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Abstract
Although endoscopy is the recommended method for detecting esophageal varices, noninvasive methods for diagnosing 
esophageal varices are needed to avoid unnecessary invasive endoscopic examinations. In recent years, many studies have 
been performed to predict the presence of high-risk varices in noninvasive ways. The most widely used tools for noninva-
sive screening for esophageal varices are the Baveno VI and expanded Baveno VI criteria. Even these accepted criteria are 
not 100% accurate and have some limitations. Here, we summarize the current literature on the noninvasive diagnosis of 
esophageal varices in liver cirrhosis patients and highlight the remaining issues.
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Abbreviations
HVPG  Hepatic venous pressure gradient
VNT  Varices needing treatment
cACLD  Advanced chronic liver disease
EGD  Esophago-gastro-duodenoscopy
EVL  Endoscopic variceal ligation
TE  Transient elastography
LSM  Liver stiffness measurement
ARFI  Acoustic radiation force impulse
SVR  Sustained virologic response
HCV  Hepatitis C virus

Cirrhosis is a chronic disease with a high mortality rate, 
and it is the fourth leading cause of death in adults in West-
ern countries [1]. Cirrhosis is a heterogeneous disease that 
causes numerous clinical contacts due to its complications, 
and the clinical course of cirrhosis is typically described 
as a compensated and decompensated state [2]. Esophageal 
varices are one of the most common and lethal complications 

in cirrhotic patients. Approximately 50% of patients with 
cirrhosis have esophageal varices [3]. The prevalence rate 
of esophageal varices increases with liver disease progres-
sion: 42.7% of patients with Child–Pugh class A, 70.7% 
of patients with class B, and 75.5% of patients with class 
C have esophageal varices [4]. The development of new 
varices is linear over time at a rate of approximately 9% 
per year and new varices increase in size by 10–12% each 
year [5, 6]. The incidence rate of bleeding from untreated 
esophageal varices ranges from 20 to 76% [7, 8]. Bleed-
ing from ruptured esophageal varices is directly linked to 
high mortality in patients with cirrhosis [9]. The mortality 
rate at 6 weeks is as high as 16–26% for patients with acute 
variceal bleeding despite the advances in its treatment [10, 
11]. Moreover, most deaths occur after early rebleeding, 
which occurs in 20–50% of patients within 7–10 days of the 
first bleeding incident [4]. Therefore, the early detection and 
management of esophageal varices might lead to survival 
benefits, and identifying the presence of varices needing 
treatment (VNT) is an essential part of the diagnostic exami-
nation for cirrhotic patients [4]. In this review, we focus on 
the noninvasive detection of VNT in cirrhotic patients.

Cirrhosis is often complicated by the development of por-
tal hypertension. When clinically significant portal hyper-
tension (CSPH), the definition of which is a hepatic venous 
pressure gradient (HVPG) ≥ 10 mmHg, develops, collaterals 
such as varices appear. The increase in portal pressure above 
the threshold of CSPH is a point in the natural course of 
advanced chronic liver disease (ACLD). Screening for VNT 
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in CSPH patients is essential to medical treatment. Although 
portal hypertension is measured by the HVPG, it is limited 
by the invasiveness of the procedure.

Esophago-gastro-duodenoscopy (EGD) is the gold stand-
ard for diagnosing the presence of varices [12], and current 
guidelines recommend that all patients identified as having 
ACLD should undergo screening for EGD [13]. ‘General 
Rules for Recording Endoscopic Findings of Esophagogas-
tric Varices (2nd Edition)’ (Table 1) is used in many coun-
tries for the classification of esophageal varices [14]. There 
are several reports that large varices are a risk factor for 
bleeding esophageal varices [15–17]. The presence of red 
color signs was also identified as an independent risk fac-
tor for variceal bleeding even in patients with small varices 
[5]. Red color signs are reddish changes observed beneath 
the submucosa [12, 15–18]. According to these risk factors, 
the therapeutic indication for esophageal varices is guided 

by several guidelines (Table 2) [2, 12, 19, 20]. Esophageal 
varices can be classified as low-risk and high-risk varices 
according to the respective risk for variceal bleeding deter-
mined by the size of the varices, the presence of red color 
signs, and Child–Pugh class [12]. Reiberger reported that 
only 2% of patients without varices on first endoscopy bled 
within 2 years and that the rate of progression from small 
esophageal varices at baseline to large esophageal varices 
was 12% (5.6–18.4%) and 31% (21.2–40.8%) at 1 and 
3 years, respectively [21]. Assessment of the presence of 
varices, red color signs, and the size of varices necessitates 
EGD examination. Because the risk of variceal bleeding can 
be reduced with advanced endoscopic treatment and appro-
priate medical therapy in patients with high-risk esophageal 
varices, the endoscopic screening of esophageal varices is 
currently the normal medical countermeasure in patients 
with liver cirrhosis [19]. The American Association for the 

Table 1  General rules for 
recording endoscopic findings 
of esophagogastric varices

Category Code subcategory

Esophageal varices Gastric varices

Location (L) Ls: Locus superior Lg-c: Adjacent to the cardiac orifice
Lm: Locus medialis Lg-cf: Extension from the cardiac 

orifice to the fornix
Li: Locus inferior Lg-f: Isolated in the fornix

Lg-b: Located in the gastric body
Lg-a: Located in the gastric antrum

Form (F) F0: No varicose appearance
F1: Straight, small-caliber varices
F2: Moderately enlarged, beady varices
F3: Markedly enlarged, nodular or tumor-

shaped varices
Color (C) Cw: White varices

Cb: Blue varices
Cw-Th: Thrombosed white varices
Cb-Th: Thrombosed blue varices

Red color sign (RC) RWM: Red wale marking RC0: Absent
CRS: Cherry red spot RC1: GV with RWM, CRS, and/or HCS
HCS: Hematocystic spot
RC0: Absent
RC1: Small in number and localized
RC2: Intermediate between RC1 and RC3
RC3: Large in number and circumferential
TE: Telangiectasia

Bleeding sign Gushing bleeding
Spouting bleeding
Oozing bleeding
Red plug
White plug

Mucosal finding E: Erosion
Ul: Ulcer
S: Scar
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Study of Liver Disease (AASLD) clinical practice guidelines 
recommend that all patients with liver cirrhosis receive an 
EGD at the time of liver cirrhosis diagnosis to screen for 
esophageal varices and describe the presence or absence 
of VNT. In this way, clinicians can make evidence-based 
decisions regarding primary prevention against esophageal 
variceal bleeding [13]. Based on the endoscopic evaluation, 
esophageal varices are classified by size into small (< 5 mm) 
and large varices (> 5 mm) [19] for the prediction of the risk 
variceal bleeding. In liver cirrhosis patients without varices 
who have ongoing liver injury (e.g., alcohol use and pres-
ence of hepatitis virus) and/or other liver-related disease 
(e.g., obesity), screening endoscopies should be repeated 
at 2-year intervals. An endoscopy is recommended every 
2 years for patients with small varices (< 5 mm) without pre-
sent continuous liver disease. Annual endoscopic examina-
tion is recommended if patients present with continuous liver 
disease. Patients who have large varices (> 5 mm) should be 
started on treatment with nonselective beta blockers, which 
are used in the treatment of portal hypertension to reduce 
portal pressure, thereby preventing variceal bleeding, and 
no further surveillance endoscopy is needed. Endoscopic 
treatment, such as endoscopic variceal ligation (EVL) and 
endoscopic injection sclerotherapy (EIS), is recommended 
for patients with large varices. If endoscopic treatment is 
performed for primary prophylaxis, following endoscopic 
examination should be performed every 1 week or 2 weeks 
until the varices disappearance and then repeated every 6 or 
12 months. In addition, patients require routine endoscopic 
examination after EVL or EIS for the surveillance of variceal 
recurrence. However, screening by endoscopy results in 
many unnecessary unpleasant procedures, because VNT 
are not common in patients with liver cirrhosis. Meanwhile, 
EGD is an invasive technique that is not easily accepted 
by patients and has some disadvantages, such as higher 
cost and interobserver variability [2, 19]. Therefore, some 
approaches to reducing the frequency of unnecessary EGD 
procedures have been advocated. Recently, several nonin-
vasive techniques for the diagnosis of liver cirrhosis have 

been developed. Considering the well-established relation-
ship between fibrosis, portal hypertension, and esophageal 
varices, noninvasive tests for fibrosis in liver cirrhosis should 
also be useful methods for screening for esophageal varices.

Several laboratory/imaging-derived markers associated 
with the presence of esophageal varices in liver cirrhosis 
patients, such as low platelet count [22], splenomegaly [23], 
increased Child–Pugh score [22], magnetic resonance elas-
tography, and splenic stiffness, have been reported; however, 
none of them are adequately accurate for the prediction of 
the presence of high-risk varices when tested in independent 
validation cohorts [23].

Liver stiffness as measured by transient elastography (TE) 
can be considered a useful tool for the noninvasive diagnosis 
of liver fibrosis and has been shown to be very accurate for 
the evaluation of portal hypertension [24]. Marked progress 
in noninvasive diagnostic modalities for the estimation of 
chronic liver disease has enabled the identification of severe 
fibrosis and cirrhosis in patients. Among the several nonin-
vasive medical tools, the determination of liver stiffness by 
TE using Fibroscan has gradually replaced liver biopsy for 
the estimation of liver fibrosis. In addition to the diagnosis 
of liver cirrhosis, TE has been shown to have good ability to 
diagnose the presence of high-risk varices [25] and has now 
been adopted as a valuable noninvasive technique. Because 
the combination of liver stiffness measured by Fibroscan and 
platelet count can identify the presence of VNT, the Baveno 
VI guidelines proposed that patients with liver cirrhosis with 
a lower liver stiffness measurement (LSM) (< 20 kPa) and a 
higher platelet count (> 150,000/μl) can avoid unnecessary 
endoscopy for the surveillance of VNT [2], and the utility of 
this criteria for excluding the patients without VNT has been 
validated in different studies [26]. Since even the Baveno 
VI criteria included many patients who did not have VNT, 
the expanded Baveno VI criteria, obtained by optimizing 
the LSM (< 25 kPa) and platelet count value (> 110,000/
μl), have been proposed. The expanded Baveno VI criteria 
resulted in sparing more patients from unnecessary endos-
copy procedures than the original Baveno VI criteria [27], 

Table 2  Therapeutic indication 
for esophageal varices

Guideline Therapeutic indication

AASLD [19] Medium/large varices (≥ 5 mm diameter)
Small varices (< 5 mm) with red wale signs
Decompensated patients with small varices

Baveno VI Consensus Workshop [2] Medium/large size (≥ 5 mm diameter)
Small varices (< 5 mm) with red spot signs

North Italian Endoscopic Club [12] Medium/large size (≥ 5 mm diameter)
Small varices (< 5 mm) with red spot signs
Small varices in patients with Child–Pugh C

Japan [20] ≥ F2 (Moderately enlarged, beady varices)
RC 2–3
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but also resulted in an increased risk of missing high-risk 
varices. Several researchers have provided validation stud-
ies of these criteria [28–32], confirming that the Baveno VI 
criteria and expanded Baveno VI criteria correctly identify 
more than 98% of patients who could avoid unnecessary 
EGD. These two sets of criteria have been adopted in the 
practice guidelines of the American Association for the 
Study of the Liver [19], which suggests using noninvasive 
liver stiffness stratification according to the Baveno VI crite-
ria in all patients with a new diagnosis of cirrhosis. However, 
the Baveno VI recommendations are not 100% matched to 
the endoscopic diagnosis of VNT and have some problems 
that need to be solved. Many researchers have proposed vari-
ous models and diverse cutoffs to increase the number of 
EGDs that could be avoided. Although several authors have 
tried to modify the cutoff values of the LSM (25–30 kPa) 
and platelet count (100,000–120,000/μl) [31, 33], the best 
cutoff values have not been definitely identified. Moreover, 
there are some problems associated with the etiology of liver 
disease and medical equipment. Because the Baveno VI and 
expanded Baveno VI criteria were extensively evaluated in 
patients with cirrhosis mostly due to hepatitis C viral infec-
tion or excessive alcohol consumption, they should be vali-
dated in patients with other liver diseases. In addition, TE is 
not available in underdeveloped countries, and new attempts 
to define other noninvasive criteria that do not require TE 
by Fibroscan are needed. In those countries, most patients 
who do not present with high-risk varices according to the 
Baveno or expanded Baveno VI criteria still have to undergo 
EGD, and it is becoming evident that the validation of mod-
els that do not include LSM by TE are needed to improve 
risk stratification [34].

With regard to other noninvasive methodologies, liver 
stiffness can also be evaluated by magnetic resonance elas-
tography, shear wave electrography (SWE, Supersonic Imag-
ing), real-time tissue elastography (Hitachi), and acoustic 
radiation force impulse (ARFI, Siemens). ARFI imaging, 
which has been proposed as another promising ultrasound-
based shear wave elastography with a high level of accuracy 
for predicting liver fibrosis, can be used even in patients 
with ascites and obese patients [35]. Several studies have 
evaluated the usefulness of ARFI elastography for predicting 
esophageal varices [36–38]. The accuracy of ARFI meas-
urement is greater than that of transient elastography (TE) 
[39]; however, data in American and European patients are 
lacking. The spleen and liver react to portal hypertension 
by changing their stiffness and density. Spleen stiffness and 
the combination of platelet count, spleen size, and liver 
stiffness have provided greater accuracy in comparison to 
other noninvasive parameters with regard to the identifica-
tion of patients with VNT [37, 40]. In addition, spleen stiff-
ness is superior to liver stiffness for the prediction of portal 

hypertension [41]. However, spleen stiffness is not yet ready 
for use in routine clinical practice.

The cutoff values for liver stiffness for predicting cirrho-
sis vary according to the underlying cause of liver disease 
[42]. The etiology of cirrhosis has a strong impact on the 
liver stiffness cutoff for the diagnosis of large varices [43]. 
Therefore, there is no consensus regarding the best cutoff 
value for predicting high-risk esophageal varices, but it is 
influenced by the etiology of cirrhosis [44]. Sustained viro-
logic response (SVR) after any anti-hepatitis C virus (HCV) 
therapy with direct-acting antivirals (DAAs) can be obtained 
in many HCV patients even if they have decompensated cir-
rhosis. SVR is associated with beneficial effects, such as the 
improvement of fibrosis [44] and a decline in portal pressure 
[45], eventually resulting in a marked decrease in death, liver 
transplantation, hepatocellular carcinoma, and liver-related 
complications [46, 47]. However, in cirrhotic patients, the 
elimination of HCV does not lead to a significant reduction 
in portal hypertension. That is, once chronic liver disease 
progresses to cirrhosis, it may become worse even after the 
elimination of HCV infection [48]. If esophageal varices 
were not present at the start of antiviral therapy, patients 
who achieve SVR may extend the surveillance interval for 
EGD. On the other hand, EGD surveillance must be regu-
larly planned in non-SVR patients and in all patients who 

150,000 /μl 

110,000 /μl 

Platelet count 

LSM (M probe) 20 kPa 25 kPa 

Baveno VI criteria 

Expanded Baveno VI criteria 

ARFI 

Spleen stiffness 

Spleen size 

Q. Missed VNT? 

Q. Best cut-off value? 

Q. Interval of EGD? 

Q. Selection of non-invasive modality? 

Fig. 1  Remaining challenges of noninvasive diagnosis of esophageal 
varices. The schematic plot of LSM (X axis) vs. the platelet count 
(Y axis) shows the zones needing EGD surveillance. This schematic 
plot summarizes the three zones needing EGD surveillance: unnec-
essary endoscopy for the surveillance of VNT according to the 
Baveno VI criteria (white), additional unnecessary endoscopy for the 
surveillance of VNT according to the Expanded Baveno VI criteria 
(light gray), and the presence of high-risk varices according to the 
Expanded Baveno VI criteria (dark gray). Four rectangles illustrate 
the limitations and problems to be solved by further investigation. 
EGD esophago-gastro-duodenoscopy, LSM liver stiffness measure-
ment, VNT varices needing treatment
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have esophageal varices before antiviral therapy. Data in cir-
rhosis patients who achieve SVR are lacking.

In the future, noninvasive methods may replace the meas-
urement of HVPG or EGD in the follow-up of patients with 
portal hypertension [49] and in predicting liver disease 
outcomes [50], including varices bleeding. However, there 
are several limitations and problems to be solved by further 
investigation (Fig. 1). First, the best cutoff value for liver 
stiffness has not been identified. Second, there are no recom-
mendations regarding noninvasive modalities, TE, ARFI, 
or other tools. The third problem is whether the number of 
missed VNT is acceptable. Fourth, there is no consensus 
on the interval at which EGD needs to be performed after 
treatment. Fifth, in clinical practice, the best performing test 
to rule out VNT in cirrhotic patients should be explored. 
Further studies are needed to solve these remaining issues.
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