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oninvasive Assessment of Liver Fibrosis and Portal Hypertension With
ransient Elastography
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epatic fibrogenesis, the “final” common result of
njury to the liver, is believed to be a critical factor
eading to hepatic dysfunction and may be important
n the pathogenesis of portal hypertension. Thus,
ccurate assessment of the degree of fibrosis is im-
ortant clinically. For many years, examination of
epatic histopathology has been considered to be the
gold standard” tool used to assess fibrosis. However,
iver biopsy is invasive, and in many instances not
avored by patients or physicians. Thus, alternative
pproaches to measure liver fibrosis would be ex-
remely attractive. To the extent that transient elas-
ography is able to measure “liver stiffness,” which is
roportional to the degree of liver fibrosis, this tech-
ique holds great promise.

epatic fibrosis is the final result of a wide variety of
types of liver injury. Fibrosis is a wound healing re-

ponse, which is similar mechanistically to that observed in
ssentially all organs.1 One of the most remarkable aspects
f the wounding response in the liver (and in all tissues) is
nhanced extracellular matrix production, or fibrogenesis.
njury-induced fibrogenesis is characterized by a multifold
ncrease in interstitial collagens such as type I and type III,
nd many other extracellular matrix constituents.

Hepatic wounding is an integrated response, involving
any cellular, biochemical, and molecular events (Figure 1).
critical feature is the transformation of resident stellate

ells (also lipocytes, Ito cells, or perisinusoidal cells) from
he quiescent to the activated state (Figure 1).2 Among the

ost prominent functional changes associated with activa-
ion is a striking increase in secretion of extracellular matrix
roteins,3 presumably responsible for the overall fibrogenic
esponse. Several other cell types, including bone marrow–
erived precursors, portal fibroblasts, and perhaps others,
ay also play a role in fibrogenesis.

The Relationship of Fibrosis and Portal
Hypertension: Pathophysiology
Elevated portal pressure resulting from liver in-

ury has been postulated to include elements of increased
ntrahepatic resistance as well as increased flow through
he splanchnic system (eg, a hyperdynamic circulation).

ncreased intrahepatic resistance is an early and consis-

ASTROENTEROLOGY 2008;134:8 –14
ent feature of liver injury; potential causes include im-
aired blood flow owing to regenerative nodules, intra-
epatic shunts, hepatocyte swelling, extinction of typical
ascular units after cycles of injury/repair, and perisinu-
oidal constriction. The latter mechanism has been pro-
osed to be due to stellate cells, which also morpholog-

cally resemble tissue pericytes, a smooth muscle–like cell
hat regulates blood flow via pericapillary constriction.4

An additional feature of stellate cell activation is the de
ovo expression of smooth muscle–specific proteins, in-
luding smooth muscle � actin,5 presumably imparting an
xaggerated contractile phenotype on stellate cells,6,7 con-
istent with enhanced perisinusoidal constriction and in-
reased intrahepatic resistance.7 Furthermore, stellate cells
espond to a number of “vasoactive peptides.”8 Therefore,
tellate cell activation leads to both fibrosis and contractil-
ty, raising the possibility that the processes may be linked.
urthermore, in the context of emerging data emphasizing
ndothelial dysfunction after liver injury, there is a compel-
ing pathophysiologic basis for increased intrahepatic resis-
ance typical of early forms of liver injury.9

Why Is Quantitation of Fibrosis
Important?
Precise measurement of the fibrotic lesion is im-

ortant for several reasons. First, progressive fibrosis is
elieved to predict progression to cirrhosis in patients
ith hepatitis C virus (HCV) infection10 and other dis-

ases.2 Additionally, the fibrosis stage may predict the
ikelihood of response to interferon-based antiviral ther-
py in patients with HCV; for example, patients with F3
r F4 fibrosis typically have a lower response rate to
herapy.11 Finally, therapy may be intentionally withheld
n patients with minimal fibrosis or slow progression.

Data suggesting a relationship between fibrosis and
utcome are emerging. In 116 patients with HCV infec-
ion undergoing liver biopsy (and hepatic venous pres-
ure gradient [HVPG] measurement) after liver transplan-
ation, a METAVIR fibrosis score of �F2 predicted
linical decompensation (AUC: 0.80).12 In a long-term
ohort study of 160 patients with primary biliary cirrho-
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Perspective continued
is, for every stage increase of fibrosis identified (on a 1-
o 4-point fibrosis scale) on initial liver biopsy, there was

2-fold increase in future complications or death (rela-
ive risk, 2.4; 95% confidence interval [CI], 1.6 –3.6).13

inally, patients with fibrosis regression may be protected
rom developing clinical complications.14

Although fibrosis is commonly accepted as the precur-
or to cirrhosis, and therefore is likely to be associated
ith adverse outcomes, a word of caution is essential in
nequivocally assigning its importance. For example, in a
ohort of patients with chronic HCV and histologic
only) cirrhosis, it appeared that only patients who de-
eloped a complication had an adverse outcome.15 Per-
aps the most difficult issue in this area is understanding
hat predicts whether a patient with fibrosis will develop
complication.

Tools Used to Quantitate Fibrosis
The historical “gold standard” for assessment of

brosis is histologic assessment of the liver (liver bi-

igure 1. Hepatic fibrogenesis. In most diseases leading to fibrosis,
njury, and subsequent inflammation are prominent. Injury, typically in-
olving epithelial cells (hepatocytes in the liver), leads to activation of
mmune cells and an inflammatory response. Inflammatory mediators,
ut also changes in the extracellular milieu, are an important stimulus for
tellate cell activation and thus fibrogenesis. Importantly, once acti-
ated, the stellate cell activation arm becomes self-perpetuating via
arious autocrine systems. Although stellate cells appear to be the most
ritical effectors of fibrogenesis, other cell types (portal fibroblasts, fi-
rocytes), also appear to be important.
psy).16 However, liver biopsy is invasive and is asso- a
iated with serious potential complications, requires
ubstantial training and skill, makes both patients and
hysicians anxious, and can be associated with sub-
tantial sampling error. For example, in a series of 124
atients with chronic HCV infection who underwent

aparoscopy-guided biopsy of the right and left lobes,
3.1% had a difference of �1 histologic stage (modified
cheuer system) between lobes.17 Furthermore, in 51
atients with nonalcoholic steatohepatitis (NASH) un-
ergoing sequential biopsies, 6 of 17 patients with
ridging fibrosis on 1 sample had only mild or no
brosis on the other.18

Because liver biopsy is invasive, and histologic assessment
f the liver imperfect, there has been great interest in non-

nvasive measurement of fibrosis; many methods have been
roposed (Table 1). Bedside clinical signs are generally evi-
ent only when cirrhosis and portal hypertension are
resent; they are of little value in assessing early stages of

iver fibrosis. Routine laboratory values such as platelet
ount are abnormal primarily in patients with advanced
isease.19 In patients with HCV, an aspartate aminotrans-
erase (AST) to alanine aminotransferase ratio �1 may sug-
est the presence of cirrhosis.20 A model using the AST and
latelet count (AST to platelet ratio index [APRI]), has value

n fibrosis assessment.21 Serum markers, either individually
r combined as panels may predict liver fibrosis.22 Addition-
lly, many radiographic tests have been examined; ultra-
ound, computed tomography, and magnetic resonance im-
ging are generally capable of detecting evidence of portal
ypertension, but are typically insensitive for mild or mod-
rate fibrosis. Finally, models including combinations of
linical signs, routine laboratory tests, radiologic imaging
odalities, and/or quantitative assays of liver function may

redict liver fibrosis.22 An ideal noninvasive diagnostic test
or hepatic fibrosis would be simple, readily available, inex-
ensive, and accurate. Unfortunately, at the current time,
either individual tests nor a combination of tests meets
hese criteria.

Transient Elastography
Transient elastography is a novel, ultrasound-

ased technology that involves acquisition of pulse-echo
ltrasound signals to measure liver stiffness23 (Figure 2).

n brief, the tip of an ultrasound transducer probe is
laced between ribs over the right lobe of the liver. The
robe transmits a low-amplitude (vibration and fre-
uency) signal to the liver, which in turn induces an
lastic shear wave that propagates through liver tissue.
he pulse-echo ultrasound allows measurement of wave
elocity, expressed in kilopascals, a measure of liver stiff-
ess. Normal liver stiffness is reported to be in the range
f 4 – 6 kilopascals, whereas cirrhosis is generally present

t levels �12–14 kilopascals.24 –26

9
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Perspective continued

1

Transient elastography is associated with attractive fea-
ures beyond the fact that it is noninvasive. Most impor-
ant, it assesses a relatively large sample-across an area of
–2 cm of the liver, estimated to be some 100 times
reater than a liver biopsy specimen. Additionally, tran-
ient elastography allows multiple readings to be taken
from slightly different areas, thereby providing data on
n even larger sample). This is critical because sampling

able 1. Noninvasive Methods to Assess Liver Fibrosis

Test Examples Advantage

hysical exam Spider angiomata,
splenomegaly

Very simple and
available, inex

imple blood tests Platelet count, AST Very simple and
available, inex

erum makers Hyaluronic acid
Type I collagen
Fibronectin

Simple, quantita

maging Ultrasound
MRI
CT

Simple, readily a
large previous
experience

arker panels “ELF”
“FPI”
“Fibrotest”
“Fibrospect”

Enhanced sensit
specificity, qua

ransient elastography “Fibroscan” Results immedia
available, qua
enhanced sen
and specificity

All tests theoretically offer a measure of global fibrosis compared to

igure 2. The figure depicts an overview of the technique. Briefly, a
ulse-echo ultrasound signal is obtained by placing a transducer probe
etween ribs over the right lobe of the liver. The low amplitude signal
ransmitted to the liver induces an elastic shear wave that propagates
hrough liver tissue. The pulse-echo ultrasound allows measurement of
cave velocity obtained provides a measure of liver stiffness.

0

rror associated with liver biopsy17,18 is likely due to the
mall portion of the liver sampled.27

Transient Elastography and Fibrosis
The pathophysiologic basis of liver “stiffness,”

nd the degree to which fibrosis correlates with liver
tiffness, is an area of active investigation. Indeed, the
elationship of fibrosis to the “mechanical” or “physi-
al” state of the liver is not well understood, although
t has long been appreciated that the cirrhotic liver is
tiff. Indeed, Rene Laennec, wrote many years ago28:
The liver, reduced to a third of its ordinary size . . .,
ne could not mash but a small portion: the rest gave
o the touch the sensation of a piece of soft leather.”
nvestigation over the last 2 decades has more precisely
valuated tissue elasticity, typically using ultrasound
echnology.29 –32 One study evaluated the consistency
f the liver as a change in a resonance frequency.33

n patients undergoing hepatic resections for various
ndications, liver stiffness was measured intraopera-
ively and correlated with both liver function and liver
brosis.
It is further known that the injured liver itself is con-

ractile (and thus has elastic properties), presumably as a
esult of cellular elements within the liver such as myo-
broblasts.34 Liver fibrosis appears to be characterized by
lements of reversible and irreversible fibrosis; the irre-
ersible component may be made up of relatively acellu-
ar bands of cross-linked collagen,35 the latter possibly
ssociated with reduced elasticity. Thus, a fundamental
athophysiologic question is this: Do elements at the

Disadvantages Comments

ly
ive

Indirect, low sensitivity and
specificity

Limited usefulness

ly
ive

Indirect, low sensitivity and
specificity

Limited usefulness

Indirect, low sensitivity and
specificity, availability
limited

Limited usefulness

ble, Low sensitivity and
specificity, generally
costly, radiation with CT

May be helpful as a tip off
to portal hypertension

nd
tive

Indirect, availability limited,
some are costly

May also be useful for
tracking a change in
fibrosis status

ive,
y

Some technical limitations,
availability limited

Cost unclear, may also be
useful for tracking a
change in fibrosis
status, stiffness
correlates with portal
hypertension

localized sample that liver biopsy and histology provides.
sa

readi
pens
readi
pens
tive

vaila

ivity a
ntita

tely
ntitat
sitivit
ellular level play a role in determining tissue elasticity?
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Perspective continued
his is highly likely; in fact, it was suggested that liver
tiffness precedes fibrosis and stellate cell activation, rais-
ng the possibility even that fibrosis and liver stiffness

ay not be linked.36 We know that liver fibrosis is a result
f activation of effector cells (stellate cells, fibroblasts,
brocytes) with subsequent fibrogenesis. Additionally,

iver stiffness may be increased in the setting of hepatic
nflammation; thus, a “cellular” contribution to liver
tiffness is attractive. Nonetheless, further investigation
s clearly required to test this possibility.

Given this background, it is clear that there are many
ssues surrounding the use of transient elastography for
uantitation of liver fibrosis including several high-

ighted below.

. How accurate is transient elastography and can it
differentiate no fibrosis from very early fibrosis stages?
Will measurement of liver stiffness allow longitudinal
quantitation of fibrosis as the patient transitions from
F1 to F2 to F3?

. How reproducible and reliable is it?

. How much training is required?

. Are differences in gender important?

. What is the cost? Is it cost effective?

. What are the limitations of transient elastography?

. How might transient elastography be used in clinical
practice?

Accuracy
Transient elastography has been shown to have

reasonably high sensitivity and specificity for fibrosis
t both ends of the spectrum. Transient elastography
ppears to be able to tell us that the liver is either
ormal or cirrhotic. For example, in a prospective
ulticenter study of 327 chronic HCV patients, the
UROC for METAVIR stage �F2 and cirrhosis (F4)
ere 0.79 and 0.97, respectively.24 Many other studies
ave yielded similar results.25,37– 44 Liver stiffness mea-
urements have been shown to correlate with fibrosis
n a variety of liver diseases, including primary biliary
irrhosis,45 primary sclerosing cholangitis,45 NASH,46

nd others.39

It is likely that transient elastography can be used in
ombination with other (noninvasive) tests to more accu-
ately assess fibrosis stage. In a prospective analysis compar-
ng transient elastography, serum markers, and the APRI in

cohort of 183 chronic HCV patients with evenly matched
1–F4 disease, the performance of the various noninvasive
ests was similar (the AUROC for transient elastography,
erum tests, and APRI were 0.83, 0.85, and 0.78, respectively,
or METAVIR F �2).47 However, the best overall perfor-

ance was obtained by combining transient elastography
nd serum markers (AUROC of 0.88 for F � 2, 0.95 for F �

, and 0.95 for F � 4). l
Although the “global” accuracy of transient elastogra-
hy is high, it is imprecise in quantitating intermediate

evels of fibrosis (as is the case with serum markers).
hus, it is difficult to differentiate the normal liver from
ETAVIR stage F1, stage F1 from F2 disease or even

tage F2 from F3 disease. To the degree that this degree
f differentiation may be important from a clinical man-
gement standpoint, the use of transient elastography
ill be limited.

Reproducibility and Reliability
Transient elastography is reported to have good

eproducibility with low variability. Intraobserver and
nterobserver agreement were analyzed using the intra-
lass correlation coefficient (ICC) and correlated with
ifferent patient-related and liver disease-related covari-
tes, in one study.26 In 800 examinations (in 200 pa-
ients), the overall interobserver agreement ICC was 0.98
95% CI, 0.977– 0.987). Increased body mass index (BMI,
25 kg/m2), steatosis, and low staging grades (�F2) were
ignificantly associated with reduced ICC (P � .05).

Training
Certain clinical features may be associated with

cceptable performance and success of transient elastog-
aphy.48 The success rate of “shots” (ie, a valid measure-

ent) decreased with age, and was lower in obese than in
hose with lower BMIs.48 Operators who had performed

50 prior examinations had a higher success rate. Addi-
ionally, reproducibility was significantly reduced in pa-
ients with steatosis, increased BMI, and lower degrees of
epatic fibrosis. In another study,40 the only factor asso-
iated with technical failure of the study was BMI � 28.

Gender
There may be differences in liver stiffness among

en and women. In a cohort of normal individuals, the
edian liver stiffness value was 4.8 kPa (range, 2.5– 6.9)

nd did not correlate with age, body weight, or height,
ut it was significantly higher in men than in women (5.2

0.7 vs 4.5 � 1.0; P � .01); other variables did not differ
mong the genders.49 These data suggest an intrinsic
ifference in fibrogenesis in men and women. Experimen-
al data support the possibility that female hormones
rotect against fibrosis.50 Larger studies of normal indi-
iduals are required to more robustly assess this issue.

Limitations
In addition to the issues related to accuracy and

xtension of its use in populations other than those with
nown liver disease, several important technical limita-
ions merit comment. First, to obtain a high-quality
ulsed signal, there must be a direct and relatively short
ath to the liver. The depth of signal penetration is
imited, so it is difficult to perform transient elastogra-

11
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Perspective continued

1

hy in obese patients or those with ascites. In addition,
ibs may obscure the pulsed signal. It is likely that newer
ransducers will overcome at least some of these issues.

An important limitation to date is that transient elas-
ography has been performed largely in patients with
nown liver disease. Because the experience with general
opulations is limited, it is unknown whether transient
lastography will be useful as a widely applicable screen-
ng tool. For example, because liver fibrosis likely varies
ith age,51 better standards among normals are required.
An inherent limitation of the published literature is

hat liver histology obtained by biopsy has been used as
“gold standard,” and itself, although considered the

est measure of fibrosis, is associated with sampling
rror,17,27 not surprising given that liver biopsy samples a
mall fraction of the liver. Therefore, because liver biopsy
tself may not be truly reliable, it is difficult to accurately
ssess tests compared to it.

Use in Practice
Perhaps the greatest clinical utility of transient

lastography will be its ability to determine whether the
atient has cirrhosis. The specificity of transient elastog-
aphy in patients with known liver disease has been
eproducibly in the 90%–95% range.44 Thus, a measure-

ent in the 8 –9 kilopascal range would suggest less
evere fibrosis, perhaps at a METAVIR F2 level, and
nlikely histologic cirrhosis (ie, a false positive for cir-
hosis). Thus, transient elastography appears to be best at
xcluding cirrhosis (with a liver stiffness threshold of
14 kilopascals). False negatives appear to be attribut-

ble largely to inactive or macronodular cirrhosis.42 If the
linician believes it is important to know the precise
particularly, intermediate) stage of fibrosis, then tran-
ient elastography is unlikely to be definitive.

An attractive area for transient elastography is that it
ay assist clinicians in ascertaining the severity of liver

isease at the bedside. In one study,38 physicians were
sked to predict the stage of fibrosis using clinical data
lone and then again after addition of transient elastog-
aphy data. Interestingly, the clinician’s ability to predict
irrhosis was significantly improved, although improve-
ent in prediction of other stages was less pronounced.

Transient Elastography and Portal
Hypertension/Varices
Although the pathophysiologic basis for use of

ransient elastography as a surrogate for fibrosis seems
elatively straightforward, the basis for its correlation
ith portal hypertension remains poorly defined. In vir-

ually all forms of intrahepatic liver disease, portal hy-
ertension initially develops as the result of an increase in

ntrahepatic resistance. However, as portal hypertension

dvances, increased portal pressure appears to be perpet- c

2

ated largely by (increased) flow derangement in the
planchnic circulation.52 Thus, it might be predicted that
ransient elastography could predict changes in intrahe-
atic vascular resistance resulting from effector cell acti-
ation at the level of the sinusoid (ie, early in the disease
rocess). Notwithstanding, it would be predicted that
ransient elastography should not be able to measure
omplex hemodynamic (especially flow) abnormalities
ypical of advanced portal hypertension.

Liver stiffness appears to correlate with HVPG mea-
urements. In a study of 61 consecutive patients with
CV,53 the correlation was excellent in patients with
VPG � 10, but was less optimal for HVPG values
10 mm Hg. The AUROC for prediction of HVPG �10

nd �12 mm Hg were 0.99 and 0.92, respectively, and
t liver stiffness cutoff values of 13.6 kPa and 17.6 kPa,
ensitivity was 97% and 94%, respectively. There was
lso good correlation between liver stiffness and the
resence of esophageal varices but not between liver
tiffness and variceal size. Other studies have demon-
trated a correlation between increasing liver stiffness
nd variceal size.54 Because the degree of fibrosis ap-
ears to correlate with portal hypertension,12 the fact
hat liver stiffness measured by transient elastography
lso correlates with portal hypertension suggests that
brosis and portal hypertension are linked, either di-
ectly or indirectly.

Summary and the Future
Transient elastography appears to be capable of

roviding reliable and reproducible quantitative mea-
urements of liver stiffness, which in turn can be corre-
ated with fibrosis. This provides further evidence that
he practice of hepatology may shift toward use of non-
nvasive tools to assess disease. Perhaps one of the great-
st potential uses for measurement of liver stiffness with
ransient elastography is in prediction of portal hyper-
ension (and esophageal varices). This is likely because
ransient elastography appears to accurately measure ad-
anced fibrosis, which appears to correlate with portal
ypertension. Unfortunately, transient elastography does
ot appear to be robust at discriminating between inter-
ediate grades of fibrosis, and is really not helpful in

ssessing early fibrosis. To the extent that these data may
e important in clinical management, transient elastog-
aphy alone will be limited in clinical practice.

Notwithstanding the enthusiasm for transient elas-
ography, many questions remain. Could MR elastog-
aphy provide a better global assessment of the liver?
an transient elastography be used as a screening tool

n patients without known liver disease (ie, to screen
bese patients for the presence of nonalcoholic fatty

iver disease or NASH)? What will it cost and will it be

ost effective compared with other noninvasive tests or
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Perspective continued
iver biopsy? Most important, it will be essential for us
o learn whether transient elastography can be com-
ined with other clinical data or other noninvasive
ests to provide a more accurate measure of fibrosis. As
ith all diagnostic tests that strive to assess liver fi-
rosis, we need more natural history data, we must
nderstand how well the diagnostic test informs us
bout long-term outcomes. In summary, the field is
oving forward, and noninvasive assessment of liver

brosis will likely soon be realized.
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