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Abstract
Liver stiffness measurement (LSM) by ultrasound-based elastography may be used to non-invasively discriminate between the stages of liver fibrosis, rule out cirrhosis and follow its evolution, including the prediction of the presence of
oesophageal varices. The same is possible in order to diagnose clinically significant portal hypertension, referring primarily
to transient elastography and LSM values ≥20-25 kPa. The same approach may be used to reliably rule out the presence of
oesophageal varices (LSM <20 kPa + platelets >150x109/L). These recommendations refer primarily to patients with viral aetiology of chronic liver disease (hepatitis C), while additional studies are required for other aetiologies. While spleen stiffness
measurement (SSM) also poses a logical choice in this indication, controversial results have nevertheless been published on
this issue. It should be emphasized, however, that more recent data indicate that this parameter should be included in the diagnostic algorithm for portal hypertension, if not as the sole then as a part of a sequential algorithm, combined with LSM. Until
now, transient elastography has been most extensively studied and founded on scientific evidence, although the results of other
ultrasound-based elastography techniques demonstrate the same trend for the non-invasive assessment of portal hypertension.
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Introduction
Portal hypertension is defined as an increase in portal
venous pressure leading to the development of portosystemic shunts and other complications, which result from
the congestion of the organs drained by the portal venous
system. The most prominent complications of portal hypertension are variceal bleeding, ascites, and portal encephalopathy. Depending on the anatomic location of the
pathomorphological substrate responsible for its development, portal hypertension can be divided into post-hepatic, intra-hepatic and pre-hepatic causes. Intra-hepatic
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causes can additionally be divided into post-sinusoidal,
sinusoidal and pre-sinusoidal causes [1].
Liver cirrhosis is the most common cause of portal hypertension, which results from increased portal vascular
resistance in hepatic parenchyma due to the progressive
accumulation of fibrous tissue and distortion of the normal liver architecture by regenerative nodules. Increased
blood flow in the portal vein, as a result of splanchnic vasodilatation, contributes to portal pressure as well [1,2].
Splanchnic vasodilatation is a consequence of the abundant production of vasoactive, particularly vasodilating,
substances (such as Nitric Oxide) in mesenterial lymph
nodes, as a result of the ongoing low-intensity chronic
inflammation initiated and promoted by intestinal bacterial translocation. Increased intestinal permeability is a
result of venous blood congestion, together with oedema
and the weakening of intercellular junctions as a consequence of compromised mucosal barrier. All factors combine to cause hyperdynamic circulation, which is a typical
haemodynamic consequence of portal hypertension [1,2].
Analysing the natural course of patients with cirrhosis,
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D’Amico and colleagues confirmed the crucial influence
of portal hypertension on the prognosis. Based on portal
hypertensive complications, cirrhosis may be divided into
four clinical stages: stage 1) no varices and ascites; stage
2) varices without ascites; stage 3) ascites with or without varices; and stage 4) variceal bleeding with or without
ascites. The corresponding one-year mortality rates for
these stages were 1% for stage 1, 3.4% for stage 2, 20%
for stage 3 and a remarkable 57% for stage 4 [3].
The most exact method to measure portal pressure is
the hepatic venous pressure gradient (HVPG) procedure
[4,5]. To measure the HVPG, it is necessary to insert a
transjugular catheter into the right hepatic vein to quantify wedged and free pressures. Wedged pressure is sinusoidal pressure, while free pressure results from both
sinusoidal and retrograde pressure from the right atrium.
The HVPG represents the difference between wedged and
free pressure in hepatic veins. The normal HVPG value
is up to 5 mmHg and above 6 mmHg is considered to
be portal hypertension. Furthermore, portal hypertension
can be divided into subclinical (HVPG 6-10 mmHg), as
well as clinically significant portal hypertension (CSPH)
with an HVPG value ≥10 mmHg [5]. Complications,
such as oesophageal varices, ascites, and bleeding, tend
to occur at values >10 mmHg. A value>16 mmHg implies a severe risk of death due tov ariceal bleeding [1-3].
The HVPG represents the most reliable prognostic
indicator in patients with cirrhosis. It is more reliable
than the Child-Pugh and MELD classifications, which
underscore the significance of portal hypertension in the
natural progression of cirrhosis and its complications [6].
With this in mind, the HVPG is tremendously important
for prognostication and guiding therapeutic decisions. It
has been shown that patients with compensated cirrhosis
and CSPH had higher mortality rates after liver resection
due to hepatocellular carcinoma in comparison with patients with an HVPG value <10mmHg [7,8].
Considering that the technique of measuring the
HVPG is invasive and, therefore, accompanied by certain periprocedural risks, as well as only being available
in a small number of centres, there is an ongoing search
for non-invasive methods, which could be reliably used
to detect and stage portal hypertension and its complications and replace the HVPG procedure. Among the noninvasive imaging methods ultrasound is usually the first
to be used in patients with chronic liver disease. Different ultrasound-derived parameters including the portal
vein diameter, presence of porto-systemic collaterals,
spleen size, congestion index of the portal vein, portal
hipertensive index as well as liver stiffness have already
proved valuable for diagnosis of esophageal varices as
the typical complication of portal hypertension [9]. In

the following text, ultrasound based elastography will be
reviewed as a non-invasive method for the evaluation of
portal hypertension in patients with liver cirrhosis.
Ultrasound based elastography
Ultrasound based elastography is a method that provides diagnostic information on tissue stiffness, in this
case, liver and/or spleen and can be divided into qualitative and quantitative approaches, and into strain elastography and shear wave elastography (SWE), depending
on the technology available [10-11]. Strain elastography
measures relative tissue stiffness as compred to the reference tissue spot, in real time.
The main principle of quantitative ultrasound elastography is based on measuring the velocity of shear waves
induced in the investigated tissue by the tissue deformation, which results from mechanical or acoustic force
[10]. The magnitude of the deformation is inversely related to the tissue stiffness, whereas the velocity of the
shear waves is proportional.
By introducing shear wave speeds into Young’s modulus of elasticity equation, the obtained value in kPa represents the tissue stiffness. There are several approaches to
SWE. The first is Transient Elastography (TE), which is a
mono-dimensional method that uses a mechanical vibrator with a coaxially coupled pulse Doppler probe. Furthermore, as this method does not have the ability to provide
2D images of the liver, it only shows the elastogram and
the quantitative value of the liver stiffness measurements
(LSM) (fig 1a). However, this method is very simple to
perform and widely accepted in the hepatological community, given the large body of scientific evidence confirming its effectiveness. Another version is based on the
transmission of an increased acoustic impulse known as an
acoustic radiation force impulse imaging (ARFI), which is
generated by the modified conventional convex abdominal
ultrasound probe. This method enables 2D imaging of the
liver, coupled by the stiffness measurement in the region of
interest within the liver as chosen by operator, and some of
them display elastograms in real time as well. Depending
on the presence of these features, methods based on the
ARFI can be furtherly divided into point shear wave elastography (pSWE) and 2D shear wave elastography (2DSWE) [10,11] (fig 1b,c). Many manufacturers have introduced ARFI technology to their ultrasound machines in
the form of pSWE, such as Siemens’ Virtual Touch tissue
quantification (VTTQ) and Philips’ elasticity point quantification (ElastPQ). Among several manufacturers that
use 2D-SWE, namely, Supersonic Imagine (SSI), General
Electric, Toshiba, only SSI has so far been sufficiently
evaluated for the non-invasive diagnosis of liver disease.
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Fig 1. Representative images of liver stiffness measurements (LSM) in patients with clinically significant portal hypertension as
obtained by Transient Elastography (A), Point Shear Wave Elastography (B) and Two Dimensional Shear Wave Elastography (C).

In chronic liver disease, the main histological feature
is the accumulation of connective tissue. This results in
a harmful process, which occurs in the liver and leads
to necrosis/apoptosis of hepatic or biliary cells [12]. Accumulation of connective tissue makes the liver stiffer,
which can be quantified by ultrasound based elastography. During the last 10 years, elastography is widely
accepted as a non-invasive method to assess the stage
of liver fibrosis following numerous studies conducted
among patients with chronic viral hepatitis C and B [13].
Elastography is particularly reliable when it comes to
ruling-in significant fibrosis (stage F≥2 to METAVIR
classification) and the ruling-out of cirrhosis (stage F=4
to METAVIR). However, once cirrhosis presents, the
pathophysiological processes in the liver are underway
in the molecular, histological, macroscopic and clinical
phenotypes [3,12,14,15]. It is well known that cirrhosis can be divided into clinical stages, according to the
Child-Pugh classification. From a pathological perspective, histological changes accompany the worsening of
portal hypertension, while oesophageal varices develop,
causing liver failure, followed by the accumulation of ascites, variceal bleeding, portal encephalopathy, jaundice,
and failure of other liver functions [2,3,13]. All of these
clinical manifestations have a histological basis, whereas
one of the most significant findings is progressive accumulation and chemical structure changes of the connective tissue in the liver, which becomes more rigid with
the formation of acellular scars. Importantly, progressive
liver cirrhosis results in the liver becoming stiffer, which
can be measured elastographically (this is the basis for
the clinical application of ultrasound elastography) [15].
Ultrasound based elastography in portal
hypertension. General principles
Important research regarding the relationship between the portal hypertension value and elastographi-

cally estimated liver stiffness was reported by a group
of authors from Florence in 2007 [16]. The study included 61 patients with compensated cirrhosis as a result
of chronic hepatitis C aetiology. The findings showed a
good correlation (r=0.81, p<0.0001) between the LSM
evaluated with TE and the HVPG. However, further analysis showed that patients can be divided into two groups:
one with the values of HVPG<10-12 mmHg, in which
the correlation between the HVPG and the LSM in linear
regression analysis was very good (r2=0.72, p<0.0001);
and the other, with values of >10-12 mmHg with poor
correlation (r2=0.35, p<0.0001and r2=0.17, p=0.02). This
phenomenon is explained by the fact that portal hypertension in the early phase results from the increased resistance to blood flow within the fibrotic liver, and these
fibrotic changes translate to the increased liver stiffness.
With further aggravation of portal hypertension it becomes more dependent on extra-hepatic factors, such as
increased splanchnic blood flow (antegrade component
of PH), as well as the dynamic component within the liver due to endothelial dysfunction in cirrhosis and hepatic
stellate cell contraction around the sinusoids. These last
two factors cannot be measured by elastography, which is
why worsening portal hypertension results in the loss of
any correlation between the LSM and the HVPG. Since
the values of HVPG>10 mmHg are those that define
CSPH, it follows that the elastographic measurement of
liver stiffness can be used to differentiate patients with or
without CSPH, but cannot determine the severity of portal hypertension above these values, including the monitoring of the response to treatment with non-selective
beta blockers.
Transient Elastography in portal hypertension
Since Transient Elastography (TE) first appeared on
the market, it has experienced widespread use in clinical
hepatology, primarily due to its ease of handling and re-
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liability, as well as the reproducibility of results [17-19].
A meta-analysis of 26 studies involving 3,644 patients
dealt with the research reliability of TE in distinguishing
patients with or without CSPH and those with or without
oesophageal varices, as the key manifestation of portal
hypertension, including the detection of high-risk oesophageal varices [20]. In distinguishing patients with
and without CSPH, TE had sensitivity of 90%, a specificity of 79%, a positive predictive value (PPV) of 88%
and a negative predictive value (NPV) of 88%. However, since the value of the PPV and NPV significantly
depends on the prevalence of the investigated condition,
while the approximate prevalence of CSPH in the studies in this meta-analysis was 50-75%, it was shown that
the probability of the correct classification of patients in
the CSPH group was 81-93% in the case of LSM values above the defined threshold for CSPH. At the same
time, in 11-27% of cases with LSM values below the
threshold, CSPH patients will be incorrectly classified.
In other words, in spite of the negative measurement,
patients will have CSPH. Therefore, LSM by TE can be
used to confirm CSPH, but not to exclude its existence.
Reverse results were obtained in patients with oesophageal varices. With regard to the detection of oesophageal varices (any grade vs. no varices), the LSM had a
sensitivity of 87%, a specificity of 53%, a PPV of 79%
and an NPV of 64%. With an average prevalence of oesophageal varices at about 50% in the included studies,
the probability for the correct classification of patients
following a positive measurement (above the threshold)
was only 65%, while 20% of oesophageal varices were
missed following a negative measurement. In large oesophageal varices with a prevalence of 25% in the included studies, TE correctly identified 41% of patients
following a positive LSM (above the threshold), whereas only 7% of cases were missed following the negative
measurements below the threshold. In other words, TE
can reliably rule-out large oesophageal varices in cases
of LSM which are below the defined threshold, but it
is not reliable for identifying oesophageal varices (any
stage including large varices).
Llop et al [21] analysed 97 patients with resected
primary hepatocellular carcinoma and cirrhosis in the
Child-PughA stage. All patients underwent TE of the liver and HVPG measurement. Using a previously defined
LSM cut-off values reliable to rule-out (<13.6 kPa) and
rule-in (21.1 kPa) CSPH, the authors correctly classified
53% of patients, while 47% remained in the ‘grey zone’
between these values.
Augustin et al [22] analysed 250 patients with chronic liver disease who underwent liver TE, as well as ultrasound of the liver, spleen and a determination of the

platelets’ count. Patients with an LSM>13.6 kPa were
offered an endoscopic examination in order to determine
the existence of oesophageal varices. Patients were divided into the groups: a) patients with a normal ultrasound appearance of the liver, spleen and normal platelet
count (>150x109/L); b) patients with a normal ultrasound
appearance of the liver and spleen, but decreased platelet
count (<150x109/L; and c) patients with pathological ultrasound findings of the liver (nodularity) or spleen (splenomegaly) and a decreased platelet count. An LSM>13.6
kPa was found in 8%, 43% and 81% of patients in groups
a,b and c, respectively, whilst oesophageal varices were
found, again respectively, in 0%, 6% and 43% of patients
in these groups. The LSM optimal critical value for determining CSPH was 25 kPa (PPV 94%, NPV 59%), while
the optimal value for ruling-out the presence of oesophageal varices was 21.1 kPa (PPV 33%, NPV 92%). Given
these results, it can be concluded that LSM values above
25 kPa reliably indicate the presence of CSPH. However,
in the case of LSM values in the range of 13.6-25 kPa,
along with a normal liver and spleen ultrasound, as well
as a normal platelet count >150x109/L the risk of large
oesophageal varices is 0%.
Ding NS et al investigated the diagnostic reliability
of the combination of an LSM of 25 kPa and a platelet
count of<100x109/L in the detection of high-risk gastroesophageal varices in 271 patients with Child-Pugh
A cirrhosis [23]. In patients with an LSM<25 kPa and
a platelet count>100, none had high-risk varices, while
they were found in 21% of patients with an LSM>25 kPa
and a platelet count <100.
Meanwhile, Abraldes et al analysed 182 patients with
compensated cirrhosis, of whom 109 (60%) had CSPH,
by measuring their HVPG (“Anticipate” study). They
analysed the LSM values and the platelet counts [24].
Among patients with an LSM>25 kPa, 96% had CSPH.
Among patients with an LSM<25 kPa and platelets >150,
CSPH was present in 17%, while it was present in 54% of
patients with an LSM <25 kPa and platelets <150.
Taking into consideration the results of these studies, the Baveno VI Consensus Conference on portal
hypertension issued a recommendation that TE may be
used as a non-invasive method for determining CSPH
if the LSM>20-25 kPa. In addition, one may exclude
the presence of large (high-risk) oesophageal varices in
cases where LSM values are <20 kPa, provided that the
platelet count is>150x109/L. This recommendation primarily refers to the viral (hepatitis C) aetiology of liver
disease[25].
Since the release of the Baveno VI recommendations, they have been validated in independent studies involving patients with chronic liver disease and
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at risk of oesophageal varices. One of the largest studies included 395 patients with compensated advanced
chronic liver disease (advanced fibrosis and compensated cirrhosis) [26]. LSM was performed using the
TE, with platelet values obtained and oesophageal
endoscopy undertaken in order to detect oesophageal
varices. Oesophageal varices were found in 119 (29%)
patients, with large oesophageal varices recorded in 35
(9%) patients. By implementing the Baveno VI criteria,
the authors managed to correctly identify 32/35 (92%)
patients with large oesophageal varices using a noninvasive algorithm. Although three (8%) patients were
missed, it was nevertheless possible to avoid endoscopy
in 28.1% of patients. In the meta-analysis of 15 studies
(3,364 patients), which evaluated the Baveno VI recommendations, large oesophageal varices (with the risk of
bleeding) were reliably excluded in 96% patients with
an LSM value <20 kPa and platelets>150x109/L, with
the remaining 4% of those who were wrongly classified
[27].
Spleen elastography in portal hypertension
Since the venous blood from the splenic veins drains
in the portal blood flow, it is logical to expect a change
in the morphology and functions of the spleen in portal hypertension. Indeed, one of the most common signs
of portal hypertension is splenomegaly, which is caused
mainly by congestion of the spleen. It is noteworthy that,
besides passive spleen congestion, significant histological changes, such as the accumulation of fibrous tissue,
and the proliferation and hypertrophy of certain tissue elements in the spleen, have been identified in the studies
dealing with portal hypertension [28]. This results in an
increase in the spleen stiffness, which can be analysed
by elastography. The meta-analysis of 12 studies with
1,497 patients found suboptimal diagnostic accuracy of
spleen stiffness measurement (SSM) in the detection
of oesophageal varices, with a sensitivity and specificity of <80% [29]. Nevertheless, by using both LSM and
SSM Stefanescu et al were able to predict the presence
of oesophageal varices with accuracy of 89.95% [30].
Recent meta-analysis, which included 16 studies involving 1,892 patients undergoing LSM and SSM, reported
a better overall diagnostic accuracy of SSM, compared
with LSM, in the diagnosis of the presence (any grade)
of oesophageal varices (AUROC 0.88 vs. 0.81, p<0.01).
In this meta-analysis no significant difference in sensitivity between LSM and SSM existed (0.83 and 0.88 respectively, p=0.23), whereas SSM was significantly more
specific (0.78 vs. 0.66 for LSM, p=0.02) for this indication[31].

PointSWE (pSWE) in portal hypertension
Of all the pSWE methods, in this indication, only VTTQ
based on ARFI technology has been evaluated so far. In a
study of 88 patients with cirrhosis, LSM was carried out using ARFI technology, with diagnostic reliability comparable to TE (cut-off value 2.58 m/s, AUROC 0.855 for ARFI
and 16.8 kPa, AUROC0.870 for TE). In the detection of
oesophageal varices, VTTQ had a worse performance with
an AUROC of 0.743 (cut-off value 2.74 m/s) compared to
TE (AUROC 0.802, cut-off value 9.27 kPa) [32].
In a South Korean study, based on 143 patients with
compensated cirrhosis, using VTTQ, LSM cut-off values
of 2.08 and 1.9 m/s had a sensitivity of 64.9 and 85%,
and a specificity of 81.1 and 67.5% for the detection of
any grade oesophageal varices and high-risk oesophageal
varices [33].
Attia et al [34] evaluated the diagnostic accuracy of
LSM and SSM when using ARFI technology (VTTQ)
in 78 patients with chronic liver disease, of which 76%
had oesophageal varices; all patients underwent HVPG
measurement as well. With cut-off values of 2.17 and
2.32 m/s, LSM and SSM had a very good performance to
diagnose CSPH (AUROCs 0.929 and 0.968, respectively). For the detection of patients with CSPH and oesophageal varices, diagnostic accuracy of LSM (cut-off value
2.29 m/s) and SSM (cut-off value 2.55 m/s) was0.84 and
0.899, respectively.
Conflicting results were obtained in terms of the
diagnostic accuracy of spleen stiffness measurement
(SSM) using ARFI technology (VTTQ) for the diagnosis of CSPH and/or oesophageal varices. In the study
by Takuma et al [35], SSM was performed in 340 patients with liver cirrhosis, resulting in exceptionally high
NPV (98.4% at cut-off value 3.18 m/s) for the presence
of any grade of oesophageal varices or large oesophageal varices (NPV 99.4% at cut-off value of 3.30 m/s).
In comparison, when Bota et al carried out SSM using
ARFI technology, they obtained a very good predictive
value for cirrhosis (AUROC 0.91), but were not able to
distinguish patients with or without oesophageal varices,
as well as differences between the grades of oesophageal
varices [36].The same author created a formula for the
prediction of significant oesophageal varices (at least
grade 2) using an original formula with LSM, SSM and
the presence of ascites, with reported accuracy of 69.6%
and AUROC 0.721[37].
2D-SWE in portal hypertension
The most recent among elastographic methods that
has been evaluated in clinical hepatology is 2D-SWE.
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For this reason very few studies have evaluated this
method for the non-invasive assessment of portal hypertension. In two studies, one coming from Spain (88
patients) [38] and the other from South Korea (92 patients) [39], the LSM cut-off values for CSPH were15.4
and 15.2 kPa, with respective sensitivities of 91.3 and
85.7%, specificities of 90.9 and 80%, and AUROCs of
0.94 and 0.82.A French group of authors have presented
significantly different results for the diagnosis of CSPH
with reported LSM cut-off value of 24.5 kPa (sensitivity:
81%, specificity: 83%, AUROC 0.87) [40]. These latest
results, although closer to the values accepted for TE,
have not proved to be reliable because of the bias spectrum phenomenon: the study included only patients with
end-stage cirrhosis on he transplant list, for whom a high
LSM was expected, and the majority had CSPH, which
is why the statistical power was low [40]. In the above
mentioned studies the range of values for the detection
of large oesophageal varices was 12.8-16.1 kPa with an
AUROC of 0.70-0.89 and with the differing prevalence
of large oesophageal varices. As expected, in the French
study quoted above significantly higher LSM cut-off values for detecting large oesophageal varices (24.7 kPa)
were obtained as well with an AUROC of only 0.6. In
light of these results, we are unable to draw reliable conclusions regarding the value of the 2D-SWE in the context of portal hypertension, and further research involving a larger number of patients is required.
An interesting approach to CSPH diagnosis using
2D-SWE was proposed by a group of authors from Bonn,
who constructed a sequential algorithm for carrying out
LSM and SSM in 158 patients with cirrhosis and a previously established HVPG value [41]. In the first step LSM
was performed, and in case of the values >38 kPa 36/39
patients were correctly classified with CSPH. In the case
of LSM <38 kPa, the next step was to measure SSM
values. If the LSM was<38 kPa and SSM<27.9 kPa, 32/
40 patients were correctly classified as a group without
CSPH, and in case of LSM<38 kPa but SSM>27.9 kPa
35/37 patients were correctly classified with CSPH. This
algorithm had a sensitivity of 89.2% and a specificity of
91.4% for determining CSPH. However, it should be noticed that spleen stiffness measurement using 2D-SWE,
as with other sonoelastographic methods, can be performed with some difficulty in a proportion of patients,
with the rate of unreliable results obtained in up to 36.7%
of patients [42,43].
In conclusion, LSM by ultrasound-based elastography can reliably be used to diagnose clinically significant portal hypertension. This refers to the application
of the TE method with LSM cut-off values >25 kPa. TE

can also reliably exclude the existence of large oesophageal varices in cases of LSM <20 kPa, along with the
platelet count >150x109/L. These recommendations refer primarily to patients with a viral aetiology of chronic
liver disease (hepatitis C), while additional studies are
needed for other aetiologies. However, based on experience involving the use of TE in fibrosis staging, we can
expect LSM cut-off values similar to those mentioned
above for the detection of CSPH in other aetiologies of
liver disease. Although SSM also poses a logical choice
in this indication, controversial results have nevertheless
been published on this issue. It should be emphasized,
however, that more recent data indicate that this parameter might be included in the diagnostic algorithm for
portal hypertension, if not as the sole, then as a part of a
sequential algorithm combined with LSM. At this point,
given that it has been extensively studied and validated
in the context of liver stiffness and portal hypertension,
TE could provide a good assessment tool for the hepatological community. Concerning the values of others
ultrasound based elastographic methods for PH evaluation, more scientific papers are necessary to provide
their real value, despite the fact that encouraging results
have been published.
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