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Abstract

Purpose Autoimmune liver diseases (AILD), including primary sclerosing cholangitis (PSC), autoimmune sclerosing chol-
angitis (ASC), and autoimmune hepatitis (AIH), have overlapping clinical features but distinct management strategies and
outcomes. The purpose of this study was to assess the diagnostic performance of quantitative magnetic resonance cholan-
giopancreatography (MRCP) parameters for distinguishing PSC/ASC from AIH in children and young adults.

Materials and methods This IRB-approved, cross-sectional study included participants from an institutional AILD registry
that underwent baseline serum liver biochemistry testing and 3D fast spin-echo MRCP. The biliary tree was extracted and
modeled from MRCP images using novel proprietary software (MRCP+ ™; Perspectum Diagnostics; Oxford, United King-
dom), and quantitative parameters were generated (e.g., biliary tree volume; number and length of bile ducts, strictures, and
dilations; bile duct median/maximum diameters). Mann—Whitney U tests were performed to compare laboratory values and
MRCP metrics between patient cohorts (clinical diagnosis of PSC/ASC versus AIH). Receiver operating characteristic (ROC)
curves and multivariable logistic regression were used to assess diagnostic performance of serum biochemistry values and
MRCP parameters for discriminating PSC/ASC from AIH.

Results Thirty percent (14/47) of MRCP exams failed post-processing due to motion artifact. The remaining 33 patients
included 20 males and 13 females, with a mean age of 15.1 +3.9 years. Eighteen patients were assigned the clinical
diagnosis of PSC or ASC and 15 of AIH. All but one quantitative MRCP parameter were significantly different between
cohorts (p <0.05) and predictive of diagnosis (ROC p <0.05), including numbers of bile duct strictures (area under curve
[AUC]=0.86, p<0.0001) and dilations (AUC=0.87, p <0.0001) and total length of dilated ducts (AUC =0.89, p <0.0001).
Laboratory values were not significantly different between cohorts (p > 0.05). The best multivariable model for distinguish-
ing PSC/ASC from AIH included total length of dilated ducts (odds ratio [OR], 1.08; 95% CI 1.02—-1.14) and maximum left
hepatic duct diameter (OR, 1.21; 95% CI 0.57-2.56) [AUC =0.92].

Conclusion Quantitative MRCP parameters provide good discrimination of PSC/ASC from AIH.
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Introduction

Autoimmune liver diseases (AILD) comprise a group of
disorders, including autoimmune hepatitis (AIH), primary
sclerosing cholangitis (PSC), and autoimmune sclerosing
cholangitis (ASC) [1, 2]. ASC is an overlap syndrome
with features of both AIH and PSC [3]. Notably, ASC
is more prevalent in the pediatric population than in the
adult population, comprising between 30 and 50% of pedi-
atric AILD cases [3, 4]. Determining the correct AILD
diagnosis in a pediatric patient can be challenging but has
important implications for management strategies and
clinical outcomes. AIH and ASC are typically treated with
corticosteroids and/or azathioprine to induce remission of
hepatocyte damage, whereas biliary injury in ASC and
PSC may not respond to these immunosuppressive thera-
pies [5-7]. To date, no medical treatment has been defini-
tively shown to alter disease progression in PSC, and these
patients may ultimately require liver transplantation [8, 9].

Magnetic resonance cholangiopancreatography (MRCP)
is the preferred imaging modality for the diagnosis and
follow-up of pediatric AILD patients, and it is routinely
obtained in children with suspected AILD. MRCP pro-
vides a non-invasive, detailed anatomic assessment of the
biliary tree, including both intra- and extra-hepatic bile
ducts, without the need for intravascular contrast material.
In addition, MRCP has been shown to have good sensitiv-
ity (84-86%) and specificity (94%) for identifying PSC in
children and adults [10, 11]. However, interpretation of
MRCP currently relies on qualitative evaluation which is
limited by inter-observer disagreement [12, 13]. Further-
more, given the lack of objective data derived from MRCP
examination, the potential of MRCP to provide imaging
biomarkers for diagnosis, prediction of key outcomes, dis-
ease progression, and response to therapy in AILD has not
yet been fully explored. Quantitative parameters derived
from MRCP might serve as surrogate endpoints for clini-
cal trials of novel therapies for AILD in the future. To
this end, validating the performance of quantitative MRCP
parameters as diagnostic biomarkers would be the first step
before examining their predictive and dynamic properties.

Recently, a novel post-processing and quantitative
image analysis software tool (MRCP+™; Perspectum
Diagnostics, Oxford, United Kingdom) received 510(k)
clearance for general use from the United States Food
and Drug Administration (FDA). This software provides
quantitative metrics of the biliary tree derived from three-
dimensional (3D) MRCP images using advanced compu-
tational techniques, including artificial intelligence. The
purpose of our study was to assess the diagnostic per-
formance of these quantitative MRCP parameters for dis-
tinguishing PSC/ASC from AIH in children and young

adults. We hypothesized that one or more quantitative
MRCP parameter(s) would allow clinically meaningful
discrimination of PSC/ASC from AIH.

Materials and methods

The institutional review board at Cincinnati Children’s
Hospital Medical Center approved this single-center, cross-
sectional, Health-Insurance Portability and Accountability
Act (HIPAA)-compliant pilot study. Imaging data were pro-
spectively collected as part of a longitudinal study of pedi-
atric and young adult AILD. Written informed consent was
obtained from either adult patients or from parents/guardians
of patients less than 18 years of age. Assent was obtained
from children between ages 11 and 18 years, as appropriate.
In-kind research support was provided by Perspectum Diag-
nostics in the form of image analysis; no financial support
was provided.

Imaging data were collected from children and young
adults aged 6 through 25 years with known or suspected
AILD who had been enrolled in the institutional AILD
registry at Cincinnati Children’s Hospital Medical Center.
Patients were excluded from the registry if they had any of
the following: (1) history of liver transplantation; (2) chronic
hepatitis B or C infection; (3) pregnancy; (4) absolute con-
traindication to magnetic resonance imaging (MRI); (5)
diagnosis of cystic fibrosis, biliary atresia, Langerhans cell
histiocytosis, or other non-PSC cholangiopathies; (6) diag-
nosis of cardiac hepatopathy; or (7) diagnosis of Wilson’s
disease, alpha-1 antitrypsin deficiency, or glycogen storage
disease. Data analyzed in the current study are from a subset
of consecutively recruited registry participants.

MRCP protocol

All patients underwent research 3D fast spin-echo (FSE)
MRCP imaging on a 1.5 T MRI scanner (Ingenia; Philips
Healthcare, Best, The Netherlands) following at least
four hours of fasting. Detailed acquisition parameters are
presented in Table 1. MRCP images were acquired using a
16-channel phased-array anterior surface coil and respiratory
triggering. Respiratory triggering was performed via a pneu-
matic sensor placed on the upper abdomen; data acquisition
occurred during the quiescent portion of end expiration.

Image post-processing

3D MRCP exams were post-processed using MRCP+™
software (Perspectum Diagnostics) to extract and create a 3D
model of the biliary tree and to derive related quantitative
metrics. MRCP+™ analysis included the following steps:
(1) tubular structures, including bile ducts, were enhanced
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Table 1 MRCP pulse sequence parameters

Imaging platform
Field strength (T)

Ingenia (Philips Healthcare)
1.5

Sequence 3D fast spin-echo

Coil 16 element anterior torso coil; 12
element posterior array, inte-
grated into table

Scan plane Coronal

Frequency direction S/t

FOV (mm) 256 %256

Matrix 256177

No. signals acquired 1

TE (ms) 600

Fat suppression SPIR—strong

TR (ms) 1204

TSE factor 160

Refocusing flip angle (degrees) 80

Bandwidth (Hz)/pixel 278

No. sections 120

Slice thickness (mm) 1

In-plane voxel size (mm?) 1x1

Acceleration SENSE

Acceleration factors 2 in plane (R/L), 1.5 slice select
(A/P)

MRCP magnetic resonance cholangiopancreatography, T tesla, S//
superior/inferior, FOV field of view, TE echo time, SPIR spectral
presaturation inversion recovery, TR repetition time, 7SE turbo spin
echo, SENSE sensitivity encoding, R/L right/left, A/P anterior/poste-
rior

using anisotropic diffusion followed by Frangi’s multi-scale
vessel enhancement filtering [14, 15]; (2) binarization was
performed to identify connected components using a propri-
etary modification of Otsu’s thresholding algorithm [16]; (3)
pancreatobiliary components of interest were distinguished
from uninteresting components (for example, gastrointes-
tinal structures and blood vessels) by an expert operator,
an MRI technologist with over 5 years of experience and
trained in MRCP+ analysis, who was blinded to patients’
assigned clinical diagnoses (see below); (4) an initial path
through part of the biliary tree was determined by applying
an intelligent path search algorithm using features from the
Frangi analysis together with features from gradient vector
flow and other information [17]; (5) the entire biliary tree
was traversed by recursively following branches that arose
from the initial path using the same methods as in (4); (6)
biliary tree paths were refined with proprietary algorithms;
(7) the diameter of each duct in perpendicular cross section
was quantified at all points of the tree to achieve sub-voxel
accuracy for the duct center lines and diameter measure-
ments, and (8) ducts of interest (e.g., common bile duct
[CBD], right hepatic bile duct [RHBD], and left hepatic bile
duct [LHBD]) were identified by the expert operator. The
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Fig.1 Selected images from a 17-year-old girl with PSC including
a maximum intensity projection 3D MRCP image (a) and the corre-
sponding 3D biliary tree model derived from these data after post-
processing with MRCP+™ (strictures=3, dilations=9, length of
dilated ducts=59.3 mm) (b). Colors correspond to duct diameter
according to the scale in image (b). Note that areas of bile duct dis-
continuity represent artifact (e.g., motion, crossing blood vessel)

minimum threshold for the detection of a pancreatobiliary
structure (e.g., biliary duct) was set by the acquisition reso-
lution (1 mm isotropic), and no pancreatobiliary structures
were excluded from the 3D model. On average, this post-
processing takes 15-20 min per examination.

From the constructed 3D model, presented as a 3D
color-coded rendering of the biliary tree (Fig. 1), quan-
titative metrics were derived, including: (1) biliary tree
volume; (2) median CBD diameter; (3) maximum CBD
diameter; (4) median RHBD diameter; (5) maximum
RHBD diameter; (6) median LHBD diameter; (7) maxi-
mum LHBD diameter; (8) number of modeled bile ducts;
(9) total length of biliary tree; (10) number of biliary duct
strictures (defined as local minima that were more than
30% narrower than neighboring maxima, after a propri-
etary algorithm is used to identify significant extrema);
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(11) total length of biliary duct strictures; (12) number of
biliary duct dilations (defined as local maxima that were
more than 30% wider than neighboring minima); and (13)
total length of biliary duct dilations. All length and diam-
eter measurements were reported in millimeters.

Clinical and laboratory data

Serum liver biochemistries were obtained as part of rou-
tine clinical care at the time of the research MRCP. The
following values were recorded for each patient: (1) total
bilirubin (mg/dL); (2) alkaline phosphatase (ALP, U/L);
(3) gamma-glutamyl transferase (GGT, U/L); (4) albumin
(g/dL); (5) aspartate transaminase (AST, U/L); and (6)
alanine aminotransferase (ALT, U/L). The registry also
was used to establish patient age (at time of MRCP), sex,
height, weight, and time between diagnosis and MRCP.

Assignment of clinical diagnosis

A team of pediatric hepatologists at Cincinnati Children’s
Hospital Medical Center assigned each registry participant
a diagnosis of either AIH, PSC, or ASC based on estab-
lished guidelines [1, 18, 19]. The assigned clinical diagno-
sis was used to place patients into one of the two cohorts
for our study: (1) AIH and (2) PSC or ASC. PSC and ASC
were grouped together given similarities in MRCP findings
and clinical outcomes [1].

A clinical diagnosis of PSC was assigned on the basis
of clinical history, biochemical features of cholestasis,
radiologic findings compatible with cholangiopathy (from
clinical MRCP, not the research MRCP examinations
included in the current study), and/or histopathologic find-
ings from liver biopsy with typical findings of PSC [18].
Patients were classified as having large duct PSC (or ASC)
based on the presence of strictures and/or dilations from
a clinical MRCP examination in which the interpreting
radiologist had clinical information available to her/him.
Patients with small duct PSC (or ASC) had the presence of
histopathologic features of PSC in the setting of a normal
clinical MRCP examination.

Patients were assigned the diagnosis of AIH if they met
the international autoimmune hepatitis working group sim-
plified criteria, including elevation of serum gamma glob-
ulin levels, autoantibodies (antinuclear, smooth muscle,
and liver—kidney—microsomal), and liver histopathology
compatible with AIH without radiologic or histopathologic
evidence for cholangiopathy [19]. Patients with features
of both AIH and PSC were classified as having ASC [1].

Statistical analysis

Continuous data were summarized either as means and
standard deviations (SD) or medians and interquartile ranges
(IQR); categorical data were summarized as counts and
percentages. Student ¢ test (two-sided) or Mann—Whitney
U tests were performed to compare continuous variables
(age, laboratory values, and quantitative MRCP parameters)
between patient cohorts. Receiver operating characteristic
(ROC) curves were generated to assess the diagnostic per-
formance of age, laboratory values, and quantitative MRCP
parameters in differentiating PSC/ASC from AIH. Area
under the ROC curve (AUROC), sensitivity, and specific-
ity were calculated for each laboratory test and quantitative
MRCP parameter. Youden index was used to select the opti-
mal cut-off value for each laboratory value and quantitative
MRCP parameter [20].

Finally, multivariable logistic regression models were
created to assess the diagnostic performance of combina-
tions of covariates (i.e., age, laboratory values, and quantita-
tive MRCP parameters) for discriminating the two patient
cohorts. The best performing multivariable model was cho-
sen based on the lowest Akaike Information Criterion (AIC)
while avoiding covariate collinearity.

A p value of <0.05 was considered statistically signifi-
cant for all inference testing. 95% confidence intervals (CI)
were generated, as appropriate. Statistical analyses were per-
formed using MedCalc Statistical Software version 18.11.3
(MedCalc Software bvba, Ostend, Belgium; https://www.
medcalc.org; 2019) and SAS, version 9.4 (SAS Institute,
Inc, Cary, NC).

Results

Forty-seven consecutive registry participants that underwent
a research MRCP were included in our study. Fourteen of
47 (30%) of the MRCP exams failed post-processing with
MRCP+ ™ due to motion artifact. The remaining 33 patients
were included in all analyses with one exception: due to
variant anatomy (presence of a right accessory bile duct
and absence of LHBD, the LHBD was not quantified) in
one patient with PSC (thus, n=32). Detailed demographic
information is presented in Table 2.

Median age of included patients was 16 years (IQR
10-19 years). This was not statistically significantly
different from the age of the 14 patients excluded for
motion artifacts (median age: 15 years; IQR 13-17 years,
p=0.64). Twenty of 33 (61%) patients were male. Median
time between research MRCP and diagnosis of AILD was
1.6 and 3.1 years for the PSC/ASC and AIH cohorts,
respectively. Fifteen (45%) patients had AIH; 10 (30%)
had PSC; and 8 (24%) had ASC. Three of the eight (38%)
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Table 2 Patient demographic
and laboratory data per AILD
cohort (AIH vs. PSC/ASC)

Variable AIH (n=15) PSC/ASC (n=18) p value
Patient demographics

Age (years) 16.0 (10.0-19.0) 16.0 (13.8-17.1) 0.82
No. male sex 10 10 0.72%%
Weight (kg)* 63.4+26.7 70.3+26.9 0.477%%*
Height (cm)* 161.0+19.4 164.8+16.6 0.557%#*
BMI (kg/m?)* 23.5+7.4 254+8.5 0.507%%*
Time from diagnosis to MRI (years) 3.1(0.74.1) 1.6 (0.54.1) 0.63
Liver biochemistry

Alkaline phosphatase (units/L) 108.0 (89.0-192.0) 138.5 (88.3-240.0) 0.73
Total bilirubin (mg/dL) 0.5 (0.3-1.0) 0.5 (0.3-0.5) 0.43
GGT (units/L) 38.0 (13.0-68.0) 63.0 (45.5-240.3) 0.09
ALT (units/L) 32.5(19.3-57.8) 54.0 (29.3-89.5) 0.12
AST (units/L) 33.0 (18.0-39.0) 25.5(19.0-44.3) 0.98
Albumin (g/dL) 4.0 (3.5-4.3) 4.0 (3.54.2) 0.42

Median and interquartile ranges (IQR) are reported unless otherwise specified. p values derived from
Mann-Whitney U tests unless otherwise noted

AILD autoimmune liver disease, AIH autoimmune hepatitis, PSC/ASC primary sclerosing cholangitis/auto-
immune sclerosing cholangitis, BMI body mass index, MRI magnetic resonance imaging, GGT gamma-
glutamyltransferase, ALT alanine aminotransferase, AST aspartate aminotransferase

*Mean and standard deviation reported

**p value derived from Fisher’s exact test, two sided

***p values derived from student # test, two sided

patients with ASC demonstrated small duct involvement
on clinical registry data, while no patients with PSC dem-
onstrated isolated small duct involvement. Finally, all but

Table 3 Quantitative MRCP
data per AILD cohort (AIH vs.
PSC/ASC)

@ Springer

two patients (both with PSC) had a liver biopsy obtained
for their clinical AILD workup.

There were no significant differences in patient age or
serum biochemistry values between the AIH and PSC/ASC

Variable AIH (n=15) PSC/ASC (n=18) p value
Biliary tree volume and diameter parameters

Biliary tree volume (mL) 2.9 (1.3-4.7) 8.4 (3.9-15.5) 0.004
Median CBD diameter (mm) 3.6 (3.14.4) 4.5 (3.6-6.0) 0.049
Maximum CBD diameter (mm) 5.0 (4.3-6.2) 6.2 (4.7-9.8) 0.034
Median right hepatic duct diameter (mm) 3.0 (2.6-3.5) 3.4 (2.5-4.6) 0.37
Maximum right hepatic duct diameter (mm) 4.0 (3.24.3) 4.7 (3.9-6.9) 0.017
Median left hepatic duct diameter (mm) 2.9 (2.6-4.0) 4.3 (3.1-5.5)* 0.047
Maximum left hepatic duct diameter (mm) 4.3 (3.4-4.5) 5.0 (4.5-6.6)* 0.012
Biliary tree narrowing/dilation parameters

Number of visualized bile ducts 15 (9-38) 45 (27.8-73.3) 0.006
Total length of biliary tree (mm) 327.7 (187.3-801.8) 1010 (552.6-2263) 0.005
Number of strictures 1(0-3) 5(3-12) 0.0002
Total length of strictures (mm) 7.4 (0-28.5) 36.4 (22.9-108.2) 0.001
Number of dilations 1(1-4) 9 (4.8-13.3) 0.0001
Total length of dilations (mm) 9.7 (3.5-23.9) 56.4 (31.8-89.6) <0.0001

Median and IQRs reported. p values derived from Mann—Whitney U tests

MRCP magnetic resonance cholangiopancreatography, AILD autoimmune liver disease, AIH autoimmune
hepatitis, PSC/ASC primary sclerosing cholangitis/autoimmune sclerosing cholangitis, /QR interquartile

range, CBD common bile duct
*n=17
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cohorts (Table 2). All quantitative MRCP+ parameters
except for median right hepatic duct diameter were statisti-
cally significantly different between the AIH and PSC/ASC
cohorts (Table 3). Representative post-processed 3D bil-
iary tree models from a patient from each diagnostic cohort
(PSC/ASC, AIH) are provided in Fig. 2.

Assessment of the diagnostic performance of patient age,
serum biochemistry, and quantitative MRCP+ parameters
using ROC curve analyses is summarized in Table 4. No
clinical parameter (age or biochemistry value) was sig-
nificantly predictive of AILD diagnosis (all ROC p val-
ues > 0.05), while all quantitative MRCP+ parameters except
median right hepatic duct diameter were significantly pre-
dictive of AILD diagnosis (ROC p values < 0.05). The most

Fig.2 Representative biliary tree models from a 17-year-old boy with
ASC (strictures =4, dilations =4, length of dilated ducts=38.8 mm)
(a) and a 10-year-old boy with AIH (strictures=0, dilations=1,
length of dilated ducts=5.5 mm) (b). Note that areas of bile duct dis-
continuity represent artifact (e.g., motion, crossing blood vessel) and/
or strictures, necessitating a review of source MRCP and anatomic
images

discriminative MRCP+ parameters for distinguishing AIH
from PSC/ASC included number of strictures (AUROC,
0.86; 95% CI AUROC, 0.69-0.95; sensitivity, 72%; speci-
ficity, 80%), number of dilations (AUROC, 0.87; 95% CI
AUROC, 0.71-0.96; sensitivity, 89%; specificity, 73%), and
total length of dilations (AUROC, 0.89; 95% CI AUROC,
0.73-0.97; sensitivity, 83%; specificity, 87%) (Table 4,
Fig. 3).

Using multivariable logistic regression, the best model
for discriminating PSC/ASC from AIH included two quan-
titative MRCP variables and achieved an AUC of 0.92: total
length of biliary tree dilations (OR 1.08; 95% CI 1.02-1.14;
p=0.01) and maximum LHBD diameter (OR 1.21; 95% CI
0.57-2.56; p=0.62) (Fig. 4). The sensitivity and specificity
of this model were 88.2% and 73.3%, respectively.

Discussion

MRCP provides a non-invasive anatomic assessment of the
intra- and extra-hepatic biliary tree and plays a key role in
diagnosing pediatric AILD. In combination with clinical his-
tory, serum biochemistry, and liver histopathology, MRCP is
utilized to reach a specific diagnosis of AIH, PSC, or ASC.
The characteristic appearance of large duct PSC on MRCP
is a random distribution of intra-hepatic multifocal strictures
and associated segmental dilated upstream bile ducts that
produce a “beaded” appearance of the biliary tree [18, 21].
However, MRCP findings in PSC patients can be variable
(e.g., isolated intra- or extra-hepatic disease or dominant
extra-hepatic stricture). Furthermore, in small duct PSC,
characteristic findings of PSC are observed only on histopa-
thology and not on MRCP [18]. The biliary tree of patients
with AIH is typically normal without strictures or dilations;
however, in cases of suspected AIH, MRCP is obtained to
rule out ASC, which has concomitant findings of PSC on
MRCP and/or histopathologic evaluation [1].

While it has been shown that radiologists are able to
diagnose PSC by MRCP with high sensitivity (84-86%)
and specificity (94%), interpretation of MRCP remains sub-
jective [10, 11]. One study demonstrated the percentage of
agreement between two observers for detecting the presence
and location of ductal unit strictures on MRCP in patients
with PSC to range from 45 to 81% [12]. Another study also
demonstrated poor inter-observer agreement (n =44 observ-
ers, kappa values of 0.13-0.19) for the following MRCP
findings in patients with PSC: overall interpretation (typi-
cal, compatible, or atypical for PSC), bile duct changes and
location(s), and dominant stricture and location(s) [13]. Such
disagreements in interpretation are more likely to occur in
clinical practice than in research studies with expert read-
ers and may be even more problematic in interpretation of
MRCP studies from children.
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Table 4 Assessment of the diagnostic performance of clinical and imaging parameters for discriminating PSC/ASC from AIH using receiver

operating characteristic (ROC) curve analyses

Variable AUROC 95% CI p value Cutoff Sensitivity (%)  Specificity (%)
Age (years) 0.52 0.34-0.70 0.82 <18 94 27
Liver biochemistry

Alkaline phosphatase (units/L) 0.54 0.36-0.71 0.72 >108 67 53
Total bilirubin (mg/dL) 0.58 0.40-0.75 0.43 <05 78 47
GGT (units/L) 0.67 0.49-0.83 0.07 >78 44 93
ALT (units/L) 0.61 0.43-0.77 0.29 >20 94 27
AST (units/L) 0.50 0.33-0.68 0.97 >13 100 20
Albumin (g/dL) 0.58 0.40-0.75 0.41 <39 50 73
Biliary tree parameters

Biliary tree volume (mL) 0.79 0.61-0.91 0.005 >6.6 56 93
Median CBD diameter (mm) 0.70 0.52-0.85 0.030 >4.5 50 93
Maximum CBD diameter (mm) 0.72 0.53-0.86 0.016 >6.5 44 93
Median right hepatic duct diameter (mm) 0.59 0.41-0.76 0.36 >4 39 93
Maximum right hepatic duct diameter (mm) 0.74 0.56-0.88 0.007 >4.5 56 93
Median left hepatic duct diameter (mm) 0.71 0.52-0.85 0.034 >4.2 53 93
Maximum left hepatic duct diameter (mm) 0.76 0.57-0.89 0.005 >4.6 71 87
Number of visualized bile ducts 0.78 0.60-0.90 0.002 >18 89 67
Total length of biliary tree (mm) 0.79 0.61-0.91 0.0009 >526.9 83 83
Number of strictures 0.86 0.69-0.95 <0.0001 >3 72 80
Total length of strictures (mm) 0.82 0.65-0.93 <0.0001 >11.7 94 60
Number of dilations 0.87 0.71-0.96 <0.0001 >3 89 73
Total length of dilations (mm) 0.89 0.73-0.97 <0.0001 >31.0 83 87

Area under the curve (AUROC) and corresponding 95% confidence intervals (CI) are reported

GGT gamma-glutamyltransferase, ALT alanine aminotransferase, AST aspartate aminotransferase, CBD common bile duct

In the current study, we report the diagnostic performance
of serum biochemistry and quantitative MRCP parameters
derived from a novel post-processing algorithm for the dis-
crimination of types of AILD: AIH versus PSC or ASC.
Our results suggest that quantitative biliary tree parameters
derived from 3D MRCP examinations provide good dis-
crimination of ATH versus PSC/ASC in children and young
adults. All but a single quantitative MRCP parameter were
significantly different between patient cohorts. Similarly, all
but a single MRCP parameter allowed significant discrimi-
nation between cohorts. The single best metric, total length
of biliary tree dilations, was able to discriminate between
cohorts with an AUROC of 0.89. The ability to distinguish
between cohorts was slightly improved to AUC of 0.92 by
the addition of another MRCP parameter, maximum diam-
eter of the LHBD, to the model. Conversely, serum biochem-
istry values, including ALP, GGT, AST, and ALT, provided
no discriminative ability to distinguish AIH versus PSC/
ASC in the same population. This lack of discrimination
between cohorts by serum biochemistry could in part be
explained by the amount of time between diagnosis and lab-
oratory testing and that patients with PSC/ASC are typically
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treated with ursodiol at our institution, which may lower
ALP and GGT [22].

Our results demonstrate satisfactory diagnostic perfor-
mance of quantitative MRCP for the discrimination of AILD
and provide a foundation upon which further research into
the diagnostic and prognostic capability of quantitative
MRCP can be based. There is little doubt that radiologists
can distinguish normal biliary trees from cases of marked
cholangiopathic change. However, we hypothesize that
quantitative MRCP parameters may be more sensitive and/
or specific for cases of subtle cholangiopathic change. For
example, a small number of mild strictures (e.g., more than
3 areas of ductal narrowing just greater than 30%) could go
undetected in clinical practice. Our results support the use
of quantitative MRCP as a biomarker of AILD at diagnosis
and suggest that it might be applied to assessment of disease
progression/change over time, establishing prognosis, and
predicting treatment response, for which such radiologic
biomarkers are currently lacking.

One important finding in our study is the relatively high
percentage (~30%) of MRCP examinations that were unable
to be post-processed due to motion artifact. Traditional 3D
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Fig.3 Tukey box and whisker plots demonstrating the number of
strictures (a), number of dilations (b), and total length of dilations
[mm] (c) for patients with AIH and PSC/ASC
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Fig.4 ROC curve of the best performing multivariable logistic
regression model for discrimination of PSC/ASC from AIH. Model
has an AUROC of 0.92 and includes two quantitative MRCP param-
eters: total length of biliary tree dilations (mm) [OR 1.08] and maxi-
mum diameter of the left hepatic bile duct (mm) [OR 1.21]

MRCP is notoriously limited by imaging artifacts due to its
length of acquisition (e.g., 4-8 min) despite the use of respir-
atory-triggering or navigator-gating, and this technical chal-
lenge is highlighted by our study. Importantly, the observed
rate of examinations that were unable to be post-processed
might limit the application of quantitative MRCP in clinical
practice. This deserves further investigation, including the
application of accelerated and sparse sampling (i.e., com-
pressed sensing) MRI techniques.

Our study has several limitations. First, we had a rela-
tively small-analyzed sample size of 33 patients. Second, the
post-processing algorithm used in our study requires further
research to better characterize its accuracy and repeatabil-
ity within and across scanner platforms. In addition, this
algorithm is not yet widely available and requires expert
input, potentially limiting its clinical application. Third,
we did not directly compare qualitative versus quantitative
interpretation of the registry baseline MRCP examinations
but instead relied upon clinical diagnosis as the reference
standard, which incorporated clinical MRCP as well as other
clinical data, such as laboratory values and histopathology.
Finally, we included patients with small duct PSC/ASC,
even though, by definition, these patients do not have quali-
tative findings on MRCP and could represent false nega-
tive cases in our MRCP analyses, thus slightly lowering
the AUROC: of the various quantitative MRI parameters.
However, it is conversely possible that subtle cholangiopathy
in small duct PSC/ASC may be detected by quantitative,
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and not qualitative, MRCP; thus, further investigations are
warranted.

In conclusion, quantitative biliary MRCP parameters
provide good discrimination of PSC/ASC from AIH. Our
results suggest that quantitative MRCP has the potential to
provide numerous imaging biomarkers of AILD, although
there is need for further studies to determine if this technique
is sensitive to change over time and if it is associated with,
or predictive of, important clinical outcomes.
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