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Abstract
Purpose of Review To provide an updated overview of the existing and emerging non-invasive diagnostic methods to assess
portal hypertension.
Recent Findings Data on liver stiffness measurement confirmed that it is a mainstay for assessing the risk of clinically significant
portal hypertension in patients with advanced chronic liver disease of any etiology. The Baveno criteria for identifying patients
who can safely spare endoscopy have been validated in NASH and cholestatic liver disease. New expanded criteria and other
simple non-invasive algorithms includingMELD score or spleen stiffness have been proposed and can lead to a higher proportion
of endoscopies without significantly increasing the risk of missing large esophageal varices. MR and CT improve the anatomical
imaging of gastroesophageal varices and abdominal collaterals and dynamic imaging based on MR and able to quantify hepatic
blood flow are in development. Contrast-enhanced ultrasound and methacetin breath test are emerging promising methods to
estimate the HVPG non-invasively.
Summary Several different non-invasive methods are now available and can be used in clinical practice to achieve a successful
identification of patients with clinically significant portal hypertension in chronic liver disease. However, an exact estimation of
HVPG is not available yet, and changes in portal pressure cannot yet be detected by non-invasive methods.
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Introduction

Portal hypertension (PH) is a common clinical syndrome, he-
modynamically defined by an increase in the venous pressure
gradient across the liver (calculated from its inflow through
the portal vein versus its outflow through the hepatic veins)
over 5 mmHg [1••].

Common complications of PH include the onset of gastro-
esophageal varices that can increase in size and rupture leading
to gastrointestinal bleeding, ascites that can further complicate
with bacterial infection due to bacterial translocation from the

intestine (spontaneous bacterial peritonitis) andwith renal failure
(hepato-renal syndrome), porto-systemic shunting leading to he-
patic encephalopathy, and hypersplenism leading to thrombo-
and leukocytopenia [1••].

The major cause of PH in the Western countries is advanced
chronic liver disease (ACLD)/liver cirrhosis, which accounts for
over 90% of cases [2]. However, other causes (schistosomiasis,
extrahepatic portal vein obstruction, porto-sinusoidal disease/
idiopathic portal hypertension) are common in other geographi-
cal areas of the world and should be correctly identified.

Like any other vascular system, as stated byOhm’s law, portal
pressure depends upon two distinct factors: resistance to blood
flow and the amount of flow (pressure = resistance × flow) [3].

The initial factor leading to the increase in portal pressure is
invariably an increase in resistance to portal blood flow. This
can arise at any level, i.e., at the pre-hepatic (portal vein sys-
tem), intrahepatic (pre-sinusoidal, sinusoidal, or post-
sinusoidal site), or post-hepatic (liver veins, inferior vena
cava, right heart) level (Table 1).

In cirrhosis, the increase in intrahepatic resistance occurs at
a sinusoidal site, due to the structural damage through
fibrogenesis, parenchymal extinction, and regeneration [2].
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Once PH has developed, an adaptive increase in portal blood
flow and subsequently development of porto-systemic collat-
erals and onset of hyperdynamic circulatory syndrome lead to
further increase in portal pressure [4].

In patients with compensated ACLD, the onset of PH
marks an important moment of the natural history of the dis-
ease, characterized by a significant risk of clinical complica-
tions (decompensation) [1••]. However, patients are asymp-
tomatic in this stage and PH must be looked for with specific
diagnostic methods [1••, 5••]. On the other hand, in patients in
the decompensated stage of cirrhosis, PH is invariably present
and diagnosis is clinical. However, patients with decompen-
sated cirrhosis have a high risk of bearing varices that require
therapy, and upper gastrointestinal endoscopy is always need-
ed in this population [1••]. Endoscopy remains the reference
method to determine the presence and aspect of esophageal
and gastric varices, which relate to their risk of rupturing: size,
red color signs, and wale marks [1••].Importantly, it has been
proven that drugs achieving a decrease in portal pressure are
able to avoid the complications of the syndrome, so changing
the natural history of the syndrome [1••].

Reference Standard for Portal Hypertension in ACLD:
Hepatic Venous Pressure Measurement

In ACLD, the definitive diagnosis and staging of PH are based
on hepatic venous pressure gradient (HVPG) measurement,
which is considered the reference standard for the estimation
of portal pressure. The HVPG is measured on invasive hepatic
vein catheterization as the difference between the occlusion

pressure (equal to portal pressure in sinusoidal causes of PH)
and the free pressure in a main hepatic vein. An HVPG of up
to 5 mmHg is considered normal; subclinical PH is defined by
an HVPG of 6–9 mmHg; and an HVPG ≥ 10 mmHg repre-
sents the clinically significant PH threshold (CSPH), above
which gastroesophageal varices can form and the complica-
tions of the syndrome can occur [2]. Consequently, an early
identification of portal hypertension, ideally before complica-
tions have occurred, should be a key aspect of management of
patients with compensated ACLD of any etiology.

Patients with compensated ACLD should be screened for
the presence of CSPH, and patients with CSPH constitute the
population that should undergo endoscopy to screen for the
presence of varices at risk of bleeding [1••].

Severe PH (HVPG ≥ 12 mmHg) and very severe PH
(HVPG ≥ 16 mmHg) are associated with an increase of vari-
ceal bleeding and mortality, respectively, and these thresholds
represent additional important endpoints to be identified [1••].

While worsening of HVPG is associated with worsening of
prognosis, improvement of portal hypertension is associated
with improved prognosis. Specifically, a reduction in HVPG
to < 12 mmHg, or by at least of 10–20% of the baseline values,
is necessary to obtain clinical efficacy of drugs or non-
pharmacological approaches to portal hypertension [1••, 6, 7].

In patients presenting with signs of PH of unknown origin,
tests should be aimed at identifying the most likely cause
(Table 1), and it must be underlined that HVPG measurement
has no value in patients with pre-sinusoidal and pre-hepatic
portal hypertension. Yet, the detection of a normal or near-
normal HVPG in patients with overt clinical signs of PH can

Table 1 classification of portal hypertension and tests routinely available for each scenario

Site of onset of PH Common causes HVPG findings Liver and spleen stiffness Anatomic imaging
(ultrasound; CT; MR)

Pre-hepatic Extrahepatic portal vein
obstruction (non-cirrhotic livers)

Normal LS: normal or minimally
increased

SS: increased

Useful: identify thrombosis with
good accuracy; CT and MR to
map collaterals

Intrahepatic

Pre-sinusoidal Nodular regenerative
hyperplasia/porto-sinusoidal
vascular disease Granulomatous
diseases (sarcoidosis, tuberculosis,
PBC, schistosomiasis)

Normal or slightly
increased

LS: normal or minimally
increased

SS: increased

Of limited utility; identify signs
of PH but liver anatomy is often
confounded with cirrhosis

Sinusoidal Cirrhosis (90% of cases in Western
countries) amyloidosis liver
infiltration in hematologic diseases

Increased, CSPH
if ≥ 10 mmHg

LS: increased > 20 kPa
SS: increased > 45–54 kPa

Useful; nodularity of liver surface,
liver vein irregularity, and signs
of PH

Post-sinusoidal Sinusoidal obstruction
syndrome

Increased LS: increased SS: increased Of limited utility; identify
hepato-splenomegaly and ascites;
Doppler signs not sensitive in
early phases

Post-hepatic Hepatic veins thrombosis
(Budd-Chiari syndrome)

Often impossible
to measure

LS: increased SS: increased Useful: identify thrombosis/remnant
patent veins and liver anatomical
changes with high accuracy;
CT and MR to map collaterals
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help in the differential diagnosis of complex cases, being the
final diagnosis based on histology.

As explained above, HVPG measurement and endoscopy
are the reference methods to evaluate PH in CLD. However,
they are invasive, expensive, require a specific expertise, and
may rarely lead to complications. Non-invasive diagnostic
methods that can be used reliably to determine the presence
and estimate the severity of PH have been a major research
topic in hepatology for at least 30 years. The development of
simple, non-invasive methods enabling accurate and rapid di-
agnosis of patients with a low risk of CSPH and varices re-
quiring treatment (who could avoid invasive tests), and pa-
tients with CSPH (at high risk of complications and varices,
requiring further testing), has become closer to clinical prac-
tice in the last year, fostering further the advancement of per-
sonalized medicine in this field. Figure 1 schematically repre-
sents the rationale of non-invasive diagnostic methods com-
monly used for portal hypertension.

Existing Non-invasive Methods for the Assessment
of Portal Hypertension

Laboratory Tests

Simple, readily available laboratory parameters related to liver
synthetic function, hypersplenism, and remodeling of the ex-
tracellular matrix have been studied in the context of the di-
agnosis of portal hypertension and EV. A decrease in platelet
count is the most commonly reported sign of portal hyperten-
sion in compensated ACLD, and platelet count alone or in
combination with other unrelated tests (e.g., spleen size, liver
stiffness, portal vein velocity on Doppler, and Lok index [8])
should be used in clinical practice to identify patients who can
safely avoid endoscopy due to a very low risk of varices re-
quiring treatment [5••]. However, normal platelet count can be

occasionally observed in patients with CSPH, and the corre-
lation between platelet count and HVPG does not allow accu-
rately extrapolating the severity of PH.

As for the other available serum markers or parameters,
while a Child-Pugh score over 6 points might suffice to sug-
gest the presence of CSPH, none of the available tests are
accurate enough to rule-in or rule-out varices needing
treatment.

Ultrasound and Ultrasound-Doppler

Several anatomical changes occurring in patients with ACLD
and portal hypertension can be studied by ultrasound imaging
[9, 10]. In patients with typical signs of cirrhosis (nodular liver
surface, heterogeneous echo pattern of the liver), the portal
vein can show an increased diameter; dilatation over 13 mm
is associated with an increased risk of large varices, and this
has been used in combination with platelet count in several
studies [11]. The presence of porto-systemic collateral circu-
lation (patent paraumbilical vein, spontaneous spleno-renal
collaterals, dilated left gastric vein, and short gastric vein,
etc.) can be considered a 100% specific sign of CSPH, even
if the sensitivity of the test is low. Reversal of blood flow
(hepatofugal flow) in the portal vein is similarly a highly spe-
cific sign of portal hypertension, usually indicating the pres-
ence of large extrahepatic porto-systemic collaterals “stealing”
portal blood flow [10]. Doppler ultrasound signs of PH in-
clude reduced portal vein blood velocity and increased
intrahepatic and intrasplenic arterial resistance index; when
used in combination with simpler parameter, specificity for
the diagnosis of CSPH is > 80%, but sensitivity does not ex-
ceed 40–70%, in compensated patients [10]. None of the
abovementioned parameters are sufficiently exact to allow a
good estimation of the exact value of the HVPG, nor their
change parallels change in HVPG on pharmacological

Fig. 1 schematic representation of the rationale of non-invasive diagnostic methods commonly used for portal hypertension
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therapy. In the authors’ experience, portal vein velocity de-
creases significantly in patients undergoing therapy with
NSBB, and the lack of decrease in this parameter should
strongly suggest a lack of compliance.

Doppler ultrasound is the method of choice to follow up
patients who underwent TIPS placement [12]. Portal vein
blood velocity, direction of the flow in the intrahepatic
branches of the portal vein, and blood velocity within the
TIPS stent should be monitored to detect TIPS dysfunction
and indicate invasive TIPS revision before the onset of clinical
events.

Liver and Spleen Stiffness Measured by Ultrasound
Elastography and their Combination with Other Parameters

Al tissues have intrinsic mechanical/elastic properties that can be
measured by distorting the tissue and evaluating its response.
The term “ultrasound elastography” groups the techniques using
ultrasound to detect the velocity of the microdisplacements
(shear waves) induced in the tissue [13•]. Since liver fibrosis is
the major determinant of the increased hepatic resistance, and
consequently of portal pressure in patients with ACLD, liver
stiffnessmeasured by elastography has been studied as a possible
surrogate of portal hypertension [14•].

Most of the experience in this field has been obtained using
vibration-controlled transient elastography (TE, FibroScan®).
After transmitting a vibration to the liver, the measurement of
the shear wave displacement is obtained by an ultrasound beam
on the tip of the probe and is reported in kilo Pascals (kPa).

Liver stiffness measurement (LSM) shows a close correla-
tion with HVPG in compensated patients [15]. The degree of
correlation is optimal up to 12 mmHg, while it significantly
decreases in patients with higher HVPG. This is likely due to
the fact that increase in blood flow following the onset of PH
cannot be sensed by LSM, which mostly mirrors intrahepatic
resistance. Nonetheless, LSM enables an accurate discrimina-
tion between patients with and without CSPH (AUROC >
0.90), particularly if combined to platelet count and evenmore
if spleen size is considered [16, 17]. The consensus conference
on PH held in Baveno, Italy, in 2015 agreed that the values of
LSM > 20 kPa are strongly suggestive of CSPH, particularly
in patients with viral etiology of liver disease [5••].
Consequently, patients with LSM < 20 kPa and normal plate-
let count (> 150 G/L) can safely skip endoscopy, since their
risk of having varices needing treatment is below 5%. Several
recent studies validated these “Baveno VI criteria” in different
etiologies, including NASH and cholestatic liver disease, and
in different geographical areas [18•, 19•, 20]. Furthermore,
recent data suggest that the Baveno VI criteria are quite con-
servative, allowing to skip not more than 20–25% of endos-
copies, but they can be safely expanded by allowing a LSM up
to 25 kPa and a platelet count above 110 G/L, increasing the
spared endoscopies to 40% with a moderate increase in the

proportion of missed varices [21]. Other proposed strategies to
increase the proportion of spared endoscopies include the use
of MELD score or spleen stiffness in combination with plate-
let count and/or liver stiffness [22].

Importantly, LSM indicating the presence of CSPH pre-
dicts the onset of clinical decompensation with an accuracy
similar to that of HVPG [23, 24].

It should be underlined that in patients with cirrhosis and
CSPH who underwent successful treatment of HCV, LSM
markedly decreases after treatment and sustained virological
response; despite this, CSPH persists after treatment in up to
70% after 1 year [25••]. Thus, LSM results should be taken
with caution in these patients, and currently, no firm conclu-
sion regarding fibrosis stage and regression of portal hyper-
tension based on post-treatment LSM should be taken.

Data regarding the correlation between LSM changes and
HVPG changes are scarce and seem to indicate that LSM is
not adequate to follow up portal hypertension. However, re-
cent data show that LSM decreases significantly after TIPS in
patients with cirrhosis not developing post-TIPS liver failure,
but the data require validation [26].

Newer ultrasound elastography methods are available on
modern ultrasound devices, are based on acoustic radiation
force impulse (ARFI), and focus on high-intensity short-dura-
tion acoustic pulses to generate the tissue displacement, either
at one point (point shear wave elastography, pSWE) or in
larger areas (two-dimensional shear wave elastography, 2D-
SWE) [13•]. The main advantage is due to the possibility of
selecting the liver stiffness measurement point in real time.

Despite the quality criteria for the correct interpretation of
results not yet completely defined, the available evidence on the
twomost commonly available systems in the market suggest that
the diagnostic performance for the assessment of portal hyperten-
sion is similar to that of TE with AUROCs of 0.82–0.90 [14•].

Spleen stiffness measurement (SSM) has been proposed as
a more precise method to assess portal pressure. Since long, it
is known that the spleen undergoes parenchymal remodeling
in patients with PH, often showing as splenomegaly. This is
due to passive congestion and increased arterial inflow and
enhanced angiogenesis and fibrogenesis. Using TE, SSM
showed an accuracy similar or superior to that of LSM to
diagnose CSPH, varices needing treatment, and to predict
clinical events [14•]. In the authors’ experience, SSM is par-
ticularly useful in patients having LSM in the “gray” zone,
between 15 and 20 kPa, where the discrimination between
those with and without PH is most difficult. In these patients,
the finding of SSM > 54 kPa is in our experience a useful hint
of CSPH. In addition, in patients with non-cirrhotic portal
hypertension who by definition have normal LSM, SSM well
correlated with the presence of gastroesophageal varices [27].
Finally, recent data show that SSMmight reflect the improve-
ment of portal pressure after TIPS placement (confirmed in
our experience) [26].
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The limitations of LSM and SSM by TE, pSWE and 2D-
SWE have been reviewed elsewhere; it is important to under-
line that LSM should be considered reliable only in the ab-
sence of factors inducing an increase in liver stiffness inde-
pendent of fibrosis (venous congestion, acute hepatic inflam-
mation, meal ingestion, obstructive cholestasis) [13•]. In ad-
dition, as for TE, no specific probe is commercially available
for SSM, and this limits the possibility of measuring SSM to
patients with splenomegaly.

Computerized Tomography– and Magnetic Resonance
Imaging–Based Parameters

Contrast-enhanced CT and MRI of the abdomen provide high-
quality images of the portal venous system and of porto-systemic
collaterals and are potentially useful in the identification of pa-
tients with CSPH. In a recent systematic review and meta-
analysis of the existing observational data, CT had an AUROC
of 0.898 for diagnosing varices of any size and of 0.949 for high-
risk varices [28].Multi-detector CT had the highest performance.
Despite this data not validated in prospective andwell-conducted
studies, in the opinion of the authors’ of this review, it is logical
that any porto-systemic collateral visualized by any imaging
method should suffice to confirm the presence of CSPH, and
to suspect the presence of gastroesophageal varices, which are
more common in patients with porto-systemic collaterals of any
kind [29, 30]. Therefore, in patients with compensated ACLD
who require CT or MR due to concomitant morbidity, a careful
examination of the portal venous phases to identify or exclude
the presence of porto-systemic collateral should be performed.
Future data will address whether portal pressure estimation by
using computational fluid dynamic modeling, which has been
postulated, can be reliably obtained in human subjects [31].

Different magnetic resonance imaging and elastography
(MRE) techniques have been tested in patients with ACLD and
suspected PH. Encouraging but limited results regarding the cor-
relation between HVPG and liver and spleen stiffness on MRE,
as well as dynamic contrast-enhanced perfusion parameters (e.g.,
liver upslope), and quantitative magnetic resonance imaging [32,
33, 34•] exist. However, no head-to-head comparison to simpler
methods (e.g., ultrasound elastography) is available. In addition,
the limited sample size and design of the published studies do not
allow concluding about the utility of these methods in real-life
scenarios, and further studies are needed.

New Promising Methods Not Yet Fully Validated

Contrast-Enhanced Ultrasound

Ultrasound contrast agents (UCAs) consist in microbubbles of
inert gas stabilized into a lipid/phospholipid shell. Due to their
acoustic properties, microbubbles enhance the ultrasound sig-
nal and once injected in a peripheral vein they behave as

intravascular agents, allowing the visualization of micro- and
macrovessels in real-time. Currently, three UCAs are available
for the study of the liver according to the different geographic
regions: SonoVue® (sulfur hexafluoride; Bracco,
Switzerland), which is authorized in Europe; Definity®
(octafluoropropane; Lantheus Medical Imaging, Billerica,
MA, USA), and Sonazoid® (perfluorobutane; GE
Healthcare, UK Ltd), which is mostly used in Asia, and is
the only one showing a parenchymal phase.

The most common indication for the use of contrast-
enhanced ultrasound (CEUS) in the liver is characterization
of focal lesions [35]. In addition, CEUS is already used rou-
tinely to improve the results of ultrasound and Doppler ultra-
sound in specific complications of portal hypertension. This
includes the confirmation of portal vein thrombosis in patients
with difficult Doppler assessment, the differential diagnosis of
bland thrombosis from malignant portal vein invasion, and
further assessment of suspected TIPS dysfunction.

In the last 10 years, CEUS is being increasingly studied as a
potential method to assess portal hypertension. As previously
mentioned, increase in porto-collateral blood flow and
hyperdynamic systemic circulation follows the onset of
CSPH and is not well detected by elastography. CEUS allows
measuring the arrival time of contrast in different vessels of
the liver, and as such can provide data on the presence of
hyperdynamic circulation and portal hypertension. Hepatic
veins arrival time (HVAT) of SonoVue showed a linear signif-
icant correlation with HVPG in one study including patients
with cirrhosis (n = 71, R2 = 0.56, p < 0.001) [36]. Using this
method, CSPH could be detected with high discriminative
ability (AUROC 0.97) and the suggested that a cut-off of
14 s had a sensitivity > 90% with a specificity > 80% for this
diagnosis. The results were validated in an independent group
of 35 patients and were similar.

Dynamic CEUS using the disruption-reperfusion technique
was used to estimate regional hepatic perfusion (RHP) [37].
This showed a weak albeit significant correlation with liver
function and HVPG, providing a proof of concept about the
potential of this technique to estimate parenchyma perfusion.
In the authors’ opinion, a volumetric assessment in real time
(4D DCE-US) would likely improve the accuracy of measure-
ments and its correlation with portal pressure.

Based on the concept that the liver vascular network anat-
omy is progressively disrupted in cirrhosis, and that this ex-
plains the onset of portal hypertension, an objective measure-
ment of the degree of derangement of the liver vascular net-
work using DCE-US could closely mirror the HVPG. Graph
analysis of the liver DCE-US proved feasible and led to
modeling the clustering coefficients of “vascular
connectomes” in a preliminary study [38]. Patients with cir-
rhosis had a lower clustering coefficient indicating disruption
of normal anatomy, and this parameter inversely correlated
with HVPG, with an excellent correlation coefficient (R =

24 Curr Hepatology Rep (2019) 18:20–27



0.977; MRSE = 1.57). A large European cooperative study
(the CLEVER study) has been carried on to validate the re-
sults and creating automatic software for the analysis of DCE-
US images in this field. Its preliminary results have been pre-
sented at the International Liver Congress in 2018. The DCE-
US-based software showed a suboptimal applicability, but in
patients with reliable measurements, the predicted HVPG and
the measured HVPG showed a very good correlation (R =
0.834, p < 0.0001).

The amplitude of ultrasound waves of the subharmonic
signal emitted by the microbubbles led to the development
of another CEUS-based method. It has been shown that if
the microbubbles are contained in a liquid (such as blood),
their subharmonic signal amplitude decreases linearly when
pressure of the surrounding fluid increases. Therefore, by
measuring the subharmonic signals amplitude of
microbubbles, the pressure of liquid surrounding them in dif-
ferent points of a vascular system can be estimated and by
processing them through an adequate mathematical modeling
[39]. This approach, named SHAPE (SubHarmonic Aided
Pressure Estimation) was used by Eisenbrey et al. in patients
with cirrhosis (n = 45) [40]. The subharmonic signal gradient
was calculated as the difference between the portal vein and
the hepatic vein subharmonic signals gradient and compared
with the HVPG. The estimated pressure gradient showed an
excellent correlation with HVPG (R2 = 0.82) and an over 90%
accurate cut-off for CSPH could be identified. These results
are currently being validated in a large multicentric study con-
ducted in the USA.

In the authors’ opinion, CLEVER and SHAPEmethods are
very promising and could bring DCE-US/CEUS close to clin-
ical practice in the assessment of portal hypertension.

13C–Methacetin Breath Test

13C is a non-radioactive, stable isotope, which can be incor-
porated into substrates; once metabolized by the liver micro-
somes, it will be released as 13CO2 and as such it can be
detected in breath using a spectrophotometer device. Breath
tests using methacetin (MBT) marked with 13C, administered
either orally or i.v., have been developed, since marked
methacetin would be exclusively metabolized by the liver
and would lead to the following equation:

CH3CONHC6H4O13CH3 CYP1A2��������������→ CH3CONHC6H4OHþ13CO2

methacetinð Þ acetaminophenð Þ

TheMBTmeasures an important metabolic function which
reflects the degree of overall liver impairment [41]. Therefore,
since portal pressure typically correlates with poorer liver
function, the 13C–methacetin breath test (MBT) has been test-
ed for the prediction of CSPH. Amodel based onMBT had an
AUROC of 0.881 to identify CSPH in patients with NASH. In

the authors’ opinion, MBT represents an interesting novel tool
that could complement other tests for portal pressure assess-
ment (e.g., ultrasound, liver stiffness, and spleen stiffness) in
patients with compensated advanced chronic liver disease. In
particular, the use of MBT to predict non-invasively the
HVPG response to NSBB would be of great interest for the
hepatology community, since this remains a major unmet need
in the field.

Conclusion

As discussed in this review, several different non-invasive
methods are now available and can be used in clinical practice
to achieve a successful identification of patients with clinically
significant portal hypertension in chronic liver disease.
However, several challenges remain a field open for research.
In particular, an exact estimation of HVPG is not available yet,
and changes in portal pressure cannot yet be detected by non-
invasive methods. In patients with extrahepatic portal vein
obstruction, the only promising method available is spleen
stiffness measurement, but prospective validation against clin-
ically relevant outcomes is needed.
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