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Abstract
Background and Aims: Fontan-associated liver disease (FALD) is a long-term
complication of the Fontan procedure. Guidelines recommend elastography, but the
utility of transient elastography (TE) and two-dimensional shear wave elastography
(2D SWE) is unknown. We aimed to evaluate the relationship between TE and 2D
SWE in FALD.
Methods: This prospective cohort study included 25 patients managed in a specialist
clinic between January 2018 and August 2021. Trained clinicians performed 2D SWE
(GE Logiq-E9) and TE (FibroScan 503 Touch) on the same day under the same con-
ditions. Laboratory, echocardiography, and imaging data were collected. The atrioven-
tricular systolic-to-diastolic duration (AVV S/D ratio) was calculated as a measure of
cardiac diastolic function.
Results: We analyzed 40 paired measurements. Median age was 22 years. Median liver
stiffness measurement (LSM) was 15.4 kPa (12.1–19.6) by TE and 8.0 kPa (7.0–10.3)
(P = 0.001) by 2D SWE. There was weak correlation between the modalities
(r = 0.41, P = 0.004). There was no correlation between time since Fontan and LSM
by TE (r = 0.15, P = 0.19) or 2D SWE (r = 0.19, P = 0.13). There was no difference
in LSM irrespective of whether sonographic cirrhosis was present or absent by TE
(17.4 kPa [15.9–23.6] vs. 14.9 kPa [12.0–19.4], respectively, P = 0.6) or 2D SWE
(9.0 kPa [2.8–10.5] vs. 8.0 kPa [6.7–10.1], P = 0.46). There was no correlation
between AVV S/D ratio and LSM by TE (r = 0.16, P = 0.18) or 2D SWE
(r = 0.02, P = 0.45).
Conclusions: In FALD, TE and 2D SWE are poorly correlated. LSM by either
modality was not associated with known risk factors for liver fibrosis or Fontan func-
tion. Based on these data, the role of elastography in FALD is uncertain.

Introduction
Fontan surgery is performed on children born with single ventricle
anatomy which results in the passive flow of systemic venous
blood through the lungs without passing through a ventricle.1

Although still considered a palliative procedure, refinement of the
surgical technique and multidisciplinary management have
improved outcomes significantly, with most Fontan patients now
surviving well into adulthood.2,3 Long-term multiorgan complica-
tions of Fontan surgery, predominantly resulting from chronic
systemic venous hypertension, are now increasingly recognized.

Fontan-associated liver disease (FALD) is a congestive
hepatopathy in which patients universally develop some degree of

liver fibrosis by 10 years after the procedure.4–6 Time since Fontan
surgery is the strongest predictor of fibrosis.4 The reported preva-
lence of cirrhosis in this population varies4,7,8 but its diagnosis has
important implications for hepatocellular carcinoma surveillance and
endoscopic variceal screening. Moreover, advanced liver disease
may complicate candidacy for heart transplantation, sometimes
necessitating dual organ transplantation. Early and accurate diagno-
sis of FALD has proved challenging.9–11 FALD is often clinically
silent, and routine laboratory markers can be normal.12,13 Liver
biopsy at 10 years post Fontan has been recommended in some
guidelines,11 although it is not routinely done in most centers.14

Elastography is widely used in chronic liver disease
for noninvasive screening and diagnosis. Modalities include
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magnetic resonance elastography (MRE), vibration-controlled
transient elastography (TE), and different modalities of ultrasound
shear wave elastography (US SWE), with TE and US SWE more
readily available than MRE. Available US SWE modalities
include point shear wave elastography (also called acoustic
radiation force impulse imaging) and 2D shear wave
elastography (2D SWE). Position statements based on expert
consensus recommend elastography as a noninvasive screen-
ing tool for FALD.11,15,16 However, hepatic congestion can
confound liver stiffness measurements (LSM), and LSM is
independently associated with elevated central venous pres-
sure.17,18 Some elastography studies have shown a correlation
between LSM and fibrosis score on biopsy,19,20 while others
have found no agreement.5,21 The complex interaction between
LSM, liver fibrosis, and Fontan hemodynamics may impact the
utility of elastography for noninvasive diagnosis of fibrosis or
cirrhosis in this context. Moreover, there is heterogeneity in
the modalities used to assess LSM in the literature, and their
equivalence has not been established.

We aimed to investigate the relationship between paired
LSM by TE and 2D SWE in adult Fontan patients, and to
examine factors affecting LSM and the correlation between these
measures and other noninvasive tests of liver fibrosis.

Methods

Study design and patients. Data were prospectively col-
lected for all patients ≥18 years of age with a Fontan circulation
seen at a dedicated multidisciplinary Fontan clinic at a tertiary
referral center between January 2018 and August 2021. Patients
were excluded if they did not have matched TE and 2D SWE
measurements done on the same day or if they were pregnant.
Abdominal ultrasound, US SWE, TE, and laboratory tests were
performed on the same day. The study was registered and
approved by the local hospital ethics committee, including
consent waiver.

Abdominal ultrasound and liver elastography.
Patients underwent standard abdominal ultrasound, 2D SWE
(GE Logiq-E9 platform, GE Healthcare, Chicago, USA) and TE
(FibroScan 503 Touch, Probe M/XL, Echosens, Paris, France)
on the same day under the same conditions. Patients were fasted
for 4 h and measurements were made by trained clinicians
according manufacturer’s instructions. For TE (Fibroscan),
LSM was considered valid when there was a minimum of
10 consecutive valid measurements with a success rate over
60% and an interquartile range to median ratio of <0.30.
Results were expressed as a median value in kilopascals (kPa).
For 2D SWE, a minimum of five successful measurements of
liver stiffness were performed in the same region of interest and
were expressed as a median value in kPa as per manufacturer’s
instruction. In patients with serial paired elastography measure-
ments, each set of paired measurements was separated by a
minimum of 6 months. Sonographic cirrhosis was defined as
nodularity or the presence of an irregular contour. Sonographic
features of portal hypertension were defined as one or more of
an enlarged portal vein (>13 mm), reversal of portal blood flow,
or splenomegaly, in the presence of sonographic evidence of
cirrhosis.

Baseline characteristics and laboratory tests.
Demographic and clinical data collected were age, sex, type of
congenital heart defect, surgical technique (atriopulmonary con-
nection, lateral tunnel, extracardiac conduit), time since Fontan
surgery, medication use, and oxygen saturations by pulse oxime-
try. Laboratory parameters collected were serum creatinine, total
bilirubin, alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), international normalized ratio (INR), and platelet
count. The following formulae were used: FIB-4 = age (year) �
AST [U/L]/(platelets [109/L] � (ALT [U/L])1/2 22; APRI = AST
(/ULN)/platelet (109/L) � 100.23 The prognostic score Model for
End-stage Liver Disease eXcluding INR (MELD-XI) was calcu-
lated using MELD-XI = 5.11 ln(bilirubin [mg/dl] + 11.76
ln(creatinine [mg/dl] + 9.44).24

Echocardiographic measurements. Two-dimensional
and Doppler echocardiographic assessments were performed
using Vivid 7 (General Electric Healthcare, Milwaukee, WI) and
IE-33 ultrasound systems (Philips Medical Systems, Andover,
MA) according to the recommendations of the American Society
of Echocardiography.25–28 A single cardiologist with expertise in
echocardiography and congenital heart disease interpreted the
echocardiographic data. Dominant ventricular morphology was
classed as left ventricular, right ventricular, or biventricular.

Table 1 Baseline characteristics

Patient characteristics

Age (years), median (IQR) 22 (18–29)
Female sex, n (%) 14 (56%)
Time since Fontan surgery (years), median (IQR) 18.6 (�6.2)
Main congenital heart defect, n (%)

DORV 6 (24%)
Pulmonary valve atresia 5 (20%)
HLH 5 (20%)
Tricuspid valve atresia 4 (16%)
DILV 2 (8%)
TAPVD 1 (4%)
TGA 1 (4%)
VSD 1 (4%)

Type of Fontan circulation, n (%)
Extra-cardiac 19 (76%)
Intra-cardiac 5 (20%)
Atriopulmonary 1 (4%)

Ventricle anatomy, n (%)
Dominant right ventricle 14 (66%)
Dominant left ventricle 11 (44%)

Fenestration, n (%)
No 18 (72%)
Yes 7 (28%)

NYHA class, n (%)
I 24 (96%)
II 1 (4%)

Baseline oxygen saturation (%), mean (�SD) 93 (�3.7)

DILV, double inlet left ventricle; DORV, double outlet right ventricle;
HLH, hypoplastic left heart; IQR, interquartile range; NYHA, New York
Heart Association; SD, standard deviation; TAPVD, total anomalous pul-
monary venous return; TGA, transposition of the great arteries; VSD,
ventricular septal defect.
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Durations of systole and diastole were measured from the
clearest continuous wave Doppler signal of dominant AV valve
regurgitation. Effective systolic duration was measured from the
onset to the end of AV valve regurgitation. Effective diastolic
duration was measured from the end of AV valve regurgitation
to the onset of the subsequent AV valve regurgitation signal. The
systolic-to-diastolic duration ratio (AVV S/D) was then calcu-
lated as a previously validated measure of diastolic function.29 A
cutoff of 1.1 was used as a marker of poor prognosis, as previ-
ously demonstrated.30

Statistical analysis. Statistical analyses were performed
using SPSS version 28 (IBM, New York, USA). Data are
reported as number (percentage) for categorical variables and
mean � SD or median (25th, 75th percentile) for continuous var-
iables, as appropriate. Pearson coefficient was used for the corre-
lation between TE and 2D SWE and other variables. Wilcoxon
signed-rank test was used for paired nonparametric variables.
Mann–Whitney U test and Kruskall–Wallis test were used for
independent nonparametric variables. Significance values were
adjusted by the Boneforri correction for multiple comparisons.
Logistic regression was not performed because of the sample
size. A P-value of <0.05 was considered significant. Areas under
the receiver operating characteristic curves (AUCs) were con-
structed to assess the diagnostic accuracy of noninvasive tests in
predicting sonographic cirrhosis.

Results

Study population. Twenty-nine patients were screened, with
25 having at least one pair of 2D SWE and TE measurements.
Four patients were excluded because only one test had been suc-
cessfully performed. In one patient, 2D SWE failed on three
occasions as a result of body habitus. In another, a valid TE
score was not obtained because of body habitus. Two patients
had valid TE, but 2D SWE was not attempted. In total, 40 paired
measurements from 25 patient were included in the analysis, with
12 patients having either two or three paired measurements over
multiple annual clinic reviews. The median patient age was
22 years18–29; 14 of 25 (52%) were female. The most common
cardiac malformation was double outlet right ventricle in 6 of
25 (24%), with dominant right ventricle anatomy in 14 (66%).
Extracardiac was the most common Fontan type in 19 of
25 (76%) and the majority were non-fenestrated (73%) (Table 1).

Liver stiffness measurement. TE-derived LSMs were
higher than 2D SWE-derived LSMs in all but one paired mea-
surement. The median difference between TE and SWE was
7.3 kPa (IQR 3.7–12.1). Median LSM by TE was 15.4 kPa (IQR
12.1–19.6) and that by 2D SWE was 8.1 kPa (IQR 7.0–10.3)
(P = 0.001) (Fig. 1). There was a weak but significant correla-
tion between LSM using TE versus 2D SWE (r = 0.41,
P = 0.004) (Fig. 2).

Figure 1 Liver stiffness by transient elastography versus 2D shearwave elastography. 2D SWE, two-dimensional shear wave elastography; kPa,
kilopascal; LSM, liver stiffness measurement; TE, transient elastography.
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Relationship between LSM and time since Fontan
surgery. There was no significant correlation between the time
since Fontan surgery and LSM by either TE (r = 0.15, P = 0.19)
or 2D SWE (r = 0.19, P = 0.13). When patients were grouped per
time since Fontan surgery (0–10 years, 11–20 years, and >20 years),
there was no difference in LSM, by either modality (Fig. 3).

Relationship between LSM and Fontan function.
The AVV S/D ratio was ≥1.1 in 5 of 40 echocardiographic mea-
surements (12.5%). There was no correlation between AVV S/D
ratio and LSM by either TE (r = 0.16, P = 0.18) or 2D SWE
(r = 0.02, P = 0.45). There was no significant difference
between median LSM by either modality when grouped by AVV
S/D ratio. When the magnitude of discordance between LSM by
TE and 2D SWE was compared, there was no significant differ-
ence when grouped by the AVV S/D ratio. There was also no
correlation between the AVV S/D ratio and this discordance
(r = 0.18, P = 0.16).

Correlation of LSM with serum noninvasive tests.
LSM by TE correlated with APRI (r = 0.34, P = 0.016) and
MELD-XI (r = 0.47, P = 0.001), but 2D SWE did not (APRI
r = �0.18, P = 0.14; MELD-XI r = 0.18, P = 0.14) (Table 2).

Correlation of LSM with sonographic features of
cirrhosis. Sonographic features of cirrhosis were found in 6 of
40 (15%) ultrasounds; none had ultrasound evidence of portal

hypertension. There was no difference in LSM whether or not
these features were present: for TE, 17.4 kPa (IQR 15.9–23.6)
vs. 14.9 kPa (IQR 12.0–19.4), respectively (P = 0.24); or 2D
SWE: 9.0 kPa (IQR 2.8–10.5) vs. 8.1 kPa (IQR 6.7–10.1),
P = 0.43 (Fig. 4). There was low diagnostic accuracy of nonin-
vasive tests (TE, 2D SWE, APRI, FIB-4, and MELD-XI) in dis-
criminating sonographic cirrhosis from no sonographic cirrhosis
(Table 3). No noninvasive test outperformed the others with wide
overlapping confidence intervals.

Discussion
To our knowledge, this is the first head-to-head comparison of
TE and 2D SWE in a Fontan population. We investigated these
two modalities using robust methodology, with both tests per-
formed by skilled operators on the same day under the same
fasted conditions. Although there was a weak correlation
between TE and 2D SWE (r = 0.23), there was significant dis-
cordance between paired measurements in individual patients
(P = 0.001). Neither test correlated with time since Fontan sur-
gery, a known risk factor for fibrosis, or AVV S/D ratio, a vali-
dated surrogate marker of cardiac diastolic filling pressure in the
setting of Fontan physiology.29 LSM measured by TE correlated
with APRI and MELD-XI as serum noninvasive tests for fibrosis,
but 2D SWE did not. There was no significant difference in
LSM across the modalities whether or not sonographic evidence
of cirrhosis was present.

Figure 2 Correlation between siver stiffness using transient elastography and 2D shearwave elastography. 2D SWE, two-dimensional shear wave
elastography; kPa, kilopascal; TE, transient elastography.
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These findings are consistent with the discordant data on
elastography for fibrosis assessment in FALD. Studies of
elastography in FALD with histological correlation are scant. In
14 patients, Schachter et al. found no agreement between liver
biopsy and LSM by SWE,21 whereas Kutty et al. found a signifi-
cantly higher LSM (19.8 kPa vs. 13.4 kPa) in10 patients with
higher sinusoidal fibrosis scores but no difference when consider-
ing the presence of bridging fibrosis or cirrhosis.19 SWE also over-
estimated liver fibrosis in 40% of patients. In two studies of TE
with liver biopsy, the histologic correlation with LSM was equally
underwhelming. In a cohort of 38 patients, Munstermann et al.
found that LSM was similar irrespective of whether mild or severe

fibrosis was found on biopsy, and did not correlate with the colla-
gen proportionate area or the grade of sinusoidal dilatation.5 In
10 teenage patients, Wu and colleagues showed that TE over-
estimated fibrosis by two stages in 50%. LSM was significantly
associated with severe centrilobular fibrosis but not portal fibrosis
or bridging fibrosis.30 Although our study did not find any correla-
tion with histology, we had hoped to establish a relationship
between these two elastographic modalities and determine an
LSM cutoff that could exclude FALD with sonographic cirrhosis.
Our data did not support this. With the current available data, it is
difficult to have confidence in either TE or SWE for noninvasive
assessment of fibrosis or diagnosis of cirrhosis in FALD.

In primary fibrotic liver diseases, a small discordance
between TE and 2D SWE is expected, of the order of 1–2 kPa.31 In
FALD studies, the observed LSM by TE has been reported to be
higher than by SWE. In three SWE studies in teens or adults,
median LSM ranged between 9.1 and 15.6 kPa,19,21,32 albeit in non-
direct comparison. By contrast, a range of 18.2–22.5 kPa5,30,33,34

was seen in four TE studies. Our study is the first head-to-head
comparison of the two modalities. The median discordance of
7.3 kPa was unexpectedly high. It is possible that the unique Fontan
hemodynamics and resultant hepatic congestion have a greater
effect on TE than SWE; however, the mechanism of this is not
clear. The direct relationship between central venous pressure and
LSM by TE has been demonstrated by inferior vena cava clamping
in pigs, and then in patients with congestive heart failure with a
reduction in LSM recorded after cardiac recompensation.18 This,
however, does not explain why this effect would be more pro-
nounced in TE than in 2D SWE. Elastography is best validated in

Figure 3 Liver stiffness distribution by time since Fontan. 2D SWE, two-dimensional shear wave elastography; kPa, kilopascal; LSM, liver stiffness
measurement; TE, transient elastography. *denotes extreme outlier.

Table 2 Correlations between liver stiffness by 2D shear wave
elastography and transient elastography

2D SWE (r-value) P-value TE (r-value) P-value

Time since Fontan 0.19 0.13 0.15 0.19
AVV S/D �0.02 0.45 0.16 0.18
MELD-Xi 0.18 0.14 0.47 0.001*
APRI �0.18 0.14 0.34 0.016*
FIB-4 score 0.14 0.20 0.23 0.08
Oxygen saturation �0.21 0.10 �0.23 0.08

*P ≤ 0.05.
2D SWE, two-dimensional shear wave elastography; APRI, aspartate
aminotransferase to platelet ratio index; AVV S/D, systolic-to-diastolic
duration ratio; MELD-Xi, Model for End-stage Liver Disease eXcluding
INR; TE, transient elastography.
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viral hepatitis, where the pattern of liver fibrosis is peri-portal, rather
than the centrilobular and portal fibrosis found in FALD.4

Fibrogenesis in FALD is thought to be driven by noninflammatory
mechanisms, as inflammatory infiltrates are often absent or minimal
in biopsy and autopsy.35,36 Elevated post-sinusoidal systemic
venous pressure leads to passive congestion, chronic sinusoidal dila-
tion, peri-sinusoidal edema, and hypoxia in centrilobular hepato-
cytes and subsequent arterialized nodule formation.37 This unique
pattern of liver injury and the influence of hepatic congestion may
differentially influence mechanical shear wave propagation in TE
compared with acoustic shear wave propagation in SWE, a differ-
ence not observed in primary fibrotic liver diseases. This requires
further exploration. Moreover, the role of tissue viscosity may have
significant impacts on shear wave dispersion, which is not measured

in most currently available 2D SWE platforms. Viscosity may in
part explain the discrepancy between results of the elastography
modalities, and therefore viscosity measurement using dispersion
imaging with newer 2D SWE platforms should be a focus for future
research. In addition, much of the data concerning elastography in
FALD are from MRE studies. TE and 2D SWE were chosen for
our study because these are point-of-care tests and readily available
at our center, whereas MRE is not. Our findings highlight the lack
of equivalence between elastography modalities in FALD, so cau-
tion should be applied when generalizing between techniques.

Time since Fontan has consistently been shown to corre-
late with LSM,30,32,33,38 although Kutty and colleagues did not
observe this in their large cohort.19 We observed no relationship
between time since Fontan and LSM. The median time since
Fontan in this cohort was 18.6 years, which is considerably lon-
ger than in the aforementioned studies. While FALD is consid-
ered universal at 10 years post Fontan, it is possible that the
association plateaus past this point. The association between
LSM and Fontan failure has also been debated, and elevated
MRE-derived LSM has been shown to predict Fontan failure,
with an annual increase of >0.3 kPa associated with increasing
morbidity.39 In Brayer et al.’s large cohort, a median LSM of
4.9 kPa was associated with Fontan failure, significantly higher
than 4.2 kpa without Fontan failure.40 We found no association
between LSM and the AVV S/D ratio. Furthermore, serial LSM
measurements in individual patients showed marked variation,
with differences as large as 15 kPa over a 12-month period.
These differences were too large to be explained by fibrosis pro-
gression over such short timeframe and are likely related to

Figure 4 Liver stiffness distribution by sonographic cirrhosis. 2D SWE, two-dimensional shear wave elastography; kPa, kilopascal; LSM, liver stiff-
ness measurement; TE, transient elastography. *denotes extreme outlier.

Table 3 Accuracy of noninvasive tests in diagnosing sonographic
cirrhosis

AUC P-value 95% Confidence interval

TE 0.67 0.24 0.41–0.93
2D SWE 0.66 0.27 0.45–0.86
APRI 0.34 0.26 0.03–0.65
FIB-4 0.25 0.08 0.03–0.48
MELD-Xi 0.47 0.8 0.18–0.76

2D SWE, two-dimensional shear wave elastography; APRI, aspartate
aminotransferase to platelet ratio index; AUC, area under the curve;
MELD-Xi, Model for End-stage Liver Disease – excluding INR; TE, tran-
sient elastography.
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dynamic hepatic congestion. However, this was not reflected in
AVV S/D ratios of these patients. Although based on a small
subset of patients, this finding challenges the current recommen-
dations for serial elastography to monitor the progression of
FALD.8,11,15

Laboratory-based screening tests and severity scores
have also been evaluated in FALD patients. MELD-XI,
designed to predict short-term survival in patients with cirrho-
sis on anticoagulants,24 has been shown to correlate with the
extent of fibrosis but an adequate cutoff has not been defined.41

APRI and FIB-4 correlate with radiological evidence of fibrosis
but not with biopsy evidence of fibrosis in FALD.42 Our study
demonstrated a weak correlation between APRI and MELD-XI
and TE-derived LSM but not 2D SWE. Combining laboratory-
based scores with elastography may improve diagnostic accuracy
and predictive value for FALD, but larger studies with histological
correlates are imperative.

In most other liver diseases, LSM values of <10 kpa by
TE rule out compensated advanced chronic liver disease.43 In
this cohort, only 3 of 40 (7.5%) TE-derived LSMs fell below this
threshold compared with 28 of 40 (70.0%) of 2D SWE-derived
LSMs. With further validation of 2D SWE against liver biopsies
and clarification of the discrepancy between modalities, there is a
potential role for 2D SWE-derived LSM as a negative predictor
of FALD. Additionally, peripheral venous pressure measurement
can noninvasively estimate central venous pressure and mean cir-
culatory filling pressure44 and could be investigated as a simple
point-of-care tool to correct for the influence of volume and con-
gestion on LSM.

The strength of this study is that it is the first to examine
paired measures of liver stiffness using the two most widely
available modalities, namely TE and 2D SWE, in a robust cohort
of adult ambulatory care Fontan patients. Patient inclusion was
comprehensive through a dedicated multidisciplinary clinic, mini-
mizing ascertainment bias, and elastography was feasible in the
majority of patients. Furthermore, the median time since Fontan
of 18.6 years in this study is considerably longer than in most
other studies in this area, adding to its generalizability in regard
to long-term screening of the adult Fontan population.

The major limitation of our study is the lack of liver his-
tology and invasive hemodynamics. This was compounded by
using sonographic cirrhosis as the reference standard, as
nodularity can be a feature of vascular disorders of the liver in
the absence of histologic cirrhosis. A large discrepancy between
modalities was observed, but conclusions about the accuracy of
each cannot be drawn without liver biopsy as a reference stan-
dard or the influence of venous pressure on measures of liver
stiffness. Indeed, liver biopsy is an imperfect gold standard per
se, which is further complicated by the fact there is no agreed
histologic grading system in FALD. Although the sample size
was robust for our study of Fontan patients, the low prevalence
of sonographic cirrhosis in this cohort limited the statistical
power of LSM in predicting this finding. Although patients did
have repeat measurements, the study’s follow-up period meant
that, at most, only three repeat measurements were recorded. Simi-
larly, we were not able to comment on hard clinical endpoints
such as survival or hepatic decompensation, as no included
patients developed these events during follow-up. Finally, TE was
performed by four hepatologists (NNT, MG, DP, AM) each with

experience of over 500 TE measurements, while 2D SWE was
performed by multiple trained liver sonographers whose skill level
was not objectively assessed.

Conclusion
In the first head-to-head comparison of TE and 2D SWE in FALD
with low sonographic cirrhosis prevalence, LSM by TE and 2D
SWE were found to be poorly correlated. Neither TE nor 2D SWE
was associated with known risk factors for biopsy-proven liver
fibrosis or Fontan function. Despite guidelines recommending their
routine use, our data add to the ambiguity surrounding the role of
elastography in fibrosis detection and disease monitoring in
FALD. Given the ubiquity of FALD and the important implica-
tions of a diagnosis of cirrhosis, surveillance biopsy, although
often unfeasible, remains the only definitive method for diagnosis
in this population. This suggests that better noninvasive tests are
required in this population.
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