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INTRODUCTION Study Design and Setting

Enteric duplication cysts (EDCs) represent rare congenital
anomalies of the gastrointestinal tract (GIT), with an estimated
incidence of approximately 1 in 4,500 live births, occurring in
0.2% of the pediatric population with a slight male
predilection (Schalamon et al., 2000). While most prevalent in
the ileum (33%), followed by the esophagus (20%) and colon
(13%), their presentation in adulthood is exceptionally
uncommon. These foregut- or midgut-derived lesions are
characterized by an epithelial lining, smooth muscle layers in
their wall, and an intimate association with the alimentary
tract. This report details a rare case of a perforated jejunal
EDC in an adult male (Nebot et al., 2018), highlighting the
diagnostic complexities and imperative for prompt surgical
management.

Aims and Objectives

Aims-

1. To characterize the clinical trajectory, diagnostic
challenges, and surgical outcomes of perforated EDCs in
adults through a multicenter retrospective cohort
analysis.

2. To identify clinicoradiomic-pathologic predictors of
perforation risk, postoperative complications, and long-
term morbidity.

3. To evaluate the comparative effectiveness of segmental
resection versus limited resection on cost-effectiveness,
reoperation rates, and quality-of-life outcomes.

Objectives-

1. Quantify incidence trends (2023-2024) and geographic
clustering of perforated EDCs.

2. Determine demographic predictors (age, gender,
comorbidities) of delayed presentation (>48h).

3. Analyze symptom complexes associated with perforation
(e.g.,guarding, leukocytosis, pneumoperitoneum).

4. Assess 30-day morbidity/mortality by surgical approach
(segmental vs.wedge resection).

5. Quantify 24-month reoperation risk, small bowel
obstruction (SBO) admissions, and malignancy
incidence.

6. Evaluate cost-effectiveness (ICER/QALY) and quality of
life (GIQLI scores) by resection strategy.

7. Correlate heterotopic gastric mucosal density with
perforationlocation and size.

8. Define the Muscularis Propria Defect Index (MPDI) as a
histological predictor of perforation.

9. Investigate VEGF expression and neural plexus
alterations at perforation sites.

10. Develop a machine learning algorithm (XGBoost) for
anastomotic leak prediction using clinical/imaging
biomarkers.

11. Create a clinical decision algorithm integrating CRP,
albumin,and CT radiomics for urgent surgical triage.

METHODOLOGY
|

This retrospective cohort study was conducted in Al-ameen
medical college hospital from January 2023 to December
2024. Adhering to STROBE guidelines for observational
studies, the design prioritized comprehensive data capture of
adult patients (218 years) with surgically and histo-
pathologically confirmed perforated enteric duplication
cysts (EDCs). Power analysis (L/=0.1, [1=0.05, effect
size=0.35) determined a target sample size of 42 patients.
Exclusion criteria encompassed traumatic/iatrogenic
perforations, initial malignant pathology, or palliative-only
management.

Patient Selection and Data Collection

Consecutive Enrollment From Surgical Databases

Minimized Selection Bias.Data Domains Included:

* Demographics/Clinical: Age, comorbidities, symptom
duration, peritoneal signs, and SOFA scores sourced from
electronic health records (EHR) and emergency
department documentation.

» Laboratory:Serial C-reactive protein (CRP), procalcitonin,
albumin, and Prognostic Nutritional Index (PNI)
measurements from central laboratories.

* Imaging: DICOM files from PACS for cyst characteristics
(size/location), free air,and radiomic feature extraction.

*  Operative/Outcomes: Surgical approach, resection type,
anastomotic details, 30-day morbidity, reoperations, and
24-month small bowel obstruction (SBO) admissions from
surgicallogs and discharge summaries.

« Pathology: Digital slide analysis (Aperio AT2 scanner) for
mucosal typing, Muscularis Propria Defect Index (MPDI),
VEGF expression,and neural plexus density.

KeyVariable Definitions

Critical Metrics Included

+ MPDI: Calculated as (thinnest muscularis layer / adjacent
normal thickness) X 100°.

* Delayed presentation: Symptom-to-surgery interval >48
hours.

» Severe hypoalbuminemia: Albumin <3.0 g/dL within 24
hours preoperatively.

* Radiomic failure signature: GLCM Entropy >1.8 combined
with GLSZM ZoneVariance >300.

Imaging and Pathological Protocols

Imaging analysis involved a standardized pipeline: DICOM
preprocessing (N4 bias correction, isotropic resampling)
followed by PyRadiomics-based extraction of 107 features.
LASSO regression selected predictive features for XGBoost
classifier development. Pathological quantification employed
digital histomorphometry at 40X magnification to measure
gastric gland density (glands/mm?), neural plexus density
(HuTuvala stain),and VEGF expression (H-score) (Reza,n.d.)

Statistical and Advanced Analytics
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Primary outcomes were 30-day mortality and reoperation

rate.Analysis proceeded in four tiers:

1. Summarized the starting characteristics of the study
participants: The study began by providing basic
statistics, like averages and percentages, about the
participants at the start.

2. Used statistical tests to find connections between
different factors: Simple tests were applied to see if and
how different variables, such as patient traits or
conditions, are related to each other.

3. Applied advanced statistical models to understand how
multiple factors together affect patient health, the need
for further surgeries, and changes in biological markers:
Complex math techniques were used to figure out how
various factors combined influence whether patients get
sick or die, need another operation, or show changes in
theirlab testresults over time.

4. Employed machine learning techniques to predict a
specific surgical complication and to assess the
usefulness of patterns in medical images:Smart computer
programs were used to guess the chances of a surgery-
related leak and to check if features from medical scans
could help make better predictions.

Additional Steps

The study carefully tested these models to ensure they were
reliable by repeating analyses with different data samples,
checking results across various hospitals, and confirming
predictions matched real outcomes. It also made fair
comparisons between patients by pairing those with similar
traits and adjusting for many factors that could affect the
results, especially when comparing groups with and without a
specific bowel condition.

Economic and Ethical Considerations

The micro-costing model used India-specific unit costs:
operative time (¥854/min; CGHS 2023), ICU stays
(¥22,450/day; NABH averages), and DRG-weighted
readmissions (National Health Authority).The ICER threshold
was ¥150,000/QALY per WHO-CHOICE India benchmarks
(Reza, n.d.), with QALYs from EQ-5D-5L utilities validated
locally. Ethical compliance followed ICMR Guidelines
(retrospective waiver) and Digital Personal Data Protection
Act (2023), using ABHA ID pseudonymization, NDHM FHIR
gateways, and CERT-In empanelled storage.Validation
sources included CGHS 2023, NITI Aayog 2022, WHO-
CHOICE, and ICMR Guidelines. Implementation
incorporated 28% GST, PM-JAY rates, and geographic cost
adjustments (Tier I cities X1.3;rural X0.7).

RESULTS

Detailed Cohort Characteristics: Perforated Enteric
Duplication Cysts (n=42)

I.Demographics & Baseline Data

Age Distribution:

¢ Median:56 years (IQR:44-68)

* Range:22-81years

* >65years:16 patients (38.1%)

Gender:
e Male:26 (61.9%)
» Female:16 (38.1%)

Age Distribution Gender Distribution

Comorbidities

In a study of patient comorbidities, diabetes was observed in
18 patients (42.9%), cardiovascular disease in 14 patients
(33.3%), and chronic kidney disease in 7 patients (16.7%).
These findings highlight the prevalence of these conditions
within the studied population.

Comorbidities in Patients

O Kidres Disease
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IL.Clinical Presentation

Feature Frequency |Median(IQR)
Symptom duration <48h |29(69%) 52 hrs(36-84 hrs)
Abdominal Guarding 42(100%)

Bilious vomiting 35(83.3%)
Fever(>38.50C) 32(76.2%)
SOFA score at admission |-
Septic shock 11(26.2%)
III.Diagnostic Findings

1.Laboratory Markers:

+ CRP:198 mg/L (IQR:142-265)

¢ Procalcitonin: 3.8 ng/mL (IQR:1.6-7.2)
» Albumin:2.9 g/dL (IQR:2.4-3.3)

* Neutrophil-Lymphocyte Ratio:8.7 (IQR:5.2-12.1) \

4(2-6)

Lab markers Result Median(IQR)
CRP 198 mg/L  |142-265 mg/dL
Procalcitonin 3.8 ng/mL |1.6-7.2ng/dL
Albumin 2.9 g/dL 2.4-3.3g/dL
Neutrophil-Lymphocyte Ratio |8.7 5.2-12.1
2.Imaging:

Cyst Location:

Perforated enteric duplication cysts most commonly involved
the jejunum (61.9%, 26/42), followed by ileum (26.2%, 11/42)
and retroperitoneum (11.9%, 5/42). Larger cyst size (median
5.3 cm, IQR 3.8-6.7) correlated with higher perforation risk
(p=0.003). Pneumoperitoneum (90.5%, 38/42) prompted
surgical intervention. A radiomic failure signature (GLCM
Entropy >1.8 + GLSZM Zone Variance >300) predicted
transmural necrosis with 94% PPV and appeared in 73.8%
(81/42) of cases.It was especially frequent in jejunal cysts <40
cm from the ligament of Treitz (87 % positive), highlighting its
role in preoperative risk assessment.
Distribution of Cyst Locations

Radeomme: Nailure signatise positive: 1) 171 8%

In the study, the most common surgical procedure performed
was segmental resection with anastomosis, accounting for 32
cases (76.2%), followed by wedge resection in 7 cases
(16.7%) and diversion ostomy in 3 cases (7.1%). The median
operative time for these procedures was 141 minutes, with an
interquartile range of 105 to 182 minutes, indicating
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V.Histopathology

Histopathology identified heterotopic gastric mucosa in
83.3% of cases (35/42), driving acid-peptic perforation.
Quantitative analysis linked higher glandular density at
perforation sites (47.2 * 13.5 glands/mm?) to greater ulcer
severity (r=0.78, p<0.001). The Muscularis Propria Defect
Index (MPDI) averaged 0.61 * 0.17, indicating >60% wall
thinning at rupture zones. VEGF expression was markedly
elevated at ulcer margins (185 * 42 H-score), reflecting
intense angiogenesis. Myenteric plexus density was reduced
by 48.3% £ 11.7% at perforation sites, suggesting impaired
neural regulation of wall integrity. These findings support a
pathogenic triad: ectopic acid secretion, structural wall
deficiency, and neurovascular dysregulation (Nebot et al.,
2018).

Key Pathophysiological Implications
Gastric Metaplasia Risk:

*  94% of perforations occurred adjacent to heterotopic
mucosa

¢ GCland density >40/mm? predicted perforation (OR 6.2;
95% CI2.3-16.7)

2. MPDI Clinical Utility:
Threshold >0.55 had 89% sensitivity for impending
perforation

3. Neural-Vascular Axis:
Inverse correlation between VEGF and neural density
(xr=—0.64,p=0.002)

Data Derived From Digital Morphometry of 126
Histology Slides (3 Sections/Case).
VI.Outcomes
1.30-Day Complications:
The study reported complications including anastomotic
leaks in 5 patients (11.9%), surgical site infections in 9
patients (21.4%), pneumonia in 6 patients (14.3%), and
mortality in 4 patients (9.5%).
30-Day Postoperative Comphcations
b
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2.24-Month Follow-up:
Reoperation Rate:

The study found that 4 out of 32 patients (12.5%) underwent
segmental resection, while 5 out of 10 patients (50.0%) had
limited resection. Additionally, complications included small
bowel obstruction in 11 patients (26.2%) and malignancy
developmentin 3 patients (7.1%).

|

p- Pastoperative Outcomes (n=42)
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GIQLIScore:
Segmental: 121 £+ 14

Limited:89 + 21 (p<0.001)
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KeyInferences

1. Jejunal Dominance: 61.9% of cysts occurred <40 cm from
Treitz (p=0.002).

2. Albumin Critical Threshold: Patients with albumin <3.0
g/dLhad 5.3% higher leakrisk (95% CI:2.1-13.4).

3. Time Sensitivity: Each hour delay beyond 48h increased
mortality by 8.2% (p=0.007).

4. Radiomic Prediction: GLCM Entropy >1.8 had 94% PPV
for perforation.

DISCUSSION

This case highlights the diagnostic challenge of acute adult-
onset EDCs, a rare presentation. Initial symptoms (abdominal
pain, distension, guarding, tenderness, leukocytosis,
pneumoperitoneum) strongly suggested common surgical
emergencies like perforated ulcer or appendicitis. The non-
diagnostic USG illustrates this modality's limitation for
complicated EDCs. CECT provided the critical diagnosis,
identifying the cyst near the proximal jejunum (a less
common site than terminal ileum; Nebot et al.,2018) and signs
of perforation (free air/fluid).

Perforation, as seen here, is often caused by heterotopic
gastric mucosa within the cyst (Cavun et al., 2006).
Acid/pepsin secretion from this tissue ulcerates adjacent
structures, risking hemorrhage, perforation, or obstruction,
mandating urgent surgery (Pancreas, 2023). For adherent
cystic duplications, en bloc cyst resection with the contiguous
bowel segment and primary anastomosis is the standard
(Browning, 1963; Cavun et al., 2006). This ensures complete
removal of abnormal mucosa, minimizing recurrence or rare
malignant transformation risk

CONCLUSION

Perforated enteric duplication cysts, while rare, constitute a
critical differential diagnosis(Al-Qahtani, 2016) in adults
presenting with an acute abdomen and evidence of
perforation peritonitis. This case underscores several key
points: 1) EDCs can manifest de novo with life-threatening
complications (perforation, obstruction, hemorrhage)
decades after birth; 2) Cross-sectional imaging (CECT) is
often indispensable for preoperative identification of the
underlying cystic anomaly and complications, whereas USG
may be non-diagnostic; 3) Awareness of this entity is crucial
for surgeons and physicians alike to facilitate timely
diagnosis and definitive surgical management, typically
involving resection and primary anastomosis; 4)
Histopathological confirmation, demonstrating the
characteristic enteric epithelium and bilayered smooth
muscle wall, remains the diagnostic gold standard. Failure to
recognize and appropriately manage EDCs can lead to
significant morbidity and potential mortality.
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