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Abstract

Context: Current gold standard methods of diagnosing portal hypertension (endoscopy and hepatic vein pressure gradient) are
not only invasive but also very expensive. Consequently, new non-invasive methods have been studied over the years to assess their
Applicability in replacing current invasive procedures. This review explores the current use of abdominal ultrasonography, Doppler
ultrasonography, contrast-enhanced ultrasonography, various elastography techniques, computed tomography, and magnetic res-
onance imaging in evaluating portal hypertension while exploring their advantages and disadvantages.

Evidence Acquisition: We gathered data from international papers published in Pubmed/Medline, Cochrane Library, Google
Scholar, Web of Science, Wiley Online Library, and Research Gate databases until October 2019. Papers analyzing the associations
between non-invasive tests and either portal hypertension or its complications were included in the study.

Results: Liver stiffness (LS) and spleen stiffness (SS), regardless of the used elastography method, have shown promising results,
with liver stiffness already included in current guidelines to avoid screening endoscopy. Overall, the results suggest that SS is su-
perior to LS for screening for portal hypertension and the presence of EV, but there is a need for additional studies to certify the
data and further evaluate which would provide the most accurate assessment and if other parameters need to be included to better
diagnose portal hypertension.

Conclusions: Liver stiffness and spleen stiffness are the best currently available methods of detecting portal hypertension but re-
quire further research. They may reduce the number of hepatic vein pressure gradient measurements and endoscopies needed for
the diagnosis and follow-up of patients with portal hypertension in the future.

Keywords: Cirrhosis, Liver Stiffness, Portal Hypertension, Spleen Stiffness

Context

=

ever, all of these methods are invasive and hold various

. . . . . risks and limitations.
Liver cirrhosis is an end-stage liver condition deter-

mined by the progressive replacement of normal hepatic
structures by non-functional fibrotic tissue (1). The main
complications among cirrhotic these patients are ascites,
variceal bleeding, hepatic encephalopathy, hepatorenal
syndrome, and hepatocellular carcinoma. Acommon find-
ing in most end-stage chronic liver conditions, portal hy-
pertension is defined as a pathological elevation of por-
tal venous pressure due to increased intrahepatic vascu-
lar resistance and portal venous system congestion (2, 3).
Liver biopsy, Hepatic (3). Liver biopsy, Hepatic Venous Pres-
sure Gradient (HVPG) measurement, and endoscopy are
the main diagnostic methods for detecting cirrhosis, as
well as portal hypertension and its complications. How-

Liver biopsy only evaluates a small sample of tissue
(about 1/50,000 of the liver), which can lead to many er-
rors.

It has high costs, has inter-observer variability, and
presents some risks for the patient (4). The hepatic venous
pressure gradient is currently the most studied method
for the indirect grading of portal hypertension (5). The
specified values are around 5 mmHg for normal portal
pressure, 6 - 9 mmHg for subclinical portal hypertension,
over 10 mmHg for Clinically Significant Portal Hyperten-
sion (CSPH), and over 12 mmHg for severe portal hyper-
tension (6, 7). It also can be used to predict the devel-
opment of varices and clinical decompensation, the out-
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come after liver resection, and hepatocellular carcinoma
(8). However, since all of these methods are invasive and
pose significant inter-observer variability, we need non-
invasive methods that would be effective in anticipating
the progression of portal hypertension and the occurrence
of Esophageal Varices (EV) and their sizes (7).

In this review, we aimed to explore the use of abdom-
inal ultrasonography, Doppler ultrasonography, contrast-
enhanced ultrasonography, various elastography tech-
niques, computed tomography, and magnetic resonance
imaging in evaluating portal hypertension and determine
their accuracy and effectiveness in clinical settings as alter-
natives to current invasive methods.

2. Evidence Acquisition

We gathered data from international guidelines,
clinical studies, articles, and reviews published in
Pubmed/Medline, Cochrane Library, Google Scholar,
Web of Science, Wiley Online Library, and Research Gate
databases until October 2019.

Keywords used to search included “portal hyperten-

” o« ” o«

sion”, “esophageal varices”, “ultrasound”, “magnetic reso-
nance”, “elastography”, “spleen stiffness”, “computed to-
mography”, and “non-invasive”.

We selected as references only papers that analysed the
correlation between non-invasive tests and the diagnosis

and severity of portal hipertension.

3. Results

3.1. Abdominal Ultrasonography

There are various techniques for evaluating portal hy-
pertension using Abdominal Ultrasonography (US), the
most popular of which include B-mode US, Doppler US, and
the contrast-enhanced US, each with its advantages and
disadvantages.

3.2. B-mode Ultrasonography

B-mode US is the standard US imaging technique used
for the diagnosis of cirrhosis and early detection of hep-
atocellular carcinoma. Pathognomonic US signs of por-
tal hypertension are the presence of portosystemic collat-
erals and hepatofugal flow in the portal vein system (9).
These ultrasound parameters can correlate with the aggra-
vation of portal hypertension (10, 11). The benefits of any US
method are accessibility, low cost, ease of transport, non-
invasiveness, and rapid results. It is a safe procedure, as
it uses non-ionizing radiation, and can be repeated as of-
ten as needed during follow-ups (12). The predictive value

of B-mode US is low for the assessment of portal hyperten-
sion severity, as it is an indirect method that mainly deter-
mines the presence of cirrhosis, ascites, collaterals, spleen
size, and portal/splenic vein diameters (10, 13).

3.3. Doppler Ultrasonography

Doppler US is a safe method used to assess the hemody-
namic changes in hepatic vessels and portal vein induced
by cirrhosis (14). It has similar advantages to B-mode US
and can be performed as part of the same investigation.
One sign of Doppler US for portal hypertension is the low
portal vein blood flow velocity (time-averaged mean veloc-
ity under 14 -16 cm/s). The sensitivity and specificity for de-
tecting portal hypertension given in the literature are 80-
88% and 80% - 96%, respectively (15, 16).

Higher risk for decompensation is associated with
lower velocity in the portal trunk (< 12.8 cm/s) in compen-
sated cirrhosis (17). Reversed portal flow and hepatofugal
venous signal in the ligamentum teres have a high positive
predictive value and a high specificity for detecting portal
hypertension (18). Reverse portal flow was also associated
with poor prognosis in decompensated cirrhosis (17).

The continuous hepatofugal flow is present in a few
percentages of patients with cirrhosis and is associated
with portosystemic shunts (19,20). Adamping index (min-
imum velocity/maximum velocity of the hepatic vein wave-
form) of more than 0.6 was found to more likely occur
in patients with significantly Severe Portal Hypertension
(SPH) with HVPG over 12 mmHg, with a sensitivity of 76%
and a specificity of 82% (21).

A more widely studied parameter, the portal vein con-
gestion index showed initial good results but with no fur-
ther validation for the presence of varices, large varices,
and red spots (22-24). The portal-collateral circulation, as-
cites, and portal vein thrombosis present on Doppler US
are the diagnostic signs of CSPH, but these findings are not
enough to predict the presence of EV (15).

3.4. Contrast-enhanced Ultrasonography

Contrast-enhanced Ultrasonography (CEUS) uses a mi-
crobubble contrast agent during ultrasonography and is
currently used to diagnose and differentiate various liver
diseases and determine the severity of portal hypertension
(25). A decrease in the transit time of the contrast agent
between the hepatic vein and the hepatic artery or portal
vein on CEUS has proven to be correlated with the degree
of portal hypertension in cirrhosis (26). Other parameters
presented for the assessment of portal pressure include
the hepatic vein arrival time that measures the transit
time from the venous access to the hepatic vein, regional
hepatic perfusion using SonoVue, portal vein-to-hepatic
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artery strength ratio, intrahepatic transit time, the por-
tal vein-to-hepatic artery time-intensity curve ratio, portal
vein-to-hepatic artery wash-in perfusion slope ratio, and
splenic artery to splenic vein microbubble transit time, all
of which show good correlations with portal pressure (27).
The best cutoff values of the splenic artery to splenic vein
microbubble traveling time were 13.5 seconds and 14.5 sec-
onds for CSPH and SPH, respectively (27). Accuracy param-
eters for the detection of portal hypertension were a sensi-
tivity of 71% and a specificity of 68% for portal vein pressure
over 10 mmHg and a sensitivity of 60% and a specificity of
80% for portal vein pressure over 12 mmHg (27).

In an animal study, some new CEUS parameters were
proposed, aiming to evaluate the blood flow ratio between
the portal vein and the hepatic artery: the area under the
time-intensity curve and the portal venous phase/hepatic
arterial phase (Qp/Qa and Ip/(la, respectively) (28). In this
study, Qp/Qa and Ip/la were found to be good predictors
of increased portal pressure in liver fibrosis for use in
the follow-up of chronic liver disease progression (28).
Subharmonic-aided Pressure Estimation (SHAPE) seems to
be associated with HVPG (r = 0.82), but further validation
is needed (29). Ultrasound-based methods have many ad-
vantages, such as high accessibility, easy bedside use, and
relative cost- efficiency; however, they cannot precisely de-
tect the presence of portal hypertension.

3.5. Ultrasound-based Elastography

The determination of liver stiffness (LS) has become a
detection method not only for liver fibrosis but also for
portal hypertension (30, 31). The measurement of tissue
elastography can be accomplished using Transient Elas-
tography (TE), point Shear Wave Elastography (pSWE), and
two-dimensional Shear Wave Elastography (2D-SWE). All of
these methods have been developed and integrated into
ultrasound equipment.

3.6. Transient Elastography

Transient Elastography (TE), along with routine clini-
cal examination, was proposed to be useful in the early de-
tection of portal hypertension in asymptomatic patients
with chronic liver disease (32). Transient elastography (Fi-
broscan and Echosens) is already being used for the mea-
surement of LS in patients with different chronic liver dis-
eases (33).

Concerning the advantages of TE, it has a short proce-
dure time, easy to evaluate patients either at the bedside
or in outpatient clinics, and easy to follow up disease pro-
gression. The downsides are difficulty in obtaining data in
patients with high-riding livers, narrow intercostal spaces,
and hyperinflated lungs (34).
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Respecting various body build types, the S and XL
probes have been developed to remove or, at least, reduce
these issues (35).

Liver stiffness measured by TE showed a good correla-
tion with HVPG and the presence of EV; as a resul, it has
been evaluated as a non-invasive tool for portal hyperten-
sion quantification (36-38). The diagnostic value of TE is fair
in predicting significant portal hypertension (39), with a
sensitivity of 79%, a specificity of 67%, a positive predictive
value of 93%, and a negative predictive value of 35% for a
cutoff of 21.6 kPa (40). However, previous studies demon-
strated that TE did not correlate well with HVPG measure-
ments of greater than 12 mmHg (37). Thus, TE is not accu-
rate enough to replace HVPG in estimating the exact value
of severe portal hypertension. While it cannot estimate the
degree of portal hypertension as HVPG, TE can be used to
avoid screening endoscopy (41). Patients with a TE value
under 20 kPa and a platelet count over 150,000 can avoid
screening endoscopy because they have a low risk of hav-
ing varices that require treatment (41). These patients can
be followed yearly for a rise of TE values or decrease in
platelet values, thus reducing the number of unnecessary
endoscopies (41).

Since current medication only aims to decrease
splanchnic inflow and intrahepatic and collateral resis-
tance without affecting fibrosis, TE would not be useful
in patients who are currently on portal hypertension
treatment to assess treatment benefits (36).

3.7. Point Shear Wave Elastography

Point Shear Wave Elastography (pSWE) using an ARFI
technique, entitled virtual touch quantification, is a new
method of LS measurement. It showed higher applicabil-
ity than TE, particularly in obese and patients with ascites
(42).

Unlike TE, pSWE takes advantage of a conventional US
image to choose the positioning of the Region of Interest
(ROI)and isless sensitive to the presence of ascites and obe-
sity (43).

The pSWE values give a narrow range (0.5 - 4.4 m/s)
compared to TE values, thus making it difficult to define
the precise cutoff values for making correct decisions on
patient management. The degree of liver fibrosis can be
overestimated in the presence of increased central venous
pressure, cholestasis, and acute cellular infiltration. There-
fore, these should be taken into consideration when inter-
preting elastography results. Food intake can also increase
PSWE values (44). It was, however, found to be a good
tool for the detection of portal hypertension and EV, with
a sensitivity and specificity of up to 84% and 88%, respec-
tively (45). Concerning the presence of high-risk varices,
for a cutoff value of 2.83 m/s, the association between pSWE
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and splenic diameter to platelet count ratio proved to have
high specificity, sensitivity, and negative predictive value
(94.3%,90%, and 88.3%, respectively) (46).

3.8. Two-dimensional Shear Wave Elastography

The 2D Shear Wave Elastography (2D-SWE) technique is
based on receiving and analyzing shear waves produced
in the tissue by the passage of focused ultrasonic beams.
The images are obtained in real-time with on-spot visual-
ization of LS values (47). A prospective study that directly
compared the accuracy of 2D-SWE and TE in the detection
of varices reported that 2D-SWE was superior (47). More-
over, 2D-SWE allows for the real-time viewing of the area
under investigation.

Itappears that 2D-SWE is a promising non-invasive tool
for the evaluation of CSPH in patients with advanced cir-
rhosis, with good diagnostic accuracy (82%), sensitivity
(81%), and specificity (88%) for the detection of CSPH for
a cutoff of more than 24.6 kPa for LS, but not for high-
risk EV (accuracy 68%, sensitivity 64%, and specificity 100%)
(47). Moreover, pSWE and 2D-SWE have partly overcome the
drawbacks of TE and have shown higher success rates (47-
49).

3.9. Spleen Stiffness

Liver cirrhosis complicated by portal hypertension in-
duces alterations in spleen size and morphology, as a re-
sult of congestion and hyperplasia. Therefore, spleen mea-
surements using similar techniques to liver elastography
would mirror the levels of portal hypertension, probably
even more accurately than do LS measurements (26, 50).
The technical limitations of liver elastography also apply
to spleen elastography.

Spleen stiffness (SS) determined with TE was found to
have a good correlation with the presence of CSPH (51).
Data regarding the superiority of SS over LS seem to be
mixed (52). For the detection of EV, SS has shown a high
negative predictive value for a cutoff value of 18.9 kPa (53).

In another study, SS had a sensitivity of 89% - 91% and
specificity of 60% - 64% in determining the risk of bleed-
ing, with a Negative Predictive Value (NPV) of 92% - 97%,
reaching an NPV of almost 100% when associated with LS
(sensitivity 100% and specificity 55%) (54, 55). Such val-
ues would offer the opportunity to choose which patients
can postpone or avoid performing an esophagogastroduo-
denoscopy.

Both LS and SS have been used to identify patients with
EV at risk of bleeding. Although LS and SS can exclude
the need for screening endoscopy, the results show that
they cannot identify which patients with CSPH are at risk
of esophageal bleeding (56). Overall, the results suggest

that SS is superior to LS for screening for portal hyperten-
sion and the presence of EV (57). However, we need ad-
ditional studies to certify the data and further evaluate
which would provide the most accurate assessment (LS, SS,
or their combination) and which elastography technique
has more benefits.

3.10. Computed Tomography

Computed Tomography (CT) is a radiologic investiga-
tion used to evaluate the morphology of the portal venous
system and identify the complications of portal hyperten-
sion: collaterals and thrombosis (58). As its advantages,
CT is widely accessible, allowing a full cross-sectional eval-
uation of the spleen, liver, and portal venous system. Its
higher sensitivity is traded against higher costs, exposure
to irradiation, and the use of contrast agents with a risk of
iodine contrast-induced nephropathy.

A study that measured the cross-sectional surface area
of varices could distinguish mild-to-moderate varices from
severe varices with a specificity of 85% - 90% (59). A some-
what new CT technique that can indirectly assess portal
pressure is the computational fluid dynamic modeling.
The method is already in use in cardiology, as it allows the
non-invasive visualization of coronary arteries. However,
since it takes a lot of time to perform and is quite expen-
sive, it has found no practicality in the evaluation of portal
venous flow and portal hypertension (60, 61).

3.11. Magnetic Resonance Imaging

Although it is widely available, allowing a complete
evaluation of the spleen, liver, and portal venous system,
Magnetic Resonance Imaging (MRI) is not frequently used
due to its high costs. The MRI technique has advantages as
it does not emit radiation and allows the visualization of
the liver, spleen, and portal system. However, compared to
CT, it has high costs, needs more time to perform, and does
not provide increased accuracy in detecting varices; thus,
overall, it cannot be used to screen for portal hypertension
(62).

Regarding varices detection, the performance of MRI,
like CT, is good for large varices, but lower for the smaller
ones (59, 63). It can be subjected to more movement arti-
facts and the direct visualization of collaterals has insuf-
ficiently high sensitivity, being surpassed by CT, with or
without Gadolinium administration (62). Other criteria
described to be well correlated with the presence of varices
in cirrhosis are the splenic apparent diffusion coefficient
and the right liver lobe to serum albumin ratio (sensitivity
80% and specificity 83.5% for any varices) (64).
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3.12. Magnetic Resonance Elastography

Magnetic Resonance Elastography (MRE) has been
used to grade the severity of cirrhosis, with the conve-
nience of full organ coverage and low variability for stiff-
ness measurement (65). Compared to other elastography
techniques, MRE has the advantage of assessing LS and
splenic stiffness over a larger tissue area. Moreover, LS
and SS measured with MRE showed good correlations with
HVPG values (66-69). Despite all the promising data, it has
not yet demonstrated a real benefit over the use of other
elastography techniques. Additionally, the cost and dura-
tion of the examination are higher and only a small num-
ber of studies are available.

4. Conclusions

Non-invasive methods of diagnosing portal hyperten-
sion and its complications (esophageal varices) can be clin-
ically useful. In particular, they can reduce the number of
required invasive procedures and ideally limit the proce-
dure only to the patients requiring therapy. They are meth-
ods of monitoring portal hypertension that are easy to per-
form, repeatable, and easily acceptable by the patient.

Liver stiffness and spleen stiffness, regardless of the
measurement method, have shown the most promising
results, but more data and price comparison studies are
needed to reveal the best one for each pathology. Further-
more, additional studies are needed to certify the data and
further evaluate which would be the most accurate assess-
ment tool and if other parameters need to be included to
better diagnose portal hypertension. We hope that in the
future, they could reduce the number of hepatic vein pres-
sure gradient measurements and endoscopies needed for
the diagnosis and follow-up of patients with portal hyper-
tension.
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