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Liver stiffness accurately predicts portal hypertension
related complications in patients with chronic liver disease: A

prospective study
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Background & Aims: The prognosis of patients with chronic chronic liver disease. Therefore, LS could be a valuable clinical

liver disease is to a great extent determined by the presence and
degree of portal hypertension (PHT). Hepatic venous pressure
gradient (HVPG) has been shown to be an accurate prognostic
index in patients with cirrhosis. Transient elastography is a
non-invasive procedure that assesses liver fibrosis through the
measurement of liver stiffness (LS). In several reports, LS was
found to be correlated with HVPG. LS could therefore be useful
to identify patients with significant PHT. The aim of the present
study was to prospectively assess and to compare the prognostic
performances of LS and HVPG in patients with chronic liver
disease.
Methods: One hundred patients with chronic liver disease under-
went LS and HVPG measurements on the same day. Patients were
thereafter followed-up for 2 years or until they experienced a
complication related to their liver disease.
Results: Within the two-year follow-up, 41 patients developed,
at least, one liver disease related complication. The performances
of HVPG and LS for predicting the occurrence of these complica-
tions were not significantly different: AUROC 0.815 [0.727–0.903]
and 0.837 [0.754–0.920], respectively. When considering only
complications related to PHT, both methods were found to be
similarly accurate: AUROC 0.830 [0.751–0.910] and 0.845
[0.767–0.823], for HVPG and LS, respectively. When patients
were divided in two groups according to a LS value below or
above 21.1 kPa, actuarial rates of remaining free of any complica-
tion at 2 years were 85.4% vs. 29.5%, respectively. When only PHT
related complications were considered, these rates were 100% vs.
47.5%, respectively. The performances of LS and HVPG were also
similar in the subgroup of 65 patients with cirrhosis.
Conclusions: LS proved as effective as HVPG in predicting clinical
decompensation and PHT related complications in patients with
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Introduction

In patients with cirrhosis, disease complications are mainly
related to portal hypertension (PHT), which in turn correlates
with hepatic venous pressure gradient (HVPG) [1]. The complica-
tions of cirrhosis are usually observed when HVPG is higher than
10 mmHg [2] and, accordingly, HVPG has been found to be an
excellent predictor of clinical decompensation [3]. HVPG mea-
surement is an invasive procedure, which requires hepatic vein
catheterization. This procedure is technically difficult and needs
specialized settings and training [4]. Until now, non-invasive
approaches have proved inaccurate for the early prediction of
clinical decompensation in cirrhotic patients [5,6].

Non-invasive methods for measuring liver fibrosis have been
recently developed. Transient elastography assesses liver fibrosis
by measuring liver stiffness (LS) [7,8]. Several reports showed that,
in patients with chronic hepatic diseases, LS increases as fibrosis
progresses [7,9,10]. Moreover, LS was found to be correlated with
HVPG in several studies and, therefore, was able to detect the
presence of significant PHT [11–15]. The aim of the present study
was to assess and compare LS and HVPG performances in
predicting the occurrence of complications in patients with chronic
liver disease.
Patients and methods

Patients

Between November 15, 2005 and October 15, 2006, LS was measured by
Fibroscan� (FS) in 150 patients who underwent a transjugular liver biopsy
with hemodynamic measurements (HVPG). This was done regardless of the eti-
ology of liver abnormalities or the stage of liver disease. Of the 150 patients, 8
refused to be followed-up, 24 were followed-up in other hospitals, and 18
were excluded due to hematologic diseases or due to the presence of clinical
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Table 1. Main characteristics of the 100 patients at inclusion. Quantitative
variables are presented as mean ± SD and [range].

Patients 

Sex: Males-Females  59-41 
Age (years) 56 ± 13 (47-66)
Cause of liver disease 
   Alcohol 
   Viral hepatitis B or C 
   Alcohol + virus 
   NASH 
   Auto-immune hepatitis 
   Cholestatic liver disease 
   Miscellaneous 

38 
28 
6 
8 
8 
3 
9 

BMI (kg/m2) 25 ± 4 (13-34)
Follow-up (days) 491 ± 282 (8-730)
HVPG (mmHg) 11 ± 8 (0-36) 
HVPG ≥ 10 mmHg (%) 51 
Liver Stiffness (kPa) 30.7 ± 26.3 (30.8-75) 
Prothrombin Index (%) 78 ± 19 (36-100) 
Platelets count (103/mm3) 168 ± 83 (32-468) 
Serum albumin (g/L) 35 ± 9 (13-52) 
Serum bilirubin ( mol/L) 59 ± 111 (5-589)
Serum sodium (mmol/L) 137 ± 4 (125-145)
γGT (UI/L) (N = 7-38 UI/L) 225 ± 271 (17-2072)
AST (UI/L) (N <30 UI/L) 111 ± 238  (16-2041)
ALT (UI/L) (N <34 UI/L) 105 ± 250 (8-1968)
Serum creatinine (µ )L/lom 82  ± 22 (50-211)
Fibrosis grade 

F0 
F1 
F2 
F3 
F4  = Cirrhosis 

9 
5 
11 
10 
65 
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decompensation at inclusion. Therefore, there remained 100 patients with
compensated chronic liver disease, who were prospectively followed-up. All
the patients were enrolled after obtaining written informed consent. The study
was designed according to the ethical guidelines issued by the 2000 revision
(Edinburgh) of the 1975 Declaration of Helsinki. At the time of inclusion, none
of the patients had antiviral therapy or portal pressure modifying treatment.
Clinical decompensation, liver transplantation or death were considered as pri-
mary end points of the study. Patients were followed-up for 2 years or until
the first occurrence of a clinical decompensation, liver transplantation, or
death. Clinical decompensation was defined as: PHT related bleeding, ascites,
hepatorenal syndrome, hepatic encephalopathy, hepatocellular carcinoma,
and/or sepsis. Patients were censored at 2 years or at the time of the first clin-
ical decompensation, liver transplantation, or death. PHT related complications
(variceal bleeding and/or ascites) were also studied separately. In this analysis,
patients were censored at 2 years or at the time of the first PHT related com-
plications, liver transplantation, or death.

Liver stiffness measurement by Fibroscan�

LS and hemodynamic measurements were performed on the same day. By
Fibroscan� (Echosens, Paris, France), LS was assessed on the right lobe of the liver,
through inter-costal spaces with the patient in the supine position and the right
arm in maximal abduction, as described [7,8]. Ten validated measures were per-
formed for each patient. Success rate was calculated as the number of validated
measures divided by the total number of measures. Results were expressed in
kilopascals (kPa). The median value of 10 successful measures was considered
representative of LS. Interquartile range (IQR) was lower than 30% of the median
value and success rate was at least 60%, according to the manufacturer’s recom-
mendations and previous evidence [7,16]. The operator was not aware of HVPG
values when conducting the analyses.

Since we showed in a previous study [12] that the threshold of 21.1 kPa was
able to discriminate patients with or without significant PHT, accuracy of this cut-
off was assessed and compared with the performance of HVPG for predicting clin-
ical decompensation.

Hemodynamic measurements

The hemodynamic study was performed after a 12-h fasting period, in the supine
position and under local anesthesia, as previously described [2]. HVPG was calcu-
lated as wedged hepatic venous pressure (WHVP) minus free hepatic venous
pressure (FHVP) and expressed in millimeters of mercury (mmHg). HVPG value
was calculated as the mean of three measurements. PHT was defined as a
HVPG >5 mmHg and clinically significant PHT as a HVPG P10 mmHg [3]. The
hemodynamic study was performed by experienced operators not aware of the
results of liver biopsy and LS measurement. On liver biopsy, fibrosis was graded
according to METAVIR score ranging from F0 (no fibrosis) to F4 (cirrhosis) [17].
The mean liver biopsy length was 17.4 mm.

Statistical analysis

Quantitative variables are expressed as mean ± S.D, and qualitative variables as
absolute and relative frequencies. Comparisons between groups of quantitative
variables were made by the Student-t test or Wilcoxon test. Chi square and Fish-
er’s exact tests were used for qualitative data when appropriate. Correlations
between variables were computed with Pearson coefficient. For multivariate
analysis, a Cox model was used in order to determine the parameters associated
with the judgement criteria. Only variables significantly associated with the
judgement criteria in the univariate analysis were considered for the multivariate
analysis. Child–Pugh and MELD scores were not included in the multivariate anal-
ysis in order to avoid colinearity with bilirubin, prothrombin index, and because
not all patients in the cohort were cirrhotic.

To assess the performance of HVPG and LS in predicting clinical decompensa-
tion, sensitivity (Se), specificity (Sp), positive predictive value (PPV), negative pre-
dictive value (NPV), and receiver operating characteristic (ROC) curves were
calculated. The ROC curve is a plot of sensitivity versus 1-specificity for all possi-
ble cutoff values. The most commonly used index of accuracy is the area under
the ROC curve (AUROC), in which values close to 1 indicate higher diagnostic
accuracy. AUROC comparisons were performed using the Hanley test. Actuarial
rates of complications were calculated using the Kaplan–Meier plots and com-
pared by the Log rank test. p <0.05 was considered as the level of significance. Sta-
tistical analysis was performed using the SPSS software version 18 (SPSS Inc
Chicago, IL, USA).
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Results

Patient characteristics

Main clinical and biochemical characteristics of the 100 patients
are presented in Table 1. Mean follow-up period was 491 days.
HVPG was higher than 10 mmHg in 51 patients. Cirrhosis was
diagnosed in 65 patients, whose mean Child–Pugh score and
MELD score were 7.6 [5–11] and 12.2 [5–15], respectively. In
the subgroup of cirrhotic patients, no varices were found in 18
patients (27.5%). Esophageal varices were grade 1 in 18 patients
(27.7%), grade 2 in 25 patients (39%), and grade 3 in 4 patients
(6%).

LS could be initially measured in 96 patients. Failure to obtain
valid measures was due to obesity in 4 patients. No failure of
hemodynamic measurement was encountered during the study
period.
vol. 55 j 1017–1024



Table 2. Details of the 71 events that occurred in 41 patients.

Events Patients (n) 

Variceal bleeding 8 
Ascites 13 
Encephalopathy 13 
Hepatocarcinoma 4 
Sepsis 13 
Liver transplantation 3 
Death 17 
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Clinical complications

Forty-one patients (41%) experienced at least one clinical com-
plication within a mean period of 245 ± 244 [8–730] days. A
total of 71 complications were observed and are detailed in
Table 2. In 18 patients, 21 complications were considered to
be directly related to portal hypertension: variceal bleeding,
and/or ascites. None of the patients developed hepatorenal syn-
drome, and, therefore hepatorenal syndrome was not consid-
ered for further analysis.

Parameters associated with clinical complications

The clinical parameters listed in Table 1 were compared between
patients with or without clinical complications. In univariate
analysis, the occurrence of a complication was observed signifi-
cantly more often in the presence of cirrhosis, in patients with
Table 3. Comparison of demographic, clinical, and laboratory characteristics betwee

Patients without event 
(n = 59) 
mean ± SD 

Sex: Males-Females (%) 34-25  
Age (years) 53 ± 13  
BMI (kg/m2) 24 ± 4.3  
Liver Stiffness (kPa)*  19.3 ± 21.2  
Liver Stiffness >21.1 kPa  14/58 (24%) 
HVPG (mmHg) 7 ± 6 
Prothrombin index (%) 86 ± 15 
Platelet count (103/mm3) 197 ± 88 
Serum albumin (g/L) 39 ± 8 
Serum bilirubin (µmol/L) 36 ± 78 
Serum sodium (mmol/L) 138 ± 4 
GT (UI/L) 193 ± 290 

AST (UI/L) 104 ± 283 
ALT (UI/L) 116 ± 292 
Serum creatinine ( mol/L) 82 ± 15 
Cirrhosis (%) (n = 65) 45.7 
Child-Pugh score 6.7 ± 2.4 
MELD 9.6 ± 6.2 
⁄ LS was measured in 96 patients.
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higher age, higher HVPG, higher LS value, higher bilirubin, lower
prothrombin index, lower platelet count, lower albumin, lower
serum sodium, higher Child–Pugh score, and higher MELD score
(Table 3). Mean values of HVPG in patients free of or with clinical
decompensation were 7 mmHg and 17 mmHg, respectively
(p <0.001). Corresponding mean values of LS were 19.3 kPa and
48.1 kPa, respectively (p <0.001). All clinical variables associated
with clinical decompensation using univariate analysis were con-
sidered for multivariate analysis with a Cox model. Child–Pugh
and MELD scores were not included in the analysis, since they
are used only for patients with cirrhosis. Platelet count was the
only variable associated independently with clinical decompen-
sation (p = 0.05).

Of the 38 patients with alcohol-related liver disease, 23 had
alcohol withdrawal. There were no significant differences
between the two groups in terms of total complications. More-
over, 7 abstinent patients vs. 9 alcohol abusers experienced
PHT-related complications.

When considering only the 65 patients with cirrhosis, 57.8%
experienced at least one complication during follow-up and
26.5% developed complications related to PHT. Using univariate
analysis, the risk of clinical decompensation in this subgroup
was significantly associated with higher age, higher LS value,
higher HVPG, lower prothrombin index, lower platelet count,
lower serum albumin, higher Child–Pugh, and MELD scores. The
mean values of HVPG in patients with cirrhosis with or without
clinical decompensation were 17.8 mmHg [0–36] vs. 11.1 mm
Hg [2–29], respectively (p <0.001). Corresponding mean values
of LS were 51.7 kPa [4.4–75.0] vs. 36.7 kPa [3.8–75], respectively
(p = 0.002). Using multivariate analysis, none of the above-men-
tioned parameters was independently associated with the risk
of clinical decompensation.
n patients who experienced or not at least one event during follow-up.

Patients with event 
(n = 41) 
mean ± SD 

p value 

24-17  .s.n
60 ± 12 500.0
25 ± 4.1  n.s .
48.1 ± 23.7 <0.001
31/38 (82%) <0.001 
17 ± 8 <0.001 
65 ± 17 <0.001 
127 ± 56 <0.001 
30 ± 7 <0.001 
92 ± 140 20.0
135 ± 3 <0.001 
271 ± 237 ..s.n
122 ± 153 .s.n
89 ± 175 .s.n
81 ± 29 .s.n
92.6 <0.001 
8.3 ± 1.9 6000.0
13.9 ± 7.2 100.0

vol. 55 j 1017–1024 1019



Table 4. Comparison of demographic, clinical, and laboratory characteristics of patients with cirrhosis between those who experienced or not PHT related
complications.

Cirrhotic patients without PHT 
complication 
(n = 47) 

Cirrhotic patients with PHT 
complication 
(n = 18) 

p value 

Sex: Males-Female (%)  26 (72.2)-21 (72.4) 10 (27.7)-8 (27.6) n.s .
Age (years) 59.4 ± 12.4 59.2 ± 9.7 .s.n
BMI (kg/m2) 24.6 ± 4.3 25.8 ± 3.6 .s.n
Liver Stiffness (kPa)* n = 62 36.7 ± 24.7 57.6 ± 19.4 0.001 

)%14(44/8126=n,aPk1.12<ssenffitSreviL 0/18 (0%) 0.02 
HVPG (mmHg) 13.9 ± 7.8 17.5 ± 4.5 0.01 
Prothrombin index (%) 72 ± 18 63 ± 17 .s.n
Platelet count (103/mm3) 145 ± 64 136 ± 70 .s.n
Serum albumin (g/L) 32 ± 9 30 ± 6 .s.n
Serum bilirubin ( mol/L) 75 ± 134 88 ± 115 .s.n
Serum sodium (mmol/L) 136 ± 5 135 ± 3 .s.n
γGT (UI/L) 246 ± 318 283 ± 288 .s.n
AST (UI/L) 132 ± 295 136 ± 206 .s.n
ALT (UI/L) 108 ± 282 123 ± 261 .s.n
Serum creatinine ( mol/L) 85 ± 26 69 ± 19 0.006 
Child-Pugh score 7.3 ± 2.4  8.4 ± 1.7 0.05 
MELD 11.9 ± 7.4 12.9 ± 6.3  n.s .

Research Article

Downloaded from http://iranpaper.ir
http://www.itrans24.com/landing1.html
Parameters associated with PHT related complications

The next objective was to determine which clinical parameters
could predict the development of PHT related complications.
PHT related hemorrhage and/or ascites were observed in patients
with higher LS value, higher HVPG, lower prothrombin index,
lower platelet count, lower albumin concentration, lower sodium,
lower creatinine, higher Child–Pugh and MELD scores. Mean val-
ues of HVPG in patients with or without PHT related complica-
tions were 17.5 mmHg [10–30] and 9.6 mmHg [0–36],
respectively (p <0.001). Corresponding mean values of LS were
57.6 kPa [21.3–75] and 24.5 kPa [3.8–75], respectively
(p <0.001). None of the patients with LS <21.1 kPa developed
PHT related complications. In multivariate analysis, LS was inde-
pendently associated with PHT complications (p = 0.01) only after
excluding HVPG, and conversely (p = 0.01). The correlation
between these two parameters was confirmed (r = 0.803;
p <0.001).
Table 5. Performances of HVPG and LS in predicting clinical decompensation and P

AUROC*

All complications
HVPG ≥10 mmHg

HVPG ≥10 mmHg

LS ≥21.1 kPa

LS ≥21.1 kPa

0.815 [0.727-0.903]
0.837 [0.754-0.920]

PHT related complications 

0.830 [0.751-0.910]
0.845 [0.767-0.923]

Sensitivi
)%(

82.9
81.6

100
100
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When considering only PHT related events in cirrhotic
patients, a significant association was found in patients displaying
higher LS, HVPG, and Child–Pugh score and lower serum
creatinine (Table 4). As in the whole sample, LS was, in multivar-
iate analysis, independently associated with PHT complications
(p = 0.01) only after excluding HVPG and conversly (p = 0.01).

Performances of LS and HVPG for predicting the risk of clinical
decompensation

Performances are listed in Table 5. The AUROC of HVPG and
LS values for predicting clinical complications were 0.815
[0.727–0.903] and 0.837 [0.754–0.920], respectively (Fig. 1). No
statistically significant difference could be observed between
these values.

According to the presence or the absence of significant PHT
(HVPG P10 mmHg), the actuarial rates of remaining free of any
HT related complications in all patients.

ty Specificity 
)%(

71.2
75.9

59.8
65.4

PPV 
)%(

66.7
68.9

35.3
40.0

NPV 
)%(

85.7
86.3

100
100
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Fig. 1. Performance of liver stiffness and HVPG for the prediction of liver
related complications.
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Fig. 2. Risk of liver related complications according to HVPG or liver stiffness.
(A) Probability of remaining free of liver related complications according to the
10 mmHg-threshold for HVPG. (B) Probability of remaining free of liver related
complications according to the 21.1 kPa-threshold for liver stiffness.
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liver related complication were 32.2% and 84.1%, respectively
(Log Rank p <0.001) (Fig. 2A).

The actuarial rates of remaining free of any complication
related to the liver disease were 29.5% and 85.4%, respectively,
if LS was P21.1 kPa or <21.1 kPa (Log Rank p <0.001) (Fig. 2B).

Performance of LS and HVPG in predicting the risk of PHT related
complications

The AUROC of HVPG and LS values in predicting PHT related com-
plications were 0.830 [0.751–0.910] and 0.845 [0.767–0.923]
(Fig. 3A). When considering only cirrhotic patients, HVPG
and LS had similar performances, AUROC values being 0.725
[0.602–0.849] and 0.734 [0.609–0.859], respectively. (Fig. 3B).

According to the presence or the absence of significant PHT
(HVPG P10 mmHg), the actuarial rates of remaining free of
PHT complications were 51.3% and 100%, respectively (Log Rank
p <0.001) (Fig. 4A). In fact, none of the patients with a
HVPG <10 mmHg developed PHT related complications. In the
subgroup of cirrhotic patients, the HVPG with a 10 mmHg thresh-
old had a sensitivity of 100%, a specificity of 36.1%, a PPV of 37.5%,
and a NPV of 100%. In this subgroup, the actuarial rates of
remaining free of PHT complications with a HVPG P10 mmHg
or <10 mmHg were 47.8% and 100%, respectively.

When LS value was P21.1 kPa or <21.1 kPa, the actuarial rates
of remaining free of PHT related complications were 47.5% and
100%, respectively (Log Rank p <0.001) (Fig. 4B). No patient with
a LS value <21.1 kPa experienced PHT related complications. For
the subgroup of patients with cirrhosis, LS with a 21.1 kPa cutoff
had a 100% sensitivity, 41% specificity, 41% PPV, and 100% NPV.
The actuarial rates of remaining free of PHT complications with
LS P21.1 kPa or <21.1 kPa were 47% and 100%, respectively.
Discussion

The present study shows a strong relationship between LS and
the risk of decompensation in patients with chronic liver disease,
regardless of the presence of cirrhosis.
Journal of Hepatology 2011
To the best of our knowledge this is the first study that pro-
spectively assessed the performance of LS for predicting clinical
complications and that compared it with HVPG measurement.
HVPG is a well established index in different clinical settings
for patients with cirrhosis [2,3]. However, the only available
method to assess HVPG is a direct measurement of pressure in
a hepatic vein. This method is not available in all medical centers
and is considered invasive, cost-ineffective, and hardly reproduc-
ible by most authors [18]. Until now, most non-invasive
approaches for assessing short-term prognosis in patients with
chronic liver disease have proved inaccurate. The need for pro-
spective longitudinal studies to assess new non-invasive proce-
dures was recommended at the Baveno IV Consensus
Conference [19].

Foucher et al. have previously found a correlation between LS
and severity of cirrhosis [20]. However, in this study, PHT compli-
cations were retrospectively assessed as a history of ascites or
vol. 55 j 1017–1024 1021
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Fig. 4. Risk of portal hypertension related complications according to HVPG
or liver stiffness. (A) Probability of remaining free of portal hypertension related
complications according to the 10 mmHg-threshold for HVPG. (B) Probability of
remaining free of portal hypertension related complications according to the
21.1 kPa-threshold for liver stiffness.
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variceal bleeding. LS was also found to be correlated with the
grade of esophageal varices [20,21]. Our group previously showed
that a LS value higher than 21.1 kPa is predictive of clinically sig-
nificant PHT [12]. In the present study, we found that this cut-off
value can predict decompensation in a population of patients
with chronic liver disease of whom 65% proved to have cirrhosis
on liver biopsy. Non cirrhotic patients were included since at the
present time not all patients have a liver biopsy but quite a few
are assessed using non-invasive procedures. Furthermore, LS is
used at least in part to avoid such an invasive procedure as a liver
biopsy. Finally, owing to sampling errors, cirrhosis can be mis-
classified by biopsy [22]. One can hypothesize that in the near
future, patients will be screened using non-invasive techniques
whether or not they might have cirrhosis of the liver. The purpose
for investigating the PHT related complications in the entire
patient population was to validate the predictive value of LS
and HVPG in a non-selected population that represents the future
target of non-invasive procedures. Transjugular or percutaneous
routes are systematically proposed in our center to every patient
1022 Journal of Hepatology 2011
who has an indication for liver biopsy. As such, the transjugular
route is not restricted to patients presenting with either coagula-
tion disorders or ascites. In the present study, only 12 patients
had a contra-indication to percutaneous liver biopsy (650,000
platelets in 2 patients and prothrombin time index 650% in 10
patients). For the majority of our patients, liver biopsy was per-
formed for fibrosis staging and, only in a few patients liver biopsy
was performed for liver abnormalities of unknown etiology or
hemodynamic evaluation. Therefore, we believe that this gave
us a rare opportunity to measure HVPG in patients with compen-
sated liver disease. Some patients displayed markers of liver dys-
function, but according to D’Amico’s classification, all of the
cirrhotic patients in our study belonged to compensated liver cir-
rhosis stage 1 or 2. However, in a prospective study with more
recently selected patients with compensated cirrhosis, Ripoll
et al. [3] reported a rate of complications of 29%, lower than in
the population of our study. Furthermore, the prevalence of
vol. 55 j 1017–1024
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varices in our sample is higher than expected in fully compen-
sated patients. It could suggest a selection bias. Nevertheless,
the NPV in predicting PHT related complications was 100%. Thus,
inclusion of less severe patients should result in lower rates of
clinical events and consequently NPV should not be lowered.
According to the present study, the main interest of LS is to avoid
invasive procedures in low-risk patients. Our interests are cor-
roborated with the exceptional NPV we found in our study.

Using multivariate analysis, in the entire patient population
included, platelet count only was found independently associated
with the risk of clinical decompensation. This finding is not sur-
prising, as the presence of thrombocytopenia is a sign of
advanced liver disease [6,23]. Furthermore, thrombocytopenia
was found to be associated with high HVPG [24].

Sepsis was included in the definition of complications since
the immune system is often impaired in patients with chronic
liver disease and the risk of infections is therefore increased.
Moreover, PHT related complications are often triggered by sepsis
[25]. It is noteworthy that 5 out of the 6 patients who were mis-
classified by LS (using the cut-off value of 21.1 kPa) experienced
sepsis. Thus, by including sepsis in our definition of complica-
tions, the performance of LS could have been underestimated.

The performances of LS were found to be better when consid-
ering only PHT related complications. Others, as well as our
group, have previously shown that LS is highly correlated with
HVPG [11–15]. Thus, the prognostic value of LS could be the
result of a strong association between HVPG and LS. It is notewor-
thy that no patient with a LS value below 21.1 kPa experienced
ascites or PHT related bleeding at two-year follow-up
(NPV = 100%). The lowest LS value associated with a PHT compli-
cation was 21.3 kPa. Both our previous study and the present one
suggest that a 21.1 kPa threshold could help identifying patients
with chronic liver disease at low risk to experience a complica-
tion within 2 years. In these selected patients, unnecessary and
invasive procedures such as hepatic vein catheterization or endo-
scopic screening could be avoided.

As expected, most complications occurred in patients with cir-
rhosis (87.5% of patients with decompensation). It is to be noted
that the performances of LS and HVPG remained similar in the
subgroup of patients with cirrhosis. Nevertheless, over HVPG,
LS holds the major advantage of being non-invasive and easy to
repeat during patients’ follow-up.

The present investigation provides several important data. It
is the first longitudinal and prospective study demonstrating that
LS can be as effective as HVPG for the prediction of clinical com-
plications in patients with chronic liver disease. In our cohort, the
HVPG with a 10 mmHg threshold was confirmed as a good pre-
dictor of clinical decompensation and PHT related complications,
as demonstrated [2,3]. Moreover, the LS cutoff of 21.1 kPa had the
same performance as HVPG in predicting clinical decompensa-
tion and PHT related complications. An important aspect of the
present study is that those results were obtained in non selected
patients with chronic liver disease. Based on these findings, LS
could be used as a screening test for clinical outcome in patients
with chronic liver disease. The 100% NPV of LS with a 21.1 kPa
threshold emphasizes the potential usefulness of this non-inva-
sive screening test to rule out PHT related complications in
patients with cirrhosis.

However, it must be kept in mind that LS value is influenced
by several specific conditions such as acute hepatitis [26,27], cho-
lestasis [28], or heart failure [29,30]. Therefore, results must be
Journal of Hepatology 2011
interpreted with caution in those conditions. In the present
cohort, 6 patients had acute hepatitis (3 patients with acute alco-
holic hepatitis and 3 with auto-immune hepatitis) and at least 5
of these patients had chronic liver disease since fibrosis was
found to be F3 or F4 and, F0 in only one patient. Interestingly,
the patient with acute hepatitis and F0 stage of fibrosis had a
LS value equal to 10 kPa. The LS value was greater than 12 kPa
in all remaining patients. When the analysis was performed after
excluding patients with acute hepatitis, the results were
unchanged. Only 2 patients in our cohort had an acute hepatitis
and a LS value below 21 kPa. Hence, it is difficult to draw a defin-
itive conclusion from this subgroup of patients.

The sample size in the present study is not large enough for
definitive conclusions to be drawn and extrapolated to all sub-
groups of patients, according to liver disease severity or etiology.
In our study, all patients with PHT had an intra-hepatic block so
that these results may not apply to patients with extra hepatic
PHT. Furthermore, other non-invasive markers, in particular bio-
chemical tests, were not assessed in the present study.

In conclusion, in the present study, LS proved to be as accurate
as HVPG for selecting patients at low-risk of clinical decompensa-
tion and PHT related complications. These results warrant exter-
nal validation in fully compensated patients and further studies
are needed with other non invasive markers of liver fibrosis.
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