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Abstract

Non-invasive tests for staging liver fibrosis have become a routine part of patient evaluation. Many can be obtained with relative ease and low cost, and

they can provide obijective information upon which to base future deliberations. The diagnosis of cirrhosis carries with it a variety of significant consequences,

including a shortened life expectancy and the need for close monitoring. Under-diagnosis is undesirable as well, since the opportunity to intervene in early

stages may be missed. When using such a test, it is important to know how reliable a result is in a particular clinical context and how the information should be

used in an overall diagnostic strategy. An abundance of literature now exists that documents the diagnostic performance of individual non-invasive tests in a

variety of patient groups. We present a review of these findings and discuss the use of these tests in clinical decision making.

INTRODUCTION

The reference standard for diagnosing early cirrhosis in the
absence of portal hypertension is liver biopsy, an expensive,
inconvenient, and invasive test that, due to issues with sampling
and observer error, serves as an imperfect gold standard [1-3].
It is often that patients present in advanced stages of cirrhosis,
when it may be a simple thing to recognize both clinically due
to the presence of ascites, jaundice, or hepatic encephalopathy
and radiographically in the setting of a small, nodular liver and
splenomegaly. But the majority of patients with early cirrhosis,
during which phase we can exert the most leverage by medical
intervention, are undiagnosed [4]. A significant number of such
patients have no detectable physical or biochemical sign of
cirrhosis, and the best hope for early diagnosis is accuratetesting
of patients at high risk [5]. Other patients are misdiagnosed,
when a non-invasive test produces a false positive result or when
features of cirrhosis are an incidental finding on routine imaging.
When encountering a patient who comes to you with a previously
documented fibrosis stage, particularly when assessed to have
cirrhosis, it is important to know what test forms the basis for the
staging, what its diagnostic performance is, and thereby know
the degree of certainty.

A diagnosis of cirrhosis is consequential, grimly altering the
outlook for the patient in whom life expectancy is shortened,
medications must be tailored,

and surgical intervention

minimized. In such patients a percutaneous liver biopsy may
be avoided due to concern for complications, and biopsy via
the trans-jugular route, while useful for obtaining concomitant
portal pressure measurements, yields an often limited biopsy
specimen. If a patient is diagnosed with cirrhosis, they should
be monitored for the development of complications such as
hepatic encephalopathy, ascites, gastroesophageal bleeding,
and hepatocellular carcinoma and might be evaluated for liver
transplantation. The consequences being what they are, the
approach to the diagnosis must be appropriately circumspect,
but delayed diagnosis is undesirable as well. The chance is lost
to alter conditions which contribute to disease progression such
as alcohol abuse, obesity and viral hepatitis, and the necessary
monitoring is omitted such that patients all too frequently
present due to complications of advanced cirrhosis [6,7]. The
consequences of an uncertain diagnosis of cirrhosis must be
balanced against the effects of delay.

Increasingly, however, we encounter patients carrying an
unsubstantiated diagnosis of cirrhosis. In review of data from
our institution (unpublished), among 64 patients with a clinical
diagnosis of cirrhosis who underwent biopsy for pre-transplant
evaluation over the past 1 year, only about 40 (62.5%) have
histologic evidence of cirrhosis. The situation is startling for
all involved. We find in retrospect the diagnosis of cirrhosis
recorded in the patient chart, and copied forward from visit to
visit, based upon the flimsiest of evidence, usually a single non-
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invasive test whose demonstrated performance characteristics
do not warrant such a definitive and life-altering diagnosis. In
light of these concerns it is important to individually consider the
performance characteristics of non-invasive tests in current use.

In nearly all cases the diagnosis of cirrhosis comes about in
one of three ways. First, it may be detected incidentally on the
basis of a non-invasive test [8-10] performed for some unrelated
reason. We review the data on specificity of the most common
imaging modalities below. Second, the diagnosis may derive from
anon-invasive test specifically obtained for the evaluation of liver
fibrosisin a patient with chronic liver disease or other risk factors
for cirrhosis, as a form of high-risk screening [11-14]. It is in this
group of patients thata liver biopsy might normally be considered,
and we have reviewed the performance characteristics of these
tests and considered the ways that they can be used in screening
algorithms. Third, the diagnosis of cirrhosis is presumptively
made on the basis of clinical evidence of portal hypertension such
as the presence of ascites or gastroesophageal varices. This group
has a very high likelihood of cirrhosis, but non-cirrhotic portal
hypertension is found in up to 23% of all patients with portal
hypertension [15-19].

The variety of things called cirrhosis

In considering the question of diagnostic performance it
must be stressed that cirrhosis is a progressive process. There
is an early (‘latent’) phase, lacking clinical and biochemical
manifestations, followed by clinically apparent cirrhosis that
is either compensated or decompensated. In the early phases
the diagnosis is essentially a morphologic one, where dynamic
changes attributable to altered blood flow and metabolism are
not in evidence, defined in essence by histologic findings. These
patients are typically classified as having Child Class A cirrhosis
with normal liver function tests and no signs or symptoms of
portal hypertension. In this phase, treatable and reversible
causes of cirrhosis can be sought out and the patient can be
appropriately managed to prevent or delay progression of liver
disease. The challenge is to diagnose cirrhosis by non-invasive
means while the disease is in this phase, and many studies cited
below do not clearly delineate or distinguish among the phases of
cirrhosis [5, 20-23].

Liver fibrosis is conveyed in semi-quantitative manner, most
often according to the Metavir system, ranging from stage 0 (no
fibrosis) to 4 (cirrhosis) [24]. The Brunt system was designed
for grading and staging in NAFLD, and while the criteria differ
somewhat with those of Meta vir, there are 5 stages with stage 4
indicating cirrhosis [25]. In studies concerning diagnostic tests for
cirrhosis, some express test performance in relation to ‘advanced
fibrosis’, generally taken to mean stages = 2; however, for our
purposes we were concerned with test performance in specific
relation to stage 4 only. Lastly, the NAFLD Clinical Research
Network developed a score that combines inflammatory activity
(grade) and extent of fibrosis (stage) into a single NAFLD activity
score (NAS) [26].

Furthermore, cirrhosis is the end stage of multiple
liver diseases. Some of these are regularly associated with
micronodular cirrhosis, others with macronodular cirrhosis.
Fibrosis is initiated paracentrally in some, periportally in others,

advancing uniformly in some, haphazardly in others. In a few
conditions the background hepatic parenchyma is altered by
significant steatosis, siderosis, histiocytosis, or inflammation,
while in others the background liver is relatively inert [20,21].
Within this spectrum therefore it can be a blurry line that
separates the texture or biochemical profile of cirrhotic and non-
cirrhotic liver. This factor, the underlying disease state, affects
performance characteristics. Investigators of serum-based non-
invasive tests have been careful to study individual disease groups
overall, while most studies that considered imaging-based tests
appeared to span multiple etiologic groups.

Numerical representations of
characteristics

performance

Diagnostic laboratory test performance is most often
expressed in terms of clinical sensitivity, specificity, positive
predictive value (PPV), or negative predictive value (NPV). In
order to determine sensitivity, specificity, PPV, and NPV one
must select a cut-off value, and these characteristics apply to the
test only at that cut-off. Receiver-operator characteristics (ROC)
curves are another, and in many ways more informative, way to
look at test performance. The ROC curve is a plot of sensitivity
versus 1-specificity that represents all of the sensitivities and
specificities over a continuous range of potential cut-offs.

One can quickly ‘eyeball’ the ROC curves of two separate
tests and compare them qualitatively; the curve that most
closely approximates the upper left-hand corner of the plot is the
better test. This observation can be conveyed quantitatively by
determining the area under the ROC curve (AUROC). The AUC can
range from 0.5 (a test no better than the flip of a coin) to 1.0 (a
perfect test) [27]. Tests with AUROC of 0.5 to 0.7 are considered
poor, 0.7 to 0.8 fair, 0.8 to 0.9 good, and >0.9 excellent.For
perspective, the serum prostate specific antigen (PSA) has AUROC
of 0.84 for detecting organ-confined prostatic adenocarcinoma
[28].

Non-invasive serum-based tests

Serum markers have been combined into a variety of scoring
systems to estimate liver fibrosis.These include the Fibrosis-4
(FIB-4) index, NAFLD fibrosis score (NFS), body mass index
AST/ALT ratio diabetes (BARD) score, AST to platelet ratio
index (APRI), and the AST/ALT ratio (AAR). Several studies have
undertaken to assess their value in identifying hepatic cirrhosis,
but the results are mixed [29-34]. Among the most widely
validated serum-based tests are the FIB-4 index, NFS, Fibrotest,
and APRI; these indices show areas under ROC curve ranging
from 0.81 to 0.89, the performance of a ‘good’ but not ‘excellent’
test, for cirrhosis [35].

TheFIB-4 index, which combines age, ALT, AST, and platelet
count, has been studied in a variety of chronic liver diseases,
including initial validation in HIV/HCV coinfection and later
studies in HBV and NAFLD. According to ROC curve analysis
the FIB-4 index may be the best performing of the serum-based
tests, outperforming the APRI (see below) in chronic hepatitis C,
but at a cut-off of 1.30 its specificity for cirrhosis in only 68.5%
with sensitivity of 84.4% [35]. Perhaps its most impressive
feature is anegative predictive value of 94.7% for exclusion of
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advanced fibrosis in chronic hepatitis C at a cut-off of 1.45. The
positive predictive value at the high cut-off, 3.25, is only 82%,
however, and there has been unimpressive performance in the
post-transplant setting. In a meta-analysis of studies conducted
in NAFLD, the AUROC was about 0.84 and, at cut-off of 1.30, the
sensitivity 84% and specificity 68.5% [36-40].

The NFS is derived from six variables: age, BMI, diabetes/
impaired glucose tolerance, platelet count, albumin concentration,
and AST/ALT ratio. The NFS has two threshold values, one at
-1.455 and another at +0.676. Patients falling below -1.455 have
low probability of advanced liver fibrosis, those above +0.676
have high probability, and those falling in between are considered
indeterminate. At the +0.676 cutoff, the reported specificity for
advanced fibrosis in NAFLD is 97%, with sensitivity of 67%,
and at the -1.455 cutoff, the sensitivity for advanced fibrosis
is 90%Moreover, studies in patients with NAFLD find that
between 20% and 58% of patients fall between these two values
(‘indeterminate’). Thus, 10% of patients with cirrhosis would be
classified as ‘low risk’, 33% of patients with cirrhosis would fail
to be classified as ‘high risk’ and over half of patients subjected to
the test would be classified as ‘indeterminate’ [41-43].

Among the most widely studied indices is the AST-to-platelet
ratio index (APRI). It performed well in assessing cirrhosis in
hepatitis C during initial studies, but in some later studies less
so. This index fared somewhat worse in HIV/HCV co-infected
patients and in post-transplant settings, particularly in early
cirrhosis, with AUROC as low as 0.63. A recent meta-analysis
concluded that with overall AUROC of 0.83 forcirrhosis the
performance of the APRI was an unacceptable as a replacement
for liver biopsy [44-51].

The FibroTest™/ FibroSure (separately branded in Europe
and the United States) takes into account age, gender, haptoglobin,
a-2-macroglobulin, apolipoproteinAl, GGT, and bilirubin. In
chronic hepatitis C the AUROC for cirrhosis is 0.87 to 0.9, but it is
significantly lower in HCV/HIV coinfection and lower still in the
post-transplant setting. Its overall sensitivity for cirrhosis is 85%
and specificity 72%. A meta-analysis in hepatitis B determined an
overall AUROC of 0.87 with, at cut-off of 0.74 a sensitivity of 61%
and specificity of 91% [38,46,52-55].

Non-invasive imaging-based tests

We consider the imaging-based tests to exist in two main
categories: methods designed for the assessment of liver fibrosis
and which have been specifically validated for this purpose, and
methods used for body imaging/morphologic assessment in
which the impression of ‘cirrhosis’ is often incidentally mentioned.
We find that in our clinical experience Ethe clinical diagnosis of
cirrhosis is often based upon the latter, the most commonly used
methods being ultrasound (US), computed tomography (CT), and
magnetic resonance imaging (MRI).

With conventional US there are a variety of findings that may
indicate cirrhosis, including the sharpness and contour of the
liver edge, liver size, parenchymal heterogeneity or coarseness,
portal vein velocity, and spleen size. With Doppler US further
assessments can be made, including portal vein velocity,
congestion index, effective portal liver perfusion, and, with
pulsedwave Doppler, waveforms from the hilar vessels. These

are changes that precede the development of clinically significant
portal hypertension, and while the sensitivity and specificity of
conventional grey-scale US for cirrhosis is poor, those of Doppler
US are better, with sensitivity 75.9% and specificity 81.8%.
Diagnostic performance is adversely affected, however, by both
steatosis and inflammation, both of which are extremely common
in the population of interest. [8,51,56-67]

Newer US-based modalities have been evaluated for the
assessment of liver fibrosis. Contrast-enhanced ultrasound
(CEUS) involves observing the behavior of gas-filled bubbles,
which have been administered intravenously, as they transit
through the hepatic circulation. Several variables have been
studied on this basis, including the hepatic vein transit time
(HVTT) between hepatic artery/portal vein and hepatic veins
which is shortened in cirrhosis. The HVTT has initially shown
impressive correlation with progression of fibrosis to cirrhosis
but has not yet been extensively studied or become widely
available. An important limitation is the confounding factor of
liver malignancies that could cause intrahepatic shunting, thus
also decreasing HVTT [68-71].

Transientelastography (TE) isan ultrasound-based technique,
the most prevalent proprietary product of which is Fibroscan®
(Echosens, Paris, France). The basic principle is that liver stiffness
can be measured and serve as a correlate for hepatic fibrosis.
Mechanical vibration is used to convey a sheer-stress upon the
tissue, resulting in the propagation of a low-frequency wave to a
depth of 4 cm [72]. The speed at which the wave travels through
the tissue is measured ultrasonographically and expressed in
centimeters per second or in kilopascals (kPa). The technique
has limitations, including a high failure rate of 15% to 20%, due
primarily to obesity or ascites and the inability to concurrently
visualize and thereby target tissue. When it can be performed
successfully its overall diagnostic performance is good, with
large validation studies in hepatitis B, hepatitis C, transplant,
NAFLD, and autoimmune hepatitis producing sensitivity between
72% and 82%and specificity of 84% to 92% [72-90]. Diagnostic
performance is limited by a tendency to misjudge fibrosis in the
presence of inflammatory activity, steatosis, and extrahepatic
cholestasis. [73-85]. In HCV patients, AUROC ranging from of
0.85 to 0.92 has been reported and in post-transplant patients
AUROC as high as 0.99, but it fared relatively poorly in HIV/HCV
co-infected patients [76-85]. A few large studies have validated
its use in and NAFLD [86,87]; however, its failure in the face of
obesity, a common condition associated with NAFLD, is a limiting
factorNewer modalities include Acoustic Radiation Force
Impulse(ARFI) imaging and Dynamic Shear Wave Elastography
(SWE). Acoustic radiation force impulse imaging (ARFI) utilizes
acoustic compression pulses focused to the liver, and relies on
the absorbed acoustic energy being released as shear waves.
The results are similar to TE with AUROCs of 0.93 for cirrhosis,
and with three times more reliable measurements than TE. 2D
Shear Wave Elastography (Supersonic Imagine, Aix-en-Provence,
France) utilizes focused acoustic energy to generate shear waves
capturing the waves in real time. Its advantage compared to TE
and ARFI is its capacity to visualize the liver, localize the site of
liver stiffness measurement to facilitate future monitoring, and
sample multiple areas of interest to reduce sampling variability.
Initial results show promising AUROCs of 91% for cirrhosis, with
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the added advantage of its use in patients with obesity, NAFLD
and ascites [91-93].

Advanced cirrhosis is usually apparent on CT and MRI,
particularly when findings attributable to portal hypertension
are present, but early cirrhosis is more challenging. A modified
caudate-to-right-lobe ratio isone of the indices that has been
proposed for this purpose, and in a study of mixed-etiology
chronic liver disease had sensitivity of 72% and specificity of
74%. Additional morphologic features of overt cirrhosis include
liver surface nodularity (sensitivity 91.8%, specificity 84.3%),
right hepatic posterior notch (sensitivity 72%, specificity 98%),
expanded gallbladder fossa (sensitivity 68%, specificity 98%),
narrow right hepatic vein < 5 mm (sensitivity 59%, specificity
99%), and enlargement of the hilar periportal space > 10 mm
(sensitivity 93%, specificity 92%) [94-96].

Magnetic resonance elastography (MRE) is currently
considered the most accurate noninvasive imaging technique
for detecting and staging liver fibrosis. Its advantages compared
to TE include its ability to create regional distribution maps
of hepatic fibrosis, and its reproducibility and excellent
inter-observer agreement due to its ability to sample a large
volume of liver. A recent meta-analysis that considered 5 fairly
heterogenous clinical trials reported overall sensitivity of 99%,
specificity of 94%, and AUROC of 0.99. Further study is required
in specific patient groups to see if this kind of performance is
sustained, and at the moment the technique is expensive and not
widely available. It does have some limitations in patients with
moderate-to-severe hepatic iron deposition, massive ascites, and
high body mass index contributing to a 3.5% technical failure
rate in arecent study. Further study is required in specific patient
groups to see if this kind of performance is sustained, and at the
moment the technique is expensive and not widely available
[97,89].

Non-invasive diagnostic and dual

concordant testing

strategies

The challenge is to identify patients in the early, latent, or
compensated phase of cirrhosis, who are estimated to represent
0.27% of the adult population in the United States and of whom
up to 69% are undiagnosed [4]. Patients in the compensated stage
have a median survival of 12 years; whereas in decompensation
the median survival is only 2 years [99-103]. From this there
derives a powerful impetus to identify and address cirrhosis
early, when there is an opportunity to intervene.

Strategies that have been proposed for early detection tend
to unfold in three stages: identification of high-risk patients,
assessment of non-invasive parameters in them, and liver
biopsy in a select few [104-106]. In the proper context, if the
performance characteristics of a non-invasive test is known, this
kind of approach is reasonable and evidence-based, a variety of
individual non-invasive tests have demonstrated performance
capable of obviating liver biopsy in only a minority of patients
[107-109].

Multiple authors have proposed, and some studies have
examined, the combined predictive power of two unrelated (one
imaging-based and one serum-based) non-invasive tests done

in parallel. [12,35,52,108,110-112]. In patients with chronic
hepatitis C, FibroScan and FibroTest, when results were combined
performed better than either test alone in avoiding liver biopsy,
and this combination was capable of rendering it needless in a
majority of patients tested. The AUROC for cirrhosis using the
combined test was 0.95. In 94% of cases where the tests were
concordant there was agreement with biopsy findings, while this
was the case in only 80% to 90% with either test alone. However,
the tests were concordant in only 70% of patients [113]. Multiple
combination strategies were evaluated in a cohort with NAFLD,
finding the best-performing one to be transient elastography
plus NFS; their sensitivity was 93% and specificity 100% (only
2 patients concordantly positive), but over 40% of patients
were indeterminate. This combination was therefore capable of
reducing the number of liver biopsies by about 50-60% [114].

This approach, pending further investigation in specific
high-risk groups, may help to realize the maximum potential of
non-invasive tests. Such a high degree of negative and positive
predictive value, if reproduced in additional studies, would render
a single clinic visit sufficient for confident diagnosis or exclusion
of cirrhosis, leaving an unfortunately large ‘indeterminate’ group
to be evaluated by other means.

CONCLUSIONS

Liver biopsy remains the gold standard for the diagnosis of
cirrhosis but has several important limitations: invasiveness,
cost, risk, sampling error, and inter- observer variability in
interpretation. Non-invasive tests are therefore desirable, and
many now exist. A few of them have been studied in a manner
sufficient to establish their performance characteristics in a
number of specific etiologic settings. Based upon the published
findings, it seems that the best among them can only provide a
limited level of diagnostic certaintythe adequacy of which may
best be judged on a case-by-case basis. That is, considering the
pre-test probability, the test’s performance characteristics, and
the degree of certainty required in a given clinical situation,
one may choose to accept or confirm the result. We may find
with further study that dual concordant testing is sufficient for
our needs presuming that these tests correlate clinically with
the patient’s presentation. In the meantime it is necessary to
interpret these tests cautiously and to qualify statements made in
the medical record in reference to them.
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