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H I G H L I G H T S

• MR imaging is of utmost importance in diagnosing the severity of PSC.
• Progression may be identified by accurate MRI/MRCP qualitative and quantitative analysis in PSC patients.
• The clinical-radiological approach could allow a better characterization of disease profile and prognosis.

A R T I C L E I N F O

Keywords:
Primary sclerosing cholangitis
Disease severity
Magnetic resonance imaging
Gadoxetic acid
Diffusion-weighted imaging
Relative enhancement

A B S T R A C T

Purpose: To analyze the role of qualitative and quantitative 3 T MR imaging assessment as a non-invasive method
for the evaluation of disease severity in patients with primary sclerosing cholangitis (PSC).
Methods: A series of 26 patients, with histological diagnosis of PSC undergoing 3 T MRI and hepatological
evaluation, was retrospectively enrolled. All MR examinations included diffusion-weighted imaging (DWI), T2-
weighted (T2w) and T1-weighted (T1w) sequences, before and after administration of Gd-EOB-DTPA with the
acquisition of both dynamic and hepato-biliary phase (HBP). Qualitative analysis was performed by assessment
of liver parenchyma and biliary tract changes, also including biliary excretion of gadoxetic acid on HBP.
Quantitative evaluation was conducted on liver parenchyma by measurement of apparent diffusion coefficient
(ADC) and relative enhancement (RE) on 3-minute delayed phase and on HBP. Results of blood tests (ALT, ALP,
GGT, total and direct bilirubin, albumin, and platelets) and transient elastography-derived liver stiffness mea-
surements (TE-LSM) were collected and correlated with qualitative and quantitative MRI findings.
Results: Among qualitative and quantitative findings, fibrosis visual assessment and RE had the best performance
in estimating disease severity, showing a statistically significant correlation with both biomarkers of cholestasis
and TE-LSM. Statistical analysis also revealed a significant correlation of gadoxetic acid biliary excretion with
ALT and direct bilirubin, as well as of ADC with total bilirubin.
Conclusion: Qualitative and quantitative 3 T MR evaluation is a promising non-invasive method for the assess-
ment of disease severity in patients with PSC.

1. Introduction

Primary sclerosing cholangitis (PSC) is a rare, idiopathic, cholestatic
liver disease characterized by chronic inflammation and fibrosis of the
intra- and extrahepatic bile ducts, leading to biliary cirrhosis and

eventually hepatic failure [1,2]. Despite its rarity, PSC is the fifth most
common indication for liver transplantation in the USA and a leading
indication in several other countries, likely because effective medical
therapies are lacking [2,3,4–7].

PSC is usually diagnosed by means of clinical, biochemical and
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cholangiographic findings, using magnetic resonance chol-
angiopancreatography (MRCP) [8–10]. Magnetic Resonance Imaging
(MRI) is indicated by all major societies as the elective diagnostic pro-
cedure in patients with suspected PSC[9,11,12], replacing endoscopic
retrograde cholangiopancreatography (ERCP) in view of its non--
invasiveness [13]. To assess disease severity, histopathological exami-
nation was referred as a reliable method [14,15]; however, liver biopsy
is an invasive procedure not recommended in PSC patients [9]. There-
fore, there is a growing interest in non-invasive tools for prognostic
stratification of the patients, and liver stiffness (LS), measured by tran-
sient elastography (TE-LSM), has been shown to have a high diagnostic
performance for detection of liver fibrosis and cirrhosis in chronic liver
disease [18–21]. Consistently, TE-LSM has been found to correlate with
the degree of liver fibrosis in PSC patients also[22,23].

In the field of MRI investigations, Ruiz et al. [24] evaluated quali-
tative variables and proposed two scores for disease progression (ANALI
score), based on bile duct and liver parenchymal changes. MR elastog-
raphy (MRE) proved highly accurate for fibrosis quantification
analyzing liver LS; however, such technique is not widely available in
daily practice [16,17,25–27]. Other studies investigated the usefulness
of diffusion-weighted imaging (DWI) in detecting and staging liver
fibrosis, with contradictory results [28–30]. In addition,
gadolinium-based contrast agent (GBCA)-enhanced MRI using extra-
cellular or hepatocyte-specific GBCA [31,32] and dynamic
contrast-enhanced (DCE) MRI have been proposed to assess hepatic
function impairment [33]. Nolz et al. [34] emphasized the role of a
simple quantitative method for functional assessment of liver paren-
chyma after administration of gadoxetic acid [GE]: the relative
enhancement (RE) of signal intensity (SI) during the hepatobiliary
phase, as compared to the unenhanced phase. Interestingly, RE showed a
significant reduction in areas where liver parenchyma was more injured.
Subsequently, several authors analyzed the role of RE in staging fibrosis
and liver function [35,36].

MRI represents the gold standard in diagnosing and staging the
severity of PSC [37]; however, the correlation between specific MRI
findings and liver function tests (LFT) and/or LS has not been fully
investigated.

Our study was aimed to analyze how qualitative (morphologic and
functional) and quantitative (ADC and RE) 3 TMRI evaluations correlate
with the biomarkers of disease activity and fibrosis used by the hep-
atologists for clinical characterization of PSC patients [38].

2. Materials and methods

Ethical approval was waived by the local Ethics Committee of our
hospital in view of the retrospective nature of the study and all the
procedures being performed were part of the routine care. Before MR
examinations, all patients provided written informed consent to the
processing of personal data even for study purposes.

2.1. Study design

We retrospectively identified 26 patients (20 males; 6 females) with
diagnosis of PSC, who underwent hepatological evaluation and 3 T MR
examination at our Institution. Patients had a mean age of 53.5 years
(±13.5) at time of MRI acquisition, with an average time of 10.7 years
(±6.9) from the clinical onset of disease to the MR examinations. A liver
biopsy confirming PSC diagnosis was performed in 19/26 patients
(73.1 %) between the onset of the disease and the MRI assessment.

All patients underwent MRI with a protocol including DWI, Gd-EOB-
DTPA-enhanced images, and MRCP. Patients previously undergoing
liver transplantation were excluded.

2.2. MRI technique

MR examinations were performed at 3 T device (GE DISCOVERY

MR750; GE Healthcare; Milwaukee, Wisconsin, USA) with an eight-
channel phased array body coil. After the acquisition of T1w and T2w
sequences with and without fat-suppression in the axial and coronal
plane (FRFSE- Propeller T2w, single-shot fast spin echo T2w and spoiled
gradient-echo Dual Echo T1w), conventional MRCP was performed
through breath-hold, thick slab, single-shot T2w sequences and through
a respiratory triggered, thin slab, three-dimensional, heavily T2w fast
spin echo sequence. Axial DWI was acquired through the entire liver
using a single-shot spin-echo planar sequence (SE-EPI) with multiple b
values (0, 150, 500, 1000, 1500 sec/mm2), parallel imaging technique
and with diffusion-weighted gradients applied in all the three orthog-
onal directions. A three-dimensional fat-suppressed LAVA (Liver
Acquisition with Volumetric Acceleration) Flex T1 sequence was per-
formed before and after intravenous administration of Gd-EOB-DTPA
(Primovist®, Bayer Schering Pharma) at a dosage of 0.1 ml/Kg of
body weight and a flow rate of 2 ml/s, followed by injection of 25 ml of
isotonic saline solution. Dynamic (arterial, portal-venous and delayed)
and hepatobiliary (between 20 and 60 minutes) phases were acquired in
the axial and coronal plane. Sequences parameters of our MR imaging
protocol are summarized in Table 1.

2.3. Image analysis

Two radiologists in consensus performed both qualitative and
quantitative analysis of each MR examination. With respect to the
qualitative analysis, all images were assessed using our departmental
PACS system (Esaote-Fuji), whereas quantitative analysis was per-
formed on a dedicated workstation (Advantage Windows Volume Share
4.7; GE Healthcare, Milwaukee, Wisconsin, USA).

2.4. Qualitative analysis

In accordance with the study of Ruiz et al. [24], the biliary tree was
split into four portions, listed below (with their normal values):

• common bile duct, CBD (NV≤10 mm);
• right hepatic duct, RHD (NV≤6 mm);
• left hepatic duct, LHD (NV≤6 mm);
• intrahepatic bile ducts, HBDs (NV ≤ 3 mm).

The LHD, RHD and CBD were considered extrahepatic portions.
The following items were evaluated for biliary tree:

1) presence and location of bile duct dilatations;
2) presence of intrahepatic bile duct cystic appearance (intrahepatic

bile duct ≥ 5 mm) [24];
3) presence and location of bile duct strictures. Bile duct strictures were

considered non-significant or significant, depending on the presence
or absence, in the stenotic bile ducts, of gadoxetic acid excretion on
HBP, 20 minutes after intravenous administration of the contrast
agent [34];

4) presence of pruned tree appearance;
5) presence and location of hepatolithiasis;
6) gadoxetic acid excretion in common bile duct on HBP, 20 minutes

after intravenous administration of the contrast agent. Three grades
of gadoxetic acid excretion were established: grade 0=complete
excretion in common bile duct; grade 1=partial excretion; grade
2=absence of excretion.

The following items were evaluated for liver parenchyma:

1) presence of cirrhosis;
2) presence of liver fibrosis analyzed by visual assessment on T2w se-

quences and on T1w images after administration of Gd-EOB-DTPA.
Three grades of fibrosis were established, depending on number of
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areas involved (grade 1=1 area; grade 2=2–3 areas; grade 3=diffuse
involvement);

3) modified caudate/right lobe (mC/RL) ratio, according to Awaya
et al. [39] was calculated after taking the following measurements: a
first line (1) was drawn through the right lateral wall of the bifur-
cation of the right portal vein. A second line (2) was drawn through
the most medial margin of the caudate lobe and parallel to line 1. A
third line (3) was drawn perpendicular to lines 1 and 2 and midway
between the main portal vein and inferior vena cava. The distances
along line 3 between the lines 1 and 2 (C), and along line 3 between
the right lateral margin and line 1 (R) were measured; then the ratio
of C to R was calculated [Fig. 1a]. The upper limit of normal mC/RL
ratio was 1;

4) presence of T2w hyperintense wedge-shaped areas;
5) presence of T2w hyperintensity around portal vein branches.

Regional features were also evaluated, namely:

1) gallbladder appearance: presence, size, wall thickness, presence of
masses, presence of gallstones;

2) presence of lymph nodes more than one centimeter in diameter or
increased number;

3) presence of signs of portal hypertension: porto-systemic shunts;
splenomegaly [40].

2.5. Quantitative analysis

This analysis was conducted on liver parenchyma. From two to three
areas of increased SI on DWI were identified. In the case of absence of
obvious differences in liver SI, from two to three areas were randomly
selected. The apparent diffusion coefficient (ADC) semiquantitative
analysis was performed on the aforementioned areas and in background
liver parenchyma on a dedicated workstation. The ADC values were
measured using a mono-exponential curve fitting with all the b values,
by drawing a region of interest (ROI) with average size of 100 mm2 on
fused images, obtained by the fusion of diffusion images (with b val-
ue=1000 s/mm) and automated ADC maps generated by the built-in
software (GeniQ; GE Healthcare) [Figs. 1b-1c]. Mean ADC value for
the areas with increased SI and for liver background was calculated.
Each of the ROIs was copied to unenhanced images, as well as to delayed
(3 minutes after IV administration of Gd-EOB-DTPA) and HBP contrast-
enhanced T1w images [Figs. 1d-1f-1g]. The SI of each ROI was
measured. Mean SI obtained from ROIs of the T1w unenhanced (SI

unenhanced) and contrast-enhanced (SI on delayed phase and SI on
HBP) images were used to calculate the RE of liver areas with increased
SI on DWI and RE of liver background, using the following formula [34]:

• RE DP= (SI on delayed phase-SI unenhanced)/SI unenhanced
• RE HBP= (SI on HBP-SI unenhanced) /SI unenhanced

TE was performed by Fibroscan (EchoSens, Paris, France) on the
same day of MR by trained physicians. The US guide was used to identify
a target liver area, at least 6 cm thick, without major vascular structures
on the right liver lobe through intercostal spaces in the patient lying on
his back, with right arm in maximal abduction. The procedure was
considered valid if at least 10 valid measurements were performed, with
a success rate (ratio between numbers of valid and total measurements)
≥ 60 % and interquartile range (IQR)< 20 %. LS was recorded in kPa as
the median value of all measurements.

Blood tests closest to the date of MR examinations were collected.
The laboratory tests included alanine aminotransferase (ALT), alkaline
phosphatase (ALP), gamma-glutamyl transferase (GGT), total and direct
bilirubin (TBIL and DBIL, respectively), albumin (ALB) and platelets
(PLT).

2.6. Statistical analysis

Continuous data were described as mean±standard deviation (SD),
while categorical data by absolute and relative frequency. To compare
continuous with categorical variables two-tailed Independent Samples t
Test was used. Comparison between continuous variables was per-
formed by Pearson correlation analysis and Pearson correlation coeffi-
cient (Pearson’s r) was determined. Statistical significance level was set
at 0.05. All analyses were performed with software SPSS version 27.

3. Results

3.1. Qualitative MRI analysis

Biliary tree, liver parenchyma and regional features are summarized
in Table 2.

Fig. 2 shows advanced stage-PSC, while Fig. 3 shows early-stage PSC.
Statistical analysis revealed no significant differences in results of

blood tests in patients with and without bile ductal changes (Tables 3
and 4). A significant (p=0.016) difference in TBIL values (mean=0.9730
vs 0.4833) was observed in patients with and without liver fibrosis

Table 1
Sequences parameters of our MR imaging protocol.

Sequence TR (ms) TE (ms) FA (D◦) multiple b-
values

Bandwidth (Hz/
pixel)

Acceleration(Phase/
Slice)

Slice Thickness /
Spacing

BH/
RTr*

2D-Axial and Coronal
SS-FSE T2w

1600 95 90 62.50 2/1 5/0 BH

2D-Axial
FRFSE-Propeller
T2w

3500–6000 65–90 110 36* 2/1 5/0 RTr

2D-Axial
SPGR-Dual Echo
T1w

150 TE1=1.3
TE2=2.5

50 166.7 2/1 5/0 BH

3D-MRCP
FRFSE T2w

3000–5000 600–700 90 83.33 2/1 2.4/− 1.2 RTr

2D-MRCP
SSFSE T2w

4000–5000 600–700 90 62.50 2/1 10–60/0 BH

2D-Axial
SE-EPI Diffusion
T2w

4500–7000 Minimum 90 0
150
500
1000
1500

250 2/1 5/0 RTr

3D axial
LAVA Flex T1w

4.3 TE1=1.3
TE2=2.6

12 166.7 2/1 3/− 1.5 BH

TR, repetition time; TE, echo time; FA flip angle; BH breath holding; RTr Respiratory Trigger; * Effect Bandwith
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detected on MR images, with higher levels of TBIL in patients with liver
fibrosis (Table 5). Statistically significant (p=0.035) difference between
values of TE-LSM (mean=14.568 vs 6.217) was identified in patients
with and without liver fibrosis at MRI visual assessment (Table 6). A
statistically significant (p=0.002) difference was also found between
grades (mean=2.500 vs 1.214) of liver fibrosis at MRI visual assessment
among 2 group of patients with different values of TE-LSM, using 9 kPa
as a cut-off for significant liver fibrosis [41]. In other words, patients
with higher grades of liver fibrosis at MRI visual assessment had higher
values of TE-LSM (>9 kPa) (Table 7). In patients with splenomegaly, no
statistically significant difference was found between values of TE-LSM
(Table 6) or between values of blood tests (Table 8). Significant corre-
lation was observed of gadoxetic acid biliary excretion grading with ALT
(r=0.448; p=0.022), and DBIL (r=0.533; p=0.005) (Table 9a). In other
words, patients with lower gadoxetic acid biliary excretion had higher
levels of ALT and DBIL.

3.2. Quantitative MRI analysis

Mean value of ADC was 1.10×10− 9 m2/s (±0.12) in high SI areas on
DWI and 1.25 ×10− 9 m2/s (±0.11) in liver background. RE DP had a
mean value of 89.05 % (±22.06 %) in high SI areas on DWI and of
67.65 % (±23.76 %) in liver background. Mean value of RE HB was
84.9 % (±38.38 %) in high SI areas on DWI and 93.13 % (±35.67 %) in
liver background. There were statistically significant (p=0.043)
different values of RE DP (mean=0.781 vs 0.572) in liver background in
patients with different values of TE-LSM (Table 7): notably, patients
with lower values of RE DP in liver background had higher values of TE-
LSM (>9 kPa). A statistically significant (p=0.006) difference was also
found between values (mean=1.034 vs 0.617) of RE HBP in high SI areas
in patients with different values of TE-LSM (Table 7): notably, patients
with lower values of RE HBP had higher values of TE-LSM (>9 kPa).
There was a statistically significant (p=0.008) difference between
values (mean=1.130 vs 0.762) of RE HBP in liver background in patients
with different values of TE-LSM (Table 7): notably, patients with lower
values of RE HBP had higher values of TE-LSM (>9 kPa). Statistical
analysis also revealed a correlation of RE with several laboratory tests.
Remarkably, a significant inverse correlation was observed of RE DP in
high SI areas and in liver background with ALP (p=0.019 and p<0.001,
respectively); RE HBP in high SI areas with ALP (p=0.013) and DBIL
(p=0.026); RE HBP in liver background with ALT (p=0.017), ALP
(p<0.001) and DBIL (p=0.003) (Table 9a). Moreover, a significant
(p=0.036) inverse correlation was identified between ADC in high SI
areas and TBIL (Table 9b).

4. Discussion

Several efforts have already been done to find non-invasive tools,
including MRI parameters, suitable for PSC severity assessment and
stratification of the risk of progression. In the attempt to further inves-
tigate the relationship between specific MRI findings and the clinical
features of the liver disease, we enrolled a series of patients with diag-
nosis of PSC who underwent at the same time 3 T MRI and a detailed
hepatological evaluation, including LFT and TE-LSM.

Among qualitative evaluations, bile duct changes have an

(caption on next column)

Fig. 1. Modified caudate/right lobe ratio (mC/RL ratio) (a): The line 1 is drawn
through the right lateral wall of the bifurcation of the right portal vein. The line
2 is drawn through the most medial margin of the caudate lobe and parallel to
line 1. The line 3 is drawn perpendicular to lines 1 and 2 and midway between
the main portal vein and inferior vena cava. The line C represents the distance
between the lines 1 and 2, instead the line R measure the distance between the
right lateral margin and the line 1. Regions of interest (ROI) in DW image (b)
with corresponding ADC maps (c). Regions of interest (ROI) in unenhanced (d),
3-minute delayed phase (e) and hepatobiliary phase 20 minutes after admin-
istration of gadoxetic acid (f).
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Fig. 2. Man, 47 years-old, end-stage PSC: cirrhotic liver configuration. (a), (b)
axial T2w fat-suppression PROPELLER; (c) MRCP; (d), (e) axial and coronal
T1w LAVA 20 minutes after gadoxetic acid administration. MRI images and
MRCP show intrahepatic bile duct dilatations and strictures; gallbladdder is
enlarged (a-c); Absent contrast enhancement and excretion of gadoxetic acid in
the CBD in HBP (d-e).
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established prognostic value. Ponsioen et al. [42] created a model based
on Amsterdam cholangiographic classification by ERCP [43]. This
prognostic model, subsequently validated in a second cohort of patients

Fig. 3. Woman, 54 years-old, early-stage PSC: no remarkable changes of liver
parenchyma (a), (b) axial T2w fat-suppression PROPELLER; (c) MRCP; (d), (e)
axial and coronal T1w LAVA 20 minutes after gadoxetic acid administration.
No remarkable bile duct changes, except for a slight attenuation of peripheral
bile ducts on T2W images (a-b) and MRCP (c). Homogeneous parenchymal
enhancement and regular excretion of gadoxetic acid in the CBD in HBP; poorly
detectable excretion of gadoxetic acid in right posterior bile duct (d-e).

Table 3
Independent Samples t Test for comparison between MRI categorical variables
and blood tests.

Bile duct
dilatations

N Mean S p-
value

ALT (IU/L) No 8 39.00 20.695 0.198
Yes 18 59.89 42.084

GGT (IU/
L)

No 8 161.88 115.956 0.807
Yes 18 149.00 125.713

ALP (x
ULN)

No 8 1.1088 0.38365 0.175
Yes 18 1.4811 0.70349

TBIL (mg/
dL)

No 8 0.6775 0.37598 0.173
Yes 18 0.9411 0.46659

DBIL (mg/
dL)

No 8 0.3713 0.14515 0.245
Yes 18 0.5378 0.37981

ALB (mg/
dL)

No 8 1.13 0.354 0.428
Yes 18 1.33 0.686

PLT
(/mm3)

No 7 225,428.57 67810.661 0.881
Yes 18 219,222.22 98888.265

SD: standard deviation; ALT: alanine aminotransferase; GGT: gamma-glutamyl
transferase; TBIL: total bilirubin; DBIL: direct bilirubin; ALB: albumin; PLT:
platelets

Table 4
Independent Samples t Test for comparison between MRI categorical variables
and blood tests.

Bile duct stricture N Mean SD p-value

ALT (IU/L) No 5 34.60 21.232 0.220
Yes 21 57.95 39.697

GGT (UI/L) No 5 108.00 104.764 0.364
Yes 21 163.67 123.953

ALP (xULN) No 5 0.9140 0.22244 0.077
Yes 21 1.4743 0.66128

TBIL (mg/dL) No 5 0.5580 0.18472 0.096
Yes 21 0.9319 0.46767

DBIL (mg/dL) No 5 0.2520 0.10521 0.078
Yes 21 0.5424 0.34414

ALB (gr/dl) No 5 1.00 0.000 0.276
Yes 21 1.33 0.658

PLT (/mm3) No 5 NA NA 0.409
Yes 20 NA NA

SD: standard deviation; ALT: alanine aminotransferase; GGT: gamma-glutamyl
transferase; TBIL: total bilirubin; DBIL: direct bilirubin; ALB: albumin; PLT:
platelets.

Table 5
Independent Samples t Test for comparison between MRI categorical variables
and blood tests.

Liver fibrosis N Mean SD p-value

ALT (IU/L) No 6 43.17 11.566 0.457
Yes 20 56.55 42.319

GGT (IU/L) No 6 121.50 81.625 0.478
Yes 20 162.40 130.317

ALP (x ULN) No 6 1.0167 0.31252 0.129
Yes 20 1.4715 0.67933

TBIL (mg/dL) No 6 0.4833 0.23062 0.016
Yes 20 0.9730 0.44146

DBIL (mg/dL) No 6 0.2967 0.13426 0.112
Yes 20 0.5435 0.35408

ALB (mg/dL) No 6 1.00 0.000 0.220
Yes 20 1.35 0.671

PLT (/mm3) No 6 NA 69623.033 0.253
Yes 19 NA 93944.179

SD: standard deviation; ALT: alanine aminotransferase; GGT: gamma-glutamyl
transferase; TBIL: total bilirubin; DBIL: direct bilirubin; ALB: albumin; PLT:
platelets.

P. Boraschi et al.



European Journal of Radiology Open 13 (2024) 100595

7

[44], was able to predict patient’s survival. Ruiz et al. [24] built an
interpretation standard model to score bile duct and liver parenchyma
features on MRI examination, although they pointed out that paren-
chymal changes had better performance. Our findings about frequency
of biliary ductal dilatations (69.2 % of patients) and strictures (80.7 % of
patients) are in line with data from previous studies [24]. However,
statistical analysis revealed no significant correlation between presence
of bile duct changes and serum biomarkers of disease severity and

progression. We analysed such apparent discrepancy dividing the
strictures in significant and non-significant, depending on the presence
or absence of gadoxetic acid in the strictures on HBP. In fact, T1w images
better visualize the bile duct lumen, compared to MRCP sequences, and
avoid overestimation of the stenosis, notably of central bile ducts [34,
45]. Accordingly, only 6 (23.1 %) patients showed significant strictures,
and 3 (11.5 %) had intrahepatic bile duct cystic appearance, a marker of
more aggressive disease and of poor outcome, often associated with
acute bacterial cholangitis [46]. Pruned tree appearance was identified
in 6 (23 %) patients, a sign generally found in advanced disease [47]. In
additin, we found intrahepatic lithiasis in 3 (11.5 %) patients, which are
considered an independent risk factor for intrahepatic chol-
angiocarcinoma development [48,49]. Overall, our finding confirms the
role of assessment of gadoxetic acid excretion for estimating disease
severity in PSC patients, and the significative correlation observed be-
tween biliary excretion of gadoxetic acid with ALT and DBIL levels are in
line with the study by Elkilany et al. [36].

Regarding evaluation of liver parenchyma, peripheral wedge-shaped
T2w hyperintensity areas and T2w hyperintensity around portal vein
branches were identified in most of our patients. Indeed, these are
common findings in PSC. It is thought that the former is due to paren-
chymal edema and inflammatory changes in peripheral regions of the
liver, likely because of impairment of lymphatic and venous drainage in
portal triads. Nevertheless, T2w hyperintensity might also depend on
the presence of confluent fibrosis, even if confluent fibrosis is generally
associated with parenchymal atrophy [50,51]. Regarding T2w hyper-
intensity around portal vein branches, it is non-specific of PSC, as it is
also can be encountered in other diseases (i.e., primary biliary chol-
angitis) and depends on edema, ductal proliferation, and inflammatory
cell infiltration in portal triads [52]. Concerning liver morphology, the
mC/RL ratio greater than 1 was found in almost all patients. The mC/RL
ratio greater than 1 depends mainly on compensatory hypertrophy of
caudate lobe, which is less involved by the inflammatory process of PSC
[50].

A peculiar feature of PSC is represented by confluent hepatic fibrosis,
which appears as peripheral wedge-shaped areas hyperintense on T2w,
as mentioned above. No consensus exists in literature whether inflam-
mation or fibrosis contributes more to T2w hyperintense areas [53]. In
our study, we evaluated liver parenchyma by visual assessment both on
T2w sequences and on T1w after gadoxetic acid enhancement, notably
on HBP, to better detect areas of fibrosis. Indeed, on HBP, areas of
confluent fibrosis appear hypointense compared to the surrounding
enhanced parenchyma [54]. Among qualitative parameters, fibrosis vi-
sual assessment had the best performance in estimating disease severity,
showing a statistically significant correlation with LS measured by TE.
The correlation with total bilirubin levels is also conceivable, given its
proven role as prognostic marker in PSC [55].

Further findings worth of attention are enlargement of gallbladder
and splenomegaly, which occurred in 23 % and 61.5 % of our patients,
respectively. Splenomegaly, that Ehlken et al. [56] reported to be
strongly associated with patient outcome in PSC, in our small cohort
tended to be associated with higher values of LSM and bilirubin, and
lower PLTs counts.

Among quantitative analysis potentially useful for assessing disease
severity, the role of DWI has been widely investigated, with contradic-
tory results. The rationale of these studies relies on the sensitivity of DWI
to changes in the microdiffusion of water within the intracellular and
extracellular spaces. Since diffusion of water is restricted by connective
tissue, the ADC has been proposed to stage hepatic fibrosis [57],
although some studies reported lower diagnostic accuracy than TE and
MRE [28,29]. According to the meta-analysis by Jiang et al. [30], the
diagnostic accuracy of DWI in staging liver fibrosis improves using bmax
≥ 800 s/mm2, high field strength and intravoxel incoherent motion
(IVIM)-DWI. Finally, in a prospective study by Keller et al. in PSC pa-
tients [21], DWI showed a higher diagnostic performance in detecting
and staging fibrosis than dynamic contrast-enhanced MRI. In our cohort,

Table 6
Independent Samples t Test for comparison between MRI categorical variables
and TE-LSM.

Liver fibrosis N Mean SD p-value

TE-LSM (kPa) No 6 6.217 1.430 0035
Yes 19 14.568 15.798
Splenomegaly N Mean SD p-value

TE-LSM (kPa) No 10 6.900 3.230 0057
Yes 15 16.340 17.304

TE-LSM: transient elastography-derived liver stiffness measurements; SD: stan-
dard deviation.

Table 7
Independent Samples t Test for comparison between MRI continuous variables
and TE-LSM.

TE-LSM
(kPa)

N Mean SD p-
value

Liver fibrosis grade <9 14 1.214 0.975 0002
>9 10 2.500 0.707

ADC in high SI areas on
DWI

<9 15 1.120 0.133 0129
>9 10 1.045 0.086

ADC in liver background <9 11 1.265 0.145 0658
>9 10 1.290 0.097

RE DP in high SI areas on
DWI

<9 14 0.919 0.218 0.511
>9 10 0.855 0.252

RE DP in liver background <9 12 0.781 0.243 0.043
>9 10 0.572 0.201

RE HBP in high SI areas on
DWI

<9 14 1.034 0.333 0.006
>9 10 0.617 0.335

RE HBP in liver
background

<9 12 1.130 0.297 0.008
>9 10 0.762 0.282

Gadoxetic acid excretion
grade

<9 15 0.533 0.834 0.824
>9 10 0.600 0.516

TE-LSM: transient elastography-derived liver stifness measurements; SD: stan-
dard deviation;ADC: apparent diffusion coefficient; DWI: diffusion-weighted
imaging; RE: relative enhancement; DP: delayed phase; SI: signal intensity;
HBP: hepato-biliary phase

Table 8
Independent Samples t Test for comparison between MRI categorical variables
and blood tests.

Splenomegaly N Mean SD p-value

ALT (UI/L) No 10 50.50 42.675 0.759
Yes 16 55.31 35.580

GGT (UI/L) No 10 141.20 111.181 0.703
Yes 16 160.31 129.152

ALP (x ULN) No 10 1.2030 0.77477 0.312
Yes 16 1.4688 0.54002

TBIL (mg/dL) No 10 0.6730 0.33327 0.095
Yes 16 0.9769 0.48357

DBIL (mg/dL) No 10 0.3270 0.17582 0.050
Yes 16 0.5863 0.37073

ALB (mg/dL) No 10 1.00 0.000 0.071
Yes 16 1.44 0.727

PLT (/mm3) No 10 NA NA 0.069
Yes 15 NA NA

SD: standard deviation; ALT: alanine aminotransferase; GGT: gamma-glutamyl
transferase; TBIL: total bilirubin; DBIL: direct bilirubin; ALB: albumin; PLT:
platelets.
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ADC in areas with restricted diffusion had significant inverse correlation
with TBIL, a marker of both cholestasis and liver function impairment,
while did not correlate with LSM by TE. The fact that LSM was per-
formed on the lateral right liver segments only, might explain this
contrasting result. In addition, RE on HBP in areas with restricted
diffusion was lower than in background liver, having a mean value of
84.9±38.4 % vs 93.1±35.7 %, in agreement with previous findings by
Verloh et al. [58]. Interestingly, RE on HBP had a significant inverse
correlation with both serum biomarkers of cholestasis and TE-LSM,
regardless on whether measured in high SI areas on DWI or in back-
ground liver. This inverse correlation with serum biomarker of chole-
stasis, already reported by Elkilany et al. [36], further supports RE on
hepatobiliary phase as a useful tool to evaluate liver function and esti-
mate disease severity in patients with PSC. Moreover, Keller et al. [35]
emphasized the role of RE on 5-minute delayed phase, after extracellular
GBCA administration, in distinguishing fibrosis stages, using a cut-off
value of 66.6 %. We evaluated RE on 3-minute delayed phase
(RE-DP), when hepatobiliary phase had not begun yet, and we found a
mean value of 89.0±22.1 % in high SI areas on DWI vs 67.6±23.8 % in
background liver. Interestingly, lower values of RE-DP in background
liver correlated with higher values of TE-LSM and with elevation of ALP
and GGT, suggesting the diffuse involvement of the liver by the patho-
logic process.

Despite the new reletionships described between MRI, liver
biochemistry assays and LS in PSC patients, we acknowledge that the
retrospective design and the small number of patients represent major
limitations of this study. Moreover, we used TE-LSM as a reference test
for assessing liver fibrosis, in view of its non-invasiveness and easy
applicability that allowed us to perform it on the same day of MRI. By
contrast, liver biopsy, which could have assessed not only liver fibrosis
but also inflammatory and cholestasis features [16], was not available or

performed at a different time from MRI in many patients.
In conclusion, our preliminary results provide evidence that disease

profile of PSC patients is heterogeneous but pathogenic factors driving
progression may be identified at the earlier stages by accurate MRI/
MRCP qualitative and quantitative analysis. Interestingly, specific
functional and morphological features identified at MRI correlate with
biochemical markers and LS used in the clinical practice. Further studies
with larger number of patients and prospective evaluations are required
to develop reliable scores that integrate both clinical-radiological fea-
tures of the disease and could be used to stratify prognosis in PSC
patients.
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enhancement; DP: delayed phase; SI: signal intensity; HBP: hepato-biliary phase; ALT: alanine aminotransferase; GGT: gamma-glutamyl transferase; TBIL: total
bilirubin; DBIL: direct bilirubin; ALB: albumin; PLT: platelets.

Table 9b
Pearson correlation analysis of MRI continuous variables with blood tests.

ALT GGT ALP TBIL DBIL ALB PLT
(IU/L) (IU/L) (x ULN) (mg/dL) (mg/dL) (mg/dL) (/mm3)

ADC in high SI areas on DWI Pearson’s − 0.320 − 0.257 − 0.248 − 0.413* − 0.283 − 0.027 0.045
p-value 0.111 0.205 0.222 0.036 0.161 0.896 0.830
N 26 26 26 26 26 26 26

ADC in liver background Pearson’s − 0.114 − 0.111 − 0.123 0.306 − 0.095 − 0.208 − 0.261
p-value 0.613 0.623 0.586 0.165 0.674 0.352 0.252
N 22 22 22 22 22 22 21

**, correlation is significant at the 0.01 level (2-tailed); *, correlation is significant at the 0.05 level (2-tailed); DWI: diffusion-weighted imaging; ADC: apparent
diffusion coefficient; SI: signal intensity; ALT: alanine aminotransferase; GGT: gamma-glutamyl transferase; TBIL: total bilirubin; DBIL: direct bilirubin; ALB: albumin;
PLT: platelets.
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Lédinghen, P. Marcellin, D. Dhumeaux, J.C. Trinchet, M. Beaugrand, Noninvasive
assessment of liver fibrosis by measurement of stiffness in patients with chronic
hepatitis C, Hepatology 41 (2005) 48–54, https://doi.org/10.1002/hep.20506.
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