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Abstract

Background: Liver stiffness measurement (LSM) using transient elastography (TE) is a common noninvasive
method for assessing hepatic fibrosis. The purpose of this study was to show the utility of LSM in the evaluation
and short-term follow-up of Budd-Chiarri syndrome (BCS) patients as well as to investigate the relationships
between LSM, hepatic venous pressure, and liver fibrosis. We conducted a prospective cohort study in which 25
patients with a confirmed diagnosis of primary BCS underwent endovascular intervention for BCS treatment. All
patients had pressure gradient changes across the stenosed hepatic veins/inferior vena cava (HV/IVC) measured
before and after the procedure, a transvenous liver biopsy during the procedure, and LSM (using Transient
Elastography 3 days before and 3 months after the intervention as a short-term follow-up). Comparisons and
correlations were made between liver stiffness, hepatic venous pressure, and fibrosis.

Results: The HV/IVC pressure gradient measured immediately before and after the intervention had a direct
proportionate correlation with the LS measured 3 days before and 3 months after the intervention (r = 0.41 & 0.44,
p: 0.04 & 0.03, respectively). LSM drops significantly 3 months after intervention (from 51.62 ± 22 kPa to 28.80 ±
19.25 kPa (p: 0.001)). There is a significant improvement in LSM post-intervention among patients with moderate to
severe fibrosis (METAVIR scores of ≥ F2 before intervention (p: 0.001).

Conclusions: LSM in BCS patients reflects congestion rather than fibrosis stage. TE can be used for the short-term
monitoring of patients with BCS following the endovascular intervention as a noninvasive tool.
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Background
In BCS, hepatic venous outflow obstruction causes
venous stasis, post-sinusoidal portal hypertension, and a
decrease in portal perfusion, culminating in ischemic
damage to hepatocytes and hepatic cell inflammation.
These biological factors all contribute to increased liver
stiffness, which can be measured using one-dimensional
transient elastography (TE) [1].
Liver stiffness (LS) is a noninvasive method for

estimating liver fibrosis. Although previously thought to
be inappropriate for BCS due to liver congestion, LS is
now thought to be capable of monitoring treatment out-
comes in BCS after balloon angioplasty, albeit without
correlating with liver fibrosis [2].
LSM correlates with the hepatic venous pressure

gradient (HVPG) [3, 4], the gold standard of portal
hypertension (PH) evaluation [5], and thus could be used
to indirectly assess PH in patients with advanced chronic
liver disease (ACLD) [6].
According to the most recent Baveno Consensus on

PH, LSM values greater than 20–25 kPa can noninva-
sively rule in clinically significant PH (CSPH) in ACLD
patients [3].
LSM, on the other hand, does not only reflect liver fi-

brosis but also many other conditions [7–10], including
liver congestion [9]. As a result, LSM could play a role
in the evaluation of BCS because the hepatic venous flow
obstruction found in these patients typically leads to
liver congestion and a post-sinusoidal form of PH.
The goal of treatment (via endovascular intervention)

in patients with BCS is to relieve hepatic congestion,
thereby improving hepatocyte function and allowing
portal hypertension to resolve, and TE can measure this
indirectly [11, 12].
The current study aimed to demonstrate the utility of

TE in the diagnosis, staging, and follow-up of liver fibro-
sis in patients with BCS before and after the endovascu-
lar intervention. In addition, TE was used to determine
if there is a correlation between the preintervention
fibrosis stage (using Meta-analysis of Histological Data
in Viral Hepatitis (METAVIR)) and posttreatment LSM.
Only a few studies, mostly case series, have looked at

the role of TE in the diagnosis of liver fibrosis in BCS
patients, as well as the possibility of using TE as a nonin-
vasive tool to monitor these patients after endovascular
intervention.

Methods
Patients
This prospective cohort study enrolled 25 Egyptian pa-
tients who had primary BCS confirmed by Doppler ultra-
sound (described in the following section) performed by a
single radiologist from our group. Before participating, all
patients provided written informed consent, and the local

Research Ethical Committee approved the study protocol,
in accordance with the ethical guidelines of the 1975
Declaration of Helsinki.

Exclusion criteria
Patients with other etiologies of liver disease unrelated
to BCS (e.g., viral, autoimmune, or metabolic), those
who had BCS due to secondary causes (e.g., tumoral
hepatic venous (HV) or inferior vena caval (IVC) inva-
sion or compression), patients who had a contraindica-
tion for transjugular intrahepatic portosystemic shunt
(TIPS) (such as severe congestive heart failure, uncon-
trolled sepsis, and advanced liver disease), and patients
who had one or more confounder which could affect the
proper assessment of liver stiffness (LS) (e.g., BMI > 30,
acute hepatitis, and extrahepatic cholestasis) were
excluded.

Tools of the study
Complete histories and clinical examinations were re-
corded for all included patients, and laboratory investi-
gations included a complete blood count (CBC), a liver
profile, and a coagulation profile. As part of our proto-
col, we performed a thorough thrombophilia workup for
all patients with a confirmed diagnosis of primary BCS
to determine the underlying etiology (s).
Abdominal Doppler ultrasonography was performed

to assess: liver and splenic size, ascites status, caudate
lobe enlargement, mottled parenchyma, presence of hep-
atic focal lesions, the status of the major HVs whether
patent or occluded (long or short segment occlusion),
and the number of occluded veins; the status of IVC,
pattern of vascular occlusion (i.e., hepatic vein occlusion
(HVO) and/or IVC occlusion (IVCO)), portal vein (PV)
and intra & extrahepatic collaterals. In cases of noncon-
clusive Doppler ultrasound findings or the presence of
hepatic focal lesions, data from multi-slice computed
tomography (CT) with venography and portography
and/or magnetic resonance venography (MRV) and dy-
namic MRI were recorded to clarify their nature. Following
that, all patients underwent upper endoscopy to determine
the status of gastroesophageal varices and portal hyperten-
sive gastropathy and to treat them accordingly before
beginning the anticoagulation therapy.

Endovascular intervention and pressure gradient
measurement
The intervention was chosen based on the location and
extent of the venous occlusion. TIPS was performed on
18 patients, with 7 undergoing angioplasty in the form
of IVC balloon dilatation without stenting (5 patients)
and hepatic vein stenting (2 patients). Pressure gradients
were measured both before and after the procedure.
Pressure gradients were measured using 4F or 5F
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multipurpose catheters across the stenosed HV segment
between the patent distal HV segment and the IVC or
right atrium in patients undergoing HV angioplasty and/
or stent implantation. Gradients were measured in pa-
tients with IVC occlusion or stenosis across the patent
segment of the IVC and right atrium. Portosystemic gra-
dients were measured after TIPS creation.

LS measurement technique
All included patients had their liver stiffness assessed
using a Fibroscan Echosens 502 (M probe and XL probe)
by a single well-trained operator. For all patients, the
LSM was taken twice, 3 days before the endovascular
intervention and 3 months later as a short-term follow-
up. Patients who had significant large ascites before the
examination underwent paracentesis. Patients were
placed on their backs in the dorsal decubitus position,
with their right arm in full abduction. The right hepatic
lobe was used for LS measurements. In a right intercos-
tal space, a 3.5-MHz US transducer mounted on the axis
of a vibrator was placed. As for elastic shear waves, a 50-
Hz vibration with an amplitude of 2 mm and a pulse
tracking frequency of 3.5 MHz was propagated into the
liver. The mean LS value was calculated in kilopascals
for each patient who had at least ten successful measure-
ments. The range of LSM values is 0–75.4 kPa. The
approximate range of LSM values from F0 to F4 corre-
sponds to different stages of fibrosis:

� F0: 0–4.9 kPa
� F1: 5–7.4 kPa
� F2: 7.5–9.9 kPa
� F3: 10–14.9 kPa
� F4: 15–75 kPa

Liver biopsy
All patients had a percutaneous transjugular liver biopsy
once during the interventional procedure. The META-
VIR scoring system was used to assess the fibrosis stage
[13]. The patients were divided into two groups: those
with a fibrosis score < F2 and those with a fibrosis score
≥ F2. The differences in changes in LS measurements
after interventional procedures between these groups
were analyzed.

Statistical techniques
A biomedical statistician carried this study’s statistical
review out. Data was gathered, revised, coded, and en-
tered using the Statistical Package for Social Science
(SPSS) version 23.
The qualitative data were presented as numbers and

percentages, whereas the quantitative data were pre-
sented in the form of mean, standard deviations (SD),
and ranges. Multiple comparisons between groups were

carried out. LSD (post hoc range test) was used to make
multiple comparisons between pairs of groups, with the
findings displayed as mean and SD. To compare clinical
data before and after the intervention, the MacNemar
test was performed. The statistical significance of the
variations in LSM values before and after the endovascu-
lar operation was determined using a paired samples t
test. Pearson’s correlation coefficient was used to analyze
the correlations between changes in pressure gradients
across stenosed HVs/IVC and LS measures after inter-
ventional operations. The relationship between LSM be-
fore and after the intervention and METAVIR score was
determined using a marginal homogeneity test. SPSS
version 17 was used to analyze all of the data. A p value
of less than 0.05 was deemed significant.

Results
In this study, 25 Egyptian patients with primary BCS
were included. There were 13 males and 12 females. The
average age was 36.24 ± 9.34 years (range: 19–55 years).
In 80% of patients with BCS, the chronic presentation
was the most common, with painful hepatomegaly and
increasing abdominal enlargement leading to ascites be-
ing the most common symptoms. TIPS was performed
on 18 patients, whereas 7 underwent angioplasty ±
stenting in the form of IVC balloon dilatation (5 pa-
tients) and hepatic vein stenting (2 patients). One of the
patients became pregnant shortly after the intervention
and was lost to follow-up; LSM was not used on her.
There was a total clearance of ascites in 18 patients

after the endovascular intervention, and only grade 1 as-
cites in 6 patients. In addition, liver functions improved
significantly. Table 1 compares the clinical, laboratory,
and radiological characteristics of patients before and 3
months after the intervention. Table 1 shows that fol-
lowing the intervention, the HV/IVC pressure gradient
decreased markedly in all patients (p = 0.001).
The LSM measured at 3-month follow-up following

the intervention showed significant improvement (p < 0.001)
(Table 1 & Fig. 1).

Correlation between HV/IVC pressure gradient & LSM
Before the intervention, the mean SD changes in HV/
IVC pressure gradient in all patients were 23.8 ± 55
mmHg, and the mean SD changes in LSM in these pa-
tients were 51.62 ± 22 kPa, while the mean changes in
HV/IVC pressure gradient were 8.00 ± 2 mmHg and in
LSM were 28.80 ± 19.25 kPa at 3 months (Table 1).
The correlation coefficients between changes in pres-

sure gradients and changes in LSM before and after the
intervention were 0.41 and 0.44, indicating a moderate
positive association between these two nonparametric
measures (Fig. 2a & b).
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Fig. 1 Liver stiffness measurement pre- and post-intervention

Table 1 Characteristics of patients before and after endovascular intervention

Characterstics of patientsa (n = 24) Pre-intervention Post-intervention p value

Clinical

Jaundice 4 (16%) 0 0.13

Encephalopathy 2 (8%) 0 0.5

LL edema 14 (56%) 0 < 0.001

Abdominal enlargement 14 (56%) 0 < 0.001

Tender liver 17 (68%) 5 (20.8%) 0.003

Laboratory

Bilirubin 1.16 ± 0.49 0.97 ± 0.21 0.02

ALT 33.12 ± 8.71 22.96 ± 7.18 < 0.001

AST 25.80 ± 8.3 17.46 ± 6.268 < 0.001

Radiological (Duplex ultrasound)

Ascites Grade 1: 11 No ascites 18 < 0.001

Grade 2: 9 Grade 1: 6

Grade 3: 4

Hepatomegaly 18 (72%) 18 (72%) 1

Intrahepatic collaterals 7 (28%) 0 < 0.001

HVPG 23.80 ± 6.55
(15–40)

8.00 ± 2
(4–12)

< 0.001

LSM mean (range) 51.62 ± 22
(11.4–75)

28.80 ± 19.25 (8.7–75) < 0.001

Liver biopsy (METAVIR staging) F1:7 (28%)
F2: 6 (24%)
F3: 3(12%)
F4: 9(36%)

aClinical, laboratory, and radiological characteristics (Duplex US) of the patents were assessed once before and again 3 months post-intervention. HVPG was
measured immediately before and after intervention. Liver biopsy was done only during the procedure using transvenous approach (i.e., before the
endovascular intervention)
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Correlation between LSM and METAVIR staging
When we used METAVIR staging to try to find a link
between changes in LSM and histological fibrosis
staging, we discovered a significant difference between
the METAVIR score of the liver biopsy and the LSM,
whether performed 3 days before the intervention or 3
months after the intervention (p = 0.001). However, the
difference between the results of LSM post-intervention
& liver biopsy staging became less compared with the
difference before intervention (Table 2).
We found no significant improvement in LSM post-

intervention in the group of patients with METAVIR

scores of < F2 (n = 6), while there was a substantial
improvement in LSM post-intervention in the group of
patients whose METAVIR scores were ≥ F2 (n = 18)
(Table 3).

Discussion
The goal of this study was to demonstrate how useful
TE was for diagnosing, staging, and monitoring liver fi-
brosis in patients with BCS before and after endovascu-
lar intervention, also to identify if there is a relation
between LSM and the pre-intervention fibrosis stage
(METAVIR).

Fig. 2 a Correlation between LSM and HV/IVC pressure gradient before intervention. b Correlation between LSM and HV/IVC pressure gradient at
3-month follow-up post-intervention
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All patients who underwent HV angioplasty/stenting
or TIPS in the current study had a significant reduction
in their HV/IVC pressure gradient following the inter-
vention, resulting in an immediate reduction in hepatic
congestion (p value = 0.001). This is supported by two
recent studies involving 19 and 32 BCS patients, respect-
ively. In these investigations, the pressure gradient drops
significantly after the intervention [12, 14].
The pre-procedure LSM mean (51.62 ± 22 kPa,

encompassing 23 patients in the F4 stage and 2 patients
in the F3 range) in our data was higher than the cut-off
value of 10.4 kPa (above which is widely believed to
characterize F4 fibrosis (liver cirrhosis)) [15, 16]. Our
data also demonstrated a considerable improvement in
hepatic fibrosis after reducing liver congestion, going
from 51.62 ± 22 kPa pre-intervention down to 28.8 ±
19.25 kPa 3 months afterward. This information could
drive clinicians to request more imaging studies to con-
firm BCS diagnosis. Dajti et al. stated that such high
LSM values are uncommon in other liver illnesses, such
as advanced chronic liver disease (ACLD) or other disor-
ders that cause hepatic congestion [17].
Pre- and post-intervention, LSM was found to be posi-

tively correlated with HV/IVC pressure gradient (r =
0.41, p = 0.04) and (r = 0.44, p = 0.03), respectively. As a
result, TE follow-up monitoring can be used to assess
the therapeutic benefits in BCS patients.
Wang et al. showed a direct association between

HVPG and LSM before intervention (the coefficient of
correlation between LSM and hepatic venous pressure

before angioplasty was r = 0.701, (p 0.001)) [12], which
is consistent with our findings.
Mukund et al., in contrast to our findings, observed

no relation between changes in LSM and pressure
gradient [14].
There was a significant difference between the histo-

logical stage of fibrosis and the LSM performed 3 days
before intervention (p 0.001) and 3 months after inter-
vention (p = 0.001) in the current study.
Our findings are consistent with those of Wang et al.

[12], who found that LSM was related to hepatic venous
pressure rather than the degree of fibrosis in BCS pa-
tients. They found that LSM did not correlate with the
degree of fibrosis in histological specimens before angio-
plasty (r = 0.170, P = 0.22). LSM still did not correlate
with the degree of fibrosis 2 days after the intervention
(r = 0.223, p = 0.220), and there was no significant dif-
ference in LSM between different fibrosis stages before
angioplasty [12]. These findings contradict prior findings
that LSM is positively correlated with the severity of
fibrosis [1, 14].
This is maybe because LSM is more affected by

hepatic venous pressure (i.e., liver congestion due to
post-sinusoidal portal hypertension in BCS patients leads
to higher LSM).
Unlike Mukund et al., who found no significant

difference in LS values post-intervention between both
groups with METAVIR fibrosis scores of ≤ 2 (n = 7) and
> 2 (n = 5), p = 0.5714, our findings showed no signifi-
cant improvement in LSM post-intervention among the

Table 2 Relation between pre- & post-intervention LSM and liver biopsy (METAVIR score)

LSM Liver biopsy (METAVIR staging) p value

F1 F2 F3 F4 Total

LSM 3 days pre-intervention F3 2 0 0 0 2 < 0.001

F4 5 6 3 9 23

Total 7 6 3 9 25

LSM 3 months post-intervention F2 1 0 0 0 1 0.001

F3 2 2 1 1 6

F4 3 4 2 8 17

Total 6 6 3 9 24

LSM Liver stiffness measurement

Table 3 Comparison between pre- & post-intervention LSM and different stages of METAVIR score (n = 24)

Min. Max. Mean SD t* p value

METAVIR < F2: (n = 6)

LSM before 11.40 75.00 39.34 26.98 2.32 0.07

LSM after 8.70 39.70 18.77 12.31

METAVIR > F2: (n = 18)

LSM before 15.10 75.00 56.39 18.45 4.37 < 0.001

LSM after 9.90 75.00 32.14 20.24
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group of patients whose fibrosis stage was < F2 (n = 6, p
= 0.07). However, among patients with moderate-to-
severe fibrosis, there is a significant improvement in
LSM post-intervention (scores ≥ F2, n = 18, p 0.001).
The substantially varying outcomes of liver elasticity can
explain this in relation to the METAVIR fibrosis
score [18]. These findings supported the idea that hep-
atic congestion, rather than fibrosis score, is the primary
determinant of liver elasticity in BCS patients [19].
Mancuso et al. recently claimed that LS alterations

from baseline could predict BCS outcomes when treated
with only medicinal therapy. They measured LS every
4–5 months with FibroScan Echosens, and after an
average 10-month follow-up, three patients, two with
improved LS and one with stable LS, had stable liver
disease, whereas one with worsening LS developed re-
fractory ascites, with an increase in both creatinine and
bilirubin, and was referred for evaluation of both liver
and kidney transplantation [20]. In two cases with BCS,
a recent case report investigated the efficacy of the hep-
atic vein (HV) waveform by Doppler ultrasonography
and quantified liver stiffness (LS) using transient elasto-
graphy (TE) before and after percutaneous transhepatic
angioplasty (PTA). Serial monitoring of the HV wave-
form and the LS value, according to the authors, allows
for the safe management of patients with BCS who may
require PTA [21].

Conclusions
Our findings imply we could utilize LSM as a sensitive
noninvasive method to monitor hemodynamic changes
in BCS patients after therapy, and that we might use it
for short-term follow-up of BCS patients following endo-
vascular intervention.

The limitations of the current study
The relatively small number of the studied patients and
the limited duration of follow-up are the limitations of
the current study. Frequent liver biopsies after the endo-
vascular intervention with fibrosis staging using the
METAVIR staging and comparing their results to the re-
sults of repeated LSM at the same time for validation of
the role of LSM in long-term follow-up of BCS patients
are recommended.

Recommendations
We highly encouraged a multicenter study or larger
cohort with longer follow-up duration and serial LSM
after endovascular interventions to confirm the role
of LSM in short- and long-term follow-up of BCS pa-
tients, its potential prognostic value, and stratifying
severity of the disease.
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