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PURPOSE
We aimed to evaluate the diagnostic performance of apparent diffusion coefficient (ADC) in as-
sessing liver fibrosis after correcting for the effects of hepatic steatosis or iron deposition.

METHODS

Seventy-three patients with chronic hepatitis B (CHB) were included in this retrospective study.
The aspartate aminotransferase-to-platelet ratio index (APRI) was calculated for classification of
the fibrosis grade. Significant fibrosis and cirrhosis were diagnosed with the APRI. The proton
density fat fraction (PDFF), R2*, and ADC values were measured. The impact of the PDFF and R2*
on the ADC was analyzed. The PDFF- and R2*-corrected ADC values (ADC,.. and ADC_ ) were
calculated according to linear regression equations. The diagnostic performance of uncorrected
ADC (ADC ), ADC,.. and ADC,,, in predicting significant fibrosis and cirrhosis was assessed,
and the area under the curve (AUC) values were compared.

RESULTS

Among the 73 patients in this study, the mean ADC was 0.866 + 0.084x10° mm?/s, the mean R2*
was 60.24 (42.77,85.37) 1/s, and the mean PDFF was 2.90% (1.60%- 4.80%). The ADC was nega-
tively correlated with the PDFF (r=-0.298, P=.010) and R2* (r =-0.457, P < .001). Linear regression
analysis showed that the PDFF and R2* were independent factors of the ADC (3= -0.315, P =
.007, R?= 0.099 and =-0.493, P < .001, R>= 0.243, respectively). Compared with the uncorrected
ADC (r=-0.307, P = .022), the correlation between the ADC, . and fibrosis grade increased (r=
-0.513, P <.001), and the correlation between the ADC,,, and fibrosis grade decreased (r=-0.168,
P = .215). The AUC of the ADC, . was significantly larger than that of the ADC, in the diagnosis
of significant fibrosis and cirrhosis, which increased from 0.68 to 0.81 (P = .003) for predicting
significant fibrosis and from 0.75 to 0.84 (P = .009) for predicting cirrhosis. The AUCs for the
ADC,,. in the diagnosis of significant fibrosis and cirrhosis were both lower than that for the
uncorrected ADC (P =.206 and P =.109, respectively).

CONCLUSION

After correcting for the effects of steatosis, the diagnostic performance of the ADC for signifi-
cant fibrosis and cirrhosis increased. The ADC corrected for the effects of steatosis may be more
reliable for identifying liver fibrosis.

ibrosis staging is an essential step in the clinical management of patients with chron-

ic hepatitis B (CHB) infection to identify those requiring treatment or screening for

portal hypertension and hepatocellular carcinoma. Liver biopsy is currently the gold
standard for the diagnosis of hepatic fibrosis. However, biopsy is invasive, semiquantitative,
observer dependent, and prone to sampling variability.! Furthermore, repeated biopsy for
the purpose of monitoring disease progression is not the best option and has poor patient
acceptance.

Therefore, alternative noninvasive approaches have been developed to assess liver fibro-
sis, including routine biochemical and hematological tests, serum markers of connective
tissue, quantitative imaging and scoring systems using a combination of clinical and/or lab-
oratory tests.>* In international guidelines, the aspartate aminotransferase to platelet ratio
index (APRI) is recommended as a noninvasive tool to detect liver cirrhosis and significant
fibrosis in resource-limited settings.®
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Recent studies have also examined the
usefulness of diffusion-weighted magnetic
resonance imaging (DWI) for the diagnosis
and staging of fibrosis. The complex assem-
bly of collagen fibers, glycosaminoglycans,
and proteoglycans that constitute liver
fibrosis may restrict molecular diffusion
measured by DWI, which reduces the ap-
parent diffusion coefficient (ADC).® Several
investigators have successfully used DWI to
assess hepatic fibrosis and cirrhosis,®” but
results vary, probably because of the ef-
fects of hepatic steatosis and iron overload.
Biopsy-validated studies have confirmed
that the ADC is affected by liver steatosis
and iron overload,®® and hepatic steatosis
and iron overload are prevalent during the
course of CHB."®

Therefore, correcting for the effects of
hepatic steatosis and iron deposition on
ADC values may be helpful for studying the
clinical value of the ADC in assessing he-
patic fibrosis. A few studies have explored
correcting the effect of fat on the ADC, but
most of these studies are based on magnet-
ic resonance imaging (MRI),'"'? the princi-
ple of which is complicated and difficult to
repeat directly. Several other studies used
regression equations to correct quantita-
tive values;'*" they first evaluated the in-
fluence value of X on Y and then subtracted
the influence value from Y to correct for in-
fluence. This method is simpler and easier
to implement.

To our knowledge, the diagnostic perfor-
mance of the ADC after correcting for the
effects of hepatic steatosis or iron deposi-
tion in liver fibrosis staging has not been
thoroughly studied. Therefore, the purpose
of our study was to explore the effects of
liver steatosis and iron overload on the ADC
and to correct for them using a regression
equation. Furthermore, we evaluated the
diagnostic performance of the corrected
ADC in liver fibrosis staging.

* Fat and iron deposition affect ADC values in
patients with chronic hepatitis B.

* The ADC decreases with increasing fat and
iron contents.

* The effects of fat and iron should be noted
when evaluating liver fibrosis using the ADC.

* The ADC corrected for the effects of steatosis
may be more reliable for diagnosing liver fi-
brosis.

Methods

Patients

This retrospective study was approved
by our institutional review board (K2019-
070-01), and the requirement for written
informed consent was waived. Sample size
estimation was performed based on the
results of Fujimoto et al.” Between October
2018 and March 2019, 85 patients clinical-
ly diagnosed with CHB underwent liver
MRI examination at our hospital. Twelve
patients were excluded for meeting the
following exclusion criteria: water-fat swap-
ping in the Dixon sequence (n=9), resulting
in an abnormally high proton density fat
fraction (PDFF) (>90%); liver tumors larger
than 20 mm in diameter (n=2); and a his-
tory of liver surgery (n=1). Finally, 73 pa-
tients were included, with 61 males and 12
females. These patients had no history of
hereditary hemochromatosis or repeated
blood transfusions and no other etiologic
causes, such as hepatitis C virus infection or
alcoholic hepatitis.

Liver fibrosis grading by APRI

Fifty-six of the 73 patients underwent
liver function tests and routine blood tests
within 2 weeks before or after the MRI exam.
Aspartate aminotransferase (AST), alanine
aminotransferase (ALT) and the platelet
count (PLT) were recorded. On the basis of
these biological parameters, the following
noninvasive fibrosis score was calculated:
aspartate aminotransferase—to-platelet ratio
index (APRI)= [(aspartate aminotransferase/
upper limit of normal aspartate aminotrans-
ferase) x 100]/platelet count (10°/L). In the
2015 World Health Organization (WHO)
guidelines on CHB management, the APRI
was recommended as a noninvasive tool to
detect significant liver fibrosis and cirrhosis
in resource-limited settings.® A meta-analy-
sis of 64 studies showed that the area un-
der the curve (AUC) values of the APRI for
significant fibrosis (=F2) and cirrhosis (F4)
were both 0.76.* Cutoff APRI values of 0.5
and 1 had acceptable diagnostic perfor-
mance.>*' Therefore, in this study, fibrosis
grade was evaluated using APRI scores:
grade 1, APRI< 0.5; grade 2, 0.5< APRI< 1;
and grade 3, APRI> 1.

MRI technique

A 3T MRI scanner (MAGNETOM, Prisma,
Siemens Healthcare) with a 16-channel
body phased-array coil was used. Each pa-
tient fasted for more than 4 hours and then
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assumed a comfortable supine position. All
sequences were acquired in a transverse ori-
entation. In addition to routine clinical se-
quences, the following sequences were in-
cluded: 1) three-dimensional (3D) multiecho
Dixon: repetition time (TR)=9 ms, echo time
(TE)= 1.1/2.46/3.69/4.92/6.15/7.38 ms, field
of view (FOV)= 380x380 mm?, slice thick-
ness= 3.5 mm, average= 1, and flip angle=
4°. R2* and PDFF maps were automatically
calculated at the end of each acquisition.
The acquisition time was 11 s. 2) DWI: TR=
6700 ms, TE= 46 ms, FOV= 380%x380 mm?,
slice thickness= 5 mm, b value= 50/1000 s/
mm?Z. The spin echo single-shot echo-pla-
nar imaging (SE-SS-EPI) technique was
used. Spectral presaturation attenuated
inversion recovery (SPAIR) technology was
used for fat suppression. To investigate the
diagnostic performance of the ADC in liver
fibrosis staging, b values of 50 and 1000 s/
mm? were used in this study, as suggest-
ed by Fujimoto et al.” and Bulow et al.® T2*
shortening due to iron deposition is much
stronger at 3T and high b values and will
thus reduce the signal-to-noise ratio (SNR)
of DWI. Therefore, to ensure image quality,
technologies such as 4-Scan Trace and mo-
nopoplar sequences were used to reduce
the TE (46 ms) in this study. ADC maps were
automatically calculated at the end of each
acquisition with the following equation: Si=
S0* e(-bi*ADC), where S is the signal intensi-
ty (SI) at a b value of 1000 and S, represents
the estimated Sl at a b value of 50.

Image analysis

Image analysis was performed with a Sie-
mens Syngo via workstation by an author
(P.Z.X.) with 8 years of experience in liver
MRI who was blinded to the clinical data.

PDFF values were measured by manually
placing circular regions of interest (ROls) of
at least 10 mm in diameter in each of the
nine Couinaud liver segments on PDFF
maps, carefully avoiding the liver edge, ar-
eas of motion artifacts, and visible blood
vessels and bile ducts.’® Hines et al.”” sug-
gested that multiple regions of interest av-
eraged across the liver improved the preci-
sion of PDFF estimation. R2*, goodness of
fit and ADC values were measured on R2*
maps, goodness of fit maps and ADC maps,
respectively, and ROIs were positioned in
accordance with the positioning used for
the PDFF maps. The mean PDFF, R2¥, good-
ness of fit and ADC values averaged across
all nine ROIs were recorded; only the mean
values across the nine ROIs were consid-
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ered in this study. To ensure data accuracy
for PDFF and R2* measurements, patients
with water-fat swapping or goodness of fit
>5% in the Dixon sequence were excluded.
Water-fat swapping caused an abnormally
high PDFF (18), and goodness of fit >5%
suggested unreliable fitting calculation
(19). A PDFF =5.04% was defined as steato-
sis, and R2* >58.7 1/s was diagnosed as he-
patic iron overload.?

ADC correction

Referring to the correction method of
Karlsson et al.,'° linear regression analysis
was performed to build a linear regres-
sion equation between the ADC and PDFF:
ADC= a+ bx PDFF, where a is the constant
and b is the regression coefficient. The fol-
lowing equation was used to correct for
the effect of the PDFF on the ADC: ADC,
=ADC- bx PDFF. A similar method was used
to calculate the R2*-corrected ADC (ADC,,.).

Statistical analysis

Correlation between the uncorrected ADC
(ADC ) and potential variables (age, sex, R2%,
PDFF and fibrosis grade) were assessed us-

Table 1. Characteristics of the 73 patients

ing Spearman rank correlation coefficients.
Linear regression analysis was performed to
identify independent factors of the ADC. The
ADC corrected for the effects of liver steatosis
or iron deposition was calculated according
to a linear regression equation. Differences
between fibrosis grades for continuous vari-
ables were compared using one-way analy-
sis of variance (normal distribution) or Krus-
kal-Wallis test (non-normal distribution). The
correlation between the corrected ADC and
hepatic fibrosis grade was evaluated and
compared with that of the uncorrected ADC.
The diagnostic performance of the ADC,
ADC,.. and ADC,,. in predicting significant
fibrosis and cirrhosis was assessed, and the
AUC values were compared using DelLong
test. Sensitivity, specificity, and positive and
negative predictive values for the classifica-
tion of significant fibrosis and cirrhosis were
calculated with standard formulas according
to the values of these indexes. Optimal cut-
off values were selected using a common
optimization step that maximized the Youd-
en index, and sensitivity and specificity were
computed from the same data without fur-
ther adjustment.

Mean + SD/ Median (Q1-Q3)

Age (years)

Gender (male/female), n

Serum laboratory values
Aspartate aminotransferase (U/L)
Alanine aminotransferase (U/L)
Platelet count (10%/L)
APRI

Imaging
ADC (10°mm?/s)
R2* (1/s)
PDFF (%)

50 (41.5-58.5)
61/12

29.15 (21.65- 46.58)
26.30 (19.00- 37.90)
147.96 + 66.65
0.53(0.31-1.18)

0.866 + 0.084
60.24 (42.77-85.37)
2.90 (1.60-4.80)

SD, standard deviation; Q1, first quartile; Q3, third quartile; APRI, aspartate aminotransferase-to-platelet ratio
index; ADC, apparent diffusion coefficient; PDFF, proton density fat fraction.

Normally distributed continuous vari-
ables were given in means and standard de-
viations (SD), and non-normally distributed
continuous variables were represented in
medians and first quartile (Q1)- third quar-
tile(Q3). Categorical variables were present-
ed as numbers and percentages. Statistical
analyses were performed using SPSS (ver-
sion 17, SPSS) and SigmaPlot (version 14.0,
SigmaPlot Software). The level for statistical
significance was set to P < .05.

Results

A total of 73 patients with CHB were in-
cluded; the clinical characteristics of the
cohort are shown in Table 1. Table 2 shows
the data for different fibrosis grades. With
increasing liver fibrosis grades, the PDFF
tended to decrease, and the PDFF of fibrosis
grade 1 was significantly higher than that of
grade 3 (P=.023). The goodness of fit of the
multiecho Dixon sequence was 1.62 (1.20-
2.10) in this study, which was acceptable for
the evaluation of R2* and the PDFF. Figure
1 shows that the ADC was slightly reduced
in patients with steatosis and significantly
reduced in patients with iron overload and
steatosis plus iron overload compared with
patients without steatosis and iron over-
load.

The ADC was negatively correlated with
the PDFF (r= -0.298, P = .010) (Figure 2a)
and R2* (r = -0.457, P < .001) (Figure 2b).
Linear regression analysis showed that the
PDFF and R2* were independent factors
of the ADC (B= -0.315, P = .007, R*= 0.099
and = -0.493, P < .001, R>= 0.243, respec-
tively) and provided the following regres-
sion: ADC= 899.612- 8.865x PDFF, ADC=
915.057- 0.622x R2*. The unit of the ADC is
10°mm?/s.

These results indicate that the ADC de-
creases by close to 8.865x PDFF (10°mm?/s)
for every patient. Referring to the correc-
tion method of Karlsson et al.,’® this model
was used to create a PDFF-corrected ADC

(ADC,_.,) by adding 8.865x PDFF for each
Table 2. Data for different fibrosis grades
ADC, ADC,,. ADC,,.
Fibrosis grade n (%) APRI PDFF (%) R2* (1/s) (10*mm?/s) (103mm?/s) (103mm?/s)
1 26 (46.43) 0.31(0.25-0.36) 4.10(2.45-5.78)  61.50 (42.75-78.50) 0.883 +0.070 0.925 + 0.065 0.925+0.057
2 12(21.43) 0.62(0.54-0.72) 2.16(1.11-7.85)  78.00 (48.88-88.25) 0.856 + 0.085 0.891+0.054 0.905+0.066
3 18(32.14) 1.88(1.18-3.50)  2.41(1.34-3.00) 78.03 (42.46-158.00) 0.808 +0.082 0.832+0.078 0.883+0.086

APRI, aspartate aminotransferase-to-platelet ratio index; PDFF, proton density fat fraction; ADC, apparent diffusion coefficient ; ADC , uncorrected ADC; ADC

ed ADC; ADC__,, R2*-corrected ADC.

R2H

PDFF-correct-

PDFF
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Table 3. Comparison of the diagnostic performance of the ADC , ADC
AUC (95% Cl)

»and ADC,,
Sensitivity (95% Cl)

PDF|

Cutoff value

for significant fibrosis (>F2) and cirrhosis (F4)

>F2 ADC,,... 0.81(0.69-0.93) 0.908 0.83 (0.69-0.92)
ADC, 0.68 (0.53-0.82) 0.903 0.93 (0.83-0.99)
ADC,,. 0.62 (0.47-0.77) 0873 0.40 (0.26-0.56)
F4 ADC,,.. 0.84(0.73-0.94) 0.879 0.78 (0.60-0.90)
ADC, 0.75 (0.62-0.88) 0.843 0.72 (0.54-0.85)
ADC 0.65 (0.49-0.82) 0.897 0.67 (0.48-0.81)

R2*

Specificity (95% Cl) P

0.73 (0.52-0.88) <0.001

0.003
0.42 (0.23-0.63) 0.023 0.206
0.85 (0.65-0.96) 0.123
0.82 (0.66-0.92) <0.001

0.009
0.79 (0.63-0.91) 0.002 0.109
0.68 (0.51-0.83) 0.068

ADC, apparent diffusion coefficient; PDFF, proton density fat fraction; AUC, area under the curve; Cl, confidence interval; ADC , uncorrected ADC; ADC,F, PDFF-corrected

ADC; ADC,,,, R2*-corrected ADC.

PDFF MAPS

IRON OVERLOAD STEATOSIS NORMAL

STEATOSIS AND
IRON OVERLOAD

R2*173 1/s

R , /: ﬁ
(NP AN

ADC=0.636x10° mm?/s

Figure 1. Examples of a normal liver vs. livers with steatosis, iron overload, and steatosis plus iron
overload. A PDFF >5.04% was defined as steatosis, and R2* >58.7 1/s was diagnosed as hepatic

iron overload. The ADC was slightly reduced in patients with steatosis and significantly reduced in
patients with iron overload and steatosis plus iron overload compared with that in patients without

steatosis and iron overload.

patient: ADC, .. = ADC+ 8.865x PDFF. In ad-
dition, the ADC value decreased by close to
0.622x R2* (10° mm?/s) for every patient.
This model was used to create an R2*-cor-
rected ADC (ADC,,.) by adding 0.622x R2*
for each patient: ADC,,.= ADC+ 0.622x R2*.
The ADC, was negatively correlated with
fibrosis grade (r=-0.307, P = .022) (Figure
3a). Compared with ADC, the correlation
between the ADC,, and fibrosis grade in-
creased from r=-0.307 tor=-0.513 (P<.001)
(Figure 3b), and the correlation between the
ADC_, and fibrosis grade decreased to r=

R2*

-0.168 (P = .215) (Figure 3c). The PDFF of fi-
brosis grade 1 was significantly higher than
that of grade 3 (P = .023). Figure 4 shows
that with increasing liver fibrosis grading,
the ADC tended to increase. The ADC, was
significantly different only between fibro-
sis grades 1 and 3 (P =.003). However, the
ADC,,, was statistically different not only
between fibrosis grades 1 and 3 (P < .001)
but also between grades 2 and 3 (P=.022).

The diagnostic performance of the ADC,,
ADC,,.and ADC,,. in predicting significant
fibrosis and cirrhosis is shown in Table 3
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and Figure 5. The AUC for the ADC, . was
significantly larger than that for the ADC,
in assessing significant fibrosis and cir-
rhosis, which increased from 0.68 to 0.81
(P = .003) for significant fibrosis prediction
and from 0.75 to 0.84 (P =.009) for cirrhosis
prediction. The AUC values for the ADC_,.
in predicting significant fibrosis and cirrho-
sis were 0.62 and 0.65, respectively, which
were less than those for the ADC (P =.206
and P =.109, respectively).

Discussion

The effects of hepatic steatosis and iron
deposition on ADC values have caused con-
cern. Our purpose was to explore the effect
of liver steatosis and iron overload on the
ADC and to evaluate the diagnostic perfor-
mance of the corrected ADC for liver fibro-
sis staging. Our study suggested that both
the PDFF and R2* were correlated with the
ADC and were independent factors of the
ADC. Compared with the uncorrected ADC,
the correlation between the ADC, .. and
fibrosis grade increased, while the correla-
tion between the ADC_,, and fibrosis grade
decreased. The AUC for the ADC, .. was
significantly larger than that of the ADC in
the diagnosis of significant fibrosis and cir-
rhosis. The AUC values for the ADC_,. in the
diagnosis of significant fibrosis and cirrho-
sis were both less than those for the uncor-
rected ADC.

Previous studies have explored the per-
formance of the ADC in diagnosing liver
fibrosis. Similar to most previous studies,”?'
our findings showed that liver fibrosis grade
was significantly negatively correlated with
ADC values. The complex assembly of col-
lagen fibers, glycosaminoglycans, and pro-
teoglycans that constitutes liver fibrosis may
restrict molecular diffusion, which reduces
the ADC. Previous studies showed excellent
performance of the ADC for the detection

Pan et al.



of hepatic fibrosis, with AUC ranges of 0.69-
0.93 for significant fibrosis and 0.79-0.92 for
cirrhosis.5”?22* However, in these studies,
the AUC and cutoff values varied consider-
ably. Even in studies with similar DWI proto-
cols, the ADC values were quite different.” 2
Therefore, in addition to imaging technolo-
gy factors, these differences might also be
related to other influencing factors of the
ADC, such as liver steatosis and iron over-
load. Unlike hereditary hemochromatosis
and repeated blood transfusions, hepatic
iron overload in patients with chronic liver
disease is often mild.?*# The R2* of CHB pa-
tients in this study was 60.24 (42.77-85.37)
1/s, and the PDFF was 2.90% (1.60%-4.80%),
which are consistent with the results of a
study of 691 patients with CHB.*

Our study showed a negative correlation
between ADC and PDFF values and suggest-
ed that ADC values were affected by fatty

liver. First, incomplete fat suppression was
believed to be one of the main reasons. The
frequency of two of the fat peaks (5.3 ppm
for olefinic acid and 4.2 ppm for glycerol) is
very close to that of the water peak (4.7 ppm).
These lipid peaks cannot be thoroughly sup-
pressed without inhibiting the water peak
at the same time. Therefore, this residual fat
on DWI may cause slow lipid diffusion and
artificially reduce the measured diffusion
parameters.?” Second, many researchers be-
lieve that hepatic steatosis increases the size
of hepatocytes and reduces the extracellular
space, thereby reducing the ADC.?
Interestingly, after correcting for the ef-
fects of steatosis, we observed a stronger
negative correlation between the ADC,_ .
and fibrosis grade than that for the ADC .
The AUC of the ADC, .. was larger than that
of the ADC, in the classification of significant
fibrosis and cirrhosis, suggesting that the

r=-0.298,P=.010

[«V)

1.2

ADC (102 mm?/s)

0.4

0 5 10 15
PDFF (%)

b r=-0.457, P <.001

0 100 200 300 400 500
R2* (1/s)

Figure 2. a, b. Correlations between ADC values and R2* and PDFF values. ADC values were
negatively correlated with PDFF (r=-0.298, P =.010) and R2* (r=-0.457, P < .001) values.

ADC after correction for the effects of steato-
sis has greater performance in the detection
of hepatic fibrosis, which might be partly ex-
plained by the greater effect of steatosis on
the ADC in the early stage of liver fibrosis, as
shown in our results and previous studies.”®
Imajo et al.® found a significant negative
correlation between the PDFF and fibrosis
stage, and the prevalence of steatosis was
significantly higher among CHB patients
with fibrosis stage <1, suggesting that with
increasing fibrosis stage, the effect of ste-
atosis on the ADC decreases. In our study,
we calculated the ADC,, by adding 8.865x
PDFF, and the added values decreased with
increasing fibrosis stage, which might in-
crease the ADC,,., differences between
fibrosis grades and explain the increased
correlation between the ADC, . and fibrosis
grade. Shin et al*° normalized the liver ADC
by dividing it by the spleen ADC and found
that the AUC values for the normalized liver
ADC (0.777-0.875) were higher than those for
the unnormalized liver ADC for each stage of
fibrosis. However, the spleen ADC might be
affected by iron overload and portal hyper-
tension in CHB patients. Using the spleen
ADC to standardize the liver ADC may not be
appropriate in CHB patients. Therefore, our
study tried to explore a new method.

Our results showed that the ADC decreas-
es with increasing R2*, which is consistent
with a biopsy-proven study in which hepatic
iron grades were negatively correlated with
ADCs in patients with cirrhosis.' This result
can be explained in several aspects. First,
iron shortens the T2/T2* relaxation time
and reduces the liver SNR of DWI, especially
on EPI sequences.®* Second, iron-induced

2 10°mm?/s r=-0.307, P =.022
1.1
1.0 8
H o
0.9 o 8 8
U: g\j
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0.7 0 . o
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0 1 2 3
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b 10°mm?/s r=-0.513, P < .001
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Figure 3. a-c. Comparisons of the correlation between the ADC and fibrosis grade with/without correction. The correlation of fibrosis grade with the

ADC

PDFF

was stronger than those with the ADC, and ADC,,, (r=-0.513 vs.-0.307, -0.168, respectively).

Fat- and iron-corrected ADC to assess liver fibrosis - 9



. P=.003*
1 P=316 _ P=.105
— 1.01
3
£ 0.91
r:’E 0.8
o
= 0.7
8 0.6
< 7
5 T T T
1 2 3
Fibrosis grade

P <.001*

.17 pP=.153  P=.022"

1.01
0.91
0.8
0.7

ADC,,, (10°mm?/s)

0.6 T T T
1 2 3

Fibrosis grade

- P=.052
. 1.2 P=.413 P=394
< 1.1 .
€
£ 1.01 T
S 0.9 T —
2 0.8-
8
< 0.7 -
0.6 T T T
1 2 3
Fibrosis grade

Figure 4. Box plots of the ADC , ADC, ., and ADC

PDFF’

according to liver fibrosis grade. The line in each box represents the median, and the horizontal

boundaries of the boxes represent the first and third quartiles. The vertical error bars show the minimum and maximum values (range). After correcting
for the effects of steatosis, the difference in ADC values between groups was more pronounced.
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Figure 5. Receiver operating characteristic curves of the ADC , ADC
of significant fibrosis and cirrhosis. The AUC for the ADC

oo aNd ADC,,, in the diagnosis

oo Was significantly larger than that for the

ADC, in the diagnosis of significant fibrosis and cirrhosis.

field gradients reduce ADC values.® In our
study, after correcting for the effects of iron,
the effectiveness of the ADC in diagnosing
liver fibrosis decreased. The differences in
the ADC_,. between fibrosis grades were re-
duced, possibly because R2* was positively
correlated with the stage of liver fibrosis®
and would enhance the performance of the
ADC in diagnosing liver fibrosis, as some
previous studies have shown.

Our study has several limitations. First,
liver biopsies were not performed in this
study. The prevalence of steatosis is signifi-
cantly higher among CHB patients with
early-stage fibrosis.® An invasive biopsy
is potentially risky due to associated com-
plications' and is not readily accepted by
these patients. Therefore, the APRI was
used in our study, which has been recom-
mended in international guidelines for
resource-limited settings.” Since the APRI
is influenced by many factors, the use of
magnetic resonance elastography instead

of the APRI might achieve more reliable re-
sults in our future study. Second, since the
number of patients recruited was limited,
subclassifying the subjects according to
different degrees of liver fat or iron over-
load was not feasible. Subsequent research
should expand the number of subjects, and
multicenter research is needed. Third, this
study evaluated only the ADC based on the
monoexponential model. However, the dif-
fusion of water molecules in many tissues of
the human body does not follow a Gaussian
distribution because of barriers such as cell
membranes and intracellular organelles.
Therefore, non-Gaussian distribution mod-
els, such as the kurtosis and biexponential
models, must be explored in further studies.

In conclusion, liver steatosis and iron over-
load are confounding factors of the ADC in
patients with CHB and can reduce ADC val-
ues. After correcting for the effects of steato-
sis, we observed a stronger negative correla-

tion between the ADC, . and fibrosis grade,
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and the AUC of the ADC, .. for detecting

significant fibrosis and cirrhosis significantly
increased. Our results indicate that the ADC
corrected for the effects of steatosis may be
more reliable for diagnosing liver fibrosis.
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