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Final analysis: n = 21

Subgroup with TIPS: n =15

Transjugular

ssssssssssssssss

Highlights:

e EUS-PPG is a direct alternative to HVPG for portal pres-
sure measurement.

e EUS-guided portal pressure strongly correlates with trans-
jugular portal pressure in patients undergoing TIPS.

e Technical success was achieved in all cases and no EUS-
PPG-related adverse events occurred.

e Challenges include potential overestimation of EUS-guided
hepatic vein pressure and the effect of general anesthesia.
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Impact and implications:

The ENCOUNTER study is the first study to directly compare
endoscopic ultrasound-guided portal pressure gradient (EUS-
PPG) with hepatic venous pressure gradient (HVPG) in the
same patients, simultaneously. EUS-PPG is a safe and reliable
direct alternative to HVPG for measuring portal pressure.
However, technical challenges, including the potential over-
estimation of EUS-guided hepatic vein pressures and the
impact of general anesthesia must be considered. EUS-PPG is
particularly attractive for patients with chronic liver disease who
have conflicting non-invasive test results, require additional
endoscopic procedures, or in cases where HVPG may under-
estimate true portal pressure.
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Background & Aims: Patients with cirrhosis and portal hypertension are at increased risk of hepatic decompensation and liver-
related mortality. While the hepatic venous pressure gradient (HVPG) is the accepted method for quantifying portal hypertension,
its measurement and limited availability pose challenges. Endoscopic ultrasound-guided portal pressure gradient (EUS-PPG) pro-
vides a direct alternative. The ENCOUNTER study is the first to compare EUS-PPG to HVPG in the same patient, simultaneously.

Methods: This prospective, international, bicentric study included patients referred for HVPG or transjugular intrahepatic por-
tosystemic shunt (TIPS) placement at the University Hospital of Leuven (Belgium) and Hospital Clinic Barcelona (Spain). Patients
underwent standard-of-care HVPG, followed by simultaneous HVPG and EUS-PPG measurements under propofol gen-
eral anesthesia.

Results: The final analysis included 21 patients with cirrhosis undergoing simultaneous HVPG and EUS-PPG measurements, of
whom 15 received TIPS. Mean HVPG and EUS-PPG values under general anesthesia were comparable (11.9 + 5.2 vs. 109 +
5.6 mmHg, p = 0.2332) and showed good correlation (r = 0.74, p = 0.0001). The individual pressure components also showed a
good correlation (portal vein: r = 0.85, p <0.0001; hepatic vein: r = 0.72, p = 0.0003). In patients receiving TIPS, direct transjugular
portal pressure measurements demonstrated an excellent correlation with EUS-guided portal pressures (r = 0.91, p <0.0001).
Technical success was achieved in all cases, with no adverse events associated with the EUS-PPG procedure.

Conclusion: EUS-PPG is a reliable and safe alternative to HVPG for the direct measurement of portal pressure. However,
attention must be paid to technical challenges, including the potential overestimation of EUS-guided hepatic vein pressures and
the impact of general anesthesia, which may alter pressure measurements and subsequently affect risk classification.

ClinicalTrials.gov: NCT04987034.

© 2025 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction but compensated chronic liver disease, where clinical signs of

Cirrhosis contributes to approximately two million deaths
worldwide annually." The progression to advanced cirrhosis is
paralleled by a gradual increase in portal pressure, ultimately
leading to the development of portal hypertension. This con-
dition typically remains asymptomatic until it surpasses a crit-
ical threshold, known as clinically significant portal
hypertension (CSPH), at which point complications such as
variceal bleeding, ascites, hepatic encephalopathy and hepa-
tocellular carcinoma may arise.? A timely diagnosis of CSPH is
relevant because interventions that reduce portal pressure can
prevent or delay these life-threatening complications. However,
diagnosing CSPH can be challenging in patients with advanced

CSPH may not be apparent.

Traditionally, portal pressure is assessed via the hepatic
venous pressure gradient (HVPG) which indirectly gauges
portal pressure by wedging a balloon-tipped catheter in the
right hepatic vein. An HVPG of 10 mmHg defines CSPH.* An
abundance of evidence has underscored the prognostic value
of HVPG and its role in guiding treatment for chronic liver dis-
ease.>®® Nevertheless, HVPG measurement has limitations,
mostly stemming from the indirect nature of portal pressure
assessment. It is unable to evaluate presinusoidal portal hy-
pertension, which is characteristic of conditions such as non-
cirrhotic portal hypertension, sarcoidosis, congenital hepatic
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fibrosis, and to some extent, primary biliary cholangitis and
metabolic dysfunction-associated steatotic liver disease
(MASLD).?® In patients with MASLD-related cirrhosis under-
going transjugular intrahepatic portosystemic shunt (TIPS)
placement, discrepancies between the wedged hepatic venous
pressure (WHVP) and direct portal venous pressure (PVP)
measurements have been observed in up to 38% of cases.’
HVPG will also underestimate portal pressure in the presence
of intrahepatic veno-venous communications. These commu-
nications, which hinder the establishment of a static column
upon balloon inflation, occur in 1% to 36% of patients. Their
prevalence is notably higher in patients with advanced liver
disease, affecting the accuracy of HVPG assessments.'®"®
Additionally, HVPG measurement is often only available in
tertiary care centers and requires the use of ionizing radiation.

Recently, endoscopic ultrasound (EUS)-guided portal pres-
sure gradient (EUS-PPG) measurement, which relies on direct
venipuncture of the hepatic and portal veins via the gastroin-
testinal tract under EUS guidance, was developed.'* EUS-PPG
measurement was first described in an animal model in 2004,
followed by the publication of the first human case report a
decade later and quickly followed by the first human pilot study
by Huang et al.">'" Since then, several studies have confirmed
the feasibility and safety of the procedure and have demon-
strated that EUS-PPG correlates well with histological hepatic
fibrosis stage and indirect signs of CSPH.'®° The primary
advantage of the EUS-guided approach to portal pressure
measurement is the potential for a ‘one-stop procedure’. EUS-
PPG can be combined with an evaluation of the liver paren-
chyma and adjacent tissues to detect signs of advanced liver
disease (i.e. nodular liver surface, hypertrophic caudate lobe,
ascites, liver nodules, portal vein thrombosis, splenomegaly,
collaterals, varices, or portal hypertensive gastropathy). Addi-
tionally, it provides the option of a simultaneous EUS-guided
liver biopsy, EUS-guided elastography or other (therapeutic)
endoscopic procedures.’*

However, despite these advantages, a direct comparison of
EUS-guided and transjugular pressure measurements in pa-
tients with chronic liver disease has not been published. To
address this gap, the ENCOUNTER study was designed as the
first study to directly compare EUS-PPG with HVPG, performed
in the same patient, simultaneously.

Patients and methods

Study design

This is an international, prospective, clinical post-marketing
study. Patients were enrolled in the University Hospital of
Leuven (Belgium) and Hospital Clinic Barcelona (Spain). All
patients referred for a procedure involving measuring HVPG
(such as transjugular liver biopsy or non-urgent TIPS) were
considered for inclusion. Exclusion from enrollment was
determined based on the criteria listed in Table S1. All patients
read and signed the informed consent document. This study
was conducted in accordance with the ethical principles of the
Declaration of Helsinki, the ISO 14155 and the European
Medical Device Directive (Council Directive 93/42/EEC) and
was reviewed and approved by the Ethics Committees of both
institutions. Patient enrollment started in July 2021 and
continued until September 2023. All authors had access to the
study data, and reviewed and approved the final manuscript.

The ENCOUNTER study

Study procedure

Patient screening, including laboratory assessments, was
performed within 28 days of the procedure. Liver elastography
results were documented, if available. Measurements were
performed using the FibroScan® device (Echosens, Paris,
France) following the manufacturer’s recommendations. Both
HVPG and EUS-PPG measurements were performed in the
same patient simultaneously to ensure consistency in mea-
surement conditions. To preserve the integrity of the study,
the EUS endoscopist and interventional radiologist or hep-
atologist performing the HVPG measurements, as well as the
respective teams, were blinded to the results of each other’s
measurements during the procedure. All HVYPG measurements
were reviewed for quality by an independent physician not
affiliated with the centers conducting the study (JA). Para-
centesis was performed the day before or the morning of the
study interventions to avoid fluid in the path of the EUS nee-
dle. Broad-spectrum prophylactic antibiotics were adminis-
tered 1 h before the procedure. Patients were positioned
supine, with the interventional radiologist positioned on the
patient’s right side and the EUS endoscopist on the left.
Transducers for both the EUS-guided and transjugular
procedures were positioned at identical levels and aligned
with the phlebostatic axis to ensure consistency in pres-
sure measurements.

Simultaneous measurement of EUS-PPG and HVPG were
performed under general anesthesia enhancing patient com-
fort and ensuring precise control. This setup allowed for the
concurrent application of both techniques and maximized
patient safety, in compliance with the ethical review board’s
requirements. To account for any potential variations in portal
pressure caused by anesthetic agents, an initial set of HVPG
measurements was carried out with the patient awake, using
only local anesthesia, in line with standard practice. Following
these preliminary measurements, patients were given general
anesthesia with propofol and fentanyl (derivatives), then
intubated and placed on mechanical ventilation. Subse-
quently, they underwent simultaneous EUS-guided and
transjugular pressure measurements. Throughout the pro-
cedure, continuous hemodynamic monitoring was overseen
by an anesthesiologist.

For patients requiring TIPS, the same procedural sequence
was followed, with both HVPG and EUS-PPG measurements
taken prior to TIPS placement. Following these measurements,
the right portal vein was accessed via puncture from a hepatic
vein branch to establish the TIPS trajectory. Then the direct
PVP readings were obtained in triplicate. The TIPS procedure
was subsequently completed according to standard-of-care
protocols. All patients were monitored for adverse events,
with surveillance extending up to 30 days post-procedure.

HVPG measurements

HVPG was measured by an experienced physician (GM, LB,
AB, JCGP) according to published guidelines.® Briefly, the right
internal jugular vein is punctured under ultrasound guidance
using local anesthesia. Then, a balloon-tipped catheter is
advanced into the hepatic vein to measure the free hepatic
venous pressure (FHVP). Next, the balloon is inflated and the
WHVP is measured. Measurements were retrieved in triplicate
and averaged.
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EUS-PPG measurements

EUS procedures were performed by endoscopists with long-
standing experience in diagnostic and therapeutic EUS (SV,
WL, OS, AG). EUS-PPG measurements were obtained using
the EchoTip® Insight™ device (Cook Ireland Ltd), which is an
FDA-approved commercially available system that consists of
a 25-gauge EUS needle, a small pressure transducer, and non-
compressible connection tubing. The EchoTip® Insight™ sys-
tem was assembled, calibrated, and used in accordance with
the IFU (instructions for use).

After introduction of the EUS scope, a careful assessment
for the presence of exclusion criteria was performed (Table S1
for anatomical exclusion criteria). Next, the pressure transducer
was secured at the level of the phlebostatic axis, and the
EchoTip® Insight™ was introduced through the scope. First,
the hepatic vein was accessed using the needle via a trans-
gastric approach, targeting the vein a few centimeters from its
ostium into the inferior vena cava (IVC). Once introduced in the
vessel the needle is flushed with saline, which is visible as
bubbles on the EUS screen. The hepatic venous pressure (HVP)
is recorded in triplicate, flushing the catheter with up to 0.5 mlin
between each reading. Next, the intrahepatic portion of the
portal vein is punctured via a transgastric (or transduodenal)
approach. Similarly, the needle is flushed before each mea-
surement and the PVP is recorded in triplicate. The needle is
retracted from within the vessel into the liver parenchyma under
Doppler ultrasound observation. Flow within the needle tract
will indicate the presence of extravasation of blood. Once signs
of extravasation are absent, the needle is retracted into the
sheath and removed. EUS images were saved, and EUS-
guided pressure measurements were video recorded.

Primary and secondary endpoints

The primary study objective was to evaluate the correlation
between EUS-PPG measurements, obtained using the Echo-
Tip® Insight™, and HVPG values, measured simultaneously
under general anesthesia. Secondary aims included comparing
the EUS-guided PVP to the transjugular WHVP, comparing the
EUS-guided HVP to the transjugular FHVP, evaluating technical
success and procedure-related adverse events, and assessing
the association of EUS-guided measurements with clinical and
laboratory-based features of portal hypertension. In patients
undergoing TIPS placement, EUS-guided PVP was compared
to the transjugular direct PVP obtained during the procedure.
Technical success is defined as the ability to take three mea-
surements of the HVP and PVP using the EchoTip® Insight™
system. Study objectives have been summarized in Table S2.

Sample size

The expected Pearson’s correlation between the EUS-PPG and
HVPG measurements under general anesthesia was 0.70 to
0.95. Based on the paper from Moinester and Gottfried,>* a
sample size of 12 would provide a 0.70 Pearson’s correlation
with a half-width range of 0.35. When the observed correlation
value is larger than 0.70, we expected to see a narrower con-
fidence interval with a sample size of 12 or more. If this was not
the case after 30 enrolled patients, additional patients would be
unlikely to result in a higher correlation. Therefore, the minimum
sample size was set at 12, with a maximum of 30. To account

Research article

for the inability to obtain access to the intrahepatic portion of
either the portal or hepatic vein, a maximum of up to 45
recruited patients was allowed.

Statistics

Continuous variables are reported as means and standard
deviations, and categorical variables as percentages unless
otherwise noted. Correlation between the two measurement
methods was assessed using scatter plots and Bland-Altman
plots.?® Pearson’s correlation coefficient and 95% Cls are
presented. Variances of measurements were compared using
the F-test. There were no missing data. Statistics were per-
formed using SAS® Enterprise 8.3. A two-sided p value less
than 0.05 was considered statistically significant. For explor-
atory p values, of which there were 10, the Hochberg procedure
was used to adjust for multiple testing when assessing the
statistical significance of associations between clinical factors
and portal hypertension. Those 10 p values included the as-
sociation of EUS-PPG with esophageal varices, portal hyper-
tensive gastropathy and thrombocytopenia, and disparity of
HVP measurements with Child-Pugh score, model for end-
stage liver disease (MELD) score, BMI, hepatic vein access
point, depth of liver parenchyma traversed, distance between
hepatic vein puncture and IVC ostium, and diameter of the
target segment of the hepatic vein.

Results

Study population and procedure

From a total of 35 patients, three were excluded because of
hemodynamic instability at the time of the pressure measure-
ments, 10 because of intrahepatic shunts that could not be
avoided during HVPG measurements and one because of
inadequate HVPG tracings determined during independent re-
view. Therefore, 21 patients were included in the final analysis
(Fig. S1): 13 patients from Leuven and 8 patients from Barce-
lona. Patients were mostly men (81.0%), with a mean age of
62.3 + 8.7 years. All patients had underlying cirrhosis, which
was predominantly alcohol-related (57.1%). One patient had
previously undergone a liver transplant. The mean MELD score
was 10.8 + 4.2 and most patients had Child-Pugh class B
cirrhosis. Table 1 shows all baseline patient characteristics.

During the EUS procedure, the upper gastrointestinal tract
was endoscopically evaluated for signs of portal hypertension.
Portal hypertensive gastropathy was seen in 38.1% of patients
and 66.7% had (gastro)esophageal varices. All EUS-guided
punctures were performed via the transgastric route. The vein
targeted via EUS was either the left (11/21) or middle (10/21)
hepatic vein and either the umbilical portion of the left branch
(13/21) or main portion (8/21) of the intrahepatic portal vein.
Table 2 presents details of the EUS procedures.

Transjugular and EUS-guided pressures

All patients underwent simultaneous transjugular HVPG and
EUS-guided PPG measurements under general anesthesia.
Results for mean HVPG and EUS-PPG under general anes-
thesia were similar (11.9 + 5.2 mmHg and 10.9 + 5.6 mmHg,
respectively, p = 0.2332) and showed a good correlation of 0.74
(e = 0.0001, Fig. 1A). When comparing the individual
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Table 1. Patient demographics and characteristics.

The ENCOUNTER study

Table 2. EUS procedure information.

Baseline patient demographics and characteristics

Endoscopic assessment

Age (years) 62.3 + 8.7 Varices 66.7%
Male sex (%) 81.0% Esophageal varices 52.4%
BMI (kg/m°) 26.0 + 6.1 GOV type 1 14.3%
Cirrhosis (based on clinical, imaging and/or pathological 100% GOV type 2 0%
findings) IGV type 1 or 2 0%
Etiology of liver disease Portal hypertensive gastropathy 38.1%
Alcohol-related 57.1% Mild-moderate 23.8%
MASLD 19.0% Severe 14.3%
Autmmmurﬁe hepatitis 4'8?’ Hepatic vein Gl access point (EUS)
Cryptcl)gerlnc 43? Transgastric 100%
Cgmbmat}on : . 14'35‘ Transduodenal 0%
Pre\./lous episodes of portal hypertension-related bleeding 19.1% Left hepatic vein 52.4%
Pt Middle hepatic vein 47.6%
ez 83.3%  Right hepatic vein 0%
Grade 1 (minimal) 0% - -
Hepatic vein assessment (EUS)
Grade 2 (moderate) 19.0% -
Depth of liver parenchyma traversed (mm) 31.1+£52
Grade 3 (severe) 47.6% ) ) A .
. Distance between hepatic vein puncture site 18.1 + 10.1
Hepatic encephalopathy )
None 100% and IVC ostium (mm)
Diameter of the target segment of the hepatic vein (mm) 6.0 + 6.6
Grade | - Il 0%
Grade Il = IV 0% Portal vei|.1 Gl access point (EUS)
NSBB use prior to study procedure 52.4% Transgastric 100%
Baseline lab values Transduodenal 0%
i 0
Total serum bilirubin (mg/di) 15+09  oftportalvein branch 61.9%
) Right portal vein branch 0%
Serum albumin (g/L) 346 +7.2 Main portal vein 38.1%
Platelet count (10%/L) 160.2 = 74.9 PO 1
Serum creatinine (mg/dl) 1.1+03 Portal vein assessment (EUS)
eGFR (ml/min) 80.4 + 20.7 Depth of liver parenchyma traversed (mm) 33.6 + 14.2
INR 1.2 + 0.1 Diameter of the target segment of the portal vein (mm) 9.5+ 10.5
Serum sodium (mmol/L) 137.2 £ 4.1 Numbers represent means + SD, and percentages.
Child-Pugh score 74+19 9 IV :
Class A 33.3%
Class B 57.2%  pressures (measured by insertion of a catheter into the portal
Class C 9.5%  vein) were compared to EUS-guided portal pressure mea-
_MELD score 10842 gyrement. In these 15 patients, the correlation between the
Liver elastography (kPa) (n = 15) 38.1 +22.3

Referral procedure
HVPG =+ transjugular liver biopsy
TIPS

Numbers represent means + SD, and percentages.

eGFR, estimated glomerular filtration rate; HVPG, hepatic venous pressure gradient;
INR, international normalized ratio; MASLD, metabolic syndrome associated steatotic
liver disease; MELD, model of end-stage liver disease; NSBB, non-selective beta-
blocker; TIPS, transjugular portosystemic pressure gradient.

28.6 % (6/21)
71.4 % (15/21)

components of the gradients, the correlation of the portal
pressures (WHVP vs. EUS-PVP) showed an even higher cor-
relation of 0.85 (p <0.0001, Fig. 1C), while the hepatic pressure
(FHVP vs. EUS-HVP) correlation was slightly lower (0.72, p =
0.0003, Fig. 1E). Table 3 shows the mean transjugular and
EUS-guided pressures, while Table 4 summarizes the correla-
tion for the paired pressures. Bland-Altman plots illustrating the
agreement of the individual pressure measurements are shown
(Fig. 1B,D,F). Notably, a higher discrepancy was seen between
the EUS-HVP and transjugular FHVP when pressures
increased, as depicted by the regression line in the Bland-
Altman plot included in Fig. 1F. The EUS-guided portal vein
and hepatic pressures did not differ based on the location of
the pressure measurements (left vs. main portal vein, left vs.
middle hepatic vein; Table S3).

In the 15 patients undergoing TIPS, an excellent correlation
of 0.91 (p <0.0001, Fig. 2A) was observed when direct portal

direct transjugular PVP and WHVP was comparable, albeit
slightly lower (0.89 vs. 0.91, Fig. S2).

To assess the effect of general anesthesia, HVPG mea-
surements were first performed without sedation and repeated
after induction of general anesthesia with propofol. The HVPG
decreased under general anesthesia from 14.2 + 5.1 mmHg to
11.9 + 5.2 mmHg (p <0.0001). On average, the WHVP pressure
decreased (22.9 + 6.3 mmHg to 21.3 = 6.4 mmHg, p = 0.0074)
while the FHVP slightly, but not significantly, increased (8.7 +
3.4 mmHg to 9.3 + 2.9 mmHg, p = 0.1742).

Examining the clinically relevant HVPG cut-offs of 10 mmHg,
which defines CSPH and the threshold for varices formation and
hepatic decompensation, and 16 mmHg, linked to increased
mortality in patients with cirrhosis, reveals slight variations in
patient classification depending on anesthesia and measure-
ment technique.®® Using HVPG measurements under local
anesthesia (standard of care), 81.0% of patients were identified
as having CSPH (10 mmHg threshold), while this decreased to
76.2% for HVPG under general anesthesia and 66.7% with
EUS-PPG. Similarly, at the 16 mmHg cut-off, 42.9% of patients
exceeded this cut-off using HVPG under local anesthesia,
compared to 14.3% for both HVPG and EUS-PPG under gen-
eral anesthesia. Table 5 summarizes these results.

Fig. S3 compares the pressure correlations between the
included patients and the patients who were excluded because
of intrahepatic veno-venous shunts that could not be avoided
during HVPG measurements.

JHEP Reports, mmm 2025. vol. 7 | 101466 4



Research article

A B »]
30 /
P 15
o
s
T 104
g - +2SD
O 5]
3 . .
»
g a o .. ° P .. [ ] Mean
* § % O
2 [ ]
g 54 L] °
g ° -2sD
S -10 ®
£
a
8 15
04
Pearsonr=0.74 20
T T T T T T T T T T T T
5 10 15 20 25 0 5 10 15 20 25 30
EUS-PPG Average of EUS-PPG and HVPG
C —1|[D =
30
15
s
+2SD
EJRTE ° .
el
& °
5 o 5 L]
E g [ ] Y ® ©\Mean
& —_— —y—
T =] Y [ ] [ ]
S w 04 o
T S ®
2 ] ® osp
s 2 5 *
3
3 9
o o
3 § .o
£ g
£
[ ] 154
- 15
04
Pearsonr=0.85 20
T T T T T T T T T T T T
5 10 15 20 25 0 5 10 15 20 25 30
EUS-PVP (mmHg) Average of EUS-PVP and WHVP
E —1|F =
~ 15
2
10 ° +28D
[
o hd [ ]
[
©
5 a 51 ® [ lean
I
: 2 HIEY
E 8 o ®
o w L -28D
2 £
b @
[ o .54
z
[
el
3 104
. g
£
5 154
04 Pearsonr=0.72 20
T T T T T T T T T T T
5 10 15 20 0 5 10 15 20 25 30
EUS-HVP(mmHg) Average of EUS-HVP and FHVP

Fig. 1. Correlation and Bland-Altman plots of the pressure gradients and individual pressures using the transjugular and EUS-guided approach (all under
general anesthesia). (A) Correlation of pressure gradients (transjugular HVPG vs. EUS-PPG), Pearson r = 0.74, p = 0.0001; (B) Bland-Altman plot for pressure gra-
dients, (C) Correlation of portal vein pressures (transjugular WHVP vs. EUS-PVP), Pearson r = 0.85, p <0.0001; (D) Bland-Altman plot for portal vein pressures, (E)
Correlation of hepatic vein pressures (transjugular FHVP vs. EUS-HVP), Pearson r = 0.72, p <0.0003; (F) Bland-Altman plot for hepatic vein pressures. EUS, endoscopic
ultrasound; FHVP, free hepatic venous pressure; HVP, hepatic venous pressure; HVPG, hepatic venous pressure gradient; PPG, portal pressure gradient; PVP, portal
venous pressure; TIPS, transjugular intrahepatic portosystemic shunt; WHVP, wedged hepatic venous pressure.
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Table 3. Transjugular and EUS-guided pressure measurements.

Transjugular and EUS-guided pressure measurements mmHg

No/mild sedation

Transjugular HVYPG 142 £ 5.1
WHVP 22.9 £ 6.3
FHVP 8.7+ 34

General anesthesia

Transjugular HVPG 11.9+52
WHVP 213+ 6.4
FHVP 9.3 +29

Transjugular direct portal venous pressure 229 +53

(patients undergoing TIPS)

EUS-guided PPG 109 £ 5.6
PVP 23.8 + 6.0
HVP 12.9 + 4.0

Numbers represent means + SD, and percentages.

HVPG, hepatic venous pressure gradient; WHVP, wedged hepatic venous pressure;
FHVP, free hepatic venous pressure; TIPS, transjugular intrahepatic portosystemic
shunt; EUS, endoscopic ultrasound; PPG, portal pressure gradient; PVP, portal venous
pressure; HVP, hepatic venous pressure.

Association with clinical and lab-based features of portal
hypertension

Patients with esophageal varices had significantly higher EUS-
PPG values compared to patients without varices (13.5 + 4.6
[n =11] vs. 5.6 + 2.8 mmHg [n = 10], p <0.001). Although not
statistically significant (after correction using the Hochberg
procedure), elevated EUS-PPG values were also found in pa-
tients with portal hypertensive gastropathy (13.9 + 6.0 [n = 8]

Table 4. Correlation of pressure measurements.

The ENCOUNTER study

vs. 9.0 = 4.5 [n = 13], p = 0.05) and patients with thrombocy-
topenia (11.6 £ 7.1 [n = 10] vs. 10.0 = 3.4 [n = 11], p = 0.51).
Liver elastography was available in 15 patients, demonstrating
a moderate correlation with EUS-PPG (r = 0.52, p = 0.05).

Technical success and adverse events

Three measurements of HVP and PVP were obtained in all
patients using the EchoTip® Insight™ system; thus, the tech-
nical success rate was 100%.

All patients underwent a 30-day post-procedure follow-up.
Twelve patients experienced adverse events, of which only one
(4.8%) was regarded as procedure-related (Table 6): a lacera-
tion of the tunica intima of the portal vein during transjugular
access for TIPS placement. As a result, a second transhepatic
puncture was performed, successfully achieving TIPS access.
No adverse events were directly related to the EUS-guided
PPG and no device deficiencies occurred. Of note, all hepatic
encephalopathy events were in patients who underwent TIPS
during the study. The single patient who experienced bleeding
during follow-up presented with melena and was diagnosed
with portal hypertension-related colopathy on endoscopy.

Subgroup analyses

A post hoc subgroup analysis was conducted to investigate
factors potentially contributing to discrepancies between the
EUS-HVP and transjugular FVHP. As previously mentioned, a

Pearson correlation p value
Primary endpoint
HVPG - EUS-PPG (general anesthesia) 0.74 0.0001
Secondary endpoints
WHVP - EUS-PVP (general anesthesia) 0.85 <0.0001
FHVP — EUS-HVP (general anesthesia) 0.72 0.0003
HVPG (local anesthesia) - HVPG (general anesthesia) 0.94 <0.0001
TIPS patients (n = 15):
Transjugular direct portal venous pressure — EUS-PVP 0.91 <0.0001

EUS, endoscopic ultrasound; FHVP, free hepatic venous pressure; HVP, hepatic venous pressure; HVPG, hepatic venous pressure gradient; PPG, portal pressure gradient; PVP,
portal venous pressure; TIPS, transjugular intrahepatic portosystemic shunt; WHVP, wedged hepatic venous pressure.
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Fig. 2. Comparison of the direct transjugular portal pressure vs. EUS-guided portal vein pressure in patients receiving TIPS. (A) Correlation, Pearsonr = 0.91, p
<0.001, (B) Bland-Altman plot. EUS, endoscopic ultrasound; TIPS, transjugular intrahepatic portosystemic shunt.
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Table 5. Patient classification based on clinically relevant thresholds of
10 mmHg and 16 mmHg.

Pressure threshold

HVPG (local anesthesia)
HVPG (general anesthesia) 16/21 (76.2%)
EUS-PPG (general anesthesia) 14/21 (66.7%)
Numbers represent means + SD, and percentages.

EUS, endoscopic ultrasound; HVPG, hepatic venous pressure gradient; PPG, portal
pressure gradient.

210 mmHg
17/21 (81.0%)

216 mmHg
9/21 (42.9%)
3/21 (14.3%)
3/21 (14.3%)

Table 6. Adverse events within 30 days after the EUS-PPG and
HVPG procedures.

Adverse events

Patients experiencing adverse events*
Hypotension
Congestive heart failure

57.1% (12/21)
8/21
1/21

Hepatic encephalopathy (post-TIPS) 4/21
Infection 5/21
Thrombosis (lower extremity) 1/21
Vascular injury 1/21
Edema 2/21
Portal hypertension-related bleeding 1/21
Acute kidney injury 1/21
Thrombocytopenia needing transfusion 1721
Anemia needing transfusion 1/21

Adverse events related to the study procedure 4.8% (1/21)
Adverse events due to a device deficiency 0%
Adverse events leading to death 0%

Numbers represent proportions and percentages.

EUS, endoscopic ultrasound; PPG, portal pressure gradient; TIPS, transjugular intra-
hepatic portosystemic shunt.

*Some patients experienced more than one adverse event.

higher discrepancy was seen at higher pressures (Fig. 1F).
Results showed a trend towards higher Child-Pugh score and
shorter distance between the hepatic vein puncture site and
IVC ostium in patients with a discrepancy of 3 mmHg or more
between EUS-HVP and FHVP (Table S4).

Since only six patients with MASLD (+alcohol-related eti-
ology) were included, the sample size was considered too
small to perform a subgroup analysis on the influence of eti-
ologies with a potential presinusoidal component of por-
tal hypertension.

Discussion

The progression to CSPH marks a pivotal turning point in the
natural history of cirrhosis. At this juncture, patients are at
heightened risk for severe complications, including ascites,
varices, hepatocellular carcinoma, and acute decompensating
events such as variceal bleeding and bacterial infections.?
These complications significantly influence the clinical trajec-
tory and prognosis of patients with cirrhosis. In recent years,
there has been a concerted effort to identify CSPH before the
manifestation of these complications. Early intervention aimed
at reducing portal pressure has the potential to prevent or
delay hepatic decompensation.?® CSPH is traditionally diag-
nosed by measuring the HVPG, with a gradient of 210 mmHg
indicating clinical significance. However, HYPG measurement
is invasive, limited in availability, and may be less accurate in
case of presinusoidal causes of portal hypertension and
MASLD.?® Non-invasive methods, such as liver elastography
alone or in combination with platelet count, have been pro-
posed as alternatives to infer elevated portal pressure.® While
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these methods offer practical advantages, they do not yet
cover the full spectrum and leave a 'grey zone’, highlighting the
need for improved non-invasive tools or alternative methods to
measure portal pressure.>”?® Furthermore, liver elastography
can be influenced by factors such as steatosis, hepatic
inflammation, congestion and cholestasis, potentially leading
to overestimation or underestimation of portal hypertension.?®
Moreover, after initiating non-selective beta-blocker (NSBB)
therapy, routine measurement of portal pressure is not
commonly recommended. This is despite evidence suggesting
that up to 50% of patients may exhibit inadequate responses
to NSBBs, underscoring the need for individualized assess-
ment and monitoring.*°

The ENCOUNTER study demonstrates that an EUS-guided
strategy for measuring portal pressure is comparable to the
current gold standard, HVPG, when measured simultaneously
in the same patients and under the same conditions.
Additionally, an excellent correlation was observed between
EUS-guided and direct transjugular portal pressure mea-
surements in patients undergoing TIPS, which represents the
most accurate assessment method. The procedure was
technically successful in all cases, with no adverse events
related to the EUS-guided pressure measurements observed
when performed under general anesthesia by experi-
enced operators.

To our knowledge, only two studies have previously re-
ported the correlation between HVPG and EUS-PPG. One
recently published prospective study by Martinez-Moreno
et al.®" showed good correlation between standard-of-care
HVPG and EUS-PPG under propofol anesthesia in patients
with cirrhosis (r = 0.82, n = 30), even though measurements
were not performed simultaneously as in the current study.
Another study by Zhang et al.'® also showed an excellent
correlation in patients with (sub)acute portal hypertension (r =
0.92, n = 9). These studies, as well as others reporting the
correlation of EUS-PPG with fibrosis and/or non-invasive
markers of liver disease, have similarly reported high tech-
nical success rates (91.7-100%) and low adverse event rates
(0_9_6%)_17,18,21-23,31

Some limitations should be acknowledged. First, a relatively
large number of patients had to be excluded due to hemody-
namic instability at the time of the pressure measurements
and/or the presence of intrahepatic shunts that interfered with
HVPG measurement, which made the pressure readings un-
reliable. According to the literature these shunts can be found
in up to one-third of patients with end-stage liver disease.’'®™"®
This hemodynamic instability can be attributed to the use of
general anesthesia and the inclusion of patients with more
advanced decompensated cirrhosis, necessitating the use of
short-acting vasoactive drugs during the procedure.’® Sec-
ondly, for simultaneous HVPG and EUS-PPG measurement to
be performed safely and under complete control, the use of
general anesthesia was mandated by the central review board.
The administration of propofol during EUS-PPG measurement
has been a topic of debate. Propofol sedation can influence
pressure measurements and typically results in lower WHVP
and, consequently, lower HVPG values.®?*® HVPG was
assessed under local anesthesia first (as standard of care) in
each patient before propofol administration in this study,
where we confirmed the aforementioned effect of propofol.
The simultaneous nature of the measurements meant that the
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use of propofol affected both EUS-guided and transjugular
pressure results equally. Nevertheless, it is important to note,
as shown in this study, that the use of general anesthesia can
lead to an underestimation of portal hypertension severity and
potential misclassifications when predefined thresholds, such
as 10 and 16 mmHg, are used. Therefore, for PPG measure-
ments performed outside of a research context, sedatives
such as midazolam may be preferred, as midazolam will not
affect PPG values at low doses.®>* Notably, Martinez-Moreno
et al.?® reported a strong correlation between EUS-PPG and
HVPG, even when measured in separate sessions, using pro-
pofol sedation for EUS-PPG and no sedation or low-dose
midazolam for HVPG. Future studies should explore the
feasibility of performing EUS-PPG measurements under low-
dose midazolam. Thirdly, while slight discrepancies between
EUS-PVP and WHVP can be attributed to the difference be-
tween direct and indirect measurement techniques, the cause
of inconsistencies between EUS-HVP and transjugular FHVP is
uncertain. A key strength of this study is its design, which
enabled simultaneous EUS-guided and transjugular measure-
ments in the same patients. This reduces the possibility that
differences in pressure measurements were due to factors
such as propofol sedation, large-volume paracentesis, crys-
talloid infusions, positive pressure ventilation, etc. The pro-
cedures were performed by experienced endoscopists
maintaining a relaxed scope position and avoiding gastric
insufflation whenever possible. Still, our post hoc analysis
showed a possible trend towards more discrepancy in the
hepatic pressures when a hepatic vein puncture site closer to
the IVC was chosen, which coincides with a more angulated
position in the stomach, possibly requiring more scope and
elevator tension. We also observed increased variability in
hepatic vein measurements at higher pressures, along with a
trend toward higher Child-Pugh scores, indicating a possible
association with the severity of liver disease. However, MELD
scores remained similar. The limited size of our study cohort
makes it difficult to establish with certainty the factors influ-
encing these pressure differences. Unfortunately, no other
authors have reported on the correlation of the individual
pressures contributing to the gradients. In our experience, the
EUS-guided HVP is often, but not always, slightly higher than
the transjugular FHVP (Fig. 1F). Notably, in the few studies also
reporting mean HVP, relatively high pressures were observed
as well, namely a mean HVP of 15.9 + 3.5 mmHg (n = 30,
compared to a mean FHVP of 12.7 + 5.4 mmHg) in the study
by Martinez-Moreno et al.,®" an HVP of 15.9 + 4.3 mmHg (n =
24) in the study by Hajifathalian et al.’® and an HVP of 15.8 +
3.4 mmHg (n = 12) in the study by Lesmana et al.*® Over-
estimating HVP could again result in a relevant underestima-
tion of the pressure gradient, particularly when values fall
below established thresholds, thereby impacting clinical
decision-making. This raises the challenging question of
whether assessing direct portal pressure alone, rather than
relying on a calculated gradient, might suffice for evaluating
disease severity and prognosis. Fourth, the ENCOUNTER
study intentionally included patients undergoing TIPS place-
ment, as portal pressure is measured directly via transjugular
access in these cases, allowing direct comparison with
EUS-guided portal pressure measurements. However, patients

The ENCOUNTER study

with decompensated liver disease are not the patient popula-
tion expected to be referred for EUS-PPG in clinical practice.
Outside the scope of this study, transjugular portal pressure
measurement may be more appropriate for end-stage liver
disease, especially in the presence of coagulopathy or large-
volume ascites. However, it should be mentioned that, even
in this population with higher perceived periprocedural risk, no
bleeding events or cases of spontaneous/secondary bacterial
peritonitis were observed following EUS-guided pres-
sure measurement.

The primary application of EUS-PPG will likely be most
relevant in three distinct patient groups: (a) patients with
chronic liver disease who have conflicting non-invasive test
results, (b) patients in whom HVPG is known to underestimate
true portal pressure, (c) patients requiring additional endo-
scopic procedures. First, EUS-PPG may be particularly
beneficial for patients with advanced chronic liver disease in
whom portal hypertension is suspected but not yet clinically
evident, and non-invasive measures have failed to guide
clinical decision-making. This is particularly relevant in pa-
tients with MASLD, where hepatic steatosis and obesity can
interfere with the accuracy of liver and spleen elastography,
and HVPG may underestimate portal hypertension due to a
presinusoidal component. The potential of EUS-PPG as a
direct measurement tool for portal hypertension in MASLD
warrants further investigation. Second, EUS-PPG is a valuable
direct alternative in cases where HVPG is known to underes-
timate portal pressure, such as in patients with presinusoidal
portal hypertension or patients with intrahepatic veno-venous
shunts that cannot be bypassed. Additional research is
needed in these specific patient populations. Third, the use of
the EUS strategy for portal pressure measurement is partic-
ularly advantageous as it allows for a ‘one-stop procedure’.
This integrated endoscopic and endosonographic approach
offers clinicians valuable insights for diagnosing and strati-
fying liver disease. It enables the evaluation of liver-related
complications, assessment of histopathologic inflammation
and fibrosis through biopsy and/or elastography, and mea-
surement of portal pressure, all while minimizing patient
burden by eliminating the need for separate procedures.
Future studies should evaluate the cost-effectiveness of the
‘one-stop procedure’. While the ENCOUNTER study repre-
sents in important next step in evaluating the efficacy of EUS-
PPG as a new measure for portal pressure, additional research
is needed before it can be widely implemented in clinical
practice. Key areas for further investigation include the
feasibility of EUS-PPG under low-dose midazolam in the left
lateral position and the use of EUS-PPG to assess response
to NSBB treatment.

In conclusion, EUS-PPG seems to be a valid and safe alter-
native to HVPG for assessing the presence and severity of portal
hypertension. This study shows that portal pressure can be
assessed with high accuracy via EUS-guided puncture. How-
ever, attention must be paid to technical challenges, including
the potential overestimation of HVP and the influence of general
anesthesia. EUS-PPG is particularly attractive for patients with
chronic liver disease who have conflicting non-invasive test re-
sults, require additional endoscopic procedures or in cases
where HVPG is known to underestimate true portal pressure.
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