Review articles

Diagnostic Methods in Portal Hypertension

Juan Sebastian Pareja Q.," Juan Carlos Restrepo G., MD?

1 Medical Student at the School of Medicine of the
University of Antioquia, Medellin, Colombia

2 Professor in the Department of Internal Medicine
and Gastrohepatology Group at the University of
Antioquia and Hepatologist at Hospital Pablo Tobon
Uribe in Medellin, Colombia
jcrestrepo@hptu.org.co

Abstract

Portal hypertension is one of the most frequent complications in the natural course of liver disease. It results
from increased hepatic vascular resistance and determines the development of other events responsible for
increased mortality in patients with liver disease. Consequently, knowledge of the pathophysiology of portal
hypertension and its causes is an important factor for handling it and related complications proper. Explanation

of the various diagnostic methods for early and appropriate detection is one of the objectives of this review
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which will take a look at diagnostic methods available and in use for the detection of portal hypertension.

Cirrhosis, portal hypertension, hepatic venous pressure gradient, elastography, Acoustic Radiation Force
Impulse (ARFI) Imaging, magnetic resonance imaging, biomarkers.

INTRODUCTION

Portal hypertension is the most common complication of
cirrhosis and the leading cause of mortality associated with
this disease. Reciprocally, cirrhosis is the leading cause of
portal hypertension and responsible for a large number
of deaths: it is the fourteenth cause of death worldwide.
Increased portal pressure results from blockage of flow
through the venous system as aresult of chronicliver disease
and portal vein thrombosis. However, there are disorders
of origins than cirrhosis that can cause portal hypertension
through compromising the portal vascular system. Once
portal hypertension develops, intrahepatic compromise
influences extrahepatic vascular beds that increase pressure
and cause hyperdynamic circulation. Esophageal varices
and other complications develop as consequences of pro-
cesses of vascular and blood dynamics. All of which helps
explain why liver cirrhosis is a leading cause of hospitaliza-
tion, death and liver transplantation in the world. (1)

Currently, a number of diagnostic methods for the eva-
luation of portal hypertension are available. Diagnosis of
portal hypertension is not only part of the comprehensive
evaluation and monitoring of patients with chronic liver
disease, it ultimately promises to improve the prognosis
and quality of life for these patients.

This article aims to review currently available methods
for measurement of portal hypertension that are described
in the medical literature.

DEFINITION

Portal hypertension is a common complication of chro-
nic liver diseases, especially cirrhosis. It is defined as an
increase in the specific portal blood pressure as measured
by the Hepatic Venous Pressure Gradient (HVPG). This
corresponds to the pressure difference between the portal
vein and the inferior vena cava and ranges from 1 to S mm
Hg. Portal hypertension is defined as the pressure represen-
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ted by HVPG values greater than S mm Hg. Typically, mea-
surements between 5 and 9 mm Hg represent a subclinical
state of hypertension and pressures greater than 10 mm Hg
are clinically significant because of risks such as esophageal
varices and variceal hemorrhaging. (1,2)

DEMOGRAPHIC DATA

In chronic liver disease, portal hypertension is a common
and very important consequence that leads to complica-
tions which cause large numbers of hospital admissions,
transplants and death. (1, 3) The most important causes
of portal hypertension are alcoholic liver cirrhosis and
because hepatotropic virus infections. Nevertheless, better
understanding of non-cirrhotic causes can be obtained by
classifying them as extrahepatic, intrahepatic (presinusoi-
dal, sinusoidal or post-sinusoidal) and post-hepatic. (4)

Most deaths from cirrhosis are the result of complications
related to portal hypertension. Bleeding gastroesophageal
varices has the highest mortality rate. (5) Other complica-
tions include hepatic encephalopathy, ascites, spontaneous
bacterial peritonitis (SBP), hepatorenal syndrome, hyper-
tensive gastropathy, portal-pulmonary hypertension, and
hepatopulmonary syndrome. Any of these can be responsi-
ble for morbidity, mortality and decreased quality of life for
patients with chronic liver disease. (4)

Atleast 80% of the patients with liver cirrhosis have portal
hypertension. Of those who do, about 40% develop esopha-
geal varices. Factors such as the grade of varices, signs of
bleeding, decreased liver functioning and increased portal
pressure correlate with the appearance and rates of vari-
ceal bleeding which range from 10% to 30% in two years.
Finally, it is important to consider that the 6 week morta-
lity rate for bleeding esophageal varices is 12% to 20%, and
that, if a patient does not receive effective treatment, about
two-thirds of these patients will have recurrences over the
next two years. (1)

Table 1. Causes of portal hypertension

PATHOPHYSIOLOGY OF PORTAL HYPERTENSION

Portal hypertension is a local phenomenon with systemic
consequences. It is the result of a series of molecular and
cellular events that lead to increased portal blood flow and
vascular resistance. Its causes have been extensively studied
and compromises of hepatic systems have been classified into
extrahepatic portal hypertension, intrahepatic portal hyper-
tension and post- hepatic portal hypertension (Table 1). (6)
Cirrhosis is the most common cause of portal hypertension
and the main indication for liver transplantation everywhere
in the world. (1) Structural and functional alterations in cirr-
hosis lead to endothelial dysfunction that increases vascular
tone and resistance and explains the appearance of intrahe-
patic portal hypertension. Such alterations determine 25% of
increases in vascular resistance. (7, 8)

Changes in intrahepatic and extrahepatic circulation are
essential elements of the pathophysiology of portal hyper-
tension. Intrahepatic circulation is affected by events resul-
ting from endothelial dysfunction such as disturbances of
vasomotor regulatory mechanisms and inflammation of
the damaged liver which lead to the development of fibrosis
and development of regenerative nodules that compromise
the intrahepatic architecture. (8)

In addition, decreasing endogenous production of vasodi-
lator substances, especially nitric oxide (NO), explains part
of the increase of vascular resistance in portal hypertension.
Caveolin is an integral membrane protein which is involved
in inhibiting the activity of the nitric oxide synthase enzyme
which is responsible for synthesizing nitric oxide. (1) Added
to this, the small amount of NO that is synthesized reacts
with excess oxygen free radicals produced by inflammatory
activity. This ultimately produces peroxynitrite and results in
a significant reduction of the remaining nitric oxide molecu-
les and hence of their functioning. (3). Additionally, current
evidence supports the existence of increases in vasocons-
trictors at the expense of production of thromboxane A2

Post-Sinusoidal

Prehepatic

Intrahepatic

Portal vein thrombosis
Intra-abdominal sepsis

Chronic pancreatitis
Prothrombotic states

Splenic vein thrombosis
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(TXA2) and cyclooxygenase-1 (COX-1). When this process
is combined with the presence of endothelin, hepatic vascu-
lar resistance is amplified. (9)

Activation of hepatic stellate cells (HSC) and the occu-
rrence of hepatic angiogenesis are additional factors that
are responsible for intrahepatic portal hypertension.
Cytokines such as TGF-p, the extracellular matrix and
other inflammatory factors mediate activation of stellate
cell differentiation into myofibroblasts through an increase
in the concentration of molecules of the cytoskeleton.
Such cytological transformation generates increasing cell
contraction, profibrotic activity and decreased response to
vasodilators. Ultimately, this process promotes intrahepa-
tic vascular resistance (7,10,11).

Under normal conditions, there are portosystemic colla-
teral veins that act as part of the abdominal venous sys-
tem without any major impact on body hemodynamics.
However, once portal hypertension has been established,
circulation of blood in these vessels increases abnormally
as a compensatory mechanism. In fact, the presence of
abnormal collateral vessels is a key sign in the sonographic
diagnosis of portal hypertension. Its sensitivity ranges from
70% to 83%. (12)

It is important to note that the extrahepatic mechanisms
that contribute to portal hypertension are nearly identical,
but opposite to those seen in intrahepatic circulation. In
response to the appearance of collateral circulation, there
is also an increase in splanchnic circulation. This consists of
increased portal circulation to compensate for the decrease
in hepatic blood flow which ultimately worsens portal
hypertension. This increased compensatory flow of collate-
ral circulation originates in the endothelial response indu-
ced in response to increased portal pressure that elevates
the activity of nitric oxide synthase and consequently also
elevates levels of nitric oxide in the portal system. (17, 13)

For many authors, this is called hyperdynamic circula-
tion syndrome or progressive vasodilation syndrome due
to the vasodilator component that favors increased syste-
mic circulation and vascular changes seen in the chronic
liver diseases that occur with portal hypertension. (14)
In addition to nitric oxide which is the primary substance
associated with splanchnic vasodilatation, some authors
have also identified carbon monoxide and substances such
as endocannabinoids as mediators in the pathophysiology
of portal hypertension. (14)

Finally, other mechanisms involved in splanchnic and
systemic vasodilation that worsen portal hypertension
include arterial hypocontractility and thinning of the arte-
rial walls. These factors change splanchnic hemodynamics
in favor of portal hypertension. Arterial hypocontractility
is the result of decreased production of vasoconstrictor
molecules and impaired neural activity (sympathetic atro-

phy). (7, 13) This means that portal hypertension can be
understood as the result of interactions among multiple
mechanisms, many of which have been described, but
many others which may yet be described, and whose main
cause is liver cirrhosis.

DIAGNOSTIC TESTS FOR PORTAL HYPERTENSION

Currently there are several diagnostic methods for measu-
ring portal pressure. Generally speaking, one can calculate
portal pressure as the difference between the pressures of
the hepatic vein and inferior vena cava (hepatic venous
pressure gradient) which can be determined directly or
indirectly. Direct determination requires an invasive proce-
dure which uses either a transvenous or transhepatic cathe-
ter which can lead to complications such as intraperitoneal
bleeding. (1) Listed below are the various methods for
measuring portal pressure classified into invasive and non-
invasive procedures.

Invasive Methods

Hepatic venous pressure gradient (H/PG)

The hepatic venous pressure gradient is now recognized
as the standard method for measuring portal pressure.
However, since it is an invasive method that is not routi-
nely available, it is not frequently used. (15) Despite this,
HVPG is a safe and method. HVPG is the difference bet-
ween hepatic venous wedge pressure (HVWP) and free
hepatic venous pressure (FHVP). (16) Technical issues
involved with recording HVPG include consideration of
the use of local anesthesia, monitoring of vital signs and
continuous electrocardiogram of the patient.

Initially, a catheter is introduced into the jugular, femo-
ral or cubital vein. It is then fluoroscopically guided to the
main hepatic vein. Once it has arrived it is positioned at a
distance of two to four centimeters from the inferior vena
cava. The catheter measures FHVP. Then, a balloon carried
by the catheter is inflated at the same location. The balloon
creates an obstruction in the blood flow which is confir-
med by injection of contrast medium which should show
a wedge pattern. Finally, after pressure stability has been
achieved in the hepatic vein, pressure is measured within
the wedge. (1, 17) Although the HVPG is the most com-
monly used method for measuring portal pressure, many
studies have tried to find alternative measurement methods
that are equally accurate or more accurate to determine the
portal pressure, compared to obtained through the hepatic
venous pressure gradient. To date, many of these studies
have failed to obtain reliable results.

The hepatic atrial pressure gradient (HAPG) is an alter-
native method that uses right atrial pressure instead of free
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hepatic venous pressure. This method is similar to HVPG,
but was hoped to be more effective. However, a study that
compared HAPG to HVPG showed that HAPG was not
feasible. The study was conducted with a cohort of 154
cirrhotic patients with portal pressure over 12 mm Hg. It
revealed that the HAPG measurement was always less than
or equal to that reported by free hepatic venous pressure
(baseline right atrial pressure: 4.9 + 2.8 mm Hg versus basal
free hepatic venous pressure: 8.1 + 3.9). Consequently
HAPG will always be higher than HVPG (3.2 mm Hg,
95% CI: 2.8-3.7 mm Hg; p <0.001). This demonstrates
that measurement of right atrial pressure is not suitable for
calculating the hepatic venous pressure gradient. (17)

The concept of clinically significant portal pressure arises
as the result of the knowledge that pressures greater than
10-12 mm Hg are at the lower limits for increased risk of
bleeding varices. Consequently, HVPG has great prognostic
value in chronic liver disease, especially in cirrhosis. It is a
strong predictor of patient survival and also of complications
associated with portal hypertension and hepatic encephalo-
pathy. These complications include ascites, spontaneous bac-
terial peritonitis and even the development of hepatocellular
carcinoma. (16) On the other hand, HVPG is also valued as
anindicator of the effectiveness of treatment of portal hyper-
tension. (18) In fact, an observational study of 103 patients
with cirrhosis who had developed bleeding varices between
2001 and 2010 has shown that maintenance of HVPG below
2 mm Hg or reductions 20% or more from the initial level
of HVPG is useful for prophylaxis of renewed bleeding with
chronic liver disease. (19)

Various studies have shown the feasibility of measuring
portal pressure through hepatic venous pressure gradient.
A retrospective study published in 2013 searched the
database at the Hospital for Sick Children for children who
underwent the HVPG procedure in the department of
interventional radiology hepatic venous gradient between
2000 and 2011. There were 49 children whose records
met the selection criteria (25 children with a mean age of
5.6 to 8.2 years). The study indicated that this technique is
safe for infants with severe liver disease since none of the
patient in the study had any complications related to the
procedure. (20) In conclusion, the hepatic venous pressure
gradient continues to be a strong marker of liver diseases
that occur with portal hypertension. It is probably still the
best prognostic measurement for the evolution of these
diseases over time. (16)

Noninvasive Methods
Transient Elastography

Transient elastography (TE) is a noninvasive diagnostic
method for portal hypertension that measures stiffness of the
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liver with ultrasound. TE has good sensitivity and specificity
for assessing the degree of fibrosis and cirrhosis: for stage
F4 its sensitivity is 83% (95% CI: 79-86), and its specificity
is 89% (95% CI: 87-91); for stage F3 its sensitivity is 82%
(95% CI: 78-86), and its specificity is 86% (95% CI: 82-89);
for stage F2 its sensitivity is 79% (95% CI: 74-82), and its
specificity is 78 % (95: 72-83); and for stage F1 its sensitivity
is 78% (95% CI: 73-83), and its specificity is 83% (95% CI:
72-90). (15, 21) This technique is based on a generalization
of Hooke’s Law that states that deformation of a material is
proportional to the stress applied to it. (22)

Transient elastography technique for measuring stiffness
of the liver requires several conditions of the patient and the
instruments used. The measurement is made in the right
hepatic lobe with the patient supine with her right arm in
maximum abduction. Then the physician must locate an
area of the liver that is at least 6 cm thick free and is free of
large vessels. Finally, the test is performed to acquire data.
However, 10 valid ultrasound shots must be obtained to
get accurate and reliable information. The test is considered
a failure if no valid shots are acquired and there can be little
confidence placed in the results if less than 10 valid shots
have been obtained. (22)

Several studies of the validity and reliability of the use of
TE for the evaluation of portal hypertension are available.
A study conducted between January 2004 and September
2006 sought to assess the relationship between the measu-
rement of liver stiffness and HVPG in patients with cirr-
hosis related to HCV or alcohol in order to assess the per-
formance of transient elastography and to define the best
cut-off point its use in diagnosis of portal hypertension.
The 92 eligible patients included in the study had to have
a Child-Pugh A score and undergo simultaneous transient
elastography and liver biopsy. TE was strongly correlated
with HVPG (R2 = 0.53, p <0.0001) and the ROC for pre-
dicting significant portal hypertension, defined as HVPG
over 10 mm Hg, was 0.84 + 0.04 with a 95% CIL. (23)

Another similar study was conducted between November
2005 and October 2006 and published in 2011. It sought to
compare the prognostic effectiveness of HVPG, the stan-
dard method for the measurement of portal hypertension,
and transient elastography. That investigation included 100
patients with compensated chronic liver disease without
any antiretroviral treatment or change in portal pressure.
Patients were followed for two years, until their disease
decompensated, until they underwent liver transplanta-
tion, or until the patient passed away. All patients had their
portal pressure measured by HVPG and simultaneous
transient elastography at the beginning of the study and
again during the study until they fulfilled the conditions
for termination of monitoring. The study showed no signi-
ficant differences in predictions of complications between
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the two diagnostic methods. When they considered only
complications related to portal hypertension, similar levels
of accuracy were found with an ROC of 0.830 (0.751 to
0.910) for HVPG and an ROC 0f 0.845 [.767-.823] for TE.
This demonstrates that transient elastography is as effective
as the hepatic venous pressure gradient as a predictor of cli-
nical decompensation and complications related to portal
hypertension in patients with chronic liver disease. (24)

Despite the good results of these studies, other studies
only provide partially support for the usefulness of TE as a
diagnostic method of portal hypertension in patients with
compensated cirrhosis and individuals with liver tumors.
Transient elastography is an adequate method for only
half of the patients with liver tumors with the possibility of
undergoing resection. (25) One study that tried to deter-
mine the correlation between TE and HVPG assessed the
teasibility of using elastography as a method for the diag-
nosis of significant portal hypertension (VHPG> 10 mm
Hg) in patients co-infected with HCV and HIV. This study
included 38 patients who underwent simultaneous HVPG
and transient elastography from 2007 to 2009. The study
found that there was a strong correlation between the
values obtained with TE and those from HVPG, but the
authors emphasized the need for further studies given the
small number of patients studied. (26)

Despite the advantages of elastography, its applicability
is conditioned by its limitations since one out of every five
TEs cannot be interpreted or are difficult to complete. This
is mainly the result of patient obesity and lack of operator
experience. In addition, since the liver is incased in a disten-
sible but not elastic capsule, abnormalities such as edema,
inflammation, cholestasis and congestion that occupy
space may interfere with the measurement of liver stiffness
regardless of whether or not there is any fibrosis. (27)

Finally, beyond those studies that bet on TE and those
that indicate limits on its use for portal hypertension, we
have found more studies in favor of this technique than
against it. A meta-analysis conducted in 2013 evaluated
18 studies involving 3644 patients. It found that transient
elastography is highly accurate and useful for detecting sig-
nificant portal hypertension since it has a sensitivity of 90%
and a specificity of 79%. Nevertheless, the diagnostic capa-
city of TE does have a significant limit because it requires
significant pressure when the pretest probability of portal
hypertension is better than 25%. (15)

Magnetic Resonance Elastography

The liver is considered to be a biphasic system consisting
of a solid tissue and fluid filled vascular tree. The liver’s
volume is 25% to 30% blood while the rest is liver tissue.
Consequently, interactions occurring between the two
types of tissue phases generate a mechanical response

which can be measured and quantified by in vivo methods
such as elastography. (28) Elastography mechanically
stimulates the tissue being studied by static compres-
sion through focused acoustic radiation or low frequency
vibrations. The low frequency vibrations are scanned by
magnetic resonance elastography (MRE - Magnetic reso-
nance elastography) which evaluates the wave fields in two
or three dimensions. In fact, the MRE is the most accurate
elastography technique currently in use for staging the
degree of hepatic fibrosis. (29)

Current evidence shows that magnetic resonance elas-
tography is an appropriate means for evaluation of portal
hypertension and its relationship to the development of
esophageal varices. (30) An experimental study in an animal
model has looked at the relationship between splenic MREs
and portal venous pressure gradient. The animals common
bile ducts were ligated to induce cholestatic disease. Portal
hypertension was found to already be present at stage F1
of liver fibrosis (HVPG: 11.0 + 5.1 mm Hg). Even though
fibrosis was increasing, HVPG measurements did not
increase (HVPG: 11.3 + 3.2 mm Hg). In the fourth week of
the experiment, there was a 100% increase in splenic rigidity.
It stabilized after the eighth week. This study concluded that
there is a temporal relationship between portal hypertension
and development of liver fibrosis, so that the results for sple-
nic stiffness from MRE and HVPG can be extrapolated for
diagnosis and screening of portal hypertension in patients
with chronic liver diseases. (31)

Other studies have been conducted to assess MREs
ability to measure the degree of liver fibrosis its correla-
tion with the development of portal hypertension and
esophageal varices. Between August 2010 and October
2011, 1,358 patients with chronic liver disease or suspec-
ted focal liver lesions had MRIs, MREs and upper digestive
endoscopies were considered for a study that evaluated the
usefulness of MREs as non-invasive method to predict the
occurrence of esophageal varices. Of the 1,358, 126 patients
met the inclusion criteria for the study and continued in
it. It was found that the average parenchymal stiffness of
the liver measured by MRE correlated with the degree of
esophageal varices, with an area under the curve of 0.859
(p <0.0001, CI: 0.786 to 0.915) for prediction of varices
(regardless of grade) and 0.810 (p <0.0001, CI: 0.730 to
0.874) for prediction of high risk varices at Stage 2 or hig-
her. Measurement of liver stiffness using MREs may be a
useful noninvasive method for identifying esophageal vari-
ces and high risk varices and their correlation with HVPG
in patients with cirrhosis. (32)

In 2014 another study assessed the measurement of
hepatic and splenic viscoelasticity by magnetic resonance
elastography to determine the degree of portal hyperten-
sion and the presence of varices at high risk of bleeding.
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This research involved 36 patients with cirrhosis who
underwent HVPGs, upper digestive tract endoscopies and
magnetic resonance elastography. A statistically significant
relationship was found between the loss modulus in liver
and spleen magnetic resonance and HVPG values corres-
ponding to severe portal hypertension greater than 12 mm
Hg. For MREs of the liver the values were r = 0.44 and p
= 0.017 while for MREs the spleen they were r = 0.5, p =
0.002. So the splenic loss module was the best parameter
for identification of portal hypertension (p = 0.019, AUC
= 0.81). This study concluded that the assessment can be
performed with MREs of the liver and spleen and HVPG
since the loss modulus of the spleen correlates with severe
portal hypertension. (33)

Finally, another study conducted between November
2010 and March 2012 and published in 2014 has shown
a significant correlation between liver and spleen stiffness,
plus the length of the spleen and the degree of esophageal
varices (r=0.46, r = 0.48, r = 0.36, respectively; p = 0.0001).
The study included 533 patients. This reinforces the idea of
using MREs to evaluate liver and spleen stiffness which are
associated with esophageal varices and are in turn closely
related to HVPG values above 10 mm Hg. (34)

ARFI (acoustic radiation force impulse imaging)

ARFI (acoustic radiation force impulse imaging) is an
emerging technology that provides information on the elas-
ticity of tissue in real time and which is incorporated into
a conventional ultrasound unit. Acoustic pulses of approxi-
mately 262 microseconds are generated at a frequency of
2.67 MHz. This generates shear waves in the target tissue
of the study. Then, the velocities of shear waves in the tis-
sue are measured in a small area of parenchyma in which a
small displacement is generated. (35, 36)

Several studies have described the relationship between
ARFI elastography findings and HVPG as predictors of the
degree of portal hypertension in patients with chronic liver
disease. A study published in 2012 looked at the relationship
between liver and spleen stiffness, the ratio between these
two values measured by ARFI, and diagnosis of idiopathic
portal hypertension. This study included 82 patients, of
whom 20 were healthy. The others suffered from various
liver ailments including idiopathic portal hypertension (17
patients), cirrhosis (25 patients) and hepatocellular carci-
noma (20 patients). The study found that patients with liver
cirrhosis and hepatocellular carcinoma did not have high
degrees of liver/spleen stiffness, but that liver/spleen stiff-
ness was greater in patients with idiopathic portal hyperten-
sion (p <0.001). In addition, comparisons of ROC curves
for liver/spleen stiffness ratios between the group with idio-
pathic portal hypertension and to the other groups found
an area under the curve with a sensitivity of 0.933 to 0.941,
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specificity of 0.800 and accuracy of 0.839. Consequently, the
measurement of liver/spleen stiffness using ARFI may be a
noninvasive technique with high sensitivity and accuracy for
studying idiopathic portal hypertension. (37)

A retrospective study of 46 pediatric patients who had
biliary atresia after undergoing portoenterostomy was
published in 20135. It revealed that the degree of splenic
rigidity measured by ARFI elastography can be used to pre-
dict the severity of portal hypertension in these patients.
The reason for this conclusion is that the ratio of stiffness,
splenic diameter (r = 0.320, p = 0.043) and the diameter
of the portal vein (r = -0.409, p = 0.009) correlates with
the presence of portal hypertension. These findings suggest
when ARFI elastography is performed serially to evaluate
splenic stiffness in patients with biliary atresia, it can be a
non-invasive method for monitoring the severity of portal
hypertension. (38)

In 2012 another study assessed the use of ARFI for eva-
luation of portal hypertension through the correlation bet-
ween liver elasticity as measured by ARFI and hemodyna-
mic indices evaluated by Doppler. This study included 154
patients with cirrhosis (91 men, 63 women) who underwent
ARFI and hepatosplenic Doppler to determine the velocity
of the portal vein, splenic index and splenic-portal index.
Of these, 47 patients had esophageal varices and 74 did not.
The other patients did not undergo endoscopy of the upper
digestive tract. Similar increases were found in the velocity of
shear waves, the splenic index and the portal-splenic index
(p =0.01 and r = 0.451; p = 0.01, r = 0.409, respectively).
Furthermore, in the group of patients who did not have
varices, there was a correlation between shear wave velocity
and splenic parameters (splenic index: r = 0.447, portal-
splenic index: r = 0.552; p = 0.01) while in the group that
had esophageal varices, there was no correlation between
the values of ARFI and splenic indices. Therefore, despite
the limited value of ARFI with respect to Doppler, given
the variability of Doppler data, measurement of the speed of
shear waves could be a complementary tool for noninvasive
prediction of portal hypertension. (39 )

There is evidence that supports the use of ARFI as a
diagnostic method and for monitoring of portal hyper-
tension, but its use is not generally widespread because
few data directly assess ARFI and portal hypertension
beyond comparing it to the existence of esophageal varices.
Consequently, ARFI needs more study to clarify and rein-
force the usefulness of this technique for the evaluation of
portal hypertension.

Fibrotest

Numerous markers of liver fibrosis have been studied to
evaluate the portal hypertension. Fibrotest is a panel of
five serum markers, a2-macroglobulin, apolipoprotein A-1,
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haptoglobin, y-glutamyl transferase, and serum bilirubin
which are related by an algorithm. It has been widely vali-
dated in terms of its relationship to severe portal hyperten-
sion and generates a score between 0 and 135 in the context
of HVPG as the standard method for detection of portal
hypertension. (40) In 2007, an eight month long study of
patients with liver disease was conducted. The patients had
transjugular liver biopsies taken measurement of HVPG as
well as blood samples. They were used to assess the rela-
tionship between FibroTest and the presence and degree
of hypertension portal and to determine whether Fibrotest
can diagnose severe portal hypertension (> 12 mm Hg) in
patients with cirrhosis. Only 130 of the initial 147 patients
were include in the study. Of the total number of patients,
12% had mild fibrosis, 17% had moderate fibrosis and the
remaining 71% had severe fibrosis according to liver histo-
pathology. There was a significant correlation between
FibroTest and HVPG (Pearson correlation coefficient =
0.58,p <0.0001) although it was weaker in cirrhotic patients
(Pearson correlation coefficient = 0.24 and p = 0.02 ). In
cirrhotic patients, FibroTest had a significantly higher value
when portal hypertension was more severe (0.87 £ 0.15, p
=0.02). The AUC for Fibrotest was 0.79 + 0.07. FibroTest
correlates with the presence and degree of portal hyperten-
sion, but the relationship is weak in patients with cirrhosis.
Although this test is a significant advance in the detection
of this complication in patients with liver disease, further
studies are needed to confirm the early study results, espe-
cially in patients with compensated cirrhosis. (40-42)
Table 2 summarizes the characteristics of non-invasive
methods used for diagnosis of portal hypertension.

Other Methods

Finding new diagnostic techniques to determine portal
pressure that are accurate, highly sensitive and specific,

and continuously non-invasive remains a challenge faced
by medicine. Various investigations have attempted to find
non-invasive methods.

One of them, a study published in 2014, sought to deter-
mine whether measurement of inflammatory biomarkers
with clinical laboratory parameters and demographic data
could be used as a predictive paradigm for HVPG. This
study that included 213 patients found that IL-1b, IL-1Ra,
Fas-R, VCAM-1, TNFb and HSP-70 are biomarkers asso-
ciated with HVPG. Their sensitivity was 86% and their
specificity was 87% with respect to the prediction portal
pressure when this was significantly high (HVPG> 12 mm
Hg). Nevertheless, despite the results of this study this bio-
marker test is still not widely used for determining portal
pressure, given the constraints that the measurement of
such biomarkers can have. (43).

A 2012 article has published the results of research con-
ducted between May 2006 and November 2008 about the
association between clinical parameters and direct mea-
surement of portal venous pressure. Forty patients with
some form of liver tumor were included. Portal pressure
was determined through direct percutaneous transhepatic
puncture. Blood samples were taken and laboratory and
clinical parameters including patient age, platelet count,
AST, ALT, serum albumin, serum bilirubin, serum bile
acid levels of hyaluronic acid, NH3, prothrombin activity,
ICGRIS , APRI and spleen volume were recorded. The
results showed that the values of AUC were significantly
correlated with serum levels of bile acids and spleen volume
(AUC 0.792 and 0.926, respectively). This suggests that
these measurements are sensitive predictors of early and
advanced portal hypertension. (44)

A prospective study of 202 patients with chronic liver
disease has added more support to the argument for the
broad possibilities for non-invasive diagnosis of portal
hypertension. All patients had clinical or laboratory evidence

Table 2. Characteristics of non-invasive diagnostic tests for measuring portal hypertension

Non-invasive methods for diagnosis of portal hypertension

Diagnostic Method Study Year Patients (n) Sensitivity Specificity AUC* PPV* NPV*
Transient Ke-Qing Shi. 2013 3,644 0.90 (C195%:  0.79 (C195%:  0.93 (Cl 95%: 0.88 (Cl 95%: 0.88 (Cl 95%:
elastography etal. patients 0.81-0.95) 0.58-0.91) 0.90-0.95) 0.78-0.97) 0.78-0.97)
Magnetic resonance RonotM. 2014 36 patients  0.64 (C195%) 0.92(ClI 95%) 0.81 (Cl 95%: 0.8 (C1 95%) 0.47 (C195%)
elastography etal. 0.74-0.88)

ARFI Yoshihiro 2012 82 patients  0.941 (Cl 95%: 0.800 (Cl 95%: 0.933(C195%) PPV 0.640 (CI  0.973 (Cl 95%:
Furuichi et al. 0.768-0.989)  0.735-0.818) 95%: 0.522-0.673)  0.894-0.995)
Fibrotest ThabutD. 2007 130 patients 0.81 (C195%) 0.75(CI95%) 0.83 (Cl95%:  0.88 (Cl 95%) 0.64 (Cl1 95%)
etal. 0.80-0.86)

* AUC area under the curve, PPV: positive predictive value, NPV: negative predictive value.
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consistent with portal hypertension and cirrhosis. These
patients underwent assessments of HVPG, serum tests
(single or combined scores) and measurements of liver stiff-
ness. The study evaluated the accuracy of 6 different serum
scoring systems, artificial models of neural connection and
measurement of liver stiffness by transient elastography for
diagnosis of cirrhosis, portal hypertension and esophageal
varices. The results showed that transient elastography was
the best method for diagnosis. Of the serum scoring systems
evaluated, the Fibrosis-4 (FIB-4) was identified as the most
accurate for diagnosis of cirrhosis, and the Lok Score was
identified as the most accurate for diagnosis of portal hyper-
tension and esophageal varices. (45)

It is notable that the FIB-4 score is a non-invasive test to
determine the degree of liver fibrosis based on a combina-
tion of biochemical values and age. (46) In 2014, a study
revealed the association between FIB-4 score and the pre-
sence of collagen degradation products with the status of
liver fibrosis and portal hypertension. This study involved
58 patients coinfected with HIV and HCV. Forty-three
of these patients had HVPG measured to evaluate portal
pressure and FIB-4 score was calculated to determine the
status of liver fibrosis. Additional degradation products of
extracellular matrix were measured by ELISA in peripheral
blood. Among the most important results was the finding of
a strong correlation between FIB-4 index values and those
of HVPG ( p = 0.0000007, r = 0.628). In addition, a strong
relationship was also found between PRO-C3, a product of
extracellular matrix degradation, and HVPG (p = 0.0354,
r = 0.02). The study concluded that PRO-C3 levels reflect
liver damage, fibrosis status and degree of portal hyperten-
sion in patients with HIV/HCYV coinfection. (47)

The Lok Score combines constant variables with bioche-
mical values such as AST, ALT and INR. (48) This score
that has been used to predict complications of liver cirr-
hosis and portal hypertension. (49) A study published in
February 2015 evaluated the use of combined scores for
the evaluation of portal hypertension and cirrhosis and
their abilities to predict development of esophageal vari-
ces. This study assessed the combination of the Lok score
with liver and splenic stiffness for diagnosing high risks of
developing esophageal varices. It was closely related to the
value of portal pressure and compared well with other non-
invasive methods available today.

This study has shown that any of the above methods inclu-
ding the Lok Score and measurement of liver and spleen stiff-
ness can identify patients at high risk of developing esopha-
geal varices with moderate accuracy. This suggests that they
can be used to evaluate patients with low risk of developing
esophageal varices. (50) Consistent with previous studies,
many new non-invasive techniques are being developed for
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diagnosis of portal hypertension, cirrhosis and esophageal
varices. Despite the good results that they have been obtai-
ned, they are not widely used due to the lack of sufficient
evidence to support them and give them validity.

CONCLUSION

Portal hypertension is the main complication of chronic
liver disease, including of cirrhosis, and is one of the most
common causes of morbidity and mortality in patients with
these diseases. Various molecular, vasomotor and blood
flow mechanisms are actively involved in the development
of portal hypertension. Many of them have already been
described which may favor the reduction of portal hyper-
tension through the development of treatments aimed at
eliminating or reducing it. Currently, there are several diag-
nostic methods used for initial evaluation and follow-up of
patients with cirrhosis and portal hypertension that ensure
better prognosis and disease management. The gold stan-
dard continues to be the hepatic venous pressure gradient
which, despite being invasive, is the most sensitive and spe-
cific for the evaluation of portal hypertension.

Nevertheless, transient elastography, which is safe and
non-invasive, has emerged as an effective, sensitive and spe-
cific method for evaluation of portal hypertension. It has yet
to come into wide usage on a day to day basis because of the
need for significant values of portal pressure in order for it to
be used to assess the degree of hypertension and to be used
for follow-up. The lack of sufficient numbers of studies that
compare TE and HVPG is also a factor inhibiting its day to
day usage by physicians. On the other hand, magnetic reso-
nance elastography, Fibrotest and ARFI are also non-invasive
methods whose sensitivity and specificity have been increa-
sing for evaluation of portal hypertension. Their availability
and their capacity for relating with severe portal hyperten-
sion values over12 mm Hg potentially limit their daily use for
evaluation of patients with chronic liver disease.

Finally, alternative methods that are characteristically
noninvasive such as the use of biomarkers using scores
based on blood tests and the evaluation of splenic stiffness
have shown some degree of relationship with the HVPG
for monitoring patients with cirrhosis and portal hyperten-
sion. However, additional studies are required before these
methods can be used routinely for evaluation of portal
hypertension security.
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