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Abbreviations

2D-SWE: two-dimensional shear wave elastography
cACLD: compensated advanced chronic liver disease

HRYV: high-risk varices

LSM: liver stiffness measurement

LPSP: liver stiffness — spleen diameter to platelet ratio score
NSBB: non-selective beta-blockers

PSVD: porto-sinusoidal vascular disorder

SSM: spleen stiffness measurement

VCTE: vibration-controlled transient elastography
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Graphical Abstract
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ABSTRACT

Background & Aims: Baveno VII consensus suggests that screening endoscopy can be
spared in patients with compensated cirrhosis when spleen stiffness measurement (SSM) by
vibration-controlled transient elastography (VCTE) is <40 kPa as they have a low probability
of high-risk varices (HRV). Conversely, screening endoscopy is required in all patients with
porto-sinusoidal vascular disorder (PSVD). This study aimed to evaluate the performance of
SSM-VCTE to rule out HRV in patients with PSVD and signs of portal hypertension.
Approach & results: We retrospectively included patients with PSVD, >1 sign of portal
hypertension, without history of variceal bleeding, who underwent a SSM-VCTE within 2
years before or after an upper endoscopy in 21 VALDIG centers, divided into a derivation and
a validation cohort. 154 patients were included in the derivation cohort; 43% had HRV. By
multivariable logistic regression analysis, SSM-VCTE >40 kPa and serum bilirubin >1 mg/dL
were associated with HRV. SSM-VCTE <40 kPa combined with bilirubin <1 mg/dL had a
sensitivity of 96% to rule out HRV, and could spare 38% of screening endoscopies, with 4%
of HRV missed, and a 95% negative predictive value (NPV). In the validation cohort,
including 155 patients, SSM combined with bilirubin could spare 21% of screening
endoscopies, with 4% of HRV missed and a 94% NPV.

Conclusion: This study gathering a total of 309 PSVD patients showed that SSM-VCTE <40
kPa combined with bilirubin <1 mg/dL identifies patients with PSVD and portal hypertension

with a probability of HRV <5%, in whom screening endoscopy can be spared.
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INTRODUCTION

Porto-sinusoidal vascular disorder (PSVD) is a broad clinicopathological entity,
encompassing several overlapping histological patterns (nodular regenerative hyperplasia,
obliterative portal venopathy, hepatoportal sclerosis, incomplete septal cirrhosis) and clinical
entities (non-cirrhotic portal fibrosis, idiopathic portal hypertension, non-cirrhotic intrahepatic
portal hypertension). All these entities are characterized by vascular alterations in the porto-
sinusoidal region, and potential development of portal hypertension, in the absence of
cirrhosis and of obstructive portal vein thrombosis . PSVD is an under-recognized and often
misdiagnosed entity. The diagnosis can only be made with a liver biopsy interpreted by an
expert pathologist since analysis of histological lesions is challenging 2. The main
complications of PSVD include portal hypertensive bleeding and development of portal vein
thrombosis. There is currently no medical therapy specifically approved for PSVD that has
shown beneficial effects on its natural history. Management is restricted to the treatment of
portal hypertension and its complications. Importantly, the presence of clinical signs of portal
hypertension critically determines the outcome of patients with PSVD 3.

Noninvasive tests for liver fibrosis and portal hypertension have been widely studied in
patients with cirrhosis. Liver stiffness measurement (LSM) by vibration-controlled transient
elastography (VCTE) can be used to rule in clinically significant portal hypertension (i.e.
hepatic venous pressure gradient >10 mm Hg, risk of endoscopic signs of portal hypertension,
and higher risk of decompensation) in patients with compensated advanced chronic liver
disease (cACLD) 4, with a cut-off of 25 kPa, since LSM by VCTE correlates well with
hepatic venous pressure gradient >. In patients with cACLD, spleen stiffness also seems an
excellent surrogate of portal hypertension: spleen stiffness measurement (SSM) by VCTE
accurately rules in and rules out a hepatic venous pressure gradient >10 mm Hg, and estimates
size of esophageal varices ®’. SSM not only reflects increased hepatic resistance due to liver
fibrosis, but also portal blood inflow congestion and presinusoidal vasoconstriction, unlike
LSM 3. A recent individual patient data meta-analysis showed that combining LSM, SSM,
and platelet count can substantially reduce the diagnostic grey zone for clinically significant
portal hypertension in patients with cACLD °. SSM could even be superior to LSM in
assessing portal hypertension, particularly to detect the dynamic changes '%!'. Moreover,
according to the Baveno VII consensus, SSM by VCTE <40 kPa can be used to identify
patients with cACLD in whom screening endoscopy can be safely spared ', since they have a

very low probability of having high-risk varices, defined as <5% !°.
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Patients with PSVD and portal hypertension usually have liver stiffness values much lower
than those with cirrhosis; thus, cut-offs for clinically significant portal hypertension and high-
risk varices established in patients with cirrhosis cannot be used in this population '.
Endoscopic screening for varices is consequently always required at diagnosis of PSVD 12,
Data on SSM by VCTE in patients with PSVD are scarce '>!°, and whether SSM could spare
screening endoscopies in patients with PSVD is currently unknown. This study aimed to
evaluate the performance of SSM by VCTE to rule out high-risk varices in patients with
PSVD.

METHODS

Derivation cohort

This retrospective study included all patients with PSVD with at least one sign of portal
hypertension present at the time of diagnosis, who underwent a liver biopsy between 2012
and 2023 at Hopital Beaujon (Clichy, France), and for whom SSM by VCTE using
FibroScan® (Echosens, Paris, France) was available during follow-up. Diagnosis of PSVD
with signs of portal hypertension was based on the VALDIG criteria, as stated in the Baveno
VII consensus: exclusion of cirrhosis and of other causes of portal hypertension associated
with (i) at least one feature specific for portal hypertension (varices, history of portal
hypertensive bleeding, and/or porto-systemic collaterals at imaging); or (ii) at least one
feature not specific for portal hypertension (ascites, platelet count <150°000/mm?, and/or
spleen size >13 cm in the largest axis) together with one histologic lesion specific or
suggestive although not specific for PSVD (Table S1, http:/links.lww.com/HEP/1542) 12, All
liver biopsies were analyzed by a pathologist with expertise in vascular liver diseases (V.P.).
Non-inclusion criteria were a history of variceal bleeding, other causes of portal hypertension
(Budd-Chiari syndrome, cardiac insufficiency, Fontan surgery, hereditary hemorrhagic
telangiectasia, congenital portosystemic shunts, history of bone marrow transplantation,
chronic cholestatic disease, liver infiltration by tumor cells, hepatic schistosomiasis diagnosed
on liver biopsy), portal cavernoma or complete portal vein thrombosis at the time of liver
biopsy, history of transjugular intrahepatic portosystemic shunt or surgical portosystemic
shunt at the time of VCTE, history of splenectomy at the time of VCTE, and tense ascites at
the time of VCTE.

Extrahepatic conditions associated with PSVD were extensively searched for, and classified

into 5 categories: immunological disorders (autoimmune conditions, common variable
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immune deficiency, Crohn’s disease, celiac disease, history of solid organ transplantation),
HIV infection, medication or toxins (azathioprine, platinum-based chemotherapy,
didanosine), hematological disorders or prothrombotic states (myeloproliferative neoplasm,
lymphoma, myeloma, idiopathic thrombocytopenic purpura, antiphospholipid syndrome,
paroxysmal nocturnal hemoglobinuria, protein C or protein S deficiency, antithrombin
deficiency, factor II or V Leiden mutation), and other conditions including genetic disorders.
The study was performed in accordance with the ethical guidelines of the 1975 Declaration of
Helsinki, and was approved by the institutional review board (CPP Sud Méditerranée V, Nice,
France — Ethics approval number 2021-A02148-33). None of the patients refused permission
to use their case records for medical research. This diagnostic accuracy study was designed,

conducted, and written following the STARD guidelines 7.

Validation cohort
The validation cohort included patients with PSVD from participating VALDIG centers
fulfilling the same inclusion and non-inclusion criteria. Liver biopsies were analyzed by local

pathologists specialized in liver diseases.

Clinical and laboratory data

Clinical and biological data were collected within 6 months before or after SSM by VCTE.

Imaging data
Imaging data were obtained from liver ultrasonography, computed tomography, or magnetic

resonance imaging, performed within 6 months before or after SSM by VCTE.

Endoscopic data

Endoscopic data were recorded during an upper gastrointestinal endoscopy performed: (i)
within 2 years before or after SSM by VCTE (with sensitivity analyses restricting this
duration to 6 months), or (ii) more than 2 years before SSM by VCTE in patients treated with
NSBB for primary prophylaxis of variceal haemorrhage (with sensitivity analyses excluding
patients receiving NSBB). High-risk varices (HRV) were defined as either large varices, small
varices with red spot signs, or history of variceal band ligation or glue injection for primary

prophylaxis.

Spleen and liver stiffness measurements
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Spleen stiffness measurement by VCTE was performed with FibroScan® 502 Touch or
FibroScan® 630 Expert (Echosens, Paris, France), by experienced clinical research
technicians, nurses, or hepatologists, trained for SSM by VCTE using FibroScan®. SSM was
considered reliable if performed in fasting condition (>2 hours), with a 50 Hz probe
(FibroScan® 502 Touch), or the 100 Hz dedicated probe after ultrasound localization of the
spleen (FibroScan® 630 Expert), with at least 10 valid measurements, according to the
manufacturer’s recommendations, and a success rate (ratio of valid measurements to total
number of measurements) >60%. SSM corresponds to the median value of all valid
measurements. Since there is currently no recommendation about interquartile range (IQR)
reliability, we used the same as for liver stiffness measurement '8, and considered an IQR /
median SSM ratio <30% as reliable. In the derivation cohort, FibroScan® 502 Touch was
used until 25/11/2019, and FibroScan® 630 Expert from 26/11/2019 to the end of the
inclusion period (01/12/2023). Impact of the type of FibroScan® device was investigated.
Liver stiffness measurement by VCTE was performed on the same day as SSM by VCTE,
with the same reliability criteria, according to the 2015 EASL — ALEH guidelines '8,

Liver stiffness — spleen diameter to platelet ratio score (LSPS) was calculated as described by
Kim et al .

Some patients also had spleen and liver stiffness measurements by two-dimensional shear
wave elastography (2D-SWE) using Aixplorer® (SuperSonic Imagine, Aix-en-Provence,
France). We considered an IQR / median SSM ratio <30% as reliable, as suggested by the

Society of Radiologists in Ultrasound 2°.

Histological analysis
For the derivation cohort, all liver biopsies were reviewed by an expert pathologist (V.P.) —
unaware of clinical, laboratory, imaging, and endoscopic data — according to predetermined

criteria and classification.

Statistical analysis

Results are presented as absolute numbers (%) or median (IQR). Comparisons between
categorical variables were performed using the chi-square or Fisher test, when appropriate.
Comparisons between quantitative variables were performed using Student’s t-test or
Wilcoxon-Mann-Whitney test, when appropriate, according to Shapiro-Wilk test. Correlations
between quantitative variables were performed using Spearman’s test. To identify variables

associated with HRV, we fitted a multivariable binary logistic regression including variables
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significantly associated with HRV at univariable logistic regression after Bonferroni
correction. Sensitivity, specificity, and positive and negative predictive values were computed
for the best cut-off value, defined with the Youden index. The missed HRV rate was defined
as the number of patients with missed HRV divided by the number of patients with HRV 2!,
All tests were two-sided and a p value <0.05 was considered significant. Statistical analyses
were performed using R version 4.2.2 software. Figures were drawn using GraphPad Prism

10.0.1.

RESULTS

Study population

Derivation cohort

We screened 238 patients with PSVD and available SSM by VCTE performed at Beaujon
Hospital. After the exclusion of patients without sign of portal hypertension (n=33), patients
with history of variceal bleeding (n=30), previous TIPS (n=10) or splenectomy (n=7), and
patients with tense ascites (n=4), we included 154 patients in the derivation cohort.
Characteristics of patients at the time of SSM by VCTE are presented in Table 1 and Table
S2, http://links.lww.com/HEP/I542. At least one disorder associated with PSVD was present
in 78% of the patients, mainly an immunological (52%) or hematological one (25%). Eight
percent of the patients had ascites, and only one patient (< 1%) had hepatic encephalopathy at
the time of SSM by VCTE. Sixty-seven (43%) patients had high-risk varices, and 46 (30%)
patients were receiving NSBB. The median time between VCTE and upper endoscopy was 85
days; 54% of the patients had VCTE within 6 months before or after endoscopy. Only two
patients had HRV without other sign of portal hypertension.

Validation cohort

One hundred and fifty-five patients were included in the validation cohort, from 20 VALDIG
centers (Table S3, http://links.lww.com/HEP/I542). Fifty-four patients (35%) had HRV.
Characteristics of these patients are detailed in Table 1 and Table S2,
http://links.lww.com/HEP/1542. The median time between VCTE and upper endoscopy was
50 days; 55% of patients had VCTE within 6 months before or after endoscopy. Only one
patient had HRV without other sign of portal hypertension.
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Performance of SSM by VCTE to rule out HRV

Derivation cohort

Median SSM by VCTE was twice higher in patients with HRV than in those without (Fig.
1A). HRV were associated with HIV infection, hematological or prothrombotic disorder,
signs of portal hypertension (portosystemic collaterals, treatment with NSBB, lower platelet
count, larger spleen size, higher SSM by VCTE, higher LSPS), signs of liver dysfunction
(higher INR, lower serum albumin, higher serum bilirubin), higher LSM by VCTE, higher
controlled attenuation parameter, and partial occlusion of the portal venous axis (Table 2).
We entered into a multivariable binary logistic regression analysis features associated with
HRYV by univariable analysis after Bonferroni correction (i.e. p <0.001) — namely platelet
count, INR, total serum bilirubin and SSM by VCTE. We chose to categorize these
quantitative variables according to the following thresholds. Based on data available in
patients with cirrhosis 4, we applied 110 G/L as a threshold for platelet count; 66% of the
patients with HRV had a platelet count <110 G/L, and 70% of the patients without HRV had a
platelet count >110 G/L. We chose 1.05 as a threshold for INR according to Youden index;
66% of the patients with HRV had INR >1.05, and 59% of the patients without HRV had INR
<1.05. Based on data available in patients with cirrhosis 22, we chose the threshold of 1 mg/dL
[17 pmol/L] for total serum bilirubin. It happened that this value was also the one that
maximized sensitivity and specificity according to the Youden index. Fifty-one percent of the
patients with HRV had a total serum bilirubin >1 mg/dL, and 80% of the patients without
HRYV had a total serum bilirubin <1 mg/dL. Based on data available in patients with cirrhosis
%12 we applied 40 kPa as a threshold for SSM; 91% of the patients with HRV had a SSM by
VCTE >40 kPa, and 76% of the patients without HRV had a SSM by VCTE <40 kPa (Fig.
1A). Treatment with NSBB was not included in this multivariable analysis because of
collinearity with HRV; portosystemic collaterals were not included because the aim was to
identify simple features that we could use in practice (i.e., without performing CT scan every
year), and LSPS was not included because of collinearity with platelet count.

At backward stepwise multivariable binary logistic regression, both SSM by VCTE >40 kPa
and total serum bilirubin >1 mg/dL remained associated with HRV (Table 3).

A model combining a cut-off value of 40 kPa for SSM by VCTE and a cut-off value of 1
mg/dL for total serum bilirubin had a sensitivity of 96% and a negative predictive value of
95% for ruling out HRV, and 78% of the patients were well classified (Table 4). This model

would have spared 38% of screening endoscopies in the derivation cohort, with a rate of HRV
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missed of 4.5% (Fig. 2 and 3). Characteristics of the 3 patients who would have been
incorrectly classified as not having HRV with this model are presented in Table S4,
http://links.lww.com/HEP/1542.

Sensitivity analyses focusing on patients non treated with NSBB (n=108), on patients strictly
compensated — meaning with no ascites, and not receiving NSBB (n=100) —, on patients
strictly compensated who underwent EGD and VCTE within 6 months (n=64), or on patients
with body mass index <30 kg/m? (n=136), gave even better results, with 39% to 53% of
screening endoscopies spared, and a rate of HRV missed lower than 5% with the “SSM —
bilirubin model” (Table S5, http://links.lww.com/HEP/1542). Sensitivity analyses restricted to
patients with myeloproliferative neoplasm (n=8) showed no HRV missed, and 25 % of
screening endoscopies spared using the “SSM — bilirubin model” (Table S5,
http://links.lww.com/HEP/I542).

We also tested in our population other models proposed in patients with cirrhosis or with
PSVD to rule out HRV (Table S6, http://links.lww.com/HEP/I542): SSM by VCTE <40 kPa
2, SSM by VCTE <60 kPa (Colecchia, personal communication), and the best SSM by VCTE
cut-off value defined with the Youden index in the present derivation cohort (SSM <46 kPa).
These models could spare between 47 and 71% of screening endoscopies, but the rate of HRV
missed would have been >5%. Models combining SSM and platelet count proposed in
patients with cirrhosis, namely SSM by VCTE <40 kPa and platelet count >150 G/L %4, or
SSM by VCTE <40 kPa and platelet count >110 G/L 23, could spare 19% and 36% of

screening endoscopies, respectively, and with a rate of HRV missed <5%.

Validation cohort

Patients with HRV had a higher value of SSM by VCTE than patients without HRV (Fig.
1A). Similar to the derivation cohort, HRV were associated with signs of portal hypertension
(ascites, portosystemic collaterals, treatment with NSBB, lower platelet count, larger spleen
size, higher SSM by VCTE, higher LSPS), signs of liver dysfunction (higher INR, higher
serum bilirubin), and higher LSM by VCTE (Table 2). HRV were also associated with age.
However, HRV were not associated with presence of hematological or prothrombotic

disorders, nor partial occlusion of the portal venous axis.

The “SSM - bilirubin model”, combining a cut-off value of 40 kPa for SSM by VCTE and a
cut-off value of 1 mg/dL for total serum bilirubin, had a sensitivity of 96% and a negative

predictive value of 94% for ruling out HRV, and 53% of patients were well classified
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regarding their HRV status (Table 4). This model would have spared 21% of screening
endoscopies in the validation cohort, with a rate of HRV missed of 3.7% (Fig. 2 and 3).
Characteristics of the 2 patients who would have been incorrectly classified as not having
HRYV with this model are presented in Table S4, http://links.lww.com/HEP/I542.

Sensitivity analyses restricted to patients non treated with NSBB (n=109), to patients strictly
compensated (n=94), to patients strictly compensated who underwent EGD and VCTE within
6 months (n=53), or to patients with body mass index <30 kg/m? (n=131), gave similar
results, namely 15% to 27% of screening endoscopies spared, with a rate of HRV lower than
5% (Table S5, http://links.lww.com/HEP/1542). It should however be noted that only 16
patients of the validation cohort were strictly compensated and had HRV. Sensitivity analyses
focusing on patients with myeloproliferative neoplasm (n=17) showed no HRV missed, but
only 6% of screening endoscopies spared using the “SSM — bilirubin model” (Table S5,
http://links.lww.com/HEP/I542).

We also considered other models proposed in patients with cirrhosis to rule out HRV in the
derivation cohort (Table S6, http://links.lww.com/HEP/1542). SSM <40 kPa combined with
platelet count >150 G/L had a rate of HRV missed < 5%, but spared only 15% of screening
endoscopies. SSM <40 kPa combined with platelet count >110 G/L had a rate of HRV missed

over 5%.

Features associated with SSM by VCTE

We then investigated features associated with SSM by VCTE in the derivation and validation
cohorts. HRV were not taken into account in these analyses. At univariable analysis, in both
cohorts, SSM by VCTE was significantly higher in patients receiving NSBB, and in those
with portosystemic collaterals. In both cohorts, SSM by VCTE was positively correlated with
spleen size and LSPS, and negatively correlated with platelet count (Table S7,
http://links.lww.com/HEP/I542). Multiple linear regression analysis including features
associated with SSM by VCTE at univariable analyses after Bonferroni correction (i.e. p
<0.002) found four features independently associated with SSM in the derivation cohort,
namely NSBB use, platelet count, portosystemic collaterals, and LSM; and two features
independently associated with SSM in the validation cohort, namely platelet count, and spleen

size (Table S8, http://links.lww.com/HEP/1542).
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In the derivation cohort, 133 patients underwent SSM by VCTE within 3 years before or after
liver biopsy, which was reviewed by an expert pathologist. None of the histological features

analyzed was associated with SSM by VCTE (Fig. S1, http://links.Iww.com/HEP/1542).

Two-dimensional shear wave elastography

In the derivation cohort, 84 patients underwent SSM by 2D-SWE within 2 years before or
after screening endoscopy; 49% of them had HRV. Patients with HRV had higher values of
SSM by 2D-SWE than patients without HRV (Fig. S2, http://links.lww.com/HEP/1542; Table
2). SSM by 2D-SWE correlated with SSM by VCTE (r=0.564; p <0.0001) (Fig. S3A,
http://links.lww.com/HEP/I542). However, SSM by 2D-SWE did not remain associated with
HRYV by univariable analysis after Bonferroni correction (i.e. p <0.001). A model combining a
cut-off value of 40 kPa for SSM by 2D-SWE and a cut-off value of 1 mg/dL for total serum
bilirubin would have been able to spare 42% of screening endoscopies, but with a rate of
HRYV missed of 24%. The 10 patients who would have been incorrectly classified as having
no HRV with this model differed from the correctly classified patients in platelet count, INR,
serum bilirubin and SSM by 2D-SWE (Table S9, http://links.lww.com/HEP/1542).

In the validation cohort, 48 patients had SSM by 2D-SWE; 35% of them had HRV. Patients
with HRV had higher values of SSM by 2D-SWE than patients without HRV (Fig. S2,
http://links.lww.com/HEP/I542), but this difference was not statistically significant. SSM by
2D-SWE was however correlated with SSM by VCTE (r=0.563; p<0.0001) (Fig. S3B,
http://links.lww.com/HEP/I542). SSM by 2D-SWE <40 kPa, combined or not with total
serum bilirubin <1 mg/dL, would have been able to spare 46% of screening endoscopies, but
led to a rate of HRV missed of 18% (data not shown). The 3 patients who would have been
incorrectly classified as having no HRV with this model differed from the correctly classified
14 patients in body mass index, INR and serum bilirubin (Table S9,
http://links.lww.com/HEP/I1542).

DISCUSSION

Despite the rarity of PSVD, the present VALDIG study, joining the efforts of 21 European
and Asian reference centers for vascular liver diseases, was able to include 309 patients with
PSVD and signs of portal hypertension. This allowed for building and validating a “SSM —
bilirubin model”, based on VCTE, that identifies patients with PSVD at very low probability
(<5%) of having HRV.
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The first major finding of the present study was that SSM by VCTE <40 kPa, combined with
total serum bilirubin <1 mg/dL [17 umol/L], identifies patients with PSVD and signs of portal
hypertension with a probability of HRV <5%, a usual threshold #!3-?6, Even if PSVD is a rare
disease, it affects predominantly young adults, in whom sparing a screening endoscopy every
two years would have an individual benefit. Two previous studies suggested the potential
interest of SSM in estimating HRV in patients with PSVD. Ferreira-Silva et al. reported SSM
by VCTE in 42 patients with non-cirrhotic portal hypertension '°, and proposed the threshold
of 35.4 kPa to affirm HRV, but with a negative predictive value of 90.9%, lower than our
model. The authors found that serum bilirubin was not different between patients with HRV
and patients without HRV. However, the population of this study was different from ours:
48% of the patients had extrahepatic portal vein obstruction. Zhou et al. performed 2D-SWE
in 86 patients with idiopathic portal hypertension and observed good performance of SSM for
estimating HRV, with a threshold of 44 kPa 7. These two studies lacked a validation cohort, a
standardized definition of idiopathic portal hypertension / PSVD, and did not assess the
interest of SSM to rule out HRV. Despite its retrospective nature, the present study could
overcome these limitations since (i) our results were obtained in a monocentric cohort of 154
patients and were thereafter validated in an independent multicenter cohort of 155 patients
with PSVD from both European and Asian countries; (ii) all patients included had PSVD
according to the VALDIG and Baveno definitions »'?, ensuring the reproducibility of our
findings; (iii) the “SSM - bilirubin model” we developed identifies patients with a very low
probability of having HRV, in whom endoscopy can be spared '3. The thresholds we chose for
the “SSM — bilirubin model” are similar to those proposed in cirrhosis 223, facilitating the
clinical applicability of our findings. Indeed, Baveno VII guidelines stated that SSM by
VCTE <40 kPa is associated with a very low probability of HRV in patients with cirrhosis .
A threshold of 1 mg/dL [17 pmol/L] for total serum bilirubin has been proposed to predict,
together with the hepatic venous pressure gradient, the outcome of patients with cirrhosis
undergoing surgical resection of hepatocellular carcinoma, justifying our choice 2. It
happened that this value was also the one that maximized sensitivity and specificity according
to the Youden index. Of note, the strong association between HRV and total serum bilirubin
we observed here was due to unconjugated serum bilirubin. This might reflect chronic
hemolysis associated with portal hypertension related to hypersplenism 2° and hematological
diseases. Contrary to the cirrhosis setting where platelet count is helpful to rule out HRV, we

observed that platelet count was associated with HRV at univariable logistic regression, but
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not at multivariable binary logistic regression analysis. Moreover, even if the models
combining SSM by VCTE and platelet count had good performances in the derivation cohort,
in the validation cohort, the model combining SSM by VCTE <40 kPa and platelet count
>110 G/L led to a rate of HRV missed >5%, and the model combining SSM by VCTE <40
kPa and platelet count >150 G/L could spare only 15% of screening endoscopies. This
difference might be explained by the prevalence of hematological conditions associated with
PSVD (25% here in both cohorts) that could affect platelet count.

In the present study, 5 patients were “false negative”, meaning they had HRV but SSM by
VCTE <40 kPa and total serum bilirubin <1 mg/dL. One of them had no other sign of portal
hypertension than HRV, so one may hypothesize that the diagnosis of HRV by endoscopy
was made by mistake. Three other patients had a SSM <40 kPa but >35 kPa. Four of these 5
patients were treated with non-selective beta-blockers, which may have reduced SSM '°.
Indeed, SSM is a dynamic surrogate of portal hypertension since it decreases following beta-
blockers instauration in patients with cirrhosis who are responders '°; we can expect similar
changes in patients with PSVD.

A limitation of our study was that we included some obese patients, some patients with a
history of ascites, and patients using NSBB. However, sensitivity analyses excluding those
patients yielded even better results. Another limitation is that we included patients with
myeloproliferative neoplasm, that is associated per se with elevated spleen stiffness values 3.
However, in this subgroup of patients, no HRV were missed with the “SSM — bilirubin
model”, but the rate of spared endoscopies was low. Finally, longitudinal validation of the
model would be useful given the relatively small number of patients with SSM by VCTE <40
kPa and total serum bilirubin <1 mg/dL in the validation cohort (n=32).

It should be noted that the "SSM — bilirubin model" was established in patients with at least
one sign of portal hypertension, and is therefore not applicable to patients without signs of
portal hypertension. In our total population of 301 patients, 3 patients (<1%) had HRV
without other signs of portal hypertension. In these patients, the use of the "SSM — bilirubin
model" would have been impossible, since upper endoscopy was necessary for the diagnosis
of PSVD. However, this limitation only affects an insignificant fraction of patients with
PSVD.

The second major finding of this study was that values of SSM by VCTE were strongly
associated with signs of portal hypertension, but not with intrahepatic lesions in patients with

PSVD. Indeed, SSM by VCTE was independently associated with platelet count in both
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cohorts and with treatment with NSBB, spleen size, and portosystemic collaterals in one of
the two cohorts. Conversely, despite the reanalysis of all the liver biopsies from the derivation
cohort by an expert pathologist, we could not identify any histological feature associated with
SSM by VCTE, contrarily to LSM by VCTE that is associated with several lesions in patients
with PSVD !4, This suggests that SSM reflects the dynamic components of portal
hypertension rather than the intrahepatic structural changes. Besides, it should be noted that
SSM by VCTE was not associated with gender, age, body mass index, ascites, associated
disorders, nor other causes of chronic liver disease, which makes SSM by VCTE a robust tool
in all patients with PSVD and portal hypertension. Moreover, in the present study, we used
the 50 Hz as well as the 100 Hz probe in both cohorts, suggesting that the type of probe does
not influence our results. This, together with the expected future wider availability of SSM in
clinical centers, will facilitate the translation of our results into routine practice. In addition,
as the knowledge and recognition of PSVD increases among physicians, we can expect that
the diagnosis of PSVD will be less often triggered by the discovery of esophageal varices, so
that the place of the “SSM — bilirubin model” will possibly grow.

The third major finding of this study was that, in patients with PSVD, SSM by 2D-SWE could
not rule out HRV with an acceptable rate of missed varices, alone or combined with serum
bilirubin. The results we obtained with SSM by VCTE can thus not be extrapolated to other
techniques of SSM.

In conclusion, in patients with PSVD and portal hypertension, a non-invasive algorithm based
on spleen stiffness measurement by VCTE <40 kPa combined with total serum bilirubin <1
mg/dL allows to identify patients with a very low probability of high-risk varices (<5%), in
whom screening endoscopy can be safely spared.
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Fig. 1. Spleen stiffness measurement by VCTE and total serum bilirubin according to
HRY status.

(A) Spleen stiffness measurement by VCTE according to HRV status

(B) Total serum bilirubin according to HRV status

Bars indicate median and interquartile range.

Abbreviations: HRV, high-risk varices; VCTE, vibration-controlled transient elastography

Statistical analysis: Comparisons were performed using Student’s t-test.
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Fig. 2. Performance of spleen stiffness measurement by VCTE to rule out high-risk
varices in patients with porto-sinusoidal vascular disorder.

False negative: patients with HRV, SSM<40 kPa and total serum bilirubin <I mg/dL; true
negative: patients without HRV, SSM<40 kPa and total serum bilirubin <1 mg/dL; true
positive: patients with HRV, and SSM >40 kPa and/or total serum bilirubin >1 mg/dL; false
positive: patients without HRV, and SSM >40 kPa and/or total serum bilirubin >1 mg/dL.
Abbreviations: HRV, high-risk varices; SSM, spleen stiffness measurement; VCTE,

vibration-controlled transient elastography

Derivation cohort— SSM =40 kPa I

Validation cohort— S5M =40 kPa I
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Fig. 3. Proposed algorithm to consider screening endoscopy in patients with PSVD
according to SSM-VCTE and total serum bilirubin.

Abbreviations: HRV, high-risk varices; NPV, negative predictive value; PSVD, porto-
sinusoidal vascular disorder; SSM, spleen stiffness measurement; VCTE, vibration-controlled
transient elastography

The rate of HRV missed was calculated as the number of patients with HRV with total serum

bilirubin <1 mg/dL and SSM by VCTE <40 kPa divided by the total number of patients with

HRV.
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Table 1. Characteristics of the patients in the derivation and validation cohorts at the

time of spleen stiffness measurement by vibration-controlled transient elastography

Derivation cohort Validation cohort

Characteristics :;'ta;lable Total g;fta;lable Total p value
n=154 n=155
(n) ( ) (n) ( )

Gender (male, %) 154 22 832 155 2? 832 0.779
Age (years) 154 65) 155 62) 0.238
. 24 (21- 25 (22-

2
Body mass index (kg/m?) 152 26) 151 27) 0.007
At least one associated disorder 154 155
(%) 154 120 (78) 149 99 (64) 0.007
Immunological disorder (%) 154 80 (52) 154 49 (33) 0.001
HIV infection (%) 153 11 (7) 155 4 (3) 0.109
Medication or toxin (%) 153 26 (17) 150 30 (19) 0.591
Hematological or prothrombotic ~ 154 38 (25) 155 39 (26) 0.816
condition (%) 11 (7) 2(1) 0.011
Genetic disorder (%)
>1 other cause of chronic liver 154 154
disease (%) 154 29 (19) 155 22 (14) 0.272
Metabolic syndrome/diabetes 154 14 (9) 154 18 (12) 0.467
(%) 8(5) 3(2) 0.218
History or active excessive 154 155
alcohol consumption (%) 154 503) 155 1(<1) 0.121
Positive HCV antibodies (%) 3(2) 1(<1) 0.371
Positive HBs antigen (%)
Ascites moderate or controlled 154 13 (8) 155 23 (15) 0.080
with diuretics (%) 153 1(<1) 155 1(<1) 1

Encephalopathy grade 1/2 of
West-Haven (%)

Non-selective beta-blockers (%) 154 46 (30) 155 46 (30) 0.970
Anticoagulation therapy (%) 154 15 (10) 155 12 (8) 0.534
Diuretic therapy (%) 154 16 (10) 155 25 (16) 0.137
Platelet count (G/L) 154 113 (74- 155 117 (73- 0.485
Hemoglobin (g/dL) 148 156) 0 183) NA

International normalised ratio 149 13 (12- 146 NA 0.005
Total serum bilirubin (mg/dL) 154 14) 155 1.1 (1.02- 0.072
Serum conjugated bilirubin 118 1.07 (1.0- 0O 1.25) NA

(mg/dL) 152 1.19) 154 0.93 0.001
Serum AST (UI/L) 153 155 (0.60- 0.998
Serum ALT (UI/L) 151 148 1.34) 0.916
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Serum ALP (UI/L)
Serum GGT (UI/L)
Serum albumin (g/L)

Serum creatinine (umol/L)

No EV (%)
Small EV (%)

High-risk varices (%) *

152
152
152

154
154
154

Spleen size in the largest axis (cm) 154

Portosystemic collaterals (%) 153
Partial occlusion of the portal 154
venous axis (%)

LSM by VCTE (kPa) 154
SSM by VCTE (kPa) 154
Use of 100 Hz probe for SSM by 154
VCTE (%) 153
Controlled attenuation parameter

of the liver (dB/m)

SSM by 2D-SWE (kPa) 84
LSPS 154

0.82
(0.53-
1.12)
0.35
(0.24-
0.47)

39 (30-
54)

32 (21-
50)

112 (74-
159)

85 (34-
133)

38 (35-
41)

70 (61-
89)

60 (39)
27 (18)
67 (43)

15 (13-
17)

101 (66)
12 (8)

8.2 (5.9-
11.3)
43.6
(30.2-
67.2)

113 (73)
205 (183-
242)

37.1
(24.6-
51.1)

1.05
(0.61-
2.32)

137
149
154

155
155
155

152
153
155

154
155
153
109

151

NA
33 (24-
44)

32 (23-
45)

107 (77-
172)

56 (32-
105)

41 (37-
43)

71 (60-
85)

62 (40)
39 (25)
54 (35)

16 (13-
18)

88 (58)
19 (12)

7.7 (6.2-
9.6)

50 (36-
70)

86 (56)
237 (196-
269)

29.8
(15.2-
52.7)

1.1 (0.52-
2.25)

0.144
<0.0001
0.702

0.852
0.102
0.119

0.010
0.126
0.191

0.317
0.068
0.002
<0.001

0.108

0.790

* defined as either large varices, small varices with red spot signs, or history of variceal band

ligation or glue injection for primary prophylaxis.

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate

aminotransferase; EV, esophageal varices; GGT, gamma-glutamyl transferase; LSM, liver

Copyright © 2024 American Association for the Study of Liver Diseases. Published by Wolters Kluwer Health, Inc. Unauthorized
reproduction of this article prohibited.



INGTGHIRA+ZMN8RAAIAYO/FOAEIOYIASALLIAIPOOAEIEAHION/AOA

UMY TXOMADUOINXYOHISABZIY 101+ NIOITWNOIZTABNHASSHNAYE AQ day/woo mm| sfeulnoly/:dny woly pspeojumoq

¥202/ST/L0 uo

stiffness measurement; LSPS, liver stiffness — spleen diameter to platelet ratio score; NA,
non-available; SSM, spleen stiffness measurement; VCTE, vibration-controlled transient

elastography.
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Table 2. Features at the time of spleen stiffness measurement by vibration-controlled
transient elastography associated with high-risk varices, defined as either large varices,
small varices with red spot signs, or history of variceal band ligation or glue injection for

primary prophylaxis, by univariable analysis

Derivation cohort Validation cohort
(n=154) (n=155)
Characteristics
No HRV HRV p No HRV HRV p
(n=87) (n=67) value (n=101) (n=54) value
Gender (male, %) 50 (57) 2; Eji? 0311 54(53) 22 82) 0.489
Age (years) 55 (41-64) 0.531 48(38-61) 0.007
67) 67)
Body mass index 24 (21- 24 (22-
(ke/m?) 24 (21-26) 26) 0.779 25 (23-28) 27) 0.225
>1 associated
disorder (%)
Immunological 65 (75) 55 (82) 0.274 62(61) 37 (69) 0.378
disorder (%) 43 (49) 37 (55) 0.475 32(32) 17 (31) 0.842
HIV infection (%) 2(2) 9 (13) 0.011 2(2) 2(4) 0.612
Medication or toxin 11 (13) 15 (22) 0.117 16 (16) 14 (26) 0.155
(%) 16 (18) 22 (33) 0.043 24 (24) 15 (28) 0.563
Hematological or
prothrombotic 5(6) 6(9) 0.443 1(1) 1(2) 1
condition (%)
Genetic disorder (%)
>1 other cause of
chronic liver disease
(%)
Metabolic 17 (20) 12 (18) 0.798 14 (14) 8 (15) 0.835
Eoy/“)dmme/ diabetes = 5 gy 7(10) 0607 13(13)  5(9) 0.504
0
Excessive alcohol > (6) 34 ! 2 1@ !
1 0
consumption (%) 5 5, 3(4) 0.653  0(0) 12) 0.348
Wive HCV 33)  0(0) 0258  1(1) 0(0) 1
antibodies (%) '
Positive HBs antigen
(%)
Ascites moderate or 7 (8) 6(9) 0.840 10 (10) 13 (24) 0.018
controlled with
diuretics (%) 1(1) 0 (0) 1 1(1) 0 (0) 1
Encephalopathy grade
1/2 of West-Haven
(%)
Non-selective beta- 6 (7) 40 (60) <0.001 16 (16) 30 (56) <0.001
blockers (%) 8(9) 7 (10) 0.795 5(5) 7(13) 0.075
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Anticoagulation 8(9) 8 (12) 0.580 13(13) 12 (22) 0.131

therapy (%)
Diuretic therapy (%)
80 (68-
125) 82 (61-
13 (12- 132)
14) NA
7 s 13285 i,
Platelet count (G/L) i 192) :
) 14 (12-15) 1.26) 1.30)
Hemoglobin <0.001 NA <0.001
1.02 (0.96- 1.0 (0.71- 1.04
INR 112) 1.53) 0.061 1.09 (1.0- (0.67- NA
Total serum bilirubin 0'71 (0.49- 0'41 <0.001 1.17) 1 68) <0.001
(mg/dL) ' ’ . <0.001 0.90 (0.59- ; 0.035
. 0.91) (0.29- NA
Serum conjugated <0.001 1.25) NA
N 0.29 (0.18- 0.53)
bilirubin (mg/dL) 0.35) NA 32 (28-
Serum AST (UI/L) ' 40 (33- 0.461 42) 0.660
Serum ALT (UI/L) 36 (28-53)  54) 0.118 33 (23-46) 32 (23- 0.979
Serum ALP (UI/L) 35(23-56) 31 (20- 0.579 32 (23-45) 42) 0.568
Serum GGT (UI/L) 0.632 102 (76- 0.629
. 114 (73- 44) 113 (84-
Serum albumin (g/L) 0.009 169) 0.321
.. 160) 107 (74- 176)
Serum creatinine 0.726 61 (34-105) 0.775
(umol/L) 86 (32-139) 156) 41 (37-44) 50 (30-
39 (36-42) 74 (35- 71 (61-85) 109)
71 (60-86) 117) 40 (36-
36 (34- 43)
41) 68 (57-
69 (63- 86)
91)
Spleen size in the
largestaxis cm) 14 (12-16) o3 0002 15013-17) 2T 0.002
. 17) 20)
Portosystemic
collaterals (%) 47 (55) <0.001 49 (49) 0.003
Partial occlusion of 3 (3) 34(1(2)5) 0.032 11(11) ;9(1(;2) 0.478
the portal venous
axis (%)
LSM by VCTE 8.5 (7.1-
(kPa) 7.1(5.8- 8.8(6.8- 7.3 (5.7- 16 3) '
SSM by VCTE 10.2) 12.5) 9.3) '
(kPa) 31.9(21.0- 65.6 (49.4- Y927 453080 630 0.032
<0.001 (51.3- <0.001
Use of 100 Hz probe 39.7) 75.0) 0.758 57.4) 75.0) 0.367
for SSM by VCTE 63 (72) 50 (75) ' 53 (54) 33'(61) '
(%) 0.020 0.220
Controlled 199 (181- 218 (186- 244 (204- 223 (194- '
attenuation 223) 257) 274)
256)
parameter of the
liver (dB/m)
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45.8

SSM by 2D-SWE  27.8 (21.2- 45.0 (32.0- 20.4 (15.0-

(kPa) adoy  sgoyE 0001 5oy 2.331'26); 0.077
0.72 (0.46- 1.64 (0.95- 0.88 (0.40- 168

LSPS i e <0001 3 50293(;- <0.001

¥ n=43; £: n=41; B: n=31; a: n=17

Abbreviations: 2D-SWE, two-dimensional shear-wave elastography; HRV, high-risk varices;
LSM, liver stiffness measurement; LSPS, liver stiffness — spleen diameter to platelet ratio
score; NA, non-available; SSM, spleen stiffness measurement; VCTE, vibration-controlled

transient elastography
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Table 3. Features at the time of spleen stiffness measurement by vibration-controlled
transient elastography associated with high-risk varices, defined as either large varices,
small varices with red spot signs, or history of variceal band ligation or glue injection for
primary prophylaxis, by multivariable binary logistic regression analysis, in the

derivation cohort

Derivation cohort

Regres.smn Standard OR 95% CI 0

coefficient error
Platelet count <110 G/L 0.272 0.500 1.312 0.492-3.496 0.587
INR >1.05 0.605 0.467 1.831 0.733-4.573 0.195
Total serum bilirubin =1 o0 0.469 2.689 1.073-6.740  0.035
mg/dL
SSM by VCTE <40 kPa 3312 0.502 27.444 10.263-73.388 ' <0.001
Constant -2.644 0.456 0.071 - <0.001

Abbreviations: CI, confidence interval; INR, international normalized ratio; OR, odds ratio;

SSM, spleen stiffness measurement; VCTE, vibration-controlled transient elastography
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Table 4. Performance of spleen stiffness measurement by vibration-controlled transient

elastography and serum bilirubin to rule out high-risk varices

SSM by VCTE Positive Negative Well-
<40 kPa.a.nd tf)tal Sensitivity  Specificity predictive predictive classified AUROC *
serum bilirubin (%) (%) value value (%)
<1 mg/dL (%) (%) 0
0.843
0,
Derivation cohort 96 64 67 95 78 89; 8%; EI
0.906)
0.714
0
Validation cohort 96 30 42 94 53 (95% CI
0.632 -
0.796)

Abbreviations: CI, confidence interval; SSM, spleen stiffness measurement; VCTE, vibration-
controlled transient elastography

* AUROC of a score where 0 refers to “SSM-VCTE <40 kPa combined with bilirubin <1
mg/dL”, 1 refers to “SSM-VCTE >40 kPa or bilirubin >1 mg/dL”, and 2 refers to “SSM-
VCTE >40 kPa and bilirubin >1 mg/dL”".

Copyright © 2024 American Association for the Study of Liver Diseases. Published by Wolters Kluwer Health, Inc. Unauthorized
reproduction of this article prohibited.



