
Vol:.(1234567890)

Current Hepatology Reports (2023) 22:206–215
https://doi.org/10.1007/s11901-023-00609-4

1 3

Non‑invasive Assessment of Clinically Significant Portal Hypertension

Maximilian Joseph Brol1,2 · Juliana Gödiker1 · Frank Erhard Uschner1 · Michael Praktiknjo1,3 · Jonel Trebicka1,2,4 

Accepted: 13 June 2023 / Published online: 13 July 2023 
© The Author(s) 2023

Abstract
Purpose of Review  Clinically significant portal hypertension (CSPH) is a serious clinical condition causing decompensation 
and potentially fatal complications especially in the presence of advanced liver disease. This article aims to critically review 
the current literature on non-invasive assessment of CSPH.
Recent Findings  The Baveno VII consensus encouraged non-invasive assessment of CSPH to identify patients at risk and 
avoid unnecessary screening endoscopies. Novel machine learning and omics-based laboratory scores have been introduced, 
which can be combined with liver stiffness measurement (LSM). Spleen stiffness measurement (SSM) is an increasingly 
used novel elastography modality. Elastography and cross-sectional imaging methods have reached similar predictive power, 
while the accuracy of non-invasive tests can only be improved when used sequentially.
Summary  In this review, we provide a detailed discussion of advantages and limitations of non-invasive assessment of CSPH, 
highlighting their diagnostic accuracy, reproducibility, and feasibility in clinical practice.

Keywords  Portal Hypertension · Clinically Significant Portal Hypertension · Non-invasive Assessment · Transient 
Elastography · Liver Stiffness Measurement · Spleen Stiffness Measurement

Introduction

Chronic advanced liver disease, irrespective of etiology, is 
characterized by hepatic fibrogenesis leading to an increase 
of hepatic vascular resistance and increased pressure in 
the portal vein and its branches. Less frequently, increased 
portal pressure can also be observed during hepatic venous 
outflow obstructions or vascular disorders.

Portal hypertension (PH) is defined as an increase of 
portal venous pressure > 5 mmHg. The gold standard to 
measure portal venous pressure is the evaluation of hepatic 
venous pressure gradient (HVPG). Portal venous pressure 
can be assessed by HVPG, which is measured invasively 

by a balloon catheter inserted through the right jugular vein 
and assessed by the difference between free hepatic venous 
pressure and wedged hepatic venous pressure.

A HVPG of 10 mmHg or higher is considered to be clini-
cally significant portal hypertension (CSPH) and is associated 
with an increased risk of complications like gastrointestinal 
varices, ascitic decompensation, gastrointestinal hemorrhage 
from portal hypertensive collaterals and hepatic encephalopa-
thy. Early diagnosis of CSPH is mandatory to optimize patient 
care and prevent hepatic decompensation [1].

Non-invasive strategies to determine PH are crucial to 
stratify patient care and to plan their clinical management. 
Since healthcare resources are limited, HVPG measurement, 
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as a complex and invasive procedure, is only available in spe-
cialized centers and contains a periprocedural risk of bleed-
ing and organ injury. Non-invasive tests (NIT) for CSPH 
are needed to guide patients’ management from a clinicians 
point-of-view, being useful in ruling out CSPH and therewith 
avoiding unnecessary examinations. On the other hand, they 
can rule in CSPH and can identify patients requiring further 
examinations or referral to a hepatologist. This review aims to 
summarize the advances achieved in the past 5 years to assess 
CSPH non-invasively with specific regard to the recently pub-
lished consensus criteria of the Baveno VII Faculty [2]. A 
diagram of tests in use to diagnose CSPH is shown in Fig. 1.

Blood‑Based Tests

Serum‑Derived Tests

Non-invasive assessment of CSPH through laboratory tests 
is a convenient tool since these tests do not require techni-
cal expertise and/or access to particular devices, resulting in 

numerous attempts to develop calculation algorithms in order 
to predict CSPH. A brief overview of tests and suggested cut-
offs for ruling in or out of CSPH is displayed in Table 1.

The most established parameter is the platelet count as a 
single surrogate for the presence of CSPH. Platelets decrease 
during PH progression probably due to PH-derived hyper-
splenism but also other unknown mechanisms [9]. Platelets 
alone have a moderate predictive capacity with an AUROC 
of 0.72, as confirmed recently [3]. Since laboratory values 
vary depending on etiology of the underlying liver disease and 
may be influenced by comorbidities, serum tests alone were 
considered to only have modest predictive values. However, 
recent studies could significantly improve diagnostic accuracy 
using machine learning models and their combination with 
other diagnostic modalities, especially liver stiffness mostly 
measured by transient elastography (TE). Common scores 
used for prediction of fibrosis or mortality, such as alanine 
aspartate-to-platelet ratio, model for end-stage liver disease 
(MELD) and albumin-bilirubin score, show only modest 
diagnostic value for prediction of esophageal varices with an 
AUROC between 0.6 and 0.7 [10].

Fig. 1   Diagram of non-invasive assessment of clinically significant 
portal hypertension (CSPH). The liver and the spleen are both con-
nected by the portal vein tract. Ultrasound-based techniques, such as 
LSM or SSM, are the best validated techniques for the diagnosis of 
CSPH. Several blood-based algorithms (e.g., FIB-4/FIB-4 +) using 

platelets, albumin, and ALT and AST levels can be used as screening 
tools for CSPH assessment. Experimental methods, such as MRE and 
algorithms including circulating metabolites, are emerging and are 
likely to enter clinical practice in the future. Image was created with 
BioRender.com



208	 Current Hepatology Reports (2023) 22:206–215

1 3

The Fibrosis-4 index (FIB-4) is a serum-based non-
invasive score for liver fibrosis prediction (including age, 
alanine aminotransferase (ALT) level, aspartate aminotrans-
ferase (AST) level, and platelet count) which was extensively 
investigated in the context of CSPH. Initially introduced for 
liver fibrosis prediction in HIV/HCV-coinfected patients, 
its predictive value was later confirmed for liver fibrosis of 
other etiologies and can be used with adjusted threshold for 
CSPH prediction, as demonstrated by a recent retrospective 
study [3].

Recently, a further modification of FIB-4 was published, 
using FIB-4 together with serum albumin (FIB4 +) in order 
to guide clinicians without access to TE with an AUC of 
0.8 for prediction of CSPH in patients with cirrhosis due to 
non-alcoholic steatohepatitis (NASH) [4].

Recent approaches including machine-based learning mod-
els using standard laboratory tests reached similar predictive 
values as liver stiffness measurements (see below) [11].

Blood‑Based Biomarkers

Apart from standard laboratory analyses, further blood-
derived biomarkers have been identified during the devel-
opment of PH or in populations receiving treatment for that. 
Serum levels of bone sialoprotein were inversely correlated 
to HVPG and could therefore be used in the diagnosis of 
CSPH [12]. Chemokines are chemotactic cytokines which 
conduct leukocyte migration and are involved in various 
homeostatic or inflammatory processes. The CXCR3 ligand 
CXCL9 is elevated in the portal vein blood in cirrhotic 

Table 1   Suggested cut-offs for CSPH assessment among available tests

Table 1 summarizes the main cut-offs used for ruling in and ruling out CSPH. *Platelet count need to be taken into account for ruling in CSPH. 
Cuf-offs should be used with caution and may vary among different etiologies of the underlying liver disease. Abbreviations: CSPH, clinically 
significant portal hypertension; FIB-4, Fibrosis-4; LSM, liver stiffness measurement; MELD, model for end-stage liver disease; PLT, platelet 
count; SSM, spleen stiffness measurement; SWE, shear wave elastography; TE, transient elastography

Test Algorithm Comment Cut-off for rule out Cut-off for rule in Ref

PLT Platelet count, low sensitiv-
ity and specificity, should 
be used together with LSM

 ≥ 150 × 109/L - [2, 3]

FIB4 FIB-4 Score = (Age* x AST) 
/ (Platelets x √(ALT))

Initially developed for pre-
diction of significant liver 
fibrosis

 < 1.85  ≥ 1.85 [3]

FIB4 +  log odds (CSPH) = 0.7207 
– (0.6729 × albu-
min) + (0.4408 × FIB- 4)

Further validation needed, 
AUC for CSPH detec-
tion is 0.8 in the initial 
publication; no cut-offs are 
provided but a normo-
gramm with the estimated 
risk for CSPH. FIB‐4 ≥ 6 
and albumin < 3.6 indicate 
a risk of CSPH > 75%

NA NA [4]

LSM TE CSPH should be ruled 
out if platelet count 
is ≥ 150 × 109/L

 < 15 kPa  ≥ 25 kPa [2]

Risk of CSPH at least 
60%, if platelet 
count < 150 × 109/L

20–25 kPa*

Risk of CSPH at least 
60%, if platelet 
count < 110 × 109/L

15–20 kPa*

SWE Cut-off differs depending on 
used machine

 < 11.3 kPa  ≥ 11.3 kPa [5]

SSM TE  < 21 kPa  > 50 kPa [2]
SWE The endpoint oft the study 

were high-risk varices; 
cut-offs differs depending 
on the machine used

 < 35.8 kPa  ≥ 41.3 kPa [6, 7]

M10S20 MELD + LSM/
SWE

Indicates a high risk of 
2-year mortality and 
decompensation and 
requires close monitoring

MELD ≥ 10, SWE ≥ 20 kPa [8]
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patients with CSPH; CXCL11 correlates with the severity 
of PH and could be used as a biomarker of CSPH [13, 14]. 
Higher circulating CXCL10 levels were associated with 
ascites and IL-6, IL-8, and sIL-33R were correlated with 
HVPG and therefore possibly reflect systemic inflammation 
in this collective [15, 16]. These chemokines decrease after 
TIPS implantation and their decrease may be a beneficial 
prognostic marker after treatment of CSPH.

Collagen is the main structural protein in the extracellular 
matrix (ECM) and its hepatic deposition is directly corre-
lated with severity of liver fibrosis. Degradation products 
of the ECM can be identified in serum. For the diagnosis of 
CSPH, C4M, C5M, ELM, and PRO-C5 levels are of special 
interest since these proteins were significantly elevated in 
patients with CSPH [17, 18]. Circulating levels of elastin 
fragments increase in the hepatic vein and are associated 
with ascites as a clinical hallmark of CSPH [19]. PRO-C3 
(MMP-degraded n-terminal propeptide of type III collagen) 
is significantly correlated with HVPG in humans and its 
increase was demonstrated in animals during ascites devel-
opment [20, 21]. MMP-2/9-degraded type IV collagen (C4M 
and C5M) are both increased in serum of patients with PH 
(HVPG > 5 mmHg) and C4M showed a sex-specific pro-
file and is able to independently predict survival in female 
patients with decompensated cirrhosis [20, 22].

Lastly, changes in microRNAs (miR) were recently dis-
covered in patients with PH. miR-122 was demonstrated 
to be inversely correlated with HVPG measurements [23], 
whereas miR-34a predicted survival in patients receiving 
TIPS but no correlation with HVPG was observed [24]. 
Further research is required to better describe the ability of 
CSPH prediction for miRs.

Omics‑Based Tests

While omics have been implemented earlier in decompen-
sated cirrhosis with high predictive value for patient outcome 
[25], in CSPH, this has only been achieved recently. With the 
implementation of omics-based tests, experimental models are 
emerging which might predict liver-related outcomes compa-
rable to invasive HVPG measurement. In a recently published 
sub-analysis of patients recruited in the PREDESCI study, 
inclusion of ceramide (d18:1/22:0) and methionine enabled 
development of models which achieved similar predictive 
power for hepatic decompensation and liver-related deaths 
[26]. In the CLIF-C MET score, three serum metabolites, 
namely, 4-hydroxy-3-methoxyphenylglycol sulfate, hexanoyl-
carnitine, and galacturonic acid, are predictors of short term 
mortality and outperformed the MELD and the NaMELD 
score in short term prediction, rendering these models inter-
esting in a pretransplant setting [27]. Interestingly, these 
metabolites are linked to hallmarks of the underlying disease. 
While 4-hydroxy-3-methoxyphenylglycol sulfate is a derivate 

of norepinephrine and therefore may be a response to systemic 
inflammation, galacturonic acid and hexanoylcarnitine are 
both linked to mitochondrial dysfunction. While these experi-
mental models show promising results, they require validation. 
Interestingly, metabolomic analyses were found to distinguish 
between patients with idiopathic and cirrhotic PH indicating 
the need for different models depending on etiology [28].

Lipidomic studies identified biomarkers for treatment 
response to non-selective betablockers (NSBB) in patients 
with HVPG-proven CSPH. A model including serum lev-
els of phosphatidylcholine (PC(P-16:0/22:6)) and a free 
fatty acid (20:2(n-6), eicosadienoic acid) could predict the 
response to propranolol treatment with an AUROC of 0.801 
as defined by HVPG reduction > 10% [29]. Specific models 
for CSPH prediction have not been established to date.

Area of Uncertainty and Clinical Need

Currently, there are no validated serum-based tests for pre-
diction of CSPH in patients with vascular liver diseases. 
There is a definite need for future research since the diag-
nosis of vascular liver diseases and CSPH to date is solely 
based on exclusion.

Importantly, none of the abovementioned studies included 
patients with non-cirrhotic PH, e.g., patients with portosinu-
soidal vascular disease (PSVD).

A multicenter study, published in 2021 including 428 
patients with clinical signs of PH, demonstrated the diagnos-
tic accuracy of transient elastography to distinguish PSVD 
from cirrhosis with PH. Cut-off values ≤ 10 kPa indicated 
PSVD with a probability of 85%, while values ≥ 20 kPa had 
a negative predictive value of 97% [30].

Superiority of either liver stiffness measurement (LSM) 
or spleen stiffness measurement (SSM) in the prediction of 
CSPH needs to be elucidated in future studies.

Stiffness Measurements

Transient Elastography of the Liver

Liver fibrosis is the main mechanistic driver of portal 
hypertension. Portal hypertension is further aggravated 
by splanchnic blood flow and congestion. For a long time, 
histological analysis of liver biopsy was the most common 
tool to quantify liver fibrosis in patients with chronic liver 
disease, while HVPG was the gold standard for the diag-
nosis of CSPH. However, liver fibrosis and portal hyper-
tension are both reflected in an increase in stiffness of the 
liver tissue due to congestion and fibrosis itself. In the last 
decades, non-invasive LSM by TE emerged and almost 
completely replaced liver biopsy for fibrosis grading. Over 
this time, studies have demonstrated that TE correlates with 
HVPG and could therefore be used to first rule out and later 
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diagnose CSPH. To date, TE is widely available and com-
monly used in the evaluation of liver stiffness.

The European Association for the Study of the Liver 
(EASL) update of clinical practice guidelines and the Amer-
ican Association for the Study of Liver Disease (AASLD) 
recommend that a threshold of > 20–25 kPa irrespective 
of platelet count should be used to rule in CSPH [31, 32]. 
Within the Baveno VII consensus recommendation, for 
LSM between 15 and 25, platelet count needs to be taken 
into account and thresholds for ruling in CSPH varies (see 
Table 1).

Salavrakos et al. published a single-center study comparing 
liver biopsy, measurement of HVPG, esophageal endoscopy, 
and Fibroscan® in 118 patients with alcohol-induced liver 
disease. A threshold of 30.4 kPa indicated CSPH with a sen-
sitivity of 94%. Moreover, it ruled out the presence of esopha-
geal varices with a negative predictive value of 84% [33].

A multicenter study published in 2021 evaluated the vali-
dation of LSM in diagnosing CSPH in the most common eti-
ologies of patients with compensated advanced chronic liver 
disease. Especially in patients with viral hepatitis or alco-
holic liver disease, the positive predictive value was ≥ 90% in 
predicting CSPH by LSM with ≥ 25 kPa as cut-off. However, 
evidence was given that in patients with obese non-alcoholic 
steatohepatitis, LSM is not an effective tool to assess PH, 
with the correlation being only moderate in this patient 
group (positive predictive value of only 62.8%) [34].

Another study published in 2022 including 418 hepa-
titis C patients with PH prior to antiviral treatment, who 
achieved sustained virological response, analyzed non-inva-
sive LSM in monitoring CSPH after hepatitis C treatment. 
LSM ≤ 12 kPa was able to rule in CSPH after antiviral ther-
apy with a sensitivity of 93.6%, while LSM ≥ 25 kPa accu-
rately ruled out CSPH (specificity 99.2%) [35]. Moreover, 
LSM is adequate in predicting further decompensation after 
treatment of chronic hepatitis B. Patients with HBV-derived 
CSPH and suppressed HBV replication are at low risk for 
further decompensation if LSM is < 25 kPa [36].

Furthermore, LSM by TE can display the course of CSPH 
after therapeutic interventions. As demonstrated by several 
studies, LSM usually decreases by 20% after TIPS implanta-
tion as a surrogate parameter of CSPH [37, 38]. Interestingly, 
in a small proportion of patients, LSM by TE increases after 
TIPS implantation, possibly due to an increased inflamma-
tory response. An increase of LSM ≥ 10% after TIPS inser-
tion is associated with an increased mortality [38]. Changes 
in LSM by TE after initiating treatment with NSBB are not 
significant. If changes are observed, they cannot assess the 
dynamic changes in PH [39, 40].

In summary, LSM by TE is a very accurate and promising 
tool to predict CSPH. TE is especially valuable for ruling 
in or ruling out of CSPH leading to a significant proportion 
of unclassified patients. However, it must be noted that the 

cut-off values differ greatly depending on etiology of liver 
disease, patient characteristics, and study design.

Shear Wave Elastography of the Liver

Similarly to TE, shear wave elastography (SWE) is used to 
determine liver fibrosis. Comparability of studies is hindered 
by different manufacturers and different elastography meth-
ods (two-dimensional (2D-SWE) vs. point-SWE) depending 
on the respective device. SWE is widely used since it can 
be frequently and easily performed with regular ultrasound 
machines [41].

The main advantage of SWE compared to TE is that this 
modality can be independently performed irrespective of the 
presence of ascites. Several older studies found that SWE 
was superior in diagnosing CSPH in ascitic patients [42, 
43]. Non-inferiority to vibration controlled TE was demon-
strated in a study including 127 patients [5]. Cut-offs for the 
diagnosis of CSPH depend on the ultrasound device used 
and may vary due to the etiology of the underlying disease.

Hristov et al. investigated whether 2D-SWE was capable 
of identifying presence and severity of esophageal varices. 
In this study with 86 patients, only end-stage varices could 
be predicted with 2D-SWE, implying that 2D-SWE can 
identify patients with very severe PH [44].

In total, a recent meta-analysis including nine studies on 
2D-SWE performed up to August 2021 for CSPH predic-
tion revealed a summary sensitivity of 83%, a summary 
specificity of 78% and a summary AUROC of 0.88. The 
authors rated 2D-SWE as a good tool for CSPH prediction 
[45]. However, since this meta-analysis included studies 
performed on different elastography devices and used dif-
ferent references (advanced cirrhosis, CSPH, or presence 
of varices which is not interchangeable), AUROC might be 
overestimated.

Spleen Stiffness Measurement

Firstly introduced in 2011, SSM by transient elastography 
has rapidly evolved in recent years. It was commercially 
introduced 2020 and is currently being studied extensively. 
During PH, splenic vein pressure increases and is con-
veyed to the spleen pulp. Splenic blood congestion leads 
to an increased spleen size and stiffness, suggesting spleen 
stiffness as a good surrogate parameter for CSPH. While in 
healthy adults, mean SSM is estimated to be 18.35 kPa, it 
is significantly increased in patients with CSPH [6].

A spleen stiffness < 35.8  kPa was demonstrated 
to exclude the presence of high-risk varices [7]. In a 
study with 260 patients, Stefanescu et al. showed that 
SSM > 41.3 kPa was associated with an increased risk of 
variceal bleeding [46]. Dajti et al. showed that the number 
of patients unclassified according to LSM, the so-called 
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grey zone (see above), could be lowered by the addition 
of SSM with a cut-off of 40 kPa. Of note, all hepatic 
decompensations occurred in the “rule-in CSPH” group 
determined by SSM in this population [47]. Thus, it was 
proposed to supplement the Baveno VI recommendation, 
whereby screening endoscopy can be avoided in patients 
with LSM > 20 kPa and/or platelet count < 150/nl, and this 
was adapted in the new consensus statement [2]. Interest-
ingly, a recent study evaluating LSM and SSM for the 
diagnosis of CSPH determined by HVPG showed better 
predictive values for LSM than for SSM [48]. Presum-
ably, the combination of both LSM and SSM will reach the 
highest predictive accuracy since increased spleen stiff-
ness should be adjusted to the increased LSM, thereby 
excluding patients with increased SSM values based on 
concomitant diseases. Hematological disorders, such as 
acute myeloid leukemia and bone marrow fibrosis, were 
identified as factors increasing spleen stiffness [49, 50].

Furthermore, SSM was proposed to monitor improvement 
of PH after interventions. In a pilot study with 20 patients 
by Marasco et al., changes in SSM were observed after ini-
tiation of NSBB treatment. SSM decreased and the authors 
concluded that SSM can be used to assess hemodynamic 
response [51]. In a study with 24 patient receiving TIPS, 
a statistically significant decrease of SSM by TE can be 
observed one and 28 days after implantation [52]. Irrespec-
tive of changes in LSM by TE or SWE after TIPS implanta-
tion, all patients showed a decrease of SSM by SWE seven 
days after TIPS implantation as demonstrated by a study 
with 67 patients [38].

To date, SSM is recommended for ruling in or ruling out 
CSPH in chronic advanced liver disease due to viral hepa-
titis according to the Baveno VII consensus criteria [2]. We 
believe that application of SSM by TE will further increase 
with publication of positive studies in the future.

Due to lack of data, further validation and technical stud-
ies, particular in determining acceptable IQR variation and 
required measurement attempts, are urgently needed. Based 
on the available knowledge, SSM represents a promising 
tool in the diagnosis and monitoring of CSPH.

Other Imaging‑Based Tests

Computational tomography (CT) and magnetic resonance 
elastography (MRE) were evaluated for CSPH prediction 
but are rarely used in clinical practice for CSPH assess-
ment. Especially MRE is a promising tool, since it has 
already been established in the diagnosis for liver fibrosis 
via computing of the extracellular volume fraction (ECV) 
by T1-weighted sequences [41].

Studies on the capability of CT for predicting CSPH 
are scarce. However, contrast-enhanced CT- or MR-based 
measurement of whole-vessel volume in the portal tract 

together with their length resulted in a recently published 
model with a good diagnostic value for HVPG [53]. As with 
the advances in TE, MRE of the spleen was evaluated. In a 
prospective study with 36 patients, 3D-MRE of spleen stiff-
ness correlated best with HVPG and had the best predictive 
value followed by 2D-MRE of spleen stiffness, 3D-MRE of 
liver stiffness and, finally, 2D-SWE, with AUCs of 0.911, 
0.845, 0.804, and 0.583 respectively [54]. Interestingly, 
3D-MRE of liver and spleen stiffness can predict PH but do 
not reflect HVPG response after NSBB treatment according 
to a study with 52 patients [55]. In chronic hepatitis B and C 
patients, viscoelastic parameters in MRE were demonstrated 
not only to be correlated with HVPG, but might have a role 
in the detection of early necroinflammation in these patients 
[56]. A recent meta-analysis evaluated the combination of 
MRE and FIB-4 (MEFIB) which demonstrated the associa-
tion with hepatic decompensation and an excellent negative 
predictive value for hepatic decompensations [57]. Overall, 
MRE in combination with blood-based tests shows very 
promising results in non-invasive assessment of CSPH, but 
require further validation and standardized protocols in order 
to obtain comparable results.

Briefly, all available imaging modalities perform well in 
predicting CSPH according to the published data. This was 
confirmed by a Bayesian network meta-analytic approach 
which included 45 studies where imaging modalities (CT, 
MRI, MRE, TE, SWE, and acoustic radiation force impulse 
imaging, inter alia) were compared to HVPG. This analysis 
revealed that the AUC of all imaging methods exceeded 0.8, 
indicating very good performance [58].

Algorithms

The best predictive results in non-invasive assessment of 
CSPH are achieved when combining different modalities 
simultaneously or sequentially. We will therefore present the 
current best available algorithms in the assessment of CSPH.

For ruling in or ruling out of CSPH, the best validated 
method is Fibroscan®, which is also recommended by the 
Baveno VII consensus as guidance for the necessity of 
esophageal endoscopy for varices screening [2]. The con-
sensus is that LSM < 10 kPa can be used to rule out chronic 
advanced liver disease and LSM < 15  kPa and platelet 
count > 150/nl can be used to rule out CSPH.

Recently, Jachs et al. provided a novel score to reduce 
the number of patients in the “gray zone”, i.e., between 
15 kPa ≤ LSM + platelets ≥ 150/nl and LSM < 25 kPa, where 
CSPH could be neither ruled in nor ruled out. It consists of 
the addition of Willebrand factor antigen to platelet ratio 
(VITRO) to LSM, which could safely increase the ratio of 
CSPH ruled out patients, since no patient allocated addition-
ally experienced hepatic decompensation in the follow-up 
period [59]. When LSM is used together with FIB-4 and sex, 
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sensitivity can be improved by up to 94%, while specificity 
remains low at 67% [3].

The ANTICIPATE model including TE and platelet count 
and the ANTICIPATE-NASH model (ANTICIPATE + body 
mass index) were recently validated in a cohort of patients 
with NASH cirrhosis and were first introduced in 2016 [4, 
60, 61].

In order to stratify the monitoring of patients with CSPH, 
a large multi-center study including 2148 patients revealed 
that the combination of MELD score and liver SWE was 
able to predict patient mortality and risk of decompensa-
tion. According to the thresholds, this algorithm was named 
M10S20, i.e., MELD score ≥ 10 and liver SWE ≥ 20 kPa, 
indicating a high risk of 2-year mortality (38.8%) and an 
overall risk of development or worsening of decompensation 
or death of 61.8% within 2 years [8].

Studies on linear wave SWE have been performed more 
rarely with similar results to 2D-SWE. It was proposed that 
sequential linear wave SWE of liver and spleen may increase 
diagnostic accuracy [62].

Conclusions

While HVPG measurement remains the gold-standard for 
the diagnosis of CSPH, it could eventually be replaced with 
NITs. LSM by TE along with platelet count, which is already 
used in clinical practice, is currently considered to be the 
best method to evaluate CSPH in most patients. In the era 
of continuously striving for less invasive and economic fast-
track medicine, TE seems to be a promising cost-efficient 
tool in identifying and monitoring CSPH and thereby adjust-
ing the individual patient follow-up.

Moreover, the prognostic value of NIT in predicting liver-
related mortality has been increasingly examined. As men-
tioned above, the M10S20 algorithm validly differentiates 
patients with advance chronic liver disease in a high- and 
low-risk group, with a significantly worse outcome in the 
high-risk group [59]. The use of TE, in combination with 
platelet count, is also recommended by the EASL to rule 
out high-risk varices. Especially high liver stiffness by TE 
is shown to increase the risk of HCC and liver-related death 
[63, 64].

Several limitations in NIT must be acknowledged. Tests 
can be false positive, e.g., in the case of acute hepatitis, 
extrahepatic cholestasis, or food intake and there is only 
limited data about retest reliability. As for TE, its results 
are less accurate when ascites is present and it does not mir-
ror changes in HVPG due to medical therapy. Therefore, a 
significant number of unclassified patients remains in whom 
invasive measurement is still indispensable. Soon, it appears 
likely that the value of HVPG measurements will be further 

reduced by implementation of combinations of established 
and introduction of novel tests in CSPH assessment.

SSM is an emerging and promising tool which requires 
more extensive validation with regard to the underlying 
etiology of liver disease, sex, concomitant diseases, and 
periprocedural circumstances (e.g., necessity of fasting 
period). Also, blood-based biomarkers and omics techniques 
are emerging and may supplement established algorithms 
in future.

Possibly, invasive HVPG measurement will decrease in 
value for CSPH identification. However, it will remain an 
important tool in unclear conditions and can be expanded to 
include direct portal pressure measurement via punctuation 
of the portal vein during a single examination process.
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