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Background & Aims: Liver sinusoidal obstruction syndrome (SOS) is a well-established complication of myeloablative
conditioning regimens used in hematopoietic stem cell transplantation. Hepatic venous pressure gradient (HVPG) >10 mmHg
was described as an accurate diagnostic tool for SOS in the 1990s. However, epidemiology and presentation of SOS have
dramatically changed. Moreover, elementary histological lesions influencing HVPG are unknown.
Methods: We retrospectively analyzed the charts of all patients who underwent transjugular liver biopsy with HVPG mea-
surement for a clinical suspicion of SOS at our center. Two expert pathologists unaware of the presence or absence of SOS
reviewed all liver samples and graded elementary histological lesions according to a semi-quantitative scoring defined a priori.
Results: Out of the 77 included patients, the 30 patients with SOS had higher HVPG than the 47 patients without SOS (median
14mmHg [IQR10-18], vs.6mmHg [3-9], respectivelyp <0.001).HVPG>10mmHghad a specificityof 78%andapositivepredictive
value of 66% for the diagnosis of SOS. However, almost 40% of the patients with SOS had an HVPG <−10 mmHg. HVPG correlated
with sinusoidal congestion (r = 0.57; p = 0.001) and hepatocyte necrosis (r = 0.42; p = 0.02), but not with other lesions.
Conclusion: Even though HVPG is higher in patients with SOS, low HVPG values do not rule out SOS. Thus, HVPG cannot be
used alone, and should be combined with transjugular liver biopsy, for the diagnosis of SOS.
Lay summary: Hepatic venous pressure gradient >10 mmHg has been described as an accurate tool for the diagnosis of liver
sinusoidal obstruction syndrome after hematopoietic stem cell transplantation. This study shows that the sensitivity and
specificity of hepatic venous pressure gradient measurement for sinusoidal obstruction syndrome are insufficient, so that liver
pressure measurement should be combined with a liver biopsy in this setting.
© 2022 The Author(s). 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
Sinusoidal obstruction syndrome (SOS) is a well-established
complication of myeloablative conditioning regimens used in he-
matopoietic stem cell transplantation (HSCT). SOS is caused by
toxic injury to sinusoidal endothelial cells and characterized
morphologically by a loss of sinusoidal wall integrity with conse-
quent sinusoidal congestiveobstruction,withorwithoutocclusion
of the centrilobular veins.1

Signs regarded as suggestive of SOS include weight gain (fluid
retention with or without ascites), tender hepatomegaly and
jaundice, occurring classically in the first months after HSCT.1–3

However, SOS can occur later and these signs are not specific in
the context of HSCT. Clinically, SOS ranges from the absence of
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symptoms, to features of portal hypertension and severe multi-
organ dysfunction, potentially leading to death. The European
Association for the Study of the Liver Clinical Practice Guidelines
on vascular diseases of the liver thus considered that diagnosing
SOS following HSCT remains challenging.1,4 These guidelines, as
well as the American Association for the Study of Liver Diseases
Guidelines, suggest that a hepatic venous pressure gradient
(HVPG) >10 mmHg can help identify patients with SOS.5–7 The
New European Society for Blood and Marrow Transplantation
criteria for SOS/veno-occlusive disease diagnosis in adults also
takes hemodynamics into account. These statements are based on
only three studies from the 1990s.6–8 However, the spectrum of
SOS has changed since that period as its incidence following HSCT
has decreased from 50% to 15% and conditioning regimens have
changed, with an increased proportion of reduced-intensity con-
ditioning regimens.9–11 Recent experimental studies have clarified
the pathogenesis of the disease, shifting from a centrilobular vein
involvement paradigm towards a model including hepatic sinu-
soid lesions as a pivotal mechanism.12,13 This change in SOS pop-
ulation over the last 25 years prompted us to revisit the diagnostic
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Fig. 1. HVPG in 77 patients with a clinical suspicion of SOS and correlation between HVPG and histological lesions in 30 patients with SOS. (A) Mann-
Whitney test used. (B to F) Spearman test used. Black bars represent median and IQR. Histological lesions were graded according to a semi-quantitative
scoring defined a priori: grade 0, no lesion; grade 1, non-extensive perivenular lesions limited to centrilobular sinusoids; grade 2, extensive lesions affecting
centrilobular areas up to mediolobular sinusoids; grade 3, severe sinusoidal lesions extending to periportal zones. HVPG, hepatic venous pressure gradient; SOS,
sinusoidal obstruction syndrome.
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value of HVPG in SOS as well as to determine elementary histo-
logical features that influence HVPG.
Patients and methods
Patients
We retrospectively analyzed the charts of all the patients referred,
between 1993 and August 2017, from hematology departments in
theParis area toour liverhemodynamic laboratory for transjugular
liver biopsy and HVPGmeasurement due to a clinical suspicion of
SOS. Suspicion of SOS was based on one or more of the following
criteria, occurring within 6 months after HSCT: bilirubin
>34.2 lmol/L, detectable ascites, suspicion of SOS by the hema-
tologist in charge of the patient. We did not choose the Seattle or
Baltimore criteria since these scores have an unclear sensitivity
and specificity, as reviewed elsewhere.1,2 The protocol was per-
formed in accordance with ethical guidelines of the 1975 Decla-
ration of Helsinki and was approved by the institutional review
board (CPP Sud Méditerranée, France).
Hemodynamic evaluation
Detailed methods for hemodynamic evaluation are provided in
the supplementary methods. Wedge hepatic venous pressure
was measured using straight catheters between 1993 and 2012,
and balloon occlusion catheters from 2013.
JHEP Reports 2022
Histological analysis
Detailed methods for histological analysis are provided in the
supplementary methods and Fig. S1. Briefly, all liver samples
were retrospectively reviewed by two expert pathologists (DCH
and VP) unaware of the presence or absence of SOS.

As we included early- and late-onset SOS, SOS was defined
as: (a) dilation and engorgement of sinusoids with extravasation
of red cells, associated with various perivenular and/or central
vein changes, including frank necrosis of perivenular hepato-
cytes, sinusoidal fibrosis as well as subendothelial edema and
hemorrhage in the venule wall; or (b) fibrous obstruction of the
central vein associated or not with other lesions. Intensity and
extent of the lesions were assessed through gradation of the
following histological features: sinusoidal dilatation, sinusoidal
congestion, sinusoidal fibrosis, hepatocytes necrosis, fibrous
obstruction of central veins.
Statistical analysis
Unless otherwise stated, quantitative variables were expressed
as median (IQR) and categorical variables as frequencies. Com-
parisons of independent quantitative and qualitative variables
between groups were performed using the Mann-Whitney test
and the Chi-square or Fisher exact tests as appropriate,
respectively. The diagnostic performance of HVPG >10 mmHg, a
threshold previously proposed,4 was assessed using sensitivity,
2vol. 4 j 100558



Table 1. Diagnostic performance of HVPG for the diagnosis of sinusoidal obstruction syndrome.

Shulman6 Carreras7,8 Kis14 Present study

Total number of included patients 47 59 141 77
Number with SOS 23 17 44 30
HVPG in patients with SOS (mean ± SD mmHg) 13.5 ± 7.4 12.1 ± 5.7 16.2 ± 9.2 13.5 ± 5.7
Sensitivity of HVPG >10 mmHg 12/23 (52%) 11/18 (61%)-14/17 (82%)1 77%2 19/30 (63%)
Specificity of HVPG >10 mmHg 22/24 (91%) 12/12 (100%) 91%2 37/48 (78%)
PPV of HVPG >10 mmHg 12/14 (86%) 11/11 (100%) 76%2 19/29 (66%)
NPV of HVPG <−10 mmHg 22/33 (67%) 12/19 (63%) 92%2 37/48 (77%)

HVPG, hepatic venous pressure gradient; NPV, negative predictive value; PPV, positive predictive value; SOS, sinusoidal obstruction syndrome.
1 Carreras et al. studies with different sensitivities reported were combined here in the table.
2 Absolute numbers were not available in the Kis et al. study.13
specificity, positive predictive value and negative predictive
value. The relation between the HVPG and histological lesions
of SOS was evaluated using Spearman Rho coefficient. All sta-
tistical tests were 2-sided. P values <0.05 were considered to be
statistically significant. Statistical analyses were performed us-
ing the SPSS statistical package 16.0 software (SPSS Inc., Chi-
cago, IL, United States) and GraphPad Prism 5 software,
respectively.
Results
Characteristics of the patients
During the study period, 77 patients were referred to our he-
modynamic laboratory for a clinical suspicion of SOS and
included in the analysis (population characteristics available in
Table S1). Patients included before 2012 had more pronounced
liver blood test abnormalities, but the prevalence of SOS and
HVPG values were similar between the two periods of time
(Table S2).

Thirty patients had SOS confirmed at histological examination
of liver biopsy. In the other 47 patients, the main histological
diagnosis was graft vs. host disease (n = 26), inflammatory
hepatitis (n = 4, including 1 viral hepatitis), hemophagocytic
lymphohistiocytosis (n = 2), malignant hemopathic infiltration of
the liver (n = 2), drug-induced steatosis (n = 2), non-alcoholic
steatohepatitis (n = 1), spongiosis (n = 1) and non-contributive
liver biopsy (n = 9).

Performance of HVPG for the diagnosis of SOS
Patients with SOS had a higher HVPG than those without.
However, almost 40% of the patients with SOS had an HVPG
<−10 mmHg (Fig. 1). Therefore, the threshold of HVPG >10 mmHg
had a specificity of 78% and a positive predictive value of 66% for
the diagnosis of SOS (Table 1).

Of the 77 patients, the precise duration between HSCT and
liver biopsy was available in 53 patients. Restricting the analyses
to patients who had a liver biopsy within 3 months after HSCT
(n = 47) gave similar results (specificity 78%, positive predictive
value 67%). Restricting the analyses to patients suspected of
having late-onset SOS (>21 days after HSCT (n = 40)) also gave
similar results (specificity 81%, positive predictive value 62%).
Considering HVPG >−10 mmHg instead of >10 mmHg gave similar
results as well (specificity 76%, positive predictive value 67%).

Features influencing HVPG in patients with SOS
We then investigated clinical, laboratory and histological fea-
tures influencing HVPG in the 30 patients with histologically
proven SOS.
JHEP Reports 2022
As shown in Table S3, patients with SOS and HVPG >10 mmHg
displayed more features of liver dysfunction than patients with
HVPG <−10 mmHg, as attested by higher serum bilirubin level (79
[29-277] vs. 30 [13-54]; p = 0.045) and lower prothrombin index
(67.5 [53-85] vs. 88 [83-99]; p = 0.02). No other difference in
clinical and laboratory features was found between the two
groups. Duration between HSCT and liver biopsy was not asso-
ciated with HVPG.

Regarding histological lesions, sinusoidal congestion (r = 0.57;
p = 0.001) and hepatocyte necrosis (r = 0.42; p = 0.02) correlated
with HVPG (Fig. 1B-F), while sinusoidal dilatation, sinusoidal
fibrosis, sinusoidal obstruction did not. Nodular regenerative
hyperplasia (observed in 3 patients), steatosis (observed in 4
patients) and bile deposits (observed in 10 patients) were not
associated with HVPG (data not shown).
Discussion
Patientswith a clinical suspicion of SOS followingHSCTcommonly
have severe thrombocytopenia. Being minimally invasive, HVPG
measurement has been proposed as a marker of SOS.5–7 Even
thoughwe found in the present study that patients with SOS have
higher HVPG than those without, the diagnostic performance of
HVPG alone is not high enough to replace liver biopsy.

The major finding of the present study is the observation that
HVPG lacks sensitivity for the diagnosis of SOS. Comparison of
our results with those from previous studies is presented in
Table 1. Sensitivity of HVPG for the diagnosis of SOS was uni-
formly shown to be limited. For instance, almost 40% of the pa-
tients with SOS had HVPG <−10 mmHg in the present study. Low
HVPG values thus do not rule out SOS. The specificity of HVPG for
the diagnosis of SOS has varied across studies, with older studies
reporting high levels of specificity and high positive predictive
values (Table 1).6–8,13,14 Although no definite explanation for this
variation can be put forward, we can speculate that SOS was
more severe in older studies than in ours, as conditioning regi-
mens were more intensive at that time than currently.10 Com-
parison of disease severity is limited as liver blood tests were not
reported in older studies. Still, our observation that patients with
SOS and HVPG >10 mmHg have significantly more pronounced
features of liver dysfunction and more intense sinusoidal
congestion and hepatocyte necrosis than those with SOS and
HVPG <−10 mmHg is consistent with this view.

SOS has also been described following oxaliplatin chemo-
therapy regimens used for downstaging colorectal liver metas-
tases.1,15 Since presentation of SOS related to oxaliplatin is
different from that of SOS following HSCT, our results cannot be
extrapolated to oxaliplatin-related SOS.
3vol. 4 j 100558
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Our study bears limitations. First, as patients were referred to
our liver hemodynamic laboratory only to perform transjugular
liver biopsy with HVPG measurement, we did not have detailed
information on HSCT conditioning regimens, nor on patients’
outcome following the procedure, including the potential link
between HVPG and response to defibrotide. Second, the retro-
spective nature of our study spanning over two decades might
have introduced biases related to changes in conditioning regi-
mens or HVPG measurement technique. Yet, comparison of the
two periods of time, namely before and after 2012 – when we
changed our HVPG measurement technique – did not reveal
obvious differences in HVPG values nor in the prevalence of SOS.
Changes in conditioning regimen over time might account for
the differences in laboratory values observed between the two
periods of time (Table S2). Third, non-invasive tests, including
liver stiffness measurement, were not available in our patients.
JHEP Reports 2022
In recent years, non-invasive methods have been proposed for
prediction and early diagnosis of SOS.16–20 Future studies should
determine strategies combining non-invasive tests with HVPG
measurement and transjugular liver biopsy, to improve diagnosis
of SOS.

In conclusion, even though HVPG is higher in patients with
SOS, HVPG cannot be used alone as a diagnostic clue for SOS after
HSCT, considering the results of our study and data available in
the literature. Indeed, a non-negligible proportion of patients
with SOS are not detected efficiently by this method, especially
non-severe SOS. Therefore, HVPG measurement does not obviate
the need for a transjugular liver biopsy in patients with a sus-
picion of SOS following HSCT. Recent reports on the safety of
transjugular liver biopsy in patients who have undergone HSCT
support this perspective.21,22
Abbreviations
HSCT, hematopoietic stem cell transplantation; HVPG, hepatic venous
pressure gradient; NPV, negative predictive value; PPV, positive predic-
tive value; SOS, sinusoidal obstruction syndrome.
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