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INTRODUCTION

Washout is an essential imaging feature for the 
noninvasive diagnosis of hepatocellular carcinoma (HCC) 
[1]. Liver Imaging Reporting and Data System (LI-RADS) is 
a comprehensive system for the standardized interpretation 
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of liver MRI. LI-RADS defines washout as “non-peripheral 
visually assessed temporal reduction in enhancement 
relative to composite liver tissue from earlier to later phase 
resulting in hypoenhancement in the extracellular phase” in 
which liver parenchymal enhancement is mainly attributable 
to the extracellular distribution of contrast [2]. The term 
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that focuses on the comparison of washout between HBA-
MRI and ECA-MRI in an intraindividual manner. Therefore, 
we devised this study to intraindividually compare HCC 
washout between HBA-MRI and ECA-MRI.

MATERIALS AND METHODS

Patients
The Institutional Review Board of Samsung Medical Center 

approved this study (registration number: 2019-12-105), 
which involved a retrospective review of medical records and 
images in a prospectively recruited patient cohort. Under a 
prospective study protocol, written informed consent was 
obtained from 136 patients with chronic liver disease for 
the preoperative evaluation of hepatic tumors using MRIs 
with gadoxetic acid (HBA-MRI) and gadoterate meglumine 
(ECA-MRI) from November 2016 to May 2019. Inclusion 
criteria were (a) treatment-naïve patients with chronic liver 
disease or liver cirrhosis and (b) histopathologic diagnosis 
of HCC from the surgical specimen. The exclusion criterion 
was HCC with a targetoid appearance showing either rim 
arterial phase hyperenhancement (APHE) or peripheral 
washout [6], which was assessed in a preliminary image 
analysis session by a study coordinator (with 10 years of 
experience in liver imaging). If a patient had more than 
one HCC, the largest HCC was selected for analysis by the 
coordinator. Therefore, 114 patients with 114 non-targetoid 
HCCs were included in the analysis. Fifty-eight (50.9%) 
of the 114 patients had been included in a previous study 
[7], which reported on the comparison of the diagnostic 
performance between HBA-MRI and ECA-MRI. This study 
focused on the comparison of non-peripheral washout, 
which is a major feature for the diagnosis of HCC using LI-
RADS v2018 category 5 (LR-5) criteria.

Image Acquisition
MRIs were acquired using a 3T system: Achieva or Ingenia 

(Philips Healthcare) or Magnetom Skyra (Siemens Healthcare). 
For dynamic contrast-enhanced imaging, T1-weighted three-
dimensional (3D) gradient-echo images were obtained 
before and after intravenous administration of gadoxetic 
acid (Primovist, Bayer Healthcare) at an injection rate of 
1 mL/s for a total dose of 0.025 mmoL/kg body weight, or 
gadoterate meglumine (Dotarem, Guerbet) at an injection 
rate of 2 mL/s for a total dose of 0.1 mmoL/kg body weight. 
The arterial phase (AP), PP, DP (TP for gadoxetic acid), 
and hepatobiliary phase (for gadoxetic acid only) images 

“non-peripheral” is considered a better definition to exclude 
non-HCC malignancies and enable a more specific diagnosis 
for HCC [3]. Additionally, the “visual” assessment of 
washout is practical since quantitative criteria for washout 
have not been established [4,5]. However, the concept 
of temporal reduction in enhancement has not yet been 
validated; many researchers still use hypoenhancement in 
the extracellular phase as washout. In this regard, the semi-
quantitative analysis of signal intensity on each dynamic 
phase may help determine the presence of temporal 
reduction in enhancement. 

The LI-RADS definition of washout excludes an optical 
illusion of washout in the presence of an enhancing capsule, 
which has been described on the extracellular agent (ECA)-
enhanced MRI (ECA-MRI) (i.e., illusional washout [IW]) [2]. 
However, it may be difficult to strictly differentiate IW from 
true washout by visual assessment [4], which can result in 
variability of the decision between LI-RADS categories 4 and 
5 for lesions sized 10–19 mm [6]. Interestingly, incorporating 
IW into the washout definition may improve the sensitivity 
for HCC without compromising the specificity [7].

Gadoxetic acid, a hepatobiliary agent (HBA), is actively 
taken up by functioning hepatocytes, and approximately 
half of the injected dose is excreted into the biliary system 
[8]. As liver parenchymal enhancement is apparent in the 
transitional phase (TP), which is acquired 2–5 minutes 
after gadoxetic acid injection, TP hypointensity can 
represent either true de-enhancement of HCC or a pseudo-
washout of non-HCC lesions [9,10]. Therefore, evaluation 
of washout is currently not allowed in TP [2,11]. This could 
be problematic as washout perceivable only in the delayed 
phase (DP) of ECA-MRI, the counterpart of TP, may not 
be considered on HBA-MRI, especially in HCCs showing 
persistent enhancement in portal venous phase (PP) [12,13]. 
Meanwhile, as hepatocyte uptake of gadoxetic acid begins 
at approximately 60–90 seconds after contrast injection 
[13,14], washout in the PP of gadoxetic acid-enhanced 
MRI (HBA-MRI) might be more conspicuous than that of 
ECA-MRI. Therefore, applying extracellular phase washout 
on HBA-MRI may have both advantages and disadvantages 
when compared to that on ECA-MRI. While extracellular 
phase washout in LI-RADS refers to PP washout with HBA-
MRI and PP or DP washout with ECA-MRI, comparing the 
frequency of extracellular phase washout on both MRIs may 
offer important insights into understanding the different 
pharmacokinetics of MRI contrast agents.

To the best of our knowledge, there is no published study 
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were obtained at 8 seconds after contrast arrival at the 
distal thoracic aorta, and at 60 seconds, 3 minutes, and 20 
minutes after contrast injection, respectively. The timing of 
AP was determined using a magnetic resonance fluoroscopic 
bolus detection technique.

Image Analysis
Two board-certified radiologists (with 6 and 11 years of 

experience in liver imaging, respectively) independently 
evaluated the MRIs. The two sets of imaging data were 
presented to the readers in a side-by-side manner (set 
A: AP, PP, and TP of HBA-MRI, and set B: AP, PP, and DP 
of ECA-MRI). The readers were aware that the patients 
were histopathologically diagnosed with HCC; however, 
were blinded to the clinical information. Lesion-to-liver 
visual signal intensity ratio (SIR) was defined as the 
signal intensity of the lesion relative to the adjacent liver 
parenchyma as follows [15]: -2, marked hypointensity; -1, 
mild hypointensity; 0, isointensity; +1, mild hyperintensity; 
and +2, marked hyperintensity. Any discrepancies in visual 
SIR between the readers were resolved by consensus 
reading. The consensus results were used for data analysis.

According to the LI-RADS definition [16], non-rim APHE 
was defined as a positive visual SIR in the AP. For the 
analysis of washout, the temporal reduction in enhancement 
was calculated by subtracting the visual SIR of the latter 
phases from that of the AP. Washout was defined as 
negative visual SIR in the latter phase with temporal 
reduction of visual SIR compared to the AP. The presence 
of an enhancing capsule in each tumor was also evaluated, 
and IW was defined as a visual SIR of 0 in the presence of 
an enhancing capsule [4].

Based on the lesion size and presence or absence of 
APHE, washout, and enhancing capsule, each lesion was 
evaluated if it met the LR-5 criteria [6]. Modified LR-5 
criteria were defined as LR-5 criteria allowing TP washout 
on HBA-MRI, or IW on both MRIs as washout. The MRI 
sensitivities of the LR-5 criteria and modified LR-5 criteria 
for HCC diagnosis were calculated and compared between 
HBA-MRI and ECA-MRI. Subgroup analysis was performed 
according to lesion size (< 20 mm or ≥ 20 mm).

Statistical Analysis
Patient characteristics were summarized descriptively. 

Visual SIR was compared between HBA-MRI and ECA-
MRI using the Wilcoxon signed-rank test, and inter-
reader agreement for visual SIR was calculated using 

Cohen’s weighted κ statistics. The frequency of enhancing 
capsule was compared using McNemar’s test, and inter-
reader agreement for enhancing capsule was calculated 
using Cohen’s unweighted κ statistics. κ statistics were 
interpreted as follows: κ ≤ 0.00, poor agreement; κ = 0.01–
0.20, slight agreement; κ = 0.21–0.40, fair agreement; κ = 
0.41–0.60, moderate agreement; κ = 0.61–0.80, substantial 
agreement; and κ = 0.81–0.99, almost perfect agreement. 
The frequency of washout and MRI sensitivity for HCC using 
LR-5 or its modifications were compared using McNemar’s 
test. Analyses were performed using R version 3.4.3 (The R 
Foundation for Statistical Computing). A two-sided p value 
< 0.05 was considered to be of statistical significance.

RESULTS

Patients Demographics
Of the 136 potentially eligible patients, three 

patients had a history of HCC, and 15 patients received 
histopathologic diagnoses of non-HCC lesions. Of the 
remaining 118 patients, four patients with HCC showing a 
targetoid appearance were excluded, and 114 patients (94 
men and 20 women) were finally included in the study (Fig. 
1). The patients had a mean age of 55 ± 9 years (Table 
1). Hepatitis B virus infection was present in 99 (86.8%) 
patients, and liver cirrhosis was present in 71 (62.3%) 
patients. The majority (n = 106, 93.0%) of patients had 
Child-Pugh class A liver function. The median time interval 
between HBA-MRI and ECA-MRI was 20 days (interquartile 

Fig. 1. Flowchart of study participants. ECA = extracellular agent, 
HBA = hepatobiliary agent, HCC = hepatocellular carcinoma

Potentially eligible patients (n = 136)
Preoperative evaluation of hepatic tumors with both  
  HBA-MRI and ECA-MRI from November 2016 to May 2019

Inclusion (n = 118)
(a)  Treatment-naïve patients with chronic liver disease  

or liver cirrhosis
(b) Histopathologic diagnosis of HCC after surgery

Final inclusion (n = 114)
Treatment-naïve patients with non-targetoid HCC  
   preoperatively evaluated with both HBA-MRI and  
ECA-MRI

Exclusion (n = 4)
HCC showing targetoid appearance
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Visual SIR and Enhancing Capsule
Visual SIR in the AP was lower with HBA-MRI than with 

ECA-MRI (p = 0.009) (Table 2); however, the frequency 
of non-rim APHE (i.e., visual SIR > 0 in AP) was similar 
between HBA-MRI and ECA-MRI (97.4% [n = 111] vs. 98.2% 
[n = 112]). Visual SIR in the PP of HBA-MRI was lower than 
that of ECA-MRI (p < 0.001); however, did not differ from 
that in the DP of ECA-MRI (p = 0.102) (Fig. 2). Visual SIR 
in the TP was even lower than that in the DP (p < 0.001). 
Inter-reader agreement for visual SIR was substantial to 
almost perfect throughout all phases with HBA-MRI  
(κ, 0.67–0.95) and ECA-MRI (κ, 0.62–0.84).

An enhancing capsule was less frequently observed with 
HBA-MRI than with ECA-MRI (37.7% [n = 43] vs. 75.4% [n 
= 86]; p < 0.001). Inter-reader agreement for enhancing 
capsule was moderate for both HBA-MRI (κ = 0.56) and 
ECA-MRI (κ = 0.59).

Washout
The frequencies of HCC washout are summarized in Table 

3. With HBA-MRI, IW was present in three (11.5%) of 
26 lesions without washout in PP, and in two (25.0%) of 
eight lesions without washout in TP. With ECA-MRI, IW 
was present in 22 (40.0%) of 55 lesions without washout 
in PP, and in 15 (41.7%) of 36 lesions without washout in 
DP (Fig. 3). The PP washout was more frequent on HBA-

range [IQR], 16, 25), and the median time interval between 
HBA-MRI and surgery was 21 days (IQR, 17, 26). The 
median size of HCC lesions was 22 mm (IQR, 16, 27).

Table 1. Patient Demographics
Variable Value (n = 114)

Age (year), mean ± SD 55 ± 9
Men/women 94/20
Etiology

HBV 98 (86.0)
HCV 8 (7.0)
Alcohol 6 (5.3)
HBV and HCV 1 (0.9)
Other 1 (0.9)

Liver cirrhosis 71 (62.3)
Child-Pugh classification

A 106 (93.0)
B 8 (7.0)

Serum AFP level (ng/mL), median (IQR) 10.3 (3.3, 104.0)
Time interval between HBA-MRI and 
  ECA-MRI (day), median (IQR)

20 (16, 25)

Time interval between HBA-MRI and 
  surgery (day), median (IQR)

21 (17, 26)

Lesion size (mm), median (IQR) 22 (16, 27)

Data are number of patients with percentages in parentheses 
unless otherwise described. AFP = alpha-fetoprotein, ECA = 
extracellular agent, HBA = hepatobiliary agent, HBV = hepatitis 
B virus, HCV = hepatitis C virus, IQR = interquartile range, SD = 
standard deviation

Table 2. Results of Visual SIR Analysis (n = 114)

Phase
Visual SIR* κ (95% CI)

Value HBA ECA P HBA ECA
AP -2 1 (0.9) 0 (0) 0.009 0.76 (0.63, 0.89) 0.84 (0.70, 0.98)

-1 1 (0.9) 0 (0)
0 1 (0.9) 2 (1.8)

+1† 31 (27.2) 17 (14.9)
+2† 80 (70.2) 95 (83.3)

PP -2 60 (52.6) 32 (28.1) < 0.001 0.68 (0.62, 0.82) 0.73 (0.69, 0.84)
-1 29 (25.4) 27 (23.7)
0 14 (12.3) 19 (16.7)

+1 3 (2.6) 10 (8.8)
+2 8 (7.0) 26 (22.8)

TP/DP -2 91 (79.8) 55 (48.3) < 0.001 0.67 (0.60, 0.86) 0.62 (0.67, 0.80)
-1 16 (14.0) 23 (20.2)
0 4 (3.5) 17 (14.9)

+1 1 (0.9) 8 (7.0)
+2 2 (1.8) 11 (9.7)

Data are number of lesions with percentages in parentheses. *Visual SIR was defined as signal intensity of lesion relative to adjacent 
liver parenchyma as follows: -2, marked hypointensity; -1, mild hypointensity; 0, isointensity; +1, mild hyperintensity; and +2, marked 
hyperintensity, †Positive visual SIR in the AP indicates the presence of non-rim AP hyperenhancement. AP = arterial phase, CI = 
confidence interval, DP = delayed phase, ECA = extracellular agent, HBA = hepatobiliary agent, PP = portal venous phase, SIR = signal 
intensity ratio, TP = transitional phase
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MRI than ECA-MRI (77.2% vs. 51.8%; p < 0.001); however, 
was comparable when IW was allowed (79.8% for HBA-
MRI vs. 71.1% for ECA-MRI; p = 0.078). The frequency of 
PP washout with HBA-MRI was comparable to that of DP 
washout with ECA-MRI (77.2% vs. 68.4%; p = 0.134); the 
frequencies were also comparable when IW was allowed 
(79.8% for HBA-MRI vs. 81.6% for ECA-MRI; p = 0.845) (Fig. 
4). TP washout was more frequent than DP washout (93.0% 
vs. 68.4%; p < 0.001); however, the difference was smaller 
when IW was allowed (94.7% for HBA-MRI vs. 81.6% for 
ECA-MRI; p = 0.004).

Sensitivity for HCC
The sensitivity of LR-5 criteria using PP washout with 

HBA-MRI was comparable to that using DP washout with 
ECA-MRI (78.1% vs. 73.7%; p = 0.458); the sensitivities 
were also comparable when IW was allowed (79.0% for 
HBA-MRI vs. 82.5% for ECA-MRI; p = 0.540) (Table 4, Fig. 
5). Allowing IW enabled the diagnosis of one more HCC on 
HBA-MRI and 10 more HCCs on ECA-MRI, which were all less 
than 20 mm in size. In tumors smaller than 20 mm, the 
sensitivity of LR-5 criteria using PP washout with HBA-MRI 
was higher than that using DP washout with ECA-MRI (70.8% 
vs. 50.0%; p = 0.034); however, was nearly identical to that 
using DP washout with ECA-MRI when IW was also allowed 
(72.9% for HBA-MRI vs. 70.8% for ECA-MRI; p > 0.999). 
In tumors larger than 20 mm, the sensitivity of HBA-MRI 
did not show a significant difference from that of ECA-MRI 

Fig. 2. A 46-year-old man with hepatitis B-related liver cirrhosis and hepatocellular carcinoma. 
A-C. On the axial T1-weighted 3D turbo field-echo images obtained after gadoxetic acid injection, a 35 mm mass at hepatic segment VII shows 
(A) non-rim APHE (lesion-to-liver visual SIR, +2), (B) PP washout (visual SIR, -2; temporal reduction in enhancement from AP, -4), and (C) 
transitional phase washout (visual SIR, -2). D-F. On the axial T1-weighted 3D turbo field-echo images obtained after gadoterate meglumine 
administration, the mass reveals (D) non-rim APHE (visual SIR, +2), (E) mild hyperintensity (visual SIR, +1) and an enhancing capsule in PP, 
and (F) delayed phase washout (visual SIR, -2; temporal reduction in enhancement from AP, -4). LR-5 category was assigned on both MRIs by 
both readers using extracellular phase washout. AP = arterial phase, APHE = arterial phase hyperenhancement, LR-5 = Liver Imaging Reporting 
and Data System category 5, PP = portal venous phase, SIR = signal intensity ratio, 3D = three-dimensional

A

D

B

E

C

F
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visual assessment, regarding IW as washout may facilitate 
radiologist’s decision and improve sensitivity for HCC 
diagnosis.

Interestingly, PP washout was more common with HBA-
MRI than with ECA-MRI. PP is generally considered to begin 
approximately at 50–70 seconds and last up to 90 seconds 
after injection of gadoxetic acid [11,17-19], while liver 
parenchymal enhancement is observed as early as 60–90 
seconds after contrast injection [13,14]. In our study, visual 
SIR in the PP was lower on HBA-MRI than on ECA-MRI, 
which is similar to the findings of other studies [20,21]. 
Therefore, liver parenchymal enhancement with HBA-
MRI appears to start shortly after or even during PP [22]. 
Additionally, DP washout with ECA-MRI was more frequent 
than PP washout with ECA-MRI, as previously observed 
[17,23]. Although restricting the definition of washout 
to only PP may fail to encompass the varying washout 
patterns of HCC according to histological architectures [12], 
the frequency of PP washout with HBA-MRI can at least 
be comparable to that of DP washout with ECA-MRI owing 
to the appreciable liver parenchymal enhancement in PP. 
However, the possibility of a false-positive diagnosis of HCC 
with PP washout on HBA-MRI is unknown, which requires 
further study. 

We discovered that extracellular phase washout was 
comparable between both MRIs, which was in concordance 
with a previous report [7]. Surprisingly, only half of the 
tumors smaller than 20 mm met the LR-5 criteria with 
ECA-MRI in this study. However, it should be noted that 
IW, a subjective optical illusion in the presence of an 
enhancing capsule [4], was strictly differentiated from 
washout by evaluating visual SIR in order to validate the 
LI-RADS washout definition. Among various guidelines 
for HCC diagnosis, only LI-RADS and Organ Procurement 
and Transplantation Network criteria employ an enhancing 
capsule as a major feature for the diagnosis of HCC [24]. 
The value of enhancing capsule in overall diagnostic 
performance has been deemed questionable since an 
enhancing capsule commonly appears together with 
washout in nodules 20 mm or smaller according to Rimola et 
al. [25]. Our analysis showed that allowing IW as washout, 
possibly done in prior studies, can increase the sensitivity 
for HCC diagnosis in tumors smaller than 20 mm. Although 
we did not measure the specificity for HCC diagnosis, it 
would not be significantly impaired by allowing IW since an 
enhancing capsule is a feature highly specific for HCC, and 
hepatocellular adenoma is the only non-HCC entity that may 

(83.3% vs. 90.9%; p = 0.228), and the addition of IW did 
not increase the sensitivities on both MRIs.

The sensitivity of the modified LR-5 criteria using TP 
washout was higher than that of the LR-5 criteria using DP 
washout in all tumors (91.2% vs. 73.7%; p < 0.001) and in 
tumors smaller than 20 mm (89.6% vs. 50.0%; p < 0.001). 
When IW was also allowed, the differences were smaller 
in all tumors (91.2% vs. 82.5%; p = 0.055) and in tumors 
smaller than 20 mm (89.6% vs. 70.8%; p = 0.027).

DISCUSSION

In this intraindividual comparison study, the frequency of 
extracellular phase washout was comparable between MRIs 
with HBA and ECA. The LR-5 criteria using extracellular 
phase washout showed a comparable sensitivity for HCC on 
both MRIs (78.1% for HBA-MRI vs. 73.7% for ECA-MRI), 
except for tumors smaller than 20 mm. We also found that 
allowing IW, defined as an isointensity of the lesion to the 
liver in the presence of an enhancing capsule, as washout 
could improve sensitivity for the diagnosis of HCC on ECA-
MRI, especially for tumors smaller than 20 mm (from 73.7% 
to 82.5% in all lesions, and from 50.0% to 70.8% in lesions 
smaller than 20 mm). Considering that it is not always 
feasible to strictly differentiate IW from true washout by 

Table 3. Comparison of Washout according to MRI Contrast 
Media (n = 114)

Phase 
(HBA/ECA)

Washout HBA ECA P

Presence or absence of washout
PP/PP Yes 88 (77.2) 59 (51.8) < 0.001

No 26 (22.8) 55 (48.2)
PP/DP Yes 88 (77.2) 78 (68.4) 0.134

No 26 (22.8) 36 (31.6)
TP/DP Yes 106 (93.0) 78 (68.4) < 0.001

No 8 (7.0) 36 (31.6)
Presence or absence of washout when IW is allowed

PP/PP Yes 91 (79.8) 81 (71.1) 0.078
No 23 (20.2) 33 (28.9)

PP/DP Yes 91 (79.8) 93 (81.6) 0.845
No 23 (20.2) 21 (18.4)

TP/DP Yes 108 (94.7) 93 (81.6) 0.004
No 6 (5.3) 21 (18.4)

Data are number of lesions with percentages in parentheses. 
Washout was defined as negative visual SIR in each phase with 
temporal reduction of visual SIR from arterial phase to the phase. 
DP = delayed phase, ECA = extracellular agent, HBA = hepatobiliary 
agent, IW = illusional washout, PP = portal venous phase, SIR = 
signal intensity ratio, TP = transitional phase
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exhibit non-rim APHE and an enhancing capsule [7,25,26]. 
Nevertheless, a 10–19 mm observation with non-rim APHE 
and an enhancing capsule is currently categorized as LR-4 
in LI-RADS v2018. Future research is needed to validate 
the incremental value of IW in the overall diagnostic 
performance for HCCs smaller than 20 mm.

As expected, TP washout was more frequent than DP 
washout, and the sensitivity of the LR-5 criteria was higher 
using TP washout than that using DP washout, particularly 
in tumors smaller than 20 mm. However, it should be noted 

that TP washout may only be allowed after exclusion of 
hemangiomas and non-HCC malignancies to maintain an 
acceptable specificity for HCC according to recent studies 
[27,28]. 

Our study has a few limitations. First, a selection bias 
may have been introduced by including only surgically 
resected HCCs. Nonetheless, a reference standard using 
the histopathology could have been the most accurate 
option as the possibility of non-HCC malignancy could be 
excluded. Second, we could not evaluate the specificity 

A

D

B

E

C

F

Fig. 3. A 60-year-old man with hepatitis B-related liver cirrhosis and hepatocellular carcinoma. 
A-C. On the axial T1-weighted 3D turbo field-echo images obtained after gadoxetic acid injection, a 30-mm mass at hepatic segment VII shows 
(A) non-rim APHE (visual SIR, +2), (B) PP washout (visual SIR, -1; temporal reduction in enhancement from AP, -3) as well as an enhancing 
capsule, and (C) transitional phase washout (visual SIR, -2; a temporal reduction from AP, -4). D-F. On the axial T1-weighted 3D turbo field-echo 
images obtained after gadoterate meglumine administration, the mass reveals (D) non-rim APHE (visual SIR, +2). Isointensities in (E) PP (visual 
SIR, 0) and (F) delayed phase (visual SIR, 0) and an enhancing capsule indicate IW. LR-5 category was assigned on both MRIs by both readers. 
However, true washout is present only with hepatobiliary agent-enhanced MRI, while IW is observed with extracellular agent-enhanced MRI. AP 
= arterial phase, APHE = arterial phase hyperenhancement, IW = illusional washout, LR-5 = Liver Imaging Reporting and Data System category 5, 
PP = portal venous phase, SIR = signal intensity ratio, 3D = three-dimensional
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enhancing capsule is highly specific for HCC [25], and the 
non-targetoid criteria, by definition, increase the specificity 
of LR-5 criteria [3]. Given that the LI-RADS criteria are 

measure for HCC diagnosis in our analysis. Nonetheless, 
we suppose that using IW in non-targetoid lesions will not 
significantly impair the specificity of LR-5 criteria since an 

Table 4. Sensitivity for Hepatocellular Carcinoma according to Washout Definition

Phase 
(HBA/ECA)

HBA ECA P HBA-IW* ECA-IW* P

All size (n = 114)
PP/DP 89 (78.1) 84 (73.7) 0.458 90 (79.0) 94 (82.5) 0.540
TP†/DP 104 (91.2) 84 (73.7) < 0.001 104 (91.2) 94 (82.5) 0.055

Size < 20 mm (n = 48)
PP/DP 34 (70.8) 24 (50.0) 0.034 35 (72.9) 34 (70.8) > 0.999
TP†/DP 43 (89.6) 24 (50.0) < 0.001 43 (89.6) 34 (70.8) 0.027

Size ≥ 20 mm (n = 66)
PP/DP 55 (83.3) 60 (90.9) 0.228 55 (83.3) 60 (90.9) 0.228
TP†/DP 61 (92.4) 60 (90.9) > 0.999 61 (92.4) 60 (90.9) > 0.999

Data are number of lesions satisfying the LR-5 or modified LR-5 criteria with the sensitivity measures in parentheses. *Modified LR-5 
criteria allowing IW as washout, †Modified LR-5 criteria allowing TP washout as washout for HBA-MRI. DP = delayed phase, ECA = 
extracellular agent, HBA = hepatobiliary agent, IW = illusional washout, LR-5 = Liver Imaging Reporting and Data System category 5,  
PP = portal venous phase, TP = transitional phase

Fig. 4. Frequency of washout according to MRI contrast media. TP indicates washout assessed in TP. IW indicates incorporating IW in the 
washout definition. DP = delayed phase, ECA = extracellular agent, HBA = hepatobiliary agent, IW = illusional washout, PP = portal venous phase, 
TP = transitional phase
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designed to achieve high specificity for the diagnosis of 
HCC, the question persists as how to allow for modifications 
in the current criteria to maintain high specificity. Future 
intraindividual comparison studies on LI-RADS, including 
a large number of non-HCC lesions, are warranted. Third, 
qualitative analysis using visual SIR may be difficult 
to reflect a subtle temporal reduction in enhancement. 
However, we did not perform a quantitative analysis as 
LI-RADS recommends the visual assessment of washout. 
Additionally, accurate measurement of noise is difficult 
when using parallel imaging [29]. Lastly, this is a single-
center study with the majority of patients with hepatitis 
B virus infection and Child-Pugh class A, which might 
somewhat limit the generalizability of our study results.

In conclusion, the extracellular phase washout for HCC 
diagnosis may be comparable between MRIs with HBA and 
ECA, except for tumors smaller than 20 mm. Adding IW 
could improve the sensitivity for HCC on ECA-MRI in tumors 
smaller than 20 mm. 
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