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ABSTRACT 12 

PURPOSE: To assess whether extracellular volume fraction (ECV) calculated from iodine(-13 

blood) density images (I-B) of dual-energy liver CT (DECT) equilibrium phase data (EqD) is 14 

useful in estimating the degree of liver fibrosis. 15 

MATERIALS AND METHODS: Consecutive 52 patients with chronic liver disease who 16 

underwent fast kV switching DECT and liver MR elastography (MRE) were retrospectively 17 

enrolled.  Iodine(-water) density images (I-W) and I-B were generated from EqD and ECV 18 

were calculated. As blood pools, abdominal aorta (Ao) and suprahepatic inferior vena cava 19 

(IVC) were chosen, and therefore 4 types of ECV (ECV I-W Ao, ECV I-W IVC, ECV I-B Ao, ECV I-B IVC) 20 

were obtained.  ECV was also calculated using conventional method (ECVconv Ao).  The 21 

correlation coefficients (R2 or rho) of these five ECVs versus liver stiffness (MRE) or 22 

pathologically proven fibrosis grades were compared. 23 

RESULTS: As for correlation with liver stiffness, R2 for ECVconv.Ao, ECV I-W Ao, ECV I-B Ao, ECV I-W 24 

IVC, and ECV I-B IVC, were 0.26, 0.34, 0.44, 0.39, and 0.52, respectively (all p<0.0001).  25 

Histopathological correlation was available in 28 patients, and rho values were 0.61, 0.60, 26 

0.71, 0.68, and 0.76, respectively (all p<0.001). 27 

CONCLUSION: ECV I-B IVC calculated from EqD of DECT is useful in estimating the degree of 28 

liver fibrosis. 29 

  30 
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Introduction 31 

Assessment of the degree of liver fibrosis is important in the management of patients 32 

with chronic liver disease, because it has been shown to be related to the prognosis of 33 

these patients directly or indirectly via hepatocarcinogenesis [1–4]. Several imaging 34 

approaches have been reported to be useful as tools for non-invasive assessment of liver 35 

fibrosis, including shearwave or strain ultrasonographic elastography, or MR elastography 36 

(MRE) [3, 4]. Among these, MRE may be the most reliable and accurate, according to the 37 

recently accumulated evidences [3–5]. However, all these methods are additional 38 

examination to the routine clinical follow up, or require specific hardware and/ or 39 

software.  40 

Assessment of liver fibrosis degree by estimating extracellular volume fraction (ECV) has 41 

been attempted utilizing the equilibrium phase of contrast-enhanced CT [6–9]. ECV in % is 42 

simply expressed as (100 hematocrit) *Δ liver /Δ blood pool, where Δ represents the 43 

difference in the CT values between the unenhanced and equilibrium phases, because the 44 

concentration of iodine is considered the same for both intra- and extra-vascular spaces at 45 

the equilibrium phase [6–9]. ECV is the sum of extracellular extravascular space and 46 

intravascular space of a tissue; the former is the place where fibrosis occurs, whereas the 47 

latter is not [6, 7]. In spite of the unknown factor of intravascular space included, an initial 48 

animal study showed very high correlation between ECV and quantitatively assessed 49 

pathological fibrosis volume [6], followed by several clinical studies with promising results 50 

[7–9]. Recently reported was a high accuracy of ECV in discriminating early from advanced 51 

stage liver fibrosis using precise subtraction algorithm and 240 s equilibrium phase clinical 52 

CT data [10].  53 

ECV was originally calculated by manually placed region of interests (ROI) both on the 54 

unenhanced and equilibrium phase images [6–8], but with the advent of dual-energy CT 55 

(DECT) technology, the concept of materials decomposition images with an iodine–water 56 

materials basis pair has been introduced, which simply enables quantification of iodine 57 
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(iodine(-water) density image) [11, 12]. Theoretically speaking, ECV can be obtained solely 58 

from this iodine(-water) density image of equilibrium phase data without the need to 59 

subtract unenhanced image information from the equilibrium phase information. There 60 

are several benefits to this single (dual energy) acquisition, such as reduced radiation by 61 

omitting unenhanced scanning, and no anatomical misregistration between unenhanced 62 

and equilibrium phase images. One concern in this setting, however, is possible inaccuracy 63 

in the iodine quantification due to the use of “water” as one of the basis materials. For 64 

example, because this concept is based on an assumption that any materials are made up 65 

of iodine and water, the value of the blood pool, typically the abdominal aorta (Ao), on 66 

the iodine(-water) density images before contrast enhancement, exhibits some positive 67 

values, which is theoretically supposed to be zero. This erroneously suggests the presence 68 

of some amount of iodine in the aorta before contrast administration, possibly leading to 69 

inadequate ECV calculation. To solve this problem, we proposed to use iodine(-blood) 70 

density imaging, instead of iodine(-water), namely using iodine and blood as two basis 71 

materials. Another concern we noticed was the apparent streaking artefacts around the 72 

vertebral body on the iodine density images, typically overlapping on the abdominal aorta, 73 

which could degrade the blood pool measurement, and resultantly ECV assessment, as 74 

well. To avoid this problem, we proposed to use inferior vena cava (IVC) just above the 75 

hepatic dome for blood pool measurement, which is at a further distance from the 76 

vertebral bodies and, therefore, less subject to the artifacts than the aorta. Thus, there 77 

are four types of iodine density map-derived ECVs to be tested, based on combination of 78 

the two iodine material density images (water vs blood), and two blood pools (Ao vs IVC).  79 

The purpose of this study is to elucidate whether any one of the four ECVs obtained from 80 

routine liver DECT equilibrium phase image data is useful in estimating the degree of liver 81 

fibrosis, as compared to the one calculated by the conventional manual ROI method. 82 

 83 

 84 
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Materials and methods 85 

Patients 86 

 Between April 2016 and March 2017, consecutive 52 patients with chronic liver disease 87 

who underwent both quadri-phase DECT and MRE within 3 months were retrospectively 88 

recruited. Flowchart of patient selection is shown in Fig. 1. There were 26 men and 26 89 

women, with age ranging from 35 to 88 years (average 67), all of whom had had 90 

suspected liver masses on ultrasonography. The demographic data of these patients are 91 

shown in Table 1. Our institutional review board waived obtaining informed consent from 92 

the patients for this study because of its retrospective nature.  93 

CT protocol 94 

CT equipment used was a 64-row DECT (Discovery CT750 HD, GE Healthcare, Milwakee, 95 

USA), and scanning parameters were as follows: detector configuration 64 × 0.625, tube 96 

voltage 80/140 kV, tube current 640 mA, gantry revolution time 0.6 s, acquisition mode 97 

helical, helical pitch 1.375, field of view 50 cm, volume CT dose index 15.6 mGy, 98 

reconstruction thickness 5 mm, reconstruction increment 5  mm, reconstruction algorithm 99 

projection-based material decomposition, reconstruction kernel soft tissue. All four 100 

phases were obtained with dual-energy mode. After obtaining unenhanced images, 101 

600  mgI/kg iodine contrast medium (Iopamiron 370, Bayer Health Care, Osaka, Japan) 102 

was injected for 30 s at a variable injection rate, and arterial dominant phase images were 103 

obtained using bolus tracking method, followed by portal dominant phase at 60 s, and 104 

equilibrium phase images at 240 s after the commencement of contrast medium injection. 105 

Iodine(-water) and iodine(-blood) density images were generated using the dedicated 106 

application “GSI viewer” (GE Healthcare, Milwakee, USA) installed within the CT console. 107 

To generate iodine(-blood) density map, information of “blood”, including mass 108 

attenuation coefficient, should be given as input into GSI viewer, which can be obtained 109 

from the site of National Institute of Standards and Technology (NIST) [13]. 110 
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MRE protocol 111 

 MRE was obtained with a 3.0 T clinical unit (Discovery 750 W, GE, Milwaukee, USA) along 112 

with a 32-element phased-array coil. A 19-cm-diameter passive pneumatic driver was 113 

positioned over the center of the right rib cage at the level of the xiphoid process and 114 

attached to an acoustic waveform generator. A 60-Hz waveform was applied to the driver. 115 

A 2D spin-echo echo-planar MRE sequence (TR/TE=1000/59, 66×64 matrix, 10 mm slice 116 

thickness, 80-Hz magnetization encoding gradient) acquired magnitude and unwrapped 117 

phase difference wave images using a 42-cm field of view [6, 14, 15]. Four slices were 118 

obtained including the level of the hepatic hilum under 16-s breath holding. Wave images 119 

and MRE images (stiffness map) with crosshatching marks were automatically generated 120 

on the operating console. The inversion algorithm used for stiffness map calculation was a 121 

multi-scale direct inversion. Liver stiffness was measured by one experienced radiologist 122 

(KY) using the free-hand method, by placing region of interests (ROIs) on the stiffness 123 

map, mainly in the right hepatic lobe, avoiding apparent pathologies, large vessels, areas 124 

with inadequate wave propagation and cross-hatching marks [14]. An average of the four 125 

slices was used to represent the liver stiffness of each patient. These data were recorded 126 

at the time of routine clinical practice and liver stiffness measurement was not repeated 127 

for this study 128 

Pathological assessment 129 

 The surgically resected or percutaneously biopsied specimens were stained with 130 

hematoxylin–eosin and Masson’s trichrome, and the degree of fibrosis using the Metavir 131 

system [16, 17] was routinely described in the pathology reports. Although the Metavir 132 

system was originally designed to assess liver tissues of patients with chronic hepatitis C, it 133 

has also been applied to chronic liver disease of other various etiologies [18, 19]. 134 

ECV calculation 135 
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 One of the authors (IE) who has 10-year experience as an abdominal radiologist and was 136 

blinded to MRE or pathological results, placed free-hand ROI on the two iodine material 137 

density maps, namely, iodine(-water), and iodine(-blood) density maps. An ROI, as large as 138 

possible, was placed for the liver in the right lobe, avoiding apparent pathologies, post-139 

therapeutic changes, vessels, and artifacts.  140 

ROIs for the blood pool were placed in the Ao around the level of the porta hepatis, and 141 

also in the suprahepatic IVC. An example of iodine(-water) images with prominent 142 

streaking artifacts is shown in Fig. 2. Four types of ECV, namely, first using Ao as a blood 143 

pool and water as a basis material (ECVI–W Ao), second using Ao as a blood pool and blood 144 

as a basis material (ECVI–B Ao), third using IVC as a blood pool and water as a basis material 145 

(ECVI–W IVC), and finally, using IVC as a blood pool and blood as a basis material (ECVI–B IVC), 146 

were thus calculated.  147 

The same author (IE) placed ROIs on the unenhanced and equilibrium phase 65-keV 148 

monochromatic-equivalent images, which were considered equivalent to the single 149 

energy 120-kVp images, at the corresponding sites to the ROIs on iodine density images, 150 

and ECV was calculated in a conventional fashion (ECVconv Ao).  151 

Assessments and statistics 152 

  We first assessed the adequacy to use blood as the basis material, instead of water. One 153 

of the authors (KS) measured the value of the Ao at the level of porta hepatis, avoiding as 154 

much artifact as possible, both on the iodine(-water) density image and iodine(-blood) 155 

images at the unenhanced phase. The mean and standard deviation were compared 156 

between the two image sets.  157 

Then, we correlated five types of ECVs, namely ECVconv Ao, ECVI-W Ao, ECVI-B Ao, ECVI-W IVC, 158 

and ECVI-B IVC, to the liver stifness as measured with MRE using Pearsons’ correlation test, 159 

and also to pathological degree of fibrosis using Spearman’s signed rank correlation test, 160 

when available. The degree of correlation, namely  R2 for Pearson’s correlation and rho 161 
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value for Spearman’s singed rank test were compared among the five ECVs. To determine 162 

the ECV cut-of value to discriminate advanced (F3–4) from early stage (F0–2) liver fibrosis, 163 

receiver operator characteristic (ROC) analysis was employed for the ECV showing the 164 

best correlation coefcient. All statistical analyses were performed using JMP Pro13.0.0 165 

(SAS Corporation, Cary, USA).   166 

 167 

Results 168 

Assessment of the adequacy of using blood as a basis material    169 

The mean value of Ao on unenhanced iodine(-water) density image was 3.71 ± 1.27 (mean 170 

± SD) with a range from 0.84 to 6.7 and that on unenhanced iodine(-blood) density image 171 

was 0.44 ± 1.32 with a range from − 2.5 to 3.4. Bland–Altman analysis showed significant 172 

difference between the two (p < 0.0001, not shown). 173 

On the other hand, standard deviation (SD) of the abdominal aorta on unenhanced 174 

iodine(-water) density image was 2.72±1.03 with a range from 1.72 to 6.76 and that on 175 

unenhanced iodine(-blood) density image was 3.61±1.40 with a range from 2.3 to 9.8. 176 

Bland–Altman analysis showed significant difference between the two (p<0.0001, not 177 

shown).    178 

Correlation between the five types of ECVs and liver stiffness or pathological fibrosis 179 

grades 180 

All five ECVs showed significant correlation with liver stiffness(kPa) as measured by MRE 181 

(p < 0.0001), and the correlation coefficient (R2) was the highest for ECVI–B IVC (0.52), and 182 

the lowest for ECVconv Ao (0.25) (Table 2, Fig. 3). 183 

Pathological data for the grades of fibrosis were available in 28 patients (surgical 184 

resection in 10, percutaneous biopsy in 18), which were obtained within 1 year from CT 185 

examinations. There were 3, 3, 4, 9, and 9 patients for fibrosis grades 0, 1, 2, 3, and 4, 186 
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respectively. Although all five ECVs showed significant correlation with liver fibrosis grades 187 

(p < 0.01), ECVI-B IVC showed the highest rho (0.76) and the lowest p value (< 0.0001), 188 

whereas ECVI-W Ao showed the lowest rho (0.59) and the highest p values (0.001) (Fig. 4). 189 

ECVI-B IVC for fibrosis grades 0, 1, 2, 3, and 4, were 20.9 ± 4.6, 20.7 ± 3.1, 27.0 ± 4.8, 28.5 ± 190 

6.7, and 36.4 ± 2.6%, respectively (mean ± standard deviation) (Fig. 5). Using an ECVI- B IVC 191 

cut-off value of 26.4%, discrimination of advanced stage (F3–4) from early stage (F0–2) 192 

liver fibrosis was achieved with 78% sensitivity, 90% specificity, 82% accuracy, 93% 193 

positive predictive value, and 69% negative predictive value. Area under the curve or Az 194 

value of ROC analysis was 0.85 (95% confidence interval 0.67–0.93). An iodine(-water) 195 

density image and iodine(-blood) density image of a representative case are shown in Fig. 196 

6. 197 

 198 

Discussion 199 

 Although several investigations have suggested the possibility of ECV as a biomarker of 200 

liver fibrosis [6–9], its reported clinical utility is diverse. Bandula et al. [8] reported 201 

relatively good correlation between ECV and histological fibrosis grades, with an R2 value 202 

of 0.64 at Pearson’s correlation test, whereas Yoon et al. [9] reported weak correlation, 203 

with a rho value of 0.49 at Spearman’s rank correlation. One possible reason for this 204 

discrepancy is the delay time used for those investigations. The former used 30 min delay 205 

images which were added to the routine clinical examination, whereas the latter used 206 

routine 3 min delay images. Theoretically, 3 min is very short to obtain true “equilibrium” 207 

phase [10], and in our institute, equilibrium phase images are routinely obtained at 240 s 208 

since 2008, and recently, Shinagawa et al. reported relatively good correlation between 209 

liver ECV and liver stiffness as measured by MRE, or pathological fibrosis grades, utilizing 210 

240-s equilibrium phase delay time [10]. We, therefore, consider a 240-s acquisition for 211 

the equilibrium phase to be a good compromise for routine clinical practice. The optimal 212 

delay time of equilibrium phase images for adequate ECV calculation, however, should be 213 
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investigated as a separate study, which is beyond the scope of this study.  214 

For iodine material density imaging, iodine–water set has been utilized as basis materials 215 

so far, and iodine–blood combination has never been reported [11, 12], to the best of our 216 

knowledge. However, this iodine–water approach may result in erroneous iodine 217 

quantification, which was highlighted by the fact that iodine density value of abdominal 218 

aorta on the unenhanced phase was not zero, which would reasonably lead to imprecise 219 

calculation of ECV. We, therefore, proposed to use iodine–blood set instead of 220 

conventional iodine–water set as basis materials, and obtained favorable results, namely 221 

close to zero value of the abdominal aorta on the unenhanced images, and better 222 

correlation between ECV and reference standards (Table 2, Figs. 3, 4, 5). Because iodine(-223 

blood) density images can be easily generated by inputting blood data which can be 224 

obtained from NIST site [13], its widespread use might be advantageous for any 225 

quantitative analysis of iodine on DECT as compared to conventional iodine(-water) 226 

density images, which should be confirmed in future studies. Unfortunately, standard 227 

deviation or noise increased slightly on the iodine(-blood) density images as compared 228 

to iodine(-water) density images, probably because the difference in the densities 229 

between two basis materials is less for the iodine–blood set, as compared to iodine–water 230 

set. Technological improvement to reduce this noise would be necessary to solve this 231 

problem. 232 

Another possible approach could have been simply subtracting iodine density images of 233 

unenhanced phase from those of the equilibrium phase, which we did not adopt in this 234 

study. Because one big merit of using DECT data is the iodine density images, which would 235 

theoretically obviate the necessity of precontrast imaging, we tried to improve it by 236 

proposing iodine(-blood) density map instead of conventional iodine(-water) density map, 237 

to make the most of the DECT technology, and dared not to assess subtraction method in 238 

this study. Recently, three-material decomposition method has been proposed [20], which 239 

could be another promising alternative to solve this problem, but unfortunately, our DECT 240 
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does not have this capability.  241 

Another problem we encountered was the streaking artifacts on the iodine density 242 

images typically seen around the vertebrae which frequently affected the blood pool 243 

measurement at the abdominal aorta. We, therefore, proposed to use IVC just above the 244 

liver as blood pool, instead of aorta, for more consistent and appropriate measurement 245 

(Table 2, Figs. 3, 4, 5, 6). Recent technological advance has enabled reduction of this type 246 

of artifacts in the newer version of DECT, which may facilitate ECV calculation.  247 

Our results suggested that correlation of ECVI-B IVC with pathological fibrosis grades seems 248 

at least comparable to those of previously reported ECVs calculated from 10 min 249 

equilibrium phase data [6–8]. With the usage of iodine(-blood) density images obtained 250 

from 240 s equilibrium phase DECT data, degree of liver fibrosis can be assessed within 251 

the routine clinical diagnostic CT examination without adding any extra scan time or 252 

radiation, which would benefit patients with chronic liver diseases. In contrast, correlation 253 

with liver stiffness measured by MRE was rather poor, as compared to the results 254 

reported by Shinagawa et al. [10]. This may at least partly be attributable to small number 255 

of subjects, or different patient population. Similarly, the reason why ECVconv Ao performed 256 

so poorly in the correlation with MRE (R2 = 0.25) might at least in part be anatomical 257 

misregistration between precontrast and equilibrium phase images.  258 

Limitations of the present study include its retrospective nature and the small number of 259 

subjects, particularly those with pathological confirmation. We used MRE as surrogate 260 

reference standard to pathology, but further prospective studies using larger number of 261 

pathologically proven subjects should be performed to validate our results. Second, as 262 

mentioned above, the optimal equilibrium phase delay time is not determined and should 263 

be explored as a separate study. Third, because several pathologists were involved in 264 

reporting the degree of fibrosis in daily practice, the criteria in assessing the pathological 265 

degree of fibrosis might have been inconsistent. Forth, although we obtained different 266 

correlation coefficients for five ECVs, namely R2 and rho values, we could not assess its 267 
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statistical significance because our software does not allow such analyses. . 268 

 269 

Conclusion 270 

ECVI–B IVC, calculated from routine clinical diagnostic DECT equilibrium phase data alone, 271 

obtained with a delay time of 240 s, showed better correlation to liver stiffness as 272 

measured by MRE and pathological fibrosis grades than other ECVs, which could be a 273 

promising biomarker of liver fibrosis.  274 

  275 
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Figure Legends 329 

Fig.1 Patient selection flowchart.  330 

 331 

Fig.2 An example of prominent streaking artifacts from vertebral bodies in a 76 year-old 332 

man with hepatitis C viral infection. 333 

2A: Iodine(-water) density image around the porta hepatis.  Severe streaking artifact is 334 

evident overlapping the abdominal aorta (arrow). 335 

2B: Iodine(-water) density image 3 cm cephalad to Fig.2A.  Note the inferior vena cava is 336 

almost free of artifact (arrow). 337 

 338 

Fig.3 Correlation between the liver stiffness in kPa as measured by MR elastography and 339 

ECV obtained using iodine and blood as the basis materials and inferior vena cava as a 340 

blood pool (ECV I-B IVC).  ECV I-B IVC =19.1 + 1.86 kPa, was obtained, with correlation 341 

coefficient R2 of 0.52 (p<0.0001).  342 

 343 

Fig.4  Correlation between pathological fibrosis grades (F-grade) and five types of 344 

extracellular volume fractions (ECVs).  ECV obtained using iodine and blood as the basis 345 

materials and inferior vena cava as a blood pool (ECV I-B IVC) showed the highest rho (0.76) 346 

and lowest p values (<0.0001) at Spearman’s rank correlation test, as compared to other 347 

four types of ECVs, namely, ECV measured by manually placed region-of-interests (ECV conv 348 

Ao) (rho=0.61, p=0.0008),   ECV obtained using iodine and water as the basis materials and 349 

aorta as a blood pool (ECV I-w Ao) (rho=0.59, p=0.001), ECV obtained using iodine and water 350 

as the basis materials and inferior vena cava as a blood pool (ECV I-w IVC) (rho=0.68, 351 

p<0.0001), and ECV obtained using iodine and blood as the basis materials and aorta as a 352 

blood pool (ECV I-B Ao) (rho=0.71, p<0.0001). 353 
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 354 

Fig.5 Extracellular volume fraction, obtained using blood as one of the basis materials and 355 

inferior vena cava as a blood pool (ECV I-B IVC), for each grade of pathological liver fibrosis.  356 

Significant differences were present between F4 and F0-3 (Tukey-Kramer HSD test).  Using 357 

a cutoff value of 26.4 %, discrimination of advanced stage (F3-4) from early stage (F0-2) 358 

liver fibrosis was achieved with 78% sensitivity, 90% specificity, 82% accuracy, 93% 359 

positive predictive value, and 69% negative predictive value.   Az value was 0.85. 360 

 361 

Fig.6 Equilibrium phase iodine (-water) (6A) and iodine (-blood) (6B) density images of a 362 

64-year-old man with hepatitis C viral infection.  Note more noises in the latter than in the 363 

former.  364 

 365 

 366 

 367 

 368 

 369 



Table 1  Demographic data of the patients 

sex M : F = 26 : 26 

age 35-88 years old (mean 66.8) 

background HBV/HCV/NBNC/ALD/noLD/others = 11/24/3/1/11/2 

Child-Pugh score  normal or 5/6/7/8/9 = 37/6/5/2/2 

liver stiffness at MR elastography (kPa) 1.1-11.4 kPa (mean 5.0) 

pathological F grades (n=28） F0/ F1/ F2/ F3/ F4 = 3/ 3/ 4/ 9/ 9 

 

M/F: male/female, HBV/HVC: hepatitis B/C viral infection, NBNC: non-B non-C liver 

disease, ALD: alcoholic liver disease, noLD: no liver disease 

 

 

  



Table 2   Correlation between 5 extracellular volume fractions and liver stiffness (kPa). 

Types of ECV equation R2 p value 

ECV conv Ao 25.3 + 1.14*kPa 0.25 0.0001 

ECV I-W Ao 24.2 + 1.37*kPa 0.34 <0.0001 

ECV I-B Ao 19.0 + 1.56*kPa 0.44 p<0.0001 

ECV I-W IVC 24.8 + 1.59*kPa 0.39 p<0.0001 

ECV I-B IVC 19.1 + 1.86*kPa 0.52 p<0.0001 

 

ECV conv Ao : extracellular volume fraction (ECV) calculated in a conventional method, 

namely, by placing region-of-interest in the unenhanced and equilibrium phase 65 keV 

(equivalent to 120kVp images) monochromatic images. 

 ECV I-W Ao: ECV calculated from iodine (-water) density images, using aorta at the porta 

hetatis level as blood pool. 

 ECV I-B Ao: ECV calculated from iodine (-blood) density images, using aorta at the porta 

hetatis level as blood pool. 

ECV I-W IVC: ECV calculated from iodine (-water) density images, using inferior vena cava 

(IVC) just above the diaphragm as blood pool. 

 ECV I-B IVC: ECV calculated from iodine (-blood) density images, using inferior vena cava 

(IVC) just above the diaphragm as blood pool. 
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Fig.2B 
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Fig.5 
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