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ORIGINAL ARTICLE
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Measured by Transient Elastography
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ABSTRACT
Background

We used AST to ALT ratio (AAR) and, liver stiffness
measurement (LSM), splenic stiffness measurement
(SSM) by transient elastography to develop a statistical
model and present it as a user-friendly smartphone
application to exclude the presence of oesophageal and
cardio-fundal varices to avoid upper gastrointestinal
endoscopy in selected patients.

Methods

A prospective study was carried out among patients with
Child-Pugh Class A cirrhosis (non-viral and
BMI<30kg/m®). LSM and SSM were obtained using
Fibroscan (EchoSens) by a single operator, blinded to
the presence or absence of varices. The predictors used
to develop the formula were AAR, LSM and SSM.
Multiple logistic regression was used to create the
algorithms in 70% of the sample and validated using
30% of'the sample with Bootstrapping of 1000.

Best algorithms with the highest area under the curve
(AUC) were selected and identified as different cut-off
levels to exclude or predict the presence of varices.
Those values were included in a smartphone application
on android and iOS web-based platforms.

Results

One hundred and nine out of 211 had varices. After
modelling different combinations, logistic regression
formula (LRF)=5.577+ (LSM*0.035)+ (SSM*0.08)+
(AAR*1.48) resulted AUCs 0.93. Cut-off value <-1.26
of LRF predicted the exclusion of varices with a
negative predictive value of 90%. Cut-off value >0.829
of LRF predicted the presence of varices with a positive
predictive value of 91%. Multiple values were used to
develop a smartphone app on the Angular 2+ platform.
(It can be downloaded for use @https://mediformula-
65ef0.web.app/).

Conclusion

The new formula using AAR, LSM and SSM can be
used to predict exclusion of varices with high accuracy
in non-obese patients with compensated cirrhosis of
non-viral aetiology based on the patient's biochemical or
fibroscan values. The smartphone application derived
from this model is easy to use. It is the first mobile
application to be used to exclude or predict the presence
of'varices utilizing SSM.

Keywords

Cirrhosis, portal hypertension, non-invasive
assessment, oesophageal varices.
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INTRODUCTION

“Compensated advanced chronic liver disease”
(cACLD) is defined as a spectrum of advanced liver
fibrosis or cirrhosis in asymptomatic patients [1,2].
Clinically significant portal hypertension (CSPH) is
defined by the hepatic venous pressure gradient
(HVPG) of >10 mmHg and is present in around 60% of
patients with cACLD and in almost all patients with
decompensated cirrhosis []. CSPH influences the
development of portosystemic collaterals, leading to the
development of oesophageal (EV), cardio-fundal and/or
ectopic varices and is independently associated with an
increased risk of decompensation and the development
of hepatocellular carcinoma (HCC) [2]. Reducing the
HVPG by 20% and/or to <10 mmHg significantly
reduces the decompensation risk in patients with
cirrhosis[3].

The gold standard for assessing portal hypertension
(PH) and identifying CSPH is HVPG, which represents
the gradient between the pressure in the hepatic
sinusoidal capillary network and the free hepatic venous
(systemic) pressure. However, owing to the limited
availability of HVPG measurement, CSPH is most often
diagnosed only after the detection of varices on upper-
gastrointestinal endoscopy (UGIE). Despite its ease of
access, endoscopy remains an invasive procedure
requiring clinically trained specialists and specialized
equipment. Additionally, it is generally not well
perceived by patients. Furthermore, there is
considerable inter-observer disagreement during the
endoscopic assessment of variceal grading. [4]

Transient elastography (TE) is a non-invasive,
reproducible and simple screening method which
assesses tissue elasticity and, thereby, liver stiffness due
to liver fibrosis [7, 11]. TE is a one-dimensional shear
wave elastography (SWE) method that measures liver
stiffness (LSM) or spleen stiffness (SSM) at a depth of
2.5-6.5 cm beneath the skin, with an exploration volume
of 3 cm? [5]. Results measured by SWE are usually
presented as either m/s (tissue velocity) or kPa
(estimated tissue elasticity).

In recent times, there has been extensive research
investigating the potential and efficacy of LSM as a non-
invasive method for diagnosing CSPH, the presence of
EV and varices needing treatment (VNT). The Baveno-
VII consensus statement defined non-invasive criteria
based on LSM and SSM by TE and platelet count by
which patients can safely avoid screening
endoscopy[2].Baveno-VII guidelines considered LSM
<20kPa with platelet count more than 150,000/cm3 to
“rule out” CSPH and SSM of <21kPa to “rule out”
CSPH and>50to “rule in” CSPH. [2]

In studies focusing on ruling in the presence of EV,
positive-predictive values (PPV)> 90% were reported
when cut-offs range from 15 kPa to 28kPa. In contrast,
in studies focusing on ruling out EV, negative-predictive
values (NPV)> 90% were reported when cut-offs range
between 19 kPaand 48 kPa. [2-5]

The use of SSM, in addition to LSM, as a non-invasive
surrogate parameter for the prediction of varices, has
steadily been gaining traction since it was first reported
in 2013 [6]. Indeed, several studies have subsequently
investigated the predictive value of SSM using TE.
Notably, SSM can also capture PH secondary to both
pre-sinusoidal and/or pre-hepatic causes, which may not
be detected by LSM alone. Furthermore, SSM has
universally been shown to be at least equal, if not
superior, to LSM with regards to the detection of
varices.

Aspartate aminotransferase (AST) to alanine
aminotransferase (ALT) ratio (AAR) is a useful non-
invasive, simple serum marker for liver cirrhosis. It is
also has been successfully used to predict the presence
of EV. [7/9}Currently, there appear to be no studies
evaluating the utilization of composite scores using
LSM, SSM and AAR [37]. Therefore, we aimed to
combine LSM, SSM and AAR to predict or exclude
CSPH and the presence or absence of oesophageal
and/or cardio-fundal varices. We used LSM, SSM and
AAR todevelop a statistical model to predict varices and
present it as a user-friendly smartphone application.

METHODS

A prospective study was carried out among Child-Pugh
Class A cirrhotic patients 18 to 65 years of age attending
the liver clinic at the Colombo North Teaching Hospital,
Ragama, Sri Lanka. The patients recruited were those
with cirrhosis due to NAFLD, autoimmune or chronic
unsafe alcohol use and with a BMI<30kg/m’. Those with
cirrhosis secondary to viral hepatitis were excluded
from the study. All the participants were subjected to a
gastroscopy and a fibroscan.

LSM and SSM were obtained using FibroScan® 502
Touch machine (Echosens, France) by a single operator
who was blinded to the presence or absence of gastro-
oesophagal or cardio-fundal varices and endoscopist
was blinded for the fibroscan findings.

After collecting the data 70% of the sample was
randomly allocated for model building to predict the
presence or absence of varices taking the gastroscopy
findings as the gold standard. The predictors used for the
development of the model were 1). AAR, 2).
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LSM and 3). SSM. Initially independent sample t-test
was carried out with the predictors. Multiple logistic
regression was used to develop the algorithm.

The new algorithm was internally validated using the
rest (30%) of the sample with bootstrapping over
1000, The algorithm values were plotted in a ROC
curve against presence or absence of varices and
negative prediction value (exclusion of varices) and
positive predictive values were calculated for different
points at the curve. (Figure 2)

Independent sample t-tests of logistic regression
formula (LRF) value were also used to cross-validate
the two sub-samples for patients with varices and
without varices “*". (Figure 1)

Figure 1. Study outline in a graphical presentation

Those cut of values were used to predict the varices used
to build a smartphone app on the Angular 2+ platform.
(It can be downloaded for use @https://mediformula-
65¢f0.web.app/).

(Figure 3) The user needs to enter the values of LSM,
SSM, AST, and ALT into the input interphase, and the
app will calculate a score based on the coefficient of the
logistic regression model.

Then, it would identify in which range the LRF value
will lie and calculate the risk of having varices or the
possibility of excluding varices as its output.
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RESULTS

There were 211 subjects who participated in this study.
We divided the sample into two groups: training and
validation.
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The training sample (training group) and validation
sample (validation group) consisted of 154 and 67
participants respectively. The following table (Table 1)
describes the socio-demographic properties of the two
groups.
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Table 1. Socio-demographic characteristics of the participants

Training

group Validation

(n=154) group (n=67) Sig.
BMI (Mean/s.d.) kg/m’ 26.1(3.7) 25.5(3.4) 0.28
Gender
Male 58.4% 61.2% 0.7
Occupation —Currently
Employed 28.5% 24.2% 0.19
Marital status
Ever Married 92% 97% 0.37

Table 2 describes the variables used to differentiate the presence of varices vs absence of varices in the two groups the

training group and the validation group.

Table 2. Comparison of predictive variables among training group vs validation group

Varices absent

Varices present

group

Parameter N Mean 95% CI Sig. N  Mean 95%CI Sig.
LSM Training 67 20.3 17.5-23.1 03 78 35 31.2-38.8 0.4
Median  group

Validation 32 17.7 14.1-21.3 30 383 30.7-45.9

group
SSM Training 67 27.4 24.0-30.8 09 77 507 46.5-549 0.5
Median  group

Validation 33 27.9 21.7-34.1 30 48 41.6-54.4

group
AAR Training 67 1.1 1.0-1.2 05 78 1.4 1.3-1.5 0.7

group

Validation 29 1 0.85-1.1 28 14 1.3-1.5
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LSM; Liver stiffness measurement, SSM; Spleen stiffness measurement, AAR; Aspartate aminotransferase to

Alanine aminotransferase ratio.

Those two groups did not show a statistically significant difference when comparing the presence of varices with the
absence of varices, confirming that the two groups are random in allocation. When comparing the LSM, SSM and
AAR in the training group all the parameters showed a statistically significant difference between the subgroup with

varices and without varices as demonstrated in Table 3.

Table 3. Comparison of predictive variables among the presence of varices vs absence of varices.

varices present varices absent
Std. Std.
Parameter Mean  Deviation Mean  Deviation Sig
LSM median 34.9 16.5 20.3 11.8 <0.001
SSM median 50.7 18.1 27.4 13.7 <0.001
AAR 1.3 0.5 1.1 0.4 <0.001

LSM; Liver stiffness measurement, SSM; Spleen
stiffness measurement, AAR; Aspartate amino
transferase to Alanine aminotransferase ratio

The mean LSM, SSM and AAR were 34.9 kPa, 50.7kPa
and 1.3 respectively in those patients with varices and
20.3 kPa, 27.4 kPa and 1.1 respectively among those
patients without varices.

The significance values were <0.001 in all the
parameters. LSM, SSM and AAR demonstrated a
statistically significant difference among patients with
oesophagal varices vs those without varices.

After modelling with different statistical methods,
logistic regression and discriminant function analysis,
the following formula value gave the highest AUC value
0f0.93. After modelling different combinations,

Logistic regression formula (LRF) = 5.577+
(LSM*0.035)+(SSM*0.08)+(AAR*1.48).

(LSM; Liver stiffness measurement, SSM; Spleen
stiffness measurement, AAR; Aspartate amino
transferase to Alanine aminotransferase ratio)

Figure 2. ROC curve of Logistic regression formula and
other parameters in the predictability of varices

Figure 2. ROC curve comparing different predictors for presence of esophageal varices
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LRF; Logistic regression formula, LSM; Liver stiffness
measurement, SSM; Spleen stiffness measurement,
AAR; Aspartate aminotransferase to Alanine
aminotransferase ratio

Area under the Curves; LRF 0.93, SSM 0.87, LSM 0.82,
AARO0.75

The following table (Table 5) shows the mean
comparison of patients with varices and without varices
in the modelling group vs the validation group.

The best ROC curve formula was then validated, and
different cut-off values or exclusion of varices were
decided and presented it as a user-friendly mobile phone
application.

Table 4. Validation of LRF using independent sample t-test.

LRF
value 95% CI Significance
(mean)
With varices
Training group 1.7 1.29-2.19 0.92
Validation group 1.7 0.85-2.45
Without varices
Training group -1.1 -1.5t0-0.7 0.74
Validation group -1.2 - 1.82t0 -0.62

There is no statistically significant difference in the two
groups when comparing the varices group with no
varices group using independent sample t-tests.

Validation was carried out with a comparison of mean
values of calculated LRF for the training group and
validation group. LRF values in patients with varices in
the training group and validation group were 1.7 in both
groups.

(p=0.92) and those values among non-varices patients
were— 1.1 and-1.2 respectively. (p=0.74). (Table 4)

Cut-off value < -1.26 of LRF predicted exclusion of
varices with a negative predictive value of 90%. Cut-off
value > 0.829 of LRF predicted the presence of varices
with a positive predictive value 0f 91%.
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Table 5. Predictive accuracies of exclusion of varices (NPV) at identified different cut of values

< -1.259 to - -0.767 to - -0.025 to 0.605 to More than
Statistic -1.26  0.768 0.026 0.604 0.828 0.829
Negative 90-86% 86-77% 77-73% <72%

Predictive Value >90%
73-72%

Table 5 shows that the lower the value, the higher the predictability of exclusion of varices and vice versa.
Multiple values were used to develop a smartphone app on the Angular 2+ platform.

Figure 3. Input and output interphases of mobile app
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DISCUSSION

We have compared few already known non-invasive
markers such as LSM, SSM and AAR to predict the
presence or exclusion of varices. Development of a
formula and validation for exclusion of varices and
presenting it as a simple user-friendly web/mobile
application is the first in this subject area.

LSM, SSM and AAR were higher in patients with
varices in comparison to patients without varices. (Table
3) These results are in keeping with the findings of
previously reported studies [27,28,31,34]. LSM and
SSM values are higher in patients with decompensation
or in patients with varices. "’

Since all the variables are significant in mean
comparison, all variables were taken into the LRF.
Interestingly, the LRF with the platelet count included,
gave a lower AUC. LSM, SSM and AAR gave better
predictive values. Therefore, we are presenting the
results without the platelet count in the prediction
formula.

Even though sensitivity, specificity and accuracy are
important, we have paid more attention to the predictive
ability of the formula to exclude the presence of
varices,in order to avoid unnecessary UGIE and
conversely, to determine the predictive ability to
identify the presence of varices thus those patients who
should be referred fora UGIE.

Similar types of studies that tried to evaluate predictive
accuracies have shown similar findings with different
formulae and models. [7,9] Predictive accuracies for
exclusion of varices (NPV) and presence of varices
(PPV) of LRF values at different cut-off values were
identified, so the user can decide or can inform the
patient on the importance of conducting a UGIE at the
given point.

(Table 5, Figure 3). Coming up with a range of different
cut-off values in our study made it difficult to compare
with the previous studies which have given only a single
cut-off or a single range and it is one of main strengths of
our study. [21-28]

In the present study the cut-off value < -1.26 of LRF
predicted exclusion of varices with a negative predictive
value of more than 90%. In a large meta-analysis (n=
3364), demonstrated the isolated LSM cut-off of 20 kPa
(alone) to predict the presence of EV with a PPV 0f43%
and aNPV of 86% """ Notably, another meta-analysis (n
=2697) reported similar results with a sensitivity of 84%
and a specificity of 68% (PPV and NPV were not
reported) ™.

Previous studies have demonstrated data on the
combination algorithm of LSM and platelet count
(commonly at the cutoff 150G/L) to rule-out VNT. But
'Anticipate study' results for this algorithm were rather
disappointing [ 12]. Maurice et al evaluated these criteria
in 310 patients and reported a PPV of 6% and a NPV of
98%, indicating that these criteria be highly accurate for
ruling out VNT as intended [ 13]. Concurrently, Wong et
al prospectively analyzed 274 patients and found similar
results with a PPV of 9.5% and a NPV of 95.5%][x].
Moreover, a large meta-analysis by Marot including
3364 patients with mixed etiologies of liver disease
reported an excellent NPV for ruling out VNT (98%)
using the cut-offs as proposed by the Baveno-VI
consensus [12].

The main limitation of the study is the population we
used. It was limited to cirrhosis due to non-viral
ctiologies because we have a small number of cirrhosis
due to viral diseases in Sri Lanka. Therefore, the
generalizability of the findings of this study to all
cirrhotics may be limited. But interested researchers can
use our methodologies to explore the possibility of
applying the same principles to those patients as well.
We also have studied the platelet count in addition to
LSM and SSM as suggested by the Baveno 7 criteria. It
has not been shown in the results because of its low
sensitivity, specificity, NPV and PPV in comparison to
our new formula.

CONCLUSION

The new formulausing AAR, LSM and SSM can predict
varices with high accuracy in non-obese patients with
compensated cirrhosis of non-viral aetiology. The
smartphone application derived from this model is user-
friendly, and it is the first mobile application of its kind
again proving the comment by the review in 2015. [29]
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ABSTRACT

Chronic pancreatitis (CP) is a progressive and
debilitating disease characterized by irreversible
damage to the pancreas, leading to debilitating pain,
endocrine dysfunction, and exocrine insufficiency.

The surgical management of CP remains a crucial aspect
of treatment, particularly in cases that are unresponsive
to medical and endoscopic therapies. South Asia, with
its high prevalence of tropical pancreatitis, significant
healthcare disparities, and economic constraints,
presents unique challenges in the surgical management
of CP.

This review explores the various surgical options
available for managing chronic pancreatitis, discusses
the role of surgery in pain relief and complications
management, and highlights the challenges specific to
the South Asian context. Additionally, the review
suggests strategies that could improve patient outcomes
and surgical success in this region.

Key words

Chronic pancreatitis, Pancreatic Surgery, Economic
impact.

INTRODUCTION

Chronic pancreatitis (CP) is a progressive inflammatory
disease that leads to irreversible structural changes in
the pancreas, resulting in persistent abdominal pain and
loss of pancreatic function, which can lead to
complications such as diabetes mellitus and
malabsorption (1). The condition often results from
prolonged inflammation, causing fibrosis, calcification,
and ductal obstruction.

While chronic pancreatitis is recognized globally, the
burden is particularly high in South Asia, where the
incidence of the disease is higher compared to Western
populations (2). This heightened prevalence is mainly
due to the significantly common form of tropical
pancreatitis (TP) in the region, which differs from the
alcohol-induced pancreatitis prevalent in Western
countries (3).

The management of chronic pancreatitis in South Asia is
fraught with challenges due to late-stage diagnosis, high
disease burden, and limited access to healthcare services
(4). Additionally, socioeconomic factors often impact
healthcare accessibility, making the management of this
disease difficult, especially in rural and underserved
areas (5).

Surgery is often the last resort in CP management,
particularly when conservative measures such as
medical therapy and endoscopic interventions fail to
control symptoms and disease progression (6).

Surgical management of CP is primarily aimed at
relieving pain, addressing complications such as ductal
obstruction or pseudocysts, and preventing further
damage to the pancreas (7). However, the decision to
proceed with surgery is complicated by several factors,
including the stage of the disease, the patient's overall
health, and the presence of comorbid conditions (8).

This review provides an in-depth exploration of the
various surgical approaches to managing CP in the
South Asian context, focusing on the indications,
techniques, outcomes, and challenges, as well as
potential strategies to improve surgical outcomes in this
region.
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FINANCIAL BURDEN OF CHRONIC
PANCREATITIS IN RELATION TO SURGICAL
MANAGEMENT

The financial burden associated with chronic
pancreatitis is a significant concern, particularly in the
context of surgical management. Patients often face
high out-of-pocket costs associated with surgery, which
can include hospitalization, surgical procedures, and
post-operative care such as enzyme replacement therapy
and insulin administration (9, 10). This financial toxicity
can lead to substantial economic strain on families,
particularly in South Asia, where healthcare resources
are already limited and patients may be unable to afford
necessary treatments (11).

Delays in seeking timely surgical intervention due to
financial constraints can exacerbate the disease, leading
to additional complications, resulting in a vicious cycle
of worsening health outcomes and increasing healthcare
costs (12, 13).

Furthermore, the economic burden extends beyond
direct medical costs to include loss of income due to
prolonged disability or inability to work during recovery
(14). As a result, addressing the financial aspects of
chronic pancreatitis care is essential for improving
patient outcomes and ensuring equitable access to
surgical management.

SRILANKAN CONTEXT OF MANAGEMENT OF
CHRONIC PANCREATITIS

Sri Lanka also faces a significant burden of chronic
pancreatitis, largely attributed to the high incidence of
tropical pancreatitis. The condition poses unique
challenges in the management of CP. A combination of
dietary habits, genetic predisposition, and
environmental factors has resulted in an increased
prevalence of this disease in the population (15).

The management strategies in Sri Lanka are influenced
by limited healthcare resources, varying access to
specialist care, and socioeconomic factors that hinder
early diagnosis and treatment (16).The surgical
management of CP in Sri Lanka is comparable to that of
other South Asian countries. However, there is often a
delay in surgical intervention due to late presentations,
which consequently leads to poorer treatment outcomes.

Referral to tertiary care centers for specialized
management is crucial, yet many patients are unable to
access these facilities in a timely manner (17).
Advancements in endoscopic techniques have also been
integrated into the management approaches, offering
less invasive alternatives before considering surgical
options (18).
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Furthermore, awareness regarding chronic pancreatitis
and its complications needs improvement among
healthcare professionals and patients alike. Community
education programs could help mitigate some of the
cultural and compliance issues (19).

Multidisciplinary approaches to manage the endocrine
and exocrine deficiencies resulting from CP and post-
surgical care are also necessary to improve long-term
outcomes for patients (20).

PATIENT SELECTION FOR SURGERY

Endoscopic therapy (ET) has emerged as a key first-line
intervention for managing chronic pancreatitis. It is
particularly effective in managing patients with
dominant strictures, obstructive pancreatic calculi, and
pseudocysts, as it allows for ductal decompression and
symptom relief without the need for invasive surgery
(20).

Common endoscopic procedures include balloon
dilation of strictures, stone removal, and stent
placement. However, ET does not always provide long-
term symptom relief, and up to 50% of patients with CP
may eventually require surgical intervention due to
persistent symptoms or disease progression (21).

Surgical intervention becomes necessary when:

* Persistent or recurrent pain continues despite multiple
endoscopic interventions. CP is often associated with
severe, debilitating pain, which can significantly impact
the patient's quality of life (22). When pain does not
resolve with endoscopic procedures, surgical options
may provide better long-term relief.

* Obstructive calculi within the pancreatic duct fail to be
cleared despite endoscopic techniques, leading to
recurrent pain and the risk of further pancreatic damage
(23).

* Refractory ductal strictures do not respond to repeated
endoscopic dilations or stenting, thereby necessitating
surgical intervention to maintain pancreatic ductal
patency (4).

* Suspicion of malignancy arises, especially in patients
with long-standing CP. Pancreatic cancer is a known
complication of CP, particularly in patients with chronic
oradvanced stages of the disease (24).

* Obstructions of the duodenum or biliary system
develop despite endoscopic stenting, making surgery
necessary to restore normal gastrointestinal function
and alleviate symptoms (25).
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In South Asia, where tropical pancreatitis is a
predominant cause of CP, many patients present with
advanced disease, and the window for effective
endoscopic therapy may be limited (26).

Surgical intervention following failed endotherapy is
often associated with improved long-term outcomes,
including better pain control and preservation of
pancreatic function (27). Therefore, early referral to a
specialized center for surgical management is essential
to optimize patient outcomes and avoid unnecessary
delays in treatment.

DIRECT INDICATIONS FOR SURGERY

While surgery is generally reserved for patients who do
not respond to conservative management or endoscopic
procedures, specific indications for surgery exist in the
management of CP. The primary goal of surgery is to
provide pain relief and address complications arising
from the disease.

Pancreatic Malignancy

CP is a well-established risk factor for pancreatic ductal
adenocarcinoma (PDAC), particularly in patients with
long-standing or advanced disease (28). The association
between CP and PDAC is significant due to the chronic
inflammation and fibrosis that characterizes CP, which
may predispose the pancreas to malignant
transformation (29).

Any suspicion of pancreatic cancer—based on imaging
findings such as a pancreatic mass, rapid weight loss,
jaundice, or worsening glycaemic control or worsening
symptoms—requires prompt surgical evaluation and
potential resection (30). In patients with CP and
suspected malignancy, the appropriate surgical
procedure is typically pancreaticoduodenectomy
(Whipple's procedure) or distal pancreatectomy,
depending on the tumor's location.

Obstructive Complications

CP is associated with a number of obstructive
complications, such as duodenal stenosis, biliary
obstruction, and portal vein thrombosis (31). Duodenal
stenosis occurs when inflammation or fibrosis obstructs
the duodenum, leading to symptoms such as nausea,
vomiting, and weight loss.

Biliary obstruction, caused by scarring and
inflammation of the bile ducts, can lead to jaundice and
cholangitis. In these cases, surgical intervention may be
required to relieve the obstruction and restore normal
function (32).
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Failed Endotherapy

Despite the availability of endoscopic procedures to
manage ductal strictures, pancreatic stones, and
pseudocysts, some patients experience persistent
symptoms or complications that necessitate surgical
intervention (33). When endoscopic drainage or stone
extraction is unsuccessful, or when complications such
as recurrent infections, bleeding, or pancreatic duct
obstruction persist, surgery may be required. Drainage
procedures, such as pancreaticojejunostomy (Puestow
procedure), or resection procedures, such as distal
pancreatectomy or Whipple's procedure, are employed
to manage these patients effectively (34).

SURGICALPROCEDURES

The surgical management of CP primarily involves
three categories of procedures: drainage procedures,
resection procedures and combined procedures. Each
approach is suited to specific forms of pancreatic
pathology.

DRAINAGE PROCEDURES

Puestow Procedure (Longitudinal Pancreaticoje-
-junostomy)

Drainage procedures are performed in patients with
chronic pancreatitis and a significantly dilated main
pancreatic duct (>6 mm) to facilitate ductal drainage and
alleviate pain [35]. The lateral pancreaticojejunostomy
(Puestow procedure) involves longitudinally opening
the pancreatic duct and anastomosing it to a Roux-en-Y
jejunal loop, enhancing the outflow of pancreatic
secretions and reducing intraductal pressure, a key
contributor to pain. This procedure is most effective in
patients with chronic pancreatitis affecting the
pancreatic head and body, particularly when ductal
obstruction is the predominant pathology without a
significant inflammatory mass. It has demonstrated
good outcomes in terms of pain relief and improved
pancreatic function. However, it is less suitable for
patients with diffuse pancreatic fibrosis or advanced
endocrine and exocrine insufficiency, as these
conditions may limit symptomatic relief and overall
effectiveness [36].

RESECTION PROCEDURES

Resection surgery is indicated for patients with
localized chronic pancreatitis, particularly when an
inflammatory mass causes obstruction of the bile duct,
duodenum, or pancreatic duct. Surgical resection is also
considered when malignancy is suspected. The choice
of procedure depends on the location of the disease and
associated complications.
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Whipple's Procedure (Pancreaticoduodenectomy)

The Whipple procedure (pancreaticoduodenectomy) is
a complex surgical intervention primarily performed for
chronic pancreatitis involving the pancreatic head,
especially when there is concern for malignancy [37]. It
involves resection of the pancreatic head, duodenum,
gallbladder, and part of the bile duct, followed by
gastrointestinal reconstruction.

Despite its high risk of complications, including
pancreatic fistula, infection, and bleeding, it remains the
gold standard for patients with suspected pancreatic
cancer [38]. In select cases of severe chronic
pancreatitis, the procedure can provide significant
symptom reliefand improve quality of life.

Distal Pancreatectomy

For chronic pancreatitis affecting the pancreatic body
and tail, distal pancreatectomy is the preferred surgical
option [39]. This procedure involves the resection of the
affected pancreatic segment, with or without
splenectomy, depending on vascular involvement.
Compared to the Whipple procedure, distal
pancreatectomy is associated with a lower risk of
complications and can provide effective pain relief and
improved quality of life [40]. However, it may lead to
endocrine insufficiency, particularly if a large portion of
the pancreas is removed.

COMBINED DRAINAGE AND RESECTION
PROCEDURES

Frey's Procedure

Frey's procedure is a hybrid surgical technique that
combines local resection of the pancreatic head with
longitudinal pancreaticojejunostomy to improve ductal
drainage and relieve pain in patients with chronic
pancreatitis affecting the pancreatic head [41]. It is
particularly effective in cases where the main pancreatic
duct is dilated (>6 mm), and there is inflammatory
hypertrophy of the pancreatic head, but without a
distinct mass concerning for malignancy [42].

Frey's procedure is preferred over pancreaticoduo-
-denectomy (Whipple's procedure) when preservation

of the duodenum and bile duct is desirable, leading to
lower surgical morbidity [43]. It provides significant
pain relief and helps preserve exocrine and endocrine
function better than total resection techniques [44].
Berne's modification is a similar approach that further
limits pancreatic head resection, making it an alternative
option in select cases [45].
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Berne's Modification of Frey's Procedure

Berne's modification is a more conservative variation of
Frey's procedure, focusing on limited resection of the
pancreatic head while preserving pancreatic tissue, the
duodenum, and the bile duct [46]. It is beneficial for
pancreatic head-dominant chronic pancreatitis where
extensive resection is unnecessary. This technique
offers lower surgical morbidity and a reduced risk of
pancreatic insufficiency compared to the Whipple
procedure, while still providing pain relief and
functional outcomes similar to Frey's procedure [47].

TOTAL PANCREATECTOMY WITH ISLET
AUTOTRANSPLANTATION (TP-IAT)

Total pancreatectomy with islet autotransplantation is a
more recent approach used for diffuse pancreatic
disease, particularly in patients with advanced CP (48).
The procedure involves the complete removal of the
pancreas, followed by the transplantation of pancreatic
islets into the liver to preserve insulin production. While
this procedure offers excellent pain relief and prevents
the progression of pancreatic disease, it is resource-
intensive and requires advanced surgical expertise. It is
not widely available in South Asia due to the high costs
associated with the procedure (49).

Though the procedure can significantly improve pain
control and quality of life in certain patients, it also poses
challenges in the form of potential diabetes
development, as complete removal of the pancreas leads
to endocrine insufficiency. Nonetheless, for selected
patients, TP-IAT remains an important option in the
surgical management of diffuse chronic pancreatitis,
especially when all other treatment options have been
exhausted.

HYBRID AND MINIMALLY INVASIVE
APPROACHES

Minimally invasive techniques, such as laparoscopic
and robotic-assisted surgery, are gaining traction
globally due to their ability to reduce postoperative pain,
shorten recovery times, and minimize complications
(45).

However, these techniques are still relatively rare in
South Asia due to the cost of the equipment and the
specialized training required for surgeons. Despite these
limitations, the potential for minimally invasive surgery
to revolutionize pancreatic surgery in the region remains
high, and efforts are being made to integrate these
techniques into surgical practice (46).
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CHALLENGES SPECIFICTO SOUTHASIA

Several region-specific challenges complicate the
management of CP in South Asia, particularly in the
surgical context.

1. High Prevalence of Tropical Pancreatitis: Tropical
pancreatitis, characterized by idiopathic inflammation
and fibrosis of the pancreas, is particularly common in
South Asia (47). This form of CP tends to affect younger
individuals and progresses more aggressively, leading
to earlier onset of complications and a need for more
urgent surgical interventions (48).

2. Limited Access to Specialized Centers: Many
patients in South Asia do not have access to specialized
pancreatic centers due to the scarcity of tertiary hospitals
equipped with advanced surgical and diagnostic
facilities (49). This results in delayed diagnoses,
suboptimal preoperative preparation, and higher rates of
surgical complications (50).

3. Economic Constraints: The high cost of advanced
pancreatic surgery, including procedures like Whipple's
surgery and islet autotransplantation, is a significant
barrier for many patients in South Asia (51).
Additionally, the cost of postoperative care, including
enzyme replacement therapy and insulin, can place a
substantial financial burden on families, leading to poor
adherence to treatment and follow-up (52).

4. Postoperative Nutritional and Diabetes
Management Challenges: Long-term management of
patients after pancreatic surgery requires a
multidisciplinary approach to handle issues such as
enzyme replacement therapy and insulin therapy.
However, in many parts of South Asia, these treatments
are often unavailable or unaffordable, complicating
postoperative care (53).

5. Cultural and Compliance Factors: Cultural beliefs,
traditional healthcare practices, and a lack of awareness
often lead to delays in seeking medical care or following
through with prescribed treatment regimens (54).
Inadequate patient education about the importance of
follow-up visits, lifestyle modifications, and dietary
changes further exacerbates the challenges in managing
CP.

POSTOPERATIVE OUTCOMES AND LONG-
TERM CONSIDERATIONS

Surgical intervention in CP can provide significant pain
reliefand improve patients' quality of life.
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However, there are risks associated with these
procedures, including complications such as pancreatic
fistula, infections, bleeding, and endocrine and exocrine
insufficiency (55). In the long term, patients may require
lifelong therapy with pancreatic enzymes and insulin
(56).

Ensuring adherence to these therapies, as well as
providing appropriate nutritional support, is essential to
prevent malnutrition and manage diabetes effectively.
The lack of comprehensive post-surgical care facilities
in some regions of South Asia poses a significant
challenge to long-term management (57).

FUTURE DIRECTIONS AND RECOMMEN -
-DATIONS

Several strategies can be implemented to improve the
surgical management of CP in South Asia:

1. Development of Regional Guidelines: Establishing
evidence-based regional guidelines for early detection,
diagnosis, and management of CP would improve the
consistency of care across different regions and reduce
disparities in treatment outcomes.

2. Specialized Pancreatic Surgery Centers: The
establishment of specialized centers dedicated to
pancreatic surgery, where experts can provide
multidisciplinary care, would improve surgical
outcomes and facilitate the implementation of advanced
techniques such as minimally invasive surgery.

3. Affordable Healthcare and Postoperative
Support: Government and non-governmental
organizations must work together to reduce the cost of
pancreatic surgery, insulin, and enzyme replacement
therapy. Additionally, programs that provide nutritional
support and diabetes management would greatly benefit
patients in the long term.

4. Patient Education and Awareness: Increasing
awareness about CP and its treatment options can help
patients seek timely medical care, reduce delays in
diagnosis, and improve surgical outcomes.

CONCLUSION

Chronic pancreatitis presents significant challenges in
terms of diagnosis, management, and treatment,
particularly in South Asia. The surgical management of
CP offers hope for patients who fail conservative and
endoscopic treatments, but it is fraught with challenges,
including high costs, limited access to care, and the need
for specialized skills.
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Addressing these challenges will require a concerted
effort from healthcare providers, policymakers, and
patient advocacy groups to ensure that patients receive
the best possible care and support throughout their
disease course. With ongoing advancements in surgical
techniques and improved healthcare infrastructure, the
outcomes for patients with chronic pancreatitis in South
Asia can be significantly improved.
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ABSTRACT

Artificial Intelligence (AI) has emerged as a
transformative tool in gastrointestinal (GI) endoscopy,
enhancing diagnostic accuracy, procedural efficiency,
and clinical decision-making. Al applications -
particularly those involving computer-aided detection
(CADe) and diagnosis (CADx)—have shown
significant promise in the detection and characterization
of colorectal polyps, early neoplasia in Barrett's
esophagus, and gastric lesions.

In inflammatory bowel disecase (IBD), Al assists in
disease activity assessment and monitoring. Capsule
endoscopy and endoscopic ultrasound (EUS) are also
benefiting from Al integration, improving image
interpretation and lesion recognition.

As Al technologies continue to evolve, they are
expected to support real-time decision-making, reduce
inter-observer variability, and improve patient
outcomes. However, further validation, regulatory
approval, and integration into clinical workflows are
essential for widespread adoption.

Key words

Artificial Intelligence, Endoscopy, Inflammatory bowel
disease.

INTRODUCTION

The term intelligence is applied to the ability to adapt to
circumstances, rather than to perform repetitive tasks.

The basic components of human intelligence include the
ability to learn (by trial and error), reasoning (to act
appropriately in a given situation), problem-solving

(searching through a range of possibilities and
determining the most suitable solution), perception
(scanning the environment with various sensory organs
and identifying various objects and their spatial
relationships), and using language (producing sounds
that have meaning).

Artificial intelligence (Al) is the ability of a machine ora
computer software program to mimic human
intelligence.

Definitions

Al is a general term that may encompass software
programs based solely on algorithms. In stricter terms,
Al refers to two subfields: machine learning (ML) and
deep learning (DL) models (Fig. 1). To understand the
distinction between these subtypes, one must
understand the basic structure of Al

Fig— 1. Artificial intelligence sub types
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Basic Structure

The basic structure of Al consists of three layers (Fig. 2).
The outermost layer is called the input layer and consists
of sensors that collect information from the
environment. The innermost layer is called the output
layer, which communicates the results. Sandwiched
between these two layers is the inner or hidden layer,
which is responsible for processing the information
received from the input layer.

It is the most complex structure in Al and may consist of
specially designed software for tasks like feature
extraction (for example, from an image), mathematical
calculations, and algorithms for the purpose for which it
was designed. Communication between the layers is
done by a special type of connection called “weights.”

The intensity of a weight may vary depending on the
importance of the parameter (for example, the color of a
polyp) required for the final analysis, and the machine is
able to adjust the intensity based on the 'experience'
gained during the process of learning.

This arrangement is sometimes referred to as an
artificial neural network (ANN), as it was inspired by
the biological connections of the human brain.
Convolutional neural networks (CNNs) are a more
complex, multilayered neural network with
connectivity similar to the visual cortex of the human
brain. Therefore, CNN is used in deep learning (DL).

Fig—2. Basic structure of the artificial intelligence
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Machine Learning (ML)

Machine learning undergoes four stages of development
(Fig. 3). During the first phase, the machine must be
programmed for a specific task (for example, detection
of a polyp). Thereafter, the Al has to be 'taught' like a
student during the next phase, which is called the
learning phase.

During this phase, the machine automatically detects
data patterns in the learning data set (for example, how a
colon polyp looks) and uses the detected patterns for
future prediction. For this purpose, a large amount of
data has to be fed to the Al (for example, many pictures
of colon polyps) to make it more accurate.

By adjusting 'weights' as described earlier, the machine
learns to recognize different scenarios (for example,
polyps with different sizes and shapes at various
locations) during the learning phase.

The third stage is the testing phase, where the machine's
ability to perform the task is tested using another set of
data.

Finally, the Al must be validated by multiple studies, and
the level of performance of the Al in these studies must
meet a certain standard before it is put into use (for
example, the sensitivity and specificity in recognizing
colon polyps).

Fig-3. Stages in the development of an AT
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Deep Learning

Deep learning (DL) is a more advanced type of Al. Itis a
process by which a computer collects, analyzes, and
rapidly processes the data it needs without receiving
instructions from humans. DL is characterized by self-
learning; once a training dataset has been provided, the
program can extract the key features and quantities
without human interference by using a back-
propagation algorithm and changing the internal
parameters of each neural network layer. A back-
propagation algorithm consists of multiple layers,
which enables the system itselfto change the parameters
in each layer based on the representations in the previous
layers (representation learning) and to provide the
output more efficiently.

One of the major advantages of this system is transfer
learning, in which a pretrained model that has learned
natural image features on one task can be applied to a
new task, even with a limited training dataset for the new
task.

The performance of machine learning (ML) models
plateaus at some stage, and feeding additional data will
not improve performance. On the other hand, DL
continues to improve with more data (Fig. 4).

Fig—4. Performance of rtificial intelligence sub types
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Artificial intelligence is transforming the field of
medicine in many exciting ways. Disecase detection and
diagnosis is one of the key areas where Al is making a
significant impact. Al algorithms can analyze medical
images like endoscopic images, X-rays, MRIs, and CT
scans to detect abnormalities that might be missed by the
human eye.

This can lead to earlier and more accurate diagnoses. In
the field of gastrointestinal (GI) endoscopy—especially
colonoscopy—there have been significant advances in
using Al
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ATIN COLONOSCOPY

The quality of colonoscopy varies according to the
expertise of the endoscopist. One of the key indicators of
colonoscopy quality is the adenoma detection rate
(ADR). It has been established that the adenoma
detection rate during colonoscopy is inversely
associated with the incidence of post-colonoscopy
colorectal cancer (CRC) and with CRC-related
mortality. Poorly conducted colonoscopy could impair
CRC prevention. Therefore, improving the quality of
colonoscopy by reducing the number of missed
adenomas/polyps is one of the key objectives in
introducing Al in colonoscopy.

Another aspect is the accuracy of the optical diagnosis of
colorectal polyps. Endoscopists are now increasingly
adopting visual inspection to optically predict a polyp's
pathology as a substitute for histopathological
evaluation. This practice was introduced by the
American Society of Gastrointestinal Endoscopy
(ASGE), which proposed the Preservation and
Incorporation of Valuable Endoscopic Innovations
(PIVI) for optical biopsy of diminutive polyps. A
“diagnose-and-leave” strategy is allowed for
hyperplastic polyps if the negative predictive value
(NPV) for diminutive rectosigmoid adenomas is >90%
when diagnosed with high confidence using an
advanced endoscopic modality (1).

MANAGING COLON POLYPS USING AI

Deep neural networks (DL) have enabled the use of
computer-aided polyp detection (CADe) and diagnosis
(CADx) in the management of colon polyps. These
concepts have been studied in prospective trials in the
past few years and have been shown to increase the
adenoma detection rate (ADR) as well as significantly
reduce the adenoma miss rate (AMR). The use of CADx
has also been studied in prospective single-arm trials,
showing promising results, but the evidence is still quite
limited for routine practice.

Attempts are also being made to develop Al capable of
combining the two technologies (CADe and CADx),
which could lead to a significant reduction in the number
of unnecessary polypectomies of non-neoplastic polyps.

Automated Polyp Detection (CADe)
There are three ways in which CADe may operate (2):

1.Detection: Identifying whether a polyp is present in
the frame by applying a yellow color in the four corners
of the endoscopic image. However, the exact polyp
location is not given. The endoscopist is still required to
localize the polyp.
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2. Localization: Showing the position of the polyp
within a green-colored frame, but the exact shape of the
polyp isnot revealed.

3. Segmentation: Marking the exact polyp area in a
given frame.

In the last couple of years, automated polyp detection
has been studied in several prospective trials focusing
primarily on the adenoma miss rate (AMR) and
adenoma detection rate (ADR). Three relatively new
randomized controlled trials (RCTs) published in 2020
and 2021 demonstrated that AMR was significantly
decreased in the CADe group compared to the standard
colonoscopy group (3-5) (e.g., 13.8% vs. 36.7% in a
Japanese multicenter trial and 20.12% vs. 31.25% in a
U.S. multicenter trial). Additionally, an increasing
number of prospective trials studying the effect of Al on
ADR have been published from several countries
(6-13).

Computer-Aided Polyp Diagnosis (CADx)

Automated polyp diagnosis has also been studied in
several retrospective trials, as well as a few prospective
single-arm trials in recent years. Usually,
characterization of the polyps involves an image
enhancement (IEE) technique such as narrow-band
imaging (NBI). In this regard, several methods for the
application of CADx were studied, including
magnifying NBI, magnifying chromoendoscopy,
endocytoscopy, confocal endomicroscopy, laser-
induced fluorescence spectroscopy, autofluorescence
endoscopy, and white light endoscopy (14).

The outcomes of these studies are mostly encouraging
and could pave the way for new strategies, such as the
"resect and discard" strategy and the "diagnose and
leave" strategy. Ultimately, this may provide great
benefits in terms of cost-effectiveness, workload, time,
and patient burden.

Combination of Automated Detection (CADe) and
Characterization (CADXx)

A fully automated diagnosis powered by Al includes
both automated polyp detection and immediate polyp
characterization. These are essential elements in clinical
colonoscopy. The Japanese study group proposed
simultaneous polyp detection and characterization with
the use of their developed technologies: one algorithm
based on deep learning to detect polyps in white light
images, and another algorithm to predict the polyp's
pathology, designed for endocytoscopic images in 2019

(15).
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Recently, a multicenter prospective performance
evaluation study published their experience with the use
of CAD EYE®(Fujifilm Corporation). CAD EYE
consists of a lesion detection support function for CADe
and a lesion characterization support function for CADx
of colorectal polyps and other lesions.

They concluded that the diagnostic performance of Al in
differentiating colonic neoplastic lesions from non-
neoplastic lesions is comparable to that of endoscopists,
regardless of experience. It may be more effective when
combined with magnified endoscopy and when used by
non-experts (16).

AIIN INFLAMMATORY BOWELDISEASE (IBD)

Compared to colorectal polyp management,
computer-aided image interpretation in IBD endoscopy
is still in its infancy. Growing evidence demonstrates the
potential of Al to minimize interobserver variability in
endoscopic evaluation in IBD, thereby reducing
variation in patient care and outcomes. As a result, there
has been an increase in the number of publications on the
use of Al in IBD endoscopy recently. These studies in
current literature suggest the possibility of using Al to:

1.Discriminate healthy subjects vs. IBD
2.Classify disease subtypes
3.Predict endoscopic disease severity in Crohn's disease

(CD) and ulcerative colitis (UC) using MES and UCEIS,

respectively, from full-length endoscopy videos
4.Predict endoscopic and histological remission in UC
5.Stratify the relapse risk of patients in clinical
remission

All the reported experiences demonstrate improved
awareness about Al's potential strengths and limitations
(17). Most of the studies are non-randomized and
retrospective, with small sample sizes.

Very limited studies have been conducted on the
detection of dysplasia and neoplasia in patients with
IBD. As of today, successful detection of dysplasia has
been described in case reports regarding the application
of EndoBRAIN® in endoscopy and endocytoscopy
(18,19).

In addition, software has been developed to assess genes
in IBD and healthy patients to identify those potentially
involved in UC. In another development, a classification
algorithm to identify IBD from fecal samples using Al
has confirmed a strong connection between IBD and
specific fecal microbial species.
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AIIN COLORECTAL CANCER (CRC)

Colorectal cancer (CRC) is a disease with
heterogeneous molecular subtypes, and variable clinical
courses and prognoses. An increasing understanding of
CRC biology has led to the development of targeted
treatments directed against key pro-oncogenic signaling
pathways. Molecular stratification of patients with CRC
is essential to form homogeneous subgroups for targeted
treatment and prognosis.

Though more informative, RNA analyses are costly,
difficult to standardize, and require data storage and
bioinformatics expertise. In contrast, histopathology
slides are inexpensive to produce, and principal stains
such as H&E are firmly established in pathology
laboratories. The application of traditional image
analysis to histopathology facilitates the quantitative
assessment of tissue architecture, cell distribution, and
cellular morphology by light microscopy.

More recently, deep learning is being used to capture
morphological differences with a precision that exceeds
human performance. By combining image-based
analysis with molecular characterization, it is now
feasible to identify novel genotype—phenotype
correlations that can be used for targeted therapy (20).

AIIN UPPER GI ENDOSCOPY
Stomach

There are fewer randomized controlled trials and
prospective studies on the upper GI tract than on the
lower GI tract. One possible reason for this is the
difficulty in detecting upper GI lesions early, compared
to lower GI lesions. It has been reported that the false-
negative rate of detecting early gastric cancer (EGC) by
gastroscopy is as high as 25.8% (22), much higher than
that of detecting early colorectal cancer (CRC) by
colonoscopy. This is because EGC is difficult to
recognize, unlike CRC, and may be overlooked even if
the lesion is visible on endoscopic images.

To address these issues, several CADe and CADx
systems for EGC are being developed. For CADe
systems, several have shown sensitivities higher than
those of novice endoscopists and equivalent to those of
experts. Randomized controlled trials have also shown
that using a CADe system lowers the miss rate of EGC.
Regarding CADx, although RCTs have not yet been
reported, many studies have shown expert-level
performance. These results suggest that CADx systems
could improve the diagnostic performance of non-
expert endoscopists and elevate them to expert level
(22).
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There are also reports suggesting that Al support
systems may help detect the depth of invasion in EGC.
However, it remains to be verified whether prediction
accuracy improves when Al systems are combined with
endoscopist guidance in real-world clinical practice
(22).

A number of published studies suggest the usefulness of
Al support systems in diagnosing Helicobacter pylori
infection. These Al systems can discriminate between
H. pylori-positive, H. pylori-negative, and H. pylori-
eradicated patients with high sensitivity and specificity,
using white light or image enhancement techniques
(IEE), such as linked color imaging (LCI) (22).

Esophagus

The prognosis for advanced esophageal squamous cell
carcinoma (ESCC) is poor. However, if detected at an
carly stage and resected endoscopically, a favorable
prognosis can be expected. Image-enhanced endoscopy
(IEE), such as Narrow Band Imaging (NBI), helps
detect early ESCC, but it can be challenging for less
experienced endoscopists. Even experienced
endoscopists may miss early ESCC due to factors such
as physical condition and inattentiveness.

The usefulness of Al in detecting and characterizing
superficial ESCC, as well as in assessing depth of
invasion, has already been reported in many studies
(23). Several studies on Al systems for diagnosing early
adenocarcinoma (EAC) have also been reported
recently.

A few involve real-time diagnosis (23), while others use
Al systems that capture random images from a real-time
camera to differentiate between normal Barrett's
esophagus (BE) and early EAC (24).

AIIN CAPSULE ENDOSCOPY (CE)

The analysis of capsule endoscopy (CE) recordings can
be complex and time-consuming. Subtle findings like
small aphthous ulcers can be missed in up to 11% of
cases, even after several hours of video review by
experienced endoscopists. In this setting, Al-assisted
tools have been developed to expedite CE review and
increase the detection rate.

Recently, a CADe system has been developed for CE
video review in real-life clinical settings (25). In the
future, CADe systems are likely to be widely adopted in
CE video analysis, increasing detection rates while
drastically reducing review time.
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AI'USE IN ENDOSCOPIC ULTRASOUND (EUS)

EUS elastography has already been used in several
studies for characterizing and differentiating benign and
malignant lymph nodes, with variable sensitivity,
specificity, and accuracy—generally better than those
obtained by conventional EUS criteria.

AnAl capable of processing digitized EUS elastography
videos has enabled optimal prediction of pancreatic
lesion types. However, multicentric studies are still
required to establish the clinical impact of this
procedure for the differential diagnosis of focal
pancreatic masses.

CONCLUSION

Artificial intelligence has been developed across all
branches of gastrointestinal (GI) endoscopy with
promising results. Some Al systems—such as those for
colon polyp detection and characterization—are already
commercially available. Additionally, Al systems
capable of detecting early adenocarcinoma (AC) in
Barrett's esophagus are in clinical use, particularly in
European countries.

The use of Al is expected to expand further into other
areas of GI endoscopy in the near future. These systems
will undoubtedly enhance the quality, accuracy, and
efficiency of endoscopic procedures, ultimately leading
to improved patient outcomes.
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ABSTRACT

Pneumoscrotum is a rare clinical entity characterized by
the presence of air within the scrotal sac, typically
resulting from trauma, iatrogenic causes, or
pathological processes. We report the first documented
case in Sri Lanka of pneumoscrotum following Peroral
Endoscopic Myotomy (POEM) in a 22-year-old man
with idiopathic achalasia cardia. The patient developed
scrotal swelling immediately post-procedure, without
evidence of pneumothorax or pneumomediastinum.
Needle decompression confirmed the presence of air,
and the condition resolved spontaneously within five
days. This case highlights a rare but benign
complication of POEM. Prompt recognition is
important to rule out life-threatening causes, although
most cases can be managed conservatively with good
outcomes.

Keywords

Pneumoscrotum, Endoscopic myotomy, Achalasia
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INTRODUCTION

Pneumoscrotum is a rare condition that is associated
with some medical procedures and several pathological
conditions. In this condition, the scrotum enlarges due to
the presence of air in the scrotal pouch, either in
subcutaneous tissue or in the tunica vaginalis [1]. This
case report describes a case of a young man developing
pneumoscrotum following POEM.

CASE PRESENTATION

A 22-year-old Sinhalese young man underwent POEM
for monometrically proven idiopathic achalasia cardia.

Flexible endoscopy was introduced under general
anaesthesia and gastro-oesophageal junction (GOJ)
identified at 45cm from incisor teeth. A mucosal incision
was made at 32cm to enter the submucosa with the
creation of a submucosal tunnel and myotomy was done
from 35c¢m to 47cm. The mucosal incision was closed
with haemo-clips.

The patient complained of a swollen scrotum
immediately after recovery from anaesthesia. There was
no shortness of breath or difficulty in breathing. His
scrotum was enlarged 23 times the normal size (Figure
1) and was tense. Crepitus was elicited in the scrotum,
but not in the abdomen, chest, or neck. A chest x-ray did
not show any evidence of pneumomediastinum or
pneumothorax. Needle aspiration of the scrotum
released gas with areduction of the swelling. The patient
remained otherwise asymptomatic and the
pneumoscrotum completely disappeared by the fifth
day.

DISCUSSION

Pneumoscrotum is a very rare condition in which air
accumulates in the scrotal sac, either in the
subcutaneous tissue or in the tunica vaginalis [1]. To our
knowledge, this is the first reported case of
pneumoscrotum after POEM.

Aetiologies of pneumoscrotum are divided into
iatrogenic conditions, trauma and due to pathological
conditions [1]. The majority occur either due to trauma
or interventional procedures with review reporting 39
out of 59 cases (66%) to be due to iatrogenic conditions
ortrauma [2].
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Out of this, 33% (13/39) were caused by complications
of gastrointestinal endoscopic procedures and 15%
(6/39) were secondary to laparotomy [2].

The pathophysiology of pneumoscrotum is explained by
several different mechanisms depending on the
aetiology [2]. These include infections caused by gas-
producing bacteria, pneumoperitoneum which spreads
through fascial planes or peritoneal defects and air
spreading from the pleural spaces in pneumothorax,
pneumomediastinum, or thoracic trauma.

Pneumomediastinum causes air to spread through peri-
oesophageal and periaortic fascial planes and then
through the diaphragmatic hiatus. This causes the
release of air into the perinephric space causing
pneumo-retroperitoneum which ultimately diffuses into
the scrotum along the inguinal canal [2].

Common postoperative complications reported
following POEM include pneumothorax, subcutaneous
emphysema, mediastinal emphysema and delayed
haemorrhage [3]. A study has reported that that 30 out of
119 (25.2%) undergoing POEM have developed
pneumothorax and 35 (29.4%) have developed
pneumomediastinum [4].

However, the reported patient did not have any evidence
of either pneumothorax or pneumomediastinum
although he went on to develop pneumoscrotum.
Diffusion of air along the retroperitoneum into the
scrotum without any leakage into the mediastinum or
pleural space is the most likely explanation in this
patient.

CONCLUSION

Pneumoscrotum is a rare complication following
POEM. Pneumoscrotum per se is benign and can be
managed conservatively most of the time. However, the
underlying aetiology has to be identified to exclude
more sinister pathologies.
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ABSTRACT Case -1
CT images showing oeophageal mucosal tear

Esophageal perforation is a rare but potentially life-
threatening complication of coronary angiography and
percutaneous coronary intervention (PCI).We present
two cases of esophageal perforation following coronary
interventions, both presenting with hematemesis. The
first patient developed hypovolemic shock post-
procedure, while the second was successfully managed
non-surgically.Prompt diagnosis and timely
management are crucial to preventing further
complications and improving patient outcomes.
Esophageal perforation should be considered in patients
presenting with hematemesis following coronary
intervention. Early endoscopic evaluation and
appropriate management are essential.

Key words
Esophageal Perforation, Coronary intervention.
INTRODUCTION

Esophageal perforation is a rare but serious
complication of various medical procedures, including
coronary interventions [1]. While it can present with
various symptoms, hematemesis is an unusual
manifestation that warrants attention due to its severity CASE-2
and diagnostic challenge[1,2].

A 70-year-old female with type 2 diabetes and
CASE-1 hypertension underwent routine PCI. Later, she
experienced hematemesis without prior dyspeptic
A 65-year-old male with a history of hypertension symptoms. Oesophago-Gastro-Duodenoscopy revealed
underwent PCI for single-vessel disease. Three hours  denuded mucosa with extensive wall hemorrhage,
post-procedure, he developed hematemesis. Urgent suggestive of esophageal perforation. Non-surgical
upper GI endoscopy revealed deep mucosal tears in the ~ management with a nasogastric tube was successful
lower esophagus, leading to hypovolemic shock. The  [2,3].
patient was managed with blood transfusion and
inotropes.
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Case -2
Endoscopy image of oesophageal perforation

DISCUSSION

Esophageal perforation following coronary intervention
is rare but critical [1]. Prompt recognition and
management are vital for patient outcomes [1].

Both cases underscore the importance of considering
esophageal perforation in patients presenting with
hematemesis post-coronary intervention [2].

In high-risk patients, such as those with comorbidities,
vigilance for this complication is paramount [1]. Early
endoscopic evaluation aids in identifying the site of
perforation and guiding appropriate management, either
surgical or non-surgical [2,3].

Advances in endoscopic techniques and the use of
esophageal stents have improved the outcomes of
patients managed non-surgically [3].

These cases highlight the need for heightened awareness
among healthcare professionals regarding this
potentially life-threatening complication.

Further studies are warranted to delineate risk factors
and optimal management strategies for esophageal
perforation post-coronary intervention [ 1-3].

Table 1: Summary of Clinical Findings in Presented Cases

Patient Age/Gender Procedure Presenting Management
Symptom

Patient 1 65/Male PCI for CAD Hematemesis Blood transfusion,
Inotropes

Patient 2 70/Female Routine PCI Hematemesis  Nasogastrictube,
Non-surgical
management

CONCLUSION 2. Dasari B.V,, Neely D., Kennedy A., et al. The role of

Esophageal perforation is a rare but serious
complication of coronary interventions. Timely
recognition and appropriate management are key to
improving patient outcomes. Clinicians should maintain
a high index of suspicion in patients presenting with
hematemesis post-PCI.
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ABSTRACT

Azygous continuation of the Inferior Vena Cava (IVC) is
a rare vascular malformation. In this condition, the IVC
above the renal vein is interrupted, and venous drainage
of the lower body occurs via an abnormally dilated
azygous vein. Division of such an azygous vein as a part
of oesophagectomy can give rise to post-operative
venous hypertension and subsequent death.

In patients with azygous continuation of the IVC,
identification and preservation of the azygous vein
during oesophagectomy is vital. Therefore, pre-
operative image review with this condition in mind is
important. If in doubt, revisiting radiological images
and seeking vascular assistance can facilitate a better
patient outcome.

We report a patient with azygous continuation of the
IVC who was diagnosed with adenocarcinoma of the
oesophagus. She underwent a successful thoraco-
laparoscopic oesophagectomy with preservation of the
azygous vein.

Key words

Azygous continuation, Inferior vena cava, Oesophageal
malignancy.

INTRODUCTION

Azygous continuation of the IVC is a vascular
malformation seen in only 0.15% of the population.' It is
characterized by interruption of the hepatic part of the
IVC during embryological development.? (Figure 1) In
this condition, venous blood from the lower body is
carried to the superior vena cava via an abnormally
dilated azygous vein.? This can be associated with other
congenital anomalies such as cardiac malformations,
asplenia, and polysplenia syndrome.?

The majority of individuals with azygous continuation
of the IVC are asymptomatic.! Symptomatic patients
may present with bilateral lower limb varicosities,
bilateral varicoceles, and recurrent episodes of deep
vein thrombosis involving distal and proximal lower
limb veins, as well as pelvic and hepatic veins.

Figure 1Zafer et al')

& “uu | canal.

' IVC in coronal plane illustrates thefinal structureof the inferior
venacava and its embryologic origin.

ey | —| 1-Tliac segment arises from the posterior cardinal veins; 2-Subrenal
segment arisesfrom the right supra-cardinal vein; 3-Renal segment
| arises from the anastomosisbetween theright supra-cardinal and sub-

1Y cardinal veins; 4-Suprarenal segmentarises from the right sub-
L cardinal vein; 5-Hepatic segment arises from thehepato-cardiac
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This is an important vascular malformation that a
surgeon must be vigilant about during thoracic
surgeries, where the azygous vein is routinely divided.
In the limited literature describing oesophagectomy in
patients with azygous continuation of the IVC, patient
outcomes have been satisfactory when correct
identification and preservation of the azygous vein were
performed during surgery. Division of the anomalous
azygous vein has led to unfavorable outcomes.” We
describe the successful outcome of a patient with
oesophageal adenocarcinoma who had azygous
continuation of the IVC identified on preoperative
imagereview.

CASE PRESENTATION

A 56-year-old female patient in ASA category I
presented with progressive dysphagia of 3 months'
duration. Her endoscopic evaluation revealed an ulcero-
proliferative growth at the 36-38 cm length of the
oecsophagus. Histology showed moderately
differentiated adenocarcinoma. Staging contrast-
enhanced CT of the thorax and abdomen showed a
T2NOMO oesophageal tumor. Further CT review
showed a dilated azygous vein (Figure 2). Thus, azygous
continuation of the IVC was detected during
preoperative image review.

A multidisciplinary team (MDT) discussion
recommended thoraco-laparoscopic oesophagectomy
with preservation of the azygous vein under vascular
surgical team cover. The patient was transferred to a
tertiary care center for further management.
Intraoperatively, an abnormally dilated azygous vein
was noted, and careful dissection of the oesophageal
malignancy was performed, preserving the azygous
vein.

She had an uneventful postoperative recovery and was
discharged on postoperative day 8. She was referred to
oncology for further adjuvant treatment and remains
asymptomatic one year after surgery.

DISCUSSION

Asymptomatic patients with azygous continuation of
the IVC can be recognized with careful preoperative
image review. However, due to the rarity of this
condition, it can be overlooked. A surgeon must have a
high index of suspicion when an abnormally dilated
azygous vein is detected during oesophagectomy.
Division of the azygous vein in such patients can lead to
the development of venous hypertension and
subsequent death.’

During surgical procedures for oesophageal
malignancy, some surgeons preserve, but the majority
routinely divide, the azygous vein. Preservation of the
azygous vein during oesophagectomy is known to
improve postoperative venous return and minimize
tissue oedema.’ However, division of the azygous vein
may provide better oncological clearance of the
oesophageal malignancy and reduce strain on the gastric
conduit caused by the azygous arch.?

According to the literature, there are seven similar cases
reported. Of these, in three cases the azygous vein was
preserved, and all three patients had good outcomes. In
the remaining four cases where the azygous vein was
divided, three patients died due to subsequent
complications.’ (Table 1). Our patient had a satisfactory
outcome due to preoperative detection and careful
preservation of the azygous vein.

Figure2-CT

reconstruction showing azygos continuation of the inferior vena cava

(A-D) Show the enlarged arch of the azygos vein and azygos vein, (E) Shows hepatic segment absence of the inferior
vena cava with azygos continuation. The red arrow shows the enlarged arch of the azygos vein; the green arrow
shows the azygos vein; the purple arrow shows the tumor.(Zhang etal°).
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Table 1 — Reported data on patients with oesophageal malignancy and azygous continuation of IVC who
underwent oesophagectomy and their outcome®

Author Country Age, Sex | Surgery | Other Azygous | Discharge
malformations | arch status

Bronshtei | Hungary 52y, male | Open No Protected | Alive

n et al

Veltman Spain 62y, male | Open No Divided | Died

et al within 1
day

Wang et al | China 52y, male | Open No Divided | Died
within
15hours

Wang et al | China 56y, male | Open Double IVC Protected | Alive

Plalotas et | Netherlands | 62y, female | Open No Divided | Alive

a

Martin- Japan 58y, male | NR Double IVC Protected | Alive

Malagon

etal

Zhang et |China 61y, female | Minimally | No Divided | Died

al invasive within 9
days

Current Sri Lanka 56y, female | Minimally | No Protected | Alive

case invasive

IVC — Inferior Vena Cava, y - Year

CONCLUSION

Azygous continuation of the IVC is a rare condition but
can lead to fatal outcomes if unrecognized. Therefore,
thorough pre-operative imaging review with this
condition in mind is of utmost importance. During
surgery, a high degree of suspicion is essential when an
abnormally dilated azygous vein is encountered. In
uncertain situations, revisiting imaging and preserving
the azygous vein with the assistance of a vascular team
can lead to better patient outcomes..
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ABSTRACT

Colovesical fistulas (CVFs) are infrequent
complications, and those of malignant origin are
particularly rare and often pose diagnostic challenges.
We present the case of a colovesical fistula of malignant
origin, which is unusual. A patient was admitted to our
unit with suspected colovesical fistula due to lower
abdominal pain, pneumaturia, and fecaluria. The
diagnosis was confirmed using computed tomography,
water-soluble contrast enema, and cystography.

Colovesical fistulas are rare in clinical practice and are
an uncommon presentation of colon cancer. CVF should
be suspected in patients presenting with pneumaturia,
fecaluria, lower abdominal pain, and a palpable
suprapubic mass. Cystoscopy, computed tomography,
and barium enema can assist in identifying the
underlying etiology in most cases.

Key words
Colovesical fistula, Colon cancer.
INTRODUCTION

Colovesical fistulas (CVFs) are uncommon, with more
than 80% arising as complications of diverticulitis.
CVFs account for 20-30% of advanced malignancies,
which typically originate in the abdominal or pelvic
cavities [1]. While colon adenocarcinomas are the most
frequent malignant cause, tumors from other pelvic
organs can also lead to CVFs [2,3]. Regardless of origin,
CVFs generally occur in advanced stages of neoplastic
disease [4,5].

In this case study, a colovesical fistula was the initial
presenting feature of colon cancer. We present this case
as it represents a rare surgical finding and an atypical
manifestation of left-sided colon cancer.

CASE REPORT

A 73-year-old previously healthy female, with a history
of hysterectomy for uterine fibroids, presented to the
urology clinic with a three-month history of recurrent
urinary tract infections.

On further questioning, she also reported pneumaturia
and fecaluria. She denied any history of recurrent
abdominal pain, altered bowel habits, rectal bleeding, or
weight loss. Physical examination, including digital
rectal examination, was unremarkable except for mild
lower abdominal tenderness.

Basic investigations were within normal limits, and
urine culture revealed a mixed bacterial growth.
Abdominal ultrasound revealed a 7 x 6.5 cm
heterogeneous lesion located supravesically and closely
related to the sigmoid colon. A contrast-enhanced
abdominal CT scan showed an intravesical air-fluid
level.

The diagnosis of colovesical fistula was confirmed by
cystoscopy, and biopsy results indicated a well-
differentiated adenocarcinoma. Colonoscopy
confirmed the presence of left-sided colon cancer, with
no synchronous lesions identified.

Based on these findings, a diagnosis of colovesical
fistula secondary to sigmoid adenocarcinoma was
made. The patient underwent sigmoidectomy and partial
cystectomy, followed by immediate colorectal
anastomosis and cystorrhaphy. Her post-operative
recovery was uneventful but slow, and she was
discharged on post-operative day ten.
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Figure 1-Cystoscopic view of fistula opening

Figure 2- Intraoperative demonstration of a fistula
between sigmoid colon and bladder

DISCUSSION

Colovesical fistula — an abnormal communication
between the colon and bladder — is arecognized disease
entity in urology. The sigmoid colon is the most
commonly involved segment. Among enterovesical
communications, colovesical fistula (CVF) is the most
frequent (70%), followed by ileovesical (16%) and
rectovesical (11%).

The fistulous tract may form as a result of inflammation,
malignant tumor infiltration, or degenerative changes in
the involved organs. This has even been reported after
fecal diversion.

In 62% of cases, the dome of the bladder is found to be
the site of the fistulous tract opening. The posterior wall
and trigone are involved in 28.5% and 9.5% of cases,
respectively [6].

CVF is more common in males, with a male-to-female
ratio of 3:1, and the peak incidence occurs in the sixth
and seventh decades of life [1,2].

South Asian Journal of Gastroenterology 2025, (1): 33-35

The lower incidence in females is attributed to the
interposition of the uterus between the bladder and
sigmoid colon [7]. Most women who develop fistulas
have had a previous hysterectomy. Diverticular disease
(56.3%) is the most common cause of colovesical
fistula, although fistula formation is a less common
sequela of'this condition (2%).

Other causes include adenocarcinoma of the colon
(20%), inflammatory bowel disease (Crohn's disease)
(9%, iatrogenic trauma (3%), and radiotherapy [8].
Squamous cell carcinoma of the bladder and cervical
cancer have also been reported as rare causes [8].

Most patients (>90%) with colovesical fistula present
with recurrent urinary tract infections and dysuria.
Pneumaturia occurs in 70% of cases and fecaluria in
36% — both are considered pathognomonic signs of
CVF. Emphysematous cystitis, an extremely rare entity,
is another possible cause of pneumaturia.

For diagnosis, cystoscopy can visualize the lesion in
nearly 90% of patients. In some cases, CT with contrast
administered rectally helps localize the abnormal
communication. Cystoscopy may reveal the fistula
opening, signs of chronic cystitis, and intravesical air,
and allows for biopsy.

CT typically shows intravesical air-fluid levels, wall
thickening, and helps identify the underlying etiology
(e.g., diverticular disease or sigmoid tumor). Bannura et
al. [1] describe contrast-enhanced CT as the gold
standard for diagnosis, followed by barium enema and
cystoscopy.

The surgical approach depends on the underlying cause.
Treatment may be a one-stage or multistage procedure
[2]. Resection of the diseased bowel segment with
primary anastomosis is commonly performed.

Universally, the procedure involves sigmoidectomy
with immediate colorectal anastomosis and partial
cystectomy with cystorrhaphy. Omental flap
interposition is sometimes used to reduce the risk of
recurrence.

In multistage procedures, resection and anastomosis are
performed along with stoma creation. Sole
defunctioning colostomy is unlikely to result in
spontaneous closure of the fistula tract [10]. It may be
considered in recurrent or radiation-induced cases.

Conservative management is reserved for advanced
malignancies or patients unfit for surgery. Laparoscopic
approaches are gaining popularity and have shown good
outcomes [9,10].
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CONCLUSION

Colovesical fistula is a rare entity in both
gastrointestinal and urological practice and is even rarer
as a presentation of left-sided colon cancer. It should be
suspected in all patients presenting with pneumaturia,
fecaluria, and lower abdominal pain. Diagnosis can be
established clinically and confirmed through
cystoscopy and imaging.
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