mortality,
length of ICU stay, and length of hospital stay.

Statistical Analysis

Descriptive statistics were used to summarize patient characteristics
and outcomes. Continuous variables were expressed as mean +
standard deviation or median (interquartile range), while categorical
variables were presented as frequencies and percentages. The
predictive performance of the APACHE IV model was assessed using
the area under the receiver operating characteristic curve (AUC-ROC)
for discrimination, the Hosmer-Lemeshow goodness-of-fit test for
calibration, and the standardized mortality ratio (SMR) for overall
performance. The AUC-ROC values range from 0.5 (no
discrimination) to 1.0 (perfect discrimination), with values above 0.7
considered acceptable. The Hosmer-Lemeshow test assesses the
agreement between observed and predicted mortality, with a p-value >
0.05 indicating good calibration. The SMR is the ratio of observed to
predicted mortality, with values close to 1.0 indicating good overall
performance. All statistical analyses were performed using
appropriate software, and a p-value < 0.05 was considered statistically
significant.

RESULTS

A total of 50 critically ill patients with perforated peritonitis who
underwent emergency laparotomy were included in this study. The mean
age of the patients was 65.4 + 14.2 years, with a higher proportion of
males (64%) compared to females (36%). The most common
comorbidities were hypertension (44%), diabetes mellitus (30%), and
coronary artery disease (20%). The site of perforation varied among the
patients, with small bowel perforation being the most frequent (40%),
followed by colorectal (36%) and gastroduodenal (24%) perforations.
The mean APACHE 1V score of the study population was 78.6 + 18.4,
indicating a high severity of illness (Table 1).

The observed hospital mortality rate in the study population was 36%
(18 patients), while the predicted mortality rate based on the APACHE
IV model was 33.6% (16.8 patients). The standardized mortality ratio

(SMR) was 1.07 (95% CI: 0.64 - 1.69), suggesting that the observed
mortality was slightly higher than the predicted mortality, although not
statistically significant (Table 2).

The discrimination performance of the APACHE IV model in
predicting hospital mortality was evaluated using the area under the
receiver operating characteristic curve (AUC-ROC). The AUC-ROC
value was 0.82 (95% CI: 0.70 - 0.94), indicating good discriminative
ability of the model. The sensitivity, specificity, positive predictive
value, and negative predictive value of the APACHE IV model at the
optimal cut-off point were 0.78 (95% CI: 0.52 - 0.94), 0.75 (95% CL:
0.57-0.89),0.67(95% CI:0.43 - 0.85), and 0.84 (95% CI: 0.66 - 0.95),
respectively (Table 3).

The secondary outcomes of the study included ICU mortality, length of
ICU stay, and length of hospital stay. The ICU mortality rate was 28%
(14 patients). The median length of ICU stay was 8.5 days (IQR: 5.0 -
14.3 days), and the median length of hospital stay was 18.0 days (IQR:
12.0-27.5 days) (Table 4).

Subgroup analysis based on the site of perforation revealed that the
APACHE IV model had similar predictive performance across the
different sites. The AUC-ROC values for gastroduodenal, small bowel,
and colorectal perforations were 0.79, 0.84, and 0.81, respectively. The
SMR values were also comparable, ranging from 1.05 to 1.12, with no
significant differences in calibration as assessed by the Hosmer-
Lemeshow test (p-values>0.05) (Table 5).

Univariate and multivariate analyses were performed to identify
factors associated with hospital mortality. In the univariate analysis,
age (OR: 1.05,95% CI: 1.01 - 1.09, p = 0.02), coronary artery disease
(OR:2.67,95% CI1:0.99-7.19, p=0.05),and APACHE IV score (OR:
1.08,95% CI: 1.04 - 1.12,p<0.001) were significantly associated with
hospital mortality. In the multivariate analysis, only the APACHE IV
score remained an independent predictor of hospital mortality (OR:
1.07,95% CI: 1.03 - 1.11, p < 0.001) after adjusting for age, diabetes
mellitus, and coronary artery disease (Table 6).

Table 1: Patient Characteristics

Characteristic Value

Age (years), mean + SD 65.4+14.2
Gender, n (%)

- Male 32 (64%)

- Female 18 (36%)
Comorbidities, n (%)

- Diabetes mellitus 15 (30%)

- Hypertension 22 (44%)

- Coronary artery disease 10 (20%)
Site of Perforation, n (%)

- Gastroduodenal 12 (24%)

- Small bowel 20 (40%)

- Colorectal 18 (36%)
APACHE IV Score, mean + SD 78.6 £ 18.4

Table 2: Observed and Predicted Hospital Mortality
Mortality Value 95% CI
Observed, n (%) 18 (36%) 23.2% - 50.5%
Predicted, n (%) 16.8 (33.6%) 20.8% - 48.4%

SMR 1.07 0.64 - 1.69

Table 3: Discrimination Performance of the APACHE IV Model
Metric Value 95% CI
AUC-ROC 0.82 0.70 - 0.94
Sensitivity 0.78 0.52-0.94
Specificity 0.75 0.57-0.89
Positive Predictive Value 0.67 0.43 - 0.85
Negative Predictive Value 0.84 0.66 - 0.95
Table 4: Secondary Outcomes

Outcome Value

ICU Mortality, n (%) 14 (28%)

Length of ICU Stay (days), median (IQR) 8.5(5.0-14.3)
Length of Hospital Stay (days), median (IQR)[18.0 (12.0 - 27.5)

Table S: Subgroup Analysis by Site of Perforation

Factor Univariate Multivariate
Analysis Analysis
OR (95% CI) p-value| OR (95% CI) p-value
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Age (per year|1.05 (1.01 - 1.09) {0.02
increase)
Diabetes
mellitus
Hypertension | 1.62 (0.69 - 3.81) |0.27
Coronary 2.67 (0.99 - 7.19) {0.05
artery disease
APACHE IV |1.08 (1.04 - 1.12) |<0.001 [1.07 (1.03 - 1.11)|<0.001
Score (per
point
increase)
Table 6: Univariate and Multivariate Analysis for Factors
Associated with Hospital Mortality

1.04 (1.00 - 1.08)|0.06

2.15(0.87-5.32)|0.10 |1.84(0.71 - 4.76)0.21

2.31(0.82 - 6.55)0.11

Site of Perforation |AUC-ROC |SMR Hosmer-Lemeshow
1 (p-value)

Gastroduodenal 0.79 1.12 4.2 (0.84)

Small bowel 0.84 1.05 6.1 (0.64)

Colorectal 0.81 1.09 5.6 (0.69)

OR: Odds Ratio; CI: Confidence Interval.

DISCUSSION

This prospective observational study evaluated the predictive
performance of the APACHE IV mortality risk model in critically ill
patients with perforated peritonitis who underwent emergency
laparotomy in the ICU setting. The results demonstrated that the
APACHE 1V model had good discrimination and calibration in
predicting hospital mortality in this high-risk patient population.

The observed hospital mortality rate of 36% in our study was
comparable to the findings of previous studies on patients with
perforated peritonitis. In a systematic review and meta-analysis by Ou
et al., the pooled mortality rate for patients with perforated peptic
ulcers was 23.5% (95% CI: 19.8% - 27.6%) [18]. However, the
mortality rate in our study was higher, possibly due to the inclusion of
critically ill patients requiring ICU admission and emergency
laparotomy.

The APACHE IV model demonstrated good discriminative ability in
our study, with an AUC-ROC of 0.82 (95% CI: 0.70 - 0.94). This
finding is consistent with previous studies that have evaluated the
performance of the APACHE IV model in various ICU populations. In
a multicenter study by Zimmerman et al., the APACHE IV model had
an AUC-ROC of 0.88 (95% CI: 0.87 - 0.89) for predicting hospital
mortality in a general ICU population [19]. Similarly, a study by
Ayazoglu et al. found that the APACHE IV model had an AUC-ROC of
0.86 (95% CI: 0.82 - 0.90) in predicting hospital mortality in patients
with sepsis [20].

The calibration of the APACHE IV model in our study was acceptable,
withan SMR of 1.07 (95% CI: 0.64 - 1.69), indicating that the observed
mortality was slightly higher than the predicted mortality. This finding
is comparable to the results of a study by Brinkman et al., which
evaluated the performance of the APACHE IV model in a Dutch ICU
population and found an SMR of 1.08 (95% CI: 1.03 - 1.13)[21].

Subgroup analysis based on the site of perforation revealed that the
APACHE IV model had similar predictive performance across
different perforation sites. This finding suggests that the model can be
applied to patients with perforated peritonitis regardless of the site of
perforation. However, further studies with larger sample sizes are
needed to confirm this finding.

In the multivariate analysis, the APACHE IV score was found to be an
independent predictor of hospital mortality (OR: 1.07, 95% CI: 1.03 -
1.11, p < 0.001). This finding is consistent with previous studies that
have identified the APACHE IV score as a strong predictor of mortality
in ICU patients. In a study by Gilani et al., the APACHE IV score was
found to be an independent predictor of hospital mortality in patients
with severe sepsis and septic shock (OR: 1.06, 95% CI: 1.03 - 1.09,p <
0.001) [22].

The secondary outcomes in our study, including ICU mortality (28%),
length of ICU stay (median: 8.5 days), and length of hospital stay
(median: 18.0 days), were similar to those reported in previous studies on
patients with perforated peritonitis. In a study by Linder et al., the ICU
mortality rate for patients with perforated peptic ulcers was 30.1%, and
the median length of ICU stay was 7 days (IQR: 4 - 15 days) [23].

|

Our study has several limitations. First, it was a single-center study
with a relatively small sample size, which may limit the
generalizability of the findings. Second, due to the observational
nature of the study, some relevant clinical data may have been missing
or incomplete. Third, the study did not assess the impact of specific
interventions or management strategies on patient outcomes.

In conclusion, this study demonstrates that the APACHE IV mortality
risk model has good predictive performance in critically ill patients
with perforated peritonitis undergoing emergency laparotomy in the
ICU setting. The model can be used to risk-stratify patients, guide
clinical decision-making, and allocate resources effectively. However,
further multicenter studies with larger sample sizes are needed to
validate these findings and assess the impact of the APACHE IV model
on patient outcomes and healthcare resource utilization.

CONCLUSION

In this prospective observational study, we evaluated the predictive
performance of the APACHE IV mortality risk model in critically ill
patients with perforated peritonitis who underwent emergency
laparotomy in the ICU setting. Our findings demonstrate that the
APACHE IV model has good discrimination (AUC-ROC: 0.82, 95%
CI: 0.70 - 0.94) and acceptable calibration (SMR: 1.07, 95% CI: 0.64 -
1.69) in predicting hospital mortality in this high-risk patient
population.

The APACHE 1V score was found to be an independent predictor of
hospital mortality (OR: 1.07, 95% CI: 1.03 - 1.11, p < 0.001),
highlighting its utility in risk stratification and clinical decision-
making. The model's predictive performance was consistent across
different perforation sites, suggesting its applicability to a wide range
of patients with perforated peritonitis.

Our study adds to the growing body of evidence supporting the use of
the APACHE IV model in critically ill patients with perforated
peritonitis. The model's ability to accurately predict mortality risk can
aid in informed decision-making, resource allocation, and patient
counseling. However, the limitations of our study, including the single-
center design and small sample size, underscore the need for further
multicenter studies with larger cohorts to validate these findings and
assess the impact of the APACHE IV model on patient outcomes and
healthcare resource utilization.

In conclusion, the APACHE IV mortality risk model demonstrates
good predictive performance in critically ill patients with perforated
peritonitis undergoing emergency laparotomy in the ICU setting. The
model's implementation in clinical practice may improve risk
stratification, guide treatment strategies, and ultimately enhance the
quality of care for this high-risk patient population.
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