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Abstract: Background: Elastography is a noninvasive method to assess
liver fibrosis by measuring liver stiffness. Studies have compared elas-
tography to percutaneous biopsy. Laparoscopic biopsy is associated
with decreased sampling error compared to percutaneous biopsy, as
laparoscopic biopsies are obtained from both liver lobes and gross nodu-
larity can be visualized. Methods: Patients undergoing laparoscopic
liver biopsy were enrolled. Gross liver appearance was assessed, and
biopsy specimens were blindly evaluated by a pathologist. Elastography
(FibroScan) was used to measure liver stiffness. Results: 101 patients
were examined. Fibrosis was related to elasticity (Spearman correlation
r=0.63; P<.0001). Elasticity was strongly associated with advanced
stages of fibrosis (stages 3 and 4; Spearman correlation r’=0.44;
P<.001). Significant fibrosis was associated with an irregular liver
surface, nodularity, and thickened edge (multiple regression r*=0.41;
P<.001). Increased elasticity was associated with a fatty-appearing
liver, irregular surface, firmness, and nodularity (multiple regression
r*=0.46; P<.001). Receiver operating characteristic curve for elasticity
for identifying patients with a liver fibrosis stage of at least 3 or of 4 had
an area under the curve (AUC) of 0.85 or 0.86, respectively. AUC was
0.857 when gross nodularity was used as the gold standard for cirrhosis
and 0.875 when nodularity/histology were used. Elasticity of at least 7
kPa, at least 9.5 kPa, and at least 11.8 kPa had the highest accuracy for
identifying patients with a fibrosis stage of at least 2, at least 3, and 4,
respectively. In hepatitis C patients, AUC was 0.921, 0.882, and 0.925
when histology, gross nodularity, and nodularity/histology, respectively,
were used as the gold standard for cirrhosis. Conclusion: FibroScan
could be useful for detecting advanced stages of fibrosis when validated

against laparoscopic liver biopsy.

ercutaneous liver biopsy is considered the gold standard for
Pthe assessment of liver fibrosis. Unfortunately, this procedure
has several limitations. It is an invasive procedure that carries
possible complications such as pain, bleeding, and inadvertent biopsy
of other organs."? In addition, percutaneous liver biopsies only

sample 1/50,000th of the liver, which may not be representative of
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the entire organ.® Various groups have demonstrated that
there is a considerable degree of sampling error and vari-
ability associated with percutaneous liver biopsy.*” Due
to the limitations of sampling, percutaneous liver biopsy
should be considered, at best, a flawed gold standard.

With laparoscopic liver biopsy, more representative
samples of the liver are obtained with a reduction in
sampling error and variability by taking samples from
both the right and left lobes.” In addition, the gross
appearance of the liver (eg, nodularity) can be assessed in
order to help with the diagnosis of cirrhosis.® Diagnos-
tic laparoscopy with liver biopsy is a safe and valuable
procedure in the evaluation of chronic liver disease and
remains an important diagnostic tool at our institu-
tion.” Due to the reduction in sampling error and added
benefit of gross assessment, diagnostic laparoscopic liver
biopsy should be considered the true gold standard in
liver fibrosis assessment.

FibroScan is a novel ultrasound-based instrument
that measures transient elasticity and stiffness of the
liver expressed in kilopascals (kPa).! Various studies
have compared FibroScan measurements to fibrosis
determined by percutaneous liver biopsies and have
demonstrated that liver stiffness increases with fibrosis
stage. In a study conducted by Sandrin and associates, '
the median hepatic elasticity was 4.2 kPa for a FO fibrosis
score, 4.5-6.25 kPa for a F1 fibrosis score, 5.5-7.8 kPa
for a F2 fibrosis score, 8.0-13.7 kPa for a F3 fibrosis
score, and 21-34 kPa for a F4 fibrosis score. Various other
groups have published similar results for a range of liver
diseases.'> Recommended cutoff values for cirrhosis and
the various stages of fibrosis differ among published stud-
ies. Two specific studies that looked at a variety of hepatic
diseases reported recommended thresholds of 17.6 kPa
and 14.6 kPa for the diagnosis of cirrhosis, with sensitivities
of 77% and 79%, specificities of 97% and 95%, and posi-
tive predictive values of 91% and 74%, respectively.'*"> A
recent meta-analysis of 9 published studies demonstrated
pooled estimates of 87% for sensitivity and 91% for speci-
ficity for stage 4 fibrosis (cirrhosis). Investigations examin-
ing patients with stage 2—4 fibrosis noted pooled estimates
of 70% for sensitivity and 84% for specificity.?®

All recently published studies assessing the accuracy
of FibroScan measurements to predict hepatic fibrosis use
percutaneous liver biopsies as the gold standard. The aim
of our study was to compare FibroScan measurements to
diagnostic laparoscopy with liver biopsy.

Materials and Methods

Our research protocol was approved by our institutional
human research review committee. Laparoscopic liver
biopsy is routinely used at our institution for diagnostic
purposes and is used interchangeably with percutaneous
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liver biopsy. Patients who required a liver biopsy for diag-
nostic purposes were consecutively enrolled in the study.
Collected data included patient age, gender, and indica-
tion for liver biopsy.

Diagnostic Laparoscopy

All patients underwent diagnostic laparoscopy with liver
biopsy by one experienced hepatologist, as we have previ-
ously described.®” Biopsy specimens were obtained from
both the right and left hepatic lobes, using an automatic
16-gauge Tru-Cut needle (biopsy gun). In addition, the
physician performing the procedure subjectively assessed
the gross appearance of the liver by examining liver edge
thickness, presence of nodularity, liver surface irregularity,
firmness or heaviness when probed, fatty appearance, and
hyperemia. The gross appearance of nodularity with firm-
ness to probing was considered diagnostic of cirrhosis.

Histopathology

All obtained specimens were of adequate size according
to accepted criteria for satisfactory liver biopsies (at least
25 mm).””"* Biopsy specimens were formalin-fixed and
paraffin-embedded. Sections were stained with hema-
toxylin and eosin and Masson trichrome. The slides were
blindly evaluated by an expert hepatopathologist. Histo-
logic findings were assessed according to the grading and
staging method based upon the Scheuer system® modi-
fied by Batts and Ludwig.’®*! Inflammatory activity was
graded as the following: grade O=none or minimal; grade
1=portal inflammation; grade 2=mild interface hepatitis;
grade 3=moderate interface hepatitis; and grade 4=severe
interface hepatitis. Fibrosis was staged as the following:
stage O=normal connective tissue; stage 1=fibrous portal
expansion; stage 2=periportal fibrosis or thin rare portal-
portal septae; stage 3=fibrous septa with architectural
distortion; and stage 4=cirrhosis. The pathologist was
blinded to the FibroScan result.

Liver Elastography

FibroScan, or transient elastography, is an instrument
that measures transient elasticity of the liver.' In our
study, FibroScan was used to measure liver stiffness
within 2 months prior to or following the laparoscopic
liver biopsy. The technical details of the instrument and
the description of the procedure have been previously
described.'” In summary, the measurement is obtained
by placing a probe equipped with an ultrasonic trans-
ducer mounted on the axis of a vibrator into an intercos-
tal space over the right lobe of the liver. A vibration of
mild amplitude and low frequency is transmitted from
the vibrator to the liver tissue. This vibration induces an
elastic shear wave, which propagates through the tissue.
Simultaneously, time pulse-echo ultrasound acquisitions
of the propagating shear wave are performed and mea-

863



NUDO ET AL

Table 1. Indications for Laparoscopic Liver Biopsy
Indication N (%)
Hepatitis C 65 (64)
Elevated liver enzymes 11 (10.9)
Nonalcoholic fatty liver disease 8(7.9)
Hepatitis B 8(7.9)
Autoimmune hepatitis 4 (4)
Drug toxicity 2(2)
Primary biliary cirrhosis 1(1)
Primary sclerosing cholangitis 1(1)

surement of the velocity of the wave is obtained. This
measurement is directly related to tissue stiffness. Liver
elasticity is measured in kPa.

A technician trained in FibroScan use obtained a
minimum of 15 valid measurements per patient and was

blinded to the biopsy result.

Statistical Analysis

Spearman correlation analysis was utilized to assess the
association between liver elasticity and histopathologic
grade and stage. It was also used to evaluate the associa-
tion between grade and stage.

Multiple regression analysis was used to evaluate
the association between liver elasticity with the various
histopathologic grades and stages and gross laparoscopic
hepatic features. This analysis was also used to evaluate
the association of grade and stage with gross laparoscopic
hepatic features. A T test was used to compare liver elas-
ticity between adjacent fibrosis stages. A P value of less
than .05 was considered statistically significant.

Receiver operating characteristic (ROC) curves were
used to evaluate the accuracy of liver elasticity to predict

hepatic stage and gross cirrhosis. The index of accuracy was
assessed by the area under the ROC curve (AUC), with a
value close to 1.0 indicating high diagnostic accuracy.

Results

Patient Characteristics

A total of 105 patients were enrolled in the study.
Four patients were excluded (2 patients underwent
percutaneous liver biopsy instead of laparoscopic liver
biopsy, 1 patient did not undergo liver biopsy, and 1
patient did not have an adequate number of valid
FibroScan readings). A total of 101 patients were ana-
lyzed. The mean age of the patients was 50.7 years +
9.2 years, and 50.5% of the patients were men and
49.5% were women. The indications for laparoscopic
liver biopsy are listed in Table 1. During the time of
liver biopsy or FibroScan measurements, patients with
hepatitis C were not on antiviral therapy and patients
with alcoholic liver disease were abstinent.

Liver Biopsy
During laparoscopy, biopsies were obtained from both
liver lobes (with a mean of 2.9 biopsies per patient and
a majority of biopsies greater than 2.5 cm). The histo-
pathologic grade and stage of the patients are listed in
Table 2. In patients with different degrees of grade or
stage between biopsies, the highest value was used for
the analysis. The same stage of fibrosis was found in
both liver lobes in 75 patients. The remaining patients
had different stages of fibrosis (ie, a difference of at
least 1 stage) between the left lobe and the right lobe.
Of these patients, 14 had a higher stage of fibrosis in
the left lobe and 12 had a higher stage of fibrosis in the
right lobe. Twenty (19.8%) patients had cirrhosis based
upon histology.

According to the correlation analysis, liver activ-
ity (grade) was related to fibrosis (Spearman correla-

Table 2. Histopathologic Characteristics, Including Activity Grade, Fibrosis Stage, and Differences in Fibrosis Stage Between

Hepatic Lobes

Activity N (%) Fibrosis N (%) Fibrosis difference N (%)
Grade 0 3(3) Stage 0 14 (13.9) Right=left 75 (74.3)
Grade 1 13 (12.9) Stage 1 10 (9.9) Righoleft 12 (11.9)
Grade 2 24 (23.8) Stage 2 32 (31.7) Right<left 14 (13.8)
Grade 3 36 (35.6) Stage 3 25 (24.8)

Grade 4 25 (24.8) Stage 4 20 (19.8)

Grade and stage as assessed by an expert hepatopathologist. When differences in grade or stage were present between biopsies, the highest value was

used for analysis. When present, the difference in fibrosis between lobes was by at least 1 stage.
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Table 3. Gross Appearance of Liver on Laparoscopic
Examination

Table 4. Diagnosis of Cirrhosis Based Upon Histology and
Gross Appearance

Characteristics were subjectively assessed by the operator. Liver
characteristics were not mutually exclusive.

tion 7=0.74; P<.0001, 95% confidence interval [CI],
0.64-0.82).

Gross Appearance and Liver Histology

The subjectively assessed gross characteristics of the liver
on laparoscopic examination are listed in Table 3. Of the
20 patients with biopsy-confirmed cirrhosis, 12 had gross
nodularity consistent with frank cirrhosis. The remaining
8 patients had an irregular liver surface (no gross nodular-
ity) with a heavy and thickened liver edge. Seven of the 8
patients had a firm liver when probed, and 1 patient had a
liver that was soft to probing.

In addition, 5 patients had the gross appearance of
cirthosis (nodularity) but had only stage 3 fibrosis on
biopsy. Table 4 and Figure 1 list the number of patients
with the diagnosis of cirrhosis based upon histology
alone, gross nodularity alone, and histology and/or
gross appearance.

Liver Elasticity Measurements

Liver elasticity measurements had a large dispersion
(non-normal distribution) with a median of 8.4 kPa
and a range of 3.1-75 kPa. Median liver elasticity values
(range) for the various fibrosis stages were the following:
5.3 kPa (3.1-10.2 kPa) for stage 0, 6.5 kPa (4.1-10.1
kPa) for stage 1, 7 kPa (3.3-18.4 kPa) for stage 2, 10.1
kPa (5.1-38.5 kPa) for stage 3, and 20.9 kPa (4.5-75
kPa) for stage 4 (Figure 2).

Due to the non-normal distribution of liver elasticity,
the measurements of liver elasticity were normalized using
a decimal logarithmic transformation (LogE) for analysis.
Kawamoto and colleagues®” have previously demonstrated
that there is a nearly linear relationship between area of
fibrosis and liver elasticity using a logarithmic scale.

In the correlation analysis, liver fibrosis (stage) was
related to liver elasticity measurements (Spearman cor-

Characteristic N (%) Diagnostic criteria N (%)
Thickened liver edge 62 (61.4) Histology (stage 4) 20 (19.8)
Firm to probing 25 (24.7) Gross nodularity on laparoscopy 17 (16.8)
Heavy when lifted with probe 26 (25.7) Histology and/or gross nodularity 25 (24.8)
Gross nodularity (cirrhosis) 17 (16.8)

See Figure 1 for a Venn diagram of patients with cirrhosis based upon
Irregular liver surface 31 (30.7) histopathology and gross nodularity.
Hyperemia 17 (16.8)
Fatty appearance 9(8.9)

Gross
nodularity

Stage 4
on biopsy

Figure 1.
upon histopathology and gross nodularity. (See Table 4.)

Venn diagram of patients with cirrhosis based
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Figure 2. Box-plot of FibroScan values for different fibrosis
stages.

relation 7=0.63; P<.0001; 95% CI, 0.50-0.74), as was
activity (Spearman correlation 7=0.42; P<.0001; 95% CI,
0.24-0.57).

In multiple regression analysis of liver elasticity with
grade and stage, liver elasticity was strongly associated
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with advanced stages of fibrosis (stage 3, P=.017 and
stage 4, P<.0001; multiple regression 7=0.44; P<.001).
There was no strong association with grade or lower stages
of fibrosis.

The ability of liver elasticity to distinguish adjacent
fibrosis stages was evaluated. There was no significant dif-
ference in liver elasticity for distinguishing stages FO versus
F1 (P=.38) and F1 versus F2 (P=.25). Liver elasticity was
significantly different for stages F2 versus F3 (P=.0004)
and F3 versus F4 (P=.003).

In addition, significant liver fibrosis was associated
with the presence of an irregular liver surface (P<.0001),
nodularity (P=.0001), and thickened liver edge (P=.027)
in our patients (multiple regression 7=0.41; P<.001).
Increased liver elasticity was also associated with the
presence of a fatty-appearing liver (P=.0335), irregular
surface (P=.0005), firm liver (P=.0445), and nodularity
(P<.0001) in our patients (multiple regression 77=0.46;
P<.001).

According to the ROC curve for liver elasticity for
identifying patients with the various stages of liver fib-
rosis, stages of at least 1 had an AUC of 0.8 (95% CI,
0.704-0.869); stages of at least 2 had an AUC of 0.8
(95% CI, 0.706-0.871); stages of at least 3 had an AUC

0f 0.85 (95% CI, 0.767-0.914); and stage 4 had an AUC
0f 0.86 (95% CI, 0.779-0.923; Figure 3). FibroScan val-
ues of at least 11.8 kPa, at least 9.5 kPa, and at least 7 kPa
had the highest accuracy for predicting stages F4, at least
F3, and at least F2, respectively. Table 5 lists the sensitiv-
ity, specificity, likelihood ratios, and positive and negative
predictive values for various FibroScan measurements and
stages of fibrosis in our study population.

A total of 17 patients had the gross appearance of cir-
rhosis, though 5 of these patients had only stage 3 fibrosis
on biopsy. When gross appearance of cirrhosis was used
as the gold standard for the diagnosis of cirrhosis and not
histopathology (n=17), the ROC curve had an AUC of
0.857 (95% CI, 0.773-0.918). The highest accuracy for
predicting cirrhosis was with the FibroScan measurement
of 20.4 kPa, which had a sensitivity of 64.7% and a speci-
ficity of 95.2% (Figure 4 and Table 5).

When histology and/or gross appearance were used
as diagnostic criteria, 25 patients were found to have cir-
rhosis. With these criteria, the ROC curve had an AUC of
0.875 (95% CI, 0.794-0.932). The highest accuracy for
predicting cirrhosis was with the FibroScan measurement
of 11.8 kPa, which had a sensitivity of 80% and a specific-
ity of 85.5% (Figure 4 and Table 5).
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A. Gross nodularity

and Gross Cirrh

B. Histology and gross nodularity

FibroScan and Cirrhosis
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Table 5.

All Etiologies of Liver Discase

Figure 4. Receiver operating

characteristic curve for
FibroScan for identifying all
patients (N=101) with fibrosis
using gross nodularity and

biopsy. A: gross nodularity
as the gold standard, area
under the curve (AUC) of
0.857 (95% confidence
interval [CI], 0.77-0.92);
and B: histology and/or

gross nodularity as the gold

standard, AUC of 0.875 (95%

CI, 0.79-0.93).

The FibroScan value with the

highest accuracy is marked by O

(see Table 5).

Sensitivity, Specificity, Likelihood Ratios, and Predictive Values of FibroScan Measurements for Predicting Fibrosis in

FibroScan Sensitivity Specificity
Fibrosis (kPa) (%) (%) LR+ LR- PPV (%) NPV (%)
Gold standard: Histology only
11.8* 85 82.7 4.92 0.18 55 95.7
Stage 4 18.4 60 94 9.72 0.43 70.6 90.5
20.9 50 96.3 13.5 0.52 76.9 88.6
7.6 86.7 67.9 2.7 0.2 68.4 86.4
Stage 23 9.5* 73.3 82.1 4.11 0.32 76.7 79.3
11.9 57.8 94.6 10.79 0.45 89.7 73.6
Stage 2 7* 71.4 79 3.43 0.36 92 46.3
8.7 58.4 91.7 7.01 0.45 95.7 40.7
5.3 88.5 57 2.07 0.2 93 44.4
Stage >1
7 66.7 85.7 4.67 0.39 96.7 29.3
Gold standard: Gross nodularity on laparoscopy only
11.8 76.5 78.6 3.57 0.3 41.9 94.3
Cirrhosis 14 70.6 85.7 4.94 0.34 50 93.5
20.4* 64.7 95.2 13.59 0.37 73.3 93
Gold standard: Histology and/or gross nodularity
11.8* 80 85.5 5.53 0.23 64.5 92.9
Cirrhosis 14.3 60 89.5 5.7 0.45 65.2 87.2
18.4 56 96 14.2 0.46 82.4 87

Sensitivity, specificity, likelihood ratios, and predictive values of FibroScan measurements for all patients (N=101) based upon various gold

standards (histology and/or gross nodularity).

*Highest accuracy.

LR+=positive likelihood ratio; LR-=negative likelihood ratio; NPV=negative predictive value; PPV=positive predictive value.

For prevalence of fibrosis and cirrhosis, see Tables 2 and 4.
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Table 6.
Patients With Hepatitis C

Sensitivity, Specificity, Likelihood Ratios, and Predictive Values of FibroScan Measurements for Predicting Cirrhosis in

FibroScan Sensitivity Specificity

Fibrosis (kPa) (%) (%) LR+ LR- PPV (%) NPV (%)
Gold standard: Histology only

11.8* 92.9 82.4 5.26 0.09 59.1 97.7
Stage 4 12.8 78.6 86.3 5.72 0.25 61.1 93.6

18.4 64.3 94.1 10.93 0.38 75 90.6
Gold standard: Gross nodularity on laparoscopy only

11.8 81.8 75.9 3.4 0.24 40.9 95.3
Cirrhosis 14.5* 72.7 87 5.61 0.31 53.3 94

18.4 63.6 90.7 6.87 0.4 58.3 92.5
Gold standard: Histology and/or gross nodularity

11.8* 88.2 85.4 6.05 0.14 68.2 95.3
Cirrhosis 14.5 64.7 91.7 7.76 0.39 73.3 88

18.4 58.8 95.8 14.12 0.43 83.3 86.8

Sensitivity, specificity, likelihood ratios, and predictive values of FibroScan measurements for patients with hepatitis C (n=65) based upon various

gold standards (histology and/or gross nodularity).

*Highest accuracy.

LR+=positive likelihood ratio; LR—=negative likelihood ratio; NPV=negative predictive value; PPV=positive predictive value.

A subgroup analysis of hepatitis C patients (n=65)
was also performed. The ROC curve for stage 4 had an
AUC of 0.921 (95% CI, 0.827-0.973). The highest

accuracy was with the FibroScan measurement of 11.8

kPa, which had a sensitivity of 92.9% and a specificity of
82.4% (Table 6 and Figure 5). When gross appearance of

cirrhosis was used as the gold standard, the ROC curve
had an AUC of 0.882 (95% CI, 0.78-0.95). The highest

accuracy for predicting cirrhosis was with the FibroScan

measurement of 14.5 kPa, which had a sensitivity of

72.7% and a specificity of 87% (Table 6 and Figure 5).
When histology and/or gross appearance were used as
diagnostic criteria, the ROC curve had an AUC of 0.925
(95% CI, 0.83-0.98). The highest accuracy for predicting
cirrhosis was with the FibroScan measurement of 11.8
kPa, which had a sensitivity of 88.2% and a specificity
of 85.4%.

Discussion

Liver elastography measurement is a promising new mod-
ality for assessing liver fibrosis in a safe and noninvasive
manner. Recently published scudies have used percutaneous
liver biopsy as the gold standard in the validation of liver
elastography. Unfortunately, percutaneous liver biopsy
obtains samples of only the right lobe of the liver and only
represents approximately 1/50,000th of the liver. Various

groups have demonstrated that there are sampling errors
with percutaneous liver biopsies and that the diagnosis of
cirthosis may be missed in 1-67% of cases.*** In a previ-
ous study from our group, 23.5% of patients with various
liver diseases undergoing laparoscopic biopsy were found
to have significant histologic differences between their
right and left hepatic lobes.*” We have also previously
demonstrated in a population of patients with hepatitis
C virus infection that laparoscopic liver biopsy samples
obtained from the right and left hepatic lobes differed in
histologic staging by 33.1%. In that study, sampling error
may have led to underdiagnosis of cirrhosis in 14.5% of
the patients.’ These findings are consistent with the find-
ing in this current study that 25.7% of patients had a
difference of at least 1 stage between the left and right
hepatic lobes.

In addition to reducing sampling error, laparoscopy
has the advantage of assessing gross cirrhosis. We have
previously shown that only 68% of patients have histo-
logic confirmation of cirrhosis when nodules on the liver
surface and firmness to probing were used as the gold
standard for the diagnosis of cirrhosis. This figure repre-
sents a 32% sampling error. In this previous study, which
used laparoscopy as a gold standard, the sensitivity of liver
biopsy was 68% and the specificity was 99%.** Indeed,
5 patients in our current study had gross characteristics of
cirrhosis but only stage 3 fibrosis on biopsy. Laparoscopic

868 Gastroenterology & Hepatology Volume 4, Issue 12 December 2008
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Figure 5.

Receiver operating characteristic curve for FibroScan for identifying hepatitis C patients (n=65) with cirrhosis.

A: histology (stage 4) as the gold standard, area under the curve (AUC) of 0.92 (95% confidence interval [CI], 0.83-0.97);
B: gross nodularity as the gold standard, AUC of 0.88 (95% CI, 0.78-0.95); and C: histology and/or gross nodularity as the

gold standard, AUC of 0.925 (95% CI, 0.83-0.98).

The FibroScan value with the highest accuracy is marked by O (see Table 6).

liver biopsy is a superior gold standard to percutaneous
liver biopsy for the diagnosis of cirrhosis. It was thus used
as a gold standard for comparison to FibroScan in this
current study.

Liver elasticity was related to both fibrosis and liver
activity. On multiple regression analysis, liver elasticity
was most strongly associated with stages 3 and 4 fibrosis.
Liver elasticity was unable to distinguish among less
advanced stages of liver fibrosis (FO vs F1 and F1 vs
F2). This finding may be due to the small sample size
within these groups (F0, F1, and F2). Liver fibrosis and
grade were indeed related to each other, likely explained
by the fact that as liver disease progresses, liver fibrosis
and inflammation often increase in tandem. This rela-
tionship between fibrosis and activity likely explains
the relationship seen between liver elasticity and activ-
ity. Further studies are necessary to evaluate whether
liver activity is independently associated with liver elas-
ticity measurements.

As expected, significant liver fibrosis was associated
with the presence of an irregular liver surface, nodular-
ity, and thickened liver edge. Increased liver elasticity was
also associated with the presence of a fatty-appearing liver,
irregular surface, firm liver, and nodularity. Unfortunately,
data on histopathologic steatosis were not collected, and
the effect of steatosis on elasticity was not assessed.

ROC curves had an AUC of 0.8 for stages of at least
2, 0.85 for stages of at least 3, and 0.86 for stage 4, with
FibroScan values of at least 7 kPa, at least 9.5 kPa, and at

least 11.8 kPa (with highest accuracy), respectively. When
gross appearance of cirrhosis alone was used as the gold
standard, the ROC curve had an AUC of 0.857, with the
highest accuracy for predicting cirrhosis with a FibroScan
measurement of at least 20.4 kPa. When histology and/or
gross appearance were used as diagnostic criteria, the
ROC curve had an improved AUC of 0.875. Once again,
the highest accuracy for predicting cirrhosis was with the
FibroScan measurement of at least 11.8 kPa.

In the subgroup analysis of hepatitis C virus
patients, the ROC curve had an AUC of 0.921 for
stage 4, with the highest accuracy occurring with the
FibroScan measurement of at least 11.8 kPa. When his-
tology and/or gross appearance were used as diagnostic
criteria, the AUC improved to 0.925.

FibroScan is a promising new modality for the
noninvasive assessment of liver fibrosis. Current studies
on FibroScan should be interpreted with some caution
due to the limitations of percutaneous liver biopsy,
which has been historically used as the gold standard.
Unfortunately, few centers in North America use lap-
aroscopic liver biopsy, though it is more widely used in
Europe. Access to laparoscopic liver biopsy is limited
because these procedures are generally performed by
surgeons. As percutaneous liver biopsies are an accept-
able standard and easily performed by hepatologists or
radiologists, it is difficult to justify asking our surgical
colleagues to perform a laparoscopic liver biopsy. At our
institution, laparoscopic liver biopsies are performed
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by a hepatologist. As well, all hepatology fellows at our
institution are trained in the technique. In the future,
further studies using laparoscopic liver biopsy as a gold
standard should be considered for diseases other than
hepatitis C virus.

Dr. Nudo was the recipient of a 2006 AASLD Advanced
Hepatology Fellowship during the time of this research.
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