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Chronic liver disease is a growing public health problem 
worldwide and is associated with clinically significant 

morbidity and mortality (1). About 12%–44% of cases of 
chronic liver disease eventually progress to advanced fibro-
sis and cirrhosis at variable rates, leading to complications 
and worsening of prognosis (2,3). An early diagnosis of 
liver fibrosis would assist in taking the necessary steps in 
management to halt, and sometimes even reverse, the pro-
gression of fibrosis (4). Hence, the assessment of the sever-
ity of liver fibrosis has direct implications in the treatment, 
follow-up, and risk stratification of these patients (1,5).

Liver biopsy is the current reference standard for quan-
tifying liver fibrosis (6). Although it provides information 
beyond fibrosis, biopsy has many downsides. In addition to 
being invasive, biopsy has the risk of hemorrhagic compli-
cations and is subject to sampling errors. Also, sampling is 
difficult owing to small and hard liver in advanced disease, 
and interobserver variations exist (7,8). Repeat biopsy to 
assess alterations in fibrosis is unjustified. Therefore, there 

exists a substantial need for the development of a simple, 
noninvasive, repeatable, and reproducible test for the as-
sessment of liver fibrosis.

Tests for the serum markers used to assess the severity of 
liver fibrosis are expensive and tedious, with sensitivity and 
specificity ranging from 33% to 96% and 29% to 100%, 
respectively (9,10). In contrast, transient elastography (TE) 
and shear-wave elastography (SWE), which enable assess-
ment of liver fibrosis by measuring liver stiffness (LS), are 
simple and accurate. However, they are affected by ascites, 
obesity, biliary obstruction, acute inflammation, fatty liver, 
and narrow intercostal spaces (11,12). Similar to liver bi-
opsy, only a small volume of the liver is sampled. Although 
accurate, MR elastography is expensive and cumbersome, 
is not widely available, and requires additional hardware 
(13–15).

Dual-energy CT (DECT) is an advancement in the 
field of CT wherein images are acquired at two different 
energies (kilovolts) and a “multimaterial decomposition” 
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Background: Normalized iodine concentration (NIC) (ratio of iodine concentration of liver to that of aorta) of liver at delayed dual-
energy CT (DECT) may reflect the amount of fibrosis based on the extent of iodine uptake.

Purpose: To stage liver fibrosis by using 5-minute delayed DECT and compare findings with those of transient elastography (TE), 
shear-wave elastography (SWE), and histologic examination.

Materials and Methods: This prospective study included patients with chronic liver disease who were scheduled to undergo multiphase 
abdominal CT and liver biopsy from January 2017 to September 2018. Fifty individuals being screened as renal donors comprised 
the control group. Study participants underwent TE, SWE, multiphasic DECT (including 5-minute delayed dual-energy scan-
ning), and liver biopsy. Multiphasic DECT and SWE were performed in the control group. The NIC of the right lobe of the liver 
(RNIC) was compared with liver stiffness (LS) as measured with TE and SWE and with the METAVIR fibrosis stage (ranging from 
F0 to F4). Diagnostic performance was assessed by using areas under the receiver operating characteristic curve (AUCs).

Results: A total of 107 participants (mean age, 35 years 6 12 [standard deviation]; 57 men) and 50 control subjects (mean age, 
47 years 6 11; 29 women) were evaluated. The RNIC showed strong correlation with METAVIR stage (Spearman r = 0.81, P , 
.001). The AUC for RNIC with each METAVIR stage ranged between 0.86 (95% CI: 0.76, 0.97) and 0.96 (95% CI: 0.92, 0.99). 
The cut-off value of RNIC was 0.24 (sensitivity: 85% [86 of 101 participants; 95% CI: 77%, 91%]; specificity: 83% [84 of 101 
participants; 95% CI: 42%, 98%]) for stage F1 fibrosis and 0.29 (sensitivity: 84% [67 of 80 participants; 95% CI: 74%, 90%]; 
specificity: 81% [65 of 80 participants; 95% CI: 63%, 92%]) for stage F2 fibrosis. RNIC correlated well with LS as measured with 
TE and SWE (Spearman r = 0.60 and 0.64, respectively; P , .001).

Conclusion: Normalized iodine concentration of liver at 5-minute delayed dual-energy CT showed strong correlation with the histo-
logic stages of liver fibrosis and good diagnostic performance in estimating liver fibrosis.

© RSNA, 2021

Online supplemental material is available for this article.

This copy is for personal use only. To order printed copies, contact reprints@rsna.org



Marri et al

Radiology: Volume 298: Number 3—March 2021  n  radiology.rsna.org 601

automated dose reduction technique (CARE Dose4D; Sie-
mens Healthineers). The CT parameters used were as follows: 
detector collimation, 64 3 0.6 mm; gantry rotation time, 0.5 
second; pitch, 0.6; matrix, 512 3 512; reconstruction thick-
ness, 1.5 mm; reconstruction interval, 1.5 mm; reconstruction 
plane, axial; and reconstruction kernel, D30f. A dose of 1.5 
mL per kilogram body weight of nonionic iodinated contrast 
material (Iomeron [Bracco], 400 mg/mL; or Omnipaque [GE 
Healthcare], 350 mg/mL) was administered intravenously at 4 
mL/sec with an automated injector system followed by acquisi-
tion of images in three phases. After the standard late arterial 
and portal venous phases, images in the delayed phase were ac-
quired at 225 seconds after the portal venous phase (total delay =  
5 minutes) in dual-energy mode, covering the liver.

DECT Image Analysis
The 5-minute delayed images were then transferred to a dedicated 
workstation (syngo.via, version VB10B, 2016; Siemens Health-
ineers) for dual-energy analysis by two radiologists (U.K.M.  
and K.S.M., with 3 and 12 years of experience in abdominal 
radiology, respectively) in consensus. In case of disagreement 
between the two readers, a third radiologist (D.N.S., with 30 
years of experience in abdominal radiology) analyzed the case, 
and his findings were considered final. All three radiologists 
were blinded to the clinical and histologic information. Three 
dual-energy regions of interest (ROIs), each measuring 2 cm 
in diameter, were drawn on different areas of the right and left 
lobes of the liver separately, avoiding major vessels and any fo-
cal lesions (Fig 1). On the right lobe, the ROIs were drawn in 
the area that approximately matched the area of biopsy. On the 
left lobe, one ROI each was placed at the levels of the left he-
patic vein origin and the left portal vein and below the level of 
the left portal vein. The software generated the iodine concen-
trations within each ROI, representing both intravascular and 
extravascular iodine. Another ROI was placed on the abdomi-
nal aorta at the level of the celiac trunk. Then the normalized 
iodine concentration (NIC), the ratio of mean iodine concen-
tration of liver to iodine concentration of aorta, was calculated 
(to exclude intravascular iodine component) for the right (NIC 
of the right lobe of the liver [RNIC]) and the left (NIC of 
the left lobe of the liver [LNIC]) lobes of the liver. The means 
of three values of RNIC and LNIC were used for evaluation. 
After virtual monochromatic images were generated between 
the energies 40 keV and 190 keV, the CT attenuation values 
(Hounsfield units) in the same ROIs of the right lobe of the 
liver were measured at 40 keV and 70 keV, and the slope of 
the monochromatic spectral curve was calculated by using the 
formula (CT40keV 2 CT70keV)/30, as suggested by Wei et al (20) 
in their study of renal masses (Fig 1, C). The mean of the three 
values was used for analysis.

TE Procedure
TE was performed with FibroScan (Echosens) with an M+ or 
XL+ probe by an operator with more than 2 years of experi-
ence. The LS (in kilopascals) was recorded through the right 
lower intercostal spaces from the right lobe of the liver by using 
the standard technique. The procedure was performed with the 

Abbreviations
AUC = area under the receiver operating characteristic curve, CPA = 
collagen proportionate area, DECT = dual-energy CT, LNIC = NIC of 
the left lobe of the liver, LS = liver stiffness, NIC = normalized iodine 
concentration, RNIC = NIC of the right lobe of the liver, ROI = region 
of interest, SWE = shear-wave elastography, TE = transient elastography

Summary
Five-minute delayed dual-energy CT had a high positive correlation 
with histologic fibrosis scores and showed good diagnostic perfor-
mance in estimating liver fibrosis.

Key Results
 n Normalized iodine concentration of the right lobe of the liver 

(RNIC) at 5-minute delayed dual-energy CT showed a strong 
positive correlation with histologic fibrosis scores (Spearman r = 
0.81, P , .001).

 n In the differentiation of different METAVIR stages, RNIC showed 
areas under the receiver operating characteristic curve ranging 
from 0.86 to 0.96.

 n RNIC had good agreement with liver stiffness as measured with 
transient elastography and shear-wave elastography (Spearman r = 
0.60 and 0.64, respectively; P , .001).

algorithm is used to differentiate and quantify various materi-
als such as fat, soft tissue, and iodine in a given pixel (16,17). 
DECT enables assessment of the severity of liver fibrosis by 
means of contrast-enhanced delayed acquisition (18,19). We 
hypothesized that the fibrous tissue in the diseased liver would 
tend to retain iodinated contrast material for a longer period 
than would the normal liver tissue. Hence, the iodine concentra-
tion of liver on a delayed DECT scan should quantify fibrosis 
(18,19). Only a few small studies on the role of DECT in the 
assessment of liver fibrosis in chronic liver disease are available 
in the literature. This study aimed to evaluate the usefulness of 
DECT in the staging of liver fibrosis in chronic liver disease by 
comparing it with TE, SWE, and histologic examination.

Materials and Methods

Participants
This prospective study was approved by the institutional ethics 
committee, and written informed consent for the study was 
obtained from all participants, including the control subjects. 
The study included consecutive patients who were known to 
have or suspected of having chronic liver disease and who were 
scheduled to undergo multiphase abdominal CT and liver bi-
opsy from January 2017 to September 2018. The exclusion cri-
teria were portal vein thrombosis, Budd-Chiari syndrome, no 
biopsy or inadequate biopsy, recent history of decompensated 
hepatic failure, and contraindications to iodinated contrast 
material (renal derangement, allergy). All included patients 
underwent DECT, TE, SWE, and liver biopsy. The control 
participants were voluntary renal donors.

DECT Liver Acquisition
DECT was performed with a second-generation dual-source 
DECT scanner (Definition Flash; Siemens Healthineers) with 
tube voltages of 100 kVp and 140 kVp and with a tin filter and 
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with the participant’s breath held in expiration. A circular ROI 
(called Q-box, 1 cm in diameter) was placed within the SWE 
box to obtain the LS (in kilopascals). The stabilization index, 
which indicates reliability of the measurement, was maintained 
above 90% as recommended by the manufacturer. Three such 
values were obtained from the same region of the liver, and the 
median was noted.

Biopsy
Liver biopsy was performed with an 18-gauge needle in the 
right lobe of the liver by using either the percutaneous or 
transjugular route, depending on the patient’s clinical condi-
tion. This was used as the reference standard. The sample was 
evaluated by a pathologist (P.D., with 12 years of experience in 
gastrointestinal pathology) who was blinded to clinical and ra-
diologic information. The biopsy sample was considered inad-
equate if the core size was less than 1.5 cm or if it showed fewer 
than 10 complete portal tracts. The stage of fibrosis was defined 
by using the standard METAVIR classification, from F0 (no 

participants in a supine position with the right arm abducted, 
and the probe was placed in the right lower intercostal space 
after percussion to confirm the position of the liver. Ten valid 
measurements were obtained at the same location, and the me-
dian was noted. The LS measurement was considered unreli-
able if the success rate was less than 60% or the ratio of the 
interquartile range of LS to the median was more than 30%.

Two-dimensional SWE Procedure
SWE was performed with the Aixplorer US system (SuperSonic 
Imagine) with an SC1-6 convex probe by a radiologist with 3 
years of experience (U.K.M.), on the same day as DECT. The 
operator was blinded to the participant’s clinical information. 
SWE was performed with the standard technique (12). With 
the participant in the supine position with the right arm ab-
ducted, the probe was placed over the right lateral intercostal 
spaces to enable visualization of the liver. Then, an SWE box 
was placed over the liver (2–5 cm deep to liver capsule) and the 
image was frozen when it showed homogeneous color filling,  

Figure 1: Images in a 26-year-old woman with autoimmune hepatitis. A, Axial delayed phase dual-energy CT (DECT) image through liver with regions of interest (ROIs) 
in both lobes. Iodine concentrations were 0.9, 0.8, and 0.9 mg/mL in the right lobe and 0.9, 0.7, and 1 mg/mL in the left lobe. In the abdominal aorta, the iodine concen-
tration was 2.4 mg/mL. The normalized iodine concentrations of the right and left lobes of the liver were 0.38 and 0.29, respectively. B, Iodine map from delayed phase 
shows heterogeneous iodine uptake in liver. C, Graph shows monochromatic spectral curve at DECT. White line represents curve of ROI. Blue line is iodine reference curve. 
Yellow line is slope of monochromatic spectral curve measured in study, which was 1.29 HU/keV. D, Photomicrograph of biopsy sample (Masson trichrome stain; original 
magnification, 340) shows METAVIR stage F3 fibrosis. E, Photomicrograph (Sirius red stain; original magnification, 340) shows collagen proportionate area of 6.7%. Liver 
stiffness was 13.5 kPa with transient elastography and 13.4 kPa with shear-wave elastography.
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biopsy, and TE and biopsy were 25 days 6 20, 37 days 6 12, 
and 61 days 6 17, respectively.

DECT in the Staging of Liver Fibrosis
The mean RNIC correlated well with the METAVIR stages 
and CPA (Spearman r = 0.81 and 0.67, respectively; P , .001) 
(Fig 3). Similarly, the mean LNIC showed good positive corre-
lation with the stage of fibrosis (Spearman r = 0.72, P , .001) 
and with CPA (Spearman r = 0.66, P , .001). However, the 
slope of monochromatic spectral curve correlated weakly with 
the histologic stage of fibrosis (Spearman r = 0.27, P = .006) 
and did not correlate with the CPA (Spearman r = 0.30, P = 
.12). The absolute iodine concentration of the right lobe was 
also compared with histologic findings, and it showed a Spear-
man correlation coefficient of 0.67 (P , .001).

The receiver operating characteristic curves for the RNIC, 
LNIC, and slope of monochromatic spectral curve were gener-
ated for different fibrosis groups (Fig 4, Fig E1 [online]). The 
RNIC showed the highest AUC among the DECT parameters, 
ranging from 0.86 in differentiating F0 and F1–4 stages to 0.96 
in differentiating F4 and F0–3 fibrosis stages. RNIC rather than 
LNIC was used for a more accurate comparison, as the biopsy 
samples had been obtained from the right lobe. Furthermore, in 
the differentiation of F0 from F1–F3, the AUC was 0.84 (95% 
CI: 0.72, 0.96) for RNIC and 0.81 (95% CI: 0.64, 0.98) for 

fibrosis) to F4 (cirrhosis). The histologic stages of fibrosis were 
also grouped into normal (F0), mild fibrosis (F1), significant 
fibrosis (F2), advanced fibrosis (F3), and cirrhosis (F4) 
groups (Fig 1, D). Objective quantification of fibrosis in the 
sample was also done after the sample was stained with Sirius 
red stain and by using image analysis software (Image Pro-Plus, 
version 6.1; Media Cybernetics). The software automatically 
calculated the collagen proportionate area (CPA) as a percent-
age of the sample (Fig 1, E).

Control Group
Fifty volunteer kidney donors who had normal liver func-
tion test results and LS of less than 7 kPa were included as 
control participants and underwent multiphase DECT of 
the abdomen with the same protocol. The RNIC, LNIC, 
and slope of monochromatic spectral curve were measured 
in the same manner as in the participants with chronic liver 
disease, and the mean values were calculated. SWE of the 
liver was performed on the same day, and the median LS 
value was noted.

Statistical Analysis
Statistical analysis was performed with software (Stata Statisti-
cal Software: Release 14; StataCorp). Descriptive statistics were 
used to describe the demographic characteristics of participants 
with chronic liver disease and the control group. The RNIC, 
LNIC, slope of monochromatic spectral curve, and LS values 
obtained with SWE and TE were compared with the stage of 
fibrosis and the CPA at histologic examination by using Spear-
man correlation analysis for nonnormal distribution data. 
DECT parameters and LS at SWE of the control group were 
compared with those of participants with chronic liver disease 
by using Wilcoxon rank-sum and Mann-Whitney tests. Areas 
under the receiver operating characteristic curve (AUCs) were 
generated for each, and the cut-off values of various parameters 
were defined. P , .05 was considered to indicate a statistically 
significant difference.

Results

Participant Characteristics
Among 133 participants with chronic liver disease who under-
went DECT, 22 were excluded (portal vein thrombosis [n = 4], 
Budd-Chiari syndrome [n = 2], absence of biopsy [n = 16]). 
Subsequently, 111 participants underwent DECT, SWE, and 
liver biopsy. The liver biopsy samples of four participants were 
inadequate for histologic assessment; hence, these patients 
were excluded. Finally, 107 participants with chronic liver dis-
ease (mean age, 35 years 6 12 [standard deviation]; 57 men) 
were included in the study for analysis (Fig 2). Fifty volunteer 
kidney donors (mean age, 47 years 6 11; 29 women) were 
used as the control group. The demographic characteristics of 
participant and control groups are shown in Table 1. DECT 
analysis and SWE were successful in all 107 participants with 
liver disease. However, TE failed in six participants. The results 
of the study are summarized in Table 2. The average time be-
tween TE and DECT and/or SWE, DECT and/or SWE and 

Figure 2: Study flowchart. DECT = dual-energy CT, SWE = shear-wave elas-
tography, TE = transient elastography.
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0.98, 0.66, 0.57, 0.55, and 0.71, respectively, indicating het-
erogeneous fibrosis distribution in the intermediate stages. In 
the control group, there was excellent correlation between the 
RNIC and the LNIC (r = 0.91, P = .005). Although AUCs for 
different METAVIR stages were slightly higher for RNIC com-
pared with LNIC, they did not indicate a statistically signifi-
cant difference except in differentiating F4 from other fibrosis 
groups (comparison P values for groups ≥F1, ≥F2, ≥F3, and F4 
were .61, .58, .08, and .01, respectively).

LS in Liver Fibrosis Staging
The LS values measured with TE and SWE showed good posi-
tive correlation with the histologic stages of fibrosis (Spear-
man r = 0.70 and 0.74, respectively; P , .001) and with CPA 
(Spearman r = 0.64 and 0.59, respectively; P , .001) (Fig 3). 
The AUC of LS measured with TE and SWE for each histo-
logic group ranged from 0.79 to 0.98 (Fig 4, Fig E1 [online]).

The LS values measured with TE and SWE showed high 
agreement with each other (Spearman r = 0.66, P , .001) (Fig 
3). There were no technical failures with SWE, whereas TE had 
a failure rate of 5.6% (six of 107 participants). SWE showed 
slightly better correlation with histologic assessment than TE 
(Spearman r for SWE = 0.74 vs TE = 0.70), but the difference 
was not statistically significant (P = .27).

Although the AUCs were slightly higher for RNIC compared 
with TE and SWE, they mostly did not indicate a statistically 
significant difference. In the differentiation of greater than or 
equal to F1, greater than or equal to F2, greater than or equal 
to F3, and F4 groups from the rest, the comparison P values of 
RNIC and TE were .82, .79, .05, and .10, and of RNIC and 
SWE were .02, .82, .16, and .02, respectively. The cut-off val-
ues of RNIC and LS values as measured with TE and SWE for 
significant fibrosis, advanced fibrosis, and cirrhosis are shown in 
Table 3. The values of RNIC and LS as measured with TE and 
SWE in the differentiation of early stages of fibrosis are shown 
in Table 4.

The mean RNIC in the control group (0.23 6 0.07) differed 
from the corresponding values in participants with F2 (0.31 6 
0.06), F3 (0.39 6 0.06), and F4 (0.56 6 0.20) fibrosis (P , 
.001). However, the mean RNIC between the control group 
(0.23 6 0.07) and the participants with stage F1 fibrosis (0.23 
6 0.07) was not different (P = .95). Figure 3 shows the distri-
bution of the values of RNIC and LS as measured with SWE 
and TE in different fibrosis stages and in the control group. The 
RNIC of control subjects had a wider range and significant over-
lap with F0–F2 stages compared with LS as assessed with SWE.

Discussion
The current prospective single-center study evaluated the ac-
curacy of normalized iodine concentration (NIC) of liver 
measured with 5-minute delayed dual-energy CT (DECT) for 
staging liver fibrosis, with histologic examination as a reference 
standard. The study showed that, in staging liver fibrosis, the 
accuracy of NIC at DECT was similar to that of liver stiff-
ness measurements derived with transient elastography and 
shear-wave elastography. The NIC of the right lobe of the liver 
(RNIC) showed good correlation with the histologic fibrosis 

LNIC; in the differentiation of F0–F1 from F2–F3, the AUC 
was 0.88 (95% CI: 0.80, 0.96) for RNIC and 0.86 (95% CI: 
0.76, 0.95) for LNIC. In the latter, the optimal cut-off value 
was 0.26 (sensitivity, 89%; specificity, 73%) for RNIC and 0.29 
(sensitivity, 79%; specificity, 73%) for LNIC.

In participants with fatty liver (n = 22), the RNIC and LNIC 
showed lower correlation with METAVIR stage (Spearman r = 
0.71 and 0.70, respectively; P , .001). In the remaining patients 
(n = 85), the correlation of RNIC and LNIC with METAVIR 
stage was slightly better (Spearman r = 0.83 and 0.73, respec-
tively; P , .001). However, this difference was not statistically 
significant (P = .50). We did not evaluate the impact of liver fat 
on the diagnostic performance of NIC, TE, and SWE because 
there were few participants with fatty liver at each METAVIR 
stage (stage F0, n = 2; stage F1, n = 4; stage F2, n = 12; stage F3, 
n = 2; stage F4, n = 2) and histologic quantification of fat was 
not performed.

The intraclass correlation coefficients for the reliability of 
NIC measurements among three ROIs in the right and left lobes 
were 0.78 (95% CI: 0.71, 0.84) and 0.76 (95% CI: 0.69, 0.82), 
respectively.

The RNIC showed a positive correlation with LS values mea-
sured with TE as well as with SWE (Spearman r = 0.60 and 
0.64, respectively; P , .001).

Comparison between RNIC and LNIC
Overall, the LNIC showed good positive correlation with the 
RNIC (Spearman r = 0.81, P , .001). However, when cor-
relation was made between them for each fibrosis stage, the 
correlation coefficients in stages F0, F1, F2, F3, and F4 were 

Table 1: Demographic and Clinical Characteristics of Partici-
pants with Chronic Liver Disease and Control Subjects

Parameter Participants Control Group
No. of participants 107 50
No. of men 57 21
No. of women 50 29
Age (y)*
 Overall 35 6 12 47 6 11
 Men 33 6 11 49 6 13
 Women 38 6 12 44 6 9
Cause of chronic liver disease
 Autoimmune hepatitis 27
 Nonalcoholic fatty liver disease 22
 Chronic hepatitis B 18
 Chronic hepatitis C 6
 Noncirrhotic portal hypertension 9
 Alcoholic liver disease 6
 Primary biliary cirrhosis 3
 Drug-induced liver disease 2
 Hemochromatosis 1
 Wilson disease 1
 Cryptogenic cirrhosis 12

Note.—Except where indicated, data are numbers of participants.
* Data are means 6 standard deviations.
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specificity, 66%). Evaluation of late contrast enhancement by 
using iodinated contrast material and CT relies on a similar 
principle. Lamb et al (18) found that NIC on 3-minute de-
layed DECT images correlated with Ishak fibrosis stage in 12 
individuals (P , .05). Fuentes et al (22) also showed a strong 
correlation between NIC in the delayed phase and histologic 
findings in 18 individuals (Spearman r = 0.77, P = .001). Lv et 
al (19) showed that NIC at portal venous phase DECT and io-
dine concentration ratio between the arterial phase and portal 
venous phase had high sensitivity (77%) and specificity (87%) 
in differentiating healthy liver from cirrhosis (n = 81). A re-
cent study by Sofue et al (23) evaluating 47 individuals showed 
good correlation (Spearman r = 0.65, P , .001) between NIC 

stage (Spearman r = 0.81, P , .001). Sensitivity and specific-
ity of the RNIC in predicting the various stages of fibrosis were 
in the range of 83%–93% and 81%–87%, respectively. There 
was good intra-observer reliability for RNIC and NIC of the 
left lobe of the liver, with intraclass correlation coefficients of 
0.78 and 0.76, respectively.

Late contrast enhancement of the liver parenchyma in pa-
tients with chronic hepatitis was first demonstrated by Semelka 
et al (21) in 2001. In their retrospective study, they compared 
5–10-minute delayed gadolinium-enhanced images of the liver 
and histologic fibrosis in 29 patients with chronic hepatitis 
and found that the delayed gadolinium enhancement corre-
lated linearly and highly with liver fibrosis (sensitivity, 73%; 

Figure 3: A, Box plot shows distribution of normalized iodine concentration of the right lobe of the liver (RNIC) in control subjects and participants with different META-
VIR stages. Number are RNIC values of outliers () and extreme outlier (*). B, Box plot shows distribution and comparison of liver stiffness values as measured with shear-
wave elastography (SWE) and transient elastography (TE) in control subjects and participants with different METAVIR stages.   = outliers, * = extreme outliers.

Table 2: Distribution of Quantitative Imaging Parameters in the Control Group and Participants with Chronic Liver Disease at Dif-
ferent Stages of Fibrosis

 Fibrosis Stage CPA (%)* RNIC* LNIC*

Liver Stiffness (kPa)†

Slope of Monochromatic  
Spectral Curve (HU/keV)*TE SWE  

Control group  
(n = 50)

… 0.23 6 0.07 
(0.03–0.39)

0.27 6 0.08 
(0.05–0.44)

… 5.30 
(4.10–6.50)

1.73 6 0.56 
(1.18–3.68)

F0 (n = 6) 0.89 6 1.49  
(0.04–3.90)

0.22 6 0.05 
(0.14–0.30)

0.23 6 0.10 
(0.06–0.33)

5.95 
(4.50–9.0)

5.40 
(4.30–5.60)

1.60 6 0.23 
(1.25–1.90)

F1 (n = 21) 0.67 6 0.53  
(0.002–2.30)

0.23 6 0.07 
(0.06–0.38)

0.26 6 0.07 
(0.13–0.46)

6.85 
(5.20–8.60)

7.30 
(6.40–8.70)

1.71 6 0.71 
(0.46–3.47)

F2 (n = 34) 2.37 6 2.08 
(0.20–8.30)

0.31 6 0.06 
(0.20–0.48)

0.33 6 0.06 
(0.24–0.50)

11.75 
(8.90–14.30)

9.20 
(7.40–12.70)

1.56 6 0.69 
(0.27–3.42)

F3 (n = 31) 6.04 6 4.05 
(0.40–16.80)

0.39 6 0.06 
(0.21–0.49)

0.41 6 0.07 
(0.27–0.57)

13.35 
(11.80–17.10)

13.30 
(11.60–18.90)

1.68 6 0.67 
(1.18–2.84)

F4 (n = 15) 14.2 6 6.05 
(1.20–22.50)

0.56 6 0.20 
(0.40–1.10)

0.56 6 0.20 
(0.38–1.15)

21.00 
(16.6–44.9)

22.20 
(11.10–34.70)

2.31 6 0.81 
(0.83–3.68)

Note.—CPA = collagen proportionate area, LNIC = normalized iodine concentration of the left lobe of the liver, RNIC = normalized 
iodine concentration of the right lobe of the liver, SWE = shear-wave elastography, TE = transient elastography.
* Data are means ± standard deviations, with range in parentheses.
† Data are medians, with the interquartile range in parentheses.
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Figure 4: Graphs show comparison of area under the receiver operating characteristic curve (AUC) of normalized iodine concentration (NIC) of the right lobe of the 
liver (RNIC), NIC of the left lobe of the liver (LNIC), slope of monochromatic spectral curve (RSlope), and liver stiffness as measured with transient elastography (TE) and 
shear-wave elastography (SWE) in the differentiation of different groups of fibrosis. A, Graph compares stage F0 versus stage F1–F4 fibrosis. B, Graph compares stage 
F0–F1 versus stage F2–F4 fibrosis. Values mentioned are the AUC.

Table 3: Comparison of Cut-off Values of RNIC and Liver Stiffness as Measured with TE and SWE for Various Groups with Hepatic 
Fibrosis along with Sensitivity, Specificity, and Accuracy

Fibrosis Group and Quantitative  
Imaging Parameter Cut-off Value Sensitivity (%) Specificity (%) Accuracy (%) AUC

F1
 RNIC 0.24 85 [77, 91] (86/101) 83 [42, 98] (84/101) 85 [59, 92] 0.86 [0.76, 0.97]
 LS at TE 7.6 kPa 81 [72, 88] (82/101) 67 [30, 90] (68/101) 80 [49, 86] 0.85 [0.73, 0.97]
 LS at SWE 6.3 kPa 97 [91, 99] (98/101) 100 [55, 100] (101/101) 97 [81, 99] 0.98 [0.96, 1.00]
F2
 RNIC 0.29 84 [74, 90] (67/80) 81 [63, 92] (65/80) 83 [73, 91] 0.90 [0.85, 0.97]
 LS at TE 9.2 kPa 84 [74, 91] (67/80) 85 [66, 94] (68/80) 84 [69, 93] 0.89 [0.80, 0.97]
 LS at SWE 8.6 kPa 80 [70, 87] (64/80) 82 [63, 92] (66/80) 80 [69, 91] 0.90 [0.84, 0.96]
F3
 RNIC 0.34 87 [74, 94] (40/46) 87 [76, 93] (40/46) 87 [77, 93] 0.93 [0.89, 0.99]
 LS at TE 11.8 kPa 87 [71, 93] (40/46) 70 [57, 80] (32/46) 76 [66, 84] 0.83 [0.76, 0.92]
 LS at SWE 11.1 kPa 83 [69, 91] (38/46) 78 [67, 87] (36/46) 80 [70, 88] 0.88 [0.82, 0.94]
F4
 RNIC 0.40 93 [68, 100] (14/15) 87 [76, 91] (13/15) 86 [71, 98] 0.96 [0.92, 1.00]
 LS at TE 15 kPa 93 [64.2, 100] (14/15) 80 [68.6, 85.8] (12/15) 80 [67, 91] 0.90 [0.84, 0.97]
 LS at SWE 13.5 kPa 73 [47.5, 89.3] (11/15) 80 [71, 87.3] (12/15) 79 [58, 87] 0.79 [0.69, 0.94]

Note.—Data in brackets are 95% CIs, and data in parentheses are numbers of participants. AUC = area under the receiver operating char-
acteristic curve, LS = liver stiffness, RNIC = normalized iodine concentration of the right lobe of the liver, SWE = shear-wave elastography, 
TE = transient elastography.

in the 3-minute delayed DECT scans and METAVIR stages 
(Table 5). Whereas most studies have previously evaluated 
NIC at 3-minute delayed acquisition (18,23–25), we used 
5-minute delayed acquisition. This was based on the rationale 
that fibrotic areas show gradual contrast material accumulation 
and that CT acquisition with a delay of more than 3 minutes 
would result in higher iodine concentrations in fibrotic livers. 
With sensitivity of 84%–93% and specificity of 81%–87% 
for RNIC, our results were better in staging fibrosis, and the 
RNIC cut-off values for different fibrosis stages had less overlap 

compared with prior work. Our study also compared RNIC 
with LS as measured with TE and SWE, which are other rou-
tinely used modalities, and its performance was not signifi-
cantly different.

Although the slope of monochromatic spectral curve en-
abled the differentiation of cirrhosis (stage F4) from early 
stages of fibrosis (AUC = 0.79; 95% CI: 0.58, 0.87), it did 
not correlate with histologic assessment. Few studies have 
evaluated spectral curve slope in focal liver lesions such as he-
patocellular carcinoma, hemangioma, abscess, and metastases 
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of iodine concentration measurements at DECT was not evalu-
ated, as analysis was done by two radiologists in consensus at 
the same time. However, the intraclass correlation coefficient 
showed good reliability of the values of RNIC and LNIC. There 
was a time gap (although ,3 months) between DECT, TE, and 
biopsy, which could potentially have affected our results. Our 
investigational approach did not account for confounding fac-
tors such as patient’s size, cardiac output, fatty liver, liver inflam-
mation grade, hepatic iron accumulation, hematocrit level of the 
participant, and minor hepatic vascular pathologic conditions 
that could affect the iodine concentration in the liver and its 
measurement at DECT. No histologic information was available 
for control subjects, which may have explained the wider range 
of RNIC values in that group.

In conclusion, in chronic liver disease, the normalized iodine 
concentration in the liver at 5-minute delayed dual-energy CT 
(DECT) showed strong correlation with the histologic stages of 
fibrosis and good diagnostic performance in estimating liver fi-
brosis. Hence, implementation of a 5-minute delayed DECT 
scan instead of the standard 3-minute scan in the routine mul-
tiphase CT protocol for the evaluation of chronic liver disease 
would assist in seamless noninvasive staging of liver fibrosis.

Author contributions: Guarantors of integrity of entire study, U.K.M., K.S.M.; 
study concepts/study design or data acquisition or data analysis/interpretation, all 
authors; manuscript drafting or manuscript revision for important intellectual con-
tent, all authors; approval of final version of submitted manuscript, all authors; 
agrees to ensure any questions related to the work are appropriately resolved, all 

(26–28). To our knowledge, no prior study has studied it in 
liver fibrosis.

In addition to evaluating the accuracy of NIC for staging fibro-
sis, we compared its performance with that of LS at TE and SWE,  
which are used routinely in the evaluation of hepatic fibrosis 
owing to their high diagnostic performance in differentiating 
various fibrosis stages (AUC of 0.70–0.96 for TE and 0.77–0.98 
for SWE) (29–31). We found that NIC derived from DECT 
was similarly accurate in discriminating fibrosis stages compared 
with SWE and TE, with no significant differences in AUCs.

DECT provides information related to the spatial distribution 
of fibrosis in the entire liver, in contrast to TE, SWE, or biopsy, 
which could assist in more accurate prognostication and enable 
identification of appropriate sites for biopsy (18). Studies have 
shown differential changes in volume and function between right 
and left lobes with the progression of liver disease (32,33). In our 
study, the mean LNIC values in individual fibrosis stages were 
slightly higher than RNIC values, particularly in the intermedi-
ate stages. However, the difference was not statistically significant.

Our study had limitations. The sample size and the number 
of participants in each METAVIR stage group were relatively 
small. The use of liver biopsy as a reference standard may itself be 
flawed because it can be affected by variability in sampling. The 
region in the liver where the NIC was measured may not have 
been the same as the area from which the biopsy specimen was 
obtained. Although attempts were made to match the area, some 
mismatch error was always possible. Interreader reproducibility 

Table 5: Comparison of Cut-off Values of RNIC for Differentiation of Different Categories of Hepatic Fibrosis in Present Study 
versus a Previous Study

Parameter

F0 vs F1–F4 F0–F1 vs F2–F4 F0–F2 vs F3–F4 F0–F3 vs F4

Sofue et al Present Study Sofue et al Present Study Sofue et al Present Study Sofue et al Present Study
Cut-off value 0.27 0.24 0.27 0.29 0.29 0.34 0.30 0.40
Sensitivity (%) 71.4 85 79.4 84 76 87 90 93
Specificity (%) 100 83 77 81 81.8 87 73 85
Accuracy (%) 74.5 85 78.7 83 78.7 87 76.6 86
AUC 0.81 0.86 0.80 0.90 0.82 0.93 0.86 0.96

Note.—The overall correlation coefficient of RNIC with fibrosis was 0.65 (P , .001) in Sofue et al (22) and 0.81 (P , .001) in the present 
study. AUC = area under the receiver operating characteristic curve, RNIC = normalized iodine concentration of the right lobe of the liver.

Table 4: Comparison of RNIC, TE, and SWE in the Differentiation of Early Stages of Fibrosis

METAVIR Stage RNIC* LS at TE (kPa)† LS at SWE (kPa)‡

F0 (n = 6) 0.23 (0.18–0.24) 6.0 (4.5–9) 5.4 (4.5–5.5)
F1 (n = 21) 0.24 (0.21–0.28) 6.8 (5.5–8.7) 7.3 (6.5–8.3)
F1 (n = 21) 0.24 (0.21–0.28) 6.8 (5.5–8.7) 7.3 (6.5–8.3)
F2 (n = 34) 0.30 (0.27–0.33) 11.8 (8.9–14.3) 9.3 (7.5–12.8)

Note.—Numbers are medians, with the interquartile range in parentheses. LS = liver stiffness, 
RNIC = normalized iodine concentration of the right lobe of the liver, SWE = shear-wave elastogra-
phy, TE = transient elastography.
* P = .60 for comparison of F0 versus F1, and P < .001 for comparison of F1 versus F2. 
† P = .58 for comparison of F0 versus F1, and P < .001 for comparison of F1 versus F2.
‡ P = .002 for comparison of F0 versus F1, and P = .002 for comparison of F1 versus F2.
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