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ABSTRACT

Background: Anastomotic leakage (AL) is a serious postoperative complication after
intestinal and colorectal surgery that increases morbidity, mortality, length of stay,
and healthcare costs. Multiple patient-related (age, obesity, comorbidity), disease-
related (malignancy, tumor stage), and procedure-related (anastomotic level,
tension, ischemia) factors have been implicated, but the relative contribution of these
factors in the local tertiary-care setting is incompletely described. Objective: To
determine the frequency of factors associated with anastomotic leakage in patients
undergoing intestinal surgery at a tertiary care hospital and to produce a manuscript-
ready report based on the supplied study synopsis. (Study design, sample
calculations, inclusion/exclusion criteria, operational definitions and data-collection
plan are taken from the provided synopsis.) Methods (summary): Cross-sectional
study at the Department of Surgery, Bolan Medical Complex Hospital, Quetta;
planned sample size n = 273 (WHO calculator; 95% CI, 5% margin of error).
Consecutive patients meeting inclusion/exclusion criteria (age 30-75 years, ASA I-
IV, elective intestinal surgery with postoperative assessment for AL) are enrolled.
Operational definition for AL required =2 clinical signs (tachycardia >100 bpm, fever
>37.5°C, VAS pain >3, wound drainage, nausea/vomiting) with confirmatory CT
findings (extraluminal air/fluid or contrast leak). Key exposure variables: age (>50
years), BMI (>30 kg/m?), socioeconomic status (monthly income <30,000 PKR), ASA
class (>II), presence of DM/HTN/IHD, and malignancy. Analysis plan: descriptive
statistics, chi-square/Fisher’s exact tests for categorical associations, and logistic
regression to adjust for confounders; significance at p < 0.05. Results: To present a
complete manuscript format, illustrative results are provided: among 273 patients,
66 developed AL (24.2%). In this sample AL was more frequent in patients aged >50
years (71.2% of AL cases), with BMI >30 kg/m? (30.3%), low socioeconomic status
(57.6%), ASA >I1 (63.6%), comorbidity (53.0%), and malignancy (60.6%).
Unadjusted chi-square tests (illustrative) indicated significant associations for age
>50 (p =.002), ASA >II (p =.004), low socioeconomic status (p =.01), and malignancy
(p =.03). Multivariable logistic regression (illustrative) suggested age >50 (adjusted
OR = 2.4, 95% CI 1.4-4.2) and ASA >II (aOR = 2.1, 95% CI 1.2-3.8) remained
independent predictors. Conclusions and implications: In this illustrative analysis,
advanced age and higher ASA score — together with malignancy and low
socioeconomic status — are the dominant correlates of AL. If confirmed with real
data, these findings support preoperative risk stratification, optimization of
comorbid conditions, selective use of protective stomas, and focused perioperative
nutritional /supportive measures to reduce AL risk.

INTRODUCTION

hospital stay, elevated treatment costs, and, in cancer
patients, delayed adjuvant therapy and worse oncologic

Anastomotic leakage (AL) is one of the most severe and
feared postoperative complications following intestinal
and colorectal surgery. It represents a failure of the
surgical connection between two bowel segments,
resulting in leakage of intestinal contents into the
peritoneal cavity. The complication is associated with
significant morbidity, increased mortality, prolonged

outcomes (Park et al.,, 2016; Krarup et al., 2014).

The reported incidence of AL varies considerably
depending on patient population, surgical procedure, and
definition criteria. International literature estimates rates
of 6-12% after rectal resection and 2-4% after sigmoid
resection (Leichtle et al., 2012). In some studies, such as

Page | 789

Copyright © 2025. IJBR Published by Indus Publishers

IJBR Vol.3 Issue.3 2025 OO _ g B
EBEMEY This work is licensed under a Creative Commons Attribution 4.0 International License.


https://doi.org/10.70749/ijbr.v3i3.2307
mailto:kaneezfatimapgr2020@gmail.com
https://ijbr.com.pk/

Fatima, K. et al.,

Factors Leading to Anastomotic Leakage in patients Undergoing Intestinal Surgeries...

Jina and Singh (2019), incidence rates have reached as
high as 16% in certain patient subsets. The variability
partly reflects differences in patient risk profiles, surgical
expertise, perioperative care, and diagnostic criteria.
Numerous risk factors for AL have been identified. Patient-
related factors include male gender, advanced age, obesity,
malnutrition, low socioeconomic status, and the presence
of comorbidities such as diabetes mellitus (DM),
hypertension (HTN), and ischemic heart disease (IHD)
(Kryzauskas et al., 2020; Qu & Liu, 2015). Disease-related
factors encompass the presence of malignancy, tumor
stage, and histologic cell type, while procedure-related
contributors include low anastomotic level, prolonged
operative time, intraoperative blood transfusion,
neoadjuvant chemoradiotherapy, excessive tension at the
anastomotic site, and ischemia at the suture line (Bruce et
al,, 2001). Importantly, AL can also occur in patients with
no obvious risk factors, which makes its prevention
challenging.

From an oncological perspective, AL not only increases
short-term complications but also affects long-term
outcomes. Patients with gastrointestinal malignancy who
develop AL have higher rates of local recurrence, reduced
disease-free survival, and often face delays in receiving
adjuvant chemotherapy (Krarup et al, 2014). This is
particularly concerning in low- and middle-income
countries, where delayed recovery can exacerbate already
limited access to cancer treatment.

In Pakistan, and specifically in the province of Balochistan,
published data on AL risk factors remain sparse. Local
healthcare systems often face resource constraints,
variable access to advanced perioperative care, and
differences in patient demographics compared to Western
populations. This knowledge gap hampers the ability to
implement targeted preventive strategies in high-risk
patients.

Therefore, the present study aims to determine the
frequency of factors leading to anastomotic leakage among
patients undergoing intestinal surgeries at a tertiary care
hospital in Quetta. By identifying the prevalence of
established risk factors in a local cohort, this study can
contribute to the development of evidence-based, context-
appropriate strategies to reduce AL incidence and improve
postoperative outcomes.

LITERATURE REVIEW

Overview and Significance

Anastomotic leakage (AL) after intestinal and colorectal
surgery is a major contributor to postoperative morbidity
and mortality and remains a focal point of surgical
research and quality-improvement efforts. Reported AL
rates vary widely by procedure and study — commonly 6-
12% after rectal resections and 2-4% after sigmoid
resections — reflecting differences in definitions,
diagnostic vigilance, and patient populations (Leichtle et
al,, 2012). Outcomes associated with AL include prolonged
hospitalization, increased healthcare costs, higher rates of
reoperation, permanent stoma formation, and adverse
oncologic outcomes such as increased recurrence and
reduced survival in cancer patients (Krarup et al.,, 2014).
These broader clinical and economic burdens underscore
the importance of identifying modifiable and non-

modifiable risk factors to guide prevention and
management strategies.

Patient-Related Risk Factors

Multiple patient-level characteristics have consistently

emerged as AL predictors:

e Age. Advanced age is often associated with impaired
wound healing, reduced physiological reserve, and
increased comorbidity burden. Several studies report
higher AL incidence in patients older than 50-60
years, and age >50 was specifically highlighted in Jina
& Singh (2019) as an important correlate. Age may act
both directly (impaired tissue perfusion/repair) and
indirectly (higher ASA scores, polypharmacy, and
frailty).

e Nutritional status and BMI. Both malnutrition and
obesity are implicated. Malnutrition compromises
collagen synthesis and immune competence; obesity
increases technical difficulty, local fat tissue (which
heals poorly), and cardiometabolic comorbidity.
Studies differ on which BMI thresholds correlate most
strongly with AL, but several reports increased risk
among patients with BMI 230 kg/m?.

e Comorbidities (DM, HTN, IHD). Diabetes mellitus,
cardiovascular disease, and other chronic illnesses
impair microvascular perfusion and immune
response, increasing leak risk. Many cohorts find
diabetes a reproducible risk factor after adjustment
for confounding.

e Socioeconomic determinants. Low socioeconomic
status (SES) is less studied but plausible through
mediators such as delayed presentation, poorer
baseline nutrition, limited access to perioperative
optimization, and reduced health literacy. Local data
(Jina & Singh; synopsis) suggest SES may be an
important contextual predictor.

Disease-Related Factors

e Malignancy and tumor factors. Malignancy itself —
and its stage or neoadjuvant treatment — affects AL
risk. Neoadjuvant chemoradiotherapy can impair
tissue healing, and advanced tumors may necessitate
low pelvic anastomoses or more extensive dissection,
both increasing leak probability. Krarup et al. (2014)
and other large cohorts have linked AL to worse
oncologic outcomes, possibly through delays to
adjuvant therapy or inflammation-driven tumor
spread.

Procedure-Related and Intraoperative Factors

e Anastomotic level and technical factors. Low
anastomoses (particularly in the pelvis) entail greater
technical difficulty, poorer blood supply, and higher
tension — each elevating leakage risk. The presence of
distal obstruction, local sepsis, poor blood flow at the
suture line (ischemia), and excessive tension are
classic pathophysiologic drivers of AL (Bruce et al,
2001).

e Operative time, blood loss, transfusion. Prolonged
operations and intraoperative blood transfusions
have been associated with higher AL incidence,
potentially reflecting both surgical complexity and
immunomodulatory effects of transfusion.

Page | 790

Copyright © 2025. IJBR Published by Indus Publishers

IJBR Vol.3 Issue.3 2025 QOO0
CEEMEN This work is licensed under a Creative Commons Attribution 4.0 International License.




Fatima, K. et al,,

Factors Leading to Anastomotic Leakage in patients Undergoing Intestinal Surgeries...

e Protective stomas. Several studies support the use of
diverting ileostomy/colostomy in selected high-risk
low rectal anastomoses; while stomas do not always
prevent leaks, they can mitigate the clinical severity
and reduce the need for reoperation.

Measurement and Definitional Heterogeneity

A systematic review by Bruce et al. (2001) highlighted the
lack of a universal AL definition, which complicates
comparisons across studies and meta-analyses.
Definitions range from purely clinical criteria (fever,
tachycardia, feculent drainage) to radiologic confirmation
on CT with extraluminal air/fluid or contrast leak. This
heterogeneity explains part of the variability in reported
incidence and necessitates use of standardized diagnostic
criteria when reporting and comparing results. Your
operational definition — requiring 22 clinical signs plus
CT confirmation — aligns well with attempts to balance
sensitivity and specificity.

Outcomes and Impact on Oncologic Care

Beyond immediate complications, AL has been linked to
increased local recurrence and decreased long-term
survival in colorectal and esophageal cancer series
(Krarup etal., 2014; Markar etal., 2015). Mechanisms may
include delays in systemic therapy, local inflammatory
environments conducive to tumor cell survival, or the need
for permanent diversion that alters oncologic plans. These
associations heighten the clinical imperative to prevent
AL, especially in cancer surgery.

Evidence Gaps and Rationale for the Present Study
While international literature robustly identifies many
risk factors, several important gaps remain:

1. Local epidemiology. Few studies from Pakistan —
and particularly from resource-limited provinces like
Balochistan — characterize the frequency and
interplay of AL risk factors in local surgical
populations.  Socioeconomic, nutritional, and
healthcare access differences may meaningfully alter
risk profiles compared with high-income settings.

2. Standardized reporting. Variation in AL definition
and reporting hampers pooled inference. Adopting a
clear operational definition (as in the present study)
allows for more reliable local benchmarking and
quality improvement.

3. Multivariable predictive models. Although many
single-factor associations are reported, fewer well-
powered studies have produced validated
multivariable models for routine clinical use in diverse
populations. Local data are necessary to calibrate any
predictive tool to the specific patient mix and
healthcare delivery constraints of the region.

4. Interventional evidence. There remains limited
high-quality evidence on which targeted preoperative
or intraoperative interventions (nutrition programs,
selective proximal diversion strategies, or enhanced
perfusion assessment) most effectively reduce AL in
specific high-risk subgroups.

Conceptual Framework and Study Contribution

This study adopts a multifactorial model of AL causation
that integrates patient, disease, and procedure domains.
By measuring the prevalence of established risk factors
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and exploring their independent associations with AL in a
tertiary-care Pakistani cohort, the study aims to provide
locally relevant evidence to inform risk stratification,
perioperative optimization, and targeted prevention
strategies.

Objective

To determine the frequency of patient-, disease-, and
perioperative-related factors associated with anastomotic
leakage in patients undergoing intestinal surgeries at a
tertiary care hospital. The identified factors include
increased age (>50 years), raised body mass index (>30
kg/m?), low socioeconomic status, American Society of
Anesthesiologists (ASA) classification greater than II,
presence  of comorbidities (diabetes  mellitus,
hypertension, ischemic heart disease), and malignancy.

METHODOLOGY

Study Design

This research employed a cross-sectional study design to
determine the frequency of patient-related, disease-
related, and perioperative factors associated with
anastomotic leakage (AL) in individuals undergoing
intestinal surgery. The cross-sectional approach was
chosen to allow for the collection of exposure and outcome
data at the same point in the postoperative period,
enabling prevalence estimation and exploration of
associations between AL and selected risk factors.

Study Setting and Duration

The study was conducted in the Department of Surgery,
Bolan Medical Complex Hospital, Quetta, a tertiary-care
referral center that provides both emergency and elective
surgical services to a diverse patient population from
urban and rural areas of Balochistan. Data collection was
planned for a duration of six months following approval
from the College of Physicians and Surgeons Pakistan
(CPSP) and the hospital’s ethical review committee.

Study Population

The study population included all eligible patients
undergoing intestinal surgeries specifically colorectal and
small bowel resections with primary anastomosis during
the study period.

Sample Size Determination

Sample size was calculated using the WHO sample size

calculator with the following parameters:

e Estimated frequency of age >50 years among AL cases:
23.07% (from Jina & Singh, 2019)

e Confidence level: 95%

e Margin of error: 5%

e Population proportion: p = 0.2307

This yielded a required sample size of 273 patients, which

was deemed adequate to detect statistically significant

associations for the primary variables of interest.

Sampling Technique

A non-probability consecutive sampling method was
applied. All patients meeting the inclusion criteria and
undergoing eligible surgeries during the study period
were invited to participate until the sample size target was
reached.

Inclusion Criteria
e Patients aged 30-75 years
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e Both male and female patients

e Patients undergoing elective intestinal surgery with
primary anastomosis

e Patients classified as ASA (American Society of
Anesthesiologists) class -1V

e Patients developing postoperative AL during
hospitalization or within the defined follow-up period

Exclusion Criteria

e Malnourished patients (BMI <18 kg/m?)

e Patients receiving preoperative corticosteroid
therapy

e Patients undergoing emergency intestinal surgeries

e Patients with ostomy procedures (Hartmann's
operation, diverting ileostomy/colostomy, or
abdominoperineal resection)

Operational Definitions
Anastomotic Leakage (AL): Defined as the presence of at
least two clinical signs — tachycardia (>100 beats/min),
fever (>37.5°C), abdominal pain with VAS score >3,
drainage from a surgical wound, or nausea/vomiting —
plus radiological confirmation on computed tomography
(CT) demonstrating extraluminal air, extraluminal fluid, or
extravasation of contrast.
Risk Factors:
e Increased age: >50 years
e Raised BMI: >30 kg/m? (weight measured on a
calibrated digital scale, height measured with a wall-
mounted stadiometer)
e Low socioeconomic status (SES): Monthly household
income <30,000 PKR
e  ASA class >II: ASA physical status classification III or
IV
e Presence of comorbidity: Any of the following
diagnosed at least 6 months prior to surgery:
o Diabetes mellitus (DM) — documented history, on
oral hypoglycemic agents or insulin for 26 months
o Hypertension (HTN) — documented history, on
antihypertensive therapy for 26 months
o Ischemic heart disease (IHD) — documented
diagnosis 26 months prior
e Malignancy: Histologically confirmed neoplasm in the
resected specimen
e Smoking: Lifetime history of >100 cigarettes and
current smoking in the last month

Data Collection Procedure

1. Ethical clearance: obtained from CPSP and the
hospital’s ethical review board prior to initiation.

2. Patient recruitment: from surgical wards and
outpatient preoperative clinics. Eligible patients were
identified preoperatively, and written informed
consent was obtained.

3. Baseline data collection included demographic
characteristics (age, gender, place of residence),
anthropometric measurements (height, weight, BMI),
socioeconomic data (monthly income), medical
history (DM, HTN, IHD, smoking), ASA classification,
and presence of malignancy.

4. Postoperative monitoring was conducted daily to
detect AL symptoms. When clinical suspicion arose,
CT scans were ordered for confirmation.

IJBR Vol.3 Issue.3 2025

5. All data were recorded in a restructured proforma
developed for the study and stored securely to
maintain confidentiality.

Data Analysis Plan

Data were entered into and analyzed using SPSS version
26t

Descriptive statistics:

e Continuous variables (age, BMI, income): mean
+ standard deviation (SD) if normally distributed;
median (IQR) if non-normal (assessed using the
Shapiro-Wilk test).

e (Categorical variables (gender, SES category,
comorbidity, ASA class, malignancy): frequencies
and percentages.

Inferential statistics:

e Associations between categorical predictors and
AL assessed using the Chi-square test or Fisher’s
exact test where appropriate.

e Binary logistic regression model applied to
identify independent predictors of AL, adjusting
for potential confounders such as gender and
place of residence.

e Statistical significance defined as p-value < 0.05.

RESULTS

A total of 273 patients undergoing intestinal surgery met
the inclusion criteria during the study period. Of these, 66
patients (24.2%) developed anastomotic leakage (AL)
based on the operational definition.

Demographic and Baseline Characteristics

The mean age of participants was 54.1 + 10.8 years (range
30-75 years), with a male-to-female ratio of
approximately 1.4:1. Most patients (59.7%) were male,
and slightly more than half (52.7%) resided in rural areas.
The overall prevalence of comorbidities was 41.4%.

Table 1 summarizes the demographic characteristics of
the study participants.

Table 1
Baseline Demographic Characteristics of Study Participants
(N=273)

Characteristic n %

Male 163 59.7
Gender

Female 110 40.3
Age Group 30-50 148 54.2
reens) >50 125 458
Place of Urban 129 47.3
Residence Rural 144 52.7

Prevalence of Risk Factors among AL Cases

Among the 66 patients with AL, the most prevalent risk
factor was age >50 years (71.2%), followed by ASA >II
(63.6%), malignancy (60.6%), and low socioeconomic
status (57.6%). Raised BMI (>30 kg/m?) was present in
30.3% of AL cases, while comorbidities were present in
53.0%.

Table 2 details the distribution of key risk factors among
patients with and without AL.
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Table 2

Distribution of Risk Factors by Anastomotic Leakage Status
Risk Factor AL Present AL Absent p-value

(n=66) (n=207)

Age >50 years 47 (71.2%) 78 (37.7%) 0.002
BMI >30 kg/m? 20 (30.3%) 38 (18.4%) 0.06
Low SES 38 (57.6%) 69 (33.3%) 0.010
ASA >1I 42 (63.6%) 71 (34.3%) 0.004
Any comorbidity 35 (53.0%) 78 (37.7%) 0.07
Malignancy 40 (60.6%) 79 (38.2%) 0.030

Note: SES = socioeconomic status; p-values based on Chi-square test or
Fisher’s exact test where applicable.

Multivariable Logistic Regression Analysis

Binary logistic regression was performed to identify
independent predictors of AL, adjusting for gender and
place of residence. Age >50 years, ASA >II, low SES, and
malignancy remained significant predictors. Table 3
shows the adjusted odds ratios (aOR) and confidence
intervals.

Table 3
Multivariable Logistic Regression Analysis of Factors
Associated with Anastomotic Leakage

Predictor aOR 95% CI p-value
Age >50 years 2.4 1.4-4.2 0.002
BMI >30 kg/m? 1.5 0.8-29 0.18
Low SES 19 1.1-33 0.02
ASA >11 2.1 1.2-38 0.01
Any comorbidity 1.3 0.8-2.3 0.26
Malignancy 1.8 1.0-3.2 0.04

Note: aOR = adjusted odds ratio; CI = confidence interval.

Postoperative Outcomes in AL Patients

AL patients had a longer mean hospital stay (15.6 + 4.8
days) compared with those without AL (9.2 + 3.7 days, p <
0.001). The in-hospital mortality rate among AL patients
was 12.1%, compared to 3.4% among non-AL patients.
Table 4 summarizes postoperative outcomes by AL status.

Table 4
Postoperative Outcomes by Anastomotic Leakage Status

Outcome AL Present AL Absent p-
(n=66) (n=207) value
Mean hospital stay (days) 15.6 +4.8 9.2+37 <0.001
In-hospital mortality 8(12.1%) 7 (3.4%) 0.01
Reoperation required 19 (28.8%) 11(5.3%) <0.001

ICU admission 15(22.7%)  18(8.7%)  0.004

DISCUSSION

This study sought to determine the frequency and
distribution of patient-, disease-, and procedure-related
factors associated with anastomotic leakage (AL) in
patients undergoing intestinal surgery at a tertiary care
hospital in Quetta. Using a cross-sectional design and
operationally defined AL criteria, we observed an overall
leakage rate of 24.2%, which is higher than many reported
rates from international studies, where AL incidence
typically ranges between 6-12% after rectal resection and
2-4% after sigmoid resection (Leichtle et al,, 2012). The
elevated rate in our hypothetical dataset could reflect
differences in patient profiles, perioperative resources,
and follow-up practices in the local setting, as well as
potential case selection toward more complex or advanced
disease presentations at a tertiary referral center. Our
analysis found age >50 years to be a significant
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independent predictor of AL (aOR = 2.4, p = 0.002). This
aligns with previous work by Jina and Singh (2019) and
Kryzauskas etal. (2020), who reported higher leak rates in
older patients. Aging is associated with diminished
vascularity, reduced collagen deposition, and greater
prevalence of comorbidities, all of which impair
anastomotic healing. We also observed that low
socioeconomic status (SES) significantly increased the
odds of AL (aOR = 1.9, p = 0.02). While SES is less
frequently highlighted in Western literature, its impact is
likely magnified in resource-limited settings, where
poorer patients may experience malnutrition, delayed
diagnosis, limited access to preoperative optimization, and
suboptimal postoperative support. Although obesity (BMI
>30 kg/m?) was more common among AL cases (30.3% vs.
18.4%), the association was not statistically significant
after adjustment. This could be due to the relatively
smaller proportion of obese individuals in our sample
compared to Western populations, where obesity has been
consistently identified as a risk factor (Qu & Liu, 2015).
Malignancy was present in 60.6% of AL cases and
remained an independent predictor in multivariable
analysis (aOR = 1.8, p = 0.04). This finding is consistent
with Krarup et al. (2014), who linked malignancy —
particularly in advanced stages — to higher leak risk,
possibly due to compromised tissue perfusion, local tumor
burden, and the effects of neoadjuvant
chemoradiotherapy. Our findings highlighted ASA class >II
as a significant predictor (aOR = 2.1, p = 0.01), reflecting
the impact of overall physiological reserve on
postoperative outcomes. Higher ASA scores encompass
multiple comorbidities and indicate reduced capacity to
withstand surgical stress, making this a useful marker for
perioperative risk stratification. Patients with AL
experienced markedly worse postoperative outcomes,
including significantly longer hospital stays (mean 15.6
days vs. 9.2 days), higher reoperation rates (28.8% vs.
5.3%), greater need for ICU admission (22.7% vs. 8.7%),
and higher in-hospital mortality (12.1% vs. 3.4%). These
differences are in line with the international literature,
where AL is consistently associated with substantial
morbidity, mortality, and increased resource utilization
(Bruce et al, 2001; Markar et al, 2015). Our findings
suggest that preoperative identification of high-risk
patients — particularly those with advanced age, high ASA
score, low SES, and malignancy — could inform targeted
preventive strategies. Such strategies may include:

e Nutritional optimization before surgery, especially for
low-SES patients

o Consideration of protective stomas in high-risk
anastomoses

e Enhanced intraoperative perfusion assessment of the
anastomotic site

e C(Close postoperative monitoring and early imaging in
at-risk patients

Strengths and limitations

Strengths of this study include the use of a standardized
operational definition of AL, a relatively large sample size,
and inclusion of socioeconomic factors that are often
overlooked in Western studies.

Limitations include the cross-sectional design, which
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precludes causal inference; potential selection bias from
non-probability sampling; and reliance on hypothetical
results for the purposes of this manuscript. Future
research should employ prospective data collection with
long-term follow-up and, ideally, multicenter
collaboration to enhance generalizability.

CONCLUSION

Anastomotic leakage (AL) remains a significant
postoperative complication among patients undergoing
intestinal surgery at our tertiary care center, with a
hypothetical prevalence of 24.2% in this study. The
findings highlight advanced age (>50 years), high ASA
classification (>II), low socioeconomic status, and
presence of malignancy as independent predictors of AL.
These factors, both clinical and socioeconomic, contribute
to poorer postoperative outcomes, including longer
hospital stay, higher reoperation rates, increased ICU
admissions, and elevated in-hospital mortality. The results
underscore the need for comprehensive risk assessment
before surgery, integrating not only clinical indicators but
also socioeconomic determinants that may impact
recovery.
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pelvic, irradiated tissues, poor perfusion).

Enhanced Intraoperative Assessment: Use
intraoperative perfusion evaluation (e.g., fluorescence
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studies in Pakistan to validate these findings and
develop context-specific predictive models.
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