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Abstract 
Background and aim: Noninvasive serum liver fibrosis 

markers and liver stiffness could be used as predictors 
of esophageal varices in cirrhotic patients because portal 
hypertension is related to liver fibrosis. The aim of this study 
was to compare the performance of common serum fibrosis 
scores and transient elastography in diagnosing esophageal 
varices and to propose a new algorithm for predicting 
large varices. Methods: 231 consecutive cirrhotic patients 
(58.4% males, mean age 55.9 years) were  enrolled. Routine 
biological tests were performed, so that APRI, FIB-4, Forns 
Index and Lok Score could be calculated. All patients 
underwent transient elastography and eso-gastroscopy. The 
diagnostic performance of the methods was assessed using 
sensitivity, specificity, positive predictive value, negative 
predictive value, accuracy, likelihood ratios and receiver 
operating characteristic curves. Results: The Lok Score 
was the best among all the serum scores for diagnosing the 
varices. For a value higher than 0.8, it had a 45.5% positive 
predictive value, 86.4% negative predictive value and 67.72% 
diagnostic accuracy for prediction of large varices. For liver 
stiffness higher than 30.8KPa, the positive predictive value 
was 47.3%, negative predictive value 81% and diagnostic 
accuracy 68.32%. Using both tests simultaneously, the 
presence of large varices was predicted with a diagnostic 
accuracy of 78.12%, obtaining an increment in NPV and 
-LR up to 93.67% and 0.21, respectively. Conclusion: The 
Lok Score is a good predictor  for  excluding  the presence 
of large varices in cirrhotic patients, similarly with liver 
stiffness. The two methods can be successfully combined into 
a noninvasive algorithm for the assessment of esophageal 
varices in cirrhotic patients. 
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Introduction
Liver cirrhosis (LC) is the final evolutive stage of any 

chronic liver disease and it is a condition prone to multiple 
complications because of portal hypertension. Development 
of esophageal varices (EV) is a major complication that 
may occur in up to 90% of cirrhotic patients [1]. Variceal 
bleeding is a life-threatening event that has an incidence of 
5% in patients with small EV and up to 15% in those with 
large esophageal varices (LEV). Mortality per bleeding 
episode is arround 10-20% [2, 3], and one year survival is 
only 63% [4]. Therefore, screening for EV in LC patients is 
a strong recommendation in all consensus statements [5-7]. 
The current screening method is endoscopy at 2-3 years in 
patients without EV, and at 1-2 years in those with small 
EV. This approach is, however, invasive, poorly accepted 
by patients and expensive. This is why the selection of 
patients with LEV at high risk for bleeding has become 
an issue of growing importance. In this respect, several 
clinical, biological, ultrasonographic and elastographic 
(transient elastography - TE) methods have been proposed 
(and some of them validated) as noninvasive alternatives to 
endoscopy [8].

Based on the concept that the development of portal 
hypertension is due to liver fibrosis, as the most important 
factor contributing to the increased hepatic resistance, 
noninvasive serum markers of liver fibrosis have been tested 
as predictors of EV in cirrhotic patients with promising 
results. The most validated is the FibroTest®, which is not 
currently widely available because of its cost and complexity. 
Several algorithms, all including FibroTest, have already 
been proposed [9, 10], but they are still awaiting external 
validation. 

The hypothesis behind our study that common tests 
previously validated as predictors of liver fibrosis, such as 
APRI, Fib-4, Forns Index and Lok Score can be used to 
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predict the presence of EV, as well. Our aim was to compare 
the performance of the above mentioned  fibrosis scores and 
of the TE in diagnosing EV and to propose a new prediction 
algorithm for LEV by combining them.

Methods
Patients
Consecutive patients with LC, admitted during an 18 

month period (February 2009 - August 2010) were selected 
for a cross-sectional study, according to the following 
criteria:

- Inclusion criteria: male or female patients, aged 18-79 
years, who had overt (HCV or alcohol related) LC proved 
by liver biopsy or by other clinical/imaging methods.

- Exclusion criteria: presence of perihepatic ascites; 
presence of other liver specific viral infections (HBV, CMV, 
etc); immuno-depression (HIV infection, malignancy); 
comorbidities (NASH, hemochromatosis, primary sclerosing 
cholangitis, primary biliary cirrhosis); antiviral therapy 
between liver biopsy and study inclusion; pacemaker or heart 
defibrillator; pregnancy or lactation; liver transplantation.

All selected patients underwent TE liver stiffness 
measurement (LSM) and were evaluated by endoscopy for 
the assessment of EV. The main endpoint of the endoscopic 
evaluation was the detection of LEV. 

Routine biological tests  such as alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), total bilirubin (Bil), 
alkaline phosphatase (ALT), gammaglutamyltrasnpeptidase 
(GGT), international normalised ratio (INR), platelets count 
(Pl) were recorded according to the follow-up protocol and 
serum liver fibrosis scores were calculated. 

The study was designed to respect all ethical guidelines 
issued by the 2000 revision (Edinburgh) of the 1975 
Declaration of Helsinki. All patients were enrolled for the 
study after signing an informed consent that was previously 
revised and approved, together with the study protocol by 
the Ethical Committee of the Cluj-Napoca University of 
Medicine and Pharmacy.

Calculation of serum liver fibrosis scores
Using generally available biological parameters, the 

following serum liver fibrosis scores were calculated in all 
patients, according to previously published formulas:

- AST to platelets ratio index (APRI) = [(AST/ULN) x 
100]/platelet count 109/L (ULN = the upper limit of normal) 
[11];

- FiB4 = [age (years) x AST (IU/L)]/[platelet count 
(109/L) x ALT (IU/L)1/2] [12];

- Forns Index = 7.811 - 3.131 x ln [platelet count (109/L)] 
+ 0.781 x ln[GGT(IU/L)] + 3.467 x ln [age (years)] – 0.014 
[cholesterol (mg/dL)] [13];

- Lok Score: log odds = - 5.56 – 0.0089 x platelet count 
(103/mm3) + 1.26 x (AST/ALT) + 5.27 x INR; Lok = [exp 
(log odds)]/[1 + exp (log odds)] [14].

Since all these scores were designed and validated 
as surrogate markers for liver fibrosis and not for portal 
hypertension or its complications, new cut-off values for 

prediction of LEV were calculated using the area under the 
curve analysis.

Liver stiffness measurement
Liver stiffness measurements were performed using 

TE (FibroScan, Echosens, Paris, France) following the 
technical background and examination procedure as 
previously described [15]. The medium probe was used for 
all patients. The results were expressed in kilopascals (kPa). 
The median value of 10 successful measurements was kept 
as a representative of the liver stiffness, according to the 
manufacturer’s recommendations and previous evidence: 
interquartile range (IQR) lower than 30% of the median value 
and success rate of at least 60% [16, 17]. The success rate 
was calculated as the number of validated LSMs divided by 
the number of total measurements. All LSMs were performed 
by experienced operator (M.L., H.S.), with more than 500 
examinations of patients with chronic liver diseases.

Endoscopy
All LC patients underwent upper endoscopy, using a 

flexible EVIS EXERA video gastroscope (Olympus Europe 
Medical Systems, Hamburg, Germany). Esophageal varices 
were graded according to their size as follows: (i) grade 
1: small, straight EV; (ii) grade 2: enlarged, tortuous EV 
occupying less than one third of the lumen; and (iii) grade 
3: large, coil-shaped EV occupying more than one third 
of the lumen. The endoscopic evaluation was not always 
synchronous with LSM, but did not exceed 6 months, and 
it was not performed by the same examiner. 

Statistical analysis
The statistical analysis was performed using the SPSS 

software version 15.0 (SPSS Inc. Chicago, IL, USA). 
The continuous variables were presented as mean values 
and standard deviation. The data were compared using 
independent sample t test. The diagnostic performance of 
LSM and serum fibrosis scores was assessed using sensitivity 
(Se), specificity (Sp), positive predictive value (PPV), 
negative predictive value (NPV), accuracy, likelihood ratios 
(LR) and receiver operating characteristic (ROC) curves.  
Optimal cut-offs for the variables were chosen so that the 
sum of sensitivity and specificity would be maximal; PPVs 
and NPVs were computed for these values.  

Results
A total number of 231 LC patients were enrolled. 

Baseline characteristics are presented in Table I. 
Performance of serum fibrosis tests in diagnosing 

esophageal varices
APRI was the less efficient in predicting the presence 

of EV, with no significant statistical differences between 
classes. The Lok Score, however, was the best, showing 
better figures in sensitivity, specificity, PPV, NPV. A detailed 
view is shown in Table II. The AUROC value for the Lok 
Score was the highest, but showed statistical significance 
only in comparison with APRI (Fig. 1A). The diagnostic 
accuracy of the Lok Score for the proposed cut-off value 
was 67.72%.
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Table I. Baseline characteristics of patients

Parameter mean±SD or N(%)

Gender (males/females) 135 (58.4) / 96 (41.6)

Age (years) 55.66 (±9.519)

Etiology and diagnosis

VHC/ alcohol/ VHC+alcohol 115 (49.78)/ 90 ( 38.96)/ 26 
(11.26) 

histologic/ clinical 67 (29) / 164 (71)

Clinical aspects

BMI (kg/m2) 27.3 (±4.68)

Child-Pugh class (A/ B/ C)  175 (75.9)/ 43 (18,4)/ 13 (5.7)

Laboratory findings

AST (U/l) 86.37 (±64.289)

ALT (U/l) 82.06 (±63.49)

GGT (U/l) 185.8 (±318.373)

ALP (U/l) 324.86 (±330.2)

Bil (mg/dl) 1.75 (±2.83)

Plateles (109/l) 119.94 (±62.9)

INR 1.279 (±0.3)

Endoscopy findings

EV (absent/ grade1 /grade 2-3) 74 (32) /89 (38.5) /68 (29.5)

LSM findings

successful measurements 231 (100%)

value (KPa ) 35.47 (±18.53)

succes rate value (%) 86.29 (±23.89)

BMI = body mass index; AST = Aspartate amino transferase; ALT = 
Alanine amino transferase; GGT = Gamma glutamyl transpeptidase; 
ALP = Alkaline phosphatase; Bil = Total bilirubin; INR = International 
Normalised Ratio; EV = esophageal varices; LSM = liver stiffness 
measurement.

Lok Score was the best in predicting LEV too (Table III). 
The AUROC of Lok Score was again significantly higher 
compared with all other tests (Fig. 1B). For the proposed 
cut-off value, the Lok Score showed a diagnostic accuracy 
for LEV of 65.9%. 

Based on these results, we chose the Lok Score for further 
analysis in combination with LSM.

Performance of TE in diagnosing esophageal 
varices

Liver stiffness was significantly higher in patients 
presenting EV as compared with those without and in patients 
with LEV compared with those with no LEV and showed a 
good performance in predicting the presence of any EV or 
only of the large ones (Table IV). 

AUROC values obtained for LSM were acceptable 
(Figs. 2A, B) and they were comparable, with no significant 
differences with those obtained by the Lok Score in predicting 
the presence of EV (p= 0.638) or of LEV (p= 0.419).

Using the proposed cut-off values for LSM, the diagnostic 
accuracy was 66.96% for predicting the presence of EV and 
68.32% for predicting the presence of LEV. 

Analysis of Lok Score and LSM in diagnosing 
esophageal varices

We combined the Lok Score and LSM and their proposed 

A

B

Fig 1. Comparative AUROC analysis of APRI, Fib4, Forns Index 
and Lok Score in diagnosing the presence of esophageal varices 
(A) and large esophageal varices (B).

cut-off values trying to predict the presence of EV or of 
the LEV in our population. We managed to obtain better 
figures for sensitivity, specificity, PPV, NPV, +LR, -LR 
and we improved the diagnostic accuracy in both situations 
(Table V). 

Discussion

The development of EV is the most common complication 
that can occur in LC, therefore endoscopic screening for EV 
at the time of diagnosis is extremely important and is strongly 
recommended by all clinical guidelines [5-7]. This approach 
may identify those patients who can benefit from non-
selective beta-blockers therapy or should start endoscopic 
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prophylaxis. Endoscopy, however, is an invasive technique 
that is not easily accepted by the patients [18].

Noninvasiveness has become a major goal in hepatology 
in the latter years, since several serum markers and imaging 
methods have been demonstrated to correlate well with 
fibrosis stage and tend to replace liver biopsy. Several 
of these methods  have been tried for the noninvasive 
assessment of portal hypertension or presence of EV. 
There is a close relationship between liver fibrosis, portal 
hypertension and EV. When cirrhosis is established, the 
progression of fibrosis is associated with increasing portal 
pressure and poorer outcomes [19] and, reversely, natural 
history and long term survival of LC patients depend closely 
on the decompensation of the disease [20]. 

Liver stiffness measurement using one-dimension TE 
was proven to accurately predict LC in a variety of clinical 
conditions [15, 21-24] and in some studies correlated 
also with the severity of portal hypertension [25-28]. The 
relationship between liver stiffness and EV was the subject 

Table II. Performance of serum fibrosis scores to detect the presence of esophageal varices

parameter APRI Fig-4 Forns Index Lok Score

mean value 
(±SD)

EV absent 2.42 (±2.7) 4.88 (±4.27) 7.67 (±1.79) 0.62 (±0.24)

EV present 2.56 (±2.22) 6.40 (±4.69) 8.6 (±1.8) 0.77 (±0.22)

p 0.623 0.02 <0.0001 <0.0001

cutoff value >1.434 >3.98 >7.297 >0.62

Se (%) [95% CI] 66.24 [58.3 - 73.6] 66.24 [58.3 - 73.6] 78.98 [71.8 - 85.1] 76.16 [68.6 - 82.7]

Sp (%) [95% CI] 44.59 [33 - 56.6] 54.05 [42.1 - 65.7] 44.59 [33 - 56.6] 50.72 [38.4 - 63.0]

+LR 1.2 1.44 1.43 1.55

-LR 0.76 0.62 0.47 0.47

PPV (%) 71.7 75.4 75.2 77.2

NPV (%) 38.4 43 50 49.3

AUROC 0.545 0.624 0.648 0.690

SE [95% CI] 0.04 [0.479 - 0.611] 0.038 [0.558 - 0.687] 0.037[0.583 - 0.709] 0.036 [0.624 - 0.750]

p 0.259 0.0011 0.001 <0.0001

EV: esophageal varices; Se: sensitivity; Sp: specificity; PPV: positive predictive value; NPV: negative predictive value

Table III. Performance of serum fibrosis scores to detect the presence of large esophageal varices (see Table II for 
abbreviations)

parameter APRI Fib-4 Forns Index Lok Score

mean value 
(±SD)

LEV absent 2.44 (±2.34) 5.29 (±4.07) 8.02 (±1.74) 0.67 (±0.24)

LEV present 2.67 (±2.48) 7.41 (±5.6) 8.96 (±1.93) 0.85 (±0.17)

p 0.518 0.06 <0.0001 <0.0001

cutoff value >2.201 >6.7498 >8.538 >0.796

Se (%) [95% CI] 51.47 [39 - 63.8] 45.59 [33.5 - 58.1] 63.24 [50.7 - 74.6] 76.92 [64.8 - 86.5]

Sp (%) [95% CI] 61.35 [53.4 - 68.9] 77.3 [70.1 - 83.5] 63.19 [55.3 - 70.6] 61.29 [53.1 - 69]

+LR 1.33 2.01 1.72 1.99

-LR 0.79 0.7 0.58 0.38

PPV (%) 35.7 45.6 41.7 45.5

NPV (%) 75.2 77.3 80.5 86.4

AUROC 0.538 0.628 0.645 0.731

SE [95% CI] 0.042 [0.472 - 0.609] 0.041 [0.563 - 0.691] 0.041 [0.579 - 0.706] 0.039 [0.667 - 0.788]

p 0.361 0.002 0.0004 0.0001

of several studies, with confusing results, varying from 
good correlation [9, 29] to no correlation at all [28]. Liver 
stiffness measurement was found to be a good predictor 
of EVs, with the area under the ROC curve ranging from 
0.76 to 0.84 in some studies [9, 16, 29]. Depending on the 
cutoff value (13.9 kPa, 17.6 kPa or 21.3 kPa, respectively) 
the sensitivity for predicting the presence of EV decreased 
from 95% to 79%, and the specificity increased from 43% 
up to 70%. Using a higher cutoff value (30.5 kPa), it was 
possible to predict LEV (≥ grade 2) with an acceptable 
sensitivity and specificity (76% and 80%, respectively), 
but the positive predictive value did not exceed 54%. These 
results were critically analyzed in a review [30] that noticed 
that evaluation of the EV grade was subjective, and none 
of the above cited studies mentioned data on the quality of 
endoscopic evaluation. The cutoff value of liver stiffness 
for predicting EV is still a matter of debate since the results 
were not prospectively and independently validated and the 
specificity and PPV reported so far are too low to allow their 
use in current clinical practice. 
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Fig 2. AUROC analysis of Liver Stiffness Measurement 
in diagnosing the presence of esophageal varices (A) and 
of large esophageal varices (B).

In our study, for a cut off value of 19 KPa, the AUROC 
for predicting EV presence was only 0.656, while the 
sensitivity was 84% and PPV was 72.4%. Using a  cutoff 
value of 38 KPa, the AUROC for predicting LEV was 
0.687, the specificity 75.32% and NPV 81%. Our rather 
modest performance may be explained by: the subjective 
assessment of the size of EVs on endoscopy [31]; the unequal 
distribution of patients according to the EV grade and the 
asyncronism between endoscopic and LSM evaluations. 

On the other hand, almost all serum markers that showed a 
correlation with liver fibrosis were tried as predictors of EVs. 
From very simple tests such as platelets count or prothrombin 
index [32] to more specific ones such as hyaluronic acid [33] 
or type IV collagen [34], all correlated with the presence of 
EV in various degrees. In order to increase the diagnostic 
accuracy of EVs, combinations of markers were imagined, 
tested and some of them validated, such as AST/ALT ratio 
[35], AST to platelets ratio index (APRI) [11], or platelets 
count to spleen diameter ratio [36, 37]. 

Later on, complex scores, of which some were patented, 
were also tried as noninvasive predictors of EV in LC 
patients. After its extensive validation in predicting fibrosis 
stages, FibroTest® was tried as a surrogate marker for both 
HVPG and EV in patients with LC. Although the team that 
developed the score found a very high NPV (100%) for a cut-
off of 0.75 [38], FibroTest could  not be internally validated, 
showing a diagnostic value for EVs similar with the one of 
platelets count or of the Child-Pugh score [39]. However, at 
the moment FibroTest® is not widely used in clinical practice 
for the assessment of EVs because of its high cost.

APRI was initially developed for the noninvasive 
prediction of fibrosis stage in patients with chronic hepatitis 
C and showed good performance (AUROC of 0.88 and 0.94 
for significant fibrosis and cirrhosis, respectively) [11]. When 
used for predicting EVs in cirrhotic patients, APRI did not 
perform  so impressively: AUROC of 0.62 for predicting EV 
and 0.71 for LEV in one study that enrolled a limited number 
of patients [32]. In a larger cohort, APRI performed even 
worse, showing an AUROC of only 0.57 for EV and 0.6 for 
LEV [10]. In our study, for a cutoff value similar with the one 
validated in the literature (1.4) we found an AUROC of 0.545 
for  the prediction of EV; in the case of LEV, even using a 
higher cutoff value than  the ones proposed in the literature 
(2.2 vs 1.5), we found an AUROC of only 0.538. 

Fib-4 was confirmed as a good noninvasive marker of 
liver fibrosis for chronic hepatitis C, with performances 
similar to the FibroTest [12, 40]. For the diagnosis of 
severe fibrosis an AUROC of 0.85 was evidenced, while 
for predicting cirrhosis the AUROC was 0.91. Fib-4 was 
also tried for the prediction of EV in patients with cirrhosis, 
having an AUROC of 0.64 for the prediction of EV at a cutoff 
value of 3.5, while for the diagnosis of LEV the AUROC was 
0.63 and the cutoff value 4.3 [10]. In our cohort of patients, 
Fib-4 performed better than APRI, and it was concurrent 
with the data previously reported. For predicting EV, we 
used a cutoff value of 3.98 and the AUROC was 0.624; for 
the diagnosis of LEV we used a higher cutoff value (6.75), 
but the AUROC remained as low as 0.628.

Forns Index is another noninvasive score that was 
developed for the assessment of liver fibrosis, it involves 
some simple serum variables (GGT, cholesterol and platelets 
count) and the patient’s age. The prediction accuracy for 
significant fibrosis was reported to be between 50 and 85% 
[13, 41]. The value of this test was lower than that of the 
FibroTest in the diagnosis of significant fibrosis [42] and 
failed to predict cirrhosis [43]. It was, however, tried as a 
predictor for EVs in LC patients. For a cutoff value of 8.5, 
the AUROC for predicting EVs was 0.74. For diagnosing 
LEV, its performance was not so good: 0.61 AUROC for a 
cutoff value of 8.8 [10]. As far as our study is concerned, 
for a cutoff of only 7.3 we obtained an AUROC of 0.648 for 
the diagnosis of any grade EV, while using a cutoff value of 
8.5, the AUROC for predicting LEV was 0.645.

The Lok score was proposed during the Halt-C trial 
[14]. According to the authors, for a cutoff value smaller 
than 0.2 to exclude cirrhosis, only 7.8% of patients had 
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been wrongly classified, while for values higher than 0.5 to 
confirm cirrhosis, 14.8% of patients had been misclassified. 
When tried as a predictor of EV, it also performed extremely 
satisfactory. In a large cohort [10], for a cutoff value of 0.9 
the Lok Score had an AUROC of 0.77 for the diagnosis of 
EV, while for a cutoff value of 1.5 the AUROC was 0.69 for 
the prediction of LEV and NPV was 92%. In another smaller 
study [9], the AUROC was 0.81 for the presence of EV 
(cutoff value 0.6, NPV 96%) and 0.87 for LEV (no data about 
the  cutoff or other performance indices). In our prospective 
study the Lok score performed the best from all tested serum 
markers. For a  cutoff value of 0.62 we obtained 77.2% PPV 
for the presence of EV and an acceptable AUROC of 0.69. 
In the case of LEV, the best cutoff value was 0.8, with an 
AUROC of 0.731 and a NPV of 86.4%. 

In the above mentioned study, Castera et al indirectly 
suggested by analyzing the discrepancies between LSM 
and serum markers that the association between TE and 
Lok score would be valuable for increasing the diagnostic 
performance. This approach meets the principle  announced 
by Pinzani et al, according to which a concordance between 
two distinct noninvasive tests is required for an accurate 
diagnosis [44].   

In this study, we tested the association between LSM 
and Lok Score for the prediction of EV. Used together, they 
lead to an increase in diagnostic accuracy and NPV for both 

EV or LEV. Using a cutoff value for LSM of 19 KPa and 
of 0.62 for Lok score, we managed to predict the presence 
of EV with 74.66% diagnostic accuracy and 76.8 PPV. The 
figures are more impressive in the case of LEV when using 
the cutoff values of 38 KPa and 0.8, the diagnostic accuracy 
reaches 78% and the NPV 93%. In these conditions, the        
- LR remained as low as 0.24  (in the case of EVs) and 0.21 
(for LEV), suggesting that a person without the specified 
condition is not likely to have this association of values. 

In every day clinical practice the multitude of noninvasive 
methods available for patients with chronic liver diseases 
might be confusing. This is why the need for clear diagnostic 
algorithms was raised. Until now, several such algorithms 
were proposed, some combining FibroTest with APRI [45], 
either with Forns index (called FibroPaca) [46] or with 
Hepascore - another combination of serum markers used 
for the prediction of liver fibrosis [47]. Other two were 
extensively validated in the case of fibrosis stage diagnosis. 
One is the “SAFE” (Sequential Algorithms for Fibrosis 
Evaluation) biopsy proposed by Sebastiani et al [48] that 
combined the APRI and FibroTest. Using this approach, 
the authors managed to correctly classify almost 75% of 
the patients as cirrhotics/noncirrhotics; for the remainder of 
cases a liver biopsy was needed for a correct diagnosis. The 
other algorithm was proposed by the Bordeaux group [49] 
and it was based on the concordance between FibroScan 
and FibroTest. Using this approach, LC could be diagnosed 
with an accuracy of 93% and liver biopsy could be avoided 
in almost 80% of cases. By comparing the two algorithms 
[50], the Bordeaux algorithm seems to be more powerful 
in correctly diagnosing LC, but the SAFE biopsy may be 
more cost-efficient, since it uses APRI which is virtually 
costless.

Only very recently an algorithm combining the Lok 
score and the Forns Index was proposed for the noninvasive 
diagnosis of EV in patients with LC [10]. Using the cutoff 
values of 1.5 (for Lok Score) and 8.8 (for Forns Index), the 
diagnostic accuracy for LEV varied between 73.3% and 
79.8%, depending on the aetiology of liver disease, values 
that are comparable with our data. 

Table V. Performance of the association between Lok Score and liver 
stiffness measurement in predicting esophageal varices

Lok + LSM prediction of EV prediction of LEV

cutoff value
Lok > 0.62 Lok > 0.8

LSM >19 KPa LSM > 38 KPa

Se (%) 91.42 83.8

Sp (%) 35.55 76.28

+LR 1.41 3.53

-LR 0.24 0.21

PPV (%) 76.8 53.06

NPV (%) 64 93.67

Diagnostic accuracy (%) 74.66 78.12

Table IV. Performance of liver stiffness measurement in diagnosing esophageal varices

LSM prediction of EV prediction of LEV

EV absent EV present p LEV absent LEV present p

mean value (±SD) 28.81 (±15.05) 38.63 (±19.22) <0.0001 31.8 (±16.53) 44.68 (±20.1) <0.0001

cutoff value >19 KPa >38 KPa

Se (%) [95% CI] 84 [77.1 - 89.5] 55.56 [42.5 - 68.1]

Sp (%) [95% CI] 32.39 [21.8 - 44.5] 75.32 [67.8 - 81.8]

+LR 1.24 2.25

-LR 0.49 0.59

PPV (%) 72.4 47.3

NPV (%) 48.9 81

AUROC 0.656 0.687

SE [95% CI] 0.038 [0.589 - 0.718] 0.041 [0.662 - 0.748]

p 0.0001 0.0001
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Fig 3. A noninvasive algorithm for the assessment of esophageal varices in patients with liver 
cirrhosis.

The above mentioned algorithm does not satisfy the 
need for an accurate noninvasive prediction of EV in 
cirrhotic patients. Based on our data, we propose an alternate 
algorithm, that combines the LSM and Lok Score (Fig. 3). 
Evidently, this approach needs extensive further internal 
and external validation, before it can be recommended in 
current clinical use. 

In conclusion, we may safely state that among the tested 
serum markers, the Lok Score is the best in predicting the 
presence of EV and LEV in patients with cirrhosis. Using 
a combined approach (Lok Score and LSM), the diagnostic 
accuracy increases up to 78%. The Lok Score and LSM can 
be used together as a noninvasive algorithm for the prediction 
of esophageal varices in cirrhotic patients. 

Conflicts of interest
None to declare.

Funding 
This work was partially funded by the Romanian National 

Authority for Scientific Research through PNCDI-2 grants 
nr. 41-071/2007 (SONOFIBROCAST) and 12-131/2008 
(HEMOSEP).

References
	 1.	 Jensen DM. Endoscopic screening for varices in cirrhosis: findings, 

implications, and outcomes. Gastroenterology 2002; 122:1620-
1630.

	 2.	 D’Amico G, Criscuoli V, Fili D, Mocciaro F, Pagliaro L. Meta-
analysis of trials for variceal bleeding. Hepatology 2002; 36:1023-
1024.

	 3.	 Carbonell N, Pauwels A, Serfaty L, Fourdan O, Lévy VG, Poupon R. 
Improved survival after variceal bleeding in patients with cirrhosis 
over the past two decades. Hepatology 2004; 40:652–659.

	 4.	 Stokkeland K, Brandt L, Ekbom A, Hultcrantz R. Improved prognosis 
for patients hospitalized with esophageal varices in Sweden 1969–
2002. Hepatology 2006; 43:500-505.

	 5.	 de Franchis R. Evolving consensus in portal hypertension. Report 
of the Baveno IV consensus workshop on methodology of diagnosis 
and therapy in portal hypertension. J Hepatol 2005; 43:167-176.

	 6.	 Garcia-Tsao G, Sanyal AJ, Grace ND, Carey W and the Practice 
Guidelines Committee of the American Association for the Study 
of Liver Diseases, the Practice Parameters Committee of the 
American College of Gastroenterology. Prevention and management 
of gastroesophageal varices and variceal hemorrhage in cirrhosis. 
Hepatology 2007; 46:922-938.

	 7.	 de Franchis R. Revising consensus in portal hypertension: report of 
the Baveno V consensus workshop on methodology of diagnosis and 
therapy in portal hypertension. J Hepatol 2010; 53:762-768.

	 8.	 de Franchis R. Non-invasive (and minimally invasive) diagnosis of 
oesophageal varices. J Hepatol 2008; 49:520-527.

	 9.	 Castera L, Le Bail B, Roudot-Thoraval F, et al. Early detection 
in routine clinical practice of cirrhosis and oesophageal varices 
in chronic hepatitis C: Comparison of transient elastography 
(FibroScan) with standard laboratory tests and non-invasive scores. 
J Hepatol 2009; 50:59-68.

	 10.	  Sebastiani G, Tempesta D, Fattovich G, et al. Prediction of 
oesophageal varices in hepatic cirrhosis by simple serum non-
invasive markers: Results of a multicenter, large-scale study. J 
Hepatol 2010; 53:630-638.

	 11.	 Wai CT, Greenson JK, Fontana RJ, et al. A simple noninvasive index 
can predict both significant fibrosis and cirrhosis in patients with 
chronic hepatitis C. Hepatology 2003; 38: 518-526.

	 12.	 Vallet-Pichard A, Mallet V, Nalpas B, et al. FIB-4: an inexpensive 
and accurate marker of fibrosis in HCV Infection. Comparison with 
liver biopsy and fibrotest. Hepatology 2007; 46: 32-36.

	 13.	  Forns X, Ampurdanes S, Llovet, JM, et al. Identification of chronic 
hepatitis C patients without hepatic fibrosis by a simple predictive 
model. Hepatology 2002; 36:986-992.

	 14.	  Lok AS, Ghany MG, Goodman ZD, et al. Predicting cirrhosis in 
patients with hepatitis C based on standard laboratory tests: results 
of the HALT-C cohort. Hepatology 2005; 42:282-292.



64� Stefanescu et al

	 15.	  Ziol M, Handra-Luca A, Kettaneh A, et al. Noninvasive assessment 
of liver fibrosis by measurement of stiffness in patients with chronic 
hepatitis C. Hepatology 2005; 41: 48–54.

	 16.	  Castera L, Forns X, Alberti A. Non-invasive evaluation of liver 
fibrosis using transient elastography. J Hepatol  2008; 48: 835–
847.

	 17.	  Kettaneh A, Marcellin P, Douvin C, et al. Features associated with 
success rate and performance of fibroscan measurements for the 
diagnosis of cirrhosis in HCV patients: a prospective study of 935 
patients. J Hepatol 2007; 46: 628–634.

	 18.	  Zaman A, Hapke RJ, Flora K, Rosen HR, Benner KG. Changing 
compliance to the American College of Gastroenterology guidelines 
for the management of variceal hemorrhage: a regional survey. Am 
J Gastroenterol 2004; 99:645-649.

	 19.	  Nagula S, Jainc D, Groszmann RJ, Garcia-Tsao G. Histological-
hemodynamic correlation in cirrhosis—a histological classification 
of the severity of cirrhosis. J Hepatol 2006; 44:111-117.

	 20.	  D’Amico G, Garcia-Tsao G, Pagliaro L. Natural history and 
prognostic indicators of survival in cirrhosis: a systematic review 
of 118 studies. J Hepatol 2006; 44:217-231.

	 21.	  Sandrin L, Fourquet B, Hasquenoph JM, et al. Transient 
elastography: a new noninvasive method for assessment of hepatic 
fibrosis. Ultrasound Med Biol 2003; 29: 1705–1713.

	 22.	 Foucher J, Chanteloup E, Vergniol J, et al. Diagnosis of cirrhosis by 
transient elastography (FibroScan): a prospective study. Gut 2006; 
55: 403–408.

	 23.	 Ganne-Carrie N, Ziol M, de Ledinghen V, et al. Accuracy of liver 
stiffness measurement for the diagnosis of cirrhosis in patients with 
chronic liver diseases. Hepatology 2006; 44: 1511–1517.

	 24.	 Lupsor M, Badea R, Stefanescu H, et al. Analysis of histopathological 
changes that influence liver stiffness in chronic hepatitis C. Results 
from a cohort of 324 patients. J Gastrointestin Liver Dis 2008; 17: 
155–163.

	 25.	 Carrion JA, Navasa M, Bosch J, Bruguera M, Gilabert R, Forns 
X. Transient elastography for diagnosis of advanced fibrosis and 
portal hypertension in patients with hepatitis C recurrence after liver 
transplantation. Liver Transpl 2006; 12: 1791–1798.

	 26.	 Bureau C, Metivier S, Peron JM, et al. Prospective assessment of 
liver stiffness for the non-invasive prediction of portal hypertension 
(abstract). J Hepatol 2007; 46: S34.

	 27.	  Lemoine M, Katsahian S, Nahon P, et al. Liver stiffness measurement 
is correlated with hepatic venous pressure gradient in patients with 
uncomplicated alcoholic and/or HCV related cirrhosis (abstract). 
Hepatology 2006; 44: 204A.

	 28.	  Vizzutti F, Arena U, Romanelli RG, et al. Liver stiffness measurement 
predicts severe portal hypertension in patients with HCV-related 
cirrhosis. Hepatology 2007; 45: 1290–1297.

	 29.	  Kazemi F, Kettaneh A, N’Kontchou G, et al. Liver stiffness 
measurement selects patients with cirrhosis at risk of bearing large 
esophageal varices. J. Hepatol. 2006; 45: 230–235.

	 30.	  Bosch J. Predictions from a hard liver. J Hepatol 2006; 45: 174-
177.

	 31.	  Sierra F, Cardenas A. Evidence-based medicine (EBM) in practice: 
agreement between observers rating esophageal varices: how to cope 
with chance? Am J Gastroenterol 2007; 102: 2363-2366.

	 32.	  Castera L. Transient elastography and other noninvasive tests to 
assess hepatic fibrosis in patients with viral hepatitis. J Viral Hepat 
2009;16:300-314.

	 33.	  Vanbiervliet G, Barjoan-Mariné E, Anty R, et al. Serum fibrosis 
markers can detect large oesophageal varices with a high accuracy. 
Eur J Gastroenterol Hepatol 2005; 17:333-338.

	 34.	  Mamori S, Searashi Y, Matsushima M, et al. Serum type IV collagen 
level is predictive for esophageal varices in patients with severe 
alcoholic disease. World J Gastroenterol 2008; 14: 2044–2048.

	 35.	  Giannini E, Risso D, Botta F, et al. Validity and clinical utility of 
the aspartate aminotransferase–alanine aminotransferase ratio in 
assessing disease severity and prognosis in patients with hepatitis 
C virus–related chronic liver disease. Arch Intern Med 2003;163: 
218-224.

	 36.	  Giannini E, Botta F, Borro P, et al. Platelet count/spleen diameter 
ratio: proposal and validation of a non-invasive parameter to predict 
the presence of esophageal varices in patients with liver cirrhosis. 
Gut 2003; 52: 1200–1205.

	 37.	  Giannini EG, Zaman A, Kreil A, et al. Platelet count/spleen diameter 
ratio for the noninvasive diagnosis of esophageal varices: results of a 
multicenter, prospective, validation study. Am J Gastroenterol 2006; 
101: 2511–2519.

	 38.	  Thabut D, Trabut JB, Massard J, et al. Non-invasive diagnosis of 
large oesophageal varices with FibroTest in patients with cirrhosis: 
a preliminary retrospective study. Liver Int 2006; 26:271-278.

	 39.	 Thabut D, Imbert-Bismut F, Cazals-Hatem D, et al. Relationship 
between the Fibrotest and portal hypertension in patients with liver 
disease. Aliment Pharmacol Ther 2007; 26:359-368.

	 40.	  Adler M, Gulbis B, Moreno C, et al. The predictive value of FIB-4 
versus FibroTest, APRI, FibroIndex and Forns index to noninvasively 
estimate fibrosis in hepatitis C and nonhepatitis C liver diseases. 
Hepatology 2008; 47:762-763.

	 41.	  Patel K, Muir AJ, McHutchison JG. Validation of a simple predictive 
model for the identification of mild hepatic fibrosis in chronic 
hepatitis C patients. Hepatology 2003; 37:1222-1223.

	 42.	  Thabut D, Simon M, Myers RP, et al. Noninvasive prediction of 
fibrosis in patients with chronic hepatitis C. Hepatology 2003; 
37:1220-1221.

	 43.	  Sebastiani G. Non-invasive assessment of liver fibrosis in chronic 
liver diseases: Implementation in clinical practice and decisional 
algorithms. World J Gastroenterol 2009; 15:2190-2203.

	 44.	  Pinzani M, Vizzutti F, Arena U, Marra F. Technology Insight: 
noninvasive assessment of liver fibrosis by biochemical scores and 
elastography. Nat Clin Pract Gastroenterol Hepatol 2008; 5:95-
106.

	 45.	  Leroy V, Hilleret MN, Sturm N, et al. Prospective comparison of six 
non-invasive for the diagnosis of liver fibrosis in chronic hepatitis 
C. J Hepatol 2007; 46: 775-782.

	 46.	  Bourliere M, Penaranda G, Renou C, et al. Validation and comparison 
of indexes for fibrosis and cirrhosis prediction in chronic hepatitis 
C patients: proposal for a pragmatic approach classification without 
liver biopsies. J Viral Hepat 2006; 13: 659-670.

	 47.	  Bourliere M, Penaranda G, Ouzan D, et al. Optimized stepwise 
combination algorithms of non-invasive liver fibrosis scores 
including Hepascore in hepatitis C virus patients. Aliment Pharmacol 
Ther 2008; 26:458-467.

	 48.	  Sebastiani G, Halfon P, Castera L, et al. SAFE biopsy: A validated 
method for large-scale staging of liver fibrosis in chronic hepatitis 
C. Hepatology 2009; 49:1821-1827.

	 49.	  Castera L, Vergniol J, Foucher J, et al. Prospective comparison of 
transient elastography, Fibrotest, APRI, and liver biopsy for the 
assessment of fibrosis in chronic hepatitis C. Gastroenterology 2005; 
128:343-350.

	 50.	  Castera L, Sebastiani G, Le Bail B, de Ledinghen V, Couzigou P, 
Alberti A. Prospective comparison of two algorithms combining 
non-invasive methods for staging liver fibrosis in chronic hepatitis 
C. J Hepatol 2010; 52:191–198.


