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Highlights 

 

 Three screening strategies, based on two new tests to rule out or in (with 100% 

specificity) varices needing treatment, were developed in the main liver disease 

etiologies irrespective of liver severity.  

 VANT test spared 40% of endoscopies in population screening based on 95% 

sensitivity.  

 The sparing rate of VARS test was 62% in individual screening based on 95% 

negative predictive value, and 12% in 100% safe screening based on 100% sensitivity 

and specificity.  

 

 

 

ABSTRACT  

 

 

Background and Aims: We aimed to improve non-invasive screening of varices needing 

treatment (VNT) and compare different screening strategies. Methods: 2,290 patients with 

chronic liver disease were included in a retrospective study. Etiologies were: virus: 50.0%, 

NAFLD: 29.5%, alcohol: 20.5%, VNT: 14.9%. Test descriptors were performance (spared 

endoscopy) and safety (missed VNT). VNT tests were evaluated according to their safety 

levels either for individual screening (95% negative predictive value (NPV)), population 

screening (95% sensitivity) or undifferentiated screening (100% sensitivity/NPV) without 

missed VNT. The tests provided three categories: missed VNT <5%, VNT 100% specificity 

(new category), both sparing endoscopies, and intermediate (endoscopy required). Results: 
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Independent VNT predictors (etiology, sex, age, platelets, prothrombin index, albumin, ALT, 

liver stiffness) were included in two tests: VNT virus alcohol NAFLD test (VANT) and varice 

risk score (VARS). We report results of the whole population. Considering population 

screening, performances were, Baveno VI criteria: 24.1%, Anticipate: 24.7%, VariScreen: 

35.3%, VANT: 40.2% (p<0.001 vs other tests). VANT spared 58.0% more endoscopies in the 

whole population than Baveno criteria in compensated advanced chronic liver diseases. 

Considering individual screening, VARS performance was, in all patients: 62.0% vs 42.9% 

for the expanded Baveno VI criteria (p<0.001), and, in NAFLD: 72.8% vs 65.1% for the 

NAFLD cirrhosis criteria (p<0.001). Considering undifferentiated screening, VARS 

performance was 12%. The VARS score estimated VNT probability from 0 to 100% 

(AUROC: 0.826). Conclusion: VANT and VARS spared from 12% (undifferentiated 

screening) to 40% (population screening) or 62% (individual screening) of endoscopies in 

main-etiology patients without ascites.  

 

Words: 250 (250) 

 

Keywords: Portal hypertension; oesophageal varices; non-invasive test; elastometry; 

screening 
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INTRODUCTION 

 

The Baveno VI criteria, based on platelets and liver stiffness measurement (LSM), were 

aimed at ruling out varices needing treatment (VNT) and avoiding unnecessary endoscopies 

[1]. They enabled the wide clinical acceptance of non-invasive tests [2]. However, they do 

have some limitations. First, their spared endoscopy rate has been shown to be only about 

20% [3]. Second, the safety criterion of non-invasive VNT screening is fixed at a missed VNT 

rate of <5%. However, missed VNT may be defined in two different ways (primarily), which 

makes the interpretation of the tests confusing [4]. One of those definitions is based on the 

probability of missing <5% VNT in patients who do not undergo endoscopy. This is a 

negative predictive value (NPV) adapted to an individual screening strategy. The other is 

based on the probability of missing <5% VNT in patients with VNT. This corresponds to 

VNT sensitivity and thus is adapted to a population screening strategy. Screening categories 

were not explicitly stated for previous tests and no study has adequately compared the two 

strategies. This has resulted in a confusing situation for test comparisons [5]. Third, the 

Baveno VI criteria were originally applied to compensated advanced chronic liver disease 

(cACLD). However, we have recently shown that this strategy restricted to cACLD spared 

less endoscopies than a global strategy applied to a larger spectrum of liver severity [6]. 

Moreover, the lower limit of cACLD (LSM 10 kPa) penalises the safety criterion since VNT 

are encountered below that cut-off and thus more than 5% of VNT can be missed [6]. 

Concomitantly, decreasing the LSM cut-off of cACLD below 10 kPa was recently suggested 

[7, 8]. Also, decreasing the lower limit for cACLD introduces other advantages. Thus, thanks 

to that change, we can more confidently analyse two new issues. First, is it possible and 

worthwhile to determine a test cut-off for 100% sensitivity for VNT? Second, a lesser degree 

of liver dysfunction in the 5% of missed VNT would legitimise this accepted missed VNT 
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risk in the Baveno VI statements. Indeed, variceal rupture risk and mortality increase as a 

function of liver dysfunction [9]. The change of the cACLD upper limit (complications) to 

LSM availability (i.e. ascites absent) enabled more endoscopies to be spared [6]. Moreover, 

we introduce here a new paradigm by hypothesising that if tests could reach 100% specificity 

for VNT, that too would rule out the need for endoscopy. Moreover, a test combining 100% 

specificity and 100% sensitivity would confer 100% safety, which is an alternative screening 

strategy worthy of exploring. Indeed, the test cut-offs for 100% specificity and sensitivity 

correspond to those of predictive values. Therefore, this 100% safety strategy would 

encompass individual and population screenings and thus prevent any misuse of tests at the 

individual level. Fourth, the Baveno VI criteria were originally not suitable for non-alcoholic 

fatty liver disease (NAFLD). Their cut-offs were finally modified [10] resulting in the 

NAFLD cirrhosis criteria, but these latter were only designed for individual screening. Fifth, 

the Baveno VI criteria and their derivatives do not estimate VNT probability. Finally, Baveno 

VII statements do not delete the interest of VNT tests (see discussion) [11]. 

Thus, our primary objective was to develop tests that improve the rate of spared endoscopy. 

Our main secondary objective was to compare different screening strategies according either 

to their epidemiological characteristics (screenings of individuals, populations, or both) or to 

their clinical spectrum, i.e. restricted or not to cACLD. Other secondary objectives were to 

quantify VNT probability and refine safety criteria. 
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PATIENTS AND METHODS 

 

Patients 

 

The clinical information of patients with CLD was collected from a number of centres 

participating in several studies wherein VNT was usually the main outcome and vibration-

controlled transient elastography (VCTE) the main measurement. The protocol conformed to 

the Declaration of Helsinki and received approval from the ethics review boards of all 

participating centres. All study participants gave informed consent. Patients included in 

previously recorded CLD subpopulations of any main etiology (alcohol related CLD (ALD), 

NAFLD, hepatitis B or C virus) were eligible for inclusion if they had undergone an 

endoscopy to determine oesophageal varice (EV) size. The four minimum inclusion criteria 

were a platelet count, successful LSM by VCTE (using the M probe), known EV stage and a 

maximum delay of six months between endoscopy and LSM or platelets. The exclusion 

criteria were ascites, gastro-intestinal bleeding and treatment of portal hypertension (PHT) 

(TIPS, band ligation or sclerotherapy of EV, and non-selective beta-blockers (NSBBs)) and 

incomplete data. Also, patients were included irrespective of LSM values and liver severity 

(i.e. non limited to cACLD) to enable a less biased analysis of the VNT subset. The 2290 

included patients (flowchart in Figure S1 in the Supplemental Material) were randomised in 

derivation (2/3) and validation (1/3) populations with stratification on VNT and etiology. 

 

Methods 

 

Data collection  
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Clinical data - The main clinical data were age, sex, height, body mass index, and CLD 

etiology. The main laboratory data were liver function tests, blood cell count and serum 

creatinine (measured in each centre). The model for end-stage liver disease (MELD) score 

included bilirubin, the international normalised ratio (INR) and creatinine [12].  

Endoscopy - A standard endoscopy was performed by experienced operators, and EV grades 

were recorded. 

LSM - All LSMs were performed by experienced operators using VCTE, specifically M 

probe-equipped Fibroscan devices (Echosens, Paris, France). Patients with LSM using the XL 

probe only were not included because they were not sufficiently numerous to be separately 

evaluated (Figure S1). Technical characteristics are detailed elsewhere [13].  

 

Definitions  

 

Study  

This was a post-hoc analysis (retrospective study) of prospectively collected data and a 

TRIPOD 2a study [14]. 

 

Outcome   

The main outcome was VNT, defined as large EV (a diameter ≥5 mm [15]).  

 

VNT estimators  

A diagnostic estimator was called a score when it provided a numerical variable quantifying 

precisely the VNT probability (from 0 to 1). An estimator was called a test when it was 

categorised by cut-off(s), resulting in a qualitative variable indicating VNT categories (ruled 

out, indeterminate, ruled in). 

                  



11 
 

 

Outcome measurements  

Tests - Performance was the spared endoscopy rate and safety was reflected by the missed 

VNT rate by tests. The spared endoscopy rate was calculated as the ratio between the number 

of patients with missed VNT by the test and the total number of patients. Safety was the ratio 

missed VNT/reference set. For population screening, the reference set was patients with VNT; 

thus, safety corresponded to VNT sensitivity. For individual screening, the reference set was 

patients spared of endoscopies; thus, safety corresponded to VNT NPV [4]. The rate of 

unnecessary endoscopies was calculated as the number of endoscopies needed to diagnose 

one patient with VNT. It expresses the number of times endoscopies were unnecessary. For 

example, in a group of five patients where endoscopy found VNT in one, the rate would be 

five. The negative likelihood ratio (LR-) was another outcome measurement (details in the 

Supplemental Material).  

Scores - The scores estimating VNT probability were mainly evaluated by their calibration 

and discrimination. Calibration was measured by the correlation between score percentiles 

and VNT prevalence. VNT discrimination was measured by the area under the receiver 

operating characteristic (AUROC).  

 

Safety criteria   

Classical strategies - We evaluated three criteria. First, the classical quantitative criterion is a 

missed VNT rate <5% according to Baveno VI statements [1]. Second, we evaluated the 

qualitative safety by the level of liver dysfunction as a function of VNT status. The principle 

of qualitative safety is to, among tests with similar performance, privilege the one having the 

lowest liver dysfunction in missed VNT and discard (or limit) any test inducing missed VNT 

in severe CLD. Indeed, the incidence and mortality of variceal bleeding grows with liver 

                  



12 
 

severity [9]. Thus, secureness describes here the absence of missed VNT in CLD with poor 

liver function (MELD score 10 or INR 1.24) called severe CLD hereafter [6]. The level of 

liver dysfunction in missed VNT was called functional safety (new criterion).  

100% safety - The aim was to design a test with neither missed VNT nor false VNT diagnosis 

thanks to cut-offs for 100% sensitivity (=100% NPV) and 100% specificity (=100% positive 

predictive value (PPV)), respectively. Therefore, this strategy was called undifferentiated. 

VNT ruled in - This new category was made possible by high estimator accuracy. The 100% 

specificity cut-off was chosen for all strategies since this should be considered a firm VNT 

diagnosis due to the therapeutic consequences. 

 

Comparators   

The new tests were compared to published tests. These were, for population screening:  

Baveno VI criteria [1], Anticipate [16], PLER and PLEASE included in the VariScreen 

algorithm [6]; and, for individual screening: expanded Baveno VI criteria [17] and NAFLD 

cirrhosis criteria [10].  

 

VNT screening strategies   

The main characteristics of the three strategies (population, individual, undifferentiated) are 

summarised in Table 1.  

 

 

 

 

Estimator construction in the derivation set 
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Overview - Details on the predefined strategy resulting from our previous studies [4, 6] and 

estimator construction are provided in the Complementary Data. Briefly, we first determined 

the eight independent VNT markers included in the two estimators by logistic regression: 

etiology, sex, age, platelets, prothrombin index, liver stiffness, albumin and ALT. Then, we 

constructed a logit score (range: 0 to 1) estimating the VNT probability called varice risk 

score (VARS). We also developed VARS as a test to spare endoscopy since this score could 

be easily categorised by cut-offs (contrary to the next test). Thus, the VARS score was 

categorised for the three screening strategies using different cut-offs. Thereafter, we 

constructed a qualitative binary (yes/no) algorithm called VNT virus alcohol NAFLD test 

(VANT) to spare endoscopies in population screening. Although it included the same markers 

as VARS, VANT was expected to provide better performance since its target was spared 

endoscopies (and not VNT). Finally, the VANT and VARS tests included three categories: 

VNT ruled out, indeterminate VNT status and VNT ruled in. The respective use of VARS et 

VANT as a function of screening strategies is summarised in Table S1. 

Design - VARS was the combination of six logit scores, each designed for the subsets sex per 

etiologies and the target being VNT. So, VARS was a composite score estimating VNT 

probability. The VNT ruled out category for VANT resulted from the selection of the two 

logit scores providing the largest subset with 95% sensitivity for VNT in each etiology. The 

VNT ruled in category for VANT resulted from the selection of the two logit scores providing 

the largest subset with 100% specificity for VNT (one of them being VARS). So, VANT was 

targeted for spared endoscopies. Formulae are detailed in the Supplemental Material. 
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Statistics 

 

Quantitative variables were expressed as mean ± standard deviation and compared using the 

Student test or ANOVA. Qualitative variables were expressed as proportions and compared 

using the Chi² or Fisher test when unpaired and the Cochran or McNemar test when paired. 

Paired AUROCs were compared by the Delong test. 95% confidence intervals (CI) of test 

performance and safety were determined by bootstrap on 1000 samples stratified on sex and 

etiology. Independent VNT predictors were determined by binary logistic regression; 

variables responsible for collinearity (r>0.8) were always excluded. Data were reported 

according to Liver FibroSTARD statements [18]; however, classical contingency tables were 

not reported since the main outcome measurement was not a binary diagnostic test for VNT. 

Data were analysed on a partial intention-to-diagnose basis. Thus, all patients were included 

irrespective of LSM reliability criteria [19] (except in one NAFLD subpopulation [10]) but 

patients with unsuccessful examinations (LSM and endoscopy) were not included. The main 

statistical analyses were performed using SPSS version 18.0 (IBM, Armonk, NY, USA). 
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RESULTS  

 

Patient characteristics 

 

Because there were no significant differences between the derivation and validation 

populations (Table S2 in the Supplemental Material), patient characteristics are described here 

in the whole population (2290 patients). Viral CLD was the most frequent etiology (50%); 

other etiologies included NAFLD (29.5%) or ALD (20.5%). The VNT prevalence was 14.9%. 

Also, 93% of patients and 98.5% of VNT were observed in LSM ≥10 kPa; 7.6% of VNT were 

observed in LSM <15 kPa. Patients with VNT were more frequently male or affected by ALD 

and had more severe CLD (Table S3). The prevalence of cACLD was calculated at 43.8%. 

Most patient characteristics were significantly different as a function of etiology (Table S4).  

 

 

Non-invasive diagnosis 

 

Scores estimating VNT probability 

 

In the derivation population, the AUROC of VARS for VNT (0.832) was higher (p<0.001) 

than those of published scores: PLER (0.758), Anticipate (0.767) and PLEASE (0.797) (Table 

S5). In the validation population, the VARS AUROC (0.816) remained significantly higher 

than that of other scores (p0.027) and was not significantly different from that of the 

derivation population (p=0.512). Therefore, the following characteristics are described in the 

whole population. VARS was able to reach 100% sensitivity in one patient subset (11.4%), 

but it also reached 100% specificity in another (0.6%) (Figure 1A). VARS was well calibrated 

for VNT probability with rs=0.953 and rp=0.981 (Figure 1B). The PPV for VNT was well 
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calibrated since it linearly increased (rp=0.996) from 14.9% to 100% as a function of VARS 

score (Figure 2A).   

 

Tests to spare endoscopy   

 

New tests 

We evaluated the VANT test and the VARS test according to screening strategies (Table 2). 

Considering population screening, the performances in the derivation population were, 

VANT: 39.6% vs VARS: 31.2% (p<0.001). Considering individual screening, VARS 

performance was 62.1% in the derivation population, which was significantly higher 

(p<0.001) than the previous performance of VANT or VARS categorised for population 

screening. The missed VNT rate was <5% for all tests in both strategies in the derivation 

population, by construction, but also in the validation population (Table 2). Furthermore, 

considering undifferentiated screening (including 100% sensitivity), VARS performance 

dropped to 11.8% in the derivation population, which was significantly lower (p<0.001) than 

the previous performance of VARS or VANT in other strategies. Finally, all test 

performances were not significantly different between the derivation and validation 

populations. Therefore, the following results are presented in the whole population. Thus, the 

performance of VANT was 40.2% vs 32.0% (p<0.001) for VARS in population screening 

(Table 2). The patient set with VNT ruled in by VANT included 5.3% of VNT in 0.8% of 

patients (Figure 2A). 

 

Comparison with published tests in the whole population 

Population screening - The performances were, in increasing order (Table 3): Baveno VI 

criteria: 24.1%, Anticipate: 24.7%, VariScreen: 35.3%, VANT: 40.2% (p<0.001 for each pair 
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comparison except for Baveno VI criteria vs Anticipate: p=0.393). LR- were excellent (<0.1) 

in all tests except for Anticipate. All tests were safe (missed VNT <5%). 

Individual screening - VARS performance was 62.0% vs 42.9% (p<0.001) for the expanded 

Baveno VI criteria (Table 4). Their respective safeties were 4.98% and 4.0%, (p=0.246). In 

NAFLD, VARS performance was 72.8% vs 65.1% (p<0.001) for the NAFLD cirrhosis 

criteria. Their safeties were both 4.5% (p=0.984). 

Screening comparison - This comparison was appropriate only for the VARS test (Table S6). 

Briefly, VARS performance was 62.0% in individual screening vs 32.0% in population 

screening (p<0.001) and 12.0% in undifferentiated screening (p<0.001). The epidemiological 

limit of individual screening was that five times more VNT were missed among VNT 

compared to population screening (20.5% vs 3.8%, respectively, p<0.001).  

 

Sensitivity analysis  

 

The influence of screening type on safety, liver severity, etiology, cACLD definition, LSM 

characteristics, VNT prevalence and transaminase level are detailed in the Supplemental 

Material. Briefly, the use of the VARS test must be restricted to MELD score <10 in 

individual screening to comply with the safety criteria. 

 

Internal validation  

 

The validation of tests was also internally evaluated by 95% CIs of performance and safety 

generated by bootstrapping (Tables 2, 3 and 4). In population screening, the Baveno VI 

criteria were the only test wherein the upper 95% CI limit of safety was <5% in the whole 

population. This limit was slightly >5% in other tests. However, it was also slightly >5% in at 
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least one etiology for all tests. In individual screening, this limit was slightly >5% for all tests 

in the whole population.  

 

Clinical applications 

 

All screenings - Tests are indicated in patients with LSM 9 (virus) or 10 (NAFLD, ALD) 

kPa (details in Supplemental Material) and without ascites, keeping in mind that test 

performance decreases as a function of liver severity. 

Population screening - VANT is the main test and thus used first (Figure 2A). VARS is an 

optional score to directly estimate VNT probability. Its PPV is purely indicative as it depends 

on VNT prevalence. A free calculator is available at https://gilles-hunault.leria-info.univ-

angers.fr/wstat/vars-vant.php.  

Individual and undifferentiated screenings - VARS is used as a test to spare endoscopies 

(Figure 2B) and again as a score to estimate VNT probability. In individual screening of 

patients with MELD score 10, VANT should be preferred since VARS was not secure. 

However, VANT performance was only 9.0% here. Finally, the respective application of the 

VANT and VARS tests is summarised in Figure 3 according to the three screening strategies 

and in Figure 4 for clinical practice.  
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DISCUSSION 

 

Originalities - The originalities of our study were, A) a comparison of three screening 

strategies including one new undifferentiated (100% sensitivity) strategy, and one new 

category to spare endoscopies, i.e. VNT ruled in by 100% specificity (included in the three 

strategies); B) two new tests with improved performance; and C) qualitative safety criteria 

based on liver dysfunction in missed VNT. 

New screening strategies - To our knowledge, an undifferentiated strategy has never been 

used to date. In practical terms, knowledge of 100% sensitivity and specificity is a major 

advantage because the cut-offs of predictive values and sensitivity/specificity are the same. 

Therefore, the missed VNT rate is null whatever the screening strategy. Also, we showed that 

the concept of unnecessary endoscopies can be extended to patients with VNT prevalence of 

100% by developing tests offering cut-offs for 100% specificity. Therefore, 100% specificity 

was included in the three strategies developed here.  

New tests - We developed two new estimators including eight commonly employed 

biomarkers, i.e. without additional cost in clinical practice. However, in exchange for the 

better performance they offer, a calculator is required but also freely available. The first 

estimator, the VARS score, was initially developed to estimate VNT probability. This was the 

only VNT score with an AUROC 0.8 (0.826), providing a discriminatory accuracy of value 

[2]. Its complete range of VNT probability from 0 to 100% had not been reached previously. 

This also allowed us to categorise the VARS score as a test for several applications. Thus, the 

VARS test spared 12% of endoscopies in undifferentiated screening, 32% in population 

screening and 62% in individual screening (or 73.5% in use restricted to MELD score <10 to 

respect secureness, or 78.0% in cACLD). 
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The second estimator, the VANT test, was directly developed to spare endoscopies in 

population screening. This was the best performing and most secure test in this strategy. 

VANT had three advantages over published tests. The first was a significantly increased 

spared endoscopy rate which was especially marked in NAFLD and ALD. Those are the two 

major etiologies where the Baveno VI criteria and Anticipate had limitations in safety and 

performance in the present series as previously noted [5]. The second advantage of VANT, 

when compared to tests developed in cACLD, was its construction adapted to a larger 

spectrum of liver severity, resulting in the absence of missed VNT in severe CLD. Therefore, 

VANT was robust against the spectrum effect [20] (details in the Supplementary Material). 

The third was a category where VNT are ruled in. 

Which estimator? - The new diagnostic estimators are used sequentially in population 

screening (Figure 2A). First, VANT is calculated and patients falling in its undetermined 

category will require endoscopy. For that group, VNT probability can be estimated by VARS 

score, keeping in mind that the results of VANT to rule in or out VNT prevails over those of 

VARS. Considering individual screening (Figure 2B), the VARS test offered the best 

performance but its use is restricted to MELD scores <10. Furthermore, VARS can be used 

optionally for its 100% safety in 12.0% of patients. These estimators should be repeated every 

six months, because performance decreased when there was a delay >6 months between the 

test and endoscopy [6]. 

Which strategy? - The three possible strategies offer different options to physicians and 

patients (Figures 3 and 4). Performance was two-fold better in individual screening vs 

population screening. However, three limits of individual screening, compared to population 

screening, must be weighed against its high performance. First, its number of patients with 

missed VNT was five times higher, representing the most important limit for public health. 

Second, those patients with missed VNT had more altered liver function which is partially 
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alleviated by restricting use to MELD score <10 (or INR <1.24). Third, VARS use is limited 

to VNT prevalences 15%. That however should often be the case considering a global 

screening strategy applied to CLD without ascites. Finally, a sensitivity 95% is a classical 

criterion of effective screening [21]. Therefore, we privilege population screening as the first-

line option [4]. Individual screening is an option restricted to certain patients, e.g. those 

particularly reluctant to screening. The undifferentiated strategy is an option for 

circumstances requiring a firm diagnosis (e.g. an anxious patient). VNT screening is a part of 

the primary prophylaxis of VNT rupture. The ruled in category might eliminate the need for 

endoscopy when there is no contra-indication to NSBBs. Otherwise, a contra-indication to 

NSBBs might spare one endoscopy since the diagnostic and therapeutic endoscopies are often 

performed at different times. 

Which patients should be tested? - The biomarker that most spared the recourse to VNT tests 

was prothrombin index in NAFLD and ALD, and LSM in viral CLD in the present 

population. However, considering normal values, LSM was the most useful biomarker with a 

cut-off of 10 kPa in NAFLD and ALD, and 9.0 kPa in viral CLD (details in Supplemental 

Material). The use of a VNT test is justified in patients with LSM between 9 and 10 kPa (i.e. 

below the cACLD definition) since the performance there is very high and the additional 

endoscopy rate is only 0.5%. Moreover, ignoring these patients with LSM <10 kPa would 

significantly impact the safety definition in population screening [6]. The use of a VNT test is 

also justified in patients beyond the cACLD definition (but without ascites) since VANT 

performance was 15% without missed VNT in severe CLD. Finally, the comparison of 

endoscopies spared by VANT performed in all patients without ascites showed a gain of 

30.5% vs VANT or 58.0% vs the Baveno VI criteria performed only in cACLD (details in 

Supplemental Material).  
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Limits - The first category of limits, which have been discussed in depth elsewhere [6], 

comprises those inherent to the population and are recalled in the Supplemental Material. The 

second category of limits is particular to the present study, i.e. new tests. We observed no 

significant inter-centre variability for performance or safety after adjustment on patient 

characteristics (details in Complementary Data). Our new tests were based on algorithms that 

are more complex than those of previous tests. Nevertheless, the multiple adjustments in 

algorithms, especially on sex, etiology and liver severity explained VANT’s robustness 

against the spectrum effect [20]. Also, we think that several factors decreased the overfitting 

risk, including the large population size, low VNT prevalence [22] and models including 

multiple predictors with potentially opposite influences on VNT prediction. A significant 

optimism bias was discarded by reproducible results in the validation population. However, 

optimism bias was more precisely evaluated by 95% CIs of performance and safety obtained 

by bootstrapping in 1000 samples (i.e. internal validation). The narrow safety 95% CIs 

(VARS: 3.8-6.1%, VANT: 2.5-7.1%) indicated good robustness. Moreover, VANT had the 

narrowest safety 95% CI in NAFLD. However, the new tests should be validated in 

independent populations. Of note, our previous VariScreen algorithm, constructed in the same 

derivation population, was externally validated [23].  

In cACLD, VARS and VANT performed better than other tests but VANT was slightly 

unsafe; this is due to the safety objective being targeted to the global strategy, i.e. the whole 

population, rather than to the cACLD subgroup [6]. However, our present results and recent 

data [7] show that non-invasive VNT screening should not be limited to the classical cACLD 

definition. The new definition included LSM cut-offs very close to those observed in the 

present study. Moreover, our patients did not have ascites due to the LSM requirement. Thus, 

LSM availability is the main limitation to the application of our strategies. There were some 

limits in patients with LSM <10 kPa for population screening. The Baveno VI criteria were 
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not suitable for these patients due to a high rate of unnecessary endoscopies. VariScreen 

should be preferred to VANT since it offers better safety and less unnecessary endoscopies.  

For several reasons, the use of VNT tests should continue even if primary prevention by 

NSBBs is extended to clinically significant PHT [24, 25] according to Baveno VII statements 

[11]. These reasons include adapting motivation for drug adherence, which is an important 

clinical challenge in asymptomatic patients, and managing the contraindications and side 

effects of those NSBBs [11, 25]. Indeed, in real life, up to 71% of cirrhotic patients might not 

receive NSBBs [26] and drug adherence is poor in cirrhosis [27] especially in primary 

prevention [28]. Moreover, the non-invasive criteria of clinically significant PHT [29] are not 

validated [2] especially outside the original Baveno VI definition of cACLD, which was 

recently redefined [7]. Also, 8% of VNT were observed in LSM <15 kPa, i.e. below the cut-

off of Baveno VII criterion for prescribing NSBB. Beyond those considerations, adherence to 

screening by patients and primary care providers is improved by precise information [30, 31] 

on and negative perception of the disease [28]. With that respect, knowing precise VNT status 

and probability would be more convincing than an abstract diagnosis of clinically significant 

PHT. Finally, VNT tests will be also used by centers performing VNT banding in primary 

prevention. 

Conclusion - Two new VNT estimators (one for individual or undifferentiated screening and 

VNT probability, and the other for population screening) improved and secured performance, 

especially in current major etiologies like NAFLD and ALD where VNT tests should be 

performed by LSM 10 kPa. These three strategies had respective advantages and limits, 

justifying population screening as the preferred option and restrictions to certain clinical 

settings for individual or undifferentiated screening. Their respective applications should 

improve adherence to VNT screening. 
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FIGURE LEGENDS 

 

Figure 1. Characteristics of the VARS score. Panel (A): AUROCs for VNT; magnifications 

on right show that VARS reached 100% sensitivity and specificity. Panel (B): VARS 

calibration for VNT probability via VARS percentiles.  

 

Figure 2. New test results as a function of screening strategy. Panel (A): population 

screening. Panel (B): individual and undifferentiated screenings. Figures within bars from the 

whole population indicate category prevalence (top) and VNT prevalence and, in brackets, 

category proportion among VNT (bottom). 

 

Figure 3. Main characteristics of the three screening strategies.  

 

Figure 4. Clinical use of new tests according to population and individual screenings.  
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Table 1. Main characteristics of the three strategies for VNT screening. 

 

Strategy Cut-offs for VNT ruled: Advantages Limits 

 out in   

Individual 

patient 

95% NPV 100% PPV 

/ specificity 

High performance. 

Easier cut-off 

determination. 

The rate of unnecessary 

endoscopies is not sensitive 

to liver dysfunction. 

Increased number and liver 

dysfunction of missed VNT. 

High VNT prevalence 

dependence.  

Restricted to MELD <10. 

Comparison of missed VNT 

rate is less powerful 
a
. 

LR- is not applicable 
b
. 

Population 95% 

sensitivity 

100% PPV 

/ specificity 

Optimal safety / 

performance ratio.  

The lowest liver 

dysfunction in missed 

VNT. LR- is a unique 

diagnostic descriptor. 

Weak VNT prevalence 

dependence. 

Cut-offs are less optimistic 

since the reference 

population is smaller. 

100% 

safety 
c
 

100% NPV/ 

sensitivity  

100% PPV 

/ specificity 

Maximum safety. Weak 

VNT prevalence 

dependence. 

Poor performance. 

VNT: varices needing treatment, NPV: negative predictive value, PPV: positive predictive 

value, LR-: negative likelihood ratio.  

New strategy characteristics developed in the present study are in bold. 
a
 Because of using an unpaired statistical test. 

b
 Because LR are based on sensitivity and specificity. 

c
 Adapted to individual and population screening.  
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Table 2. Safety and performance (%) of new tests as a function of populations and 

screening strategies.  

 

 All patients Derivation Validation p 
a
 

Population screening:      

VANT:     

Missed VNT 
b
 4.7 (2.5-7.1) 4.7 (2.2-7.4) 4.5 (0.9-9.3) 1 

Spared endoscopy  40.2 (38.0-42.1) 39.6 (37.2-41.9) 41.4 (37.7-44.7) 0.416 

VARS:     

Missed VNT 
b
 3.8 (2.0-5.9) 4.7 (2.2-7.6) 1.8 (0.0-4.9) 0.237 

Spared endoscopy  32.0 (30.2-33.9) 31.2 (29.0-33.3) 33.5 (30.1-36.6) 0.274 

Undifferentiated screening by VARS:    

Missed VNT  0 0 0 1 

Spared endoscopy  12.0 (10.8-13.3) 11.8 (10.2-13.4) 12.3 (10.1-14.8) 0.733 

Individual screening by VARS:     

Missed VNT 
c
 4.96 (3.8-6.1) 4.98 (3.7-6.5) 4.90 (3.1-6.9) 1 

Spared endoscopy  62.0 (60.1-64.2) 62.1 (59.6-64.4) 61.9 (58.3-65.2) 0.964 

VNT: varices needing treatment. Results in brackets are 95% CI obtained by bootstrapping 

based on 1000 samples stratified on etiology and sex.  
a
 Fisher test between derivation and validation sets. 

b
 In patients with VNT. 

c
 In patients with spared endoscopy. 
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Table 3. Safety and performance (%) of tests for population screening in the whole 

population and as a function of etiology.  

 

 B6C Anticipate VariScreen VANT p 
a
 

Whole population:     

Missed VNT  2.6  

(0.9-4.5) 

3.5  

(1.5-5.7) 

3.8 

(1.9-6.1) 

4.7  

(2.5-7.1) 

0.322 

Spared endoscopy  24.1  

(22.3-25.8) 

24.7  

(22.8-26.4) 

35.3  

(34.1-38.2) 

40.2  

(38.0-42.1) 

<0.001 
b
 

LR- 0.094 0.123 0.093 0.103 - 

Virus:      

Missed VNT  1.2 

(0.0-3.1) 

2.4 

(0.5-5.0) 

3.6 

(1.1-6.7) 

4.8 

(1.8-8.1) 

0.083 

Spared endoscopy 21.8 

(19.2-24.3) 

25.2 

(22.8-27.6) 

38.1 

(35.2-40.9) 

41.1 

(38.4-43.8) 

<0.001 

NAFLD:      

Missed VNT  7.4 

(2.4-14.0) 

7.4 

(2.5-14.1) 

4.9 

(1.0-10.3) 

4.9 

(1.2-10.0) 

0.721 

Spared endoscopy  33.6 

(30.3-37.2) 

29.0 

(25.4-32.7) 

37.7 

(33.9-41.6) 

44.2 

(40.4-48.0) 

<0.001 

ALD:      

Missed VNT  1.1 

(0.0-3.5) 

2.1 

(0.0-5.6) 

3.2 

(0.0-7.4) 

4.3 

(1.0-9.1) 

0.232 

Spared endoscopy  16.0 

(12.6-19.5) 

17.3 

(13.6-20.8) 

24.9 

(20.6-28.9) 

32.0 

(27.6-36.0) 

<0.001 

Comparison between etiologies (p 
c
):    

Missed VNT   0.021 0.130 0.825 0.973 - 

Spared endoscopy  <0.001 <0.001 <0.001 <0.001 - 

B6C: Baveno VI criteria, VNT: varices needing treatment, LR-: negative likelihood ratio. 

Results in brackets are 95% CI obtained by bootstrapping based on 1000 samples stratified on 

etiology and sex. A colour version of this table is available in the Complementary Data. 
a
 Paired Cochran test.  

b
 Each pair comparison: p<0.001 except for B6C vs Anticipate: p=0.393 by McNemar test. 

c
 Unpaired Chi² test for spared endoscopy and likelihood ratio test for missed VNT.   
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Table 4. Safety and performance (%) of tests for individual screening in the whole population 

and as a function of etiology.  

 

 EB6C p 
a
 VARS p 

a
 NCC 

Whole population:     

Missed VNT  4.0 

(2.8-5.1) 

0.246 4.98 

(3.8-6.1) 

- - 

Spared endoscopy  42.9 

(40.9-45.1) 

<0.001 62.0 

(60.0-64.0) 

- - 

LR- 0.236 -
 
 -

 b
 - - 

Virus:      

Missed VNT  3.5 

(1.9-5.2) 

0.392 4.5 

(3.1-6.2) 

- - 

Spared endoscopy 42.3 

(39.5-45.2) 

<0.001 62.5 

(59.7-65.4) 

- - 

LR- 0.213 -
 
 -

 b
 - - 

NAFLD:      

Missed VNT  4.2 

(2.3-6.3) 

0.846 4.5 

(2.8-6.6) 

0.984 4.5 

(2.7-6.5) 

Spared endoscopy  55.8 

(51.8-59.3) 

<0.001 72.8 

(69.5-76.2) 

<0.001 65.1 

(61.3-68.5) 

LR- 0.326 - -
 b

 - 0.350 

ALD:      

Missed VNT  4.96 

(1.5-9.1) 

0.349 7.6 

(4.4-11.3) 

- - 

Spared endoscopy  25.8 

(21.9-29.7) 

<0.001 45.2 

(40.9-49.9) 

- - 

LR- 0.208 -
 
 -

 b
 - - 

Comparison between etiologies (p 
c
):    

Missed VNT   0.722 - 0.162 - - 

Spared endoscopy  <0.001 - <0.001 - - 

EB6C: expanded Baveno VI criteria, NCC: NAFLD cirrhosis criteria, VNT: varices needing 

treatment, LR-: negative likelihood ratio. Results in brackets are 95% CI obtained by 

bootstrapping based on 1000 samples stratified on etiology and sex. 
a
 Paired McNemar test for spared endoscopy and unpaired Chi² test for missed VNT.  

b
 Not evaluable as there are three VNT categories. 

c
 Unpaired Chi² test for spared endoscopy and likelihood ratio test for missed VNT.   
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