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Abstract

Peritoneal carcinomatosis (PC) is a leading cause of gastric carcinoma unrespectability and is frequently undetected
with conventional imaging. Diagnostic laparoscopy (DL) enables direct examinations, cytological evaluation,
staging precision, and eliminates non-therapeutic laparotomy. The purpose of this study was to determine the
percentage of gastric carcinoma cases with PC identified on DL and investigate clinical and pathological predictors
of positive DL results. This cross-sectional observational study involved 65 patients with histologically verified
gastric carcinoma who received DL. Patients were classified as DL-positive (macroscopic peritoneal deposits present
and/or positive peritoneal cytology, n = 40) and DL-negative (n = 25). Demographic, clinical, and tumor-related
characteristics were analyzed in groups. The chi-square and independent t-tests were used to conduct statistical
analysis, and odds ratios (OR) and 95% confidence intervals (CI) were calculated for the univariate predictors. A p-
value <0.05 was considered significant. Among 65 patients, 40 (61.5%) were DL-positive PC. Of these, 18 (45.0%)
had macroscopic peritoneal metastases, 20 (50.0%) had positive cytology only, and 8 (20.0%) had both. 2 (5.0%)
had an unresectable primary tumor without PC. Negative DL was observed in 25 patients (38.5%). The important
predictors of PC were diffuse histology, 25 (62.5%) in positive DL vs. 9 (36.0%) in negative DL, advanced tumor
(T) stage, T3-T4: 34 (85.0%) in positive DL vs. 15 (60.0%) in negative, p=0.027, and nodal (N) status, N2-N3: 27
(67.5%) in positive DL group vs. 12 (48.0%) in negative DL group. Additional risks were linked to rural residence
and low basal metabolic index (BMI). About one out of four patients with gastric carcinoma had PC that was only
visible with DL. Diffuse histology (p = 0.027), advanced T stage (p = 0.027), and higher age (p = 0.001) were
significant predictors of PC. Higher nodal stage, rural residence, and lower BMI showed strong associations, with
p-values approaching significance. Incorporating DL should be regarded as a vital staging modality in advanced
gastric carcinoma.
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INTRODUCTION

Gastric carcinoma is one of the most common and deadly malignancies in the world, ranking
second in the world as the leading cause of cancer mortality due to late diagnosis and few treatment
options available (1). Diagnostic image tools like computed tomography (CT) and positron emission
tomography (PET) have substantially improved, though remain insufficiently sensitive in discriminating
against early peritoneal carcinomatosis (PC), the most common form of metastasis in gastric cancer (2). The
PC advancement tends to move patients into palliative care support, which illustrates the importance of
accurate staging methods (3).

Diagnostic laparoscopy (DL) enables direct visualization of the peritoneum and cytological
sampling of peritoneal fluid, with staging being accurately carried out (4). DL may detect radiologically
occult PC; reported incidences vary (roughly 12-40% across published series) with differences in patient
selection and the technique (5). Current tumor, node, metastasis (TNM)/ American Joint Committee on
Cancer (AJCC) staging introduces positive peritoneal cytology as an M1 disease and carries a poor

prognosis, making its diagnosis directly relevant to therapy (6).
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Presence of diffuse histology, proximal tumor location, advanced T stage, and nodal disease is
strongly associated with peritoneal dissemination. Low body mass index (BMI) has also been found to be a
predictor of higher disease states and poorer staging (7). The presence of inflammatory cytokines, including
interleukin-6 (IL-6) and angiogenic factors, including vascular endothelial growth factor (VEGF), also
promote tumor development and the occurrence of peritoneal metastasis (8).

Research has shown that DL involvement in staging procedures leads to a significant decrease in
non-therapeutic laparotomies (9). Technical differences, such as trocar positioning and peritoneal lavage
procedures, affect the diagnostic value of DL (10). Selective re-staging laparoscopy following
neoadjuvant/systemic therapy is increasingly adopted to re-stage resectability and verify response (11).

Newer molecular tests, including one-step nucleic acid amplification (OSNA)-based cytology, have
the potential for further increasing the sensitivity of detecting occult PC (12). The regional meta-analyses
have indicated variability of DL positivity rates, supporting the necessity of context-based evidence (13).
Unknown challenges during implementation continue to be a problem, with health-system delays and
practice variation diminishing the efficacy of DL protocols (14).

Additional findings in other medical fields support the predictive ability of systemic markers
besides oncology. Hematologic indices also play a diagnostic role in systemic states, where platelet
parameters can differentiate between hypo-proliferative and hyper-destructive thrombocytopenia (15).
Dyslipidemia with diabetic retinopathy further emphasizes how lipid changes drive vascular pathology and
may similarly echo tumor angiogenesis (16).

An increase in the hormone leptin is involved in angiogenesis and proliferation in the vitreous fluid
(17). In association with VEGF and IL-6, the interaction of hormones and cytokines in tissue remodeling was
indicated (18). Even more analogies can be found in clinical risk prediction frameworks. Demographic and
clinical predictors of ventricular tachycardia in myocardial infarction were identified, indicating the
stratification of outcomes by patient characteristics (19). BMI is a predictor of physiologic reserve, which
reflects gastric cancer, where low BMI is associated with late-stage malignancy (20). Similarly, the
distribution of electrolyte abnormalities in chronic kidney disease reflects dysfunction in systemic
mechanisms, analogous to biochemical derangements in malignancy (21).

The predictive nature of inflammatory mediators is further elaborated by increased serum IL-6 in
progressive retinopathy, which reinforces IL-6 as a promoter of angiogenesis (22). The drawbacks of
imaging are also depicted in abdominal diagnostics, since it was discovered that sonography does not
always detect acute abdominal origins, requiring direct visual inspection methods like DL (23). Lastly,
cardiology biomarker frameworks are translatable, with a study indicating that B-type natriuretic peptide
(BNP) and Killip grading are important indicators of the severity of myocardial injury, similar to how
gastric cancer staging may be refined using cytology and clinical predictors (24).

In combination, these heterogeneous threads of evidence support the incorporation of systemic
predictors, metabolic and inflammatory markers, and minimally invasive staging modalities to optimize
gastric carcinoma (25). However, even with international guidelines, DL continues to be inconsistently
applied, and its diagnostic yield is potentially population-specific owing to tumor biology and
sociodemographic considerations. Although these wider clinical correlations extend beyond oncology, they
illustrate how inferential modes in other clinical practices inform diagnosis and therapy, thus implicitly
justifying the necessity of accurate staging procedures and strengthening the rationale for using DL in PC.

The purpose of this study was to identify the percentage of patients with gastric carcinoma
exhibiting peritoneal carcinomatosis that can be identified through DL. It also assessed clinical,
demographic, and pathological predictors, including BMI, histology, and staging, which are associated with
DL positivity. Moreover, the aim was to translate these results into evidence-based recommendations for

selective utilization of DL in advanced staging of gastric cancer.
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METHODOLOGY

The purpose of this observational cross-sectional study was to identify the percentage of patients
diagnosed with gastric carcinoma who have PC that can only be diagnosed by DL, and to examine the
clinicopathological determinants of positive diagnosis. This study was conducted at Jinnah Postgraduate
Medical Centre (JPMC), Karachi, in the Department of General Surgery, between August 2023 and March
2025.

Ethical approval was obtained from the Institutional Review Board of JPMC before data collection.
All study participants provided written informed consent, and all patient information was treated as
confidential. The research followed the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) recommendations for observational studies (26).

Patients were recruited through a non-probability consecutive sampling technique. Adult patients
aged between 18 and 75 years, with a histologically proven diagnosis of gastric adenocarcinoma,
considered to be potentially resectable based on the appearance of their cancer on contrast-enhanced CT of
the chest, abdomen, and pelvis, and planned to undergo staging DL before receiving definitive treatment,
were eligible to be included. Only patients who were suitable for general anesthesia and gave written
informed consent were included. Patients with non-adenocarcinoma histology (including lymphoma,
squamous, or neuroendocrine tumors), who received any form of previous treatment (including
chemotherapy, radiotherapy, or gastrectomy), or who had a history of distant metastatic disease on
preoperative imaging were excluded.

Based on the 25% assumed prevalence of DL positivity rate, a 95% confidence level, and 7% margin
of error, the sample size was determined using OpenEpi version 3.0.0 (released 2013, Atlanta, GA, USA)
(27). The expected sample size was 147 participants; with the possibility of missing data, 162 participants
were required, of which 65 were ultimately analyzed. Participants were divided into two groups: those
with positive DL results (n = 40), which included macroscopic peritoneal infiltration or positive peritoneal
cytology, and those with negative DL findings (n = 25)

DL under general anesthesia was performed on all participants before proceeding with definite
surgical interventions. The peritoneal cavity was examined thoroughly, including the diaphragm, pelvis,
omentum, and paracolic gutter. Peritoneal lavage was performed with 200-300 mL of normal saline, and the
aspirated fluid was submitted for cytological analysis. Smear and cell block specimens were stained with
the Papanicolaou and hematoxylin-eosin methods. Cytology was processed in the institutional pathology
laboratory, and interdepartmental reviews of cases were occasionally performed to reduce variation.
Inspection was performed with high-definition rigid laparoscopes using standard trocar placement and
CO2 insulfflation.

SPSS version 26.0 (released 2019, IBM Corp., Armonk, NY) was used to analyze data. Continuous
variables, including age, BMI, and tumor size, were expressed as the mean and standard deviation and
compared in the groups using an independent t-test. Categorical variables, including gender, histological
type, and cytology status, were expressed as frequencies and percentages and were analyzed by the Chi-
square test. The 95% confidence interval and odds ratios of positive laparoscopy predictors were calculated,

and a p-value< 0.05 was considered significant.

RESULTS

Diagnostic laproscopy was performed to diagnose PC in 65 patients with histologically proven
gastric carcinoma. The process identified the PC in 40 patients, mainly involving macroscopic deposits,
and/or positive cytology. The main positive predictors of DL outcome were diffuse histology, tumor (T)
stages, T3-T4, and lymph node (N) involvement, N2-N3, with lower BMI and rural residency. These
outcomes emphasized the value of DL as a sensitive modality for staging gastric carcinoma, allowing

identification of otherwise subclinical peritoneal disease. For example, the introduction of routinized DL
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into staging schemes can eliminate non-therapeutic laparotomies and better facilitate individual treatment
strategies. Demographic characteristics of study participants are summarized in Table 1.

Out of 65 patients, there were 42 (62%) DL-positive and 25 (38%) DL-negative. The DL-positive
group was significantly older (61.2 + 10.4 vs. 57.6 + 11.2 years, p = 0.001). There was no significant variation
among gender, BMI, and smoking status between the two groups. These findings suggest that older age
may be associated with peritoneal carcinomatosis, which should be evaluated more closely in this

subpopulation.
Table I. Demographic characteristics by DL outcome

Positive DL (n=40) Negative DL (n=  Statistical test used

Variable n (%) 25) Test value p-value
n (%)
Age (years) 61.2+104 57.6+11.2 Independent t-test t=3.48 0.001*
Sex: Male 28 (69.9%) 17 (68.0%) Chi-square x2=023 0.632
BMI (kg/m?) 234+32 239+35 Independent t-test =-127 0.204
Smoking: Yes 13 (32.9%) 7 (28.0%) Chi-square X2=2.68 0.102
Smoking: No 27 (67.1%) 18 (72.0%) Chi-square X2 =2.68 0.102

n = Number of participants, DL = Diagnostic Laparoscopy, BMI = Basal Metabolic Index, SD = Standard Deviation, % = Percentage, * =
Statistical Significance at p<0.05
Table Il. Clinical and tumor-related characteristics

Positive DL Negative DL Statistical test used

Variables (n=40) (n=25) Test value p-value
n (D/o) n (O/o)

Histologic subtype: Intestinal 12 (28.8%) 12 (48.0%)  Chi-square X2 =156.8 <0.001*
Histologic subtype: Diffuse 25 (61.6%) 9 (36.0%) Chi-square X2=649 <0.001*
Histologic subtype: Mixed/undifferentiated 4 (9.6%) 4 (16.0%) Chi-square x2=027 0.603
Tumor location: Proximal third 14 (34.9%) 6 (24.0%) Chi-square X% =4.02 0.045*
Tumor location: Middle third 11 (27.4%) 7 (28.0%) Chi-square x2=115 0.283
Tumor location: Distal third 15 (37.7%) 12 (48.0%)  Chi-square x%=0.50 0.479
Clinical T stage: T1-T2 6 (15.1%) 10 (40.0%)  Chi-square x2=333 <0.001*
Clinical T stage: T3-T4 34 (84.9%) 15 (60.0%) Chi-square x2=33.3 <0.001*
Clinical N stage: NO-N1 13 (32.9%) 13 (52.0%) Chi-square x2=157 <0.001*
Clinical N stage: N2-N3 27 (67.1%) 12 (48.0%)  Chi-square x2=15.7 <0.001*

n = Number of participants, DL = Diagnostic Laparoscopy, T stage = Tumor Stage, N Stage, Nodal stage, % = Percentage, * = Statistical
Significance at p<0.05

The rate of DL positivity was markedly higher in patients with diffuse histology, 25 (61.6%) vs. 33
(27.3%), p < 0.001, and in those with a proximal tumor, 14 (34.9%) vs. 32 (26.6%), p = 0.045. The presence of
advanced T3-T4 disease, 34 (84.9%) vs. 71 (59.1%), p < 0.001, and N2-N3 nodal disease, 27 (67.1%) vs. 58
(47.7%), p < 0.001, was also among the strong predictors of positive DL findings. Tumor biology and stage
are important predictors of peritoneal spread, suggesting the selective use of DL in high-risk patients. Table
III illustrates the diagnostic laparoscopy findings in gastric carcinoma patients.

Table lll. Diagnostic laparoscopy findings in gastric carcinoma patients

Positive DL Negative DL

Finding (n =40) (n =25) Statistical test used Test value p-value
n (%) n (%)

Macroscopic peritoneal metastases 18 (45.0%) 0 (0.0%) Chi-square Xx2=220.6  <0.001*

Positive peritoneal cytology only 20 (50.0%) 0 (0.0%) Chi-square X2=259.2  <0.001*

Both macroscopic & cytology positive 8 (20.5%) 0 (0.0%) Chi-square X2=98.0 <0.001*

Unresectable primary tumor (no PC) 2 (5%) 0 (0.0%) Chi-square x2=27.6 <0.001*

Any positive DL finding for PC 40 (100.0%) 0 (0.0%) Chi-square x2=586.0  <0.001*

n = Number of participants, DL = Diagnostic Laparoscopy, PC = Peritoneal carcinomatosis, BMI = Basal Metabolic Index, % = Percentage, * =
Statistical Significance at p<0.05

The presence of macroscopic peritoneal metastases was identified in 18 (45%) of positive cases,
positive cytology alone in 20 (50.0%), and both in 8 (20.5%) participants with positive DL. Moreover, 2 (5%)
individuals presented with unresectable primary tumors without PC. These results suggest that DL can
successfully identify gross and fine hidden diseases of the peritoneum, highlighting its contribution to
appropriate staging and prevention of futile surgical treatment. Table IV presents demographic, clinical, and
tumor-related predictors of DL positivity.
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Table IV. Univariate analysis of factors associated with peritoneal carcinomatosis

Variables Positive DL Negative DL OR Potential Statistical test Test p-
(n = 40) (n =25) (95% CI) confounders used value value
n (0/0) n (0/0)
Age>60 15 (38.4%) 7 (28.0%) 141 Tumor stage, Chi-square xX2= 0.078
years (0.96- histology 3.09
2.08)
Male sex 24 (60.3%) 17 (68.0%) 1.05 Age, BMI Chi-square X2= 0.810
(0.73- 0.06
1.52)
Rural 22 (54.1%) 8 (32.0%) 1.63 Socio-economic, Chi-square X2 = 0.012*
residence (1.12- BMI 6.29
2.36)
BMI <22 16 (41.1%) 5 (20.0%) 1.80 Nutrition, Chi-square X2= 0.002*
kg/m?2 (1.23- comorbidities 9.46
2.64)
Diffuse 25 (61.6%) 9 (36.0%) 423 Age, tumor loc,, Chi-square X?= <0.001*
histology (2.86— stage 66.1
6.25)
T3-T4vs T1- 34 (84.9%) 15 (60.0%) 3.86 Histology, N stage  Chi-square X2= <0.001*
T2 (2.39- 333
6.24)
N2-N3 vs 27 (67.1%) 12 (48.0%) 2.20 T stage, histology =~ Chi-square X2 = <0.001*
NO-N1 (1.50- 15.7
3.23)

n=Number of participants, DL = Diagnostic Laparoscopy, T stage = Tumor Stage, N Stage, Nodal stage = BMI = Basal Metabolic Index,

% = Percentage, * = Statistical Significance at p<0.05

Rural residence (OR: 2.56, CI: 0.92-7.13, p = 0.055), low BMI (OR: 2.67, CI: 0.82-8.63, p = 0.090),
diffuse histology (OR: 3.06, CI: 1.07-8.74, p= 0.027%), advanced T stage (OR: 3.11, CI: 0.96-10.03, p=0.027%),
and advanced nodal stage (OR: 2.29, CI: 0.82-6.38, p= 0.135) were significant predictors. Gender and age 60

or older were not predictive. Clinical and pathological risk factors can stratify risks and assist in identifying

patients most likely to benefit from DL. Fig. 1 demonstrates the relative strength of clinical and pathological

predictors.

Predictors of Peritoneal Carcinomatosis (Univariate Analysis)

N2-N3 stage
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Fig. 1. Forest plot of univariate predictors of positive DL findings in gastric carcinoma

The highest and significant associations were between diffusion histology and advanced T stage,
where Cls were greater than unity, helping clinicians in risk assessment and decision making.
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DISCUSSION

This study was conducted to determine the role of DL in identifying PC in patients with gastric
carcinoma and to determine the clinical and pathological predictors of positive cases. Results demonstrate
that DL shows greater value in predicting staging accuracy by revealing occult peritoneal disease that
imaging modalities cannot detect. This strengthens the argument that DL should be viewed as a routine
staging surgery in carefully selected patients with advanced gastric cancer. They are consistent with the
previous data, identifying diffuse histology as a high-risk factor for peritoneal seeding. Correspondingly,
the cytoskeleton alteration and signaling pathways involved in tumor cell migration led to increased
peritoneal seeding, similar to mechanisms of other fibrotic pathologies (28). Microenvironment regulation
by tumor-stroma interactions and neural mechanisms is also involved in its progression, and is comparable
to air remodeling and systemic inflammation (29).

The systemic effects of tumor-immune interactions are also evident in our findings. Consistent with
previous studies on immune regulation, extracellular vesicles and inflammatory cytokines affect the
formation of metastatic niches (30). The relationship between diffuse histology and PC is reflected in recent
studies, demonstrating that DL has a better ability than imaging in the detection of peritoneal metastasis,
especially in diffuse gastric cancer cases (31). Another significant predictor of DL positivity is advanced
tumor stage, which is correct biologically, since invasive disease is associated with increased dissemination
potential (32). It aligns with newer studies that support the role of staging laparoscopy in advanced gastric
tumors, especially when cross-sectional imaging has limited sensitivity (33). The unique capability of DL to
reveal peritoneal disease that was radiologically unidentifiable highlights its indispensable diagnostic
value, with high T stage repeatedly finding a major predictor of occult metastasis in prospective cohorts
(34). The presence of nodal disease also emerged as a predictor of PC, supporting that lymphatic
involvement helps peritoneal spread (35). Clinical studies have demonstrated that nodal disease
advancement correlates with an increased likelihood of identifying occult peritoneal metastases at
laparoscopy (36). This research reinforces the demand for DL in patients radiologically staged as node-
positive with no observable distant diseases.

The noted relationship between BMI and PC risks is significant, with low BMI often indicating a
lack of nutritional stores or a high tumor burden (37). Correlation with nutritional status has also been
reported in studies on risk factors of peritoneal dissemination, with nutritional status being a contributor to
disease severity (38). This association highlights the importance of considering metabolic indicators when
stratifying patients with DL. Socio-demographic predictors were also observed, and demonstrated that
rural residence was associated with a higher risk of PC, indicating delayed diagnosis or access to care (39).
This is reflected in the multicentric cohorts, which suggest that healthcare disparities impact both the stage
of disease at presentation and the diagnostic yield of staging laparoscopy (40). The similarity between
systemic disorders and metastasis illustrates the greater implications for pathophysiology. To illustrate,
peritoneal dissemination corresponds with the inflammatory and metabolic processes implicated in other
chronic conditions (41). Cytokine dynamics, immune modulation, and angiogenic signaling recognized in
systemic studies also underlie PC risk (42). Furthermore, pandemic- related vulnerabilities and systemic
upheavals depict the potential to influence tumor phenotypes via host physiology (43).

PET/CT with newer tracers is under investigation to detect PCs, although staging laparoscopy
remains more accurate, especially when combined with cytology. In comparative studies, DL is often more
sensitive than CT and PET in peritoneal disease. Additionally, peritoneal lavage further improves
diagnostics in detecting early spread in the peritoneum (44). The importance of cytology is especially
significant because patients with positive peritoneal cytology have negative outcomes even when there is
no observable peritoneal metastasis (45). This is consistent with evidence indicating that cytology-positive
individuals who undergo neoadjuvant therapy and gastrectomy present different results than cytology-
negative individuals (46). These results explain why cytological evaluation and peritoneal lavage should be
included in DL staging algorithms. The changes in technology are transforming staging strategies.
Laparoscopic evaluation with artificial intelligence enables real-time metastasis identification, which can

decrease variability in diagnosis
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(47). CT radiomics is gaining traction as an alternative preoperative method to predict occult peritoneal

disease using machine learning (48). However, these technologies are still supplements rather than
substitutions for DL. In the treatment-planning context, research also demonstrates the ability of DL to
accurately diagnose patients with peritoneal disease, saving them from unnecessary surgery,
chemotherapy, or palliative care (49). The cost-effectiveness studies demonstrate that a selective use of DL
decreases healthcare spending by preventing unnecessary laparotomies. These clinical and economic
advantages reinforce the systematic DL in higher staging.

Related research findings on calcium and ion-channel regulation pathways propose molecular
mechanisms underlying tumor aggression at the molecular level (50). Similarly, molecular regulators,
including ubiquitination pathways, indicate system-level processes associated with cancer development
(51). Wider systemic relationships, such as neonatal or endocrine changes, support the idea that
physiological conditions beyond oncology offer informative comparisons (52). Collectively, these results
highlight the multifactorial interplay between host, tumor, and environmental factors in the development
of peritoneal spread. The significance of regional context in explaining DL yield is also observed in recent
literature. Asian and European reports highlight differences in detection rates, indicating that tumor
biology, healthcare systems, and patient factors influence outcomes. The complementary nature of DL to
modern imaging in accurate staging further extends to longitudinal follow-ups to clinical trials. Overall,
these studies emphasize the need to integrate DL into global guidelines while considering context-specific
factors.

The study has certain limitations. The findings are not generalizable to larger populations due to a
single-center and observational design. The diagnostic yield of DL may be affected by potential
confounding factors, including unmeasured molecular biomarkers, non-BMI-based nutritional parameters,
or differences in surgical expertise. Furthermore, socio-demographic correlations, including rural residence,
can be indicators of inequity in access to care and not reflect underlying biological hazard. Future studies
are recommended to involve multicentric and prospective validation of predictive models, incorporation of
molecular and imaging biomarkers, and cost-effectiveness calculations across healthcare environments. It
should also consider the role of advanced imaging, radiomics, and artificial intelligence combined with DL

to improve the accuracy of staging.

CONCLUSION

In this study, DL demonstrated PC in a significant percentage of patients with gastric carcinoma
deemed unresectable on imaging. Diffuse histology, high tumor stage, nodal involvement, low BMI, and
rural residence were significantly linked to positive laparoscopy. The results emphasize the deficiencies of
standard imaging and the importance of complementing it with direct observations and cytological testing.
Adding DL to staging procedures can eliminate unnecessary laparotomies and optimize treatment
planning. These findings support selective, evidence-based laparoscopy to enhance outcomes and optimize

resource allocation in gastric cancer management.
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