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Abstract

Acute pancreatitis (AP) is a potentially life-threatening inflammatory disease of the
pancreas, with clinical management determined by the severity of the disease.
Diagnosis, severity prediction, and prognosis assessment of AP typically involve the
use of imaging technologies, such as computed tomography (CT), magnetic resonance
imaging (MRI) and ultrasound (US), and scoring systems, including Ranson, Acute
Physiology and Chronic Health Evaluation II and Bedside Index for Severity in AP
scores. CT is considered the gold standard imaging modality for AP due to its high
sensitivity and specificity, while MRI and US can provide additional information on
biliary obstruction and vascular complications. Scoring systems utilize clinical and
laboratory parameters to classify AP patients into mild, moderate, or severe categories,
guiding treatment decisions, such as intensive care unit admission, early enteral feeding
and antibiotic use. Despite the central role of imaging technologies and scoring systems
in AP management, these methods have limitations in terms of accuracy,
reproducibility, practicality and economics. Recent advancements of artificial
intelligence (Al) provide new opportunities to enhance their performance by analyzing
vast amounts of clinical and imaging data. Al algorithms can analyze large amounts of
clinical and imaging data, identify scoring system patterns, and predict the clinical
course of disease. Al-based models have shown promising results in predicting the
severity and mortality of AP, but further validation and standardization are required
before widespread clinical application. What's more, we should face up to and pay
attention to the correlation between these three technologies, and develop new methods
that can accurately, sensitively and specifically be used in the diagnosis, severity

prediction and prognosis assessment of AP through complementary advantages.
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Core Tip: In this review, we comprehensively analyze, discuss and summarize the
latest progress in the diagnosis, severity prediction and prognosis assessment of acute
pancreatitis from the aspects of imaging technology, scoring system and artificial
intelligence, so as to provide more guidance and suggestions with clinical value for the

diagnosis and treatment of acute pancreatitis.

B
INTRODUCTION

Acute pancreatitis (AP) is an inflammatory disorder resulting from intracellular
activation and leakage of improper proteolytic enzymes, including active inflammation
and pancreatic injuryl’2. AP can result in nausea, vomiting, severe upper abdominal
pain, abnormal release of pancreatic juice, or a systemic inflammatory response
syndrome with fever, low blood pressure, and in some cases, failure of one or more
organsl?. AP is one of the most common causes of hospitalisation from gastrointestinal
diseases, with a global incidence rate ranging from 13 to 45 cases per 100000 individuals
annually2?l. Globally, the incidence of AP varies, with the North America and Western
Pacific regions (as defined by the World Health Organization) experiencing the high
rates, surpassing 34 cases per 100000 individuals annuallyl4. The incidence of AP has
steadily increased over time in most countries of the Western worldl®l. In the United
States, the rate of AP-related hospitalization increased from 65.4 to 81.9 per 100000
adults from 2001 to 201416,

Classification of AP based on severity
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AP, often worsened by comorbidities and demographic factors such as obesity, type 2
diabetes, cardiovasculaﬁmd renal diseases, alcohol use disorder, and age over 45, is
classified by severity into three categories: Mild AP (MAP), moderately severe AP
(MSAP), and severe AP (SAP)7l. SAP can usually result in pancreatic necrosis,
systematic inflammation, and multi-organ dysfunction and failure, and its mortality
rate, ranging from 20% to 40%, significantly surpasses those of MAP and MSAP!®.. The
volume of extrapancreatic necrosis correlated positively with the complication rate of
SAP, potentially serving as an indicator for predicting adverse outcomes in APLL
Predicting SAP with high mortality early on remains a challenge due to the limited
accuracy of current %edictive tools and the complex clinical features of SAP[1l. MSAP
is characterized by transient organ failure, local complications or exacerbation of co-
morbid disease, and SAP is defined by persistent organ failure lasting more than 48
hi11l, MSAP is linked to transient organ failure, while SAP involves persistent organ
failure, often necessitating intensive care managementl?l. The early identification of SAP
is critical for the stratification and treatment of patients. Additionally, for SAP, it's
crucial to avoid interventions that are either excessive and premature or insufficient and
delayed; instead, a progressive intervention approach should be implemented at the
appropriate time. The critical to play a decisive role is the development of risk
stratification tools that meet clinical needs and guide clinicians in terms of resource
allocation, patient consultation and clinical audit, as well as the multidisciplinary
approaches including evidenceﬁ)ased care that are essential to achieving optimal
clinical outcomes!'2l. Therefore, early assessment of the etiology and severity of AP is

essential for prompt treatment and close monitoring of severe patients.

Pathophysiology of AP

The pathophysiology of AP involves acinar cell damage, resulting in premature
intrapaHCﬁatic activation of digestive proteases/’3l. The pathological factors of AP
includes calcium (Ca?*) overload, mitochondrial dysfunction, impaired autophagy,

endoplasmic reticulum stress, unfolded protein response, intraductal fluid stasis,
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genetic mutations (e.g., PIﬁSI or CTFR gene), unsaturated fatty acids and exosomes,
which mainly lead to inappropriate activation of psinogen, infiltration of
inflammatory cells and destruction of secretory cells['f'LE'l. Ca?* overload is a prevalent
mechanism causing cell damage in the bodyl!'5l. Intracellular Ca?* overload and
mitochondrial dysfunction, induced by cholecystokinin, excessive alcohol consumption
and bile acids, have been identified as key steps in SAP development caused by acinar
cell dysfunction('>l. Mitochondrial dysfunction hinders cell autophagy, leading to
increased production of reactive oxygen species and cytokines, which exacerbates
ﬁmcreatic cell damagel'3l. Mitochondrial injury exacerbates endoplasmic reticulum
stress and lysosomal damage, promoting the release and activation of cathepsinogen

and trypsinogen, which results in cytoplasmic protein degradation and cell necrosis!™®l.

certainty of serumm amylase and lipase in diagnosing AP
Common biochemistry markers used in clinical practice include amylase and lipase in
serum, but clinicians must be aware of the difference in half-life between the twol2l, In
serum, amylase returns to normal limits within 3 to 5 d, and lipase returns to normal
limits within 8 to 14 d['2l. Elevated serum amylase and/or lipase levels support the
clinical suspicion of AP, and the measurement of amylase is more widely used!el.
However, about 40% of serum amylase is derived from the pancreas, with the rest
mainly from the salivary glandsl!®l. Therefore, the elevation of serum total amylase is
not specific for pancreatitis and some other intra-abdominal diseases should be
considered(!®]. For example, Gumaste et all'?l reported that the sensitivity of serum
amylase in detecting AP was 72% and the speciﬁcityéas 99%; In a prospective study
including 500 patients with acute abdominal pain, the serum amylase assay had a
sensitivity of 85% (with a cutoff value of 300 U/L for the upper reference limit) and a
specificity of 91%[18]; and a prospective study showed that the sensitivity and specificity
of total amylase in serum were 45% and 97%, respectively, at the calculated diagnostic
threshold of 175 U/L?1. In some non-pancreatic diseases, there is also a false elevation

of serum amylase. For example, Hu et all?®l reported a case of hyperamylasemia with an
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average serum amylase value of 881 U/L, significantly exceeding the reference range of
10-220 U/L. In addition, elevated levels of amylase and lipase, while indicative, are not
exclusive to AP and may result from conditionﬁ.lch as bowel obstruction, infarction,
cholecystitis, or perforated ulcerl?!l. However, the sensitivity of serum lipase ranges
from 85% to 100%; while some studies reported it was less sensitive than serum

amylase, others contended it surpassed amylase in sensitivity!?2.

Current clinical diagnosis of AP
The definition of severity in AP is pivotal for determining the therapeutic approach:
patients with MAP typically respond to conservative treatment, while those patients
with necrotizing pancreatitis often experience organic dysfunction, necessitating
intensive care and regular therapeutic interventions, with a mgre uncertain prognosis(tl.
Currently, the clinical diagnosis of AP necessitates meeting two of the following three
criteria: (1) Abdominal pain consistent with AP; (2) serum levels of amylase or lipase
exceeding three times the upper normal limit; and (3) cross-sectional abdominal
imaging findings consistent with APIZI, It is important to note that two of these criteria
alone may fail to identify a quarter of AP patients and misdiagnose it in one-tenthl?l.

At present, there is still no single scoring system that can cover all the issues related
to the management and evaluation of AP. AP continues to be one of the most intricate
digestive disorder in terms of clinical course and outcome, and its inhere ariability in
each case makes it both challenging and captivating/?*l. Meanwhile, to predict the
severity and mortality of AP, clinicians evaluate clinical data, including assessment of
organ function, cd uct laboratory tests and imaging, and utilize severity-of-the-disease
rating systems, such as Ranson, Acute Physiology and Chronic Health Evaluation
(APACHE) 1I, Balthazar/s_computed tomography severity index (CTSI), modified
Mortele’s CTSI (MCTSI), Bedside Index for Severity in AP (BISAP), harmless AP score
(HAPS), and first artificial intelligence (AI) model-EASY-APPIZl. In addition to these,

the latest imaging studies and clinical scoring systems for the early diagnosis, prognosis

assessment and severity prediction of AP have been extensively studied and reported.
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In this review, we provide a detailed discussion and analysis of the latest imaging
examinations and some scoring systems applied in this field to afford more valuable

guidance to more accurately diagnose, predict and assess AP.

IMAGING TECHNOLOGY

3
Imaging technology still plays a fundamental role in the initial evaluation, identification

of severe cases, prognosis predigtion, and decision-making for the treatment and
management of AP patientslll. An accurate description of imaging findings is crucial in
all diseases, particularly in diseases like AP where the appropriate therapy depends on
precise diagnosis(2?l. The manifestations of pancreatic diseases are very variable, and
imaging plays an irajortant role in the diagnosis and treatment of pancreatic
diseases!?’l. Imaging evaluation is still essential to validate the clinical diagnosis,
ascertain the etiology, exclude other causes of pain related to elevated levels amylase
and/or lipase, and assess the severity and extent of ;a“[”.

Imaging modalities for the pancreas encompass plain X-ray, ultrasonography (US),
endoscopic ultrasound (EUS), endoscopic retrograde cholangiopancreaticography
(ERCP), computed tomography (CT), magnetic resonance imaging (MRI), magnetic
resonance cholangiopancreatography (MRCP)?7l, US is usually considered to the
only appropriate modality in the early phase of AP with typical presentations and is
used for the detection of gallstones, and CT and MRI are suitable for patients in the
early phase of AP with equivocal presentation[?l. In emergency situations, CT and US
are preferred in the imaging modalities of choice due to their advantages of
accessibility, speed, and lower costl?’l. Early detection of CT imaging may influence the
diagnosis or treatment in up to 15% of AP patients presenting to the emergency
department, particularly in older patients with a history of pancreatitis and biliary
interventions; however, abdominal US may offer a more precise screening for biliary
etiologies and provide a more informed direction for subsequent treatment%l. Based on
the fact that US often shows a regular pancreatic structure, the main role of

transabdominal US in AP is to identify gallstones and/or choledocholithiasis, seeming
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to be useful especially for the evaluation of biliary tract®'32. However, because of the
presence and overlap of bowel gas, US_is not possible to visualize pancreatic distal
abnormality in detection of APBL32. In the late phase, typically 48-72 h post-
presentation, CT and MRI serve as primary imaging modalities for AP patients,
facilitating the assessment of etiology, complications, disease extent, interventions, and
subsequent follow-upl?®l. For example, as early as 2007, Stimac et all®! reported that non-
enhanced MRI was comparable to contrast-enhanced CT (CECT) in the early assessment
of AP severity, with both methods demonstrating equal efficacy in predicting local and
systemic complications of AP. MRI of the pancreas serves as both a problem-solving
tool following CT or US evaluations and an initial imaging examination of choice;
furthermore, MRCP is valuable for detecting and evaluating pancreatic ductal

anomalies, such as pancreas divisum and annular pancreas/34!.

Abdominal CT

Radiological evaluation, especially by CT, plays a pivotal role in the definition of
managing severe cases, particularly in characterizing local complications that impact in
the prognosis and dictate the therapeutic approachl'l. CT is an outstanding non-invasive
diagnostic tool for discerning the origins of endocrine and exocrine pancreatic
insufficiencies in most patients, and its significance has grown considerably in the
diagnosis, treatment, and follow-up of AP patients212735] CT is commonly used to
assess the severity of inflammatory process, ascertain the presence and extent of
pancreatic necrosis, and identify local complications!2!l. CT with high spatial resolution
and rapid acquisition is the preferred for diagnosing AP and associated local
complicationsP®l. Moreover, CT can clearly display the pancreas and adjacent tissues,
and is more precisg_than US in diagnosing and delineating the extent of pancreatic
diseasel?e37l. CECT plays a pivotal role in assessing the scope and progression of AP,
and stands as the pr'&ary imaging modality for initially pinpointing local
complications; typical cross-sectional imaging features encompass pancreatic

enlargement, pancreatic edema, uneven density, peripancreatic fat stranding, and fluid
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collection'53]. For example, on CECT, SAP patients typically exhibited larger amounts
of peripancreatic retroperitoneal fluidP%. Approximately 7 d after the onset of AP,
initial CECT playing a significant role in predicting infected pancreatic necrosis
underscores the significaE for clinicians to contemplate the initial imaging of the
pancreasl®l. What's more, CT is regarded as the gold standard for imaging evaluation of
AP, due to its satisfactory effectiveness, outstanding timeliness, and widespread
availabilitylll. A lack of clinical response to appropriate conservative treatment within
48-72 h often indicates the necessity for a CT scan to verify the initial diagnosis, assess
the severity of the onset, and identify any complicationsl41l.

In 1990, Balthazar et all#2l developed CTISI by integrating observations of
peripancreatic inflammation, phlegmon, and the degree of pancreatic necrosis evident
in initial CT examinations. To enhance the accuracy in predicting the prognosis of AP
patients, Mortele ef all®l simplified the assessment of fluid collections and the extent of
pancreatic necrosi in CTSI, and added features that reflect organ failure and
extrappancreatic complications, leading to the development of MCTSI. MCTSI grading
of AP was significantly associated with duration of hospitalization, requirements for
intensive care unit (ICU), necessity for intervention, and organ failurel*4. CTSI is an
easy-to-calculate and informative tool, and is considered to be a good predictor of
mortality and severity of APl A prospective study including 50 patients evaluated
prognostic correlation and clinical outcome of AP using both Balthazar’s CTSI and
modified Mortele’s II7]. In this study, Raghuwanshi et all?7l concluded that the
scores derived from ﬁ:smodiﬁed Mortele index exhibited a more robust correlation for
all outcome parameters in all the patients compared to the Balthazar index. They
asserted that CECT served as an outstanding diagnostic tool for staging inflammatory
process, identifying pancreatic necrosis, detecting local complications, and grading the
severity of API?l. Contrary to expeﬁion, the 2012 Revised Atlanta Classification
(RAC) demonstrated greater accuracy than the modified Mortele and Balthazar CTSI in
assessing mortality and organ failure among AP patients/?’l. In a study including 178

patients with interstitial edematous pancreatitis (IEP), Song et all%! indicated that the
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initial CECT findings of peripancreatic fluid and heterogeneous alhancement in the
pancreatic parenchyma could serve as useful predictors for the progression to
necrotizing pancreatitis (NP) in patients initially diagnosed with IEP. However, it was
disconcerting that the early CT scan might not conclusively diagnose NPI46l. Tasu ef all47]
demonstrated that a pancreatic enhancement threshold of less than 30 UH on post-
contrast CT images during the portal phase provided an ggccurate and consistent
criterion for diagnosing NP. Badat et all*8] highlighted that using the 2012 RAC to
categorize pancreatic and peripancreatic collections by CT yielded moderate
interobserver agreement, underscoring the potential necessity to either devise a new
semiology for characterizing peripancreatic collections by CT or to employ alternative
imaging modalities like MRI for more precise analysis of collection contents.

However, the latest relevant clinical research also has encouraging results. A
retrospective cross-sectional study enrolled 1924 patients experiencing their first
episode of AP from three tertiary referral centers in three different prefecture-level cities
of Sichuan Province in China, and revealed a positive rate of 96.7% (1860/1924) for CT
findings in AP diagnosis based on CECT*l Among these 1860 AP patients with
affirmative CT results, MCTSI exhibited positive correlations with both the 2012 RAC
and APACHE ], as evidenced by Spearman’s rank correlation coefficients[*.

Here, there remains a puzzling contradiction, that is, CTSI and MCTSI remain
inconsistent in assessing the severity and clinical outcome of AP. Bollen et all5
determined that there was no notable distinction between CTSI and MCTSI in assessing
AP severity, and both CT indexes were more accurate to diagnose AP severity and had
a better correlation with the need for intervention pancreatic infection in
comparison with APACHE II. Sahu et all®'l concluded that both CTSI apd MCTSI
significantly correlated with the clinical outcome of AP and aligned well with RAC
grading of severity; MCTSI demonstrated higher sensitivity, albeit with lower
specificity than CTSI, in differentiating MAP from MSAP/SAP. Alberti et all5
determined that CT indexes surpassed APACHE II in assessing the severity in AP, with
CTSI holding a slight advantage over MCTSI; additionally, CTSI precisely predicted
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pancreatic infections and intervention requirements. Liao et all®! indicated that both

CTSI and MCTSI were significantly associated with clinical prognosis, offering higher
accuracy in predicting IPN but less precision in predicting persistent organ failure
compared to APACHEII.
Another important factor affecting the effectiveness of CECT in assessing AP severity
is the appropriate timing. Dachs et all>¥l indicated that early abdominal CT did not offer
efits to afebrile patients experiencing their first episodes of AP. The evidence-based
guidelines from International sociation of Pancreatology/American Pancreatic
Association recommend that the optimal timing for an initial CT assessment should be
between 72 and 96 h following the onset of symptoms/>*l. However, until now, the
appropriate point in time for when CECT should be performed to provide an accurate
assessment for AP has not been well established in clinical practice. For example, in a
retrospective study with 309 SAP patients, Huang et all%! highlighted that the optimal
timeframe for CECT evaluation of SAP-associated complications was between 72 h and
1 wk following the onset of SAP, particularly for SAP patients with infection. Their
findings revealed that the severity of the disease and its alterations manifested as
expanded areas of acute peripancreatic fluid collection (APFC) and increased exudation
of pleural effusion within the first 1 wk of SAP onset!>l. However, the former showed a
decrease after 4 wk or more, while the latter reduced after 2 wk or morel*l. Pocard and
Soyerll found that a meticulous review of the current literature failed to offer
compelling evidence regarding a specific interval between symptom onset and CT
examination, suggesting that the pertinent matter of timely CT examination in AP
patients remains inadequately addressed by the existing studies. In this regard, an
important and outstanding issue is that the optimal time point for CECT to evaluate
SAP patients needs to be determined by larger multicenter clinical studies to improve
accuracy of disease diagnosis, avoid unnecessary CECT tests, promote early

intervention, and thus improve prognosis.

Chest CT
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In AP patients, thoracic complications encompass pleural effusion, pulmonary
consolidation, atelectasis, pulmonary embolism, cardiac tamponade, pericardial
effusion, elevated diaphragms, mediastinal pseudocysts and acute respiratory distress
syndrome (ARDS), the first two of which are common in API5-65]. In AP patients,
pleural effusion accounted for 50% on admission, and the emergence of pulmonary
consolidation was associated with the onset of respiratory failurel®l. A retrospective
study from three Chinese Acute Pancreatitis Centers showed that 232 out of 465 AP
patients had positive pleural effusion, accounting for 49.9%(%7l. In a study including 358
AP patients from seven European centres, more than half of the patients had pleural
effusion, with the proportion of 54.4% (195/358), and pleural effusion also appeared
mostly bilateral (150/195, 76.9%)I%l. And it has been reported that AP patients with
bilateral pleural effusion had a significantly worse one-year survivall®l. Bilateral pleural
effusion/pulmonary consolidation was suggestive of SAP to a certain extent, and it was
considered that measurement of these two parameters has certain clinical value in
assessing the severity and prognosis of AP Moreover, the early onset of pleural
effusion highlights its clinical significance and predicts a poor prognosis ig AP[63].

In a single center study with 309 AP patients, Peng et all®5! explored the predictive
significance of semi-quantitativhpleural effusion and pulmonary consolidation in
determining AP severity using chest CT. In AP patients without organ failure, the
values of pleural effusion and pulmonary consolidation were 25.4 + 23.5 mL and 0.8 +
1.0 points, respectively, which were lower than the corresponding values of 137.4 +
1169 mL and 24 + 1.2 points observed in AP patients with organ failurel®sl.
Simultaneously, the values of pleural effusion and pulmonary consolidation in AP
patients without death were 39.0 £ 36.0 mL and 1.0 + 1.1 points, respectively, and were
lower than these (144.0 + 140.3 mL) and (3.0 + 1.1 points) in the patients who died[®5]. In
addition, in predicting SAP, the accuracy of pleural effusion volume (mean value of 41.7
+ 38.0 mL, range of 1-1079 mL) and pulmonary consolidation score (mean value of 1.0 +
1.2 points, range of 0-5 points) was similar to that of CTSI, APACHE I, and BISAP, and

in predicting organ failure, both the parameters had the same accuracy with the three
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scores, suggesting that the two parameters could provide prediction of SAP occurrences
and organ failure in the early stagel®’l. More importantly, this clinical study may
increase the application value of CT due to the important role of these two parameters
in predicting AP severity. In a retrospective study from three medical centers, Yan et
all?’] reported that the mean volume of pleural effusion was 98.8 + 113.2 mL in 465 AP
patients. The volume of pleural effusion exhibited significant and robust correlations
with C-reactive protein (CRP), duration of hospital stay, and such as Ranson, BISAP,
Marshall, APACHE 1II, CTSI, and extra-pancreatic inflammation on CT (EPIC), and
displayed considerable accuracy in predicting outcomes like severity, infection,
mortality, procedural needs, ICU admission, and organ failurelt7l. Luiken et all®
categorized the volume of pleural effusion in 195 AP patients as low (48.2%, 94/195),
moderate (30.3%, 59/195), and severe (21.5%, 42/195). Their findings suggest that the
presence of bilateral and/or moderate to severe amounts of pleural effusion in the early
phase of AP could independently predicted SAPI®4I.

Thus, the volume of pleural effusion can serve as a dependable radiological
biomarker to predict the severity and clinical outcome of AP. In addition, larger and
more multi-center prospective studies need to be conducted to promote the clinical
application of pleural effusion in the prediction of AP severity. So far, there remains an
absence of an established quantitative grading system for pleural effusion, meriting

attention in forthcoming clinical research.

Practical problems in the application of CT in AP

Based on advances in predicting and diagnosing AP severity, CECT is considered the
diagnostic criterion for assessing AP. However, there is a non-negligible situation
where contrast CT is contraindicated in patients with renal dysfunction and in pregnant
women, and it is not possible to replicate follow-up studies due to cost and radiation
exposure. When uncomplicated AP is diagnosed both clinically and biochemically, CT
is superfluous; minimizing its overuse will not only curtail healthcare costs but also

diminish radiation exposure to patients!®l. CT on admission to predict outcome does
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not appear to have an advantage compared with the simpler and more readily available
clinical scoring systems, so CT on the day of admission to assess severity is not
recommended”l. Improvement measures aimed at curbing the overuse of early
imaging in AP patients may diminish superfluous imaging, elevate quality of care, and
curtail wastagel”!l.

In addition, CT possesses limitations in assessing the severity of AP, and difficultly
distinguishes between necrosis and local effusion in small nonenhanced areas of
pancreasl®l. Without pancreatic parenchymal necrosis, small organized peripancreatic
fluid collections might be misconstrued as pseudocysts on CT, leading to an
underestimation of extrapancreatic necrosis!”2l. These above disadvantages limit the use
of CT in some situations, so there is a need to develop other methods that can be used
for the diagnosis and prognosis evaluation of AP. Furthermore, it is recommended that
future studies should incorporate reliable non-radiological and laboratory-based
categorization tests to enhance the precision in determining and assessing the severity
and prognosis of AP, thereby reducing morbidity and mortality associated with post-

necrotic inflammation of the pancreas.

MRI

While CT remains the prevalent choice for evaluating AP, MRI has demonstrated
greater sensitivity than CT in detecting API3l. MRI, a noninvasive technology boasting
high tissue contrast and multiple acquisition sequences, effectively aids in determining
the diagnosis, complications, and severity of API3l. When CT yields negative results but
there remains a strong clinical suspicion of AP, fat-saturated turbo spin echo T2-
weighted or diffusion-weighted imaging sequences can reveal nuanced pancreatic
and/or peripancreatic inflammation(?3l. MRI holds a pivotal role in the diagnosis of AP,
and is instrumental in assessing and characterizing extrapancreatic necrosis,
inflammation, splenomegaly, and tissue involvement— including vascular, transverse-
mesocolon, interfascial plane, and gastrointestinal tract—in AP patients/217480. And

MRI can effectively capture the intra-abdominal inflammatory spread that affects
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mesenteric and omental fatty regions, indicative of a pathological manifestation of intra-
abdominal fat edema combined with fat necrosis resulting from APB. MRI is
particularly beneficial for imaging of patients with iodine allergies or renal
insufficiency, characterizing fluid collections and evaluating abnormalities or
disconnections in the pancreatic ductl®l. As an alternate method for diagnosing AP,
MRI shows great potential in clinical applications. MRI offers superior capabilities in
diagnosing early extrapancreatic necrosis compared to CT, without the need for
radiation, making it suitable for repeated follow-up assessments/74l. MRI more adeptly
identifies the subtlest changes in AP and can delineate the constituents of mild
extrapancreatic inflammatory effusions that might be missed on CTI%2l. Fat-saturated
T2-weighted MRI offers superior sensitivity in detecting fluid and no liquefied material
in extrapancreatic collections compared to CT, while T1-weighted MRI is beneficial for

identifying pancreatic or peripancreatic hemorrhagel7l.

MRI in hemorrhage, tissue necrosis, and APFC

Compared to CT, MRI demonstrates superior sensitivity in visualizing hemorrhages,
which appear hyperintense on TIWI during the acute phase and maintain their signal
intensity longer than on CTB®l. In necrotizing pancreatitis, MRI offers superior soft
tissue contrast compared to CT and excels in visualizing hemorrhage and tissue
necrosisl®l. A retrospective study including 539 AP patients demonstrated that MRI
was superior in detecting hemorrhage associated with AP compared to CT, even when
CT showed no signs of hemorrhagel®3l. This study revealed that pancreatitis in AP
patients with accompanying hemorrhage presented with greater clinical severity,
increased susceptibility to organ failure, and prolonged hospital stays, suggesting that
early hemorrhage detection on MRI could serve as a novel severity indicator in AP
associated with poorer prognosisl®3l. Additionally, due to its enhanced tissue resolution,
MRI is poised as the frontline imaging technology for evaluating AP and its
complications, notably the identification of hemorrhagel®3l. In a retrospective analysis

including 301 AP patients, MRI revealed that 24.9% exhibited at least one peripancreatic
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vascular abnormality related to AP, and the incidence of peripancreatic vascular
involvement was notably more pronounced in necrotizing pancreatitis compared to
edematous pancreatitis®l. The common manifestations of early AP on MRI were
splenic vein phlebitis and splenic artery involvement/arteritis, and 6.3% of the patients
had splenic artery arteritis complicated with hemorrhage in the early phase of API7l.
The findings highlighted the efficacy of MRI in delineating the progression of
inflammatory processes and associated vascular changes during treatment, and early-
stage vascular involvement detected by MRI might serve as a valuable indicator of AP
severityl7el.

Since the introduction of abdominal US and CT in the early 1970s, there has been a
marked increase in the identification of acute fluid collections in AP, accompanied by a
deeper insight into their natural progression and management/34l. APFC can complicate
acute interstitial edematous pancreatitis, manifesting in approximately 30%-50% of such
casesl®5l If APFC was associated with high BISAP (= 3) and CRP level (= 150 mg/L)
after 48 h from admission, or with persistent clinical symptoms reflecting prolonged
inflammatory responses, SAP patients with APFC were more likely to develop late
complications®¢l. Acute necrotic collections, observed exclusively in necrotic
pancreatitis within the first 4 wk of onset, comprise varying amounts of fluid and
necrosis, with the latter potentially affecting the pancreatic parenchyma or
peripancreatic tissues, or bothl3l. Pancreatic necrosis, characterized by focal, multifocal,
or diffuse devitalized tissue within the pancreas, either superficial or deep, is deemed a
critical imaging indicator of necrotizing pancreatitiss!l. A significant correlation exists
between the presence of pancreatic necrosis and extrapancreatic fluid collections in
relation to the clinical parameters, with an increase in extrapancreatic fluid collections
aligning with the escalating severity of APIl,

While CT has emerged as the primary non-invasive tool for identifying local
complications in AP, it struggles to distinguish between APFC and acute necrotic
collection in the early phase due to its limited sensitivity in revealing the necrosis debris

of peripancreatic tissuels!l. Given its exceptional resolution for soft tissues, MRI
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surpasses CT in delineating pancreatic/peripancreatic fluid collections, especially in

quantifying solid debris and fat necrosis, serving as an alternative in cases with CT
contraindications!®l. In MRI findings, hemorrhage in the pancreas and /or sErounding
tissues may intermingle with necrosis of these same regions, manifesting as spotted,
patchy, or extensive regions of hyperintensity on T1-weighted fat-suppressed images/81l.
In a retrospective study including 70 AP patients, Zhou et all’*l discovered that MRI
characteristics of extrapancreatic collections, particularly its extent and amount, could
differentiate early extrapancreatic necrosis from peripancreatic fluid collections,
ﬁggesting the presence of extrapancreatic necrosis. Moreover, the more extensive the
extrapancreatic collections and the broader the scope of extrapancreatic inflammation
associated with hemorrhage in AP on MRI, the higher the likelihood of extrapancreatic
necrosis!74l.

In a meta-analysis encompassing a total of 566 patients, MRI demonstrated superior
accuracy and sensitivity compared to CT for diagnosing API3?l. While no study has yet
shown that MRI can decrease AP mortality or enhance prognosis, MRI serves as an
invaluable diagnostic tool for distinguishing individuals with suspected AP and is
regarded as the premier imaging choice for the clinical diagnosis of API®. Tang ef all52,

ilizing MRI and APACHE II, devised a novel model through logistic regression for
the early prediction of AP severity, and ascertained that the combined model of extra-
pancreatic inflammation on MRI (EPIM) and APACHE II excelled in predicting AP
severity, surpassing individual parameters. This retrospective analysis including 363
AP patients suggested that merging MRI and APACHE II for gauging AP severity was
both viable and more accurate than other scoring mechanisms, potentially facilitating

the creation of tailored treatment and management(®2.

MRI severity index in AP
MRI severity index (MRSI), derived from CTSI, evaluates the severity of AP by
integrating both peripancreatic inflammation and pancreatic parenchymal necrosis,

achieving an effect comparable to that of CTSI in assessing AP severity[®l. In patients
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with pancreatitis, MRSI outperformed APACHE II in assessing local complications,
while APACHE II demonstrated superiority in determining systemic complications(#l.
MRSI has emerged as pivotal for the initial assessmglt, staging, and prognosis of AP.
The clinical relevance of MRSI allows for predicting the severity of AP based on initial
MRI findings in the early phase, and it holds a significant correlation with APACHE 1I,
incidence of systemic complication, duration of hospital stay, and overall clinical
outcomel8ll. In a retrospective study including 337 AP patients, Zhou et all7®l reported
that, in the early stages of AP, EPIM based on M roved more effective in assessing
the severity than EPIC relying on CT. Moreover, the predictive accuracies of EPIM for
SAP and organ failure aligned with those of APACHE II and BISAP, surpassing the
accuracy of MRSII7>I,

Overall, MRI serves as an excellent instrument for identifying and distinguishing
prevalent local complications subsequent to AP. MRI offers diagnostic and prognostic
value on par with CT, though it presents certain limitations in clinical practice. The
scans necessitate greater cooperation of patient, including prolonged immobility and
apnea, and are more time-consuming and costlyl!l. Additionally, MRI has the limitation
of a restricted field of view, preventing it from capturing extensive regions of the chest

and pelvic cavity simultaneously, as CT can®1l.

us

Based on its quick, simple, repeatable, radiation-free, bedsidt—‘ﬂpplicability, US is the
first-line imaging method in most medical centers to confirm the diagnosis of AP and
exclude other causes of acute abdomen. In the early period, the advantage of US is its
capability to assess gallbladder and biliary tract, detecting gallstones and identifying
bile duct dilatation[2!l. However, US may show normal pancreas in MAP patients, and is
not able to differentiate the diagnosis between interstitial and necrotizing pancreatitis
because of no allowing the assessment of parenchymal perfusion/?!l. Endoscopic US
(EUS) can identify choledocholithiasis and hidden pancreatic tumors that remain

elusive on CT or MRI in recurrent AP patients, endoscopic US-guided fine needle
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puncture biopsy can distinguish focal pancreatitis from pancreatic tumor, and color
Doppler US can be used to assess vascular complications such as false arterial
aneurysms or portal vein thrombosisl?l. Xu reported that EUS outperformed CT in
accurately categorizing symptomatic peripancreatic fluid collections and emerged as a
preferred imaging modality for detecting solid necrotic debrisl?!l. EUS-guided lumen-
apposing metal stents for pancreatic fluid collections were feasible, effective with
preferable technical and clinical success ratesl2l.

In a retrospective analysis with a cohort of 6069 patient, Froes ef all®®l evaluated the
impact of abdominal ultrasound (AUS) on the length of service (LOS) for patients
hospitalized for AP who lacked radiographic evidence of AP on CT of the abdomen and
pelvis (CTAP). Additionally, they further assessed how AUS affected the probability of
subsequent interventions, such as ERCP or cholecystectomyl®l. In patients with AP,
undergoing AUS within 48 h resulted in a reduced LOS by 1.099 d; those who
underwent AUS were 1.126 times more likely to proceed with subsequent ERCP
compared to those who only had CTAP; patients receiving AUS after CTAP had a 2.711
times higher likelihood of undergoing subsequent cholecystectomy!??l. In this cohort of
patients admitted for AP, conducting AUS within 48 h after negative CTAP correlated
with reduced LOS; moreover, patients undergoing AUS were not only more inclined to
undergo ERCP but also exhibited a higher likelihood of undergoing cholecystectomy(®.

In a study with a total of 196 patients, Cai et all®] investigate the diagnostic accuracy
of US and contrast-enhanced US (CEUS) for AP. They demonstrated that CEUS
outperformed US in diagnosing AP and SAP and produced excellent results in the
staging of AP severity?. In this study, compared to results from CECT, the diagnostic
rates for pancreatic swelling using US and CEUS were 121% (148/122) and 91%
(111/122), respectively, while for peripancreatic fluid collection, they were 84.8%
(151/178) and 96.6% (172/178), respectively[®l. The findings confirmed that CEUS
surpassed US in specificity when visualizing pancreatic parenchyma edema, pancreatic
border-capsula, collection fluid of peripancreas, and peripancreatic necrosis; this

discrepancy between US and CEUS might arise from the ability of CEUS to visualize
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vessels upon contrast agent injection!®!l. The conclusion drawn was that CEUS serves as
a trustworthy method for diagnosing and monitoring AP and SAP, potentially acting as

an alternative to CECTI%],

Summary

The application of imaging in patients with AP is an essential aspect of modern clinical
management. While there are challenges associated with their use, continuous research,
technological advances, and thoughtful implementation of guidelines can optimize their
role in patient management.

Imaging technologies for diagnosing and managing AP have made great strides, but
inappropriate imaging tests can increase economic costs to the health system, subject
patients to excess radiation, and elevate complication rates without benefiting patients.
The choice of appropriate imaging modality for AP depends exactly on available time,
technique, and clinical situation of the patient. Although imaging examination is widely
used and carefully evaluated during the diagnosis process of AP, it remains unclear
when imaging should be performed, especially given the economic costs associated
with imaging and the financial burden on patients. In terms of the economic and
financial implications of diagnostic imaging for AP patients, early imaging may not be
advisable for those presenting with characteristic clinical symptoms and pronounced
laboratory results. However, when clinical manifestations are unclear, early imaging
examination is often used to identify suspected AP, discover potential etiology,
diagnose complications, assess severity, implement risk stratification, and guide
treatment. For AP patients, imaging technologies remain pivotal in initial diagnosis,
identification of severe cases, assessment of prognosis, and decision of therapeutic
management.

Radiomics is a data science technique that extracts a large number of quantitative
features from medical images using advanced algorithms. These features capture subtle
differences in the texture, shape, and intensity of image regions, which may be difficult

for human observers to discern. By extracting these features, radiomics can transform
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images into high-dimensional data that can be analyzed and mined using machine
learning and other data science techniques. This allows for more objective and precise
diagnosis, treatment planning, and prognosis evaluation in AP. Therefore, radiomics
has the potential to revolutionize medical imaging and improve patient outcomes in the

21st century.

CLINICAL SCORING SYSTEMS

Over the decades, many clinical scoring systems have been developed and applied, and
their efficacy and accuracy have been compared. Clinically, an ideal scoring system
should be responsive, simple and reliable, and universally applicable across diverse
patient populations and geographical areas, maintaining its relevance over time. Such
clinical scoring systems are imperative to predict complications, severity, mortality, and
ICU admission requirement in AP patientsl%l. As we all know, numerous “traditional”
multifactorial clinical scoring systems, such as APACHE II, Ranson, Glasgow, Systemic
Inflammatory Response Syndrome (SIRS), HAPS, Japanese Severity Score (JSS), CTSI,
Sequential Organ Failure Assessment (SOFA) and BISAP, provide insights into systemic
complications to some extent and possess commendable predictive capabilities for
severity and mortality of diseasel'2829-%1, Based on the 2012 RAC, these scoring systems
primarily stratified the severity of AP into MAP, MSAP, and SAP’l. Development of
the original APACHE severity-of-illness classification system began in 1978, and
APACHE 1I was derived from the results of a simplified effort based on the 12 most
commonly used physiological measures included in the original APACHE systeml[100].
APACHE 1I, initially degigned for intensive care applications, necessitates the
aggregation of numerous parameters, some of which might not be pertinent to the
prognosis in AP, while it overlooks key indicators such as pancreatic injury and
significant regional complications!01102]. Ranson was first reported to be used to assess
the severity of AP in 1974, and has been used for nearly 50 years['®l. Ranson is
relatively accurate in classifying the severity of AP patients; however, its limitation is

the 48-h duration required for completion, thereby missing a crucial early therapeutic
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opportunity(192l. The main limitation of Glasgow, much like Ranson's, is the need for a
48-h duration to finalize the calculation!%]. However, based on the local characteristics
of CT examination, CTSI mainly emphasizes local complications but falls short in
representing the systemic inflammatory responsel#2l. In addition, for SAP, MCTSI
demonstrates prognostic value for short-term mortality, while CTSI effectively predicts
the necessity for intervention'®l. SOFA, similar to APACHE I, is a detailed scoring
system that takes into account acute and chronic illness, signs, and laboratory values in

patients!'2l.

Comparison of different scoring systems used in AP

For a more thorough understanding of the various attributes inherent in distinct scoring
systems, we will embark on a comprehensive discussion and detailed analysis of the
utilization of commonly employed clinical scoring systems within the context of AP in
the following sections.

In two independent, prospectively enrolled cohorts [training (n = 256) and validation
(n = 397)] of AP patients, Mounzer et all'®®l compared the accuracy of the scoring
systems including APACHE II, BISAP, Glasgow, HAPS, JSS, Ranson and SIRS in
predicting persistent organ failure. In this study,they discovered that these scoring
systems exhibited moderate accuracy, with area under the curve (AUC) at admission
ranging from 0.62-0.84 in the training cohort and 0.57-0.74 in the validation cohort;
notably, Glasgow emerged as the superior classifier at admission in both cohorts!!®®]. In
a retrospective study including 161 patients, statistically significant cutoff values in
predicting SAP were APACHE II = 8, Ranson = 3, BISAP = 2, CTSI = 3, and CRP2 = 21.4
mg/dL, and APACHE II had the highest accuracy in predicting SAP'%l. Confusingly,
different studies have shown that these scoring systems vary widely in accuracy,
sensitivity, and specificity for the desired purpose of prediction, as follows. In a
retrospective study including 326 patients diagnosed with hyperlipidemic AP (HLAP),
the predictive abilities of APACHE II, BISAP, Ranson and MCTSI were compared for
assessing MSAP and SAP, local complications, and HLAP mortality['””l. The results
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showed that the four scoring systemﬁna\re their own advantages and characteristics.
For example, Ranson lacked a distinct advantage in predicting severity and prognosis of
HLAP compared to other three scoring systems; APACHE II excelled in predicting
HLAP severity but fell short in predicting local complications; MCTSI demonstrated
exceptional prowess in predicting local complications, yet was less adept in predicting
severity and mortality; BISAP offered a commendable accuracy in evaluating the
severity, local complications, and mortality of HLAP, yet there remains room for
refining its precision in future assessments!1%7],

In a prospective studﬁ'ncluding 50 AP patients, Harshit Kumar and Singh Griwan!108]
assessed the accuracy of APACHE II, BISAP, Ranson and MCTSI in predicting the
severity of AP, referencing the 2012 C. In this study, MCTSI demonstrated the
highest AUC values for predicting SAP (0.919), pancreatic necrosis (0.993), organ failure
(0.893), and ICU admission (0.993); meanwhile, APACHE II ranked second in accuracy

predicting SAP (0.834) and organ failure (0.831)[108. The findings indicated that
APACHE II demonstrated a high sensitivity in predicting pancreatic necrosis (93.33%),
organ failure (92.86%) and ICU admission (92.31%), while also maintaining a substantial
negative predictive value (NPV) for predicting pancreatic necrosis (96.15%), organ
failure (96.15%) and ICU admission (95.83%)[!%l. Biberci Keskin et all'™! retrospectively
investigated 690 patients who had been admitted due to AP by five scoring systems
including HAPS, Ranson, BISAP, Glasgow, and JSS. In this study, NPV of each score
was notably superior to their respective positive predictiye value (PPV)[10%L. Of the five
scoring systems, JSS exhibited the highest value of AUC across all end-points (0.80 for
in-hospital major adverse events, 0.94 for in-hospital mortality, 0.91 for 30-d mortality);
nevertheless, none of the five scoring systems effectively ﬂ?dicted 30-d
readmission1®, Li et all'’0] conducted a retrospective assessment of four scoring
systems (Ranson, BISAP, Gﬁgow, and APACHE 1I) to predict AP outcomes in 918
patients, categorizing them into two age groups: the elderly (= 60 years old) and the
younger (< 60 years old). In this study, they drew several following conclusions: BISAP

effectively predicted the severity, pancreatic necrosis, and mortality in elderly AP
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patients; APACHE II was more suitable for assessing severity in younger patients; both
Ranson and Glasgow were generally applicable for evaluating most AP patients;
however, Ranson demonstrated heightened efficacy in assessing severity among
younger patients!!1%l. In this study, the criterion of predicting SAP was different
between the elderly and the younger (the elderly: Ranson > 4, Glasgow = 3, APACHE II
> 9, BISAP = B;ée younger: Ranson 2 3, Glasgow = 2, APACHE II = 8, BISAP = 2),
suggesting that the scoring cutoffs for the elderly were consistently one point higher
than those for the younger[''l. The variation in the cutoff value for predicting SAP
enhanced the specificity of the four scoring systems, albeit with a marginal reduction in
their sensitivity to SAPI110]. In a retrospective analysis including 653 AP patients, Teng et
allMl investigated and compared the characteristics of six scores in predicting SAP, ICU
admission, and mortality, including Ranson, Glasgow, APACHE II, BISAP, HAPS, and
SOFA. In predicting SAP, SOFA exhibited the lowest sensitivity at 13.6% but boasted
the highest specificity at 99.7%; conversely, Ranson maintained the highest sensitivity at
92.6% but had one of the lowest specificities at 51.9%, with only HAPS registering a
slightly lower specificity at 49.7%11l. In predicting ICU admission, APACHE II and
Ranson displayed a sensitivity at 100.0%, BISAP demonstrated the lowest sensitivity at
25.0% and a specificity at 93.4%, and SOFA demonstrated the highest specificity at
99.2%[11], In predicting mortality, APACHE II and Ranson displayed a sensitivity at
100.0%, BISAP showcased the lowest sensitivity at 25.0%, and SOFA had the highest
specificity at 98.9%, similar to ICU admission{!'!l. All scores had high and comparable
NPVs in the prediction of SAP, ICU admission, and mortality in AP patients(11 In this
study, they concluded that SOFA and 48-h Ranson outperformed other clinical scorings
(Glasgow, APACHE 1I, BISAP, HAPS) in predicting severity, ICU admission, and
mortalityl!!]. In a prospective observational study including 164 patients, Venkatesh et
all2l reported that, based on ROC curves, Ranson at admission demonstrated superior
diagnostic accuracy in predicting severity, organ failure and mortality, and
outperformed the other three scores (APACHE II, BISAP, and modified Glasgow) in
predicting AP severity. In addition, this study revealed that while BISAP might be
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calculated within 24 h of admission, both APACHE II and modified Glasgow
demonstrated superior diagnostic accuracy, with APACHE II exhibiting the strongest
association with mortality in SAP patientsl''2. Asfuroglu Kalkan et all'3] retrospectively
analyzed 1150 AP patients, and reported that these scoring systems including BISAP,
Ranson, HAPS, APACHE II and Glasgow were capable of predicting mortality.
However, APACHE II predicted mortality with a sensitivity of 90% and specificity of
92 %1131,

Drawing on the insights gleaned from the aforementioned body of literature, we have
meticulously synthesized a detailed appraisal of the application of various clinical
scoring systems in prognosticating severity, local complications, organ failure, and
mortality rates associated with AP. These summarizations are comprehensively
depicted in Table 1. Various scoring systems exhibited diverse levels of sensitivity,
specificity, and accuracy in forecasting the severity, local complications, organ failure,
and associated mortality. Further, it is noteworthy that numerous studies have
indicated the existence of substantial differences among these scoring systems,
highlighting their lack of uniform standards and, in some instances, a concerning
degree of inconsistency in their projections. Given the variability in accuracy among
diverse scoring systems for predicting the severity, local complications, organ failure,
and mortality associated with AP, there is a plausible need for further refinement and
design optimization of each scoring system to enhance the precision of these
predictions. Moreover, another potential area of research could be the amalgamation of
multiple existing scoring systems to boost the predictive accuracy for AP through a
more comprehensive scoring approach.

To enhance a more comprehensive understanding of the clinical utility of prevalent
scoring systems, such as BISAP, SOFA, and qSOFA, in predicting AP outcomes, we
conducted independent discussions and analyses on the latest advancements of these
tools to provide invaluable reference and guidance for their practical application in

clinical settings.
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BISAP
In a large population-based study, Wu et all101 identified five variables for prediction of
in-hospital mortality by Classification and_Regression Tree analysis to derive a
prognostic scoring system (BISAP) including blood urea nitrogen (BUN) (> 25 mg/d
age (> 60 years), SIRS, pleural effusion, and impaired mental status. BUN emerged as
the most efficient primary discriminative variable, age and SIRS further distinguished
between high- and low-risk cases, and mental status and pleural effusion further
refined the categorization of intermediate-risk patientsl101l. Introduced in 2008, BISAP,
with its advantages of simplicity and precision, had been employed for the early
identification of AP patients with an elevated risk of in-hospital mortality!101l. BISAP is
adept at identifying AP patients at heightened risk of mortality, representing the
advancement of intermediate markers of severity within 24 h of onset, and its risk
stratification ability could hold potential for enhancing clinical care and streamlining
enrollment in clinical trials'4l. BISAP was considered to be as good as APACHE 1II in
predicting severity, death, and especially organ failure in AP, and outperformed
Ranson, CTSI, CRP, hematocrit (HCT) and body mass index (BMI), with a score of 2
being a statistically significant cutoff valuel'5l. BISAP is a streamlined scoring system
designed to predict the severity of AP, and is instrumental in early risk stratification of
AP. A prospective study of 87 patients experiencing their first episode of AP revealed
that BISAP (= 2) demonstrated comparability to both APACHE Iaz 8) and MCTSI (= 8)
in metrics of accuracy, sensitivity, specificity, and NPVI!16]. In a systematic review and
meta-analysis, a pooled analysis from 12 prospective cohorts showcased the exemplary
performance of BISAP in predicting SAP across diverse patient populations and disease
severity('7]. Furthermore, the performance of BISAP was notably superior when severe
pancreatitis was characterized by the persistence of organ failure for 48 h or morel117l. A
European cohort study indicated that BISAP effectively predicted SAP, mortality, and
ICU admission, making it invaluable for triaginﬁpatients toward ICU carel!18],

Chen et all1%] assessed the accuracy of BISAP in predicting the severity and prognoses

of AP in Chinese patients. In this study, they retrospectively analyzed clinical data from
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497 AP patients, comparing BISAP with APACHE II, Ranson, and CTSI regarding their
predictive capacities for the severity of AP and the occurrence of mortality, pancreatic
necrosis and organ failure in SAP patients!!”l. They highlighted that BISAP
outperformed traditional scoring systems in terms of simplicity and speed, and
maintained a performance comparable to other scoring systems in predicting both SAP

d its associated prognoses!'’l. Zhang et all'®l evaluated the efficacy of BISAP,
APACHE II and Ranson in predicting the severity, mortality and pancreatic necrosis of
AP based on the 2012 RAC at a tertiary care center in China. From their study involving
155 patients, they determined that BISAP might serve as a reliable tool for risk
stratificatic:ﬁ and prognostic assessment in Chinese AP patients!20l. Gao et all12ll
conducted a meta-analysis to systematically assess the accuracy of BISAP in predicting
mortality and SAP, and affirmed that BISAP served as a dependable tool for identifying
AP patients at elevated risk for adverse outcomes. While BISAP demonstrated superior
specificity compared to Ranson and APACHE II, it exhibited a slightly diminished
sensitivity for both mortality and SAPI2I. An Indian study with 119 AP patients
showed that BISAP was an accurate means of risk stratification, and patients with
BISAP = 4 invariably developed SAP or pancreatic necrosis and had high mortality(122].
The available studies collectively demonstrated that BISAP performs very well in
predicting SAP, and the simplicity and accuracy of the calculation make BISAP a
valuable tool for clinical care of AP patients. Additionally, before confidently
advocating for the adoption of BISAP, its integration into clinical practice should be
evaluated to determine its potenﬁll to enhance outcomes in AP.

BISAP, an easily computed clinical prediction scale, leverages data from initial
assessment of patients and routine laboratory results, demonstrating excellent
performance in predicting SAP. Of particular concern is that BISAP is less cumbersome
to calculate, more economical at cost, which makes it an ideal scoring system. It is
considered that BISAP should be popularized at primary and secondary care

institutions for severity classification and risk stratification of early AP, so that SAP
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patients can be referred to higher-level medical centers for more reasonable clinical
intervention.

However, as more and more clinical studies have been conducted, BISAP has shown
inconsistent predictive power and results in predicting SAP, as reported in the next
studies. A prospective study included 51 patients showed that BISAP was inferior to
APACHE 1I in predicting the severity of AP, especially for SAP['Zl, In a meta-analysis
including 1972 subjects, Yang and Li evaluated the diagnostic performance of BISAP in
predicting SAPI'24. They concluded that, despite its high specificity, BISAP was not the
optimal standalone method for assessing AP severity due to its low sensitivity[124. In a
prospective study including 50 patients, the accuracy of BISAP in predicting SAP
stand at 84%, surpassing thaéof serum PCT (= 3.29 ng/mL) at 76%, which was on par
with APACHE II; moreover, in logistic regression analysis, BISAP demonstrated greater
statistical significance than serum PCT['%l. They determined that BISAP outperformed
serum PCT, APACHE II, Glasgow, and BCTSI in accurately predicting AP severity,
positioning it as a promising tool for gauging the clinical progression of API12l. Hagjer
et all26] evaluated the usefulness of BISAP and PCT for AP prediction in a prospective
observational study including 60 patients. Based on this study, in predicting severity,
mortality, and organ failure, they finally concluded that BISAP was as effective as
APACHE II and surpassed Ranson, CTSI, CRP, HCT and BMI in evaluating AP
patients, and PCT was a good independent prognostic marker and was comparable
with BISAP and APACHE 1I in accuracy!126].

A multicenter validation study is essential to corroborate these findings and further
elucidate the role of BISAP in AP. Meanwhile, further well-designed prospective
studies are warranted to investigate the conditions under which BISAP can be used to

more accurately, sensitively, specifically assess severity and prognosis in AP.

Combination of BISAP and other diagnostic indicators
In a retrospective analysis including 114 cases, the severity and mortality of AP

escalated with the increase of BISAP, and BISAP exhibited a positive correlation with
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CRP, D-dimer and serum glucose and negatively correlated with serum Ca?('77l. Based
on the positive correlation between CRP and APACHE-II, Ranson, BISAP and CTSI,
when CRP was included into BISAP, the AUC of predicting SAP and death were 0.873
and 0.909, respectively, showing that the combination of BISAP and CRP had better
predictive value for severity and death of AP['27]. In a study including 117 SAP patients,
Wu et all28] reported that combining BISAP with miR-155 yielded a superior AUC
compared to individual predictions, suggesting that this combination could enhance the
clinical predictive accuracy for AP severity.

Early diagnosis and timely assessment of the severity are critical because early
aggressive treatment reduces morbidity and mortality of AP. However, an ideal
multifactor scoring system for early assessment of AP severity has not been determined.
Based on an analysis of the available data and evidence, we recommend that BISAP as a
multifactor scoring system combined with characteristic biochemical markers present at

48 h, in order to achieve optimal early assessment of AP severity.

SOFA

In October 1994, the aICM convened a consensus meeting in Paris to establish the
SOFA score, aiming to quantitatively and objectively describe the degree of organ
dysfunction/failure over time in patient groups or even in individual cases!!2°]
Although SOFA is primarily designed for patients with sepsis, it was deemed necessary
to expand its applicﬁion beyond this specific patient groupl'®l. At present, SOFA is
widely utilized in ICU to evaluate, prognosticate and assess patients; since its
validation, it has been applied in diverse medical settings, including trauma, surgical,
cardiac, and neurological ICUs!'*]. Minne et all'*!] conducted a systematic review on the
utility of SOFA-based models for predicting the risk of mortality in ICU patients, and
recommended an integration of a traditional model derived from data within the initial
24 h post-ICU admission with sequential SOFA. SOFA could be easily integrated into
contemporary cardiac ICU through an electronic algorithm, and the day 1 SOFA

demonstrated strong predictive capability for short-term mortality among a broad
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spectrum of patients in cardiac ICUM2. Among the critical care systems, SOFA has
distinct benefits, including its simplicity in computation, incorporation of therapeutic
needs, and facilitating comparisons of AP with other critical care diseases(24.

Adam et all'3] retrospectively evaluated the efficacy of APACHE II, SOFA and
modified Ranson in predicting mortality among 43 SAP patients as well as other factors
influencing mortality in patients admitted to ICU, and concluded that SOFA was
superior to Ranson and APACHE II in deterraning prognosis. In this study, SOFA had
a significant correlation with mortality, and all patients with SOFA > 11 at any point
during ICU stay exhibited a heightened mortality risk, with a sensitivity of 80% and a
specificity of 79%[13]. Tee et alll*l retrospectively obtained serial measurements of
Ranson, APACHE II, and SOFA in 159 patients with SAP, assessing the efficacy ﬁerial
measurement using these three scoring systems. In this study, besides acquiring Ranson
and APACHE II on admission and at 48 h, they took serial weekly measurements of
SOFA, including data from admission, 48 h, as well as days 7, 14, and 210134, The three
scoring systems reliably predicted both overall and ICU mortality; however, the SOFA
on day 7 exhibited the largest AUC, with any increase or lack of change in SOFA on day
7 of hospitalization correlating with elevated mortalityl'3. They concluded that both
APACHE II and SOFA were sensitive in predicting mortality for AP, serial SOF%
proved reliable for guiding clinical decisions and day 7 of hospitalization was a
reasonable time for SOFA reassessment to predict late mortality in SAPI3L A
retrospective study enrolling 146 AP patients demonstrated that an increase in SOFA
independently heightened the likelihood of adverse outcome during hospitalization for
AP patients, and SOFA > 5 was highly predictive of in-hospital mortality compared to
other scores'®l, Utilizing a straightforward tool like SOFA, validated in intensive care
settings, could enhance the stratification of in-hospital mortality risk and clinical
deterioration among AP patients admitted to medical wards. Teng et all''!l reported that
both SOFA and 48-h Ranson effectively predicted the severity, ICU admission, and

mortality associated with AP, with SOFA showing particularly favorable results.
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qSOFA
The qSOFA includes respiratory rate (breaths per minute), systolic blood pressure (mm
Hg), and Glasgow Coma Scale scorel'3l. In a 17-year observation study including 1059
patients, the ROC curve analysis revealed that the AUC values of APACHE II, SOFA,
qSOFA scores in predicting the prognosis of infected patients stood at 0.713, 0.744 and
0.662, respectively’37l. In this study, Qin et all® posited that qSOFA, due to its
advantages of rapid acquisition, was anticipated to serve as an efficient tool for
assessing the prognosis of ICU patients with infections. Given its extraordinary
simplicity, gSOFA would be an appropriate score particularly for the initial patient
evaluation in the emergency, and was considered to be a rapidly available prognostic
score in AP with limited prognostic validity("®]. In a cohort study including 203
patients, Rasch et all'38] reported that gSOFA could predict ICU admission and multiple
organ dysfunction syndrome in AP. In a retrospati\re cohort study involving 161
patients with the diagnosis of alcohol-induced AP, a gSOFA score of 2 or higher both
upon and 48 h post-admission exhibited a specificity of 94% or greater and sensitivity of
33% or higher for assessing pancreatitis severity and determining the necessity for
intensive care admission, intubation, or vasopressor(!¥l. In a three-year cohort study
from USA, Hallac et all'%] evaluated the ability of qSOFA and SIRS in predicting
extended hospital stays among patients presenting with AP to the emergency
department and hospital ward. A qSOFA of 2 or higher was linked to a diagnosis of
significant AP with a specificity of 99% and a sensitivity of 4%; in contrast, a SIRS score
of 2 displayed a specificity of 61% and a sensitivity of 80% in detecting patients with
significant AP[1%0l. Based on their findings, they inferred that relying solely on gSOFA
for triaging AP patients could lead to under recognition and potential

undertreatment!140],

HAPS
HAPS was calculated rapidly from tEfollowing three parameters: presence or absence

of rebound tenderness or guarding, hematocrit (> 43 mg/dL for men or > 39.6 mg/dL
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for women) and serum creatinine (> 2 mg/dL)[1%5141l. Oskarsson et all'¥2l reported that
HAPS predicting nonsevere AP progression had a specificity of 96.3% and a
corresponding PPV of 98.7% in 531 patients experiencing either a first-time or a
recurrent attack of AP, emphasizing HAPS as a highly specific scoring algorithm
predicting nonsevere AP progressionl2l. In a prospective pilot study with 103 AP
patients from Indian, the sensitivity, specificity, PPV, NPV and AUC of HAPS as a
predictor of non-severe disease were 76.3%, 85.7%, 93.8%, 56.6& and 0.848,
respectively!¥3l. In a study including 703 AP patients from China, the sensitivity,
specificity, PPV, NPV and AUC of HAPS on admission for predicting MAP was 48.2%,
97.7%, 95.6%, 64.1% and 0.749, respectivelyl*’l. These aforementioned two studies
validated the utility of HAPS at admission in predicting non-severe AP in India and
MAP in China, respectively. Maisonneuve et alll¥4l evaluated PPV of HAPS by
performing a meta-analysis of 20 reports covering 6374 patients. They concluded that
HAPS accurately identified patients with nonsevere AP who wouldn’t necessitate ICU
care, enabling the pinpointing of patients suitable for brief general ward stays or home-
based carel144],

HAPS may offer significant advantages in the triage of AP patients when compared
to other scoring systems, underscoring its potential utility in optimizing patient
classification and guiding treatment strategies. In a study including 60 patients with the
first attack of AP, Gupta et all145] reported that the sensitivity, specificity, PPV, NPV and
AUC of HAPS predicting SAP were 90.91%, 59.81%, 33.33%, 96.67% and 0.75,
respectively. The high NPV indicated that HAPS could very accurately identify, within
the first hour of admission, patients who had a mild course of disease, did not require
intensive management and were not at risk of dying from the diseasel'®l. Based on this
result, they argued that the patient typically tended to experience a milder course of
illness if the evaluation of HAPS yielded a negative result!5l. Conversely, in instances
where the score was positive, the patient's clinical progression could unfold in any
direction, demonstrating the uncertainty associated with such an outcomel45l. In this

same study, the sensitivity, specificity, PPV, NPV and AUC of BISAP in the prediction
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of SAP were 63.64%, 100%, 100%, 92.45% and 0.82, respectivelyl'®l. In comparison to
BISAP in this study, HAPS demonstrated a heightened sensitivity towards processes
predicting mortality and severity, and played a pivotal role in determining whether
patients necessitated costly imaging procedures, thereby potentially enabling significant
hospital cost savings!'¥3l. In a study with 116 patients, Al-Qahtani ef all'4%] compared
HAPS with Ranson in predicting the severity of AP, and concluded that HAPS was
effective in rapidly identifying patient likely to experience a non-severe course of the
disease.

Of significant importance is the fact that assessment of HAPS can be accomplished
within the first hour of a patient visit, offering a distinct advantage in terms of time
efficiency. In contrast, while Ranson might offer superior accuracy, it necessitates a full
48 h to reach completion, highlighting a potential trade-off between speed and precision
in these scoring systems. Considering that the substantial majority of individuals
diagnosed with AP typically exhibit a milder form of the disease, the capacity to
accurately distinguish these patients of MAP is of utmost significance. Drawing upon
the aforementioned analysis and discussion, HAPS appears to be a commendable choice
for assisting physicians in evaluating the severity of AP. Furthermore, HAPS could
potentially be perceived as a gold standard for facilitating both the early identification
and cost-effective management of this disease. In addition, due to the readily accessible
parameters required for its computation, HAPS can be effectively utilized in a wide
range of healthcare facilities, including those located in developing countries. This ease
of implementation makes HAPS an inclusive and practical tool for global health

contexts.

Other recent clinical scoring systems g
Hong et all147] developed a prognostic score termed SABP, encompassing systemic
inflammatory response syndrome, serum albumin, blooHrea nitrogen and pleural
effusion. The SABP score could serve as an instrumental tool to categorize patients at

risk of developing SAP as per the latest revised Atlanta criteria and its application on
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admission may enhance clinical care and refine management approaches for AP¥7]. He
et all'8] retrospectively analyzed a clinicgl data of 469 patients with AP, and selected
seven prognostic indicators to establish unweighted predictive score (unwScore) and
weighted predictive score (wScore) for MSAP and SAP. The early multi-indicator
prediction models for MSAP and SAP demonstrated robust predictive efficacy, offering
a meaningful clinical benchmark for diagnosis and treatment!45l,

In a retrospective analysis encompassing a total of 1,295 AP patients, Feng et all14]
developed an independent predictive tool, known as a nomogram, to predicte the
hkelihood of sepsis occurrence in this patient population. In this study, the predictive
performance and clinical utility of the newly established nomogram surpassed those of
other scoring systems such as SIRS, BISAP, SOFA, and qSOFA'#l. The innovative risk-
prediction system could precisely estimate the likelihood of sepsis in AP patients,
assisting clinicians in formulating personalized treatment strategies for the patients; by
doing so, it not only alleviated the disease burden of the patients but also facilitated the
reasonable distribution of medical resources, which was a crucial aspect of tertiary
prevention?l,. The nomogram incorporated all the independent prognostic factors,
including body temperﬁure, phosphate, Ca2*, sodium (Na*), lactate, albumin, platelet
count, urinary output, mean blood pressure (MBP), Glasgow Coma Scale (GCS), and
Charlson Comorbidity Index (CCI)['¥%], These diverse elements collectively contributed

to its predictive strength.

Summary

Score systems, utilizing 4-25 factors, have been developed to predict severity, yet they
frequently rely on multiple parameters not measurable daily and often necessitate over
24 h to finalize, leading to critical time lossl!50. While these scores can predict failure or
severity of specific organs, their reliance on dichotomous parameters leads to
information loss, limiting their practical application in clinical settings'’l. Based on the

current literatures, here are the identified problems and potential solutions for applying
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clinical scoring systems to the diagnosis, severity prediction, and prognosis assessment

of AP.

Inconsistency: Different scoring systems like Ranson, Glasgow, BISAP, and CTSI may
yield inconsistent results, leading to confusion in clinical decision-making.

Solution: Research to validate and compare different scoring systems can help
identify the most accurate and reliable ones. Standardizing the use of a particular

scoring system across healthcare settings can reduce inconsistency.

Complexity: Some scoring systems are complex and require multiple parameters,
making them time-consuming to calculate. This complexity can hinder their practical
application in urgent care settings.

Solution: Creating simplified and user-friendly scoring systems that maintain
accuracy can make them more practical for clinicians to use, especially in urgent care

settings.

Lack of sensitivity and specificity: Some scoring systems may lack sensitivity or
specificity in predicting the severity and prognosis of AP, leading to inaccurate
assessments.

Solution: Combining scoring systems with comprehensive clinical assessment can
lead to more accurate care. This solution is more of a clinical recommendation rather

than a documented research finding.

Lack of personalization: Scoring systems are often based on population-level data and
may not account for characteristics of individual patient, leading to generalized
predictions that may not be applicable to all patients.

Solution: Considering patient-specific factors, such as comorbidities, lifestyle, and
preferences, in conjunction with scoring systems, can lead to more personalized and

effective care.
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Over-reliance on scoring systems: Sole reliance on scoring systems without considering
clinical judgment and other patient-specific factors may lead to suboptimal care.

Solution: Providing education and training to healthcare professionals on how to
effectively use scoring systems, including their limitations, can enhance their
application in clinical practice.

In conclusion, while clinical scoring systems are valuable tools in managing AP, they
present challenges that are recognized both in clinical practice and in the research
literature. The solutions outlined above, grounded in current research and clinical
wisdom, can enhance the effectiveness of these systems in providing accurate and

personalized treatment for patients with AP.

Al

In the era of Al, machine learning algorithms have been devised to accurately predict
the severity, complications, recurrence, mortality, and even the optimal timing of
surgery for AP patients. However, the quality of research evaluating the accuracy of Al
is still low and lacks studies comparing Al with these commonly used clinical scores.
Therefore, more research is needed before we can routinely use Al in our daily clinical
practice. Prior to this, the easy-to-calculate and applicable scoring systems seems to be
the most reasonable choice.

Recently, Al applications, utilizing machine learning, have been progressively
integrated into the medical field, demonstrating superior pgrformance in predicting
complications compared to logistic regression analysis!'5!l. Al-based machine learning is
booming and creating a technological revolution, especially in the healthcare
industry(132l. Machine learning, a subset of Al, employs statistical methods to train
algorithms for predictions, enabling a computer system to self-learn and enhance its
performance based on experiencel'®l. Machine learning has garnered significant

attention and recognition from clinicians, driven by advancements in statistical theory

and computer technology!'*l. Machine learning adeptly discerns intricate relationships
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between diseases and variables, categorizes variables based on specific criteria, predicts
outcomes from foundational features, and recognizes objects with analogous
patternsl'®. Innovative machine learning technologies have been extensively employed
in predictive models for a spectrum of diseases, consistently demonstrating superior
performance over traditional logistic regression or Cox regression analyses!153l.

In this age of technological advancement, Al stands as a pinnacle of innovation,
proficiently discerning the intricate non-linear proficiently between numerous
biochemical parameters and their associated disease outcomes['>’l. For example, a
retrospective study demonstrated that, when juxtaposed with the traditional logistic
regression model, machine learning models (extreme gradient boosting and random
forest) utilizing readily accessible features upon admission exhibited superior
performance in predicting acute kidney injury (AKI) among AP patients['>l. Leveraging
such machine learning algorithms in predictive models could enable clinjgians to
foresee AKI at an early stage, potentially mitigating further renal damagel!>!l. Based on
an international cohort of 1,184 patients and a validation cohort of 3543 patients, Kui ef
all’™l devised a user-friendly web application named EASY-APP, which employs
multiple continuous éariables accessible at admission. The EASY prediction score
serves as an effective tool for pinpointing patients at elevated risk for severe AP within
hours of hospitalization, and the web application was made available to clinicians,
enhancing the utility and precision of the modell'*l. Zhou et all155] demonstrated that
the extreme gradient boosting model (XGBoost) algorithm possesses the capability to
precisely predict the severity of AP, offering clinicians valuable assistance in identifying
severe AP at an early stage. In a prospective cohort study integrating necrosis
prediction with Al, the XGBoost machine learning algorithm was employed to analyze
the data from 2,387 AP patients15¢l. This model in the predictive capability rivals those
existing clinical scoring systems and and and its performance is anticipated to enhance
with continued usel'5l. In the United States, Thapa et all”l applied machine learning
algorithms to predict which AP patients need SAP treatment, and developed three

models using logistic regression, neural networks, and XGBoost. In this study, machine
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learning models were trained and tested to utilize datadrom 61894 patients, with the
XGBoost model surpassing the performance of both logistic regression and neural
network-based modelsl”l. Furthermore, the XGBoost model achieved a superior
AUROC compared both HAPS and BISAP in identifying patients likely to be diagnosed
with SAPUI. They concluded that machine learning has the potential to refine the
precision of AP risk stratification methods, facilitating prompter treatment and
intervention initiationl7l.

In a large retrospective study enrolling 5460 patients, Yuan et all'”] developed and
validated a novel machine learning tool, APCU, leveraging clinical, laboratory, and
radiologic data to predict ICU aémission among AP patients. They showed that the
APCU effectively categorized AP patients into high-risk and low-risk groups,
demonstrating a superior discriminative capability compared to other risk scores like
Ranson, APACHE II, SIRS, NEWS in predicting ICU admission for AP patients and
specific subgroups within 48 h of hospitalization[!57]. Notably, this study marked_the
inaugural application of a machine learning algorithm for the predictions of ICU
admission in AP patients within 48 h of hospitalization, relying on widely accessible
clinical, laboratory, and radiologic datal'>7].

In a retrospective analysis involving 648 AP patients, Hong et all'>8 developed
random forest (RF) and logistic regression (LR) models using a training sample; the RF
model, notable for its interpretability, showcased the most superior discriminative
performance in predicting SAP. In a retrospective study involving 631 AP patients, Luo
et all1 developed a machine learning model, culminating in a nomogram designed for
the early identification of SAP during the progression of AP. Their findings indicated
that the RF model delivered optimal predictive performance, with the nomogram
offering a visual scoring model suitable for clinical application[!*]. Such models have
the potential to act as functional tools, enabling personalized treatment choices and
enhancing clinical results by stratifying patients prior to treatmentl!>l. In a study
with a total of 1,012 patients, Yin et all!¢] developed a series of effective models for early

prediction of SAP based on automated machine learning (AutoML) platform, and these
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models outperformed the existing scoring systems, which might gffer insights into
AutoML applications in future medical studies. The AutoML model based on the GBM
algorithm for early prediction of SAP showed evident clinical practicability!'®0l.

In a recent retrospective study involving a cohort of 460 AP patients, to predict ARDS
in these patients at admission, Zhang_and Pangl'¢!l constructed and optimized four
machine learning models, including Support Vector Machine (SVM), Ensembles of

ecision Trees (EDTs), Bayesian Classifier (BC) and nomogram models, based on 31
features with significant differences between the groups with and without ARDS.
Among the four models, the BC algorithm exhibited superior predictive performance
with the highest AUC (0.891), surpassing SVM (0.870), EDTs (0.813) and the nomogram
(0.874) in the test setl'®!l. Concurrently, the EDT algorithm achieved the highest
accuracy at 0.891, precision at 0.800 and F1 score at 0.615, but registered the lowest FDR
at 0.200 and the second-highest NPV at 0.902['¢!], In terms of predictive performance for
ARDS as a complication of AP, they concluded that BC was the superior predictive
model in the test set and EDTs exhibited promising potential for predicting large

samples/161],

Summary

The application of Al in the diagnosis, severity prediction, and prognosis assessment of
AP represents an exciting development in the field of medicine. However, based on
these current researches, we recognize several limitations and potential challenges that
must be addressed to fully leverage the capabilities of Al in this context.

Data quality and availability: Al algorithms require high-quality, comprehensive, and
diverse data to build robust and accurate models. In the context of AP, such data sets
may not be readily available, especially for rare subtypes of the disease or patient
populations with specific comorbidities. Furthermore, incomplete or inconsistent data

can lead to biased or flawed results.
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Interpretability: AI models, especially those employing complex algorithms like deep
learning, often operate as 'black boxes', providing outputs without clear,
understandable reasons for their decisions. This can limit their acceptance in the clinical
setting, as healthcare professionals typically prefer to understand the reasoning behind

a diagnosis or prediction.

Standardization: Al algorithms are typically designed and validated on specific
datasets. Their generalizability to other populations or healthcare settings, especially
those that are vastly different from the original context, is not guaranteed. This lack of
standardization can lead to inconsistent results when the models are used in different

settings.

Generalizability: Models trained on a specific set of data may not perform well when
applied to different datasets, especially if there are demographic or geographical
differences. For example, an Al model trained on data from a high-income country
might not work as well in a low-income setting due to differences in healthcare

infrastructure, disease prevalence, and patient characteristics.

Regulation: The use of patient data to develop and apply Al models raises significant
concerns around data privacy, consent, and security. It's crucial that these concerns are
addressed to ensure ethical usage and maintain public trust. For instance, who is
responsible if an Al system makes an incorrect diagnosis or prognosis? How is patient

data privacy ensured?

Implementation: The successful implementation of Al in healthcare settings requires
clinicians to have a certain level of understanding and trust in the technology. This can
be challenging due to varying levels of digital literacy among healthcare providers, and

resistance to change.
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Given these challenges, ongoing research is critical to improve the reliability,
interpretability, and generalizability of Al tools in healthcare, and to address the ethical,
legal, and workflow integration issues associated with their use. It's important that as
we move forward, these tools are developed and used in a manner that complements

the expertise of healthcare professionals, rather than seeking to replace it.

CONCLUSION

Early aggressive treatment of AP has been proven to reduce the incidence and mortality
rates, therefore early diagnosis and severity assessment of AP are extremely necessary,
and there is a particular need for ideal technological approaches to early evaluate and
predict the progression of AP.

In recent years, there has been heightened interest in leveraging imaging
technologies, scoring systems and Al to improve the diagnosis, severity prediction, and
prognosis evaluation of AP. Different imaging modalities, such as CT, MRI, and US, are
used to assess the severity and exant of pancreatic inflammation and detect any
complications that may arise. Several scoring systems have been developed to assess the
severity of AP and predict the risk of complications, such as Ranson, APACHE 1],
BISAP, SOFA and HAPS. These scoring systems take into accountﬁrious clinical and
laboratory parameters, such as age, blood pressure, serum glucose, and white blood cell
count, to provide a numerical score that reflects the severity of the disease. Al is a
rapidly developing field that has the potential to revolutionize the diagnosis and
management of AP. Al algorithms can be trained to analyze large datasets of imaging
and clinical data to predict the severity and prognosis of AP. Al algorithms have been
developed to analyze CT scans of patients with AP to predict the risk of complications
such as pancreatic necrosis, abscess, or pseudocyst. The algorithms can detect subtle
changes in the pancreas that may be missed by human radiologists and can provide
more accurate and timely predictions of the risk of complications.

The integration of imaging technologies, scoring systems, and Al in the diagnosis,

severity prediction, and prognosis assessment of AP has several advantages, including;:
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(1) More accurate diagnosis: Imaging technologies and Al algorithms can provide more
accurate diagnoses, reducing the risk of misdiagnosis and unnecessary treatment; (2)
Improved risk assessment: Scoring systems and Al algorithms can provide more
accurate risk assessments, which can help healthcare providers make more informed
treatment decisions; (3) Personalized treatment: The combination of imaging
technologies, scoring systems, and Al can provide a more personalized approach to
treatment, taking into account each patient's unique circumstances; and (4) Improved
patient outcomes: The earlier and more accurate diagnosis, as well as the more
personalized treatment options, can lead to improved patient outcomes and reduced
healthcare costs.

Despite these advantages, there are several challenges that need to be addressed
when integrating imaging technologies, scoring systems, and Al in the management of
AP. These challenges include the need for standardized imaging protocols and scoring
systems, the need for large datasets of imaging and clinical data to train Al algorithms,
and ethical and legal challenges associated with the use of Al in healthcare. In
conclusion, the integration of imaging technologies, scoring systems, and Al has the
potential to revolutionize the diagnosis, severity prediction, and prognosis assessment

of AP.
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