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evaluation of the ultrasound images of 156 patients with chronic viral hepatitis who
underwent liver biopsy was performed. Two radiologists in consensus, blind to
the biopsy results and clinical details, evaluated the ultrasound images for liver
fibrosis. The readers specifically assessed three features — surface nodularity, liver
edge, and parenchymal echotexture — with scores of 0 to 3 (0 = normal, 1 = mild,
2 = moderate, 3 = severe). Accuracies of each sonographic feature for the detection
of mild fibrosis and above (=F1), significant fibrosis (=F2), severe fibrosis (=F3),
and cirrhosis (F4) were determined with histopathology as the reference standard.
Results: Fibrosis was present in 99 patients (F1=34, F2=20, F3=22, and F4=23)
and absent in 57 patients. The sensitivities for the detection of significant fibrosis
with surface nodularity, liver edge, and parenchymal echotexture were 57%, 15%,
and 41%, respectively. The accuracies for the detection of =F1, =F2, =F3, and
F4 stages were 50.5%, 59%, 59%, and 65% for liver surface, 51%, 53%, 54%, and
Choong Chih Ching 55% for liver edge, and 58%, 59%, 63%, and 63% for parenchyma echotexture,
respectively. The combined scores from all three features had accuracies of 56%,
59%, 62%, and 66% for the detection of =F1, =F2, =F3, and F4, respectively.
Conclusion: Routine clinical ultrasound is a not a sensitive predictor of early fibrosis
in chronic viral hepatitis. Surface nodularity is the most sensitive sonographic feature
for the detection of significant fibrosis and routine clinical ultrasound is the most
Received : 04-04-2012 useful for the detection of cirrhosis.
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hepatocellular carcinoma (HCC)."'"? The risk of HCC increases
with the degree of fibrosis and is highest when associated
with chronic hepatitis C, which has a 13 to 30% five-year
cumulative incidence of HCC.B4

Antiviral treatment in patients with chronic hepatitis B
or Cis indicated in severe fibrosis.>® Many studies have
demonstrated that hepatic fibrosis or even cirrhosis is
potentially reversible with treatment, especially when
treatment is started in the early stages of liver fibrosis.”'®
The risk of HCC may also be reduced.!""'? Therefore the
staging of fibrosis is an important determinant of prognosis
and management.

Liver biopsy is the gold standard to determine the stage
of fibrosis. However, it is invasive and carries the risk of
bleeding, in particular when patients with liver disease
may have abnormal clotting times and low platelet
counts. The procedure often invokes patient anxiety,
and may also be non-diagnostic due to suboptimal
sampling.'>'¥ Liver biopsy is further limited by intra-
observer and inter-observer variability even among
experienced pathologists.'*'® Therefore, there is a need
for reliable noninvasive tests that can accurately reflect
the spectrum of hepatic fibrosis, not only for prognostic
purposes, but also to detect the progression of fibrosis
and to monitor treatment response.

Ultrasound is easily accessible in most health-care centers,
making it the most commonly used imaging technique
to evaluate chronic liver disease. Previous studies have
demonstrated that ultrasound can predict liver cirrhosis
or significant fibrosis.[''8 Given that ultrasound is a
routine clinical investigation at our institute for patients
with chronic liver disease, we sought to determine the
diagnostic accuracy of routine ultrasound in predicting the
stages of hepatic fibrosis.

MATERIALS AND METHODS

Subjects

This retrospective analysis study was approved by the
Institution Review board with a waiver of informed consent
from the patients. A search of the database between
October 2004 and November 2009 for patients with a
history of chronic viral hepatitis who underwent liver
biopsy and ultrasound was performed. The search yielded
156 patients who had liver biopsies performed within six
months of the ultrasound examination and before any
antiviral treatments were initiated. We limited the time
interval between the biopsy and ultrasound to six months
to minimize the effect of progression of chronic liver disease
and its correlation with ultrasound features.

Ultrasound examination and interpretation

Using standard department protocol, ultrasound studies
were performed by trained sonographers using both linear
and curvilinear transducers on the available five different
ultrasound scanners in the department: Toshiba Aplio Mx
and Toshiba Aplio XG1 (Toshiba Medical Systems, Tokyo,
Japan) using both 3.5 MHz and 7.5 MHz transducers, Phillips
ATL and iU22 (Phillips Ultrasound, Bothell, WA) using both
C5-1and L12-5 transducers, and GE LOGIQ9 (GE Healthcare.,,
Milwaukee, WI) with both M12 and 4C transducers. The
frequency settings ranged from 1.9 to 6 MHz when using
curvilinear probes and from 6.2 to 12 MHz for linear high-
resolution probes. Overall, the livers were studied with low
frequency around 3.5 MHz for general evaluation and >7
MHz for evaluation of the surface and the parenchymal
echotexture. The ultrasound study protocol consisted
of obtaining a series of images of both lobes of the liver
for evaluation of the parenchymal echotexture, focal
lesions, volumetric changes, and edge evaluation. High-
resolution images of the surface of the right and left lobes
of the liver were obtained with high-frequency probes for
evaluation of the surface of the liver. Additional images
were obtained if required. Two experienced radiologists,
in consensus, retrospectively reviewed the ultrasound
images on picture archiving and communication system
(PACS). Both readers were blinded to the clinical findings
and histopathological results. For the study purpose, three
features reported - surface nodularity, liver edge, and
parenchymal echotexture — were evaluated. We assessed
the sensitivity of these features with a scoring system
modified from a previously published scoring system.['?]
A single score was assigned to each of the three features:
(1) Liver surface where 0 = smooth, 1 = mildly nodular,
2 = moderately nodular, 3 = severely nodular; (2) liver
edge where 0 = sharp, 1 = mildly blunted, 2 = moderately
blunt, 3 = rounded; (3) parenchymal echotexture where
0 = normal, 1 = mildly coarse, 2 = moderately coarse,
3 =severely coarse [Figure 1]. A normal liver with no fibrosis
was expected to receive a score 0 for all three features.
A liver with mild fibrosis would be expected to have either
surface nodularity or altered echotexture. Moderate liver
fibrosis was expected to show some surface nodularity and
mild coarsening of echotexture with or without blunting
of the liver edge. In severe fibrosis, the liver was expected
to appear more nodular and show coarse echotexture
changes with blunting of liver edge. Finally, cirrhotic livers
were expected to demonstrate all the above features and
receive higher scores.

Histopathological findings
The staging of hepatic fibrosis was performed by an expert
histopathologist who was blinded to the scores and the
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Parenchyma
Texture

Figure 1: Examples of ultrasound images from different patients illustrating the ultrasound features evaluated and scores assigned to the features. In the top row are
images showing the liver surface demonstrating smooth to severe nodularity (arrows) and in the middle row, images showing the liver edges from sharp to rounded
edge (curved arrows). In the bottom row, note the change in fine granular echoes in normal liver to severely coarse echoes in cirrhotic liver.

laboratory reports available from the hospital electronic
data system. The staging of fibrosis was assigned using the
METAVIR scoring system as follows: FO=no fibrosis, F1 = portal
fibrosis without septa, F2 = portal fibrosis with few septa,
F3 = bridging fibrosis without cirrhosis, F4 = cirrhosis.2”

Statistical analysis

Correlation between scores of ultrasound features and
severity of fibrosis was performed with Spearman’s rank
correlation test. Receiver operator curve analysis was
performed for determining the optimal cutoff score for
each ultrasound feature, their combinations (sum of
the scores for individual features), and total scores for
the detection of fibrosis. Sensitivity, specificity, positive
predictive value, negative predictive value, and accuracies
for the detection of all degrees of fibrosis (=F1), significant
fibrosis (=F2), severe fibrosis (=F3), and cirrhosis (F4)
were also determined. Comparison of receiver operating
characteristic (ROC) curves was performed for each feature,
combinations, and total scores for predicting different
stages, and only significant differences were reported.
A Pvalue of <0.05 was considered significant. All statistical
analyses were performed with Med Calc version 12.1.4.0
(Med Calc Software, Mariakerke, Belgium).

RESULTS

The study population was predominantly male (72%) with
a mean age of 46 (range 20-84 years). The etiology for

chronic liver disease was hepatitis B in 136 patients (87%)
and hepatitis C in 20 patients (13%).

Histological findings

Histological findings showed that 99 patients (63.5%)
had fibrosis. Among them, 34 patients (34.3%) had mild
fibrosis (F1), 20 patients (20.2%) had moderate fibrosis
(F2), 22 patients (22.2%) had severe fibrosis (F3), and
23 patients (23.2%) had cirrhosis (F4). There was no fibrosis
in 57 patients. Mild inflammation was present in 56 patients
(36.5%), moderate inflammation in 30 (19.2%), and severe
inflammation in nine (5.8%), and there was no inflammation
in 51 (32.6%). Fatty change was present in 46 patients
(ranging from 1 to 20% of the biopsy sample) (29.5%).

Correlation of ultrasound scores with staging of
fibrosis

There was some correlation between scores of ultrasound
features and increasing severity of fibrosis [Table 1]. The
Spearman’s rank correlation coefficient for the surface
nodularity, liver edge, and parenchymal texture with all stages
of fibrosis were 0.16 (P=0.03), 0.08 (P=0.33),and 0.21(P=0.009),
respectively. The cumulative scores also had a significant but
low correlation of 0.22 (P=0.005) with all stages of fibrosis.

Detection of liver fibrosis

Fibrosis was presentin 99 patients with a disease prevalence
of 63.5% [Table 1] in the study population. Among the
individual features, surface nodularity had high sensitivity,

3
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whereas liver edge had the highest specificity, and
parenchymal echotexture had the best positive predictive
value; however, these differences were not statistically
significant. The best sensitivity (53%) was with combined
scores of surface + liver edge, whereas, the best specificity
(94%) and positive predictive value (87%) was with
combined scores of surface + texture [Table 2]. Negative
predictive values were low with all features. There were no
significant differences between the accuracies among the
individual features and combined scores.

Detection of significant fibrosis

The prevalence of significant fibrosis was 41.7% [Table 3].
Surface nodularity was the most sensitive single feature
detected in 57% of the cases with an accuracy of 59%.
Combined scores of surface + texture and texture + edge
had better accuracies of 61% and 60%, respectively, but the
overall accuracy was similar to surface nodularity, and these
differences were not statistically significant. The combined
scores of surface + edge, surface + texture, and total scores
had significantly better accuracy than liver edge score alone
(P=0.025, P=0.04, P=0.03, respectively).

Detection of severe fibrosis
Severe or advanced fibrosis was present in 45 patients
(28.8%). Surface nodularity was the most sensitive single

Table 1: Correlation of ultrasound features and histological
grading of fibrosis (FO=no fibrosis, F1=portal fibrosis without

septa, F2=portal fibrosis with few septa, F3=bridging fibrosis,
F4 = cirrhosis)

Ultrasound Score Histological grade of fibrosis
Feature (METAVIR)
FO F1 F2 F3 F4
Surface 0 35 21 9 13 6
nodularity 1 15 10 9 4 13
2 6 3 1 4 4
3 1 0 1 1 0
Liver edge 0 51 31 18 19 18
1 5 3 1 3 5
2 1 0 1 0 0
3 0 0 0 0 0
Liver texture 0 43 23 16 12 10
1 7 3 1 3 6
2 7 7 3 6 7
3 0 1 0 1 0

feature (58%) with an overall accuracy of 59% [Table 4].
The best accuracy (63%) was with combined scores of
surface + texture. The liver edge score had a high specificity
of 91%, but a low sensitivity of 18% and an accuracy of
54%, and this was significantly lower compared to scores
for liver texture (63%, P=0.003), edge + texture (62%,
P=0.04), surface + texture (64%, P=0.023), and all scores
(63%, P=0.026).

Detection of cirrhosis

Cirrhosis was present in 23 patients (14.7%). Surface
nodularity had the best sensitivity of 74% with an
accuracy of 65%. However, the score for surface + texture
combination had the best accuracy (67%) for detection of
cirrhosis [Table 5]. Combined score had the best positive
predictive value of only 31%. Surface nodularity had the
highest negative predictive value of 93%.

DISCUSSION

Our study results show that the ultrasound features of
surface nodularity, coarsened echotexture, and blunting
of liver edge have low sensitivity and specificity for the
detection of early stages of liver fibrosis. Although the
specificities are moderately high, the negative predictive
values are less than 50%, suggesting that routine clinical
ultrasound does not have sufficient accuracy for detecting
and ruling out early fibrosis. Routine clinical ultrasound is
also not accurate for the detection of significant fibrosis,
an important stage for management decisions. However,
ultrasound has a high negative predictive value for cirrhosis
and this may be useful for ruling out cirrhosis or stage F4
liver fibrosis in patients who are usually on surveillance
for the detection of complications, such as HCC and portal
hypertension.

The role of ultrasound in predicting cirrhosis has been a
subject of interest for decades, with liver surface nodularity
being the most commonly used ultrasound feature for
detection. Surface nodularity was the most sensitive of the
three features in our study as well. There are a few studies
describing the role of ultrasound in detecting early fibrosis.
Nishiura et al., found that ultrasound evaluation of the three

Table 2: Detection of all degrees of fibrosis*

Ultrasound feature Cutoff Sensitivity Specificity Positive predictive Negative predictive Accuracy P value
score (%) (%) value (%) value (%) (%)
Surface =1 50.5(40-61) 61 (48-74) 69 (58-80) 42 (31-53) 56 (47-64) 0.20
Edge >1 13 (7.2-21) 90 (78-96) 68 (43-87) 36 (29-44) 51 (43-60) 0.64
Texture =1 38 (27-46) 75 (62-86) 73 (59-84) 41 (32-51) 58 (60-66) 0.04
Surface + texture >3 36 (18-36) 93 (83-98) 87 (69-96) 42 (33-51) 57 (48-65) 0.12
Surface + edge =1 53 (43-64) 56 (42-69) 68 (56-78) 41 (30-53) 55 (47-63) 0.22
Texture + edge =1 28 (20-28) 86 (74-94) 78 (61-90) 41 (32-50) 56 (48-64) 0.12
All scores >3 28 (20-38) 88 (76-95) 80 (63-92) 41 (32-51) 56 (48-64) 0.17

*Values in percentages rounded off to nearest number and 95% confidence intervals in parentheses
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Table 3: Detection of significant fibrosis

Ultrasound feature Cutoff Sensitivity Specificity Positive predictive Negative predictive Accuracy P value
score (%) (%) value (%) value (%) (%)
Surface >1 57 (44-69) 62 (51-72) 51 (39-63) 67 (55-77) 59 (61-67) 0.025
Edge =1 15 (8-26) 90 (83-85) 53 (29-76) 60 (51-68) 53 (45-61) 0.32
Texture =1 41 (29-54) 72 (62-81) 52 (38-66) 64 (53-73) 57 (49-65) 0.07
Surface + texture >2 29 (19-42) 88 (79-94) 63 (44-80) 64 (54-72) 59 (61-67) 0.037
Surface + edge =1 60 (47-72) 57(46-67) 50 (39-62) 67 (55-77) 60 (51-67) 0.025
Texture + edge =1 38 (24-54) 83 (75-89) 47 (30-64) 77 (68-84) 61 (53-69) 0.018
All scores =2 32 (21-45) 85 (76-91) 60 (42-76) 64 (54-72) 59(51-67) 0.052

The results in percentages with 95% confidence intervals in parentheses

Table 4: Detection of severe fibrosis

Ultrasound feature Cutoff Sensitivity Specificity Positive predictive Negative predictive Accuracy P value
score (%) (%) value (%) value (%) (%)
Surface =1 58 (42-72) 59 (49-68) 36 (25-48) 77 (67-86) 59 (61-67) 0.05
Edge >1 18 (8-32) 90 (83-95) 42 (20-66) 73(65-80) 54(46-62) 0.24
Texture =1 51(36-66) 74 (65-82) 44(30-59) 79 (70-86) 63 (64-70) 0.005
Surface + texture =>2 36 (22-51) 72 (63-80) 41 (28-56) 78 (68-85) 63 (64-70) 0.01
Surface + edge =1 27 (15-42) 88 (81-94) 48 (28-69) 75 (66-82) 59 (61-67) 0.047
Texture + edge =2 38 (23-53) 83 (75-90) 47 (30-64) 77 (68-84) 61 (63-69) 0.018
All scores =2 40 (26-56) 85 (77-91) 51 (34-69) 78 (70-85) 62 (64-70) 0.018

The results in percentages with 95% confidence intervals in parentheses

Table 5: Detection of cirrhosis

Ultrasound feature Cutoff Sensitivity Specificity Positive predictive Negative predictive Accuracy P value
score (%) (%) value (%) value (%) (%)
Surface =1 74 (562-90) 59 (560-67) 24 (14-35) 93 (85-97) 65 (67-72) 0.005
Edge =1 22 (7-44) 89 (83-94) 26 (9-51) 87 (80-92) 55 (47-63) 0.23
Texture =1 56 (35-77) 71 (62-78) 25 (14-39) 90 (83-95) 63 (54-70) 0.03
Surface + texture =2 43 (23-65) 85 (78-91) 33(17-53) 90 (83-94) 66 (58-74) 0.005
Surface + edge =1 74 (52-90) 54 (45-63) 22 (13-33) 92 (84-97) 65 (57-72) 0.009
Texture + edge =1 44 (23-65) 80 (73-87) 28 (14-45) 89 (82-92) 62 (54-70) 0.043
All scores =2 48 (27-69) 82 (74-88) 31 (17-49) 90 (83-95) 66 (58-73) 0.008

The results in percentages with 95% confidence intervals in parentheses

liver features (surface, edge, and echotexture) were reliable
predictors of the full spectrum of liver fibrosis.'” By utilizing
ascoring system, they reported that both higher individual
and total ultrasound scores were strongly predictive of an
increasing stage of fibrosis. Our study did not demonstrate
higher accuracies but showed a similar trend of increasing
sensitivity and accuracy with the stage of fibrosis. Reasons
for these differences could be due to the use of dedicated
high-resolution scans in their study and differences in the
populations studied.

In our retrospective study, there was no significant
correlation between ultrasound scores and the stage of
fibrosis. However, we confirmed that amongst the three
features, surface nodularity is the best predictor of fibrosis
in predicting significant fibrosis. Our study results reinforce
that surface nodularity should be looked for carefully when
interpreting the ultrasound studies. Coarsened echotexture
and blunting of the liver edge are not sensitive in detecting
significant fibrosis. However, the presence of either feature
is highly specific in predicting significant fibrosis. Blunting
of the liver edge is the least sensitive but it has a high

specificity, suggesting a potential use of this feature for
ruling out cirrhosis and significant fibrosis.

The reasons for the low sensitivity and accuracy of
ultrasound may be due to many factors. The pattern of
fibrosis affects the extent of nodularity and echogenicity,
and may account for the differences in the diagnostic
performance seen between hepatitis B- and hepatitis
C-related cirrhosis on ultrasound.'" However, the
complex pattern of changes in chronic liver disease that
is reflected in histopathology includes mixed features of
steatosis, necrosis, and inflammation. These may affect
the morphological appearance of the liver on ultrasound,
rather than the presence of fibrous tissue alone.?’?! Joseph
et al., found that only two out of three cirrhotic livers had
abnormal bright echoes on ultrasound and, in particular,
the majority with piecemeal necrosis or macronodular
cirrhosis had normal echopatterns, even in the presence of
extensive fibrous tissue on histology.”® Increased echoes in
chronic liver disease may not only reflect fibrosis, but also
fatty infiltration, portal tract fibrosis, and hepatitis. However,
in our study, only a fraction of the patients had fatty change

o
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and the degree of fatty change was mild to moderate.
Although the presence of steatosis and inflammation
may affect the evaluation of the parenchymal texture, the
evaluation of surface nodularity and edge would not be
significantly altered.

Other studies have demonstrated the diagnostic
performance of multiple ultrasound parameters including
liver morphology and hemodynamics for secondary signs
of portal hypertension.l**#! Gaiani el al., studied seven
ultrasound variables and found that liver surface nodularity
and portal flow velocity were the best independent
features in predicting fibrosis.?¥ When these two features
were combined, 82% of cirrhotic livers were accurately
identified (82% sensitivity and 79% specificity). In another
study by Aube et al., where 11 ultrasound variables were
reviewed, stepwise analysis showed 73% accuracy in
predicting significant fibrosis, according to liver length
followed by portal velocity and liver surface, respectively.?*
However, spleen length, followed by ascites and liver length,
respectively, were better predictors of severe fibrosis with
an accuracy of 84%. Although combining scores from three
ultrasound features increased sensitivity marginally, it did
not increase accuracy significantly. Combined features of
surface nodularity and texture produced the best accuracy
for the detection of various stages of fibrosis, in particular for
cirrhosis. Surface nodularity was the most sensitive feature
in our study, and other features had many false positives, and
therefore, combining the scores did not improve accuracy.

Many of the previous studies examined the utility of
ultrasound for the detection of cirrhosis.>** The most
commonly used ultrasound feature in the studies for
detecting cirrhosis is liver surface nodularity. The diagnostic
performances of these studies in detecting severe fibrosis
or cirrhosis were widely variable, with sensitivities ranging
from 12.5 to 91%. In comparison, our study showed a
moderately high sensitivity but slightly lower specificity
and therefore, accuracy. Many investigators on the
noninvasive monitoring of chronic liver disease report
a variety of algorithms and scoring systems that may
be useful to improve the discrimination of fibrosis,
including combinations of biochemical, radiological, and
laparoscopic studies. Some studies allow the identification
of patients with significant fibrosis. However, major
limitations include a low predictive accuracy when patients
fall into the intermediate zone of scoring indices, and also
low detection of patients with mild fibrosis (F1) who are at
a risk of progression.262”

Our study has several limitations. First, this was a
retrospective study. The study was performed to produce

a database to be used as a reference for a prospective
study in the future. Second, the scans were performed
by sonographers and on five different scanners which
may induce operator bias and nonuniformity of the
quality of ultrasound. Although all the ultrasound studies
are considered to be of satisfactory to high quality for
interpretation, the differences between machines and
operator dependency may affect image characteristics.
Our department protocol uses the frequency of 2.5-4 MHz,
which is standard. However, the use of higher resolution
probes with a frequency of 5-9 MHz may be useful for
the evaluation of surface and texture features. Using
high-resolution probes for screening the whole liver is not
routine in our clinical practice except for obtaining selected
images of the liver surface. This may have reduced the
sensitivity of the study. Third, we did not perform inter-
observer variability which would have made the study
more interesting. However, it is common knowledge that
ultrasound interpretation is variable among readers. We
chose to combine the experience of two readers to improve
the accuracy of routine clinical ultrasound studies. We
plan to perform inter-observer variability in a prospective
study wherein the readers can be trained appropriately for
uniform interpretation of the findings. Fourth, sampling
error of the liver biopsy may also affect our results. An
experienced pathologist reported the liver biopsies and
scored the fibrosis and inflammation. We did not test for
inter-observer variability among pathologists. Although
this is a retrospective study with relatively small numbers, it
was performed under conditions similar to clinical practice
and therefore confirms that routine clinical ultrasound is
not a reliable diagnostic test especially for staging early or
mild fibrosis.

The wide range of ultrasound parameters and variable
recommended algorithms reflect the limitations of
ultrasound, including operator dependency and limited
accuracy in the staging of fibrosis. Currently, transient
elastography (Fibroscan) and magnetic resonance
elastography (MRE) provide the most reliable results in
predicting fibrosis. However there is a need for larger
longitudinal studies to define standardized diagnostic
criteria for staging fibrosis with reproducible results before
anoninvasive imaging technique can replace liver biopsy.'”

CONCLUSION

In summary, our study demonstrates that routine clinical
ultrasound is a not an accurate predictor of early and
significant liver fibrosis in chronic hepatitis. Therefore,
routine clinical ultrasound is not reliable for the staging
of liver fibrosis and for making therapeutic decisions and
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