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Abstract: Objective: To evaluate the diagnostic performance of non-contrast MRl combined with magnetic reso-
nance cholangiopancreatography (MRCP) for cholelithiasis and to assess its utility in grading biliary obstruction
severity according to the Bismuth classification. Methods: This retrospective study included 105 patients with sus-
pected cholelithiasis who underwent both non-contrast MRI with MRCP and had surgical confirmation. The surgical
outcomes were used as the gold standard to compare the diagnostic accuracy of non-contrast MRI, MRCP, and com-
bined interpretation for gallstone type classification and Bismuth grading. The consistency between each method
and the above standard was evaluated using Cohen’s kappa coefficient. ROC curve analysis was used to assess the
diagnostic efficacy, and the Z-test was employed for pairwise comparison of the area under the curve (AUC). Result:
Using surgical findings as the reference, non-contrast MRI showed a stone type classification accuracy of 78.65%, a
Bismuth grading accuracy of 80.88%, and an overall accuracy of 76.19% (80/105), with poor agreement (k = 0.309,
P < 0.001). MRCP achieved accuracies of 85.39% for stone type and 89.71% for Bismuth grading, and the overall
accuracy was 83.81% (88/105), with a moderate consistency (k = 0.491, P < 0.001). The combined MRI + MRCP
strategy increased these accuracies to 96.63% and 97.06%, respectively, and the overall accuracy reached 96.19%
(101/105), with excellent agreement (k = 0.860, P < 0.001). ROC analysis showed that the AUC of non-contrast MRI
was 0.706, that of MRCP was 0.801, and that of combined diagnosis was 0.950. The AUC of combined diagnosis
was significantly higher than that of non-contrast MRI (Z = 3.240, P = 0.001) and MRCP (Z = 2.252, P = 0.024).
Stratified analysis showed that the combined diagnosis maintained a sensitivity > 0.889 and specificity > 0.800
across all clinical subgroups. Notably, in diabetic patients, specificity improved from 0.400 with non-contrast MRI
to 0.800 with the combined approach. The ALT level in the incorrectly diagnosed group was significantly lower than
that of the correctly diagnosed group (P = 0.047). Conclusion: For patients with suspected biliary stones referred
for MRI, non-contrast MRI combined with MRCP significantly improved diagnostic accuracy for stone detection and
Bismuth grading compared to either method alone. However, the net reclassification improvement over single-meth-
od interpretation was not statistically significant (NRI =-0.133 and -0.075, both P > 0.05), indicating that the benefit
at the individual patient level remains uncertain. The clinical use of this combined strategy warrants further valida-
tion in larger prospective studies.
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Introduction ing acute cholangitis, pancreatitis, obstructive
jaundice, and even liver failure [1, 2]. Therefore,
early accurate identification of the presence of
calculi, clear determination of the type of cal-
culi, and assessment of the severity of biliary
obstruction are of great significance for formu-

lating reasonable treatment plans and improv-

Cholelithiasis is one of the most common bili-
ary tract disorders in clinical practice and a
leading cause of biliary obstruction. Studies
have shown that biliary calculi not only directly
cause biliary damage but also are closely relat-

ed to the occurrence of biliary tumors, inflam-
matory biliary stenosis, and other diseases. If
not diagnosed and managed promptly, choleli-
thiasis can lead to severe complications, includ-

ing prognosis.

Currently, the imaging methods used for biliary
calculi assessment in clinical practice mainly
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include ultrasound, computed tomography (CT)
and magnetic resonance imaging (MRI). Ultra-
sound examination is simple to operate, non-
invasive, and does not involve ionizing radiation
and is often used as the first-line screening
method for biliary diseases, with high sensitivi-
ty for gallbladder stones and intrahepatic bile
duct stones. However, the diagnostic efficacy of
ultrasound for common bile duct stones is sub-
stantially affected by bowel gas interference
and operator experience, leading to a higher
rate of false-negative or false-positive results
[3, 4]. CT offers high spatial and contrast re-
solution, clearly shows high-density calcified
stones, has a fast scan speed and can compre-
hensively evaluate the biliary system and sur-
rounding tissue structures; however, CT has a
relatively high miss rate for stones that are
isodense or hypodense [5, 6]. In addition, the
ionizing radiation associated with CT and the
nephrotoxicity and allergic risks of iodinated
contrast agents limit its repeated use in certain
patients [7-9].

MRI has excellent soft tissue contrast and
multi-planar imaging capabilities, and no ioniz-
ing radiation, so it can clearly display the ana-
tomic structure of the biliary system and the
pathologic changes of surrounding tissues.
Non-contrast MRI plain scan can simultane-
ously provide multi-parameter information such
as TA1WI, T2WI, and diffusion-weighted imaging,
which is helpful for comprehensive assessment
of the lesion range and its relationship to adja-
cent tissues [10-13]. Magnetic resonance chol-
angiopancreatography (MRCP) is a non-inva-
sive MRI technique that uses heavily T2-weig-
hted sequences without contrast administra-
tion, first described by Waller et al. in 1991, in
which static or slow-flowing fluids (e.g., bile and
pancreatic juice) appear hyperintense, while
solid components such as stones present as
hypointense filling defects. MRCP can non-inva-
sively display the entire biliary tree, helping to
clearly identify the location, size, and number
of calculi, as well as the degree of biliary dila-
tion, providing important imaging evidence for
determining the cause and level of obstruction
[14, 15].

In current clinical practice, the combined appli-
cation of non-contrast MRI and MRCP has not
yet become a routine strategy for biliary calculi
assessment. On the one hand, the sensitivity
of non-contrast MRI plain scan may be insuffi-
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cientin showing less calcified stones, and there
are limitations in the assessment of the inter-
nal characteristics of the stones [16]; On the
other hand, although MRCP can clearly display
the morphology of the bile duct lumen, it pro-
vides limited information about the bile duct
wall and the surrounding soft tissues, and may
lead to misjudgment when the bile duct is not
dilated. Artifacts related to the imaging and par-
tial volume effects may also affect the detec-
tion of small lesions [17]. Theoretically, combin-
ing non-contrast MRI with MRCP can leverage
the strengths of both techniques: non-contrast
MRI provides comprehensive anatomic back-
ground and surrounding soft-tissue informa-
tion, while MRCP details intraluminal morphol-
ogy. This complementary information is expect-
ed to improve the detection rate of bile duct
stones and the accuracy of assessing the de-
gree of obstruction, providing a more compre-
hensive diagnostic basis for clinical practice.

However, systematic retrospective validation is
lacking regarding the incremental diagnostic
value of non-contrast MRI combined with MRCP
compared to a single method, as well as the
correlation between the combined diagnosis
and the severity of biliary obstruction (Bismuth
classification). Based on the above background,
this study conducted a retrospective analysis
of 105 patients with suspected cholelithiasis
confirmed by surgery, aiming to: (1) Evaluate
the diagnostic accuracy and classification abil-
ity of non-contrast MRI combined with MRCP
for bile duct stones; (2) Explore the correlation
between the combined method and the Bis-
muth classification in assessing the severity of
obstruction; (3) Compare the differences in
diagnostic efficacy between the combined me-
thod and the single method, providing evi-
dence-based support for clinical application.
The results of the study are presented below.

Materials and methods
Research design and research subjects

This was a retrospective cross-sectional study.
We consecutively included patients with sus-
pected cholelithiasis who underwent both non-
contrast MRl and MRCP at the radiology depart-
ments of Yingshang County People’s Hospital
between April 2023 and May 2025. The imag-
ing data, clinical baseline information (demo-
graphic characteristics, past medical history,
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May 2025 (n=168)

Consecutive patients with suspected biliary stone disease who
underwent both non-contrast MRI and MRCP between April 2023 and

severe accompanying diseas-
es that might affect the biliary
system or interfere with image

Exclusion(n=63)

MRI(n=48);

clinical data(n=2).

No surgical exploration within 30 days after

Poor image quality (severe susceptibility or
motion artifacts, incomplete sequences) (n=8);
Severe comorbidities potentially affecting biliary
assessment (severe liver disease, pancreatic
disease, biliary tumors) (n=5);
Informed consent unavailable or incomplete

interpretation, including severe
liver diseases, pancreatic le-
sions, biliary tumors, or other
serious comorbidities.

Based on the above criteria, a
total of 105 cases were retro-

Final included patients (n=105) |

spectively screened and revie-
wed for imaging data [details
of the initial screening cases
to be supplemented]. After ex-

Stone positive (surgically
confirmed) (n=89)

confirmed)

Stone negative (surgically

(n=16)

cluding those who did not meet

Figure 1. Flow diagram. Abbreviations: MRI, magnetic resonance imaging;
MRCP, magnetic resonance cholangiopancreatography.

clinical symptoms, laboratory test results), and
surgical records of all patients were retrospec-
tively extracted from the hospital’'s electronic
medical record system and the Picture Archiving
and Communication System (PACS). The study
protocol was approved by the Ethics Committee
of Yingshang County People’s Hospital. Due to
the retrospective nature of the study, the ethics
committee waived the requirement for written
informed consent. Patient data were de-identi-
fied prior to analysis.

Inclusion and exclusion criteria

Inclusion criteria: (1) Patients with suspected
biliary disease presenting with upper abdomi-
nal discomfort, fever, jaundice, and/or labora-
tory abnormalities (ALT > 40 U/L, total bilirubin
> 1.2 mg/dL [> 20.5 ymol/L], or WBC > 10 x
10°/L), who underwent abdominal MRI; (2)
Completed non-contrast MRI plain scan and
MRCP examination simultaneously; (3) Under-
went surgery within 30 days after MRI examina-
tion and could obtain clear intraoperative ex-
ploration results as the gold standard; (4) Pro-
vided informed consent.

Exclusion criteria: (1) Had metal foreign bodies
or implanted prostheses that affected MRI qua-
lity; (2) Had contraindications for MRI examina-
tion, such as cardiac pacemakers, suspected
intraocular metal foreign bodies, intracranial or
vascular metal clips; (3) Poor MRI image quality
(e.g., severe susceptibility or motion artifacts)
precluding diagnostic interpretation; (4) Had
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the conditions, 105 patients
were finally included for analy-
sis. The patient screening pro-
cess is shown in Figure 1.

MRI equipment and patient preparation

All MRI examinations used a 3.0T supercon-
ducting magnetic resonance system (UMR780;
United Imaging Healthcare, Shanghai, China).
Patients were fasting and dehydrated for 4-6
hours before the examination to reduce the
interference of gastrointestinal contents on
image quality.

Non-contrast MRI plain scan protocol

Non-contrast MRI plain scan collected coronal
and axial images simultaneously. The scanning
sequences and parameters were as follows:

T1-weighted imaging (T1WI): Three-dimensional
volume interpolated rapid gradient echo se-
quence; repetition time (TR) = 2.92 ms, echo
time (TE) = 1.17 ms, slice thickness = 4.5 mm,
field of view (FOV) = 400 x 300 mm, matrix =
288 x 230.

T2-weighted imaging (T2WI): Rapid spin echo
sequence; TR = 4190 ms, TE = 94.4 ms, slice
thickness = 6 mm, FOV = 380 x 380 mm,
matrix = 320 x 320.

Coronal T2WI: Single-shot excited rapid spin
echo sequence; slice thickness = 6 mm, TR =
1100 ms, TE = 92.16 ms.

Diffusion-weighted imaging (DWI): Acquired
DWI images and generated apparent diffusion
coefficient (ADC) maps.

The scanning range was from the diaphragm
top to the lower edge of the kidneys, covering
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the gallbladder, intrahepatic bile ducts, and
extrahepatic bile ducts.

MRCP scanning protocol and post-processing

MRCP used two acquisition techniques: 2D
MRCP and 3D MRCP.

2D MRCP: Single-shot excited imaging sequen-
ce; slice thickness = 60 mm, TR = 6000 ms, TE
=810 ms, flip angle = 8°.

3D MRCP: Coronal acquisition, instructing the
patient to hold their breath (approximately 18
seconds). Using a rapid spin echo sequence,
with FOV = 352 x 352 mm, TR = 4000 ms, and
TE = 696 ms. A rapid spin-gradient echo se-
quence (FOV = 352 x 352 mm) was also ac-
quired during an 18-second breath-hold, with
TR =1100 ms and TE = 249 ms.

All the original images cover the gallbladder
and the intrahepatic and extrahepatic bile du-
cts. Maximum intensity projection (MIP) was
used for three-dimensional reconstruction to
generate a three-dimensional bile duct tree
image for the diagnostician to observe from
multiple angles.

Image retrospective interpretation process

All image data were independently and retro-
spectively interpreted by two senior radiolo-
gists (each with > 5 years of experience in
abdominal imaging) on a PACS workstation.
The interpreters were blinded to the surgical
findings. The interpretation was conducted at
three levels:

The first level - Interpretation of non-contrast
MRI alone: Judging the presence of biliary
stones, their location and type, as well as the
presence of biliary obstruction and assessing
the severity of the obstruction based solely on
axial and coronal T1WI, T2WI, and DWI/ADC
images.

The second level - Interpretation of MRCP
alone: Judging the presence of stones, their
type, and the classification of biliary obstruc-
tion based solely on 2D MRCP static images
and 3D MRCP reconstructed images. During
interpretation, non-contrast MRI sequences
were not to be referenced.

The third level - Combined interpretation: Two
weeks after the completion of the previous two
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levels of interpretation (washout period), the
same group of physicians reviewed all sequenc-
es of non-contrast MRI and all images of MRCP
simultaneously for a comprehensive interpreta-
tion. The final diagnosis results were recorded.

In cases of disagreement, a third senior radio-
logist with > 10 years of experience in abdomi-
nal imaging adjudicated to reach a consensus,
which was used as the final interpretation for
that method.

Inter-observer agreement for biliary stone diag-
nosis was substantial (x = 0.737-0.795), and
intra-observer agreement was almost perfect
(k = 0.889-0.930), confirming good reproduc-
ibility of the interpretation.

Severity assessment of biliary obstruction

The Bismuth classification system was used to
assess the severity of biliary obstruction (Plentz
and Malek, 2015). The grading criteria are as
follows:

Type I: The hepatic duct junction is not affected,
and the stenosis is located distally to the com-
mon hepatic duct.

Type II: The stenosis extends to the hepatic
duct junction but does not affect the left and
right hepatic ducts.

Type lll: Obstruction affects the left or right
hepatic duct.

Type IV: Obstruction simultaneously affects the
left and right hepatic ducts.

Type V: The common hepatic duct is narrowed
and also affects the branches of the intrahe-
patic bile ducts.

Of note, Bismuth Type V is not part of the origi-
nal classification. In this study, we extended the
system to include Type V for cases involving
both intrahepatic duct branches and common
hepatic duct narrowing, which were encoun-
tered in our cohort. This adaptation was made
for descriptive purposes and should be inter-
preted with caution.

Reference standards
The surgical records were used as the refer-

ence standard. The presence or absence of
stones, their location, number, and type (extra-
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hepatic bile duct stones, secondary bile duct
stones, intrahepatic bile duct stones), and the
Bismuth classification determined during surgi-
cal exploration served as the reference stan-
dard. For cases without stones on surgical
exploration, the surgical findings were used as
the reference for a negative diagnosis.

Statistical analysis

Data were analyzed using SPSS 26.0. Conti-
nuous variables were presented as mean *
standard deviation (SD), and categorical vari-
ables as frequencies and percentages. The
diagnostic accuracy, sensitivity, specificity, po-
sitive predictive value, and negative predictive
value of non-contrast MRI, MRCP, and com-
bined diagnosis were calculated based on the
surgical results as the gold standard. Paired x?2
test (McNemar's test) was used to compare the
combined diagnosis with each single method in
2 x 2 contingency tables. Cohen’s kappa coef-
ficient was used to assess agreement with the
gold standard (k < 0.20, poor; 0.21-0.40, fair;
0.41-0.60, moderate; 0.61-0.80, good; 0.81-
1.00, excellent). The diagnostic efficacy of each
method was evaluated using the receiver oper-
ating characteristic (ROC) curve analysis. The
area under the curve (AUC) and its 95% confi-
dence interval were calculated. The AUC was
compared using the Z test, and the standard
error was estimated by the bootstrap method
(1000 resampling). The optimal diagnostic th-
reshold was determined based on the Youden
index. The net reclassification improvement
(NRI) index was used to assess the classifica-
tion improvement of the combined diagnosis
compared to a single method.

In addition, stratified analysis was conducted
according to smoking status, diabetes, hyper-
tension, jaundice symptoms, and median age.
The sensitivity and specificity of different meth-
ods in each subgroup were calculated. The dif-
ferences in laboratory indicators between the
correct and incorrect diagnosis groups were
compared using the Mann-Whitney U test. The
significance level a = 0.05 (two-sided).

Results
Baseline characteristics

A total of 105 patients suspected of having
cholelithiasis were consecutively included. Sur-
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gical confirmation identified stones in 89 pa-
tients (84.8%) and no stones in 16 patients
(15.2%). The average age of the entire group
was 62.43 = 14.04 years, with 40 males
(38.1%) and 65 females (61.9%). The total bili-
rubin level in the stone-positive group (50.9 +
55.6 ymol/L) was higher than that in the stone-
negative group, consistent with the biochemi-
cal profile of obstructive jaundice. The other
demographic and clinical characteristics were
evenly distributed between the two groups
(Table S1). Among the 16 patients with nega-
tive surgical findings for stones, the causes of
clinical presentation were as follows: acute or
chronic cholecystitis without stones (n = 7),
cholangitis (n = 4), biliary stricture of unclear
etiology (n = 2), pancreatic head lesion (n = 1),
and indeterminate cause (n = 2). Notably, 11 of
these 16 patients presented with jaundice,
with final diagnoses including cholangitis (n =
4), biliary stricture (n = 2), and cholecystitis (n =
5).

Accuracy of three imaging methods for diag-
nosing biliary calculi

Taking the surgical results as the gold stan-
dard, non-contrast MRI correctly diagnosed 80
cases, yielding an overall accuracy of 76.19%
(80/105), with poor agreement with the gold
standard (k = 0.309, P < 0.001); MRCP correct-
ly diagnosed 88 cases, with an accuracy rate
of 83.81% (88/105), and the consistency was
moderate (k = 0.491, P < 0.001); combined
diagnosis correctly diagnosed 101 cases, with
an accuracy rate of 96.19% (101/105), and
the consistency was good (k = 0.860, P <
0.001). The accuracy of the combined diagno-
sis was significantly higher than that of non-
contrast MRI (x? = 58.594, P < 0.001) and
MRCP alone (x?> = 54.378, P < 0.001). The 2 x
2 cross-tabulation of the three methods is
shown in Table 1; combined diagnosis in-
creased the sensitivity from 78.7% (non-con-
trast MRI) and 85.4% (MRCP) to 96.6%, and
the specificity from 62.5% and 75.0% to 93.8%
(Table S2).

Accuracy of stone type diagnosis

Among the 89 patients with surgically con-
firmed stones, surgical findings identified 45
extrahepatic, 34 secondary, and 10 intrahe-
patic bile duct stones. The overall correct clas-
sification numbers of stone types by non-con-
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Table 1. Cross-tabulation of non-contrast MRI, MRCP, and com-
bined interpretation against surgical findings for diagnosing bili-

ing by non-contrast MRI, MRCP,
and combined diagnosis were

ary stones

55 (80.88%), 61 (89.71%), and

Gold Gold

66 (97.06%) respectively. The

Method Diagnosis  pitive Negative Pvalue accuracy rates for each type are
Non-contrast MRl Positve 70 6 0.002 shown in Table 3. The combin-
Non-contrast MRl Negative 19 10 ed diagnosis achieved 100.0%
MRCP Positive 76 4 24040 <0001  2ccuracy for types I, IV, and V,

) with only 1 misjudgment in type
MRCP Negative 13 12 I and 1 in type lll. The analysis
Combined Positive 86 1 71.758 < 0.001 of miSjUdgment patterns (Table
Combined Negative 3 15 S3) indicated that non-contrast

Abbreviations: MRI, magnetic resonance imaging; MRCP, magnetic resonance

cholangiopancreatography.

Table 2. Diagnostic accuracy of non-contrast MRI, MRCP, and

their combination for stone type classification

MRI and MRCP mainly undere-
stimated the obstruction level,
while combined diagnosis al-
most completely eliminated the
underestimation error. Figure 2

visually presents the accuracy

Stone type Non-contrast MRI MRCP Combined rates of the three methods un-
Extrahepatic 35/45 (77.8%)  37/45 (82.2%) 42/45 (93.3%) der different Bismuth classifica-
Secondary 27/34 (79.4%) 30/34 (88.2%) 34/34 (100.0%) tions. The accuracy of the com-
Intrahepatic 8/10 (80.0%) 9/10 (90.0%)  10/10 (100.0%) bined diagnosis remained above

Abbreviations: MRI, magnetic resonance imaging; MRCP, magnetic resonance

cholangiopancreatography.

92% in all classifications.

ROC curve analysis for diagnos-
tic efficacy

Table 3. Diagnostic accuracy of the three imaging methods for

grading biliary obstruction according to the Bismuth classifica-

ROC analysis (Tables 4, S4;

tion Figure 3) showed that the AUC
Bismuth type  Non-contrast MRI MRCP Combined of non-contrast MRI is 0.706
I 20/24 (83.3%) 22/24 (91.7%) 23/24 (95.8%) (95% ClI 0.574-0.839), that of
I 14/16 (87.5%) 15/16 (93.8%) 16/16 (100.0%) MRCP is 0.801 (95% CI 0.688-
M 10/14 (T1.4%)  12/14 (85.7%) 13/14 (92.9%) :iils)vr :ancdhéze g%r;g‘”(eg‘;;iag
0, 0, o, . 0
v 8/10 (80.0%)  9/10(90.0%) 10/10 (100.0%) 0.871-0.995). The AUC of the
v 3/4 (75.0%) 3/4(75.0%)  4/4 (100.0%)

Abbreviations: MRI, magnetic resonance imaging; MRCP, magnetic resonance

cholangiopancreatography.

trast MRI, MRCP, and combined diagnosis were
70 cases (78.65%), 76 cases (85.39%), and 86
cases (96.63%), respectively. The accuracy
rates of each subtype are detailed in Table 2.
Among them, the correct identification rates of
secondary and intrahepatic bile duct stones by
combined diagnosis reached 100.0%.

Diagnostic accuracy of bismuth grading for
severity of obstruction

Among the 89 patients with stones, 68 were
found to have biliary obstruction during surgery.
The distribution of Bismuth types | through V
was 24, 16, 14, 10, and 4 cases, respectively.
The number of correct cases for Bismuth grad-
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combined diagnosis is signifi-
cantly higher than that of non-
contrast MRI (Z = 3.240, P =
0.001) and MRCP (Z=2.252, P =
0.024), and the Youden index increases from
0.412 (non-contrast MRI) and 0.604 (MRCP)
to 0.904.

Re-classification improvement and stratified
analysis

Based on the combined diagnosis as the re-
ference, 18 cases of misjudgment (positive for
stones) and 5 cases of non-event (negative for
stones) by non-contrast MRI were correctly re-
classified. MRCP had 11 cases and 3 cases
respectively (Figure 4), but the net re-classifi-
cation improvement did not reach statistical
significance. After stratification by smoking,
diabetes, hypertension, jaundice, and median
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Accuracy (%)

Type 1 Type 2 Type 3 Type 4

Bismuth Classification

Figure 2. Grouped bar chart comparing diagnostic accuracy of the three
methods across Bismuth type I-V. Abbreviations: MRI, magnetic resonance
imaging; MRCP, magnetic resonance cholangiopancreatography.

age (Table S5), the combined diagnosis had a
sensitivity of > 0.889 and a specificity of >
0.800 in each subgroup. It is notable that the
specificity of non-contrast MRI in the diabetes
subgroup was only 0.400, and the combined
diagnosis increased it to 0.800; in the hyper-
tension subgroup, the specificity of the com-
bined diagnosis reached 1.000; however, as
noted in the Discussion, this estimate is based
on only 2 negative cases and should be inter-
preted with caution.

Relationship between laboratory indicators
and diagnostic accuracy

Analysis of the three laboratory indicators
(Table S6; Figure 5) revealed that the alanine
aminotransferase (ALT) level in the group with
incorrect diagnosis by the combined strategy
was significantly lower than that in the group
with correct diagnosis (19.76 + 8.89 U/L vs.
40.26 + 26.87 U/L, Mann-Whitney U = 321.0, P
= 0.047), suggesting that patients with low ALT
levels might be more prone to individual missed
or incorrect diagnoses in the joint diagnosis
due to less severe obstruction and less typical
imaging manifestations. The NRI analysis is
presented in Table S7. There was no statisti-
cally significant difference in total bilirubin and
white blood cell count between the correct and
incorrect groups (P > 0.05).

Discussion

This study conducted a retrospective analysis
on 105 patients with suspected cholelithiasis
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mmm  Non-contrast MRI

confirmed by surgery, system-

m= MRCP atically evaluating the diagno-

. Combined

stic performance of non-con-
trast MRI combined with MRCP
o for biliary stones and obstr-
uction severity. The results
showed that the overall accu-
racy of the combined diagno-
sis was 96.19%, significant-
ly superior to non-contrast
MRI (76.19%) and MRCP used
alone (83.81%), with good con-
sistency (k = 0.860). ROC an-
alysis confirmed that the AUC
of the combined diagnosis rea-
ched 0.950, significantly hig-
her than the single method.
Additionally, the accuracy of
the combined diagnosis for st-
one type classification and Bis-
muth grading was also significantly improved.
The misjudgment mode analysis revealed that
it almost eliminated the common phenomenon
of underestimating the obstruction level in the
single method. These results indicate that com-
bined interpretation of non-contrast MRI and
MRCP provides more comprehensive and reli-
able diagnostic information.

Type 5

In this study, the overall accuracy rate of MRCP
(83.81%) was superior to that of non-contrast
MRI (76.19%). The advantage mainly lies in the
diagnosis of extrahepatic bile duct stones and
secondary bile duct stones, as well as the iden-
tification of Bismuth II-IV type obstructions.
This is consistent with previous reports [18-21].
MRCP uses a heavy T2-weighted sequence to
make bile and pancreatic fluid show significant-
ly high signals, while stones, as intraluminal fill-
ing defects, present as low signals. The excel-
lent liquid-solid contrast provides a natural
advantage for judging the presence of stones
and the degree of lumen stenosis. In contrast,
although non-contrast MRI can provide abun-
dant soft tissue information, in sequences lack-
ing a significant signal difference between bile
and stones, small or equal-signal stones are
prone to be missed or misjudged as artifacts,
which may be the main reason for its relatively
lower sensitivity [22-24].

Although MRCP performs well in displaying the
lumen, the misjudgment pattern analysis of
this study revealed that MRCP underestimated
the obstruction level in some cases of Bismuth
type lll. This might be related to the limited spa-

Am J Transl Res 2026;18(10):9364-9375



Non-contrast MRI/MRCP for gallstones and biliary obstruction severity

Table 4. Receiver operating characteristic (ROC) curve analysis and diagnostic performance metrics

for each imaging strategy

L e Zvs Pvs
Method AUC SE 95% CI Sensitivity ~ Specificity  Youden  Kappa Combined  Combined
Non-contrast MRI  0.706 0.068 0.574-0.839 0.787 0.625 0.412 0.309 3.305 <0.001
MRCP 0.801 0.058 0.688-0.914 0.854 0.750 0.604 0.491 2.243 0.025
Combined 0.950 0.034 0.871-0.995 0.966 0.938 0.904 0.860 Reference Reference

Abbreviations: AUC, area under the curve; Cl, confidence interval; SE, standard error; MRI, magnetic resonance imaging; MRCP, magnetic reso-

nance cholangiopancreatography.

0.8

Sensitivity
o
o

o
~
L

0.2

Non-contrast MRI (AUC=0.706)

pid == MRCP (AUC=0.802)
=== Combined (AUC=0.952)
0.0
010 0?2 074 OfG 0?8 1?0
1 - Specificity

Figure 3. ROC curves of magnetic resonance plain
scan, MRCP, and their combined diagnosis for bili-
ary calculi. Abbreviations: MRI, magnetic resonance
imaging; MRCP, magnetic resonance cholangiopan-
creatography; ROC, receiver operating characteristic;
AUC, area under the curve.

tial resolution of MRCP for evaluating the
hepatic portal and secondary bile duct branch-
es. When the bile ducts are not significantly
dilated or the stenotic segment is short, the
projection overlap effect of the 3D reconstruct-
ed MIP images may mask the subtle lumen ste-
nosis, resulting in an underestimation of the
obstruction range [25, 26]. Additionally, respi-
ratory motion artifacts and the overlap of high-
signal intestinal fluid may also affect the diag-
nostic confidence of MRCP in the hepatic portal
area.

The combined diagnosis significantly compen-
sated for the limitations of each individual mo-
dality. A key finding of this study was that com-
bined interpretation improved sensitivity from
78.7% (non-contrast MRI) and 85.4% (MRCP) to
96.6%, and specificity from 62.5% and 75.0%
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to 93.8%. More importantly, misclassification
analysis revealed that underestimation of ob-
struction severity was the predominant error
pattern when non-contrast MRl or MRCP was
used alone, while the combined diagnosis achi-
eves 100% accurate interpretation in Bismuth
types ll, IV, and V. This synergistic effect may be
attributed to the complementarity of the two
imaging modalities - non-contrast MRI provides
coronal and axial thin-layer T2WI and DWI se-
quences that can clearly show indirect obstruc-
tive signs such as thickening and edema of the
bile duct wall and surrounding soft tissues,
while MRCP presents the entire biliary tree in a
comprehensive manner and clearly shows the
location and morphology of filling defects in
the lumen, and the combination of the two he-
Ips to more completely restore the true anatom-
ical relationship of biliary obstruction [27, 28].
Therefore, in clinical practice, for cases where it
is difficult to clearly determine the stenosis
range or the relationship between the stone
and the bile duct wall with MRCP, adding the
non-contrast MRI sequence may significantly
improve the diagnostic accuracy.

ROC curve analysis quantitatively confirmed
the efficacy advantage of the combined diagno-
sis. The AUC of the combined diagnosis reached
0.950 (95% CI 0.871-0.995), significantly high-
er than that of non-contrast MRI (0.706) and
MRCP (0.801), and the differences were statis-
tically significant by Ztest (P = 0.001 and P =
0.024). The Youden index increased from 0.412
of non-contrast MRI and 0.604 of MRCP to
0.904, approaching the theoretical optimal
value of 1.0. These results indicate that review-
ing non-contrast MRI and MRCP images togeth-
er can optimize the trade-off between sensitiv-
ity and specificity, reducing unnecessary fur-
ther examinations or misdiagnosis-induced im-
proper treatment.

Am J Transl Res 2026;18(10):9364-9375



Non-contrast MRI/MRCP for gallstones and biliary obstruction severity

18
17.5 1

N o N o
o =) o [S]
L

Cases Reclassified Correctly

o
S}
L

2.5 1

0.0 -

Events (stone+)

Figure 4. Number of cases correctly reclassified by combined imaging com-
pared to non-contrast MRI and MRCP. Abbreviations: MRI, magnetic reso-
nance imaging; MRCP, magnetic resonance cholangiopancreatography;

NRI, net reclassification improvement.

This study also explored the stratified influence
of clinical characteristics on the diagnostic effi-
cacy of the three methods. The combined diag-
nosis demonstrated robust diagnostic perfor-
mance across all subgroups, with sensitivity >
0.889 and specificity > 0.800. It was largely
unaffected by factors such as patients’ smok-
ing status, diabetes, hypertension, jaundice, or
age, indicating its wide clinical applicability. In
contrast, non-contrast MRl and MRCP alone
had specificity of only 0.400 and 0.600, res-
pectively, in diabetic patients, whereas the
combined diagnosis increased specificity to
0.800. Diabetic patients may have abnormal
biliary motility and concurrent fatty liver with
high signal backgrounds, reducing the stone-
background contrast of a single imaging me-
thod and increasing false positives [29]. The
addition of MRCP lumen imaging in the com-
bined diagnosis can effectively identify such
false positives, suggesting that for suspected
gallstone patients with diabetes, adopting a
combined strategy offers more significant be-
nefits.

In the analysis of the relationship with labora-
tory indicators, this study found that the ALT
level in the group with incorrect joint diagnosis
interpretation was significantly lower than that
in the group with correct interpretation (P =
0.047). Since ALT is one of the biochemical indi-
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B vs Non-contrast MRI
B vs MRCP

Non-events (stone-)

cators reflecting liver cell dam-
age and the degree of biliary
obstruction [30, 31], a low ALT
level may indicate milder bili-
ary obstruction or an early dis-
ease stage. At this time, the
imaging changes may be more
subtle or atypical, increasing
the diagnostic difficulty. This
finding indirectly suggests that
in patients with low ALT levels
but high clinical suspicion of
cholelithiasis, even if the com-
bined imaging diagnosis does
not show a clear positive find-
ing, vigilance should still be
maintained and short-term fol-
low-up or other auxiliary exa-
minations should be consid-
ered for confirmation. There
was no statistically significant
difference in total bilirubin and
white blood cell count between
the correct and incorrect groups, which may be
related to the small sample size of this study
and the non-specificity of these indicators.

The Net Classification Improvement (NRI) anal-
ysis showed that the overall NRI of the com-
bined diagnosis compared to non-contrast MRI
and MRCP was -0.133 and -0.075 respectively,
and neither reached statistical significance
(P > 0.05). This apparent inconsistency may be
explained by the fact that NRI and AUC assess
different aspects of diagnostic performance
[32, 33]. NRI measures the net improvement
in reclassification at the individual patient level,
while the non-contrast MRl and MRCP in this
study already had baseline accuracies of 76%-
84%, and the “space” for reclassification im-
provement is inherently limited; moreover, with
a sample size of 105, the number of reclassifi-
cation events is small, and the limited statisti-
cal power may also have prevented NRI from
reaching significance. Although the NRI was
not statistically significant, Figure 4 visually
demonstrates that the combined diagnosis
reclassified 18 false-positive and 5 false-nega-
tive cases compared to non-contrast MRI, and
11 event cases and 3 non-event cases com-
pared to MRCP. This suggests the combined
technique has clinical value. In future larger
sample or multi-center studies, the reclassi-
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Figure 5. Laboratory parameters in patients correctly (n = 101) vs. incorrectly (n = 4) diagnosed by the combined
strategy. (A) Total bilirubin, (B) ALT, and (C) WBC. ALT was significantly lower in the incorrect group (19.76 + 8.89
vs. 40.26 + 26.87 U/L, P = 0.047). Data are mean * SD. Abbreviations: ALT, alanine aminotransferase; WBC, white
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fication improvement effect of the combined
strategy may become more clear.

This study has the following limitations. First,
this was a single-center retrospective study
with a relatively small sample size (n = 105),
which may have introduced selection bias. Fu-
ture studies should conduct multi-center pro-
spective research to verify the generalizability
of the conclusions. Second, the image interpre-
tation was completed by the same group of
physicians. Although a 2-week washout period
was set to minimize the memory bias, it was
still impossible to eliminate completely the
residual information interference when inter-
preting the three levels. Ideally, independent
combined interpretation by another group of
blinded radiologists would be preferable. Third,
surgical findings were used as the reference
standard. However, for negative cases with
stones, the false-negative rate of intraopera-
tive exploration is difficult to ascertain, and
may deviate from the gold standard in rare ca-
ses of microlithiasis or sludge. Fourth, in strati-
fied analysis, the number of negative cases in
some subgroups (such as the smoking group
and the hypertension group) is relatively small,
resulting in low precision for specificity esti-
mates. Some results with a specificity of 1.000
should be interpreted with caution. Fifth, this
study did not include other imaging methods
such as ultrasound and CT for comparison.
Therefore, the specific incremental value of the
combined MRI protocol compared to these
methods needs to be verified.
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Conclusion

For patients with suspected biliary stones un-
dergoing MRI, combined interpretation of non-
contrast MRI and MRCP significantly improved
diagnostic accuracy and Bismuth grading com-
pared to either method alone. However, the net
reclassification improvement over single-meth-
od interpretation was not statistically signifi-
cant, suggesting uncertain benefit at the indi-
vidual patient level. This combined strategy
may be considered in patients already under-
going MR, and its clinical utility compared with
standard first-line modalities warrants further
validation in larger prospective studies.
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Table S1. Baseline demographic and clinical characteristics of the study population

Variable All (n = 105) Stone+ (n = 89) Stone- (n = 16) Z/x?
Age (years) 62.43 + 14.04 61.89 + 13.92 65.44 + 14.79 -1.070 0.286
Weight (kg) 56.46 + 4.37 56.68 + 4.34 55.21 + 4.51 1.106 0.271
Total bilirubin (umol/L) 48.1 +53.0 50.9 + 55.6 325+ 328 1.556 0.121
ALT (U/L) 39.48 £ 26.69 39.33 £ 26.52 40.30 £ 28.48 0.067 0.950
WBC (x 10°/L) 7.62 +2.45 7.64 +2.47 7.49 + 2.45 0.116 0.911
Gender 0.111 0.739
Male 40 (38.1%) 35 (39.3%) 5 (31.2%)
Female 65 (61.9%) 54 (60.7%) 11 (68.8%)
Smoking * 0.740
No 83 (79.0%) 71 (79.8%) 12 (75.0%)
Yes 22 (21.0%) 18 (20.2%) 4 (25.0%)
Diabetes * 0.525
No 80 (76.2%) 69 (77.5%) 11 (68.8%)
Yes 25 (23.8%) 20 (22.5%) 5 (31.2%)
Hypertension 2.420 0.120
No 71 (67.6%) 57 (64.0%) 14 (87.5%)
Yes 34 (32.4%) 32 (36.0%) 2 (12.5%)
Chronic liver disease * 0.351
No 97 (92.4%) 83 (93.3%) 14 (87.5%)
Yes 8 (7.6%) 6 (6.7%) 2 (12.5%)
Pancreatic disease * 0.999
No 96 (91.4%) 81 (91.0%) 15 (93.8%)
Yes 9 (8.6%) 8 (9.0%) 1(6.2%)
Abdominal pain * 0.592
No 7 (6.7%) 7 (7.9%) 0 (0.0%)
Yes 98 (93.3%) 82 (92.1%) 16 (100.0%)
Fever 0.978 0.323
No 57 (54.3%) 46 (51.7%) 11 (68.8%)
Yes 48 (45.7%) 43 (48.3%) 5 (31.2%)
Jaundice 1.146 0.284
No 49 (46.7%) 44 (49.4%) 5 (31.2%)
Yes 56 (53.3%) 45 (50.6%) 11 (68.8%)
Leukocytosis 0.004 0.948
No 55 (52.4%) 46 (51.7%) 9 (56.2%)
Yes 50 (47.6%) 43 (48.3%) 7 (43.8%)

Abbreviations: ALT, alanine aminotransferase; WBC, white blood cell; SD, standard deviation. Note: Continuous variables are
presented as mean + SD; categorical variables as n (%). P values were calculated using Mann-Whitney U test (Z statistic) for
continuous variables, and x? test or Fisher’s exact test for categorical variables as appropriate. *Fisher’s exact.



Non-contrast MRI/MRCP for gallstones and biliary obstruction severity

Table S2. Overall diagnostic performance of the three imaging methods

Method Sensitivity  Specificity PPV NPV Accuracy Youden Kappa
Non-contrast MRI 0.787 0.625 0.921 0.345 0.762 0.412 0.309
MRCP 0.854 0.750 0.950 0.480 0.838 0.604 0.491
Combined 0.966 0.938 0.989 0.833 0.962 0.904 0.860

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; MRI, magnetic resonance imaging; MRCP, magnetic
resonance cholangiopancreatography.

Table S3. Misclassification patterns of Bismuth grading by the three imaging methods

Bismuth N Non-contrast Non-contrast Non-contrast MRCP MRCP MRCP Combined Combined Combined
Gold MRI_Under MRI_Over MRI_Exact Under Over Exact Under Over Exact

I 24 2 2 20 1 1 22 0 1 23

I 16 1 1 14 1 0 15 0 0 16

Il 14 3 1 10 2 0 12 1 0 13

v 10 2 0 8 1 0 9 0 0 10

\ 4 1 0 3 1 0 3 0 0 4

Abbreviations: MRI, magnetic resonance imaging; MRCP, magnetic resonance cholangiopancreatography.

Table S4. Effect size analysis of AUC differences between combined and single modalities

Comparison AUC Difference 95% ClI of Difference Z P Cohen’s h (approx)
Combined vs Non-contrast MRI 0.247 0.101-0.394 3.305 <0.001 0.591
Combined vs MRCP 0.150 0.019-0.282 2.243  0.025 0.415

Abbreviations: AUC, area under the curve; Cl, confidence interval; MRI, magnetic resonance imaging; MRCP, magnetic reso-
nance cholangiopancreatography.

Table S5. Stratified diagnostic performance of each modality by clinical features (sensitivity and
specificity)

Stratum n_positive n_negative col\r‘:t)rnast coT]ct)Past MRCP_ MRCP_ Combined_ Combined_
MRI_Sens MRI_Spec Sens Spec Sens Spec
Smoking: No (n = 83) 71 12 0.817 0.583 0.831 0.667 0.986 0.917
Smoking: Yes (n = 22) 18 4 0.667 0.750 0.944 1.000 0.889 1.000
Diabetes: No (n = 80) 69 11 0.739 0.727 0.870 0.818 0.957 1.000
Diabetes: Yes (n = 25) 20 5 0.950 0.400 0.800 0.600 1.000 0.800
Hypertension: No (n = 71) 57 14 0.772 0.571 0.877 0.786 1.000 0.929
Hypertension: Yes (n = 34) 32 2 0.812 1.000 0.812 0.500 0.906 1.000
Jaundice: No (n = 49) 44 5 0.886 0.800 0.955 0.800 0.977 1.000
Jaundice: Yes (n = 56) 45 11 0.689 0.545 0.756 0.727 0.956 0.909
Age > median: No (n = 54) 48 6 0.833 0.667 0.875 1.000 0.958 1.000
Age > median: Yes (n = 51) 41 10 0.732 0.600 0.829 0.600 0.976 0.900

Abbreviations: MRI, magnetic resonance imaging; MRCP, magnetic resonance cholangiopancreatography; Sens, sensitivity; Spec, specificity.
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Table S6. Association between laboratory values and diagnostic correctness for each modality

Correct Incorrect Effect
value Method (Mean +SD)  (Mean + SD) U z Size (1)
Total Bilirubin (umol/L) Non-contrast MRI 47.07 £ 46.73 51.35+70.62 1048.000 0.361 0.721 0.035
Total Bilirubin (umol/L) MRCP 49.87 £ 56.10 38.89 + 32.67 806.500 0.509 0.614 0.050
Total Bilirubin (umol/L) Combined 48.54 + 53.55 36.64 +42.08 240.500 0.644 0.525 0.063
ALT (U/L) Non-contrast MRI 38.08 + 24.65 43.98 + 32.52 985.500 -0.109 0.916 0.011
ALT (U/L) MRCP 39.45 + 27.72 39.65 +21.21 690.000 -0.505 0.617 0.049
ALT (U/L) Combined 40.26 + 26.87 19.76 + 8.89 321.000 1.992 0.047 0.194
WBC (x 10°/L) Non-contrast MRI 7.64 +2.54 754 +2.20 1035.500 0.267 0.792 0.026
WBC (x 10°/L) MRCP 7.78 £2.39 6.79 + 2.67 911.000 1.418 0.157 0.138
WBC (x 10%/L) Combined 764 +2.43 718 £3.54 208.000 0.100 0.927 0.010

Abbreviations: ALT, alanine aminotransferase; WBC, white blood cell; SD, standard deviation; MRI, magnetic resonance imaging; MRCP, magnetic
resonance cholangiopancreatography.

Table S7. Net reclassification improvement (NRI) of combined diagnosis compared with single meth-

ods
Events: Cor- Non-events:
Comparison rected (Up/  Corrected NRI NRI NRI YA P
Event Non-event Overall
Down) (Up/Down)
Combined vs Non-contrast MRI 18/2 5/0 0.180 0.312 -0.133  -0.894 0.371
Combined vs MRCP 11/1 3/0 0.112 0.188 -0.075 -0.653 0.514

Abbreviations: NRI, net reclassification improvement; MRI, magnetic resonance imaging; MRCP, magnetic resonance cholan-

giopancreatography.



