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Abstract

Liver fibrosis is a common histological change of
chronic liver injury and it is closely related with portal
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hypertension which is hemodynamic complication of
chronic liver disease. Currently, liver fibrosis has been
known as a reversible dynamic process in previous
literatures. Although liver biopsy is a gold standard
for assessing the stage of liver fibrosis, it may not
completely represent the stage of liver fibrosis because
of sampling error or semi-quantative measurement.
Recent evidences suggested that histologic, clinical,
hemodynamic, and biologic features are closely
associated in patients with chronic liver disease. Hepatic
venous pressure gradient (HVPG) measurement has been
known as a modality to evaluate the portal pressure.
The HVPG measurement has been used clinically
for fibrosis diagnosis, risk stratification, preoperative
screening for liver resection, monitoring the efficacy of
medical treatments, and assessing the prognosis of liver
fibrosis. Therefore, the HVPG measurement can be used
to monitor areas the chronic liver disease but also other
important areas of chronic liver disease.
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Core tip: Hepatic venous pressure gradient (HVPG)
measurement has been used in the clinical fields such
as diagnosis of fibrosis, risk stratification, preoperative
screening for liver resection, monitoring of the efficacy
of medical treatment, and assessing the prognosis of
liver fibrosis. HYPG measurement, along with monitoring
stage the liver fibrosis, will play important roles in the
field of chronic liver disease.
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INTRODUCTION

Liver fibrosis is one of the leading causes of mortality
because it changes the architecture of certain organs
and disrupts normal function™™?!. Liver fibrosis is a
histological consequence of the wound-healing process
resulting from chronic liver diseases such as viral
hepatitis, alcoholic liver disease, non-alcoholic fatty
liver disease, and other liver disorders. Deposition of
excess extracellular matrix (ECM) that is rich in fibril-
forming collagens is a typical finding of liver fibrosis®.
The excess deposition of the ECM changes the normal
architecture of the liver resulting in pathophysiologic
damage to the organ.

Liver cirrhosis (LC) is defined as an advanced
stage of liver fibrosis with distortion of the hepatic
vasculature and architecture. Histologically, regen-
erative nodules with fibrous tissues form in response
to chronic injury and lead to LC™*?!, Consequently,
disruption of the liver architecture due to liver fibrosis
and/or cirrhosis causes hemodynamic instability
and portal hypertension. The development of portal
hypertension is a hallmark of LC.

Portal hypertension is a clinical syndrome defined
by an increase in the hepatic venous pressure gra-
dient (HVPG) above 5 mmHg due to increased
hepatic resistance!. Portal hypertension occurs in
patients with fibrosis in the sinusoid of the liver, and
portal hypertension is one of the causes of several
severe complications of LC (variceal bleeding, ascites,
peritonitis, or hepatic encephalopathy) that are
associated with its mortality®.

The concept of wedged hepatic venous pressure
(WHVP) was described by Myers and Taylor. WHVP
can be measured by occlusion of hepatic vein using
catheterization®. For many years, a safe, simple,
reproducible, and less invasive method has been used
to measure the HVPG. HVPG means the difference
between the portal vein pressure and the hepatic vein
pressure. Measuring both the free hepatic venous
pressure (FHVP) and the WHVP has been the standard
method for estimating HVPGH2,

It has been proposed that serial HYPG measure-
ments can estimate the stage of fibrosis or cirrhosis
regardless of the etiology™ . In addition, the HVPG
measurement has been used clinically for fibrosis
diagnosis, risk stratification, preoperative screening
for liver resection, monitoring the efficacy of medical
treatments, and assessing the prognosis of liver
fibrosis. Therefore, the HVPG measurement can be
used to monitor areas the chronic liver disease but also
other important areas of chronic liver disease'™, This
review presents the role of the HVPG measurement in
staging liver fibrosis and LC.

LIVER FIBROSIS AND CIRRHOSIS

Because liver fibrosis is positively related to prognosis,
accurate staging of liver fibrosis gives important
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clinical implications in the management of chronic
liver disease!*®. As such, there is a strong demand for
reliable liver fibrosis biomarkers that provide insight
into the disease etiology, diagnosis, therapy, and
prognosist*’.. Currently, diagnostic modalities range
from blood biomarkers to genomics as well as to even
more advanced techniques such as elastography, or
magnetic resonance imaging”’.

The mechanism of liver fibrosis is thought to
be associated with the hepatic damage of various
etiologic factors followed by the activation of hepatic
stellate cells (HSC) within the liver that develop into
myofibroblasts™™®. HSCs are resident peri-sinusoidal
cells in the subendothelial space between hepatocytes
and sinusoidal endothelial cells!*®). The main cells
affected by liver fibrosis are the HSCs and fibroblasts,
which are activated by soluble mediators produced
by activated Kupffer cells or inflammatory cells in the
course of chronic liver disease!**".,

HSC activation

HSCs activation consists of 3 phases (initiation,
perpetuation, and final resolution phase when liver
injury resolves)™™. Initiation is the first phase occurred
during HSC activation resulting from paracrine activation
by all other cells such as sinusoid endothelium,
hepatocytes, cholangiocyte, and platelets. Hepatocyte
apoptosis caused by injury also promotes HSCs
initiation through a process mediated in part by Fas,
tumor necrosis factor-related apoptosis-inducing ligand,
endothelial cells, platelets, and Kupffer cells!**?>#],

The perpetuation phase of HSCs results from the
chronic stimulation that signals for cell maintenance
of the activated form and induces liver fibrosis™.
The perpetuation of HSC activation causes changes
in cell behavior, including proliferation, chemotaxis,
fibrogenesis, contractility, matrix degradation,
and retinoid loss. The perpetuation phase involves
autocrine and paracrine loops. The effect of these
changes leads to the accumulation of the ECM in
the liver. Activated HSCs become directly fibrogenic
by increasing the synthesis and deposition of ECM
proteins®!!, The contractility of HSCs may be one of
the main causes of elevated portal resistance during
liver fibrosis. The collagen bands in LC contain a large
numbers of activated HSCs™'. Liver fibrosis is caused
by an unbalance between matrix production and
degradation. A main component of ECM remodeling is
the family of matrix-metalloproteinases®®®. In addition,
the tissue inhibitors of metalloproteinases and the
uroplasminogen activator receptor or its inhibitor as
well as other components of the plasmin system are
closely related to ECM degradation'®*?®, In the case
of liver fibrosis resolution, HSCs are either driven
to apoptosis or prompted to revert to a quiescent
HSCP24,

LC
The change from initial liver fibrosis to LC involves the
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Figure 1 Increase of hepatic venous pressure gradient in liver fibrosis.
A: In normal liver, wedge pressure is equivalent to hepatic sinusoidal pressure;
B: In cirrhosis, pressure is equivalent to that in the portal vein, and then wedge
pressure can be considered equivalent to the portal vein pressure. WHVP:
Wedged hepatic venous pressure; FHVP: Free hepatic venous pressure.

inflammation and activation of HSCs with subsequent
fibrogenesis, angiogenesis, and parenchymal disruption
caused by vascular occlusion'®’, Histologically, LC is
characterized by a vascularized fibrosis septum that
allows for communication between portal tracts and
to the central veins, resulting in liver nodules that are
devoid of a central vein and surrounded by a fibrotic
band®”. This vascular distortion leads to shunting of
the blood supply between the portal vein and artery
and disrupts the exchange between hepatic sinusoids
and the liver parenchyma. The hepatic sinusoids are
lined by endothelium that is located on a sheet of
permeable connective tissue in the space of Disse, in
which HSCs and other cells also rest™, Hepatocytes,
perform most of the known liver functions and line the
other side of the space of Disse. In LC, the space of
Disse becomes occupied with fibrous tissue, and the
endothelium loses its functions, a process known as
sinusoidal capillarization™,

Increased resistance to portal blood flow is the
main cause of increased portal pressure in LC. Portal
hypertension results from the structural distortion
that is associated with advanced fibrosis and LC
(Figure 1). LC and the resultant vascular distortion
were previously regarded as irreversible. However,
recent reliable data suggest that LC regression or even
reversal is possible®.,

LIVER BIOPSY

Liver biopsy is currently the gold standard for assessing
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liver fibrosis and has been used for the diagnosis of
fibrosis, risk stratification, prognosis evaluation, and
differential diagnoses. In the 1960s, the introduction
of the liver biopsy brought about substantial change
in the field of liver disease®*. Currently, several
semi-quantitative scoring systems are available for
the diagnosis of liver fibrosis (METAVIR, Knodell,
and the Ishak score) (Table 1), Typically, liver
fibrosis is scored in stages and necro-inflammation
is evaluated by grade. Liver fibrosis is histologically
staged by assessing the amount of fibrosis and level
of architectural disorganization. Until now, these semi-
quantitative scoring systems have been used in many
clinical trials and for the evaluation of chronic liver
disease. Though the current scoring systems apply
a common principle to assess the status of chronic
liver disease, none of them specifically describes the
relation between these scoring systems and the level
of liver fibrosis®®. Because LC is defined as a diffuse
process in which the normal lobules are replaced
by architecturally abnormal nodules separated by
fibrous tissue, the semi-quantitative nature of these
histologic scoring systems do not fully represent
the actual state of the liver nor do they include the
histologic features of LC have been traditionally linked
to clinical outcomes™”. In addition, tissue obtained
by liver biopsy is only a small portion of the entire
liver (1/50000); therefore, sampling error may be
inevitable™®,

Taken together, liver histology may be the best-
standardized method for evaluating the status of
chronic liver disease. However, a comprehensive study
of chronic liver disease requires data that combine
all histological, hemodynamic, and clinical features
as well as clinical endpoints, such as the onset of
complications of cirrhosis related to LC and the
incidence of death®>*%%%,

HEPATIC VENOUS PRESSURE GRADIENT

Methods
Hemodynamically, the sinusoidal connection dissipates
the pressure backup from the wedged catheter.
Consequently, WHVP is slightly lower than the directly
measured portal pressure. In LC, the inter-sinusoidal
communication becomes disrupted by the fibrosis
septum and tissue, thus the reduction of WHVP
becomes blocked. Therefore, the WHVP accurately
represents the portal pressure (Figure 1), The use of
a balloon catheter allows for the occlusion of a branch
of the large hepatic vein at the lobar and sub-lobar
levels. As a result, the hemodynamic stage of a large
portion of the liver can be measured via the HVPG.
Three veins (antecubital, femoral, or right jugular
vein) have been commonly used as route for catheter
insertion for the HVPG measurement. A 6 or 7 French
balloon catheter is placed in the hepatic vein through a
guide track made in the vein to measure the FHVP and
FHVP. The WHVP is measured by inflating the balloon.
And then, the HVPG is calculated by subtracting the
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Table 1 Scoring system of liver fibrosis in liver biopsy

Score

METAVIR 0 1 1 2 3 4 4
score No fibrosis Portal fibrosis Portal fibrosis Septal fibrosis Septal fibrosis Cirrhosis Cirrhosis

without septa without septa (portal-portal) (portal-central)
Ishak score 1 2 3 4 5 6

No fibrosis ~ Some portal tract Most portal tract ~ Portal tract fibrotic Portal tract fibrotic Marked portal to Cirrhosis
fibrotic + short fibrotic + short ~ with occasional portal with marked portal to portal and/or portal
fibrous fibrous to portal bridging portal and portal to to central with
septa septa central bridging occasional nodules

Figure 2 Method for hepatic venous pressure
gradient measurement. HVPG: Hepatic venous
pressure gradient; WHVP: Wedged hepatic venous
pressure; FHVP: Free hepatic venous pressure.

HVPG (18 mmHg) = WHVP (22 mmHg) - FHVP (4 mmHg)
EEEESEess s o= 28 RGN

FHVP from the WHVP (Figure 2)™*, 13 mmHg revealed a sensitivity of 79% and specificity
of 89% in the prediction of advanced fibrosis®". In
Clinical implications another study, the HVPG showed a good AUROC of

The HVPG measurement has been a useful tool for the 0.85 for the prediction of advanced fibrosis among
diagnosis, evaluation and assessment of the severity patients with chronic viral hepatitis and a sensitivity
and prognosis of chronic liver disease and cirrhosis, and specificity of 80% and 77%, respectively, which

including the risk assessment of the LC related comp- ~ were superior to that of other serologic biomarkers*?.
lications'**!. Compensated LC is defined according In addition, it has been demonstrated that the HVPG
to the presence of varices™™!. Patients with an HVPG is associated with critical complications such as portal

< 10 mmHg had a 90% possibility of maintaining hypertension, HCC, and survival®*>*, Repeated HVPG
compensated LC during a median follow-up of four measurements might assess the progression of
years*”), Ripoll et al*®' demonstrated that an HVPG > fibrosis to cirrhosis despite the lack of other etiologic
10 mmHg increases the risk of clinical decompensation factorst**>?],

such as bleeding, ascites, hyperbilirubinemia, or Currently, liver stiffness measurements by tran-
encephalopathy. In other reports, patients with LC and sient elastography have been a promising and safe

an HVPG > 16 mmHg or > 20 mmHg showed a poor method used to monitor fibrosis progression and to
[47-49]

prognosis predict portal hypertension in patients with chronic

liver disease™*®. In patients who had undergone liver
Liver fibrosis transplantation, the HVPG score was correlated with the
In patients with stage 1 compensated LC, the liver stiffness measurement in the overall population®®.

sensitivity and specificity of the HVPG in predicting The positive relation between liver stiffness and the
stage 1 compensated LC were 78% and 81% at an HVPG score has been found in patients with LC,
HVPG of 6 mmHg, respectively®®. Other reports have  especially those with an HVPG < 10 mmHg®®. The
also suggested a significant correlation between the ~ AUROC for predicting HVPG values of 10 mmHg and 12
HVPG and fibrosis stage®. The area under receiver =~ mmHg is reported as 0.76 and 0.99 (cutoff value 13.6
operating characteristic (AUROC) curve of HVPG for the kPa and 34.9 kPa), respectively™*. In another study,
diagnosis of advanced fibrosis was 0.906. The HVPG > HVPG scores of > 6 mmHg and > 10 mmHg were
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predicted by a cutoff value of 8.7 kPa and 21 kPa,
respectively™”.

Variceal bleeding

In patients with LC, the annual incidence rate of
variceal bleeding is estimated to be 4%. However, this
bleeding risk might be as high as 15% according to
the size of the varices®™, and an HVPG > 10 mmHg
is considered a good predictor of the development of
varices™!, In one study, an HVPG score of 11 mmHg
had sensitivity and specificity for variceal hemorrhage
of 92.4% and 27.7%, respectively®.

In patients with LC, the probability of incidenct
bleeding at 3 years after being diagnosed with LC
was significantly higher in poor responders than in
good responders to therapy with beta-blockers alone
or beta-blockers with isosorbide mononitrate®.
Regarding the primary prophylaxis, few studies
have investigated the hemodynamic response to
pharmacological therapy because of the difficulties in
creating this kind of clinical trials.

In cases of acute variceal bleeding, the HVPG
measurement was a good predictor of the prognosis
and therapeutic efficacy of medication. Previous
studies have suggested that an HVPG of > 12 mmHg
is a good indicator of variceal bleeding in patients with
LC**®1, In patients with acute variceal bleeding, the
early prognosis in patients with alcoholic LC was closely
related to the HVPG score measured within two days of
hospital admission®®”), In addition, an HVPG of > 20
mmHg was significantly related to a long hospital stay,
numerous blood transfusion, and a lower one-year
mortality of 64%™", Albrades et a/'®*® demonstrated
that an HVPG > 20 mmHg is independently related
to the early prognosis of patients with acute variceal
bleeding and should be treated with a vasoactive,
antibiotic, or endoscopic therapy.

In patients with acute variceal bleeding, emergent
endoscopic treatment [endoscopic injection sclero-
therapy (EIS) or endoscopic band ligation (EBL)]
has been commonly used. In one study, the HVPG
was estimated to have significantly increased after
endoscopic therapy compared to the pre-treatment
HVPG score in the EBL (pre-treatment, 18 mmHg;
post-treatment, 21 mmHg) and EIS groups (pre-
treatment, 18 mmHg; post-treatment, 22 mmHg)™®.
However, in the EBL group, the HVPG recovered to
the pretreatment values within two days after the
endoscopic therapy, while in the EIS group, the HVPG
score remained high during the five days of follow-up.
As a result, the EIS was associated with a continued
increase in HVPG in patients with acute variceal
bleeding. It is well known that a reduction of 12 mmHg
or more or at least than 20% from baseline HVPG
score leads to decreased the risk of rebleeding and
mortality™”®". Another report suggested that an HVPG
reduction of > 10% from the baseline value is the
best target to induce the greatest response to primary
prophylaxis™".
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If patients with LC do not receive pharmacologic
treatment, the risk of rebleeding increases to
55%-67%. The use of endoscopic therapy (EIS
or EBL), a transjugular intrahepatic portosystemic
shunt, or other types of shunts also reduce the
risk of rebleeding”>’*. However, the likelihood that
a patient will fail to hemodynamically respond to
treatment varies between from 45% to 63%"%.
Another study has suggested that HVPG monitoring
was more effective when used with EBL and secondary
prophylaxis therapy for variceal rebleeding than it
was with EBL alone™. The HVPG has been shown to
predict bleeding outcome such as variceal rebleeding
and mortality!*®**7¢],

Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is the main cause of
death in patients with LC”). A recent report proposed
that non-selective beta-blockers decrease the inci-
dence and progression of HCC via a reduction of the
inflammatory materials from the gut to the liver and by
inhibiting translocation®. Ripoll et al”®! suggested that
portal hypertension is a significant predictor of HCC
and an HVPG > 10 mmHg increase the risk of HCC by
a six fold. In patients with decompensated alcoholic
LC, the HVPG may be a predictor for the development
of HCC®®, Bruix et af®™™ suggested that a high HVPG
score is significantly related with decompensation after
HCC operation. Another study demonstrated that a
high HVPG score was related with mortality after liver
resection for HCC®?. However, in the field of HCC,
few data are available about on role of HVPG. Further
studies are needed.

Prognosis
Until now, the HVPG measurement has been used
for the evaluation of LC prognosis in many studies!.
The HVPG is a useful tool for the evaluation of viral
recurrence after transplantation'®. In viral LC,
lamivudine monotherapy for chronic viral hepatitis
has been found to reduce the HVPG effectively in
patients with virologic suppression and biochemical
remission®!, One study demonstrated that the
HVPG was positively associated with mortality and
liver dysfunction after liver resection in patients with
HCC®*), They also concluded that preoperative HVPG
measurements should be taken routinely for the
evaluation of the prognosis. Moreover, Suk et af®®
demonstrated that a repeated HVPG measurement
was necessary for the prediction of mortality in
patients with decompensated LC. Measurement of
the HVPG and albumin have been considered as
significant predictors for the development of clinical
decompensation in patients with compensated LC®".
Suk et al®® also reported that the HVPG mea-
surement was better at predicting mortality than the
model for end-stage liver disease (MELD) or MELD
including serum sodium (MELD-Na) were. In patients
with portal hypertension, monitoring the HVPG

March 27,2015 | Volume 7 | Issue 3 |



Suk KT et a/. The role of HVYPG measurement

Table 2 Pathologic, hemodynamic, and clinical stage of liver

fibrosis

Classification Stages
METAVIR score  FO-F3 F4 F4 F4 F4
HVPG (mmHg) >6 >10 >12 >16
>20
Clinical class Stage1l Stage2 Stage3 Stage 4-5
Compen- Compen- Decom- Decom-
sated sated  pensated pensated
Varices  Varices Variceal
Ascites bleeding
Ascites
Other
complications
1-yr mortality (%) 1 3 10-30 60-100

54]

This table was modified from ref.””. HVPG: Hepatic venous pressure

gradient.

after the treatment provides substantial prognostic
information”®. However, other studies have suggested
that the MELD-Na is the most predictive of one year
mortality in patients with decompensated cirrhosis®®.
However, the combined use of the HVPG and the
MELD/MELD-Na score does not improve the prognostic
accuracy. To properly evaluate the prognostic accuracy
of the MELD, MELD-Na, and HVPG, future studies are
needed™®,

A NEW CLASSIFICATION SYSTEM FOR
LIVER FIBROSIS

Recently, a new classification system for LC that
combines histologic, clinical, hemodynamic and
biologic features has been suggested (Table 2)!***>4,
This system classifies liver fibrosis according to the
presence of compensation or decompensation which is
mainly defined by clinical findings*®,

At the METAVIR F1-F3 stages (the non-cirrhosis
stage of chronic liver disease) without histologic or
clinical evidence of LC, the HVPG is expected to be
within the normal range (1-5 mmHg). The cirrhotic
stage of METAVIR F4 is sub-classified into two
stages: compensation and decompensation. Clinical
decompensation is defined as the development of
ascites, a variceal hemorrhage, encephalopathy, and/
or jaundice. The compensated stage can be further
classified into stage 1 without varices or stage 2 with
varices™. Portal hypertension is considered moderate
or subclinical when 6 mmHg < HVPG < 10 mmHg
(stage 1 compensated LC)®*. A clinically significant
case is defined when the HVPG is > 10 mmHg (stage
2 compensated LC). A severe case is defined when the
HVPG is > 12 mmHg (stage 3 or 4 decompensated LC)
(Table 2).

Does new classification system correctly represent liver
fibrosis?
In a previous study, the one year outcome probabilities

JRaishideng®
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were calculated according to the clinical stage of
LC™, Recently, D’Amico et al®® proposed that the
development of varices and decompensating events in
cirrhosis should be divided into five prognostic stages
with significantly increasing mortality risks. However,
no definite staging system is yet widely accepted
for clinical practice in chronic liver disease and there
is little evidence available regarding the correlation
between hemodynamic (exact score according to
stages), pathologic (Laennec fibrosis scoring system
according to stages), and clinical staging (complications
of LC according to stages) of chronic liver disease®***,
Therefore, further studies on the recent classification
system that combines histologic, clinical, hemodynamic
and biologic findings are needed in the future.

CONCLUSION

The HVPG measurement is a safe, simple, and
reproducible method of quantifying liver fibrosis.
The recent concept considers LC as a dynamic and
potentially reversible disease. There are many stages
in liver fibrosis of chronic liver disease. Of these
stages, HVPG measurement is a method of evaluating
the presence and severity of liver fibrosis. The HVPG
measurement has been used clinically for fibrosis
diagnosis, risk stratification, preoperative screening
for liver resection, monitoring the efficacy of medical
treatments, and assessing the prognosis of liver
fibrosis. HVPG measurement, along with monitoring
stage the liver fibrosis, will play important roles in the
field of chronic liver disease. Therefore, measuring
HVPG in addition to monitoring hemodynamic effects
or staging liver fibrosis will play an important role in
the management of chronic liver disease.
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