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Abstract

Portal hypertension-related complications increase mortality in patients, irrespective of its etiology. Classically, endoscopic ultra-
sound (EUS) was used to assess the portal venous system and collaterals, considering size and hemodynamic parameters, which cor-
relate with portal hypertension (PH) and related complications. Furthermore, therapeutic EUS guides treatment interventions, such
as embolization of the gastric varices through coil placement and tissue adhesive injection, yielding encouraging clinical results.
Recently, the direct measurement of portal pressure, emerging as an alternative to hepatic venous pressure gradient, has shown
promise, and further research in this area is anticipated. In this review, we aimed to provide a detailed description of various possi-
bilities for diagnosing vascular anatomy and hemodynamics in PH and actual knowledge on the EUS usefulness for PH vessel-related
complications. Also, future promises for this field of endo-hepatology are discussed.
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Introduction

Portal hypertension (PH) is a clinical syndrome associated with
cirrhosis of various etiologies, but pre-sinusoidal and post-
sinusoidal causes are also encountered. The consequences of PH,
such as collateral circulation, variceal bleeding, ascites and he-
patic encephalopathy, contribute to higher mortality rates. The
median survival for patients with compensated cirrhosis is ap-
proximately 15years, while it drops to 2years for those with
decompensated cirrhosis and further declines to just 9 months
for advanced decompensated stages. A meta-analysis including
1113 patients showed that reducing PH was associated with a
lower risk of death or liver transplantation (OR=0.50 in patients
without ascites and 0.47 in patients with ascites), and with a
lower rate of events (OR=0.27), such as refractory ascites, spon-
taneous bacterial peritonitis or hepatorenal syndrome [1].
Therefore, PH assessment is mandatory for detecting patients at
risk for decompensation and bleeding.

Endoscopic ultrasound (EUS) vessel assessment was usually per-
formed for tumor staging of biliopancreatic pathology, but more re-
cently, it has been employed in both the minimally invasive
diagnosis and treatment of PH [2]. Although EUS is not used for
esophageal varices screening due to its higher costs than

conventional upper digestive endoscopy, it identifies their presence
earlier. In addition, its place in the armamentarium for treating gas-
tric varices is still under evaluation with promising results [3]. This
new field of endo-hepatology has progressed towards the portal ve-
nous system hemodynamics measurements, which could represent
a useful guide for preventing and treating PH-related
complications.

A systematic PubMed search was performed to identify rele-
vant peer-reviewed literature published between the beginning
of 1999 and the end of 2023. The search terms were: ‘endosono-
graphy’ OR ‘endoscopic ultrasound’, AND ‘portal hypertension’,
‘esophageal varices’, ‘gastric varices’, ‘gastrointestinal hemor-
rhage’, ‘cirrhosis’, ‘portal pressure gradient’. The search was
completed by manual inspection of the reference lists of review
articles and original articles. This review aimed to emphasize the
role of EUS in assessing the ultrasound semiology and hemody-
namic functionality of the venous system in PH and the treat-
ment efficacy of its complications.

Etiology and pathophysiology of PH

The etiology of PH is briefly classified into non-cirrhotic and cir-
rhotic categories. Liver cirrhosis can arise from various causes,
including viral infections (such as hepatitis B and C), alcohol-
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Table 1. Etiology of portal hypertension

Obstacle site Disease

Prehepatic PVT;, fistula; external compression of the por-
tal vein
Hepatic
Presinusoidal ~ PSVD, nodular regenerative hyperplasia, sarcoid-
osis, congenital hepatic fibrosis, Primary bili-
ary cholangitis, hepatic amyloidosis
Sinusoidal Cirrhosis, acute liver injury
Postsinusoidal Budd-Chiari syndrome, sinusoidal obstruc-
tion syndrome
Posthepatic Budd-Chiari syndrome, congestive hepatopathy

PSVD, portosinusoidal vascular disorder.

related liver disease, autoimmune or inherited disorders and
metabolic dysfunction-associated steatotic liver disease [4, 5].
Non-cirrhotic PH can be classified as extrahepatic pre-sinusoidal
(in cases like portal vein thrombosis [PVT]), intrahepatic pre-
sinusoidal (in conditions like portal-sinusoidal vascular disor-
ders) and post-sinusoidal (as seen in Budd-Chiari syndrome)
(Table 1) [6-8].

Scar tissue and regenerative nodules in the cirrhotic liver lead
to vascular obliteration, constituting the structural component
of PH, while endothelial dysfunction coupled with the activation
of hepatic stellate cells represents the functional component [9,
10]. Increased portal pressure is caused by high intrahepatic
vascular resistance due to intrahepatic fibrosis deposition and an
exaggerated response to vasoconstrictors and progressive com-
pensatory systemic changes leading to vasodilatation and a
hyperdynamic circulatory status [11], followed by a progressive
decrease in effective arterial blood volume and renal perfusion.
Compensatory mechanisms are activated in response to the de-
creased circulating blood volume, stimulating angiogenesis and
the formation of collaterals [12]. Another important factor in PH
is bacterial translocation [13-15]. The interaction between bacte-
rial translocation and PH is bidirectional. PH induces intestinal
interstitial edema, facilitating bacterial translocation. Bacterial
products, through pathogen-associated molecular patterns,
stimulate the hepatic innate immune system by activating
Kupffer cells and hematopoietic stem cells, ultimately leading to
the worsening of PH [9, 16].

The natural history of cirrhosis includes compensated, silent
phase, during which portal pressure gradually increases and liver
function worsens leading to the decompensated phase, when
symptoms become noticeable, commonly including ascites,
bleeding, encephalopathy and jaundice [17]. Once these symp-
toms appear, the liver function usually deteriorates more rapidly
and the course of the disease is marked by additional complica-
tions, such as rebleeding, acute kidney injury, hepato-pulmonary
syndrome, portopulmonary hypertension, bacterial infections
and hepatocellular carcinoma [18].

EUS assessment of static response of vessels

to PH

EUS can closely visualize the entire vascular system of the portal
system, allowing for detailed observation of the static response
as reflected by the diameter of the component vessels. It can also
detect the presence of collaterals, such as varices, as well as in-
travascular complications like PVT.

EUS and the portal venous system

Portosystemic collaterals form as a result of PH, aiming to divert
blood from the portal circulation to the systemic circulation as a

compensatory mechanism to lower pressure in the portal sys-
tem. In patients with cirrhosis, varices occur in about 50% of
cases, and approximately 15% to 20% of these individuals experi-
ence bleeding from esophageal varices within 1-3 years following
their diagnosis [19]. Furthermore, the mortality rate within
6 weeks following variceal bleeding stands at 20% [20, 21]. The
left gastric vein (LGV) primarily supplies blood to gastroesopha-
geal varices, which run in the submucosal layer and drain into
the azygos vein, establishing a connection with the territory of
the superior vena cava [22]. In the retroperitoneal area, linkages
with the inferior vena cava territory are established through sev-
eral connections: between the splenic and pancreatic veins and
the left renal vein, between the splenic and colic veins and the
lumbar veins on the posterior abdominal wall, and between the
hepatic veins and the diaphragmatic veins as well as the right in-
ternal thoracic vein. Other anastomoses are established with
subcutaneous veins in the anterior abdominal wall through the
para-umbilical vein or with the internal iliac and pudendal veins
with the rectal veins [23].

Portal vein assessment

The portal vein typically measures 8 cm in length and has a di-
ameter of up to 13mm in normal adults. EUS identifies it from
the level of the duodenal bulb and antrum, with the echoendo-
scope positioned upwards, by highlighting the spleno-mesenteric
confluence beyond the pancreatic isthmus toward the liver hi-
lum. Additionally, from the vertical part of the stomach, with the
scope in counter-clock rotation, the part of the portal vein situ-
ated near the liver and its division into right and left branches
can be visualized. This is the preferred location to be punctured
for various indications, such as pressure measurement, portal
liquid biopsy and thrombus biopsy. The transhepatic puncture
with the fine needle aspiration (FNA) needle is preferred for low-
ering bleeding risks. A single study assessed time-averaged maxi-
mum velocity, as well as minimum and maximum flow velocity
using Doppler ultrasound, which were correlated with the size of
gastric varices but not with the size of esophageal varices [24].

Splenic vein assessment

The normal diameter of the splenic vein is typically less than
9mm. EUS provides optimal visualization of the splenic vein at
the gastric body/fundus, and allows for tracking it from the
splenic hilum to its confluence with the portal vein. Although an
enlarged splenic vein can be a sign of PH, its diameter often
remains normal in Child A cirrhosis [25], but limited data exist on
its association with PH. One study described the correlations be-
tween the splenic vein flow and the size of gastric varices [24].
Splenic vein thrombosis has been associated with collateral cir-
culation, particularly following acute pancreatitis episodes or in
the presence of malignancies, and it can be targeted for tissue ac-
quisition if needed [26]. There have been reports of incidental
splenic vein aneurysms detected by EUS during other investiga-
tions [27, 28].

Superior mesenteric vein assessment

The superior mesenteric vein (SMV) can be effectively visualized
using EUS from the second part of the duodenum and duodenal
bulb, extending beyond the pancreatic parenchyma. Its normal
diameter ranges from 6 to 7mm. It can be followed until the
splenic-mesenteric confluence, posteriorly from the pancreatic
isthmus. SMV visualization has been described in the context of
pancreatic tumor staging [29], and less frequently in cases of PH-
related vascular malformations [30]. However, as far as we know,
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the implications of EUS in detecting SMV changes for predicting
PH are yet to be established.

Left gastric vein assessment

The LGV usually originates at the midpoint of the lesser curva-
ture of the stomach, courses posterior to the lesser sac and ter-
minates at the portal-splenic vein junction [31]. Among phrenic
veins and gastrorenal shunts, the LGV and posterior/short gastric
vein represent afferent/efferent vessels for fundic gastric varices
[32]. It forms an anastomosis with the lower esophageal veins be-
longing to the superior vena cava system. Its flow velocity to-
gether with the MELD score was considered useful for predicting
variceal bleeding occurrence [33]. The pressure of LGV measured
by direct puncture was strongly correlated with portal vein pres-
sure [34] and the association between LGV velocity and variceal
size has also been reported [35]. In a study with 30 participants,
the effectiveness of direct EUS-guided treatment (involving cya-
noacrylate injection and coil deployment) on the feeding vessels
of gastric varices (identified from the cardia to 3cm above) was
examined. LGV was identified as the feeding vessel in 70% of the
cases. The treatment had an 86% success rate, and variceal oblit-
eration was accomplished in 96.6% of the patients [36].

After the endoscopic treatment of varices and EUS splenic em-
bolization the diameter of the LGV decreased [37]. In a study of
306 patients who underwent endoscopic treatment, similar EUS
flow parameters were observed in both the LGV and the para-
esophageal vessels [38]. Additionally, Doppler-EUS measure-
ments revealed significantly lower flow velocity in the LGV trunk
among patients who responded to endoscopic therapy compared
to non-responders (9.9cm/sec vs. 13.9cm/s, P=0.02) [39].
Patients with an LGV velocity exceeding 12 cm/s and a dominant
anterior branch pattern tended to experience variceal recurrence
more quickly than the others [40]. Moreover, the anterior branch,
which directly feeds varices, disappeared through long-term fol-
low-up under repeated variceal endoscopic treatments, while the
posterior branch acted as an extravariceal shunt [41].

Azygos vein assessment

The azygos vein is visualized as an anechoic structure of 3-5mm
in diameter, between the descending abdominal aorta and spine.
In the case of PH, it ensures the blood flow through gastroesopha-
geal collateral vessels and varices; thus, it was considered an in-
direct tool for assessing the PH. Color Doppler EUS has been
useful for assessing the azygos vein after the injection of terli-
pressin or somatostatine [42] or octreotide [43]. However, another
study on 34 patients proved no correlation between hepatic ve-
nous pressure gradient (HVPG) and the azygos vein flow [44].

EUS diagnosis of varices

EUS can visualize varices as anechoic vascular structures situ-
ated in the submucosa of the esophagus or stomach, and can
sometimes identify ectopic varices situated in the duodenum, in
a gastro-duodenal anastomosis, or in the biliary tree. Para-
esophageal vessels are seen in the adventitia, outside the muscle
layer and they establish the connection with the superior vena
cava via the azygos vein. Perforating vessels establish the con-
nection between esophageal varices and para-esophageal veins,
and they have been proven to correlate with PH, variceal recur-
rence and bleeding occurrence [45]. Portal gastropathy can also
be visualized as a diffuse thickened submucosal and mucosal
layer featuring multiple small, round, anechoic structures, with
Doppler signal in the submucosal layer being a useful tool for dif-
ferentiating it from diffuse adenocarcinoma and Menetrier dis-
ease [46-48].

EUS diagnosis of PVT

PVT occurs in cirrhosis in up to 25% of cases [49], and its impact
on the prognosis of these patients is still a matter of debate.
Patients presenting with PVT and acute variceal bleeding have
higher rates of 14-day and 6-week rebleeding and higher mortal-
ity rates [50]. It is still unknown how much PVT contributes to a
further increase in PH. There have been some previous attempts
to evaluate the response to the non-selective beta-blocker treat-
ment in patients with non-cirrhotic PVT, measuring the portosys-
temic gradient through the difference between the splenic pulp
pressure (the direct puncture of the splenic pulp) and the free he-
patic venous pressure [51]. However, lacking the standardization
of this technique, it is difficult to draw solid conclusions. In this
regard, EUS-portal pressure gradient (EUS-PPG), by being able to
directly assess the portal vein hemodynamics, could make a dif-
ference in the field but no report exists on the EUS-PPG in
patients with PVT.

Assessing PVT also involves determining whether the throm-
bus is of tumoral origin. The presence of neovascularization
within the thrombus and its extent can indicate a malignant na-
ture, which then informs subsequent treatment strategies. In
cases where traditional contrast-enhanced imaging techniques
(like Doppler ultrasound, CT scan or MRI) struggle to differentiate
between malignant and benign thrombosis in the portal venous
system, EUS-guided FNA becomes crucial. The utility of EUS in
diagnosing PVT, as shown in various studies (Table 2), including
the use of FNA, has been established as both safe and effective in
ascertaining the nature of PVT, with no significant complica-
tions reported.

Apart from its importance in signaling the presence of hepato-
cellular carcinoma in patients with cirrhosis, the presence of PVT
might increase the pre-sinusoidal pressure, which impedes the
correct appreciation of HVPG measurements, and then only the
direct PPG remains reliable.

EUS hemodynamic assessment of PH

The diagnosis of PH in cirrhosis is defined as a PPG > 5mmHg.
The concept of the gradient was adopted to minimize the risk of
inaccuracy resulting from a single vessel measurement. Once the
gradient exceeds 10 mmHg, the patients are at risk of PH-related
complications even if the patients are completely asymptomatic
and without indirect signs of PH like collateral circulation [52].
Early detection is essential for prompt intervention and preven-
tion of further decompensation, ultimately reducing morbidity
and mortality in these patients [53].

The gold standard for measuring PH is the HVPG. This method
indirectly assesses PH, as it does not require direct puncture of
the portal vein; instead, it uses a balloon catheter to measure
pressure gradients within the hepatic veins. Defined as the differ-
ence between wedged hepatic vein pressure (WHVP, measured
with the balloon inflated) and free hepatic vein pressure (FHVP,
with the balloon deflated), HVPG estimates portal pressure
through the gradient that the portal blood flow needs to exceed
to overcome the hepatic sinusoidal resistance. It ranges between
1 and 5mmHg in healthy individuals, and it is highly correlated
with portal vein pressure as long as presinusoidal portal vein oc-
clusion is absent. An HVPG > 10 mmHg corresponds to clinically
significant PH and it is correlated with the development of esoph-
ageal varices, whereas a HVPG > 12 mmHg is associated with an
increased risk of variceal bleeding [1]. Although the HVPG mea-
surement through the transjugular route is a very good surrogate
for PPG, it has its limitations. This standard procedure requires
technical training and expertise and has a few inconveniences,
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Table 2. EUS-FNA for PVT

Study, year Diagnosis No. of FNA- Number of Technical Adverse
patients needle FNA passes success (%) effects
Laietal., 2004 [111] PVT in HCC 1 22G 3 100 No
Storch et al., 2007 [112] PVT in HCC 1 22G 4 100 No
Michael et al., 2011 [113] PVT in HCC 1 25G 4 100 No
Moreno et al., 2014 [114] PVT in hidden HCC 1 22G NA 100 No
Kayar et al., 2015 [115] PVT in HCC 3 25G NA 100 No
Rustagi et al., 2017 [116] Remote PVT 13 22/25G 3 (mean) 100 No
Gimeno et al., 2018 [117] PVT and chronic liver disease 7 NA NA 87.5 No
Eskandere et al., 2021 [118] PVT in cirrhosis and/or HCC 34 22G 1-2 100 No
PVT = portal vein thrombosis, HCC = hepatocellular carcinoma, FNA = fine needle aspiration.
Table 3. Comparison of the EUS-PPG and HVPG
Procedure HVPG EUS-PPG
Route Transvenous (transjugular most often) Transgastric
Puncture site Internal jugular vein Transhepatic
Measurement site Hepatic veins Left or middle hepatic vein; portal vein
Measurement Indirect Direct
Anesthesia Not required Required, usually can be done with
mild sedation
X-ray exposure Yes No
Contrast exposure Yes No
Side effects Cardiac arrhythmias, hematoma at punctur- Abdominal pain, bleeding
ing site

Disadvantages

Underestimates PH when prehepatic portal
hypertensions exists; PSVD, primary bili-

Need for endoscopy, mild sedation required,
minimally invasive, requires special train-

ary cholangitis; requires special training

and expertise

ing and expertise

EUS-PPG = EUS-guided portal pressure gradient, HVPG = hepatic venous pressure gradient, PH = portal hypertension, PSVD = portosinusoidal vascular disorder.

such as the risk of cardiac arrhythmias and exposure to contrast
and X-rays (Table 3). This indirect technique is not always reli-
able, such as in presinusoidal causes of PH where HVPG can be

Table 4. Pressure differences depending on the location of the
obstacle causing portal hypertension

artificially normal and does not reflect the actual degree of PH Obstacle site WHVP FHVP HVPG
[54]. Additionally, Baveno VII consensus highlighted that in Hepatic
patients with primary biliary cholangitis, an additional pre- Presinusoidal N N N
sinusoidal component of PH may be present, which cannot be Sinusoidal 1 N 1
assessed by HVPG, resulting in underestimation of the presence EX;Yah_epatl;d 1 N N N
and severity of PH by using HVPG [53] (Table 4). Moreover, he- resmusoica

. . ) Postsinusoidal T T T
patic venous-to-venous collaterals were an essential factor in Post-hepatic T 1 TorN

underestimating wedged hepatic venous pressure and HVPG, es-
pecially in the vascular liver diseases scenarios. It seems that the
earlier the collateral branches appear, the greater the underesti-
mation of PH [55].

EUS measurement of the PPG was initially described in an ani-
mal study using a 22G FNA needle and demonstrated an excel-
lent correlation with transhepatic catheterization (r=0.91) [56].
Subsequent animal studies further supported EUS-PPG as a reli-
able tool [57-59]. Opening a new era in the field of endohepatol-
ogy in humans, EUS-PPG measurement has been successfully
applied in several centers (Table 5).

Technically, the hepatic vein and the portal vein should be
approached (Figure 1). The most convenient route for hepatic veins
puncture is at the level of the cardia with the echoendoscope ori-
ented clockwise towards the subdiaphragmatic part of the left liver
lobe, highlighting the inferior vena cava close to its opening in the
right atrium, within 2-3 cm of its confluence with the inferior vena
cava. At this level, the three hepatic veins with thin walls are easily
seen: the left hepatic vein divides the medial lobe from the lateral
left lobe segments, while the middle hepatic vein divides the right
hepatic lobe from the left hepatic lobe. For the EUS-PPG, the

WHVP = wedged hepatic vein pressure, FHVP = free hepatic vein pressure,
HVPG = hepatic venous pressure gradient, N = normal, | = raised.

middle or the left hepatic vein has to be punctured, but some-
times, in case of very fibrotic hepatic tissue or in Budd Chiari syn-
drome, their visualization is difficult and then the inferior vena
cava is to be approached. In such a situation, it can be punctured
through the liver tissue in the intrahepatic/retrohepatic region or
directly above the liver parenchyma and junction with the hepatic
veins, although its value compared to hepatic vein pressure is un-
known. In most cases, the measurements are done through the
transgastric route, but the transduodenal approach has been de-
scribed, with no complications reported [34, 60].

Regarding sedation, it is known that moderate to deep seda-
tion may cause inaccurate HVPG measurements, and light seda-
tion with 0.02mg/kg is preferred during transjugular
measurements [53]. Further assessment concerning the influ-
ence of sedation on the level of EUS-PPG measurement is
awaited, given that the studies published so far have used mod-
erate to deep sedation.
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Table 5. EUS-PPG measurement in human studies

Study, year No. of FNA-  Technical Technical Sedation Mean Conclusion
patients needle success  problems pressures
rate (%) (mmHg)
Fujii-Lau et al., 1, case 22G 100 None NA PVP=11 EUS measurement
2014 [63] report HVP=10 proved to be safe
PPG=1
Huanget al.,, 2017 [58] 28, P 25G 100 none Moderate sedation PPG=8.2 Excellent correlation
or general of PH with clinical
anesthesia parameters
Zhang et al., 2021 [60] 12,P 22G 91.7 Puncture of the inferior Moderate sedation PPG=18.82 PPGand HVPG
vena cava was not HVPG=8.08 correlated well
feasible due to (R=0.923)
anatomical factors
Choi et al., 2022 [61] 83,R 25G 100 None NA PPG=7.06 EUS-PPG correlates
well with clinical
markers of PH
(P<0.05)
Lesmana et al,, 13,P 22G 100 None NA PVP=33.46 High rates for
2022 [62] HVP=16.8 detection of
PPG=16.61 clinically significant
portal hypertension
Romero-Castro 21, P 25G 90 None NA NA PPG measurement

etal., 2023 [119]

is safe using
25G FNA needle

PPG = portal pressure gradient, PVP = portal vein pressure, HVP = hepatic vein pressure, P = prospective, R = retrospective, EUS-PPG = EUS-guided portal pressure
gradient, HVPG = hepatic venous pressure gradient, PH = portal hypertension, FNA = fine needle aspiration.

Figure 1. EUS visualization and puncturing of the middle hepatic vein (A) and portal vein (B).

Two devices for pressure measurement have been docu-
mented in the literature. One is a compact manometer attached
to the 25G needle (FDA approved the EchoTip Insight®), but one
study exists using a pressure sensor connected to the standard
22G needle [60] converting the measurement for display on the
central pressure monitor (after establishing the zero level with
the manometer placed at the level of mid axillary line). During
the same EUS procedure, PH measurement, endoscopic assess-
ment of varices, liver biopsy [61] and even gastric varices thera-
pies [62] can be performed thereby reducing the time to diagnosis
and treatment.

In patients, this technique was first described in 2014, in a
clinical case report [63], in which HVPG measurement was con-
sidered inaccurate considering the patient’s symptoms (recur-
rent gastrointestinal bleeding), therefore, EUS measurement was
conducted. Existing data proves that the technique is feasible in

91.61% of patients (95% CI 86.25-95.74) according to a meta-
analysis [64]. Huang et al. [58] enrolled 28 patients and performed
EUS-PPG measurement with a 100% success rate. They correlated
EUS-PPG obtained with indirect signs of PH, including varices,
low platelet count, and gastropathy. The study’s limitation was
the absence of validation with a standard PH assessment.

In addressing this concern, another study [60] enrolling
patients with acute or subacute PH confirmed the consistency
between EUS-PPG measurement and standard HVPG. The same
study emphasized the availability of EUS-PPG where HVPG mea-
surement was not feasible, such as Budd-Chiari syndrome, where
the occlusion of the hepatic vein impeded catheterization or
shunts involving hepatic vein resulted in underestimated HVPG
values. Demonstrating the comprehensive ‘all-in-one’ concept,
the clinically significant PPG greater than 10mmHg found in
30.51% of cases, was correlated with the presence of varices [61],
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suggesting that assessment for gastroesophageal varices and
pressure measurement is feasible during the same procedure.

EUS in assessing vessel-related
complications

Predicting the risk for the first variceal bleeding

Unlike endoscopy, EUS provides comprehensive data about gas-
troesophageal varices including diameters, velocities, feeding
vessels and possible shunts. Para-esophageal or perigastric veins
over 5mm have been shown to be at risk for the first bleeding
[65]. Experimentally, attempts were made to evaluate the intra-
variceal pressure [66], but these were abandoned due to possible
complications. Detection of hematocystic spots on the surface of
esophageal varice has been strongly correlated with the occur-
rence of variceal bleeding [67, 68]. By calculating the combined
cross-sectional surface area of all esophageal varices in the distal
esophagus, Miller et al. [69] demonstrated that EUS can predict
the likelihood of variceal bleeding. For each 1 cm? increase, the
annual risk of variceal bleeding increases 76-fold and a variceal
cross-sectional surface area of 0.45 cm? had an 83% sensitivity
for predicting future variceal bleeding.

In a study involving 114 participants, the Doppler-EUS mean
velocities in gastric varices were higher (28.0 + 6.1cm/s) in
patients experiencing bleeding than in the cases without bleeding
(17.6 £ 5.5cm/s) (P <0.001). Additionally, the gastric varices wall
was thinner in bleeding cases, measuring 1.2 + 0.2mm as op-
posed to 1.6 £ 0.3 mm in nonbleeding cases [70].

Predicting the variceal bleeding recurrence

The rebleeding rate from esophageal varices after initial hemo-
stasis varies from 6% to 40%, depending on the complexity of the
treatment used for variceal eradication [71, 72].

The rebleeding rate after treatment for gastric varices, as
reported by Chandan et al., was 4.9% in primary prophylaxis and
18.1% in secondary prophylaxis [73]. A meta-analysis, including
gastric varices, reported a late rebleeding rate of 11.6% and an
early rebleeding rate of 7.7% [74]. They found the rebleeding rate
to be 16.3% in eight studies of gastric varices treated with cyano-
acrylate alone, 16.3% in three studies using coils and 9.2% in 23
studies that combined cyanoacrylate and coils. Higher rebleeding
rates were observed when HVPG was over 18 mmHg [75]. For
treating recurrent bleeding, the endovascular balloon-occluded
retrograde transvenous obliteration, recommended by Baveno
VII consensus in gastroesophageal varices type 2 or isolated gas-
tric varices type 1, provided better results compared to endo-
scopic cyanoacrylate injection [76]. However, a comparison with
EUS-guided combined injections of cyanoacrylate and coils does
not exist.

Following treatment for variceal bleeding, EUS has been effec-
tive in assessing the size and presence of feeding vessels, as well
as the dimensions of the varices. These factors are crucial to be
determined, as they have been identified as predictors of rebleed-
ing [77]. A maximum gastric varices size greater than 17.5mm
had a 69% predictive accuracy for the need for re-intervention
[78]. Additionally, the presence of red spots, the size of varix and
the existence of a para-gastric vein have been identified as inde-
pendent risk factors for the recurrence of variceal bleeding [79].

Predicting the variceal recurrence

Obliteration of varices, coupled with non-selective beta blockers,
is the current gold standard for secondary prophylaxis of variceal
bleeding. Identifying patients at risk of developing varices after
the initial treatment is crucial, as it can prevent the burden of

unnecessary procedures and reduce overall costs. The esopha-
geal varices might recur in 29-58% in the first year after endo-
scopic eradication [45, 80].

A randomized controlled study proved that the presence of
collaterals identified by EUS was associated with variceal recur-
rence [81]. In a retrospective study comprising 144 patients who
underwent variceal ligation, the recurrence of varices was associ-
ated with para-esophageal vessel diameter exceeding 9mm and
perforating veins diameter exceeding 3.6mm (OR=1.51 and
OR=3.2, respectively) [45], being consistent with others pub-
lished in the literature [80]. Furthermore, the presence of para-
esophageal veins larger than 5mm and multiple veins (more
than 5mm) were identified as independent factors for variceal
recurrence [46]. Another study concluded that peri-esophageal
collaterals and larger perforating veins predicted variceal recur-
rence (P <0.001) [82]. Para-gastric veins were also associated with
poor response to endoscopic therapy for treating gastroesopha-
geal varices [33].

Findings in a study suggest that the diameter of esophageal
varice did not correlate with recurrence of varices but was a pre-
dictor for the success rate of the therapy [84], corresponding with
previous results of Jeong et al. [45] which showed that number
and size of varices did not influence the recurrence.

Despite initial enthusiasm on the value of azygos vein hemo-
dynamics in PH [85], the diameter of azygos vein had no correla-
tion with variceal recurrence [36].

Therapeutic efficiency in
gastroesophageal varices

For esophageal varices, the gold standard treatment is endo-
scopic band ligation but EUS-guided sclerotherapy has been used
in a pilot study by Lahoti et al. [87] with successful eradication
and no adverse effects.

Gastric varices, though less frequently observed than esopha-
geal varices, pose a higher risk of mortality due to the increased
severity of hemorrhage. Endoscopic therapy for gastric varices is
often suboptimal, resulting in elevated rebleeding rates [88]. In
addressing this challenge, EUS plays a crucial role, offering the
possibility for substance injection, such as cyanoacrylate, gel-
foam or thrombin [89] and embolization using coils.

In one study, EUS-guided coil embolization with cyanoacrylate
of gastric varices proved to be superior to conventional endo-
scopic cyanoacrylate injection and required lower volume of cya-
noacrylate injection [90]. Data from a randomized controlled
study on EUS-guided cyanoacrylate injection versus direct endo-
scopic injection suggest similar immediate hemostasis, but with
a lower bleeding rate in the EUS group (8.8% vs. 23.7%) [91] which
are consistent with other published studies (Table 6). More recent
data showed that the injection of thrombin was associated with
fewer side effects compared to cyanoacrylate-based therapy, al-
though the early and late rebleeding rate were similar [92].

A meta-analysis including eight studies with primary prophy-
laxis of gastric varices proved complete variceal obliteration in
95.4% of cases when both EUS-glue and coils therapy were used.
Furthermore, the obliteration rate was 83% in secondary prophy-
laxis in 13 studies (84.6% under EUS glue, 91.6% under EUS-coil
and 84.5% under EUS-glue-coil) having hemostasis efficiency of
91.9%. These results cannot answer if combined therapy was bet-
ter than monotherapy for gastric varices, and the global rebleed-
ing rate and variceal recurrence remained quite high (18.1% and
20.6%) [73]. Also, it remains debatable the number and type of
coils needed for obtaining obliteration [79]. Combining the
thrombin injection with coil embolization during EUS-guided
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Table 6. EUS guided interventions for gastric varices

Author, year No.of  Type of Indication Obliteration Side Rebleeding  Follow-up Survival
patients, intervention rate (%) effects (%) (%) (months) (%)
type of
study
Bazarbashietal,  106,R  Coils Active bleeding, pri- 88.7 6.5 14.1 9 76.6
2024 [120] mary and second-
ary prophylaxis
Sabryetal., 43, P CYA Primary prophylaxis 95.5 45 0 6 NA
2023 [94]
Samanta et al., 58, R Coil + CYA Active bleeding, pri- 93.1 0 13.8 3 NA
2023 [78] mary and second-
ary prophylaxis
Wanget al., 89, P EUS-CYA vs. Active bleeding 80vs. 72.7 NA 8.9vs.22.7 9 100
2023 [121] DEI-CYA
Robles Meranda 60, P Coils + CYAvs.  Primary prophylaxis 86.7vs.13.3  6.7vs.3.3 3.3vs. 20 12 70vs. 73.3
etal., coils alone and secondary
2020 [122]
Seven et al., 28, P Coils + CYA vs. Primary prophylaxis NA 3.5vs.3.5 3.5vs.7 13 76.9vs.77.8
2022 [123] coils alone
Bazarbashi et al., 40, P Coil vs. CYA NA 100 vs. 87 10vs. 20 0vs. 38 9 90 vs. 83.4
2020 [124]
Bick et al., 64, P CYA Primary prophylaxis 75 20.3 8.8 6 NA
2019 [91]
Franco et al., 20, P CYA Primary prophylaxis 100 15 5 31 100
2014 [125]
Tangetal., 27,P CYA Secondary 66.7 3.7 14.8 6 51.8
2020 [126] prophylaxis
Koziel 16,R Coils with CYA Primary and second- 75 37.5 0 11 100
etal.,2019 ary prophylaxis
[127]
Lobo et al., 32,P Coils + CYA vs. Secondary 73.3vs.75 50 vs. 62.5 0 10 100 vs. 87.5
2019 [128] CYA alone prophylaxis
Frostetal., 8P Thrombin Active bleeding 67 0 33 3 87.5
2018 [129] injection
Mukkada et al., 30, R Coils/CYA Secondary 93 0 20 12 90
2018 [130] prophylaxis
Khoury et al,, 10,P  Coils Primary and second- 20 10 0 10 100
2019 [131] ary prophylaxis
Zengetal., 96, P CYA + lauroma- Prophylaxis NA 333vs. 375 10.4vs. 125 6 93.7vs. 95.8
2017 [132] crogol vs. CYA
+ lipiodol
Bhatetal, 152, R Coil + CYA Active bleeding, pri- 93 7 11.2 14.5 97.6
2016 [133] glue injection mary and second-
ary prophylaxis
Bangetal., 31,R CYA Active bleeding, pri- NA 47.4 7.7 8 NA
2015 [134] mary and second-
ary prophylaxis
Fujii-Lau et al., 5R Coil vs. coil Secondary 100 vs. 100 7 0vs.0 8vs. 4 80
2015 [95] + CYA prophylaxis
Romero-Castro 30,R CYA vs. coils Secondary 94.7vs.90.9 579vs.9.1 0vs.9 21vs. 11 80
etal., prophylaxis
2013 [135]
Gonzalez et al., 3,R CYA Secondary 80 0 0 9 100
2012 [136] prophylaxis
Binmoeller et al., 30, R Coil and CYA Active or re- 95.8 0 3.3 6.4 97.7
2011 [137] glue injection cent bleeding
Romero-Castro 5P CYA Prophylaxis 100 0 0 10 80
etal.,
2007 [138]

DEI = direct endoscopic injection, CYA = cyanoacrylate, P = prospective, R = retrospective, NA = not applicable.

therapy proved recently to be very efficient, but more data are
needed [93].

Direct injection of perforating veins compared to direct endo-
scopic injection was associated with a better obliteration rate af-
ter the first session of tissue adhesive injection (77.2% vs. 38.1%),
fewer sessions until complete obliteration, and had a similar ad-
verse effect rate [94], but the comparison between treatment of
perforating veins and gastric varices under EUS guidance is
not available.

Therapeutic efficiency in ectopic varices
Ectopic duodenal varices have a mortality rate of up to 40% and
given their location, endoscopic treatment may be challenging.
Successful coil and cyanoacrylate injection guided by EUS of duo-
denal varices have been reported, but the studies included few
patients [95-97].

Para-stomal varices, although less frequently encountered,
pose a significant challenge in the management of bleeding from
ectopic varices. In cirrhotic patients, bleeding from the stoma
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can occur in up to 27% of cases, with an associated mortality rate
of up to 4%. Treatment options for para-stomal variceal bleeding
range from local interventions, such as compression,
epinephrine-soaked gauze and ligation, to more invasive
approaches including surgically shunt formation or TIPS place-
ment [98]. EUS plays a crucial role in managing para-stomal vari-
ces, offering embolization techniques similar to those used for
gastric varices, such as cyanoacrylate injection [99]. However, in
a more recent study, successful treatment of para-stomal vari-
ceal bleeding was achieved using human thrombin injection +
embolization coil(s) under EUS guidance [100].

The role of EUS in targeting rectal varices is yet to be estab-
lished. Further cohort studies are awaited, as only case reports of
injection therapy exist [101, 102].

Future of EUS in PH

EUS portal vein sampling

The transhepatic portal vein sampling for patients with meta-
static pancreatic adenocarcinoma proved the presence of circu-
lating tumor cells in portal vein blood [103]. Consequently, one
study assessing the portal blood sampled during duodenopan-
createctomy for periampullary tumors revealed that circulating
tumor cells were significant predictors for liver metastases
within 6 months after surgery [104]. However, in the context of
PH, a recent small cohort study was conducted, enrolling 12
patients, and it was successful in 100% of the cases with no ad-
verse effects. The study aimed to collect blood samples from the
portal vein for metabolomic analysis [105].

Selective embolization of the portal vein

Prior 2-6 weeks before liver resection, embolization of the portal
vein is used for obtaining compensatory hypertrophy of non-
embolized remnant liver [106]. Embolization using cyanoacrylate
and coils was performed by EUS guidance in animals and appears
to be feasible [66, 107]. Despite good portal vein occlusion, coil
dislodgements into the hepatic parenchyma were noted [66].

EUS-guided portosystemic shunts

The technique was performed in two studies in pigs, with place-
ment of a metal stent or a lumen-apposing metal stent with dis-
tal and proximal ends positioned inside the portal vein and
hepatic vein, respectively [108, 109], but no studies on humans
exist. On the other hand, direct injecting of glue and coils into
spontaneous portosystemic shunt may decrease the risk of en-
cephalopathy [110].

Conclusions

EUS assessment could provide information on semiology and he-
modynamic parameters of the portal vein system which correlate
with the risk of variceal recurrence after treatment and the risk
of rebleeding. EUS-PPG can be an alternative to traditional HVPG
measurement but further studies comparing the new method to
the standard of care are needed. The routine use of hemody-
namic assessment in non-cirrhotic PH is eagerly anticipated.
Additionally, EUS can provide tissue acquisition from portal vein
and splenic vein thrombosis in selected cases. Regarding thera-
peutic efficiency, EUS has proven to be more reliable than con-
ventional endoscopy for treating gastric varices. However, with
the variety of available treatment options, further studies are
needed to establish a standard of care. The future of EUS stands
in its ability to guide interventional endohepatology, such as

stent deployment for portosystemic shunts and venous

embolization.
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