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Highlights Impact and implications

� ElastPQ LSM is a reliable non-invasive method for

fibrosis staging in PSC.

� The best cut-offs for ruling-in and ruling-out cACLD
in PSC are >−11.3 and <8.9 kPa, respectively.

� ElastPQ SSM is a promising tool for detecting the
presence of oesophageal varices.

� ElastPQ SSM >−40.2 kPa seems to be more accurate
than other non-invasive tests in ruling-in the
presence of oesophageal varices.

� The use of ElastPQ SSM could reduce the number of
unnecessary upper gastrointestinal endoscopies.
https://doi.org/10.1016/j.jhepr.2023.100873
Liver and spleen stiffness measurement (LSM and SSM,
respectively) by ElastPQ point-shear wave elastography in
patients with primary sclerosing cholangitis represent reli-
able and reproducible tools for non-invasively staging the
severity of liver disease and stratifying patients according to
their risk of developing liver-related outcomes. In particular,
LSM shows good accuracy for staging liver fibrosis and
therefore detecting those patients at high risk of having
compensated advanced chronic liver disease who require
close monitoring. SSM seems to be promising to detect the
risk of portal hypertension and therefore of oesophageal
varices, enabling the triaging of patients who really need to
undergo a screening endoscopy.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhepr.2023.100873&domain=pdf
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Background & Aims: Liver stiffness measurement (LSM) and spleen stiffness measurement (SSM) have been shown to be
useful tools for assessing the risk of fibrosis and portal hypertension, respectively. However, data on the accuracy of LSM and
SSM measured by point-shear wave elastography (pSWE) in patients affected by primary sclerosing cholangitis (PSC) are still
lacking. Thus, we aimed to prospectively assess their performance in a cohort of patients with PSC.
Methods: We determined the correlation between LSM assessed by a pSWE technique (ElastPQ) and by FibroScan-transient
elastography (F-TE). Furthermore, we used receiver-operating characteristic curves and area under the curves (AUROC) to
evaluate the performance of LSM by ElastPQ for the staging of fibrosis, using F-TE as a reference standard, and the perfor-
mance of LSM and SSM by ElastPQ in predicting the presence of oesophageal varices (OVs).
Results: One hundred and fifty-two patients with PSC (93 males [61.2%], mean age 46 ± 16 years) were prospectively
recruited. ElastPQ and F-TE LSMs were available for all patients, while ElastPQ SSM was available in 109 (72%) patients of
whom 35 underwent upper gastrointestinal endoscopy within 1 year of the ultrasound assessment. ElastPQ LSM showed an
excellent correlation with F-TE (p <0.001, Spearman’s 0.93; Lin’s 0.86) and a good diagnostic accuracy for fibrosis staging along
all stages of liver fibrosis (AUROCs 0.96, 0.97, 0.97 and 0.99 for fibrosis stages F>−1, F>−2, F>−3 and F=4, respectively), using F-TE as
a surrogate of histological fibrosis. ElastPQ SSM showed a good diagnostic performance in predicting the presence of OVs at
endoscopy.
Conclusions: LSM and SSM by ElastPQ can be used as accurate tools for liver fibrosis risk assessment and fibrosis staging, as
well as for predicting the presence of OVs in the work-up of patients with PSC.
Impact and implications: Liver and spleen stiffness measurement (LSM and SSM, respectively) by ElastPQ point-shear wave
elastography in patients with primary sclerosing cholangitis represent reliable and reproducible tools for non-invasively
staging the severity of liver disease and stratifying patients according to their risk of developing liver-related outcomes. In
particular, LSM shows good accuracy for staging liver fibrosis and therefore detecting those patients at high risk of having
compensated advanced chronic liver disease who require close monitoring. SSM seems to be promising to detect the risk of
portal hypertension and therefore of oesophageal varices, enabling the triaging of patients who really need to undergo a
screening endoscopy.
© 2023 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Primary sclerosing cholangitis (PSC) is a chronic, progressive
cholestatic liver disease characterized by inflammatory
and fibrogenic processes affecting both intra- and extrahepatic
bile ducts, which can lead to biliary strictures complicated by
cholangitis, cirrhosis, liver failure and cholangiocarcinoma.1,2
Keywords: Autoimmune cholangiopathies; chronic cholestatic liver diseases;
compensated advanced chronic liver disease; risk stratification; portal hypertension;
upper gastrointestinal varices; non-invasive tests.
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The aetiology and pathogenesis of PSC are still unknown,
although genetic susceptibility factors seem to be involved.3 So
far, no medical treatment has proven effective in altering the
course of the disease. Excluding the occurrence of hepatobiliary
cancer, the prognosis is related to fibrosis progression towards
cirrhosis and its complications.4

Histology remains the gold standard to assess and stage liver
fibrosis in chronic liver disease. However, in patients with PSC,
liver biopsy is not a standard requirement in clinical practice.1 In
addition to its invasiveness, high cost, patient discomfort and
complications, liver histopathology does not always reflect the
actual severity of fibrosis, due to sampling error and inter-
observer variability.5,6

On the other hand, hepatic venous pressure gradient (HVPG),
which represents the current gold standard to evaluate the
presence and severity of portal hypertension (PH), is not widely
available and has important limitations such as invasiveness, cost
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All PSC patients coming to the clinic
between 2015-2018

N = 298

Excluded from trial
•  OLT (n = 24)
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and complications. Overall, upper gastrointestinal endoscopy
(UGIE) remains the best method to detect the presence of gastro-
oesophageal varices, but it is also an invasive and expensive
approach.7

Accordingly, over the past twenty years, major efforts have
been made to develop non-invasive methods to stage chronic
liver disease with particular focus on surrogate markers of liver
fibrosis. In this context, liver shear wave elastography has
emerged as a reliable method for the risk assessment of fibrotic
transformation in liver tissue and for fibrosis staging, for which it
has been extensively validated in chronic viral hepatitis and non-
alcoholic steatohepatitis (NASH).8–12 Moreover, liver stiffness
measurement (LSM) assessed by FibroScan-transient elastog-
raphy (F-TE) has been shown to correlate with the degree of PH
and has been proposed for the detection of clinically significant
portal hypertension (CSPH) and to prioritize the need for UGIE in
patients with cirrhosis.13,14

The performance and utility of F-TE in detecting liver fibrosis
has more recently been evaluated in PSC and primary biliary
cholangitis.15–17 In this clinical context, several studies have re-
ported that F-TE LSM not only correlates with fibrosis stage, but
also predicts clinical progression and outcomes.18–23 Further
studies have also shown that longitudinal changes in LSM from a
baseline measurement can be a good predictor of disease pro-
gression in PSC.20

Spleen size has been demonstrated to be a good predictor of
clinical outcomes and useful for stratifying patients with PSC
according to their risk of disease progression and complications.4

Spleen stiffness measurement (SSM) seems to be a promising
tool for predicting the presence of oesophageal varices (OVs) in
patients with compensated advanced chronic liver disease
(cACLD) due to viral hepatitis. Data about the utility of SSM in
patients affected by PSC are still scarce and inconclusive.24

In the last 15 years, new sophisticated elastographic tech-
niques, such as point-shear wave elastography (pSWE) and 2D-/
3D-SWE, have been developed and introduced into clinical
practice,25 but data on their performance in PSC are lacking.26,27

We therefore aimed to evaluate the diagnostic performance of
LSM measured with a pSWE technique as a non-invasive method
to assess the risk of fibrotic transformation in liver tissue and for
fibrosis staging, using the currently validated F-TE as a reference
standard, in a large cohort of patients affected by PSC. Further-
more,weevaluated theperformance of LSMandSSMmeasuredby
pSWE in assessing the risk of the presence of OVs at endoscopy.
Study population
n = 152

•  Obesity (n = 9)
•  Dominant stricture (n = 42)
•  Pacemaker (n = 2)
•  PBC overlap (n = 6)
•  PV thrombosis (n = 3)
•  Decompensation (n = 16)
•  AIH overlap (n = 24)
•  ALT ≥ 5 ULN (n = 8)
•  Refused to participate (n = 6)
•  HBP malignancy (n = 6)

Fig. 1. Flowchart of the studied population. AIH, autoimmune hepatitis; ALT,
alanine aminotransferase; HPB, hepato-pancreato-biliary; OLT, orthotopic liver
transplant; PBC, primary biliary cholangitis; PSC, primary sclerosing chol-
angitis; PV, portal vein; ULN, upper limit of normal.
Patients and methods
This is a cross-sectional prospective study conducted at a
Hepatology tertiary centre, the Royal Free Hospital, London, UK.
Patients were consecutively recruited in the dedicated Autoim-
mune/Cholestatic Liver Disease Clinic between November 2015
and March 2018.

A confirmed diagnosis of PSC according to the validated EASL
and AASLD guidelines,28,29 age >−18 years and the capacity to sign
informed consent were the main inclusion criteria.

Secondary causes of sclerosing cholangitis, other concomitant
liver disease, alanine aminotransferase (ALT) values >−5× the up-
per limit of normal,25,30 a dominant stricture,28 decompensated
cirrhosis, morbid obesity (BMI >−40 kg/m2), heart failure, cardiac
pacemaker, pulmonary hypertension and pregnancy, as well as
liver transplant, were the main exclusion criteria.
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On the enrolment date, patients underwent a baseline clin-
ical assessment, routine blood collection, liver and spleen
stiffness assessment and spleen size measurement. Cirrhosis
was diagnosed according to morphological changes detected on
CT/MRI scan and ultrasound imaging.

Clinical scores of liver disease severity and prognosis (MELD,
Child-Pugh, revised Mayo risk score and Oxford-Amsterdam
score)31–34 and liver stiffness × spleen diameter-to-platelet ra-
tio risk score (LSPS)35 were calculated based on blood results
using their specific algorithms.

UGIE for varices screening was performed in patients with
established cirrhosis as part of routine clinical practice. High-risk
varices were defined as grade >−2 OVs, any size varix with a red
colour sign or any size of varix in patients with Child-Pugh class C
cirrhosis.14,24 Onlyendoscopies performedwithin 12months from
the elastographic assessment were considered in the analysis.

Liver shear wave elastography was carried out according to
the current EFSUMB guidelines.25

LSM-TE was performed using FibroScan® 502 Touch software
10 version C1.5 (Echosens, France) following the recommended
protocol.25 The type of probe (M or XL) was chosen according to
the automated suggestion of the machine. The test was consid-
ered valid when at least 10 successful acquisitions with an IQR/
median ratio <−30% were obtained. F-TE was used as a surrogate
of histological fibrosis and used as the reference method for
fibrosis staging, adopting the cut-offs validated against liver bi-
opsy in PSC: 7.4 kPa, 8.6 kPa, 9.6 kPa, and 14.4 kPa for >−F1, >−F2,
>−F3 and F4, respectively.20

LSM with the acoustic radiation force impulse (ARFI) tech-
nique was performed using the Affiniti 70G ultrasound system
(Philips Healthcare, The Netherlands) with a convex C5-1
broadband probe and the latest ElastPQ® software version
following the recommended protocol.25

The preferred target area of liver parenchyma was in segment
V or VIII.36 After obtaining an adequate B-mode liver image, the
region of interest was targeted by placing the 0.5 × 1 cm box-
2vol. 5 j 100873



Table 1. Clinical, biochemical, fibrosis scores and sonographic character-
istics of the studied population.

Characteristics

Number of patients 152
Age, years, mean ± SD 47 ± 16
Male sex, n (%) 93 (61.2)
Age at PSC diagnosis, years, mean ± SD 40 ± 16
PSC duration, months, median (IQR) 49 (97)
Large duct PSC/small duct PSC, n (%) 133/19 (87.5/12.5)
AIH overlap syndrome, n (%) 6 (3.9)
Disease localisation, n (%)

Intrahepatic 64 (43.2)
Extrahepatic 1 (0.7)
Intra- and extrahepatic 83 (56.1)

Hepato-biliary cancer, n (%) 9 (5.9)
HCC 2 (1.3)
CCA 5 (3.3)
GB carcinoma 1 (0.7)

Inflammatory bowel disease, n (%) 108 (70.6)
Ulcerative colitis 92 (60.5)
Crohn’s disease 14 (9.2)
Indeterminate 2 (1.3)

Bowel malignancy, n (%) 9 (5.9)
Dysplasia (low grade) 1 (0.7)
DALM 3 (2)
Dysplasia (high grade) 1 (0.7)
Colon carcinoma 4 (2.6)

Cirrhosis at imaging, n (%) 45 (29.6)
History of ascites, n (%) 13 (8.6)
History of HE, n (%) 0 (0)
History of variceal bleeding, n (%) 3 (2)
UGI endoscopies overall, n (%) 70 (45.7)
UGI endoscopies within 12 months, n (%) 46 (30)
Oesophageal varices, n (%) 18/46 (39.1)
High-risk oesophageal varices, n (%) 2/18 (11.1)
Gastric varices, n (%) 2/18 (11.1)
Portal hypertensive gastropathy, n (%) 13/46 (28.3)
Child-Pugh class, n (%)

A 32/46 (69.5)
B 12/46 (26.1)
C 2/46 (4.3)

MELD score, median (IQR) 7.5 (3)
PSC Mayo risk score, median (IQR) −0.31 (1.35)
Biochemistry at the time of stiffness assessment

Total bilirubin (mg/dl), median (IQR) 0.7 (0.9)
Albumin (g/dl), median (IQR) 4.4 (0.6)
AST (IU/L), median (IQR) 45 (62)
ALT (IU/L), median (IQR) 53 (81)
ALP (IU/L), median (IQR) 165 (247)
PLTs, mean ± SD 250 ± 105
Serum creatinine (mg/dl), mean ± SD 0.8 ± 0.2
Serum Na, mean ± SD 141 ± 2
INR, median (IQR) 1.0 (0.1)

Liver stiffness measurement by F-TE
Probe M/XL, n (%) 150/2 (99/1)
F-TE (kPa), median (IQR) 8.4 (14)

ElastPQ liver stiffness (kPa), median (IQR) 9.01 (12.69)
ElastPQ spleen stiffness (kPa), median (IQR) 28.78 (14.52)

Failure, n (%) 19 (14.7)
Fibrosis stage assessed with F-TE as reference
standard, n (%)

F0 67 (44.1)
F1 10 (6.6)
F2 9 (5.9)
F3 19 (12.5)
F4 47 (30.9)

(continued on next page)

Table 1 (continued)

Characteristics

Spleen size, cm, mean ± SD 11.9 ± 3.4
LSPS, median (IQR) 0.47 (1.05)

AIH, autoimmune hepatitis; ALP, alkaline phosphatase; ALT, alanine aminotrans-
ferase; AST, aspartate aminotransferase; CCA, cholangiocarcinoma; DALM, dysplasia-
associated lesion or mass; F-TE, transient elastography performed by FibroScan; GB,
gallbladder; HCC, hepatocellular carcinoma; HE, hepatic encephalopathy; INR, in-
ternational normalized ratio; LSPS, liver stiffness x spleen diameter-to-platelet ratio
score; MELD, model of end-stage liver disease; PLTs, platelets; PSC, primary scle-
rosing cholangitis; UGI, upper gastrointestinal endoscopy.
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cursor on the liver parenchyma, avoiding large vessels, with the
upper edge of the box placed 1.5–2.0 cm away from the Glisson’s
capsule.37 Ten consecutive measurements were acquired. The
final value was displayed as median in kPa.

The spleen cranio-caudal length was measured with a left
intercostal approach using a convex C5-1 broadband probe. A
maximum value of 12 cm was used as a cut-off for a normal
spleen length.

For SSM-ElastPQ, the transducer was placed in the left
intercostal space, with the patient lying in dorsal decubitus and
the left arm in maximal abduction. The region of interest was
positioned 1–2 cm below the splenic capsule, corresponding to
the middle third, and 10 consecutive measurements were ac-
quired. The final value was displayed as median in kPa.

All patients were fasting for at least 3 h before undergoing the
ultrasound scan/elastography.25 All ElastPQ measurements were
performed by a single expert operator (DR), who had a 5 years’
experience of this technique.

The study was conducted in accordance with the Declaration
of Helsinki and its latest amendments and approved by the local
Ethics Committee (ref. NC01.14, 9190/20 March 2014). Signed
informed consent was obtained from all the patients before
taking part to the study.

Statistical analysis
Kolmogorov-Smirnov and Shapiro-Wilk test of normality
were used to assess the distribution of quantitative variables.
Quantitative variables normally distributed were expressed as
mean ± standard deviation (SD), otherwise the median and IQR
were reported. Qualitative variables were expressed as counts
and percentages. The correlation between quantitative variables
was assessed by Pearson’s and Spearman’s tests, according to the
distribution of the data. The concordance between quantitative
variables was investigated with Lin’s concordance correlation
coefficient, which ranges from 0 to +1. Agreement was classified
as poor (0.00–0.20), fair (0.21–0.40), moderate (0.41–0.60), good
(0.61–0.80) or excellent (0.81–1.00).38 Comparison of correlation
coefficients was performed using a z-test on Fisher z-trans-
formed correlation coefficients. The agreement between two
quantitative variables was also evaluated by the Bland-Altman
plot analysis, with 95% limits of agreement defined as the
mean difference ± 1.96 SD of the differences.39

The diagnostic performance of the pSWE technique for stag-
ing liver fibrosis was assessed using receiver-operating charac-
teristic (ROC) curves and area under the ROC (AUROC) curve
analysis to calculate sensitivity (Se), specificity (Sp), positive
3vol. 5 j 100873
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Table 2. Performance of liver ElastPQ in differentiating liver fibrosis stages according to F-TE.

Stage N Cut-off
(kPa)

Se (95% CI) Sp (95% CI) PPV (95% CI) NPV (95% CI) PLR (95% CI) NLR (95% CI) AUROC (95% CI)

>−F1 91 7.4 0.91 (0.83–0.96) 0.92 (0.82–0.97) 0.94 (0.89–0.99) 0.88 (0.80–0.96) 11.4 (4.8–25.8) 0.10 (0.05–0.19) 0.96 (0.91–0.98)
>−F2 75 8.5 0.95 (0.87–0.99) 0.88 (0.79–0.95) 0.89 (0.81–0.94) 0.94 (0.87–0.98) 7.9 (4.4–15) 0.06 (0.02–0.16) 0.97 (0.93–0.99)
>−F3 66 10.5 0.89 (0.79–0.96) 0.94 (0.87–0.98) 0.92 (0.83–0.97) 0.92 (0.85–0.96) 14.8 (6.5–36.1) 0.12 (0.06–0.23) 0.97 (0.93–0.99)
F4 47 12.1 1.0 (0.93–1) 0.89 (0.80–0.93) 0.80 (0.69–0.86) 1.0 9.1 (4.9–13.4) 0 0.99 (0.95–0.99)
Rule-in >−F3 66 >−11.3 83 95 93 88 17.2 0.18
Rule-out >−F3 66 <8.9 95 84 83 96 5.94 0.06

ROC curve analysis and contingency table analysis used.
AUROC, area under receiver-operating characteristic; CI, confidence interval; F-TE, transient elastography performed by FibroScan; NLR, negative likelihood ratio; NPV negative
predictive value; PLR, positive likelihood ratio; PPV, positive predictive value; Se, sensitivity; Sp, specificity.
predictive value (PPV), negative predictive value (NPV), positive
likelihood ratio (PLR) and negative likelihood ratio (NLR). The
optimal cut-off values were chosen to maximise the sum of Se
and Sp.

Similarly, ROC curves were used to assess the performance of
SSM in detecting the presence of OVs at endoscopy.

Binary logistic regression analyses were carried out to identify
potential predictors of the presence of OVs. Potential multi-
collinearity between variables was checked by Spearman’s rank
correlation coefficient. All tests were two-sided and statistical
significance was set at p <0.05. The data analysis was performed
with SPSS (version 24, IBM, New York, NY, USA), MedCalc
(Software for Windows, Version 14.8.1, Ostend, Belgium) and
Jamovi 2.3.21.
Table 3. Misclassification of ElastPQ in staging liver fibrosis.

Fibrosis stage (F-TE) ElastPQ FN ElastPQ FP

>−F1 8/91 (9%) 5/61 (8%)
>−F2 4/75 (5%) 9/77 (12%)
>−F3 7/66 (11%) 5/86 (6%)
F4 0/47 (0%) 12/105 (11%)
Total misclassified 19/152 (13%) 31/152 (20%)

Contingency table analysis used.
FN, false negative; FP, false positive; F-TE, transient elastography performed by
FibroScan.
Results
Baseline population characteristic
One hundred and fifty-two patients with PSC (93 males [61.2%],
mean age 46 ± 16 years) were prospectively recruited in the study.
The flowchart and the main clinical and elastographic character-
istics of the studied population are reported in Fig. 1 and Table 1,
respectively. All patients with cirrhosis were in a compensated
stage at the time of enrolment. Only three patients had high-risk
varices at endoscopy which were treated with endoscopic vari-
ceal ligation (EVL) as primary prophylaxis treatment. Three pa-
tients had a previous variceal bleeding and started on non-
selective beta-blocker (NSBB) after EVL without recurrence of
bleeding afterwards. LSM performed with both ElastPQ and F-TE
were available for all patients, while SSM was available in 109
(72%) patients. Thirty-five patients had an available SSM and an
UGIE performed within 1 year of the elastography assessment.

Comparison between liver ElastPQ and F-TE
ElastPQ LSM showed an excellent correlationwith F-TE (p <0.001,
Spearman’s correlation coefficient 0.93; Lin’s correlation coeffi-
cient 0.86, 95% CI 0.82–0.90) (Fig. 2A). The Bland-Altman plot
agreement analysis showed lack of agreement for F-TE LSM
above 15 kPa (mean of differences −1.79, 95% CI −3.2 to 0.35,
lower limit −19.4 upper limit 15.8, SD 8.98, p = 0.015) (Fig. 2B).

Correlation between liver ElastPQ, prognostic scores and
serum markers of inflammation and cholestasis
LSM ElastPQ was significantly correlated with MELD (Spearman’s
rho 0.46, p <0.001), PSC Mayo risk score (Spearman’s rho 0.65, p =
0.003) and Oxford-Amsterdam score (Spearman’s rho 0.57, p
<0.001). The highest correlation coefficient for Mayo risk score
was significantly better than the correlation coefficient for MELD
(p = 0.014). No statistically significant difference was found be-
tween the correlation coefficients of PSC Mayo risk and Oxford-
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Amsterdam scores (p = 0.29). A positive and significant correla-
tion was found between LSM ElastPQ and serum bilirubin
(Spearman’s rho 0.61, p <0.001), alkaline phosphatase (ALP)
(Spearman’s rho 0.47, p <0.001), ALT (Spearman’s rho 0.47, p
<0.001) and AST (Spearman’s rho 0.64, p <0.001) levels.

There was no statistically significant difference between the
correlations of ElastPQ and those of F-TE with the prognostic
scores and serum markers of inflammation and cholestasis
(Table S1).

Performance of liver ElastPQ in assessing liver fibrosis stages
AUROC curves (95% CI) of the median value of liver ElastPQ ob-
tained for each stage of fibrosis (Fig. 3) were 0.96 (0.91–0.98),
0.97 (0.93–0.99), 0.97 (0.93–0.99), 0.99 (0.95–0.99) for fibrosis
stage F>−1, F>−2, F>−3 and F=4, respectively. Optimal cut-off values
were 7.4 kPa (Se 91%, Sp 92%), 8.5 kPa (Se 95%, Sp 88%), 10.5 kPa
(Se 89%, Sp 94%) and 12.1 kPa (Se 100%, Sp 89%) for mild, mod-
erate, severe fibrosis and cirrhosis, respectively. The best cut-off
values for ruling-in, with at least 95% specificity, and ruling-out,
with at least 95% sensitivity, cACLD (F>−3) were >−11.3 and
<8.9 kPa, respectively (Table 2).

The misclassification of ElastPQ in staging liver fibrosis is
reported in Table 3. A difference of LSM >−2 kPa between F-TE and
ElastPQ was found in 33 patients (22%). On the univariate anal-
ysis, variables significantly associated with a LSM difference
>−2 kPa were the Mayo risk score, total bilirubin, ALT, AST, ALP,
platelet count and the presence of cirrhosis. On the binary lo-
gistic regression analysis, the diagnosis of cirrhosis (as defined by
F-TE values) was the only independent predictor (odds ratio [OR]
9.87, 95% CI 3.35–29.10, p <0.001) (Table S2). The results did not
change with a LSM difference >−5 and >−10 kPa (data not shown).

Performance of liver and spleen ElastPQ in detecting the
presence of OVs
The factors potentially associated with the presence of OVs were
investigated in the subgroup of 35 patients who underwent an
UGIE within 12 months from the date of the elastographic
assessment. Eighteen patients had OVs, with only two patients
having varices at high risk of bleeding. The differences in clinical,
5vol. 5 j 100873
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biochemical and elastographic parameters between the groups
of patients with and without OVs are shown in Table S3. In
particular, median values of F-TE, ElastPQ LSM, ElastPQ SSM and
LSPS were significantly higher in patients with OVs compared to
those without (p <0.001).

On univariate analysis, variables significantly associated with
the presence of OVs were total bilirubin, platelet count, albumin
and international normalized ratio, spleen longitudinal diameter,
LSM with both F-TE and ElastPQ, SSM, the composite scores LSPS,
Child-Pugh, MELD and Mayo risk score (Table 4). Due to the small
number of events, covariates to be retained in the multivariate
analysis were chosen based on their significance at the univari-
ate analysis and clinical judgement. ElastPQ SSM was the only
independent predictor of the presence of OVs on multivariate
analysis (OR 1.14; CI 1.02–1.27; p = 0.021), regardless of whether
the Mayo risk score, MELD or Child-Pugh score were included in
the model as indicators of liver disease severity (Table 4, Fig. S1).
Similarly, the results did not change when either F-TE or ElastPQ
were included in the multivariate analysis as a measure of liver
stiffness. Finally, in the multivariate analysis model, SSM
remained the only statistically significant variable, even after
including the LPSP score (OR 1.12; CI 1.01–1.26; p = 0.034).

The ability of F-TE, ElastPQ LSM and ElastPQ SSM to predict the
presence of OVs was evaluated and compared. Spleen ElastPQ
showed the best ROC curve which, however, did not significantly
differ from those obtained for Liver ElastPQ, F-TE and LSPS.
AUROCs (95% CI) were: 0.87 (0.76–0.99) for ElastPQ SSM, 0.83
(0.70–0.97) for ElastPQ LSM, 0.82 (0.68–0.96) for F-TE and 0.86
(0.74–0.98) for LSPS. The best cut-off values for detecting OVs
were 40.2 kPa, 21.1 kPa, 18.5 kPa and 1.96 for ElastPQ SSM, ElastPQ
LSM, F-TE LSM and LSPS, respectively (Table 5).

The overall performance of SSM to detect OVs did not change
after excluding the three patients on NSBBs as secondary pro-
phylaxis (after a first episode of variceal bleeding treated with
EVL) from the analysis.
Table 4. Univariate and multivariate logistic regression analysis of factors po
UGIE within 12 months.

Univariate

OR 95% CI

Male sex 2.308 0.492–10.818
Age, years 0.976 0.932–1.022
PSC Mayo RS 3.672 1.694–7.962
Child-Pugh score 3.868 1.780–8.402
MELD score 1.634 1.215–2.198
Spleen LD, cm 1.264 1.040–1.535
Total bilirubin, mg/dl 1.901 1.185–3.048
ALT (IU/L) 1.004 0.944–1.013
AST (IU/L) 1.012 0.999–1.025
ALP (IU/L) 0.999 0.996–1.001
Platelets/mmc 0.994 0.988–1.000
Albumin g/dl 0.090 0.020–0.397
F-TE LSM, kPa 1.075 1.032–1.121
ElastPQ LSM, kPa 1.073 1.024–1.124
ElastPQ SSM, kPa 1.123 1.037–1.216
LSPS 1.741 1.199–2.527

Binary logistic regression analysis used; p value <−0.05 represents the significance level
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransfera
liver stiffness measurement; LSPS, liver stiffness x spleen diameter-to-platelet ratio sco
PSC, primary sclerosing cholangitis; RS, risk score; SSM, spleen stiffness measurement;
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Discussion
The results of the present study demonstrate that ElastPQ pSWE
is an accurate non-invasive tool for evaluating the risk of fibrotic
transformation in the liver, for fibrosis staging, and for detecting
the risk of having OVs in patients affected by PSC. LSM assessed
with ElastPQ showed an excellent correlation with F-TE, which is
an established non-invasive method for fibrosis staging in PSC.20

Moreover, ElastPQ LSM correlated well with the validated
prognostic scores currently used for staging liver disease
severity, and thus appears to be a reliable tool for stratifying
patients with PSC according to their risk of developing clinical
outcomes. Furthermore, SSM assessed by ElastPQ proved to be a
useful tool for the non-invasive prediction of the presence of
OVs.

Existing data on the efficacy of pSWE for the detection of liver
fibrosis in PSC are limited to small and/or mixed aetiology series.
Furthermore, in most studies the elastographic technique used
was a different pSWE technique (Virtual Touch Quantification,
Siemens Healthineers).40 A single dedicated study evaluating
ElastPQ pSWE in PSC has been published so far. The authors
showed that the median value of LSM in a group of patients with
PSC was significantly higher than the median LSM value of a
healthy control group, indicating that patients with PSC had
stiffer livers compared to controls. However, no comparison was
made with F-TE as a reference technique.41

Based on the established performance of F-TE in assessing and
staging liver fibrosis in PSC,20 in the absence of an adequate
number of liver biopsies in our cohort, we used F-TE as a sur-
rogate of liver fibrosis to evaluate the performance of ElastPQ
LSM. Liver ElastPQ and F-TE showed an excellent overall agree-
ment. As expected,42 the Bland-Altman plot analyses showed a
lower F-TE and ElastPQ agreement for higher values of liver
stiffness and the presence of severe fibrosis/cirrhosis turned out
to be the only predictor of a LSM difference >−2 kPa between
ElastPQ and F-TE. This finding has already been reported in other
tentially associated with the presence of OVs in patients with PSC with an

Multivariate

p value OR 95% CI p value

0.289
0.297
0.001 1.339 0.332–5.404 0.682
0.001 1.660 0.373–7.393 0.506
0.001 1.396 0.641–3.039 0.401
0.018 1.180 0.735–1.894 0.493
0.008 1.026 0.946–1.114 0.536
0.468
0.063
0.412
0.043 0.996 0.987–1.005 0.369
0.001 0.889 0.601–1.314 0.555
0.001 0.997 0.937–1.060 0.920
0.003 0.916 0.813–1.032 0.149
0.004 1.137 1.020–1.268 0.021
0.004 1.606 0.974–2.648 0.063

.
se; F-TE, liver elastography performed with FibroScan; LD, longitudinal diameter; LSM,
re; MELD, model of end-stage liver disease; OR, odds ratio; OVs, oesophageal varices;
UGIE, upper gastro-intestinal endoscopy.
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Table 5. Performance of liver stiffness (F-TE and ElastPQ), ElastPQ spleen stiffness and LSPS in predicting the presence of oesophageal varices in PSC.

Test OVs/n Se
(95% CI)

Sp
(95%CI)

PPV
(95%CI)

NPV
(95%CI)

PLR
(95%CI)

NLR
(95%CI)

Cut-off
value
(kPa)

AUROC
(95% CI)

FN FP Tot
misclassified

F-TE LSM 13/35 0.92 (0.64–1) 0.62 (0.41–0.83) 0.60 (0.46–0.73) 0.93 (0.67–0.99) 2.4 (1.4–4.5) 0.13 (0.02–0.82) 18.5 0.82 (0.68–0.96) 1 8 9
ElastPQ LSM 13/35 0.92 (0.64–1) 0.69 (0.45–0.86) 0.63 (0.48–0.76) 0.94 (0.69–0.99) 3 (1.5–5.5) 0.12 (0.02–0.76) 21.1 0.83 (0.70–0.97) 1 7 8
ElastPQ SSM 13/35 0.92 (0.64–1) 0.77 (0.55–0.92) 0.71 (0.52–0.84) 0.94 (0.72–0.99) 4 (1.9–8.9) 0.10 (0.01–0.66) 40.2 0.87 (0.76–0.99) 1 5 6
LSPS 13/34 0.85 (0.55–0.98) 0.67 (0.43–0.85) 0.61 (0.45–0.75) 0.86 (0.65–0.96) 2.6 (1.3–4.9) 0.22 (0.06–0.86) 1.96 0.86 (0.74–0.98) 2 7 9

ROC curve analysis and contingency table analysis used.
AUROC, area under receiver-operating characteristic; CI, confidence interval; FN, false negative; FP, false positive; F-TE, liver elastography performed with FibroScan; LSM, liver
stiffness measurement; LSPS, liver stiffness x spleen diameter-to-platelet ratio score; n, number of patients with endoscopy; NLR, negative likelihood ratio; NPV negative
predictive value; OVs, oesophageal varices; PLR, positive likelihood ratio; PPV, positive predictive value; PSC, primary sclerosing cholangitis; Se, sensitivity; Sp, specificity; SSM,
spleen stiffness measurement.
studies including patients with chronic liver disease due to
different aetiologies and could be due to a different way of
generating the shear waves and tracking them.42,43

Liver ElastPQ showed a good diagnostic accuracy for all stages
of fibrosis, with a lower misclassification rate for advanced
fibrosis/cirrhosis. As reported for all the shear wave elastography
techniques in other aetiologies of chronic liver disease, including
F-TE,25,44 ElastPQ was more accurate in ruling-out than ruling-in
cirrhosis, with a best cut-off of 12.1 kPa. The obtained cut-off
values were lower than those obtained with F-TE, in line with
data from the literature.43,45,46 The best cut-off values for ruling-
in with at least 95% specificity and ruling-out with at least 95%
sensitivity cACLD (F>−3) were >−11.3 and <8.9 kPa, respectively.

Similarly to what has previously been reported for F-TE,47,48

ElastPQ LSM was also significantly associated with established
prognostic scores such as MELD, Mayo risk score and Oxford-
Amsterdam score, confirming its potential ability to stratify pa-
tients with PSC according to their prognostic risk, although
further studies are needed to confirm this finding.

Total bilirubin, ALP and transaminase levels were also
significantly associated with LSM ElastPQ. Due to the scarce
number of liver biopsies, the influence of histological inflam-
mation on liver stiffness could not be assessed. For this reason,
patients with transaminases >−5× the upper limit of normal or
with dominant biliary strictures were excluded from the study
since it is well known that stiffness can be affected by inflam-
mation and cholestasis.25 Two different studies from Corpechot
et al. evaluated F-TE in comparison with histological features in
PSC. The authors did not find a correlation between F-TE LSM
and histological necro-inflammatory activity, and the stage of
liver fibrosis remained the only predictor of liver stiffness.15,20

The correlation between ElastPQ LSM and established markers
of disease progression, such as ALP and bilirubin levels, further
supports the possible role of this technique as a prognostic
biomarker.49,50

One of the consequences of PH is splenomegaly, which is due
not only to the congestion of the portal system and reduced
blood drainage from the spleen through the splenic vein, but also
to the hyperplasia and fibrosis of the splenic tissue.51 For this
reason, the degree of splenomegaly might be different according
to the aetiology of the underling liver disease. Spleen size is
known to be independently associated with the presence of OVs
in patients with compensated cirrhosis. Furthermore, spleen size
has been included in scores combining platelet count and F-TE
LSM, improving their diagnostic accuracy to detect the presence
of varices and high-risk varices.35 A study published in 2016
showed that spleen size predicts clinical outcome (hepatic
decompensation, liver transplantation and liver-related death) in
patients with PSC.23 In line with these data, in our cohort, the
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spleen diameter was significantly longer in patients with OVs
compared to those without OVs. However, published data indi-
cate that spleen size loses its accuracy in detecting CSPH in the
more advanced stages of liver disease, reflecting a non-linear
relationship with PH.52,53

The availability of shear wave elastography techniques offers
a valuable alternative for the non-invasive assessment of CSPH,
potentially sparing invasive procedures and enabling real-time/
bedside diagnosis.54 LSM and SSM represent very promising
tools for assessing the presence of varices. Moreover, data show
that SSM measured by F-TE and ARFI techniques may be a su-
perior marker of PH to LSM in cirrhotic patients with viral aeti-
ologies, and an increasing body of evidence suggests this may
also be the case for other aetiologies,55 even though data
regarding the use of ARFI techniques are still limited.

The superiority of SSM to LSM as a marker of PH cannot be
stated for PSC, with the studies performed so far including small
and/or mixed aetiology cohorts with a marked under represen-
tation of patients with such liver disease.53 Moreover, consistent
data regarding ElastPQ SSM are currently lacking.56

Results regarding the diagnostic accuracy of SSM obtained
using F-TE in predicting CSPH are disputable and affected by
some limitations, such as the high rate of failure in small spleens
and a maximal detectable value of 75 kPa30,53,54 using a 50 Hz F-
TE probe, which can be overcome by ARFI techniques as well as
by the recent availability of a FibroScan tuned on a100 Hz fre-
quency. For these reasons, in cACLD due to viral hepatitis, Baveno
VII recommend an SSM <21 kPa and an SSM >50 kPa to rule-out
and rule-in CSPH, respectively, but validation of the best cut-off
using a 100 Hz specific F-TE probe, as well as using pSWE and
2D-SWE is needed.24

In the present study, ElastPQ SSM was the only independent
predictor of the presence of OVs, with an OR of 1.14. Using the
best cut-off values of 40.2 kPa, the diagnostic performance
(AUROC) of ElastPQ SSM to detect OVs was slightly better than
that of ElastPQ LSM, F-TE and LSPS, even though the difference
did not reach statistical significance. However, while they
showed a similar sensitivity, the specificity was better for
ElastPQ SSM than for the other non-invasive techniques. This
means that there is no significant difference in the ability of
ElastPQ SSM, ElastPQ LSM, F-TE or LSPS to rule-out the presence
of OVs. However, ElastPQ SSM seems to be better in ruling-in the
presence of OVs, thus reducing the number of unnecessary
UGIEs. The accuracy of ElastPQ SSM to detect high-risk varices
could not be assessed due to their low number in our cohort.
NSBB treatment did not change our results, probably because of
the small number of treated patients and more studies are
needed in order to see if the portal pressure changes under
NSBBs might affect the performance of SSM.
7vol. 5 j 100873
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In summary, this study supports the reliability of LSM
assessed by ElastPQ for assessing the risk of fibrotic trans-
formation in liver tissue and for staging liver fibrosis and disease
severity in PSC, with cut-off values of 11.3 and 8.6 kPa for ruling-
in and ruling-out cACLD, respectively. Moreover, SSM measured
by ElastPQ showed a promising diagnostic accuracy for ruling-in
the risk of the presence of OVs in the same cohort of patients
JHEP Reports 2023
using a cut-off value of 40.2 kPa. However, because of the small
number of UGIEs performed within 12 months, the small num-
ber of patients with high-risk varices and the wide time interval
between the stiffness and the UGIE assessment, it was not
possible to reliably assess the performance of SSM and these
results require validation in larger populations of patients
affected by PSC.
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