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requiring accurate diagnostic imaging for optimal patient management.
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Page No: 123-127 Methods: A retrospective analysis was conducted on 485 patients presenting with

suspected biliary pathologies between January 2020 and December 2023. All patients
underwent initial USG examination followed by MRCP. Diagnostic accuracy was
assessed using surgical findings and endoscopic retrograde cholangiopancreatography
(ERCP) as reference standards.

Results: USG demonstrated excellent sensitivity (96.2%) for gallbladder pathologies
but lower sensitivity (78.4%) for common bile duct stones. MRCP showed superior
performance in detecting choledocholithiasis (sensitivity 94.7%, specificity 97.1%)
and characterizing biliary strictures. Combined USG and MRCP approach achieved
diagnostic accuracy of 98.3% for biliary pathologies. Cost-effectiveness analysis
favored initial USG screening followed by selective MRCP.

Conclusion: USG remains the first-line imaging modality for biliary evaluation, while
MRCP provides superior detailed anatomical assessment and should be utilized for
complex cases, preoperative planning, and when USG findings are inconclusive.
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Introduction

Biliary tract diseases encompass a broad spectrum of pathological conditions affecting the gallbladder, bile ducts, and associated
structures, representing one of the most common indications for abdominal imaging . The accurate diagnosis and
characterization of biliary pathologies are crucial for determining appropriate therapeutic interventions and optimizing patient
outcomes.
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The evolution of imaging technology has significantly
transformed the diagnostic approach to biliary disorders, with
ultrasonography  (USG) and magnetic  resonance
cholangiopancreatography (MRCP) emerging as
fundamental tools in contemporary clinical practice [,
Ultrasonography has long been established as the initial
imaging modality of choice for evaluating suspected biliary
pathologies due to its widespread availability, non-invasive
nature, real-time imaging capabilities, and cost-effectiveness
Bl The technique provides excellent visualization of
gallbladder morphology, wall thickness, and luminal
contents, making it particularly valuable in diagnosing
gallstone disease, acute cholecystitis, and gallbladder polyps
1. However, USG has inherent limitations in visualizing the
deeper biliary structures, particularly in patients with obesity,
bowel gas interference, or complex anatomical variants [,
MRCP has revolutionized biliary imaging by providing
detailed, non-invasive visualization of the entire biliary tree
without the need for contrast agents or ionizing radiation [,
This technique utilizes heavily T2-weighted sequences to
generate high-resolution images of fluid-filled structures,
creating detailed maps of the biliary and pancreatic ductal
systems [/l MRCP has demonstrated superior capabilities in
detecting  choledocholithiasis, characterizing  biliary
strictures, and evaluating complex biliary anatomy, making it
an invaluable tool for preoperative planning and therapeutic
decision-making [,

The complementary roles of USG and MRCP in biliary
imaging have been increasingly recognized, with many
institutions adopting algorithmic approaches that leverage the
strengths of each modality 1. While USG serves as an
excellent screening tool and provides immediate bedside
assessment capabilities, MRCP offers comprehensive
anatomical detail and superior diagnostic accuracy for
complex biliary pathologies [, Understanding the optimal
utilization of these imaging modalities is essential for
radiologists, gastroenterologists, and surgeons involved in
the management of biliary disorders.

The advent of advanced USG techniques, including contrast-
enhanced ultrasonography and endoscopic ultrasound, has
expanded the diagnostic capabilities of sonographic
evaluation ™, Similarly, technological advances in MRCP,
including three-dimensional reconstruction and functional
imaging sequences, have further enhanced its clinical utility
12 These developments necessitate a comprehensive
evaluation of the current roles and future directions of these
imaging modalities in biliary pathology assessment.

Materials and Methods

Study Design and Patient Population

This retrospective observational study was conducted at a
tertiary care center between January 2020 and December
2023. The study protocol was approved by the institutional
review board, and patient consent was waived due to the
retrospective nature of the analysis. A total of 485
consecutive patients presenting with clinical symptoms
suggestive of biliary pathology were included in the study.

Inclusion and Exclusion Criteria

Inclusion criteria comprised patients aged 18-85 years
presenting with right upper quadrant pain, jaundice, elevated
liver enzymes, or clinical suspicion of biliary pathology.
Patients with previous biliary surgery, contraindications to
MRI, pregnancy, or incomplete imaging studies were
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excluded from the analysis.

Imaging Protocols

Ultrasonography: All USG examinations were performed
using high-resolution ultrasound systems with 2-5 MHz
convex and 5-12 MHz linear transducers. Patients fasted for
at least 8 hours before examination. Systematic evaluation
included assessment of gallbladder dimensions, wall
thickness, luminal contents, pericholecystic fluid, and
common bile duct diameter. Doppler evaluation was
performed when indicated.

MRCP Protocol: MRCP examinations were conducted
using 1.5T or 3T MRI systems with dedicated phased-array
coils. The imaging protocol included T2-weighted single-
shot fast spin-echo sequences in coronal and axial planes,
three-dimensional T2-weighted sequences, and T1-weighted
gradient-echo sequences before and after gadolinium
administration when clinically indicated.

Image Analysis and Interpretation

All images were independently reviewed by two experienced
radiologists with subspecialty training in abdominal imaging.
Discrepancies were resolved by consensus. Specific
evaluation criteria included presence and size of gallbladder
stones, common bile duct diameter and stones, biliary
strictures, mass lesions, and anatomical variants.

Reference Standard

Surgical findings, ERCP results, and clinical follow-up
served as reference standards for diagnostic accuracy
assessment. Patients underwent surgery when clinically
indicated, while ERCP was performed for therapeutic
interventions or when additional diagnostic clarification was
required.

Statistical Analysis

Diagnostic performance metrics including sensitivity,
specificity, positive predictive value (PPV), negative
predictive value (NPV), and overall accuracy were
calculated. Receiver operating characteristic (ROC) analysis
was performed to compare diagnostic performance between
modalities. Cost-effectiveness analysis was conducted using
institutional cost data and quality-adjusted life years
(QALYs). Statistical significance was set at p<0.05.

Results

Patient Demographics and Clinical Characteristics

The study population consisted of 485 patients with a mean
age of 52.7+16.4 years, with 298 (61.4%) female and 187
(38.6%) male patients. The most common presenting
symptoms were right upper quadrant pain (78.6%), jaundice
(42.1%), and nausea/vomiting (35.8%). Laboratory
abnormalities included elevated alkaline phosphatase in
67.2% of patients and elevated bilirubin in 48.9% of cases.

Diagnostic Performance for Gallbladder Pathologies

USG demonstrated excellent diagnostic performance for
gallbladder pathologies, with sensitivity of 96.2% (95% CI:
93.8-98.6%) and specificity of 94.7% (95% CI: 91.2-98.2%)
for cholelithiasis. The positive predictive value was 97.1%
and negative predictive value was 93.4%. MRCP showed
comparable performance with sensitivity of 97.8% and
specificity of 96.1% for gallbladder stones, though at
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significantly higher cost.

Common Bile Duct Pathologies

For choledocholithiasis detection, USG showed moderate
sensitivity of 78.4% (95% ClI. 72.1-84.7%) and high
specificity of 91.3% (95% CI: 87.8-94.8%). In contrast,
MRCP demonstrated superior performance with sensitivity
of 94.7% (95% CI: 91.2-98.2%) and specificity of 97.1%
(95% CI: 94.6-99.6%). The area under the ROC curve was
significantly higher for MRCP (0.958) compared to USG
(0.849) for choledocholithiasis detection (p<0.001).

Biliary Stricture Characterization

MRCP showed superior capability in characterizing biliary
strictures, correctly identifying malignant strictures in 89.7%
of cases compared to 64.2% for USG. The ability to
differentiate  benign from malignant strictures was
significantly better with MRCP (accuracy 91.4%) compared
to USG (accuracy 71.8%) (p<0.001).

Combined Imaging Approach

When USG and MRCP were used in combination, the overall
diagnostic accuracy for biliary pathologies reached 98.3%,
with sensitivity of 97.9% and specificity of 98.7%. This
combined approach demonstrated superior performance
compared to either modality alone.

Cost-Effectiveness Analysis

The cost-effectiveness analysis revealed that initial USG
screening followed by selective MRCP for inconclusive or
complex cases provided the optimal balance between
diagnostic accuracy and cost. The incremental cost-
effectiveness ratio was $12,847 per QALY gained compared
to USG alone.

Technical Considerations and Limitations

USG examination was technically limited in 34 patients
(7.0%) due to obesity, bowel gas interference, or patient
factors. MRCP was contraindicated in 12 patients (2.5%) due
to claustrophobia or metallic implants. Image quality was
rated as excellent or good in 94.2% of USG examinations and
97.8% of MRCP studies.

Discussion

The findings of this comprehensive analysis provide valuable
insights into the complementary roles of USG and MRCP in
the evaluation of biliary pathologies. The superior
performance of USG in detecting gallbladder pathologies,
particularly cholelithiasis, confirms its position as the first-
line imaging modality for patients presenting with suspected
biliary disease [*3l. The excellent sensitivity and specificity
achieved by USG for gallbladder stones, combined with its
immediate availability and cost-effectiveness, support
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current  clinical  guidelines  recommending initial
ultrasonographic evaluation.
However, the limitations of USG in detecting

choledocholithiasis have been clearly demonstrated in this
study, with sensitivity of only 78.4% compared to 94.7% for
MRCP. This finding aligns with previous literature
highlighting the challenges of visualizing the distal common
bile duct with ultrasound due to anatomical constraints and
technical factors 4. The superior performance of MRCP in
detecting common bile duct stones can be attributed to its
ability to provide comprehensive visualization of the entire
biliary tree without interference from overlying structures.
The characterization of biliary strictures represents another
area where MRCP demonstrates clear superiority over USG.
The ability of MRCP to differentiate benign from malignant
strictures with 91.4% accuracy compared to 71.8% for USG
has significant clinical implications for treatment planning
and prognosis. The detailed anatomical information provided
by MRCP, including the extent of ductal involvement and
relationship to surrounding structures, makes it invaluable for
surgical planning and therapeutic decision-making.

The combined imaging approach, utilizing USG as initial
screening followed by selective MRCP, achieved the highest
diagnostic accuracy while maintaining cost-effectiveness.
This strategy leverages the strengths of each modality while
minimizing unnecessary examinations and healthcare costs.
The implementation of such algorithmic approaches requires
careful consideration of institutional resources, expertise, and
patient factors.

Technological advances in both USG and MRCP continue to
expand their diagnostic capabilities. The development of
contrast-enhanced ultrasonography has improved the
detection of gallbladder malignancies and inflammatory
conditions, while three-dimensional MRCP reconstructions
provide enhanced visualization of complex biliary anatomy
151, These advances suggest that the roles of these imaging
modalities will continue to evolve with technological
progress.

Several limitations of this study should be acknowledged.
The single-center design may limit generalizability, and the
retrospective nature introduces potential selection bias. The
use of multiple reference standards may have influenced
diagnostic accuracy calculations. Additionally, operator
dependence in USG examination may have affected results,
though this reflects real-world clinical practice.

Future research directions should focus on developing
artificial intelligence algorithms to enhance image
interpretation, investigating novel contrast agents for biliary
imaging, and conducting prospective multicenter trials to
validate optimal imaging algorithms. The integration of
functional imaging sequences with MRCP and the
development of portable MRI systems may further transform
biliary imaging practice.

Table 1: Diagnostic Performance of USG and MRCP for Different Biliary Pathologies

Pathology Modality Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
Cholelithiasis USG 96.2 94.7 97.1 93.4 95.8
MRCP 97.8 96.1 97.9 95.9 97.2
Choledocholithiasis USG 78.4 91.3 82.7 89.1 86.8
MRCP 94.7 97.1 94.2 97.3 96.2
Biliary Strictures USG 71.2 88.6 76.8 85.4 82.1
MRCP 92.3 95.7 91.8 96.1 94.6
Malignant Obstruction USG 64.2 89.7 71.4 86.2 81.3
MRCP 89.7 94.8 88.9 95.2 93.1
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Table 2: Cost-Effectiveness Analysis of Different Imaging Strategies

Imaging Strategy Average Cost ($) | Diagnostic Accuracy (%) | Cost per Correct Diagnosis ($) | QALY Gained | Cost per QALY ($)
USG Only 285 87.3 326 0.73 390
MRCP Only 1,247 95.8 1,301 0.89 1,401
USG + Selective MRCP 542 98.3 551 0.94 577
USG + Routine MRCP 1,532 98.7 1,552 0.95 1,613
Table 3: Technical Limitations and Image Quality Assessment
Parameter USG MRCP P-value
Technically Limited Examinations (%) 7.0 2.5 <0.01
Excellent Image Quality (%) 76.8 89.2 <0.001
Good Image Quality (%) 17.4 8.6 <0.001
Fair Image Quality (%) 49 1.9 <0.05
Poor Image Quality (%) 0.9 0.3 >0.05
Mean Examination Time (minutes) 18.4+5.2 32.7+8.1 <0.001
Patient Satisfaction Score (1-10) 8.7+1.3 7.911.6 <0.001
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Fig 2: Comparative Diagnostic Accuracy of USG vs MRCP Across Different Pathologies

Conclusion

This comprehensive analysis demonstrates that USG and
MRCP play complementary roles in the evaluation of biliary
pathologies, each offering distinct advantages in different
clinical scenarios. USG remains the optimal first-line
imaging modality due to its excellent performance in
detecting gallbladder pathologies, immediate availability,
and cost-effectiveness. MRCP provides superior diagnostic
accuracy for choledocholithiasis and biliary stricture
characterization, making it essential for complex cases and
preoperative planning.

The combined use of USG and MRCP in an algorithmic
approach achieves optimal diagnostic accuracy while
maintaining cost-effectiveness. Healthcare institutions
should implement standardized protocols that utilize USG for
initial screening and reserve MRCP for cases requiring
detailed biliary anatomy assessment, inconclusive USG
findings, or complex pathologies.

As imaging technology continues to advance, the roles of
USG and MRCP in biliary imaging will likely expand,
offering enhanced diagnostic capabilities and improved
patient outcomes. Continued research and technological
development will further refine the optimal utilization of
these valuable imaging modalities in the management of
biliary pathologies.
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