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Abstract
Endoscopic ultrasound (EUS) has revolutionized the 
diagnostic and therapeutic approach to patients with 
gastrointestinal disorders. Its application in patients 
with liver disease and portal hypertension is increas-
ing. Patients with chronic liver disease are at risk for 
development of portal hypertension sequale such as 
ascites, spontaneous bacterial peritonitis and gastro-
esophageal varices. Bleeding esophageal and gastric 
varices are among the most common causes of mortal-
ity in patients with cirrhosis. Thus, early detection and 
treatment improve the outcome in this population. EUS 
can improve the detection and diagnosis of gastro-
esophageal varices and collateral veins and can provide 
endoscopic therapy of gastroesophageal varices such 
as EUS-guided sclerotherapy of esophageal collateral 
vessels and EUS-guided cynoacrylate (Glue) injection 
of gastric varices. EUS can also provide knowledge on 
the efficacy of pharmacotherapy of portal hyperten-
sion. Furthermore, EUS can provide assessment and 
prediction of variceal recurrence after endoscopic 
therapy and assessment of portal hemodynamics such 
as E-Flow and Doppler study of the azygous and portal 
veins. Moreover, EUS-guided fine needle aspiration may 
provide cytologic diagnosis of focal hepatic tumors and 
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analysis of free abdominal fluid. Using specialized EUS-
guided needle biopsy, a sample of liver tissue can be 
obtained to diagnose and evaluate for chronic liver dis-
ease. EUS-guided fine needle injection can be used to 
study portal vein pressure and hemodynamics, and po-
tentially could be used to assist in exact measurement 
of portal vein pressure and placement of intrahepatic 
portosystemic shunt.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This review provides an up-to-date summary 
of published studies and case reports on the utilization 
of endoscopic ultrasound in patients with advanced 
liver disease and portal hypertension. We highlight the 
significance of portal hypertension and the potential 
application of endoscopic ultrasound, endoscopic ultra-
sound (EUS)-guided fine needle aspiration, and EUS-
guided injection in the management of portal hyperten-
sion. In addition, we highlight the utilization of EUS in 
the diagnosis and management of gastroesophageal 
varices. This review also provides insights on the limi-
tation of endoscopic ultrasound in patients with portal 
hypertension.
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INTRODUCTION
Endoscopic ultrasound (EUS) has provided a great 



insight on our understanding of  the complex vascular 
structural changes associated with portal hypertension. Its 
ability to define the internal anatomy and mucosal vascu-
lar changes related to portal hypertension is magnificent. 
These changes may not be readily seen on direct forward 
viewing upper endoscope in early stages of  advanced liv-
er disease. EUS combines endoscopy and ultrasound to 
obtain images and provide detailed information about the 
digestive tract and the surrounding tissue and organs. The 
combined utilization of  EUS with color or flow Doppler 
technique enhanced the study of  the venous anatomy of  
the distal esophagus. These include detection of  so called 
“deep varices”, assessment of  the thickness of  gastric 
wall, differentiation between thickened folds and varices 
or detection of  subclinical amounts of  ascitic fluid. Using 
the high-frequency (20 MHz) ultrasound catheter probes, 
or miniprobes, may add further evaluation and under-
standing of  the venous anatomy at the distal esophagus 
in patients with portal hypertension. EUS-guided injec-
tion of  cyanoacrylate in perforating feeding veins in gas-
tric varices seems to be a safe therapy. EUS-guided portal 
vein catheterization is a novel approach for portal angi-
ography and portal vein pressure measurement[1,2]. The 
use of  elastography in conjunction with EUS imaging of  
the liver for hepatocellular carcinoma (HCC) screening or 
surveillance is promising.

In this review, we opted to highlight the utility of  en-
doscopic ultrasound in patients with portal hypertension. 
Articles for this review were selected from MEDLINE 
review of  English-language articles as well as relevant 
textbooks. Furthermore, references were reviewed to re-
trieve additional articles related to this field.

ANATOMY OF THE PORTAL VENOUS 
SYSTEM AND ENDOSONOGRAPHIC 
VISUALIZATION
The portal vein forms behind the head of  the pancreas 
at the level of  the second lumbar vertebra through the 
confluence of  the superior mesenteric vein and splenic 
vein (SV). The length of  the portal vein is approximately 
6-8 cm with a mean diameter of  1.09 cm. This may sig-
nificantly increase in patients with portal hypertension. 
The portal vein is best imaged using EUS at the duodenal 
bulb although can be seen from the stomach. The splenic 

vein drains the lower esophagus (esophageal veins), stom-
ach (short gastric and left gastro-epiploic veins), pancreas 
(pancreas veins) and first portion of  the duodenum. The 
splenic vein diameter is less than 0.45 cm. The splenic 
vein could be larger and tortuous in patients with portal 
hypertension. The splenic vein is best visualized at the 
gastric body/fundus and can be traced from the splenic 
hilum to the confluence of  the portal vein. The azygous 
vein (AV) which plays an important role in portosystemic 
shunting, draining the gastroesophageal varices to the 
superior vena cava, is visualized on EUS images at the 
central mediastinum to the right of  the spine between the 
descending abdominal aorta and spine. Varices are visual-
ized on endoscopic ultrasound images as anechoic sub-
mucosal structures that possess flow signals on Doppler 
flow study. These appear as a conglomerate of  round, 
oval or tubular veins, with or without adjacent periesoph-
ageal or paraesophageal collateral veins.

DIAGNOSIS OF PORTAL HYPERTENSION
Portal hypertension is a progressive complication of  
cirrhosis which is the end stage of  any chronic liver dis-
ease. Portal hypertension can result from an increase in 
resistance to portal flow and/or increase in portal venous 
flow in the setting of  cirrhosis. It is a pathologic increase 
in portal venous pressure gradient between the portal 
vein and the inferior vena cava. This is defined as in-
crease in portal venous pressure gradient (HVPG) more 
than 5 mmHg. HVPG is an invasive but precise and in-
direct measurement of  portal venous pressure gradient. 
This is a procedure that requires catheterization of  the 
hepatic veins through the internal jugular or femoral vein 
route. HVPG is obtained by subtracting the free hepatic 
venous pressure (FHVP) from the wedged hepatic ve-
nous pressure (WHVP), i.e., [HVPG = WHVP - FHVP]. 
Gastroesophageal varices form only when the HVPG 
is more than 10 mmHg[3]. This is known as a clinically 
significant portal hypertension; CSPH[4,5] and bleed only 
when the HVPG exceeds 12 mmHg[6,7]. It is important to 
realize that not every patient with HVPG more than 12 
mmHg bleeds from varices. Other factors such as Child-
Turcotte-Pugh score (Table 1), the size of  the varix and 
presence of  red wale marking on the varix such as hema-
tocystic spots and the blue colored varices are all prog-
nostic indicators of  first variceal hemorrhage[8-10].

ANATOMY OF THE DISTAL ESOPHAGUS 
AND PROXIMAL STOMACH IN PORTAL 
HYPERTENSION
The venous anatomy of  the lower esophagus and upper 
stomach has been described into four layers: intraepitheli-
al channels, superficial venous plexus, deep venous plexus 
and adventitial veins[11,12]. The superficial venous plexus 
communicate with the deep venous plexus periesopha-
geal collateral veins (peri-ECV) and paraesophageal col-
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Table 1  Child-Turcotte-Pugh classification of the severity of 
cirrhosis

Points1 1 2 3

Ascites None Mild/moderate Tense
Encephalopathy None Grade 1-2 Grade 3-4
Bilirubin (mg/dL) < 2 2-3 > 3
Albumin (g/dL) > 3.5 2.3-3.5 < 2.8
INR < 1.7 1.7-2.3 > 2.3

15-6 points: Child A; 7-9 points: Child B; 10-15 points: Child C. INR: Inter-
national normalised ratio.



lateral veins (para-ECV) through the perforating veins 
(Figure 1A). The perforating connecting veins are located 
within the submucosal layer of  the esophageal wall. In 
patients with portal hypertension all of  these veins are 
significantly dilated. These dilated submucosal veins can 
be readily seen on upper endoscopy as columns of  di-
lated veins (Figure 1B). However, the deep venous plexus 
such as the periesophageal and paraesophageal veins are 
not seen on conventional endoscopy (Figure 1A).

Gastric varices are classified according to Sarin classi-
fication as gastroesophageal or isolated gastric varices[13]. 
Type 1 gastroesophageal varices (lesser curve varices) 
are the most common (75%). Type 2 gastroesophageal 
varices, which extend to greater curvature, bleed often 
(55%) and are associated with high mortality (Figure 1C, 
D). These veins meet the upper end of  the cardia of  the 
stomach and drain into the left gastric and short gastric 
veins. Type 1 isolated gastric varices are only fundal vari-
ces, with a high (78%) incidence of  bleeding. Type 2 iso-
lated gastric varices are in the distal stomach or proximal 
duodenum.

Portal hypertension may also be seen with other 
two forms of  macroscopically visible mucosal changes 
within the gastric mucosa that are seen by a careful upper 
gastrointestinal endoscopy and meticulous histological 
assessment of  patients with cirrhosis[14]. These are portal 
hypertensive gastropathy (PHG) and gastric antral vas-
cular ectasia (GAVE). PHG involves the proximal stom-
ach and is classified as either mild or severe. Mild portal 

hypertensive gastropathy is characterized by a snakeskin 
or mosaic appearance (cobblestone) of  the proximal 
gastric mucosa. Severe portal hypertensive gastropathy is 
characterized by a background cobblestone appearance 
with superimposed red or brown spots and is associated 
with a higher risk of  bleeding[15]. Histological features of  
these lesions characterized by the presence of  spindle cell 
proliferation and fibro-hyalinosis[16]. On the other hand, 
GAVE which may be present in patients with or without 
liver disease are dilated and ectatic blood vessels that are 
commonly seen at the distal stomach in the absence of  a 
background of  cobblestone and may not directly related 
to portal hypertension[17]. These can be either punctate-
type (the so called honeycomb) or striped-type (the so 
called watermelon stomach)[18]. Their histologic features 
are primarily the presence of  thrombi. Portal hyperten-
sive duodenopathy can manifest with several endoscopic 
features such as erythema, erosions, ulcers, telangiectasia, 
exaggerated villous pattern, duodenal varices, and mixed 
lesions[19]. Portal hypertensive enteropathy and colopathy 
have also been described.

EUS IN PORTAL HYPERTENSION
Early detection of  portal hypertension and the presence 
of  gastroesophageal varices is the mainstay in the man-
agement of  portal hypertension. Once gastroesophageal 
varices are detected and assessed based on its risks of  
bleeding such as size of  varices and presence of  red 
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Figure 1  Anatomy of the distal esophagus and proximal stomach in portal hypertension. A: Radial echoendoscope shows esophageal varices, periesophageal 
varices and paraesophgaeal varices with associated perforating vein; B: Upper endoscopy: Large esophageal varices extending to the cardia; C: Upper endoscopy: 
Type-2 large gastroesophageal varices; D: Radial echoendoscope shows large gastric and perigastric collaterals.
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in patients with portal hypertension. The early detection 
of  gastroesophageal varices may potentially reduce the 
need for liver biopsy indicating underlying cirrhosis if  
the underlying etiology is known. These changes related 
to early formation and engorgement of  collateral vessels 
in the distal esophagus, azygous vein, proximal stomach 
and splenic vein are not seen at conventional endoscopy. 
In a study of  16 children, median age 13 mo (range, 7-88 
mo), being assessed for intestinal transplant underwent 
simultaneous EGD and EUS to evaluate for portal hy-
pertension if  combined liver-intestine transplantation 
is needed. In 56.2% of  patients the results of  EGD 
and EUS were concordant for the detection of  gastro-
esophageal varices. In seven patients, gastroesophageal 
varices were only identified by EUS and liver biopsy was 
avoided in four of  these cases[25]. In patients with portal 
hypertension, EUS reveals the presence of  collateral 
vessels within and outside the esophageal wall such as 
esophageal varices, periesophageal collateral veins, parae-
sophageal collateral veins, and perforating veins[20] (Figure 
1). Collateral esophageal veins demonstrated by radial 
EUS in patients with portal hypertension correspond to 
collateral veins identified histopathologically[26]. Collateral 
deep veins were also associated with recurrence of  vari-
ces seen on high frequency (20 MHz) ultrasound catheter 
probe while the presence of  veins at the gastroesopha-
geal junction did not correlate with recurrence[27]. Para-
ECV which are detected on EUS after endoscopic sclero-
therapy for esophageal varices correlates with varices 
recurrence[28]. The presence of  severe cardial submucosal 
veins and severe-grade perforating veins seen on high 
frequency ultrasound catheter probe before endoscopic 
variceal ligation were useful for predicting the likelihood 
of  recurrence of  esophageal varices[22]. Sato et al[29] found 
that the presence of  patent inflowing perforating veins 
on endoscopic color Doppler ultrasonography before 
and after endoscopic injection sclerotherapy was predic-
tive of  early variceal recurrence.

EUS provides a reliable and unique assessment of  
gastric varices and allows visualization of  the left gastric 
vein. The diameter of  the left gastric vein is associated 
with variceal size[30]. The presence of  a rapid hepatofu-
gal flow velocity of  12 cm/s in the left gastric vein seen 
under color Doppler EUS examination may have a high 
risk of  an early recurrence of  esophageal varices treated 
with either esophageal band ligation or sclerotherapy[31].

EUS can improve the detection of  gastroesophageal 
varices and can provide an assessment to the efficacy of  
therapy in these patients. Indeed, endoscopic Doppler ul-
trasound can assist in differentiating gastric varices from 
other gastric submucosal lesions and enlarged gastric 
folds and preclude biopsy in these cases. In a study of  
eight patients with uncertain gastric submucosal lesions 
seen on EGD, EUS-guided Doppler US probe revealed 6 
cases of  gastric varices, one case of  gastrointestinal stro-
mal tumor and one case of  Menetrier’s disease[32]. EUS-
guided therapeutic intervention is one of  the mainstays 
in treatment of  portal hypertension. Varices can be seen 

wale markings, intervention is applied. Either pharmaco-
therapy and/or endoscopic band ligation is considered 
based on whether primary prophylaxis (no previous 
variceal bleeding) or secondary prophylaxis (previous 
variceal bleeding) is encountered. Earlier studies revealed 
EUS was inferior to endoscopy in detecting and grading 
esophageal varices[20,21]. However, with improved instru-
mentation and increased availability and training in the 
field of  endosonography, EUS has enhanced the diag-
nostic and therapeutic approach to patients with portal 
hypertension.

Endoscopic ultrasound with its ability to provide 
both endoscopic and ultrasonographic visualization 
has expanded the diagnostic and therapeutic arma-
mentarium in patients with portal hypertension (Table 
2). Endoscopic ultrasound has been used to study 
gastroesophageal varices and to identify high risks of  
bleeding by determining the size of  the varix on cross-
sectional imaging[22]. EUS has a higher sensitivity for 
detection of  varices than gastroduodenoscopy. While a 
careful examination of  the gastroesophageal junction 
by esophagogastroduodenoscopy can detect almost 
all cases of  large esophageal varices, small varices may 
not be readily seen and gastric varices may not be eas-
ily detected. In a study by Choudhuri et al[21] to evaluate 
the cross-sectional venous anatomy around the gastro-
esophageal junction using EUS in different grades of  
esophageal varices. Forty-five percent of  patients with 
small varices were seen while all 30 (100%) patients with 
large varices were noted. However, gastric varices were 
detected significantly more often by EUS (66%) com-
pared with endoscopy (17; 34%, P < 0.005). In a study 
by Faigel et al[23]. Paraesophageal varices were detected 
in 97% of  cirrhotic patients (n = 66) and 3% of  control 
patients (n = 32) (P < 0.001) and were a more sensitive 
predictor of  cirrhosis than varices at endoscopy (74%, 
P < 0.0001). Lee et al[24] compared 52 cirrhotic and 166 
dyspeptic patients to assess gastroesophageal varices and 
extraluminal venous abnormalities sonographically. EUS 
identified esophageal varices endoscopically in 53.8% 
with good correlation with EGD (r = 0.855, P < 0.001). 
EUS detected gastric varices sonographically in 30.8%, 
compared with 17.3% detected by EGD. Extraluminal 
venous abnormalities were detected in 92% of  patients 
with cirrhosis. Endoscopic ultrasound is capable of  pro-
viding visualization of  vascular and structural changes 
within and outside the esophageal, gastric and rectal wall 
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Table 2  Summary of the use of endoscopic ultrasound in 
portal hypertension

Diagnosis of gastroesophageal varices
Visualization of collateral veins
Endoscopic ultrasound-guide therapy of gastroesophageal varices such 
as sclerotherapy and cyanoacrylate injection
Assessment of variceal recurrence and rebleeding
Evaluation of efficacy of pharmacotherapy
Assessment of portal hemodynamics
Tissue and fluid acquisition of ascites and focal liver lesions
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on echosonographic images as dilated anechoic rounded 
or tubular structures can be targeted using endoscopic-
guided fine needle injection with a sclerosing agent or 
a coil. Fundal varices are so large in caliber and thus 
when they rupture, massive bleeding is encountered. 
These veins cannot be treated effectively using band liga-
tion. The treatment of  this condition calls for complete 
thrombosis of  all varicose veins and/or perforating veins. 
EUS-guided cyanoacrylate injection and/or cyanoacry-
late with coiling with precise injection in the perforating 
veins deems a useful measured in eradicating gastric vari-
ces[33-35]. EUS-guided coil application required fewer en-
doscopies and tended to have fewer adverse events com-
pared with EUS-guided cyanoacrylate injection although 
larger comparative studies are needed[35]. In a randomized 
controlled trial by de Paulo et al[36] of  50 cirrhotic patients 
with esophageal varices, endoscopic sclerotherapy and 
EUS-guided sclerotherapy were equally effective in eradi-
cating esophageal varices, with similar mean numbers of  
sessions and times to eradication.

Fine-needle aspiration under EUS guidance may be 
useful in the diagnosis of  focal liver lesions and early 
HCC in patients with portal hypertension and evaluation 
of  perihepatic adenopathy[37,38]. EUS can also provide 
some option of  treatment to patients with hepatocel-
lular carcinoma difficult to treat with percutaneous local 
treatment. EUS-guided ethanol injection for HCC[39] and 
EUS-guided Nd:YAG laser ablation of  a hepatocellular 
carcinoma in the caudate lobe are feasible treatment op-
tions[40]. In addition to providing imaging of  tumors and 
enhancing TNM staging, EUS also provide guidance 
for fine needle aspiration and biopsies of  undiagnosed 
masses and lymph node suspicious for metastasis. More-
over, EUS plays a role in evaluating biliary tract diseases 
in patients with cirrhosis such as cholelithiasis, choledo-
cholithiasis, choledochocele or sphincter of  Oddi dys-
function.

Endosonographers have pushed the limit of  the use 
of  EUS. Novel techniques in portal vein catheterization 
and portal vein pressure measurement have been stud-
ied. EUS-guided portal vein catheterization appears to 
be feasible, safe, and can be used for portal angiography 
and portal vein pressure measurements in several porcine 
model[1,2,41]. Post mortem examination revealed no active 
bleeding and no damage to the liver[41]. Very few adverse 
events were encountered. The ability to access the portal 
vein through the stomach or duodenum may provide 
potential future therapeutic use such as the direct injec-
tion of  thrombolytic or thrombotic agents, and the direct 
placement of  EUS-guided intrahepatic portosystemic 
shunt[42].

CONCLUSION
Endoscopic ultrasonography has played an important 
role in the diagnostic and therapeutic armamentarium 
of  gastrointestinal and pancreaticobiliary disease. Its 
use in patients with liver disease and portal hyperten-

sion is expanding with the increasing availability of  the 
instrument worldwide and improved understanding and 
training in endosonography. Portal hypertension is a pro-
gressive complication of  cirrhosis and is a major cause 
for mortality in patients with cirrhosis. Using endoscopic 
ultrasound, endosonographers are able to recognize early 
changes of  portal hypertension and provide accurate 
assessment and plan for early therapeutic intervention. 
EUS combined with color Doppler imaging and fine 
needle aspiration and injection can provide early detec-
tion and therapy of  gastroesophageal varices, and ascites. 
Moreover, it can evaluate the efficacy of  pharmacothera-
py applied to portal hypertension and may provide early 
detection of  focal liver tumors. The future use of  EUS in 
hepatology is expanding and endoscopic ultrasound con-
tinues to have a role in this field.
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