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Comparison of liver biopsy and transient
elastography based on clinical relevance
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BACKGROUND: Liver stiffness measurement (LSM) by transient
elastography has recently been validated for the evaluation of liver
fibrosis in chronic liver diseases. The present study focused on cases
in which liver biopsy and LSM were discordant.
METHODS: Three hundred eighty-six patients with chronic hepa-
titis C who underwent a liver biopsy between December 2004 and
April 2007 were studied. First, the optimal cut-off value of LSM was
selected for the determination of cirrhosis based on the receiver oper-
ating characteristic curve. Then, the cases in which liver histology
and evaluation by LSM were discordant were selected. Laboratory
test results such as serum total bilirubin concentration, prothrombin
activity, albumin concentration, platelet count and the aspartate
aminotransferase to platelet ratio index, together with the presence
of esophageal varices, were analyzed.
RESULTS: The optimal cut-off value was chosen to be 15.9 kPa for
cirrhosis (fibrosis stage [F] 4) determination to maximize the sum of
sensitivity (78.9%) and specificity (81.0%). There were 78 discor-
dant cases: 51 patients showed an LSM of 15.9 kPa or higher and a
fibrosis stage of F1 to F3 (high LSM group), and 27 patients had an
LSM lower than 15.9 kPa and a fibrosis stage of F4 (low LSM group).
Esophageal varices were seen in 11 patients in the high LSM group
(n=51) and in no patients in the low LSM group (n=27) (P=0.0012).
The aspartate aminotransferase to platelet ratio index was signifi-
cantly higher in the high LSM group (1.49 versus 0.89, P=0.019).
Other parameters did not differ significantly. However, platelet
count, prothrombin activity and albumin concentration tended to be
lower in the high LSM group.
CONCLUSIONS: Patients with a high LSM need proper attention
for cirrhosis, even if liver biopsy does not reveal cirrhosis.
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Une comparaison entre la biopsie hépatique et
l’élastographie transitoire d’après la pertinence
clinique

HISTORIQUE : La mesure de l’élasticité hépatique (MÉH) par élas-
tographie transitoire a récemment été validée pour évaluer la fibrose hépa-
tique en présence d’une maladie hépatique chronique. La présente étude
portait sur les cas où les résultats de la biopsie hépatique et de la MÉH
divergeaient.
MÉTHODOLOGIE : Les auteurs ont étudié 386 patients atteints d’hé-
patite C chronique ayant subi une biopsie hépatique entre décembre 2004
et avril 2007. D’abord, ils ont sélectionné la valeur seuil optimale de MÉH
pour déterminer une cirrhose d’après la courbe de fonction d’efficacité du
récepteur. Ensuite, ils ont retenu les cas à l’égard desquels l’histologie hépa-
tique et l’évaluation par MÉH divergeaient. Ils ont analysé les résultats de
tests de laboratoire comme la concentration bilirubinémique sérique
totale, l’activité de la prothrombine, la concentration d’albumine, la
numération plaquettaire et l’indice de ratio entre l’aspartate aminotrans-
férase et les plaquettes, ainsi que la présence de varices œsophagiennes. 
RÉSULTATS : Les auteurs ont retenu la valeur seuil optimale de 15,9 kPa
pour déterminer la cirrhose (stade de fibrose [F] 4) afin de maximiser la
somme de sensibilité (78,9 %) et de spécificité (81,0 %). Ils ont repéré
78 cas divergents : 51 patients avaient une MÉH de 15,9 kPa ou plus et un
stade de fibrose de F1 à F3 (groupe de MÉH élevé) et 27 patients, une
MÉH inférieure à 15,9 kPa et un stade de fibrose de F4 (groupe de MÉH
faible). Ils ont constaté des varices œsophagiennes chez 11 patients du
groupe de MÉH élevé (n=51) et chez aucun patient du groupe de MÉH
faible (n=27) (P=0,0012). L’indice de ratio entre l’aspartate aminotrans-
férase et les plaquettes était considérablement plus élevé entre le groupe de
MÉH élevé (1,49 par rapport à 0,89, P=0,019). Les autres paramètres ne
différaient pas de manière significative. Cependant, la numération
plaquettaire, l’activité de la prothrombine et la concentration d’albumine
tendaient à être plus faibles dans le groupe de MÉH élevé.
CONCLUSIONS : Les patients dont la MÉH est élevée doivent subir
une évaluation de cirrhose, même si la biopsie hépatique n’en révèle pas la
présence.

The prognosis and clinical management of chronic liver dis-
eases (CLDs) highly depend on the extent of liver fibrosis

because life-threatening complications mainly occur in patients
with cirrhosis (1,2). This is particularly true of chronic hepati-
tis C virus (HCV) infection. Patients with cirrhosis are at high
risk for hepatocellular carcinoma, liver failure and resulting
death (3-8). This emphasizes the need for early identification of
cirrhosis to screen for or prevent complications. 

Liver biopsy is currently considered to be the reference
standard for the assessment of cirrhosis. However, it is an inva-
sive procedure with rare, but severe, adverse events, including
mortality (9). Its acceptance is limited, especially in asympto-
matic patients. In addition, sampling error is common because
only 1/50,000 of the organ is analyzed, and a false negativity of
up to 30% was reported when compared with surgically
resected liver as a reference standard (10-12). Therefore, there
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is a need to develop and validate noninvasive tests that can
accurately reflect the full spectrum of hepatic fibrosis and cir-
rhosis, and their severity in liver diseases. 

Both routine and specific biomarkers, together with combi-
nations thereof, have been proposed as noninvasive indicators
of the degree of liver fibrosis (13-16). However, these markers
do not directly reflect the extent of fibrosis. Rather, they rep-
resent partial processes such as fibrogenesis and fibrolysis.
Blood levels of some markers are affected by impaired metabo-
lism in renal failure or cholestasis. 

Transient elastography is a new, noninvasive and repro-
ducible technique that measures tissue stiffness, which is mainly
attributable to the extent of fibrosis. Liver stiffness measure-
ment (LSM) by transient elastography has recently been vali-
dated for the evaluation of hepatic fibrosis in chronic liver
diseases. However, various LSM cut-off values for cirrhosis have
been reported to be between 12.5 kPa and 17.6 kPa (17-25),
and no single cut-off value was accompanied by simultaneously
high sensitivity and specificity. Ganne-Carrie et al (26) assessed
775 CLD patients of various etiologies and reported a sensitiv-
ity of 79% and a specificity of 95% using 14.6 kPa as a cut-off
value for fibrosis stage (F) 4 (cirrhosis). In assessing cirrhosis,
discordant results were found between liver biopsy and LSM in
80 of 1007 patients (7.9%). They re-analyzed the liver biopsy
specimens and suggested that the main cause of the discordance
was sampling variation of liver fibrosis assessed by liver biopsy.

Indeed, LSM is averaged over a volume that can be approx-
imated by a cylinder 20 mm in height and 20 mm in diameter,
which represents approximately 1% of the total liver volume
and is 500-fold larger than the biopsy sample size. Therefore,
LSM may be less likely to be affected by sampling error than
liver biopsy and may be more relevant in the clinical assess-
ment of CLD status. However, the discordance between liver
biopsy and LSM has not been assessed in this respect.

In assessing the discordance between liver biopsy and LSM,
it is difficult to choose an adequate reference standard. Because
our primary aim was to compare liver biopsy with LSM in
terms of clinical relevance, we compared the results of routine
laboratory tests such as platelet count, albumin level and pro-
thrombin activity, which are the earliest indicators of clinical
cirrhosis (27-29). Our interest focused particularly on cases in
which liver biopsy and LSM were discordant (ie, cases with a
high LSM and noncirrhotic histology, and those with a low
LSM and cirrhotic histology). 

PATIENTS AND METHODS
Patients
Between December 2004 and April 2007, a total of 394 patients
with chronic HCV underwent liver biopsy. Liver biopsies were
indicated for the assessment of liver fibrosis before interferon
therapy (n=186), overall prognosis in patients suspected of hav-
ing cirrhosis (n=192) and liver function reservoir in patients
with hepatocellular carcinoma before treatment (n=16). LSM
was performed within two weeks after liver biopsy. All patients
were positive for serum HCV-RNA and showed at least tran-
siently elevated serum alanine aminotransferase levels. Patients
with ascites or hepatitis B virus coinfection were excluded from
the current study. The study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki and was
approved by the University of Tokyo’s (Tokyo, Japan) institu-
tional review board (registration number 960). All patients ful-
filling these criteria were enrolled after providing their written

and informed consent. LSM by elastography was compared
with the stage of liver fibrosis, laboratory test results and other
patient characteristics. 

Methods
LSM was performed using FibroScan (Echosens, France), a
new medical device based on elastometry. The investigators
previously underwent a training period in which each had per-
formed at least 50 measurements. The procedure was totally
noninvasive and was performed on the right lobe of the liver
through the intercostal space. Only LSMs obtained in at least
eight successful acquisitions with a success rate of at least 60%
were considered reliable.

Liver biopsy was performed under ultrasonography by
experienced hepatologists with a 16 G Bard Monopty needle
(Medicon Inc, Japan). The sample length was checked imme-
diately after the procedure. When the sample length was less
than 15 mm, the biopsy was judged to be inappropriate and
was repeated. Liver biopsy specimens were fixed in formalin
and were paraffin-embedded. All biopsy specimens were ana-
lyzed by two experienced hepatopathologists blinded to the
clinical data. Liver fibrosis was staged using a scale of 0 to 4
(F0, no fibrosis; F1, mild fibrosis; F2, moderate fibrosis; F3,
severe fibrosis; F4, cirrhosis). The length and number of por-
tal tracts (whether it contained five or more tracts) and the
presence of fragmentation were checked based on the criteria
by Regev et al (10).

Esophageal varices were evaluated by reviewing the reports
of upper gastrointestinal endoscopies or multidetector com-
puted tomography (CT) scans performed within three years
before the LSM. CT scan findings of esophageal wall thicken-
ing, intraluminal protrusions or irregularities, or nodular
enhancement within the esophageal wall were considered to
be indicative of the presence of esophageal varices (30,31).

In the analysis of discrepant cases, the optimal LSM cut-off
value for the determination of cirrhosis was selected, as deter-
mined by liver biopsy histology, to maximize the sum of sensitiv-
ity and specificity based on the Youden index (32). Then, the
cases in which there was a discordance between liver histology
and evaluation by LSM were selected. There were two groups of
discordant cases – those determined to be cirrhotic (F4) by LSM
but noncirrhotic (F1 to F3) by histology, and those determined
to be noncirrhotic by LSM but cirrhotic by histology. Laboratory
test results of serum total bilirubin concentration, prothrombin
activity, albumin concentration, platelet count and the aspartate
aminotransferase to platelet ratio index (APRI) (14), together
with the presence of esophageal varices, were compared between
the two groups using unpaired Student’s t test for continuous
variables and Fisher’s exact probability test for categorical vari-
ables. All tests were two-sided, with a significance level of 5%.
Statistical analyses were performed with SPSS version 12 (SPSS
Inc, USA).

RESULTS
Patient characteristics
A total of 394 patients underwent LSM within two weeks
after liver biopsy. Eight patients were excluded because of
unsuccessful measurements, which were mainly due to obe-
sity (three patients had fewer than eight valid measurements
and five had a success rate lower than 60%). Thus,
386 patients were included in the current analysis. Their
characteristics at the time of the LSM are summarized in
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Table 1. There were 277 men and 109 women, with a mean
(± SD) age of 68.2±9.5 years. The frequency distribution of
fibrosis stages on the precedent liver biopsy was F1 in
29 patients (7.5%), F2 in 56 patients (14.5%), F3 in
82 patients (21.2%) and F4 in 219 patients (56.7%). The
median biopsy specimen length was 16.2 mm. 

Receiver operating curves
Figure 1 shows the diagnostic value (receiver operating char-
acteristic curve) of LSM for the prediction of histologically
diagnosed cirrhosis. The area under the receiver operating

characteristic (AUROC) curve is the most commonly used
method of summarizing overall accuracy; an area of 1 represents
a perfect test and an area of 0.5 or lower represents a noninfor-
mative test. The AUROC curve of LSM was 0.87 (95% CI 0.83
to 0.90). The optimal cut-off value was chosen to be 15.9 kPa for
F4 determination to maximize the sum of sensitivity (78.9%)
and specificity (81.0%) (Table 2). 

Discordance analysis
Using the LSM cut-off value of 15.9 kPa, there were 78 cases of
discordance between LSM and stage of fibrosis: 51 patients
showed an LSM of 15.9 kPa or higher and a fibrosis stage of F1
to F3 (high LSM group), and 27 patients had an LSM lower
than 15.9 kPa and a fibrosis stage of F4 (low LSM group).
Among the patients in the high LSM group, the distribution of
histological fibrosis stage was F2 in 10 patients and F3 in
41 patients. Clinical factors were compared between the
two groups (Table 3). Esophageal varices were seen in 11 of
51 patients in the high LSM group and in none of the
27 patients in the low LSM group (P=0.0012). Fibrosis stages
seen in these patients were F2 in two patients and F3 in nine.
The APRI was significantly higher in the high LSM group
(P=0.019), indicating higher aspartate aminotransferase levels
or lower platelet count. Although other parameters did not dif-
fer significantly between the two groups, platelet count, pro-
thrombin activity and albumin concentration tended to be
lower in the high LSM group.
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TABLE 1
Baseline patient characteristics (n=386)

Variable Value

Age, years, mean ± SD 68.2±9.5

Male sex, n (%) 227 (58.8)

Body mass index, kg/m2, median (range) 22.9 (14.3–34.0)

Alcohol consumption >80 g/day, n (%) 40 (10.4)

Aspartate aminotransferase, U/L, median (range) 54 (10–444)

Alanine aminotransferase, U/L, median (range) 47 (6–506)

Albumin, g/L, median (range) 37 (24–52)

Total bilirubin, μmol/L, median (range) 13.7 (5.1–59.9)

Platelet count, ×109/L, median (range) 116 (33–462)

Prothrombin activity, %, median (range) 78.7 (41.7–100.0)

Liver biopsy finding, n (%)

Fibrosis stage (F) 1 29 (7.5)

F2 56 (14.5)

F3 82 (21.2)

F4 219 (56.7)

Qualities of biopsy specimen

Length, mm, median (range) 16.2 (15.2–17.3)

≥5 portal tracts, n (%) 354 (96.2)

Not fragmented, n (%) 334 (90.8)

Liver stiffness, kPa, median (range) 20.1 (3.3–75)
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Figure 1) Receiver operating characteristic curve of liver stiffness
measurement (LSM) accuracy for the diagnosis of cirrhosis in
386 patients. The area under the receiver operating characteristic curve
of LSM was 0.87 (95% CI 0.83 to 0.90)

TABLE 2
Cut-off value of liver stiffness measurement for cirrhosis

Variable Cirrhosis

Optimal cut-off, kPa* 15.9

Sensitivity, % 78.9

Specificity, % 81.0

Positive predictive value, % 87.2

Negative predictive value, % 69.4

Positive likelihood ratio 4.15

*The optimal cut-off value was chosen to maximize the sum of sensitivity and
specificity

TABLE 3
Differences in frequency distribution between the 
two discrepant groups

High LSM* Low LSM†

Variable (n=51) (n=27) P

Esophageal varices, n (%) 11 (21.6) 0 (0) 0.0012

Albumin, g/L 37 (24–45) 39 (28–45) 0.269

Prothrombin activity, % 79.2 (60.7–100.0) 82.9 (63.0–97.1) 0.754

Total bilirubin, μmol/L 12.0 (5.1–32.5) 12.0 (5.1–30.8) 0.813

APRI 1.49 (0.25–6.43) 0.89 (0.22–4.94) 0.019

Platelet count, ×109/L 112 (39–269) 123 (46–255) 0.062

Qualities of biopsy specimen

Length, mm 16.2 (15.2–16.8) 16.4 (15.3–17.2) 0.6246

≥5 portal tracts, n (%) 49 (96.1) 25 (92.6) 0.606

Not fragmented, n (%) 46 (90.2) 22 (81.5) 0.302

Data are expressed as median (range), unless otherwise specified. *Liver
stiffness measurement (LSM) of 15.9 kPa or higher and fibrosis stage (F) 1 to
F3; †LSM lower than 15.9 kPa and F4. APRI Aspartate aminotransferase to
platelet ratio index
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DISCUSSION
In the present study, we prospectively assessed transient elas-
tography and showed that the AUROC for the prediction of F4
was as large as 0.89. The optimal cut-off value for F4 was found
to be 15.9 kPa, with a sensitivity of 78.9% and a specificity of
81.0%. These figures indicate that LSM is a reliable diagnostic
test for cirrhosis, as previously demonstrated (Table 4).
However, the question remains as to whether the discordance
between liver biopsy and LSM represents a random error or a
systematic bias (ie, whether there is a tendency to over- or
underestimate liver fibrosis in either procedure). 

Liver biopsy has been used as the gold standard for the eval-
uation of other tests for liver fibrosis. However, the reliability
of liver biopsy has been questioned. Using the METAVIR scor-
ing system, Bedossa et al (33) showed that only 65% of samples
from a 15 mm-long needle liver biopsy (which is the currently
recommended length) were correctly classified in terms of
fibrosis stage compared with the surgical sample. The concor-
dance rate increased to 75% using 25 mm-long specimens.
Therefore, the discordance found in the present study was
likely caused by random sampling errors due to the small spec-
imen size and the heterogeneity of fibrosis in the liver.
However, this leads to a biased error in favour of overall over-
estimation when applied to the uppermost category (F4), and
the proportion of overestimation depends on the size of ran-
dom errors. Similarly, a portion of F4 cases are underestimated
and misdiagnosed as F3. However, this is counterbalanced by
an overestimation of F2 into F3; the overall effects on inter-
mediate categories such as F3 are less biased. 

When two tests differ in their diagnosis of cirrhosis, the test
with the smaller number of sampling errors is less likely to
overestimate the stage of fibrosis and more likely to be accu-
rate (34). Assuming that sampling errors in liver biopsy and
those in LSM are mutually independent, and that LSM is asso-
ciated with fewer sampling errors, fewer noncirrhotic patients
are falsely diagnosed to be cirrhotic by LSM than by liver
biopsy. This becomes especially important, clinically, when the
results of the two assessments differ. In the current analysis,
esophageal varices, which are an important stigma of cirrhosis,
were found in 11 of 51 patients (21.6%) in the high LSM
group but in none of the 27 patients in the low LSM group.
Esophageal varices not only cause death in cirrhotic patients
directly by rupture but are also reported to indicate a risk of
transition from the compensated to the decompensated stages
of cirrhosis (35). Consequently, screening for esophageal
varices is strongly recommended for patients with a high LSM,
regardless of liver biopsy results. 

APRI is reported to be an accurate predictor of cirrhosis,
showing an AUROC curve of 0.89 in the training set and
0.88 in the validation set (14). In the present study, the APRI

was significantly higher in the high LSM group than in the low
LSM group, supporting the hypothesis that LSM is more accu-
rate than liver biopsy histology. Serum albumin concentration
was lower and bilirubin concentration was higher in the high
LSM group than in the low LSM group, although the differ-
ence was not significant. These indexes are associated with the
prognosis of cirrhotic patients and are built into the Child-
Pugh classification (36). It is possible that LSM is also a good
predictor of prognosis in CLD patients. Poynard et al (37)
assessed the discordant results between biochemical markers
and biopsy in patients with chronic HCV. Their results sug-
gested that 97 of 154 (62.9%) discordant cases were due to
biopsy failure. Our results also suggested that approximately
two-thirds of discordant cases were due to liver biopsy failure
rather than LSM failure.

Limitations
The present study has some limitations. First, a large propor-
tion of patients had cirrhosis or precirrhosis. Most underwent
liver biopsy for the evaluation of suspected cirrhosis or in
preparation for interferon therapy, which required ruling out a
diagnosis of cirrhosis. Second, we adopted the cut-off value of
15.9 kPa to maximize the sum of sensitivity and specificity in
the current study population. This does not mean that this
value is universally optimal. Finally, although the diagnosis of
varices using a CT scan is fairly specific, it is not sensitive,
which may have led to an underestimation of varices or portal
hypertension.

Due to the lack of an appropriate gold standard for assessing
the degree of liver fibrosis, the cross-sectional comparison
between liver biopsy and LSM that was attempted in the cur-
rent study has its limitations. Nevertheless, the results of the
present study have suggested that LSM is less likely to under-
estimate cirrhosis than liver biopsy. Patients with a high LSM
require proper attention, even if liver biopsy assessment deter-
mines no cirrhosis. After all, the primary purpose of assessing
fibrosis in CLD patients is to predict decompensation, carcino-
genesis and overall survival. The clinical relevance of LSM in
this respect is to be confirmed in future prospective studies. If
LSM is confirmed as an effective predictor of cirrhosis, liver
biopsy may be reserved for the assessment of etiology or the
grading of necroinflammatory activity. 

CONCLUSION
Patients with a high LSM need proper attention for cirrhosis,
even if liver biopsy does not reveal cirrhosis.
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TABLE 4
Cut-off values of liver stiffness measurement for cirrhosis

Cut-off value for
Reference cirrhosis, kPa Sensitivity, % Specificity, %

Castera et al (18) 12.5 87 91

Ziol et al (25) 14.6 86 96

Foucher et al (20) 17.6 77 97

Ganne-Carrie et al (26)

Cohort 1 17.1 76 95

Cohort 2 14.6 79 95
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