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Abstract

Objective To evaluate the value of MR liver extracellular volume (ECV;ye,) in assessment of liver fibrosis with chronic
hepatitis B (CHB), and to compare its performance with two-dimensional (2D) shear-wave elastography (SWE).
Materials and methods A total of 68§ CHB patients who were histologically diagnosed as fibrosis stages FO to F4 were
retrospectively analyzed. All patients underwent gadopentetate dimeglumine-enhanced T1-mapping and 2D SWE. ECV ;ye,
and liver stiffness were measured and compared between fibrosis subgroups; their correlations with histologic findings
were evaluated using Spearman correlation test and multiple regression analysis. Diagnostic performance in evaluating
liver fibrosis stages was assessed and compared using receiver-operating characteristic analysis.

Results Both ECVy;,., and liver stiffness increased as the fibrosis score increased (F = 17.08 to 10.99, P < 0.001). ECV;yer
displayed a strong correlation with fibrosis stage (r = 0.740, P < 0.001), and liver stiffness displayed a moderate corre-
lation (r = 0.651, P < 0.001); multivariate analysis revealed that only ECV);,., was independently correlated with fibrosis
stage (P < 0.001). Univariate analyses showed significant correlations of ECVy;,., with fibrosis stage, inflammatory
activity, and platelet count; among all, the fibrosis stage had the highest correlation coefficient and was the only inde-
pendent factor (P < 0.001). Overall, ECV};ye; had no significant different performance compared with 2D SWE for the
identification of both fibrosis stage s > F2 and F4 (P = 0.868 and 0.171).

Conclusion MR ECVjy;,, plays a promising role in the prediction of liver fibrosis for patients with CHB, comparable to 2D
SWE.

Keywords Liver fibrosis - Extracellular space - Magnetic resonance imaging - Sonoelastography - Chronic hepatitis B -
Cirrhosis
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invasive procedure, biopsy is associated with several risks
and limitations [5].

Therefore, noninvasive methods for liver fibrosis
assessment have become an intense field of research,
including ultrasonography (US) and magnetic resonance
imaging (MRI). The use of US elastography is agreed upon
in the evaluation of liver stiffness [3], and two-dimensional
(2D) shear-wave elastography (SWE) has been proved to
have high diagnostic performance for liver fibrosis staging
[6, 7]. While liver stiffness measurements in US elastog-
raphy may be affected by pathological conditions including
inflammation, hepatic vascular congestion, and cholestasis;
and there is substantial overlap especially between inter-
mediate fibrosis stages [3].

Equilibrium imaging is a technique that uses widely
used extracellular contrast agents to evaluate the fractional
extracellular volume (ECV) that is expanded in fibrosis and
other deposition processes [8]. On equilibrium phase after
contrast administration, the concentration of contrast agent
within the intravascular compartment is approximately
equal to that within the extravascular extracellular com-
partment [8]. T1 value measurements using T1 mapping
before and after contrast enable the calculation of ECV,
which may represent the amount of interstitial fibrosis,
well-established in myocardial fibrosis assessment [9-11].
When the heart is at contrast equilibrium, other organs may
also be at equilibrium, this raises the possibility of
extending the technique to a wider use [12]. Until now, MR
equilibrium imaging has been rarely applied in liver
fibrosis assessment [13, 14]. Therefore, we aimed to eval-
uate the value of liver extracellular volume (ECVijyer)
measurement of equilibrium MR in assessment of liver
fibrosis among patients with CHB, and to compare its
performance with 2D SWE.

Materials and methods
Patients

Our institutional review board committee approved this
retrospective study, and informed consent was waived.
Between April 2017 and December 2017, 233 consecutive
adult patients who underwent hepatectomy in the liver
surgery department of our institute were recruited. The
inclusion criteria were (1) presence of chronic hepatitis B
infection (serology test positive for HBV surface antigen)
for more than 6 months; (2) availability of liver histologic
assessment after surgery; (3) availability of both preoper-
ative gadopentetate dimeglumine-enhanced T1-mapping
and 2D SWE. Exclusion criteria were (1) previous history
of oncologic treatment or liver resection; (2) diffusive
infiltrative or numerous multinodular lesions that hampered
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parenchymal evaluation; (3) difficulty to measure T1
mapping values because of poor image quality; (4) failure
of 2D SWE; (5) time interval between MR scan/2D SWE
and surgery more than 2 weeks; (6) time interval between
MR scan and 2D SWE more than 1 week (Fig. 1).

MRI acquisition

MRI was performed using a 1.5T scanner (Magnetom
Aera, Siemens, Erlangen, Germany). Precontrast and
equilibrium-phase transverse T1 mapping was conducted
using 3D gradient echo sequence with volumetric inter-
polated breath-hold examination (VIBE), with the follow-
ing parameters: TE =193 ms, TR =4.36 ms, slice
thickness = 3.5 mm, interslice gap = 0.7 mm, matrix =
162 x 288, FOV =285 x 380 mm. Equilibrium-phase
T1 mapping was performed 15 min after injection of
gadopentetate dimeglumine (Magnevist; Bayer Healthcare,
Berlin, Germany) according to existing literatures [13, 14].
Contrast was injected at a dose of 0.1 mmol/kg and rate of
2 mL/s, followed by a 20 mL saline flush using a power
injector (Spectris; Medrad, Pittsburgh, PA). Quantitative
T1 maps were automatically reconstructed using the Maplt
processing tool (Maplt software, Siemens, Erlangen, Ger-
many) after data acquisition.

MR image analysis

All images were evaluated using a picture archiving and
communication system (PACS; Pathspeed, GE Medical
Systems Integrated Imaging Solutions, Prospect, IL, USA).
Images were measured by two radiologists (K.P.J. and
H.Q.W. with 4 and 15 years of abdominal MRI experi-
ence), who were blinded to both clinical and histopatho-
logical information; measurements from the senior
radiologist were used for final analyses. Two individual
regions of interest (ROIs) with a fixed size of 300 mm?
were drawn on the right posterior lobe and right anterior
lobe of liver for the central three continuous sections (six
ROIs for each case), on both precontrast- and equilibrium-
phase T1-weighted VIBE images, avoiding large vessels,
bile ducts, lesions, artifacts, and the border of the liver. The
ROIs were then copied to Tl map to measure the Tl
relaxation time. Further ROIs were drawn at the same
slices as large as possible in the lumen of abdominal aorta
(mean area, 134.8 mm? and 151.1 mm? for precontrast-
and equilibrium-phase images, respectively), avoiding the
aortic wall. Average values were used. ROIs were trying to
place at the same axial level before and after contrast
(Fig. 2).

By using hematocrit measured from the complete blood
count and the precontrast and postcontrast T1 relaxation
times of liver and aorta, liver ECV fraction was calculated



Abdominal Radiology (2019) 44:1407-1414

1409

233 adult patients who underwent partial hepatectomy in the
liver swgery department between Apr. 2017 and Dec. 2017

A

Y

Included:

1) Presence of chronic hepatitis B infection
2) Liver histologic assessment after surgery
3) Preoperative gadopentetate dimeglumine-
enhanced T 1-mapping and 2D SWE

115 chronic hepatitis B-related patients underwent both MR T 1-mapping and 2D SWE with histologic assessment

\ /

Excluded:

1) Previous oncologic treatment or liver resection (n=13)

2) Diffusive infiltrative or numerous multinodular lesions (n=5)

3) Poor image quality of T1 mapping (n=2)

4) Failure of 2D SWE (n=6)

5) Time interval between MR/2D SWE and surgery >2 weeks (n=14)
6) Time interval between MR and 2D SWE >1 week (n=7)

68 patients were finally included

Y Y Y Y Y
FO F1 F2 F3 F4
(n=16) (n=6) (n=12) (n=9) (n=25)

Fig. 1 Flow chart showing inclusion and exclusion criteria for the study

Fig. 2 A 47-year-old male patient with chronic hepatitis B-related liver fibrosis stage 3. Examples of placement of ROISs in the liver parenchyma
and aorta on a precontrast- and b equilibrium-phase images to measure the T1 relaxation time

as follows [12]: ECVjjyer (%) = AR1jjyer/ AR 1010 X (100-

hematocrit), where ARljver = 1/T1jiver

postcontrast — 1/

Tlliver precontrast and ARI1 aorta — 1/T1 aorta postcontrast —

I/Tl aorta precontrast-

2D SWE measurements
The 2D SWE measurements were obtained by means of the

Aixplorer US imaging system (Supersonic Imagine, Aixen-
Provence, France) and a broadband convex transducer
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(SC6-1). All procedures were conducted by three different
radiologists in clinical work according to Zhuang et al. [5].
The 2D SWE box (40 x 30 mm?) was placed in the right
hepatic lobe. A ROI of approximately 20 mm in diameter
was positioned mainly in the center of the box, avoiding
large bile ducts, vessels, and the borders of liver and
lesions (Fig. 3). Measurements were considered failures
when little or no signal was obtained in the 2D SWE box.

Pathological analysis

The liver tissues were evaluated for liver fibrosis by a
pathologist blinded to the clinical and radiological data
(Y.J. with 21 years of experience in liver pathology). The
fibrosis stage (“F” grade) and the necroinflammatory
activity (“A” grade) were evaluated by the METAVIR
scoring system [15]. The degree of fibrosis was defined as
follows: FO—no fibrosis; F1—mild fibrosis, portal fibrosis
without septa; F2substantial fibrosis, periportal fibrosis,
and few septa; F3—advanced fibrosis, septal fibrosis
without cirrhosis; and F4—widespread fibrosis, with cir-
rhosis. The degree of inflammatory activity was graded as
AO—mnone; Al—mild; A2—moderate; and A3—severe.
We defined stages FO-F1 as no or minimal fibrosis with

Fig. 3 The 2D shear-wave
elastography (top) and gray-
scale (bottom) images of the
right hepatic lobe in a 28-year-
old female patient with chronic
hepatitis B
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low likelihood of cirrhosis, F2-F3 as moderate-to-severe
fibrosis at risk for progression of the fibrosis [3].

Statistical analysis

Statistics were summarized as mean =+ standard deviation
or median and interquartile range depending on distribu-
tions. The normality was tested using the Kolmogorov—
Smirnov test, and the homogeneity of variance was tested
using the Levene method. The interobserver agreement of
T1 map measurements was assessed by calculating inter-
class correlation coefficient, and the value greater than 0.75
indicated excellent reliability. Measurements were com-
pared between different fibrosis subgroups using the one-
way ANOVA test or Kruskal-Wallis test. Post hoc multiple
comparison of individual mean differences was evaluated
by using the least significant difference (LSD) or Dunn
post hoc test. The correlation between ECVy;,, and SWE
measurement was assessed by Pearson correlation analysis.
The correlations between ECVy.,, SWE measurements,
and the degree of fibrosis were assessed by Spearman
correlation analysis and stepwise multiple regression
analysis. The strength of Correlation coefficients were
classified as follows: 0.0-0.2—very weak to negligible
correlation; 0.2—0.4—weak correlation; 0.4—0.7—moderate

275 kPa

6.5kPa

6 +Q-Box™
Mean

Min 4.3kPa
Max 8.8kPa
SD 0.9kPa
Diam 20.0mm
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correlation; 0.7-0.9—strong correlation; and 0.9-1.0—very
strong correlation [16]. Factors affecting ECVy;y, were first
analyzed with univariate testing, and those with P < 0.05
were subsequently included in multivariate regression
analysis. Diagnostic performance in evaluating liver fibrosis
stages was assessed using receiver-operating characteristic
(ROC) analysis; areas under the curve (AUCs) with 95%
confidence intervals, sensitivity, specificity, and positive and
negative predictive values for the classification of fibrosis
stage F2 or higher and F4 were calculated. AUCs were
compared using the DeLong method [17]. Statistical analy-
ses were performed using SPSS software (version 22.0;
Chicago, IL, USA) and Medcalc software (version 15.0;
Mariakerke, Belgium). All tests were two-sided, and
P < 0.05 was considered statistically significant.

Results

A total of 68 patients (55 men and 13 women; mean age,
56.81 years; range 24-84 years) were finally included.
Baseline clinical characteristics of all patients are presented
in Table 1. Histopathologically, 16, 6, 12, 9, and 25

Table 1 Baseline patient characteristics

Characteristic

55 (80.9)/13 (19.1)
Age® (years) 58.0 (52.5, 63.0)
Men 58.0 (52.0, 62.0)
61.0 (50.0, 64.5)
26.0 (18.0, 37.5)
25.0 (21.0, 40.8)

Sex® male/female

Women
Alanine transaminase® (U/L)

Aspartate transaminase® (U/L)

Total bilirubin® (umol/L) 14.0 £ 6.7
Albumin® (g/L) 442 £ 44
v-glutamyl transferase® (U/L) 42.0 (26.3, 92.0)
Platelet count® (x 10°/L) 168.7 £ 65.1

International normalized ratio® 1.03 (0.97, 1.07)

Fibrosis stage”

FO 16 (23.53)
Fl 6 (8.82)
F2 12 (17.65)
F3 9 (13.24)
F4 25 (36.76)
Focal liver lesions®

Malignant 63 (92.65)
Benign 5 (7.35)

“Data are numbers of patients, with percentages in parentheses
"Data are medians, with interquartile ranges in parentheses
“Data are mean =+ standard deviation

patients were diagnosed as fibrosis stage FO to F4,
respectively.

Relationship between ECV);,,, 2D SWE
measurements, and fibrosis stages

Interobserver agreement showed an excellent interclass
correlation coefficient of 0.900 (95% confidence interval:
0.842, 0.938) for ECVj;yer-

The ECVy;yer and 2D SWE measurements for different
fibrosis stages are shown in Table 2. Both ECVy;,., and
liver stiffness increased as the fibrosis score increased
(F =17.08 to 10.99, P < 0.001), although some overlaps
existed among fibrosis stages (Fig. 4). ECVy;y, and liver
stiffness showed moderate correlation with each other
(r=0.497, P < 0.0001).

ECViiver showed a strong correlation with fibrosis stage
(r=0.740, P < 0.001), and liver stiffness showed a mod-
erate correlation with fibrosis stage (r = 0.651, P < 0.001).
Multivariate analysis revealed that only ECVyy., was
independently correlated with fibrosis (P < 0.001).

Factors correlating with ECVj;y,

Univariate analyses showed significant correlations of
ECVijyer with fibrosis stages (r = 0.740), inflammatory
activity (r = 0.443), and platelet count (r = — 0.395).
Among all the related factors, the fibrosis stage had the
highest correlation coefficient and was the only indepen-
dent factor (P < 0.001) (Table 3).

Diagnostic performance of ECV);,, and 2D SWE
measurements in fibrosis staging

Diagnostic characteristics of ECVy;e, and 2D SWE for
prediction of various fibrosis stages are shown in Table 4
and Fig. 5. As for ECVjjye, an AUC of 0.850 with a high
specificity of 95.45% was achieved in the diagnosis of
moderate to severe fibrosis (> F2); the AUC was 0.899
with sensitivity and specificity of 84.0% and 83.72%,
respectively, in the diagnosis of cirrhosis (F4). Overall,
ECVjjver had no significant different performance com-
paring to 2D SWE for the identification of both fibrosis
stage > F2 and F4 (P = 0.868 and 0.171).

Discussion

With the development and progression of liver fibrosis,
extracellular matrix deposits increase and extracellular
space are expanded compared with the normal surrounding
liver parenchyma [18]. Studies have demonstrated that
equilibrium CT imaging can quantitate diffuse liver fibrosis

@ Springer
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Table 2 Statistics of ECVj;e; and 2D SWE with the correlation coefficients according to fibrosis stages

FO Fl1 F2 F3 F4 r P
ECViiver 20.26 £ 491 23.40 & 4.56 23.99 £ 3.30 28.32 £ 5.52 3293 £591 0.740 < 0.001
2D SWE (kPa) 6.91 £ 2.50 8.78 £ 2.65 10.16 £ 2.55 12.36 £+ 4.69 13.92 £+ 4.04 0.651 < 0.001

Data are mean = standard deviation

ECVy;,., liver fractional extracellular volume, 2D SWE two-dimensional shear-wave elastography
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Fig. 4 Box-and-whisker plots showing median and ranges for a liver extracellular volume (ECVy,y.;) and b liver stiffness of 2D shear-wave
elastography (SWE) at different stages of liver fibrosis (*represents P < 0.05 in pairwise comparisons)

Table 3 Factors correlating

. Univariate correlation test
with ECVliver

Multiple regression analysis

r P p P
Fibrosis stage 0.740 < 0.001 0.707 < 0.001
Inflammatory activity 0.443 < 0.001 — 0.033 0.781
Alanine transaminase 0.041 0.739
Aspartate transaminase — 0.068 0.581
Total bilirubin 0.116 0.346
Albumin —0.213 0.082
v-glutamyl transferase 0.042 0.732
Platelet count —0.395 0.001 — 0.009 0.927
International normalized ratio 0.239 0.052
Age 0.061 0.622
Sex — 0.091 0.458

ECV);,,, liver fractional extracellular volume

in both animals and patients [8, 18, 19]; while a few
referred to MR equilibrium imaging, with either limited
number of patients or no histopathological Ref. [13, 14].
Our study confirmed previous results in a considerable
number of CHB-related patients with exact pathology, and
indicated a strong correlation between ECV;y., and liver
fibrosis stage. Meanwhile, there are several other processes
that may affect ECV and confound fibrosis measurement:
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for example, edema from inflammation may expand
ECVijyer [8]. Our results indicated that fibrosis stage was
the only factor independently predicted by ECV ;,,, com-
pared to other potential confounders including inflamma-
tion activity. Thus, we considered ECVy;ye, as a reliable
technique in assessing liver fibrosis for patients with CHB.

Cirrhosis is strongly associated with liver-related mor-
bidity and mortality, and is the most important question in
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Table 4 Diagnostic

e formance ot BOV:. . and 2D AUC (95% CI) Cutoff Sen (%)  Spe (%) PPV (%) NPV (%)
SWE for evaluating fibrosis ECV)iver
stages >F2 0850 (0.742,0925)  >274 58.70 95.45 96.4 525
F4 0.899 (0.801,0959)  >2742  84.00 83.72 75.0 90.0
2D SWE
>F2 0860 (0.7540932) > 10 71.74 86.36 91.7 59.4
F4 0.811 (0.697,0.89) > 11.6 68.00 79.07 65.4 81.0

ECVy;,., liver fractional extracellular volume, 2D SWE two-dimensional shear-wave elastography, AUC
area under the curve, CI confidence interval, Sen sensitivity, Spe specificity, PPV positive predictive value,
NPV negative predictive value

Sensitivity

20 H

i —— ECV: 0.850 (0.742,0.925)

0 B 2D SWE: 0.860 (0.754,0.932)
[ ] ] L ] ]

0 20 40 60 80 100
100-Specificity

100 |-
80 [
5 60
= -
£ I
o
3 I
40
20 -
[ — ECV: 0.899 (0.801,0.959)
- 2D SWE: 0.811 (0.697,0.896)
OIVIIIIIIIIIIIIVIIIIII
0 20 40 60 80 100

100-Specificity

Fig. 5 Receiver-operating characteristic curves for the identification of liver fibrosis stages a F > 2, and b F4 using liver extracellular volume
(ECVjjyer) and 2D shear-wave elastography (SWE). Numbers indicate areas under the curve with 95% confidence intervals in parentheses

patients with chronic liver disease. Although some find-
ings, including low platelet count and a nodular liver sur-
face on images, can indicate the presence of cirrhosis, these
findings are often absent in compensated cirrhosis [3]. Our
results showed high diagnostic performance of ECVy;., in
determining cirrhosis with an AUC value of 0.899 and
satisfied sensitivity and specificity of 84.0% and 83.72%,
respectively. However, the diagnostic efficacy of ECVijye,
in identification between no and minimal fibrosis and
moderate to severe fibrosis was not that satisfactory,
showing a fair AUC value and lack of high sensitivity. The
possible reason may be that, the initial step of fibrogenesis
is the activation and proliferation of hepatic stellate cells,
and a large number of them has been activated before
extensive deposition of extracellular matrix [20]. In spite of
the unsatisfied sensitivity, a high specificity greater than
90% was achieved in predicting fibrosis stage F2 or higher.

ECViiver was moderately correlated with liver stiffness.
Comparing to 2D SWE, ECVj;y.; showed a stronger cor-
relation with fibrosis stages, and a better diagnostic

performance in identification of cirrhosis although no sta-
tistical significance existed. Furthermore, ECV);., estima-
tion is not affected by pathological conditions including
cellular edema and cholestasis, which are drawbacks of
elastographic techniques [13]. It is a scanning protocol
independent of field strength with no need of additional
expensive equipment and experienced investigators [13],
and has the potential to sample the entire liver volume and
detect regional variation of fibrosis based on parenchymal
heterogeneity [14]. Considering the advantages, ECV;ye,
may be a comparable or even superior tool in comparison
to 2D SWE, which can be easily implemented into routine
clinical liver MRI examinations in CHB patients.

This study had several limitations. First, because of the
retrospective nature, 2D SWE examinations were con-
ducted by three different radiologists in clinical work,
although a uniform SWE operation standard was set,
inconsistency among observers was inevitable; this also
partially explains the relatively inferior diagnostic perfor-
mance of SWE in our study. Further prospectively study is
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needed in future work. Second, ROI of the left lobe was not
chosen for T1 mapping measurements, as ROI of liver
stiffness measurements in 2D SWE was placed in the right
lobe, and the stability of T1 values may be influenced by
the relatively significant artifact in the left hepatic lobe.
Third, we focused on the comparison analyses with SWE in
this study, and did not compare ECVy;, with other MR
imaging methods including the well-established technique
MR elastography. But the relative high cost, need for
additional hardware and software, and non-widespread
availability of MR elastography limit its applicability [21];
while MR-ECV has its own advantages as it is a scanning
protocol based on simple calculations which needs no
additional equipment, and may be easily implemented to
routine clinical liver MR examinations.

In conclusion, MR ECVy;,.; plays a promising role in the
prediction of liver fibrosis for patients with CHB, compa-
rable with 2D SWE.
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National Natural Science Foundation of China [grant number
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