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Fibrosis is

, 2AytUl Hande Yardimcli

ABSTRACT

Objective: In this study, we aimed to evaluate the stage of liver fibrosis in patients with chronic
hepatitis and cirrhosis due to HBV and HCV, with DWI-MRI instead of the liver biopsy, and to
investigate whether ADC values can practically replace histological fibrosis staging.

Material and methods: Forty-six patients diagnosed with chronic hepatitis who underwent biopsy
with the Ishak fibrosis scoring system and 11 cases who were evaluated as normal according to
radiological and clinical findings were included in the study.The ADC value of liver fibrosis patients
and healthy controls was compared. The correlation of ADC value and liver fibrosis staging was
analyzed. It was shown that ADC values decreased as the fibrosis stage increased.

Results: Very high statistical significance was found between the mean liver ADC values (p<0.001).
A high level of statistical significance was found between the normalized liver ADC values
(0.001<p<0.01).

Conclusion: DWI images have been among the routine sequences in many imaging centers, are
being used extensively, and give good results in the staging of fibrosis. With further studies we can
access to standardized values which can lead to more efficient results.

Keywords: Liver fibrosis, ADC, Diffusion MRI, Fibrosis

o1

Amag: Bu calismada, HBV ve HCV'ye bagli kronik hepatit ve sirozlu hastalarda karaciger fibrozisinin
evrelerini karaciger biyopsisi yerine DAG-MR ile degerlendirmeyi ve ADC degerlerinin histolojik fibroz
evrelemesinin yerine kullanilabilifigini arastirmayr amacgladik.

Metod: Biyopsi ile Ishak fibrozis skorlama sistemi uygulanmis kronik hepatit tanili 46 hasta ile radyolojik
ve klinik bulgulara gére normal olarak degerlendirilen 11 olgu calismaya dahil edildi.

Bulgular: Karaciger fibrozisi olan hastalarnn ve saglikli kontrol grubunun ADC degerleri karsilastinldi.
ADC degeri ile karaciger fibrozis evreleri arasindaki korelasyon analiz edildi. ADC degerlerinin
fibrozis evresi arttikca azaldigi gosterildi. Ortalama karaciger ADC degderleri arasinda ¢ok yUksek
dUzeyde istafistiksel olarak anlamli fark bulundu (p<0.001). Normalize edilmis karaciger ADC
degerleri arasinda yUksek dUzeyde istatistiksel olarak anlamli fark bulundu (0.001<p<0.01).

Sonug: DWI gérintUlemesi, bircok gérintileme merkezinde rutin sekanslar arasinda yer almakta,

yaygin bir sekilde kullaniimakta ve fibrozis evrelemesinde iyi sonuclar vermektedir. ileri calismalar ile
standartlastinimis degerlere ulasilabilir ve daha etkin sonuc¢lara ulasmak mUmkUn olabilir.

Anahtar Kelimeler: Karaciger fibrozis, DifUzyon Agirlikl MRG, ADC

the term used to define the over- The fibrosis evaluation is based on whether the liver

accumulation of connective ftissue in parenchymal
organs. Liver fibrosis is an indicator of progressive
liver disease. All of the causes causing liver injury also
lead to fibrosis through inflammation and necrosis of
the liver. Fibrosis, which is reversible in acute cases,
can advance to portal hypertension and cirrhosis,
with the course of complications of liver dysfunction
and the formation of regenerafion nodules and
fiorous bands in the chronic injury process. Factors
leading fo liver fibrosis include viral hepatitis (B, C, D),
metabolic causes (e.g., hemochromatosis, alpfa-1
antitrypsin deficiency, Wilson disease, galactosemia,
tyrosinemia, and Type IV glycogen storage disease),
hepatic venous obstruction, toxins and drugs (e.g.,
alcohol, amiodarone, and methotrexate), primary
biliary cirrhosis, nonalcoholic steatohepatitis (NASH),
autoimmune hepatitis, helminthes (schistosomiasis)
and cryptogenic cirrhosis (1,2).

biopsy specimen is stained with collagen stains. There
are several scoring systems in use, such as the histologic
activity index (HAI) (3) and the Ishak score (4), which
evaluate the degree of inflammation and fibrosis
in liver tissue. The Ishak system uses a scale from 0 to
6 to grade the severity of fibrosis, in which 0 indicates
no fibrosis and é indicates cirrhosis. The evaluation of
fibrosis stage in cases with chronic hepatitis related
fo hepatitis B virus and hepatitis C virus is important
regarding the defermination of the prognosis and the
planning of treatment. Early-stage hepatic fibrosis can
be reversed with specific therapeutic agents or the
removal of the cause (e.g., alcohol and hepatitis) (5-
7). The gold standard for the diagnosis and staging of
hepatic fibrosis is biopsy. However, biopsy is an invasive
procedure that can cause pain with a rate of 40%, and
major complications with a rate of 0.5% (8). In addition,
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biopsy has been found to be associated with significant
sampling error (9). Therefore, a reliable, simple, and
noninvasive method is required to evaluate hepatic
fibrosis.

ADC (Apparent Diffusion Coefficient) values are a type
of quantitative measurement obtained from diffusion-
weighted magnetic resonance imaging (DW-MRI).
These values reflect the degree of water diffusion in
fissues, which can be affected the microstructure of
tissues including the presence of fibrosis (10).

Fibrosis is a process of excessive accumulation of
extracellular matrix components such as collagen
in fissues. In general, fibrosis leads to a decrease in
the mobility of water molecules, which results in a
reduction of ADC values. This means that tissues with
higher degree of fibrosis tend to show lower ADC
values on DW-MRI (11).

Therefore, ADC values can be used as a potential
biomarker to assess the degree of fibrosis in various
fissues, including the liver, kidney, and lung. By
analyzing ADC values in conjunction with other
imaging or clinical parameters, radiologists and
clinicians can evaluate the severity of fibrosis, monitor
disease progression, and guide freatment decisions.

In our study, we aimed to evaluate the fibrosis level
noninvasively using diffusion-weighted magnetic
resonance imaging (DW-MRI) instead of the gold-
standard biopsy and to investigate the usability of
ADC values in place of the histologic evaluation of
fibrosis. The hypothesis of the paper is that DW-MRI can
be areliable, simple, and non-invasive method for the
evaluation of hepatic fibrosis, and that ADC values
can practically replace histological fibrosis staging.

Material and Methods

The Institutional Ethics Committee of istanbul Education
and Research Hospital approved this study Year 2017,
number 1114, and informed consent was obtained
from all participants. Our study included 46 cases of
chronic hepatitis diagnosed between January 2014
and April 2015 at Istanbul Education and Research
Hospital, who underwent liver biopsy with modified
Knodell and Ishak fibrosis scoring and underwent
abdominal MRI examination. Additionally, 11 cases
with normal liver evaluations based on radiological
and clinical-laboratory assessments of albdominal MRI
for various reasons (5 hemangiomas, 4 liver cysts, and
2 adrenal masses) were also included in the study.

Liver ADC studies on all of the cases were carried out
using a 1.5-Tesla MRI device with a superconductor
(Signa HDxt; GE Medical Systems, Miwaukee,
Wisconsin, ABD), with an 8-channel body helix. DW-
MRI were obtained at b values of 0 and 400 s/mm?2.
ADC maps were created at a separate workstation
(Advantage Workstation 4.4-GE Medical Systems)
using a software program. ADC values were measured
on the ADC map using 80- to 100-mm2 regions of
interest (ROI) on four quadrants of the liver (anterior
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and posterior segments in the right lobe, and medial
and lateral segments on the left lobe), avoiding the
focallesions, vascular structures and artifact areas, and
the mean value was calculated. Spleen ADC values
were measured on slices at the same level (Figures 1
and 2). Normalized liver ADC (liver ADC/spleen ADC)
values were calculated. Normalization is a technique
used to reduce variability and improve the accuracy
of ADC measurements. By comparing the liver ADC
values to those of the spleen, it is possible to account
for individual differences in patient physiology and
imaging conditions that could aoffect the ADC
measurements. This process involves calculating a rafio
of the liver ADC to the spleen ADC, which provides a
more standardized measure that can be more reliably
compared across different patients and studies. (12)

Statistical Analysis

The Kruskal-Wallis test was performed to test the
significance of the mean ADC values based on the
fibrosis stage. Very high stafistical significance was
found between the mean liver ADC values (p<0.001).
A high level of statistical significance was detected
between the normalized ADC values (0.001<p<0.01).
There were no statistically significant differences
between the splenic ADC values (Tables 3-4).

The relationship between Spearman correlation
analysis and the quantitative variables was calculated
in the statistical evaluation. A high level of stafistical
significance was found between the corrected ADC
(mean liver ADC value/spleen ADC value) values
together with fibrosis stages and HAI —-Ishak scores
(0.001=p<0.01). Very high statistical significance was
detected between the mean liver ADC value and
fibrosis stage (p<0.001) (Table 5).

In the ROC analysis carried out between stages 0, 1
and 2 and stages 5 and 6 (cirrhosis), 100% specificity
and sensitivity were calculated with a very high
performance. The area under the curve (AUC) value
was equal to 1. An unsuccessful performance was
observed in the ROC analysis carried out in stage
0 (healthy subject) and stage 1 and 2 (onset of
cirrhosis). The AUC value was 0.560. In the ROC analysis
between stage 0 and stages 3 and 4, 100% specificity
and sensitivity were calculated. The AUC was equal
to 1. In the ROC analysis carried out between stages
1 and 2 and stages 3 and 4, 96% specificity and
92.3% sensitivity were calculated with a very high
performance. The AUC value was equal to 0.988. In
the ROC analysis carried out between stages 3 and 4
and stages 5 and 6, the specificity was calculated as
84.6%, and the sensitivity was calculated as 100% with
very high performance. The AUC value was equal to
0.976. In the ROC analysis carried out between stages
4 and 6, the specificity was 85.7%, and the sensitivity
was 100% with a very high performance. The AUC
value was equal to 0.964. In the ROC analysis carried
out between stage 5 and 6, 100% specificity and 50%
sensitivity were calculated with poor performance.
The AUC value was equal to 0.688.



Diffusion-Weighted MRI for the Detection and Staging of Liver Fibrosis - Pigak & Yardimcl. Genel Tlp Dergisi

Table 1: Distribution of the cases based on age and gender

N Minimum  Maximum Mean Std. Devia-
fion
Age 57 26,00 80.00 49.96 13,65
Gender n %
Man 31 54.4
Woman 26 45.6

Table 2: Measurements of the differences between the mean ADC
values based on the fibrosis stage

Mean liver ADC Normalized Liver Mean Spleen ADC
ADC
Chi-Square 46.827 18.208 9.058
i 0.001 0.006 0170 Figure 3: Mean ADC values for fibrosis staged using Ishak classification
system.
Table 3: ADC values based on fibrosis stage
Fibrosis Niean fver homalzed VST mean spleen ADC
N 1 11 1
Mean 0.00158 4.54481 0.00076
. Stondard Devi- 0.00032 6.71658 0.00039
Median 0.00152 1.96053 0.00076
Minimum 0.00126 1.27593 0.00011
Maximum 0.00245 22.43119 0.00135
N 16 16 16
Mean 0.00164 1.94473 0.00091
: Standard DVl 0,00032 0.66045 0.00027
Median 0.00158 1.76139 0.00092
Minimum 0.00129 1.06884 0.00052
Maximum 0.00269 3.25000 0.00138
N 9 9 9
Mean 0.00131 1.62906 0.00084
, Standard Devi- 900012 0.38820 0.00018
Median 0.00132 1.71893 0.00085
Figure 1: The ADC measurements made on the four quadrants of the Minimom 0.00110 1.20087 0.00051
liver and on the spleen in a 23-year-old man for whom the liver was Maximum 0.00145 2.33760 0.00110
evaluated as normal in radiological, clinical and laboratory studies, N 6 6 6
and fibrosis stage was determined as “0". Mean 0.00110 3.74474 0.00050
, Standard Devi- 0. 00008 3.98442 0.00027
Median 0.00108 2.19924 0.00052
Minimum 0.00102 1.34910 0.00011
Maximum 0.00124 11.67453 0.00078
N 7 7 7
Mean 0.00099 1.30522 0.00089
. Standard Devi- 6,000 0.68037 0.00030
Median 0.00103 1.12776 0.00095
Minimum 0.00084 0.67200 0.00033
Maximum 0.00107 2.75994 0.00125
N 4 4 4
Mean 0.00081 1.71545 0.00070
] Stondard Bevi- 0.00008 1.40442 0.00039
Median 0.00079 1.16764 0.00075
Minimum 0.00074 0.76376 0.00020
Maximum 0.00090 3.76276 0.00109
N 4 4 4
Mean 0.00076 0.86047 0.00097
) Stondard Devi 0.00012 0.35168 0.00030
Figure 2: The ADC measurements made on the four quadrants of Median 0.00075 0.89338 0.00090
the liver and on the spleen in a 30-year-old man with fibrosis stage Minimum 0.00065 0.47263 0.00073
Maximum 0.00090 1.18248 0.00137

determined to be “4".
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Table 4: Spearman correlation analysis

Spearman’s Fibrosis

ho HAl score stage

Mean liver ADC rs (ro) -0.748 -0.850
p 0.000 0.000

Normalized Liver

ADC rs (ro) -0.349 -0.432
p 0.008 0.001

Mean Spleen

ADC rs (ro) -0.013 -0.017
p 0.923 0.900

Table 5: Comparison of sensitivity, specificity, AUC and p values
between different fibrosis stages

Fibrosis stages AUC P value Sensitivity Specificity

FO,1,2 to F5,6 1.000 <0.0001 100% 100%

FO to F1,2 0.560 0.5680 56% 72.7%

FO to F3,4 1.000 <0.0001 100% 100%
F1,2to F3,4 0.988 <0.0001 92.3% 96%

F3,4 to F5,6 0.976 <0.0001 100% 84.6%

F4 to Fé6 0.964 <0.0001 100% 85.7%
F5to F6 0.688 0.3993 50% 100%
Results

In total, 57 cases were included in our study. The ages
of the cases ranged between 26 and 80 years, and
the mean age was 50 years (std: 13.65) (Table 1). Thirty-
one of the cases were men, and 26 were women.

Our study included 11 cases (19%) that were
radiologically and clinically evaluated as normal, 16
cases (28%) with a pathology fibrosis score of stage 1,
nine cases (16%) with stage 2, six cases (11%) with stage
3. seven cases (12%) with stage 4, and 4 cases each
(7% each) in stages 5 and 6, respectively (as shown in
Figure 3). We measured the ADC values for the liver
(Dliver mean) and spleen (Dspleen), and calculated
the normalized liver ADC (D dif) values. (Table 2).

The mean ADC values were calculated according
to the fibrosis stage. The fibrosis stage was inversely
proporfional to the mean ADC values for the
measurements made on the liver. It was determined
that theADC values decreased with the increasing
fibrosis stage. No similar

rafio was found with a single measurement made in
the liver; however, it was observed that

spleen ADC values tended to increase with increasing
fibrosis levels (Figure 3).

Discussion

Liver fibrosis occurs through collagen accumulation
in the extracellular matrix and chronic liver damage
(13). Hepatic fibrosis was accepted previously as a
passive and irreversible event because of the collapse
in the hepatic parenchyma and replacement of the
parenchyma with fissue rich in collagen (14, 15). We
know that hepatic fibrosis is a dynamic event that can
advance or regress within short periods of fime such as
a few months (16).

Hepatic fibrosis is related to inflammatory response and
accumulation restricted in the matrix. The distribution
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of the fibrous material depends on the cause of liver
damage. The fibrotic fissue in chronic viral hepatitis
and chronic cholestatic disease can be found around
the portal paths at the beginning; however, it occurs in
peri-central and peri-sinusoidal paths in alcoholic liver
injuries (17).

Liver biopsy is accepted as the standard reference for
evaluating hepatic fibrosis (18). However, a biopsy is
an invasive procedure that causes pain with a rate of
40% and major complications with a rate of 0.5% (9).
Furthermore, biopsies have been found to be related
to sampling errors (9). Therefore, a reliable, simple and
noninvasive method is required to evaluate hepatic
fibrosis.

The no-confrast MR images taken in patients with
liver fibrosis in the pre-cirrhotic stage and early-stage
cirrhosis are often normal or are characterized by
minimal changes and heterogeneity (19). Fibrous
septa, bridging, and reticulations that produce low
signals in TTAG and high signals in T2AG are observed
in patients with advanced age cirrhosis (11).

In their study on mice, Yi-Ping Zhao et al. (19) reported
decreases in the ADC value with increasing fibrosis
stage (r = -0.903 and P = 0). A similar correlation was
also observed in our study regarding the ADC values.

Lower than normal ADC values have been found
in many studies (20-23). It is thought that while the
decrease in water diffusion in hepatic fibrosis is multi-
factorial, the increase in the amount of collagen, in
which the free water content is less than that in normal
liver parenchyma, plays an important role (24,25).

Do et al. (25) achieved better results in their study
when they normalized the liver ADC value with the
splenic ADC value in the diagnosis of fibrosis and
cirrhosis. In our study, a very high correlation was
found in the mean liver ADC values (P=0); however,
while the correlation between DWI and fibrosis was
significant after normalization with the spleen, it was
reduced (P=0.006). In their study, Bonekamp et al.
(26) concluded that normalization with the spleen
provided no diagnostic benefit. Prospective studies on
larger patient groups are needed in this area.

Our study also observed a significant statistical
correlation between the HAI score, showing the
necro-inflammatory activity, and ADC values. We
believe that this correlation is related to the increasing
fibrosis level. Fujimoto et al. (27) reported significant
differences between the inflammatory activity scores
and mean ADC values in their study; however, since
their aim was to use the ADC values in the staging of
fibrosis or inflammation, they did not investigate the
effects of inflammation on fibrosis. In another study,
Bonekamp et al. claimed that (26), in their multiple-
regression model, inflammation did not have a
significant effect on the ADC values.

It is important to detect patients with fibrosis stage 3
or greater among patients with chronic viral hepatitis
because the toxicity risk is high in these patients and
antiviral therapy can be required; furthermore, the
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effectiveness of treatment can be reduced with
increasing fibrosis stage. (28)

Soylu et al. (29) concluded that, although the ADC
values were smaller in cirrhotic patients, they were
uselessin HAI and fibrosis staging. In our study, however,
the differentiation of healthy subjects and cases with
stage 3 and 4 fibrosis (medium level) (AUC: 1.000,
p:<0.0001) was possible with ROC analyses with 100%
sensitivity and specificity. Likewise, the differentiation
of early-stage fibrosis (FO, 1,2) and advanced-stage
fibrosis (F5,6) (AUC:1.000, p:<0.0001) was possible with
100% sensitivity and specificity. The differentiation of
early-stage fibrosis (F1, 2) and medium-level fibrosis
(F3, 4) (AUC: 0.988, p:<0.0001) was possible with
92.3% sensitivity and 96% specificity. It was possible
to differentiate medium-level fibrosis (F3, 4) from
advanced-stage fibrosis (F5, 6) (AUC:0.976, p:<0.0001)
with 100% sensitivity and 84.6% specificity.

Charatcharoenwitthaya P et al. (30) reported that DWI,
particularly with spleen-normalized ADC values, could
serve as a non-invasive, accurate tool for diagnosing
cirrhosis. The study also discusses the impact of
necroinflammation and steatosis on ADC values and
proposes a diagnostic algorithm incorporating DWI
and the Fibrosis-4 index to reduce the need for liver
biopsies potentially.

Pan Z et al's study (31) uses of fat- and iron-corrected
Apparent Diffusion Coefficient (ADC) values to
assess liver fibrosis in chronic hepatitis B patients. The
study aimed to improve diagnostic accuracy by
accounting for the effects of hepatic steatosis and
iron deposition on ADC measurements. The results
indicated that correcting ADC values for fat and iron
content improved the diagnostic performance for
identifying significant fibrosis and cirrhosis, suggesting
that fat- and iron-corrected ADC could be a more
reliable, non-invasive tool for liver fibrosis assessment.

Jang, W et al.’study (32) presents a meta-analysis
comparing the diagnostic performance of diffusion-
weighted imaging (DWI) and magnetic resonance
elastography (MRE) techniques, specifically gradient-
recalled echo-based MRE (GRE-MRE) and spin-echo
echo-planar imaging-based MRE (SE-EPI-MRE), in
staging liver fibrosis. The study includes data from
60 studies involving 6620 patients. It concludes that
both GRE-MRE and SE-EPI-MRE offer high diagnostic
accuracy for liver fibrosis at all stages and could
potentially replace liver biopsy. DWI, while showing
moderate accuracy, is highlighted as a widely
available and easily implemented alternative in
routine liver MRI settings.

Jiang Y et al. (33) evaluate the clinical potential of a
continuous-time random-walk diffusion model (CTRW)
for staging liver fibrosis, comparing it with traditional
diffusion-weighted imaging (DWI) and serum
biomarkers. It involved 52 patients and used multi-b
value DWI to derive various diffusion parameters. The
findings demonstrate that the CTRW model, especially
when combined with other parameters like ADC and
LSM, can accurately stage liver fibrosis, offering a
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reliable, non-invasive tool for liver fibrosis evaluation.

The b value determines the amplitude and period of
the diffusion gradient and greatly affects the sensitivity
for selective diffusion and the image quality (34-36)
High b values must be used to increase the diffusion
sensitivity and to decrease the perfusion effect in
diffusion-weighted sequences (31). The selected b
value will change the measured ADC value; lower
ADC values are obtained with increasing b values.
However, some studies have shown that average
values such as b=400 are more advantageous in the
calculation of ADC value for fibrosis staging (35). Only
the b=400 value was used in our study, and this is one
of the limitations of our study.

In particular, it was not possible to obtain significant
results in the differentiation of healthy cases (FO) from
cases with early-stage fibrosis (F1, 2) in several studies
(20, 25). Similarly, in our study, the differentiation
of healthy individuals (FO) from early-stage fibrosis
(F1, 2) (AUC: 0.560, p: 0.568), and differentiation of
incomplete cirrhosis (F5) from complete cirrhosis (Fé)
(AUC: 0.688, p: 0.399) was not possible.

However, there are several limitations to this study that
must be considered. Firstly, the study only ufilized one
b value (b=400) in the DWI-MRI examination, which
may have influenced the measured ADC values and
the overall sensitivity of the findings. Secondly, the
study did not compare DWI-MRI to other non-invasive
methods for liver fibrosis staging, such as transient
elastography or blood biomarkers, which could have
provided a more comprehensive understanding of
the relative strengths and weaknesses of DWI-MRI.
Another possible limitation is the use of a single MRI
device and software program for ADC measurements,
which could infroduce measurement bias and limit
the generalizability of the results to other imaging
platforms. Additionally, our study was limited by the
inability to detect pathologic fibrosis stages in cases
considered healthy based on clinical and laboratory
results. Furthermore, the small number of cases in stage
5 and stage 6 fibrosis groups (4 in each) is another
constraint of this study.

In the light of these limitations, future research should
aim fo conduct larger-scale studies with a more
diverse patient population to validate the findings and
enhance their generalizability. Researchers should also
investigate the optimal b value for liver fibrosis staging,
as well as compare the performance of DWI-MRI to
other non-invasive methods. Furthermore, longitudinal
studies should be conducted to evaluate the ability
of DWI-MRI to predict disease progression, tfreatment
response, and patient outcomes.

Conclusion

In this study, we demonstrated that diffusion-weighted
MRI (DWI-MRI) is a highly effective non-invasive tool
for staging liver fibrosis. Our findings show that liver
ADC values decrease with increasing fibrosis stage.
The stafistical analyses confirmed a high level of
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significance, underscoring the reliability of DWI-MRI in
differentiating between various stages of liver fibrosis.

The practical implications of our findings are significant
for clinicians, as DWI-MRI offers a safer, less invasive
alternative to liver biopsy, reducing patient discomfort
and risk of complications. For patients, this method
means a more accessible and repeatable option for
monitoring liver health, potentially leading to earlier
detection and treatment of liver fibrosis. These benefits
reinforce the value of our research in advancing
liver disease management and improving patient
outcomes.
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