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Abstract
Background and Aims: Porto- sinusoidal vascular disorder (PSVD) is a rare 
and commonly overlooked cause of portal hypertension. The interest of CT 
analysis, including quantification of liver surface nodularity (LSN) for PSVD 
diagnosis has not been established. This study aimed at assessing the per-
formance of LSN and CT features for a PSVD diagnosis in patients with signs 
of portal hypertension.
Approach and Results: This retrospective case- control study included a 
learning cohort consisting of 50 patients with histologically proven PSVD, ac-
cording to VALDIG criteria, and 100 control patients with histologically proven 
cirrhosis, matched on ascites. All patients and controls had at least one sign 
of portal hypertension and CT available within 1 year of liver biopsy. Principal 
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INTRODUCTION

Porto- sinusoidal vascular disorder (PSVD) is a group of 
rare diseases causing portal hypertension and charac-
terized by the absence of cirrhotic modification of liver 
parenchyma.[1] This group of entities was previously 
largely known as idiopathic noncirrhotic portal hyper-
tension. Liver histological lesions found in patients with 
PSVD include obliterative portal venopathy, hepatopor-
tal sclerosis, nodular regenerative hyperplasia, and in-
complete septal cirrhosis.[2,3] Although the widespread 
use of noninvasive tests for liver fibrosis might con-
tribute to a better recognition of PSVD, particularly by 
showing a contrast between portal hypertension and 
low liver stiffness values,[4,5] PSVD still remains com-
monly overlooked and misdiagnosed as cirrhosis.[6– 8] 
Moreover, histologic changes may be subtle at liver 
histological analysis, and the diagnosis may not be rec-
ognized in the absence of strong clinical suspicion.[9] 
Differentiating PSVD from cirrhosis has clinical impli-
cations, as management and prognosis differ between 
these two entities.[1] Identifying additional noninvasive 
tools raising suspicion of PSVD would therefore be 
useful in clinical practice. Few studies described liver 
morphological changes associated with PSVD, includ-
ing intrahepatic portal vein radicle irregularities, lack of 
visualization of intrahepatic portal vein branches, non- 
occlusive thrombosis of main portal vein, altered liver 
morphology, and absence of nodular liver surface.[10– 14] 
Recently, a software was developed to quantify liver 
surface nodularity (LSN) on routine CT images, pro-
viding quantitative measurement of irregularities of the 
liver surface.[15– 17] LSN quantification is associated 
with a high reproducibility, and increased agreement 
compared with visual assessment.[18] LSN quantifica-
tion is able to differentiate cirrhotic from noncirrhotic 
livers[15] and is associated with clinically significant 
portal hypertension in patients with cirrhosis,[17] risk of 
hepatic decompensation in patients with compensated 

cirrhosis, and increased risk of post- hepatectomy liver 
failure in patients with resectable HCC.[19] Potential in-
terest of LSN for PSVD diagnosis has not been tested. 
Moreover, clinical features and histological lesions as-
sociated with morphological changes at CT have not 
been investigated. The aims of this study were (1) to 
assess diagnostic performance of LSN and CT fea-
tures to diagnose PSVD in patients with signs of portal 
hypertension, (2) to identify clinical features and histo-
logical lesions associated with CT changes in patients 
with PSVD, and (3) to evaluate the prognostic value of 
CT changes in patients with PSVD.

PATIENTS AND METHODS

We designed a retrospective case- control study.

Patients with PSVD in the learning cohort

We included all patients with PSVD and signs of portal 
hypertension (at least one among ascites, thrombo-
cytopenia, splenomegaly, gastro- esophageal varices, 
porto- systemic collaterals at imaging[1]) who underwent 
transjugular liver biopsy between January 2011 and 
June 2018 at Beaujon Hospital (Clichy, France) and a 
multiphasic contrast- enhanced CT within 1 year of the 
liver biopsy. The protocol was performed in accord-
ance with ethical guidelines of the 1975 Declaration of 
Helsinki and was approved by the institutional review 
board (CPP Ile de France IV, Paris, France). None of 
the patients refused permission for use of their case 
records for medical research.

Diagnosis of PSVD with portal hypertension 
was based on the criteria proposed by VALDIG.[1] 
Noninclusion criteria were other causes of portal 
hypertension, as defined by VALDIG, or a history 
of transjugular intrahepatic portosystemic shunt. All 

component analysis of CT features separated patients with PSVD from pa-
tients with cirrhosis. Patients with PSVD had lower median LSN than those 
with cirrhosis (2.4 vs. 3.1, p < 0.001). Multivariate analysis identified LSN < 2.5 
and normal- sized or enlarged segment IV as independently associated with 
PSVD. Combination of these two features had a specificity of 90% for PSVD 
and a diagnostic accuracy of 84%. Even better results were obtained in an in-
dependent multicenter validation cohort including 53 patients with PSVD and 
106 control patients with cirrhosis (specificity 94%, diagnostic accuracy 87%).
Conclusions: This study that included a total of 103 patients with PSVD 
and 206 patients with cirrhosis demonstrates that LSN < 2.5 combined with 
normal- sized or enlarged segment IV strongly suggests PSVD in patients 
with signs of portal hypertension.
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biopsies from patients with PSVD were reviewed by an 
expert pathologist to rule out cirrhosis and to assess 
the presence of elementary lesions classified accord-
ing to prespecified criteria (Table S1). Extrahepatic 
conditions associated with PSVD were classified into 
categories detailed in Table S2, according to previous 
reports.[20– 23]

Control patients with cirrhosis in the 
learning cohort

Each patient with PSVD was randomly matched ac-
cording to severity of ascites and to year of liver cath-
eterization with 2 patients with histologically proven 
cirrhosis and signs of portal hypertension (same as 
patients with PSVD), who also underwent hepatic 
vein catheterization between 2011 and June 2018 at 
our center. We chose to stratify on ascites, because 
this feature is the only one associated with survival 
both in patients with PSVD and in patients with cirrho-
sis.[24] Liver samples were either liver biopsy samples 
obtained during hepatic vein catheterization or surgi-
cal specimen (liver resection or transplantation). We 
included only patients with cirrhosis related to exces-
sive alcohol consumption, chronic B or C virus infec-
tion, and metabolic associated fatty liver disease, as it 
represents most of the patients with cirrhosis seen in 
clinical practice. Noninclusion criteria were history of 
transjugular intrahepatic porto- systemic shunt, HCC 
outside Milan criteria, infection within the 15 days 
before the inclusion, and alcohol- associated hepati-
tis. As for the learning cohort, patients with cirrhosis 
were included if they had undergone a CT within 1 
year of liver sample collection.

Validation cohort

An independent multicenter validation cohort included 
53 and 106 patients with biopsy- proven PSVD and 
cirrhosis, respectively. All patients in this validation 
group met the same inclusion and noninclusion cri-
teria as those of the learning cohort, except that pa-
tients with PSVD could be included despite a duration 
between CT and biopsy exceeding 1 year, provided 
the histological diagnosis of PSVD with portal hyper-
tension was made before CT. Patients were included 
in Clichy (France) between June 2018 and 2020 (13 
with cirrhosis and 14 with PSVD), Barcelona (Spain) 
between 2003 and 2021 (21 with cirrhosis and 25 
with PSVD), Tours (France) between 2011 and 2021 
(25 with cirrhosis and 14 with PSVD), and Geneva 
(Switzerland) between 2011 and 2017 (47 with cirrho-
sis). This validation cohort was used to test the ability 
of the combination of size of segment IV with LSN to 
diagnose PSVD.

Pooled learning and validation cohorts

For sensitivity analysis, we pooled learning and vali-
dation cohorts, matched patients with PSVD 1:1 with 
patients with cirrhosis (according to age [±5 years], 
sex, ascites, and Model for End- Stage Liver Disease 
[MELD] [±3]), and tested the ability of the combination 
of size of segment IV with LSN to diagnose PSVD.

CT acquisition protocol and 
image analysis

CT acquisition protocol is detailed in the Supporting 
Methods. CT examinations from patients with PSVD 
and cirrhosis were anonymized, shuffled, and pre-
sented randomly to two radiologists (4 years of ex-
perience for each radiologist) for independent image 
review. Readers were thus not aware of clinical in-
formation nor of patients’ groups. Readers evaluated 
images qualitatively using prespecified criteria and 
classification (Table S3) on a PACS station (Directview; 
Carestream Health Inc.). Volume assessment of seg-
ment IV was performed by the visual impression of the 
reader. Another abdominal radiologist (5 years of expe-
rience) also measured transversal size of segment IV. 
Given the absence of established definition of segment 
IV atrophy, a cutoff of 40- mm transversal size of seg-
ment IV was chosen.[25]

LSN quantification

LSN quantification was performed on portal venous 
phase CT images using semiautomated CT soft-
ware (LSN Software, version 0.88; Liver Nodularity 
LLC) by two abdominal radiologists (5 and 8 years 
of experience) blinded to clinical data. The radiolo-
gist drew a region of interest of 1– 2 cm in diameter 
across the margin of the left liver surface. LSN was 
only measured on the left hepatic lobe, because LSN 
on the right and left hepatic lobes have been shown 
to be highly correlated.[18] Moreover, by choosing a 
unique anatomic region, the user is not inclined to 
choose a portion of liver with the greatest perceived 
surface nodularity, which may reduce observational 
bias.[26] The software automatically detected the 
liver edge compared with adipose tissue on the se-
lected section, and on upward and downward con-
tinuous sections by propagating the painted region 
of interest. The software automatically generated a 
smooth polynomial line to mimic the expected nor-
mal liver surface. The distance between the detected 
liver margin and the polynomial line was measured 
on a pixel- by- pixel basis, expressed in tenths of a 
millimeter. At least eight valid margin measurements 
were obtained according to previous studies.[16,27] 
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The software calculated the arithmetical mean of the 
measurements. Less than eight valid measurements 
were considered to be LSN quantification failure.[16,27]

Statistical analysis

Results are presented as median (interquartile range 
[IQR]) or absolute number (percentage). Comparisons 
between continuous variables were performed using 
Mann- Whitney U test. Comparisons between categori-
cal variables were performed using the chi- square or 
Fisher exact test, when appropriate. Correlations be-
tween quantitative variables were performed using a 
Spearman’s test. For LSN, a cutoff value of 2.5 was 
chosen based on previously published data showing 
that this value differentiates the presence and absence 
of advanced liver fibrosis.[26,28,29] The discriminative 
ability of LSN for the identification of PSVD was as-
sessed by measuring the area under the receiver 
operating characteristic curve (AUROC) with its 95% 
CI. Comparison between AUROCs was performed by 
using the DeLong method.

Interreader agreement for CT features was as-
sessed with kappa coefficients: 0.00– 0.20 indicated 
slight agreement; 0.21– 0.40, fair agreement; 0.41– 
0.60, moderate agreement; 0.61– 0.80 substantial 
agreement; and 0.81– 1.00 almost perfect agreement. 
Interreader variability for LSN measurement was as-
sessed with the intraclass correlation coefficient.

Principal component analysis of CT features was 
performed. To identify CT features associated with 
PSVD, we fitted a multivariate binary logistic regres-
sion analysis including CT features having a differ-
ent prevalence between patients with PSVD and 
with cirrhosis at univariate analysis with alpha- level 
<0.05 after Bonferroni’s adjustment for both readers 
and with data available for all patients. A model was 
also constructed with the regression coefficients of 
the variables that were independently associated with 
PSVD.

The potential ability of LSN and CT features to pre-
dict cumulative incidence of liver- related events and cu-
mulative incidence of liver transplantation or death was 
tested by fitting Cox proportional HRs in patients with 
PSVD. Patients dying without liver- related events were 
censored at death. Statistical analyses were performed 
using SPSS 20 (IBM, Chicago, IL, USA). All tests were 
two- sided and used a significance level of 0.05.

RESULTS

Patients of the learning cohort

Fifty patients with PSVD were included and com-
pared with 100 control patients with cirrhosis. Their 

characteristics at liver biopsy are summarized in Table 1 
and detailed in Supporting Results and Table S2.[30]

LSN quantification in the learning cohort

Overall, 3 (2%) patients (1 with PSVD and 2 with 
cirrhosis) had LSN quantification failure (<8 valid 
measurements) because of an insufficient adipose 
tissue- to- liver interface. LSN was lower in patients 
with PSVD than in those with cirrhosis (median: 2.4 
[IQR 2.2– 2.9] vs. 3.1 [2.6– 3.5]) (Figure 1). AUROC 
(95% CI) of LSN for the diagnosis of PSVD was 0.77 
(0.68– 0.85). Twenty- nine (59%) patients with PSVD 
had LSN < 2.5 versus 19 (19%) patients with cirrho-
sis (p < 0.001). Therefore, LSN < 2.5 identified PSVD 
with a sensitivity of 59% and a specificity of 81% 
(Table S4). Overall, this cutoff value correctly classi-
fied 108 of 147 (73%) patients. A second reader also 
found lower LSN in patients with PSVD than in those 
with cirrhosis (median: 2.4 [2.2– 2.9] vs. 2.9 [2.5– 3.4], 
respectively; p < 0.001). Intraclass correlation coef-
ficient for interreader variability was 0.97 (95% CI, 
0.96– 0.98).

Morphological CT features associated 
with PSVD in the learning cohort

For both readers, as given in Table 2, patients with 
PSVD had twice more commonly intrahepatic and/
or extrahepatic portal vein abnormalities (details are 
presented in Table S5), 6- fold more commonly splenic 
and/or mesenteric vein thrombosis, and 6- fold more 
commonly venous collaterals between hepatic veins 
than patients with cirrhosis (Figure S1). Spleen height 
was significantly higher in patients with PSVD than 
in patients with cirrhosis (16 cm vs. 14 cm and 17 cm 
vs. 14cm, p = 0.010 and p = 0.006 for reader 1 and 2, 
respectively). For both readers, patients with PSVD 
had 4- fold less commonly visual nodular liver sur-
face, 3- fold less commonly simultaneous hypertro-
phy of caudate lobe with atrophy of segment IV, twice 
less commonly hepatic artery diameter larger than 
splenic artery diameter, and twice less commonly ar-
terioportal or arteriovenous shunts, than patients with 
cirrhosis. When analyzing caudate lobe and segment 
IV separately, we observed that prevalence of atrophy 
of segment IV strongly differed between PSVD and 
cirrhosis, while hypertrophy of caudate lobe did not 
(Table 2, Figure 2). We thereafter focused on seg-
ment IV.

According to only one of the two readers, hepatic 
veins near the capsule were more common, whereas 
heterogeneous liver perfusion pattern on hepatic 
arterial phase, global atrophy, and focal retraction 
of liver surface were significantly less common in 



422 |   LSN, CONTRAST-ENHANCED CT, AND PORTO-SINUSOIDAL VASCULAR DISORDER

patients with PSVD than in patients with cirrhosis. For 
both readers, there was no difference between the 
two groups regarding the presence of porto- systemic 
shunts or abdominal porto- systemic shunts >10 mm, 
and fibrosis bands.

Combination of LSN and morphological 
CT features in the learning cohort

Principal component analysis was then applied to LSN 
and CT features, and separated patients with PSVD 
from patients with cirrhosis (Figure 3).

We then sought to determine whether LSN together 
with morphological CT features could help identify 
PSVD in patients with portal hypertension in clinical 
practice. We performed a multivariate binary logistic re-
gression analysis including LSN and CT features asso-
ciated with PSVD at univariate analysis after Bonferroni 
adjustment (i.e., p < 0.003) and with data available in 
all patients, namely only normal- sized or enlarged seg-
ment IV. Both LSN < 2.5 and normal- sized or enlarged 
segment IV were independently associated with PSVD 
(Table S6).

For reader 1, 24 of 33 (73%) patients with both 
LSN < 2.5 and a normal- sized or enlarged segment 

TA B L E  1  Characteristics of the patients of the learning cohort at liver biopsy

Characteristics

Cirrhosis (n = 100) PSVD (n = 50)

p valuena
Number (%) or median 
(IQR) na

Number (%) or median 
(IQR)

Clinical features
Age, years 100 61 (54– 65) 50 58 (39– 65) 0.067

Male gender 100 78 (78) 50 27 (54) 0.002
Diabetes mellitus 98 38 (38) 46 7 (14) 0.004
Ascites 100 50

Absent 80 (80) 40 (80)

Moderate or controlled with 
diuretics

12 (12) 6 (12) 1

Tense 8 (8) 4 (8)

History of HE 100 17 (17) 50 1 (2) 0.008
History of variceal bleeding 100 23 (23) 50 11 (22) 0.89

Beta blockers use 99 41 (41) 47 20 (43) 1

Gastroesophageal varicesb 59 42

Absent 21 (36) 14 (33)

Small 15 (25) 6 (15) 0.224

Medium or large or history of band 
ligation

23 (39) 22 (52)

HCC 100 45 (45) 50 0 (0) <0.0001
Laboratory data
Serum creatinine, µmol/l 97 69 (60– 80) 50 73 (61– 85) 0.404
Serum bilirubin, µmol/l 99 23 (12– 46) 50 13 (9– 18) <0.0001
Serum albumin, g/l 96 33 (27– 39) 47 36 (31– 41) 0.044
INR 99 1.3 (1.1– 1.6) 49 1.1 (1.0– 1.2) <0.0001
Platelet count, ×109/l 99 115 (72– 154) 48 122 (71– 209) 0.498

MELD 95 11 (9– 16) 49 8 (7– 10) <0.001
Child- Pugh score 95 46

Child- Pugh A 50 (53) 33 (72)

Child- Pugh B 27 (28) 11 (24) 0.031

Child- Pugh C 18 (19) 2 (4)

Note: Results are presented as median (interquartile range) or absolute number (percentage). Patients with cirrhosis and PSVD were matched on the severity 
for ascites. Bold indicates significant differences.
Abbreviations: IQR, interquartile range; INR, international normalized ratio; MELD, Model for End- Stage Liver Disease.
an represents the number of patients with available data.
bOnly endoscopies performed within 12 months before or after CT were considered here.
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IV had PSVD (Figure 4). This combination had 91% 
specificity (95% CI, 0.81– 0.95) for the diagnosis of 
PSVD (Table S4). Similar results were obtained with 
Reader 2 (Figure S2). When defining segment IV 
atrophy as a segment IV < 40 mm, 26 of 34 (76%) 
of patients with both LSN < 2.5 and a normal- sized 
or enlarged segment IV had PSVD. This combina-
tion had 92% specificity (95% CI, 0.85– 0.96) and an 
AUROC (95% CI) of 0.72 (0.63– 0.82) for the diag-
nosis of PSVD. This AUROC was not different from 
that obtained when combining LSN < 2.5 and a visual 
impression of normal- sized or enlarged segment IV 
(p = 0.509 and p = 0.503 for Reader 1 and Reader 2, 
respectively). Sensitivity analysis showed that com-
bination of LSN < 2.5 with normal- sized or enlarged 
segment IV remained associated with PSVD when re-
stricting the analyses to patients without HCC (spec-
ificity 90% [95% CI, 0.79– 0.97]), or to patients with 
Child- Pugh A liver disease (specificity 88% [95% CI, 
0.75– 0.95]). When restricting the analysis to patients 
fulfilling idiopathic noncirrhotic portal hypertension 
criteria, the same results were also obtained (spec-
ificity 91% [95% CI, 0.83– 0.96]).

LSN ≥ 2.5 combined with atrophy of segment IV had 
a 70% (95% CI, 0.60– 0.80) sensitivity, 82% (95% CI, 
0.68– 0.91) specificity, a positive and negative predic-
tive value of 88% (95% CI, 0.81– 0.93) and 58% (95% 

CI, 0.50– 0.66) respectively, and a positive and negative 
likelihood ratios of 3.83 (95% CI, 2.10– 7.01) and 0.36 
(0.26– 0.51), respectively, for cirrhosis. AUROC (95% 
CI) of LSN ≥ 2.5 combined with atrophy of segment IV 
for the diagnosis of cirrhosis was 0.76 (0.68– 0.84). The 
9 patients with PSVD with both LSN ≥ 2.5 and an at-
rophy of segment IV had features suggesting a more 
severe liver disease than the 40 patients without such 
combination (Table S7). Among these 9 patients, 3 had 
a cause for cirrhosis, but without incomplete septal fi-
brosis at liver biopsy.

Overall, the size of segment IV and LSN had a diag-
nostic accuracy of 84% (Figure 4).

Of the 49 patients with PSVD, 34 had available liver 
stiffness measurement using transient elastography. 
Twenty- two of them had liver stiffness measurement 
<10 kPa. Of the 12 patients with liver stiffness mea-
surement ≥10 kPa, 4 had LSN < 2.5 combined with a 
normal- sized or enlarged segment IV, and none had 
LSN ≥ 2.5 combined with atrophy of segment IV.

Clinical, laboratory, and 
hemodynamic and histological features 
associated with CT features in patients 
with PSVD in the learning cohort

We then performed a detailed analysis of clinical and 
laboratory data associated with CT features. As shown 
in Figure S3, intrahepatic and or extrahepatic vein ab-
normalities, splenic and/or mesenteric vein thrombosis, 
and global atrophy of the liver were associated with as-
cites with or without low serum albumin and increased 
serum creatinine. Abdominal portosystemic shunts >10 
mm, atrophy of segment IV, and LSN ≥ 2.5 were asso-
ciated with features of liver dysfunction including high 
serum bilirubin level with or without increased inter-
national normalized ratio. Conditions associated with 
PSVD (immunological conditions vs. other causes) 
and HVPG (≥10 mm Hg) were not associated with any 
CT features (Table S8). The only association between 
pathological findings with CT features was portal ven-
ules stenosis with LSN (p = 0.015). For all other patho-
logical features, there was no association or a strong 
disagreement between the two readers (Figure S4).

Validation cohort

We then tested the ability of LSN < 2.5 alone or in com-
bination with normal- sized or enlarged segment IV to 
diagnose PSVD in an independent cohort including 
53 patients with PSVD and 106 patients with cirrhosis, 
matched on ascites. Characteristics of the patients are 
presented in Table S9.

Valid LSN quantification was obtained in 51 (96%) pa-
tients with PSVD and 101 patients (95%) with cirrhosis. 

F I G U R E  1  Liver surface nodularity quantification in patients 
with porto- sinusoidal vascular disorder (PSVD) (learning cohort 
n = 49; validation cohort n = 51) and cirrhosis (learning cohort 
n = 98; validation cohort n = 101). Three and 7 patients in the 
learning cohort and validation cohorts did not have valid liver 
surface nodularity quantification, respectively
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LSN was lower in patients with PSVD than in those with 
cirrhosis (Figure 1). AUROC (95% CI) of LSN for PSVD 
was 0.84 (0.77– 0.91). Thirty- three (65%) patients with 
PSVD had LSN < 2.5, versus 11 (11%) patients with 
cirrhosis (p < 0.001). Therefore, LSN < 2.5 identified 
PSVD with a sensitivity of 65% and a specificity of 89% 
(Table S4). Overall, this cutoff value correctly classified 
123 of 152 (81%) patients.

Twenty- four of the 30 (80%) patients with LSN < 2.5 
combined with normal- sized or enlarged segment IV 
had PSVD. This combination had a specificity of 94% 
(95% CI, 0.88– 0.98) for the diagnosis of PSVD (Table 

S4). LSN ≥ 2.5 combined with atrophy of segment 
IV had a 63% sensitivity (95% CI, 0.52– 0.72), 86% 
specificity (95% CI, 0.73– 0.94), a positive and nega-
tive predictive value of 90% (95% CI, 0.82– 0.95) and 
54% (95% CI, 0.47– 0.60), respectively, and a positive 
and negative likelihood ratio of 4.54 (95% CI, 2.25– 
9.19) and 0.44 (0.33– 0.57), respectively, for cirrhosis. 
AUROC (95% CI) of LSN ≥ 2.5 combined with atrophy 
of segment IV for the diagnosis of cirrhosis was 0.74 
(0.66– 0.82).

Overall, LSN and size of segment IV had a diagnos-
tic accuracy of 87% (Figure 4).

TA B L E  2  Morphological CT features in patients with PSVD and with cirrhosis of the learning cohort

CT features

Reader 1 Reader 2

Kappa (%)
Cirrhosis 
(n = 100)

PSVD 
(n = 50) p value

Cirrhosis 
(n = 100)

PSVD 
(n = 50) p value

Intrahepatic and/or extrahepatic 
portal vein abnormalitiesa

11 (11) 13 (26) 0.018 8 (8) 11 (22) 0.015 76

Splenic and/or mesenteric vein 
thrombosis

2 (2) 7 (14) 0.007 3 (3) 9 (18) 0.003 85

Porto- systemic shunts 89 (89) 43 (86) 0.594 95 (95) 43 (86) 0.106 48

Venous collateral between hepatic 
veins

3 (3) 7 (14) 0.031 1 (1) 6 (12) 0.005 56

Not assessable 6 (6) 2 (4) 0 (0) 1 (2)

Hepatic veins near the liver capsule 12 (12) 11 (22) 0.114 8 (8) 13 (26) 0.002 46

Not assessable 5 (5) 2 (4) 0 (0) 1 (2)

Hepatic artery diameter (mm) 6 (5– 7) 5 (4– 6) <0.0001 5 (5– 6) 5 (4– 6)b 0.006
Hepatic artery diameter ≥ splenic 

artery diameter
76 (76) 24 (48) 0.004 80 (80) 22(44) <0.0001 77

Not assessable 0 (0) 4 (8) 0 (0) 6 (12)
Heterogeneous liver hyperenhancement 

on arterial phase
35 (35) 8 (16) 0.076 51 (51) 10 (20) 0.009 57

Not assessable 1 (1) 10 (20) 0 (0) 12 (24)

Arterioportal or arteriovenous 
shunts

33 (33) 6 (12) 0.029 42 (42) 9 (18) 0.046 61

Not assessable 1 (1) 10 (20) 0 (0) 12 (24)
Abdominal portosystemic shunts >10 

mm
29 (29) 22 (44) 0.068 30 (30) 19 (38) 0.325 88

Atrophy of segment IV 80 (80) 14 (28) <0.0001 85 (85) 12 (24) <0.0001 90
Hypertrophy of caudate lobe 91 (91) 41 (82) 0.11 93 (93) 41 (82) 0.04 93

Hypertrophy of caudate lobe with 
atrophy of segment IV

76 (76) 13 (26) <0.0001 82 (82) 11 (22) <0.0001 89

Global atrophy 17 (17) 2 (4) 0.024 17 (17) 3 (6) 0.062 50

Nodular liver surface 74 (74) 9 (18) <0.0001 77 (77) 10 (20) <0.0001 86
Focal retraction of liver surface 44 (44) 11 (22) 0.008 28 (28) 9 (18) 0.18 54

Spleen height (cm)c 14 (12– 16) 16 (12– 20) 0.01 14 (14– 16) 17 (11– 20) 0.006
Fibrosis band 32 (32) 8 (16) 0.127 41 (41) 8 (16) 0.132 66

Not assessable 1 (1) 9 (18) 8 (8) 22 (44)

Note: Results are presented as median (IQR) or absolute number (percentage). Bold indicates significant differences.
aDetails are provided in Table S4.
bAvailable in 49 patients
cAvailable in 46 patients with PSVD; 4 patients were splenectomized; available in all patients with cirrhosis.
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Pooled learning and validation cohorts

For sensitivity analyses, 54 patients with PSVD were 
matched on age, sex, ascites, and MELD to 54 patients 
with cirrhosis. We observed that LSN was lower in pa-
tients with PSVD than in those with cirrhosis (median: 
2.4 [IQR 2.2– 2.7] vs. 2.9 [2.5– 3.3], p < 0.001). AUROC 

(95% CI) of LSN for the diagnosis of PSVD was 0.76 
(0.66– 0.85). LSN < 2.5 combined with normal- sized 
or enlarged segment IV was more common in patients 
with PSVD (26 of 54, 48%) than in patients with cirrho-
sis (7 of 54, 13%) (p < 0.001) and had a specificity of 
87% (95% CI, 0.75– 0.95) for diagnosis of PSVD (Table 
S4).

Model based on LSN and CT features to 
identify PSVD

LSN and normal- sized or enlarged segment IV being 
independently associated with PSVD, we built the fol-
lowing model: 1.277 × LSN + 1.832 × Segment IV based 
on Reader’s 1 assessment. Segment IV was quoted 1 
when atrophy of segment IV was present, and 0 oth-
erwise. AUROC of this model was 0.82 (0.75– 0.90) 
and 0.83 (0.76– 0.90) in the learning and validation co-
hort respectively for reader 1. Using Delong method, 
AUROC of this score was better than AUROC of LSN 
alone for diagnosis of PSVD in the learning cohort 
(p = 0.03), but not in the validation cohort (p = 0.75).

Outcomes in patients with PSVD

Median duration of follow- up after PSVD diagnosis 
was 42 (1– 53) months. During that period of time, 12 
patients had liver- related events, including portal hy-
pertension hemorrhage (n = 3), appearance (n = 4) or 
worsening (n = 4) of ascites, and HE (n = 2). One pa-
tient simultaneously developed ascites and HE. Four 
patients underwent liver transplantation and 13 patients 
died (including 7 after liver- related events). All liver 
transplantations occurred after liver- related events. 
LSN, as a continuous variable, tended to be associ-
ated with cumulative incidence of liver- related events 
(p = 0.075) and was associated with cumulative inci-
dence of liver transplantation or death (HR: 2.6, 95% CI 
1.0– 6.5, p = 0.049). However, these associations with 
patient’s outcome were not observed when analyzing 
LSN as a binary variable, using 2.5 as a threshold (data 
not shown).

DISCUSSION

Despite the rarity of PSVD, the present retrospective 
study— by joining the efforts of four reference centers 
for vascular liver disease— was able to include a large 
number of patients with PSVD with portal hypertension 
and CT. This allowed for identifying and validating CT 
features useful to suspect PSVD in the diagnostic work-
 up of patients with portal hypertension, namely, com-
bination of LSN < 2.5 with normal- sized or enlarged 
segment IV. We also observed that global imaging 

F I G U R E  2  CT images in patients with cirrhosis (A,B) and in 
patients with PSVD (C,D). (A) Axial contrast- enhanced CT during 
the portal venous phase shows an atrophy of segment IV (black 
arrow). (B) Axial contrast- enhanced CT during the portal venous 
phase in the same patient shows a nodular liver surface (white 
box). (C) Axial contrast- enhanced CT during the portal venous 
phase shows a normal- sized or enlarged segment IV (black arrow). 
(D) Axial contrast- enhanced CT during the portal venous phase in 
the same patient shows a smooth liver surface (white box)

F I G U R E  3  Principal component analysis of CT features, 
including liver surface nodularity quantification, in patients with 
PSVD and in patients with cirrhosis. Abbreviation: PC, principal 
component
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pattern of PSVD was different from cirrhosis and that 
some CT features were associated with PSVD severity.

The first major finding of the present study was that 
LSN strongly differs between patients with PSVD and 
those with cirrhosis, LSN < 2.5 suggesting PSVD in 
patients with signs of portal hypertension. Absence 
of visual nodular liver surface has been described 
as associated with PSVD by several independent 
groups.[11,13,14] However, diagnostic accuracy of this 
finding for PSVD was not tested. LSN was initially devel-
oped as a noninvasive test for diagnosis and prognosis 
of cirrhosis.[15,18,26] This score reflects major architec-
tural changes occurring during cirrhosis development, 
including progressive liver fibrosis and formation of 
regenerative liver nodules.[26] Our group extended 
LSN field of application and showed a high diagnostic 
performance of LSN for detecting clinically significant 
portal hypertension.[16,17] LSN has several advantages 
as compared with other existing tests: the possibility 
of performing a retrospective analysis at routine CT 
without dedicated acquisition protocol, rapid measure-
ment (<2 min) without advanced postprocessing, and 
excellent reproducibility and interobserver agreement 
in cirrhosis.[17] We demonstrate here that LSN also has 
an excellent interobserver agreement in patients with 
PSVD. In the present study, contrary to most previous 
studies,[10– 14] patients with PSVD and cirrhosis were 
matched on severity of liver disease reflected by as-
cites. Indeed, ascites is the only feature associated 
with survival both in patients with PSVD and in patients 
with cirrhosis.[24] As patients with PSVD have a more 
preserved liver function and are supposed to develop 
ascites later in the disease course than patients with 
cirrhosis, we can speculate that a higher portal pres-
sure is required to produce a similar level of ascites 
in patients with PSVD than in patients with cirrhosis. If 
this hypothesis were true, it would further reinforce the 

value of our findings. Indeed, in patients with cirrhosis, 
LSN correlates with portal pressure.[17] Therefore, if pa-
tients with cirrhosis had a lower portal pressure than 
patients with PSVD, it would translate into lower LSN 
score. We actually observed the opposite. Furthermore, 
sensitivity analyses performed after matching patients 
with PSVD and cirrhosis on age, sex, and MELD on top 
of ascites gave similar results, attesting to the robust-
ness of this finding.

The second major finding of this study was that 
LSN < 2.5 combined with normal- sized or enlarged seg-
ment IV has over 90% specificity for PSVD in patients 
with signs of portal hypertension. Although previous 
studies pointed to the absence of simultaneous hyper-
trophy of the caudate lobe and atrophy of segment IV 
being associated with PSVD, we showed here that all 
diagnostic information was carried by segment IV size. 
This might further simplify applicability of these crite-
ria in routine practice. Assessment of segment IV size 
performed by the visual impression of the reader was 
as accurate as a measurement. Although specificity of 
these features for diagnosis of PSVD was high, a note of 
caution is needed. Prevalence of cirrhosis being much 
higher in the general population than that of PSVD, 
identifying these two CT features does not deter from 
performing a liver biopsy in patient with signs of portal 
hypertension. Indeed, the high prevalence of PSVD in 
our study, related to the case- control design, might lead 
to a spectrum bias affecting sensitivity and specificity 
of the diagnostic criteria we propose.[31] These imaging 
features should rather be viewed as tools to be added 
to the set of features that should raise a suspicion of 
PSVD. In particular, this association can be comple-
mentary to liver stiffness measurement using transient 
elastography. Indeed, 4 of the 12 patients with PSVD 
and liver stiffness measurement ≥10 kPa had LSN < 2.5 
combined with normal- sized or enlarged segment IV. 

F I G U R E  4  Interest of normal- sized or enlarged segment IV combined with LSN < 2.5 for the diagnosis of PSVD in patients with signs of 
portal hypertension. Three and 7 patients in the learning cohort and validation cohort, respectively, did not have valid LSN quantification

Diagnostic accuracy: 93/111 = 84% Diagnostic accuracy: 87/100 = 87%

Patients with signs of portal 
hypertension (n=150)

LSN < 2.5 or
normal-sized or 

enlarged segment 
IV

PSVD= 16
Cirrhosis= 20

LSN ≥ 2.5 and
atrophy of segment 

IV
Cirrhosis: 69/78 

(88%)

Learning cohort

LSN < 2.5  and
normal-sized or 

enlarged segment 
IV

PSVD: 24/33 (73%)

Consider liver 
biopsy

Low probability 
of PSVD

Consider liver 
biopsy

Especially in patients with 
no cause for cirrhosis or 
extrahepatic condition 
associated with PSVD

Patients with signs of portal 
hypertension (n=159)

LSN < 2.5 or
normal-sized or 

enlarged segment 
IV

PSVD= 20
Cirrhosis= 32

LSN ≥ 2.5 and
atrophy of segment 

IV
Cirrhosis: 63/70 

(90%)

Validation cohort

LSN < 2.5 and
normal-sized or 

enlarged segment 
IV

PSVD: 24/30 (80%)

Consider liver 
biopsy

Low probability 
of PSVD

Consider liver 
biopsy

Especially in patients with 
no cause for cirrhosis or 
extrahepatic condition 
associated with PSVD
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Such a contrast between liver stiffness measurement 
and CT features should question diagnosis of cirrhosis 
and prompt physicians to perform a liver biopsy. Other 
CT features rarely observed in patients with cirrhosis 
could help raise suspicion of PSVD (i.e., extension of 
portal vein thrombosis to splenic and/or mesenteric 
veins and venous collaterals between hepatic veins). 
The latter likely corresponds to the hepatic vein- to- vein 
communications reported at hepatic venography in 
50% of patients with PSVD and rarely in patients with 
cirrhosis.[32]

The third major finding of the present study was the 
correlation between CT features and liver- disease se-
verity. Patients with PSVD, but harboring CT features 
normally found in cirrhosis patients (i.e., LSN ≥ 2.5 or 
atrophy of segment IV) had more advanced liver dis-
ease as attested by more frequent ascites and higher 
serum bilirubin and international normalized ratio levels. 
Moreover, we observed that LSN was associated with 
cumulative incidence of liver transplantation or death. 
These results are reminiscent of a previous study by 
Krishnan et al., who studied CT and MRI features in 
18 patients with PSVD. Nodular liver surface was ob-
served in all 4 patients who underwent liver transplan-
tation versus only 1 of the 14 other patients who did 
not.[13] In contrast, almost no correlation was found be-
tween CT features and liver histological lesions, sug-
gesting that mechanisms driving macroscopic changes 
in PSVD might differ from those leading to microscopic 
modifications.

In conclusion, in patients with signs of portal hyper-
tension, LSN < 2.5, combined with normal- sized or en-
larged segment IV on CT raise the suspicion of PSVD 
and should therefore encourage physicians to perform 
a liver biopsy. Some CT features classically associated 
with cirrhosis are associated with liver- disease severity 
in patients with PSVD.
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