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Purpose: The aim of this study was to investigate the optimal washout criteria of perfluorobutane-
enhanced ultrasonography (PFB-US) for the diagnosis of hepatocellular carcinoma (HCC) in high-
risk individuals.
Methods: Participants at risk of HCC with treatment-naïve solid hepatic observations (≥1 cm) 
who underwent PFB-US from March 2019 to September 2020 were prospectively recruited. 
Arterial phase hyperenhancement (APHE), washout time, and washout degree were evaluated. 
The diagnosis of HCC was made by non-rim APHE with late and mild washout. The per-lesion 
diagnostic performance for diagnosing HCC using different cutoffs for late washout (50, 55, 60, 
65, and 70 seconds postcontrast) and the different time windows for determining washout (until 
2, 3, 4, 5, 6, 7, 8, 9, and 10 minutes postcontrast) were compared using the McNemar test.
Results: In total, 101 participants with 113 observations (mean size, 33.5±2.8 mm; HCCs [n=82], 
non-HCC malignancies [n=16], benign [n=15]) were evaluated. Non-rim APHE was observed in 
86.6% (71/82) of HCCs. As the cutoff time for late washout increased, the specificity increased 
to 100% (95% confidence interval [CI], 88.8% to 100%) at the 60-second cutoff with 62.2% 
sensitivity (95% CI, 50.8% to 72.7%). When the time window for determining washout became 
wider, the sensitivity and accuracy increased until 6 minutes, with 100% specificity at all times. 
Conclusion: Determining washout within 6 minutes after contrast injection with a 60-second 
cutoff for late washout showed the highest sensitivity without losing specificity for diagnosing 
HCC using PFB-US in individuals at high risk.

Keywords: Hepatocellular carcinoma; Perfluorobutane; Contrast-enhanced ultrasonography
Key points: The 60-second cutoff for late washout showed 100% specificity and the highest 
sensitivity of 62.2% for diagnosing hepatocellular carcinoma. When the time window for 
hypoechogenicity that can be considered a washout was 6 minutes postcontrast period, 
sensitivity increased compared with a narrower range of the time window with 100% specificity. 
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Introduction

Hepatocellular carcinoma (HCC) is the only cancer that is diagnosed 
noninvasively in high-risk patients using the typical imaging features 
of computed tomography (CT), magnetic resonance imaging (MRI), 
or contrast-enhanced ultrasonography (CEUS) [1,2]. CEUS has 
unique advantages over CT and MRI, as it offers pure vascular 
images, real-time dynamic information, and an excellent safety 
profile for patients with impaired renal function or allergies to 
iodine or gadolinium [3-6]. The contrast agents for ultrasonography 
(US) can be categorized into Kupffer agent (Perfluorobutane, 
Sonazoid, GE Healthcare, Chicago, IL, USA). In previous studies of 
CEUS using a pure-vascular agent, most HCCs presented arterial 
phase hyperenhancement (APHE) with mild and late (≥60 seconds) 
washout, while many cholangiocarcinomas presented rim APHE 
or early (<60 seconds) or marked washout [7-11]. This diagnostic 
criterion is highly specific for the diagnosis of HCC [12,13], and Terzi 
et al. [13] reported a 98.5% positive predictive value (PPV) among 
1,006 at-risk nodules.

Unlike the pure-vascular agent, a distinctive characteristic of 
the Kupffer agent is that it is uniquely taken up by Kupffer cells 
and yields sustained echogenicity in the liver parenchyma for tens 
of minutes [14,15]. However, there is limited evidence of how 
soon Kupffer cell uptake starts after contrast injection, which may 
cause different dynamic imaging features from those of the pure-
vascular agent, such as the pseudowashout effect. Indeed, washout 
should be evaluated in an appropriate time window to minimize 
the pseudowashout effect. In addition, there is limited research on 
whether the 60-second cutoff for late washout is also specific for 
the diagnosis of HCC using the Kupffer agent. 

Another unsolved question related to the Kupffer agent is the role 
of the Kupffer phase in diagnosing HCC. Kudo et al. [16] reported 
that defect reperfusion imaging (i.e., reinjection of the Kupffer agent 
upon an observation showing a defect in the Kupffer phase) would 
be useful for diagnosing HCC [14]. However, non-HCC malignancies 
could also present Kupffer defects with APHE. According to the study 
of Kang et al. [12], three of 10 non-HCC malignancies presented 
APHE and hypoechogenicity in the Kupffer phase. Thus, APHE with 
hypoechogenicity in the Kupffer phase might not be a specific image 
feature of HCC.

Meanwhile, a recent study on the intraindividual comparison of 
diagnostic performance for HCC using pure-vascular and Kupffer 
agents showed that the Kupffer agent had better diagnostic 
performance than the pure-vascular agent in a simulation of the 
CEUS Liver Imaging Reporting and Data System (LI-RADS) v2017 
[12]. This result might show the potential of CEUS with the Kupffer 
agent. However, there are only limited studies on the appropriate 

criteria for the non-invasive diagnosis of HCC by the Kupffer agent. 
Therefore, it was hypothesized that CEUS with the Kupffer agent 
would be suitable for diagnosing HCC in high-risk patients; however, 
the diagnostic criteria might differ from CEUS with the pure-vascular 
agent, particularly regarding the washout evaluation and the role of 
the Kupffer phase. The present study investigated the optimal cutoff 
time for determining late washout, the appropriate time window for 
determining washout that was not hampered by the pseudowashout 
effect, and the imaging features in the Kupffer phase for diagnosing 
HCC.

Materials and Methods

Compliance with Ethical Standards
This prospective study was approved by the institutional review 
board (IRB No. H-1807-171-962) of the authors’ institution, and 
written informed consent was obtained from all participants.

Participants
From March 2019 to September 2020, participants who had a 
treatment-naïve solid hepatic observation (≥1 cm) were recruited 
for this study according to the following inclusion criteria: (1) adult 
participants (≥18 years) at high risk of HCC according to the LI-
RADS v2018 [2], which is liver cirrhosis or hepatitis B viral infection 
[2]; and (2) at least one solid hepatic observation on diagnostically 
acceptable conventional US, CT, or MRI within 6 weeks of study 
enrollment. The exclusion criteria were (1) an obvious tumor in 
a vein (LR-TIV according to CT/MRI LI-RADS v2018); (2) severe 
cardiovascular dysfunction; and (3) refusal to enroll in this study. 
The flow diagram of the study population is shown in Fig. 1. When 
CT or MRI presented multiple eligible observations, the operator 
chose up to two representative observations based on the following 
priority: (1) an observation possessing a higher probability of hepatic 
malignancy according to US LI-RADS v2017 or CT/MRI LI-RADS 
v2018 [2], and (2) better visibility on B-mode ultrasonography. 
The operator was allowed to examine more than one observation, 
provided that observations were shown in a single plane of US. 
Finally, a total of 101 participants with 113 hepatic observations 
were included in this study.

Contrast-Enhanced Ultrasonography
Real-time CEUS was performed by a board-certified abdominal 
radiologist (H.J.K.) with more than 9 years of experience in CEUS 
by using a contrast-specific US platform (RS80A [n=57] or RS85A 
[n=53], Samsung Medison, Seoul, Korea) with a convex, low-MHz 
(bandwidth, 1-7 MHz) transducer (CA1-7A, Samsung Medison). 
After determining the target observation by reviewing abdominal CT 
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or MRI, B-mode scanning was performed to determine the best sonic 
window for CEUS. The predetermined parameters of CEUS were as 
follows: mechanical index of 0.18, dynamic range of 50, gain of 
50%-60%, and frame rate of 12 pictures per second. The operators 
were allowed to adjust the US parameters to depict observations 
optimally. The US contrast agent perfluorobutane (Sonazoid, 
GE Healthcare) was prepared according to the manufacturer’s 
recommendations. Perfluorobutane was reconstituted with 2 mL of 
sterile water and divided into two doses of 1 mL each. The prepared 
1 mL of perfluorobutane was manually injected via the same 
cannula, similarly followed by a 10-mL normal saline flush. The timer 
was started at the beginning of the saline flush. Continuous CEUS 
images of target observations were recorded under calm, normal 
breathing for the first 70 seconds, followed by intermittent scans 
every 20 seconds until 10 minutes after contrast injection.

Image Analysis
During perfluorobutane-enhanced ultrasonography (PFB-US) 
examinations, the operator was asked to record the following 
dynamic image features: the presence of APHE and its patterns 
(rim, non-rim, and peripheral globular), washout timing, and its 
degree (mild or marked). A board-certified radiologist (J.Y.) with 7 
years of experience in CEUS independently reviewed the PFB-US 
examinations. The reviewer was blinded to the final diagnosis and 
any clinical or laboratory information, but was aware that the study 
population was at risk for HCC and was given annotated B-mode 
images of each target. The CEUS features during the vascular phase 
were defined by simulating CEUS LI-RADS v2017 [1]. The arterial 
phase was thought to be from 10 to 45 seconds after contrast 
injection. Non-rim APHE was defined as unequivocal enhancement 

compared with the liver parenchyma without rim-like or peripheral 
globular enhancement. Washout was defined as a temporal complete 
or partial reduction in enhancement relative to the parenchyma 
after the arterial phase. Mild washout referred to observations with 
less enhancement than that in the parenchyma. Marked washout 
was defined as observations appearing black or punched out 
within 2 minutes after contrast injection. Washout evaluation was 
performed for hepatic observation without rim APHE or peripheral 
globular enhancement in the arterial phase. The Kupffer phase 
was also assessed at 10 minutes after contrast injection, and the 
echogenicity was evaluated as hyperenhancement, isoenhancement, 
mild hypoenhancement, or marked hypoenhancement. Marked 
hypoenhancement was defined as an observation that appeared 
black or punched out. 

The diagnosis of HCC by PFB-US was made based on non-
rim APHE (≥1 cm) with late and mild washout. To investigate the 
appropriate cutoff to determine late washout on PFB-US, different 
cutoff times with 5-second intervals (50, 55, 60, 65, and 70 seconds 
after contrast injection) were applied. Washout seen after the cutoff 
time was regarded as late washout, and when it was seen before 
then, it was regarded as early washout. In addition, to investigate 
the appropriate time window for investigating washout, different 
time windows with 1-minute intervals (until 2, 3, 4, 5, 6, 7, 8, 9, and 
10 minutes after contrast injection) were used. When evaluating the 
different cutoff times for late washout, the time window was fixed 
at 5 minutes after contrast injection. When evaluating the different 
time windows for washout, the cutoff time for late washout was 
fixed at 60 seconds. The 5-minute and 60-second times were 
determined by simulating CEUS LI-RADS v2017 [1], which suggested 
diagnostic criteria for HCC by using CEUS with a pure blood-pool 

Fig. 1. Flow diagram of the study 
sample. CEUS, contrast-enhanced 
ultrasonography; HCC, hepatocellular 
carcinoma.

Participants who had treatment-naïve solid hepatic 
observation(s) between Mar 2019 and Sep 2020

110 Eligible participants
were scheduled for CEUS

113 observations in 101 participants: 
HCC (n=82), non-HCC malignancy (n=16), benign (n=15)

Inclusion criteria
1. Participants (≥18 years) at risk of HCC 
2. At least one treatment-naïve solid

hepatic observation (≥1 cm) during 
surveillance

Exclusion criteria 
1. Obvious tumor in vein 
2. Severe cardiovascular dysfunction 
3. Declined consent

Exclusion for analysis (n=9) 
1. Insufficient diagnosis (n=4) 
2. Poor sonic window (n=5)
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agent. When hepatic observations presented any finding of rim 
APHE, marked washout, or early washout, it was regarded as a non-
HCC malignancy.

The B-mode visibility of the target observation was also recorded 
using a 5-point Likert scale: 1, a very poor sonic window that 
is unacceptable for evaluating the observation; 2, a poor sonic 
window with a hampered ability to evaluate the observation; 3, 
an acceptable sonic window with mild interference for evaluating 
the hepatic observation; 4, a good sonic window with minimal 
interference for evaluating the hepatic observation; and 5, an 
excellent sonic window with infrequent interference for evaluating 
the hepatic observation. Hepatic observations with a visibility score 
of 1 were excluded from the analysis. 

Reference Standard
Fifty-one percent of the target observations (58/113) were 
diagnosed histopathologically (surgery, n=23; biopsy, n=35), and 
49% (55/113) were diagnosed noninvasively, with the following 
distribution: 82 HCCs (39 pathologic diagnoses and 43 non-invasive 
diagnoses), 16 non-HCC malignancies (16 pathologic diagnoses), 
and 15 benign lesions (three pathologic diagnoses and 12 presumed 
benign based on follow-up stability). Information on hepatic tumor 
pathology was routinely reported in the institution’s pathologic 
reports by one of the two experienced pathologists with more 
than 18 years of hepatic pathology experience. The non-invasive 
diagnostic criteria of HCC were non-rim APHE (≥1 cm) with washout 
or threshold growth or non-rim APHE (≥2 cm) with capsular 
enhancement, following CT/MRI LI-RADS v2018 [2]. Eleven percent 
(12/113) of the target observations were presumed to be benign 
observations without a specific diagnosis based on their stability of 
more than 1 year (n=4) or typical imaging features of hemangioma 
with more than 6 months of stability (n=8). 

Statistical Analysis
Continuous variables are reported as mean±standard deviation 
(SD) and range. Descriptive data are reported as numbers and 
percentages. Interobserver agreement of the imaging features 
between the operators and the reviewer was analyzed by using 
weighted κ statistics. The sensitivity, specificity, accuracy, PPV, and 
negative predictive value (NPV) of PFB-US for diagnosing HCC 
using different cutoffs for late washout and different time windows 
for determining washout were analyzed on a per-lesion basis, and 
compared with the McNemar test. All statistics were performed by 
commercially available software (MedCalc version 16.4, MedCalc 
Software, Ostend, Belgium). Two-tailed P-values <0.05 were 
considered to indicate a statistically significant difference.

Table 1. Clinicopathologic characteristics of 101 patients with 
113 observations

Value

Patients 101
Mean age (year) 62.2±11.1 

(31–86)
Sex

Male:female 83:18

Cause of liver disease

Hepatitis B virus 64 (63.4)

Hepatitis C virus 15 (14.8)

Alcohol 9 (8.9)

NAFLD 8 (7.9)

Unknown 5 (5.0)

Known cirrhosis 70 (69.3)

B-mode visibilitya) 

Score 5 44 (43.6)

Score 4 29 (28.7)

Score 3 21 (20.8)

Score 2 7 (6.9)

Observations 113
Size (mm) 33.5±2.8 

(10–128)
10-50 95 (84.1)

>50 18 (15.9)

Final diagnosis

HCC 82 (72.5)

Non-HCC malignancy 16 (14.2)

cHCC-CC 1 (0.9)

IHCC 9 (8.0)

Metastasis

Lung 4 (3.5)

Colon 1 (0.9)

Pancreatic neuroendocrine tumor   1 (0.9)

Benign 15 (13.3)

Dysplastic nodule 1 (0.9)

Adenoma 1 (0.9)

Focal nodular hyperplasia 1 (0.9)

Hemangioma 6 (5.3)

Presumed benign (follow-up) 6 (5.3)

Standard reference of diagnosis

Pathologic diagnosis 58 (51.3)

Non-invasive diagnosis 43 (38.1)

Follow-up stability and typical benign imaging features 12 (10.6)
Values are presented as mean±standard deviation (range) or number (%).
NAFLD, nonalcoholic fatty liver disease; HCC, hepatocellular carcinoma; 
cHCC-CC, combined hepatocellular cholangiocarcinoma; IHCC, intrahepatic 
cholangiocarcinoma.
a)Scores of 1 were excluded from the analysis. 
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Results

Participants and Focal Hepatic Lesions
A total of 110 participants met the criteria for study enrollment and 
were scheduled for CEUS. Nine participants were further excluded 
because of low B-mode visibility (score of 1, n=5) or insufficient 
diagnosis (n=4) due to inconclusive histopathologic results (n=1) 
or not fulfilling the non-invasive diagnostic criteria of HCC (n=3). 
Accordingly, 101 participants (83 men; age [mean±SD], 62.2±11.1 
years; range, 31 to 86 years) with 113 hepatic observations (size 
[mean±SD], 33.5±2.8 mm; range, 10 to 128 mm) were finally 
included in this study (Fig. 1). The most common cause of chronic 
hepatic disease was hepatitis B infection (63.4%, 64/101). Sixty-
nine percent (70/101) of participants had liver cirrhosis. Of 113 
hepatic observations, 73% (82/113) were HCCs, 14% (16/113) were 
non-HCC malignancies, and 13% (15/113) were benign lesions. The 

clinicopathological characteristics of the participants and the hepatic 
observations are described in Table 1.

PFB-US Features for Hepatic Observations
Arterial phase hyperenhancement 
Most HCCs presented non-rim APHE (operator, 71/82 [86.6%]; 
reviewer, 60/82 [73.2%]), and fewer than 10% of HCCs presented 
rim APHE (operator, 3/82 [3.7%]; reviewer, 8/82 [9.6%]) (Table 
2, Fig. 2). Every hepatic observation with peripheral globular 
enhancement was a hemangioma. The interobserver agreement of 
the patterns of APHE was 0.71 (95% CI, 0.57 to 0.84).

Washout 
The washout assessment was performed for hepatic observations 
without rim APHE or peripheral globular enhancement in the arterial 
phase, including HCCs (n=79), non-HCC malignancies (n=9), and 

C D E

A B

Fig. 2. A 54-year-old man with pathologi
-cally confirmed hepatocellular carcinoma 
in segment 6 of the liver. 
A. On dynamic computed tomography, only a 
1.8-cm tubular hypoattenuating observation 
without arterial phase hyperenhancement 
(APHE) is noted in the arterial phase (arrows). 
B. This observation shows a wider extent of 
washout in the delayed phase (arrows). C. On 
perfluorobutane-enhanced ultrasonography, 
a 3.1-cm APHE observation in segment 6 
presented mild washout 62 seconds after 
contrast agent injection (D, arrows). E. These 
observations presented mild defects in the 
Kupffer phase, which was defined as starting 
10 minutes after contrast injection (arrows). 
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A

Fig. 3. A 2.4-cm hypoechoic observation 
of liver segment 2 during ultrasound 
surveillance in a 72-year-old woman 
with chronic hepatitis B and nonalcoholic 
fatty liver disease. 
A, B. On perf luorobutane-enhanced 
ultrasonography, this observation did not 
present hyperenhancement in the arterial 
phase. (arrow) (A), but mild washout 90 
seconds after contrast injection was noted 
(arrows) (B). 

B

Table 2. Major imaging features of 113 observations in 101 participants
APHE Washouta) Kupffer phase

No APHE
Non-rim 

APHE
Rim APHE

Peripheral 
globular 

enhancement
No washout

Degrees No hypo-
echogenicity

Degrees of 
hypoechogenicity

Mild Marked Mild Marked

Operator

HCC (n=82) 8 (9.6) 71 (86.6) 3 (3.7) 0 4 (5.1) 73 (92.4) 2 (2.5) 11 (13.4) 50 (61.0) 21 (25.6)

Non-HCC malignancy (n=16) 0 9 (56.2) 7 (43.8) 0 0 6 (66.7) 3 (33.3) 0 7 (43.8) 9 (56.2)

Benign lesions (n=15) 8 (53.3) 3 (20.0) 0 4 (26.7) 7 (63.6) 4 (36.4) 0 9 (60.0) 6 (40.0) 0 

Reviewer

HCC (n=82) 14 (17.1) 60 (73.2) 8 (9.6) 0 5 (6.8) 65 (87.8) 4 (5.4) 5 (6.1) 72 (87.8) 5 (6.1)

Non-HCC malignancy (n=16) 5 (31.3) 0 11 (68.7) 0 0 4 (80.0) 1 (20.0) 0 7 (43.8) 9 (56.3)

Benign lesions (n=15) 6 (40.0) 5 (33.3) 0 4 (26.7) 7 (63.6) 4 (36.4) 0 7 (46.7) 8 (53.3) 0 

κ value 0.71 0.76 0.51
Values are presented as number (%).
APHE, arterial phase hyperenhancement; HCC, hepatocellular carcinoma.
a)The washout assessment was performed for hepatic observations without rim APHE or peripheral globular enhancement in the arterial phase (operator: HCC, n=79; non-HCC 
malignancy, n=9; benign, n=11; reviewer: HCC, n=74; non-HCC malignancy, n=5; benign, n=11). The degree of washout was evaluated until just before the Kupffer phase. 
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benign cases (n=11). Most HCCs showed mild washout (operator, 
73/79 [92.4%]; reviewer, 65/74 [87.8%]). A few HCCs showed 
marked washout (operator, 2/79 [2.5%]; reviewer, 4/74 [5.4%]), or 
no washout (operator, 4/79 [5.1%]; reviewer, 5/74 [6.8%]). Every 
non-HCC malignancy presented washout with mild (operator, 6/9 
[66.7%]; reviewer, 4/5 [80.0%]) or marked degrees (operator, 3/9 
[33.3%]; reviewer, 1/5 [20.0%]). For both the operator and reviewer, 
64% of benign lesions (7/11) did not show washout, and 36.4% 
(4/11) showed mild washout (Fig. 3). No benign lesion presented 
marked washout. The interobserver agreement of the presence and 
degree of washout was 0.76 (95% CI, 0.63 to 0.90).

Kupffer phase 
Many HCCs (operator, 50/82 [61.0%]; reviewer, 72/82 [87.8%]) 
showed mild hypoechogenicity, and some HCCs (operator, 21/82 
[25.6%]; reviewer, 5/82 [6.1%]) showed marked hypoechogenicity 
in the Kupffer phase. Thirteen percent of HCCs (operator, 11/82) 

or 6.1% (reviewer, 5/82) did not show hypoechogenicity in the 
Kupffer phase (Fig. 4). Every non-HCC malignancy presented 
hypoechogenicity for both the operator and reviewer: 56.2% (9/16) 
presented marked hypoechogenicity, and 43.8% (7/16) presented 
mild hypoechogenicity. Although the frequency of hypoechogenicity 
in the Kupffer phase did not differ significantly between HCCs 
(71/82 [86.6%]) and non-HCC malignancies (16/16 [100%], 
P=0.201), both were more frequent than benign lesions (operator, 
6/15 [40.0%]; reviewer, 8/15 [53.3%]; P<0.001 in both). None 
of the benign lesions presented marked hypoechogenicity. Fig. 5 
shows a comparison of the echogenicity in the vascular phase and 
the Kupffer phase for hepatic observations without rim APHE or 
peripheral globular enhancement. No hepatic observation presented 
mild washout after 6 minutes. The interobserver agreement for 
echogenicity in the Kupffer phase was 0.51 (95% CI, 0.28 to 0.74).

C

D

Fig. 3. C. This observation presented 
isoechogenicity in the Kupffer phase, 
which was defined as starting 10 minutes 
after contrast injection (arrow). D. This 
observation was not delineated on a 
1-year follow-up dynamic abdominal 
computed tomography examination and 
was presumed to be a benign lesion. 
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Diagnostic Performance of HCC Depending on the Time 
Definition to Evaluate Washout
Different cutoff times for late washout 
The time distribution of mild washout is presented in Fig. 6. When 

adopting different cutoff times for late washout (50, 55, 60, 65, or 
70 seconds), the sensitivity of CEUS for HCC gradually increased 
as the cutoff time decreased (Table 3). In contrast, the specificity 
of CEUS gradually increased as the cutoff time for late washout 

A

Fig. 4. A 3-cm noninvasively diagnosed 
hepatocellular carcinoma in segment 3 of 
the liver during ultrasound surveillance in 
a 50-year-old man with chronic hepatitis 
B. 
A, B. On perf luorobutane-enhanced 
ultrasonography, this observation presents  
hyperenhancement in the arterial phase 
(arrows) (A) and mild washout 65 seconds 
after contrast injection (arrows) (B). C. This 
observation presented isoechogenicity in 
the Kupffer phase, which was defined as 
starting 10 minutes after contrast injection 
(arrows). 

B

C
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Table 3. Diagnostic performance of perfluorobutane-enhanced ultrasonography for the diagnosis of hepatocellular carcinoma with 
different cutoff times for late washout
Cutoff for late washout Sensitivity Specificity Accuracy NPV PPV

Operator

50 s 64.6 (53.3-74.9) 96.8 (83.3-99.9) 73.5 (64.3-81.3) 50.9 (37.5-64.1) 98.2 (90.1-99.9)

55 s 63.4 (52.1-73.8) 96.8 (83.3-99.9) 72.6 (63.4-80.5) 50.0 (36.8-63.2) 98.1 (89.9-99.9)

60 s 62.2 (50.8-72.7) 100 (88.8-100) 72.6 (63.4-80.5) 50.0 (37.0-62.9) 100 (93.2-100)

65 s 59.8 (48.3-70.4) 100 (88.8-100) 70.8 (61.5-78.9) 48.4 (35.8-61.3) 100 (92.3-100)

70 s 59.8 (48.3-70.4) 100 (88.8-100) 70.8 (61.5-78.9) 48.4 (35.8-61.3) 100 (92.3-100)

Reviewer

50 s 57.3 (45.9-68.2) 90.3 (74.2-97.9) 66.4 (56.9-74.9) 44.4 (37.8-51.3) 94.0 (84.0-97.9)

55 s 57.3 (45.9-68.2) 90.3 (74.2-97.9) 66.4 (56.9-74.9) 44.4 (37.8-51.3) 94.0 (84.0-97.9)

60 s 54.9 (43.5-65.9) 93.5 (78.6-99.2) 65.5 (55.9-74.2) 43.9 (37.8-50.3) 95.7 (85.3-98.9)

65 s 53.7 (42.3-64.7) 93.5 (78.6-99.2) 64.6 (55.1-73.4) 43.3 (37.3-49.5) 95.7 (85.0-98.8)

70 s 50.0 (38.7-61.3) 93.5 (78.6-99.2) 61.9 (52.3-70.9) 41.4 (35.9-47.2) 95.3 (84.1-98.8)
Values in parentheses are 95% confidence intervals.
NPV, negative predictive value; PPV, positive predictive value.

Fig. 6. Time dist r ibut ion of  mi ld hypoechogenic i ty  in 
perfluorobutane-enhanced ultrasonography. The analysis was 
performed for hepatic observations without rim arterial phase 
hyperenhancement, peripheral globular enhancement, or marked 
washout. Ninety-two percent (73 of 79) of hepatocellular carcinomas 
(HCCs), 66.7% (6 of 9) non-HCC malignancy, and 36.4% (4/11) of 
benign lesions presented mild hypoechogenicity. Mild washout of HCC 
was most frequent 70-120 seconds after contrast injection (26 of 73, 
35.6%). Sixteen percent (12 of 73) of HCCs showed mild washout 
before 50 seconds, and 4.1% (3 of 73) of HCCs did between 50-60 
seconds. Every non-HCC malignancy (n=6) presented mild washout 
before 60 seconds. One benign lesion (1 of 4, 25%) presented mild 
washout before 50 seconds, and the other three lesions (3 of 4, 
75%) presented mild washout after 70 seconds.
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Fig. 5. Comparison of the echogenicity of hepatic observations 
between the vascular phase and the Kupffer phase. Hepatic 
observations were performed without r im arterial  phase 
hyperenhancement or peripheral globular enhancement. The 
vascular phase was defined as the period until 6 minutes after 
contrast injection. The grayscale represents the echogenicity in the 
Kupffer phase. No hepatocellular carcinoma (HCC) without washout 
in the vascular phase presented hypoechogenicity in the Kupffer 
phase. There were no benign observations showing marked washout 
or marked hypoechogenicity in the Kupffer phase. WO, washout.
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increased and achieved 100% (operator) or 93.5% (reviewer) at 
cutoff times of 60, 65, and 70 seconds (Table 3). Among the cutoff 
times showing the highest specificity, the 60-second cutoff presented 
the highest sensitivity of 62.2%. However, the sensitivity of the 
60-second cutoff did not show a statistically significant difference 
compared to the 50-second (64.6%, P=0.133), 55-second (63.4%, 
P=0.231), 65-second (59.8%, P=0.705), and 70-second cutoffs 
(59.8%, P=0.705).

Different time windows for investigating washout 
When adopting different time windows for determining washout 
(until 2, 3, 4, 5, 6, 7, 8, 9, or 10 minutes after contrast injection), 
the sensitivity, accuracy, and NPV of CEUS for HCC increased as the 
time window increased until 6 minutes after contrast injection for 
both the operator and reviewer (Table 4). When the time window 
for investigating washout extended to 6 minutes, the sensitivity of 
62.2% was significantly higher than that of other time windows (2 

minutes, 31.7%, P<0.001; 3 minutes, 43.9%, P<0.001; 4 minutes, 
56.1%, P=0.025; 5 minutes, 59.8%, P=0.157). The specificity and 
PPV of CEUS for HCC were 100% and 100% for the operator, and 
93.5% and 95.8% for the reviewer (Table 4). There were two false-
positive cases for the reviewer (cholangiocarcinoma and combined 
hepatocellular cholangiocarcinoma). 

Discussion

The results of this study showed that after excluding observations 
with rim APHE or marked washout or peripheral globular arterial 
enhancement, the criterion for late washout as hypoechogenicity 
from 60 seconds to 6 minutes after contrast injection was feasible 
for diagnosing HCC using PFB-US without compromising specificity. 
There was no additional gain for diagnostic performance for HCC 
when the time window for washout exceeded 6 minutes.

In the present study, there were no false-positive cases for 

Table 4. Diagnostic performance of perfluorobutane-enhanced ultrasonography for the diagnosis of hepatocellular carcinoma 
according to the different time windows for investigating washout

Time window to 
investigate washout

Sensitivity Specificity Accuracy NPV PPV

Operator

Until 2 min 31.7 (21.9-42.9) 100 (88.8-100) 50.4 (40.9-60.0) 35.6 (32.3-39.1) 100 (86.8-100)

Until 3 min 43.9 (32.9-55.3) 100 (88.8-100) 59.3 (49.6-68.4) 40.3 (35.8-44.9) 100 (90.3-100)

Until 4 min 56.1 (44.7-67.0) 100 (88.8-100) 68.1 (58.7-76.6) 46.3 (40.3-52.4) 100 (92.3-100)

Until 5 min 59.8 (48.3-70.4) 100 (88.8-100) 70.8 (61.5-78.9) 48.4 (41.9-55.0) 100 (92.8-100)

Until 6 min 62.2 (50.8-72.7) 100 (88.8-100) 72.6 (63.4-80.5) 50.0 (43.1-58.9) 100 (93.0-100)

Until 7 min 62.2 (50.8-72.7) 100 (88.8-100) 72.6 (63.4-80.5) 50.0 (43.1-58.9) 100 (93.0-100)

Until 8 min 62.2 (50.8-72.7) 100 (88.8-100) 72.6 (63.4-80.5) 50.0 (43.1-58.9) 100 (93.0-100)

Until 9 min 62.2 (50.8-72.7) 100 (88.8-100) 72.6 (63.4-80.5) 50.0 (43.1-58.9) 100 (93.0-100)

Until 10 min 62.2 (50.8-72.7) 100 (88.8-100) 72.6 (63.4-80.5) 50.0 (43.1-58.9) 100 (93.0-100)

Over 10 min 62.2 (50.8-72.7) 100 (88.8-100) 72.6 (63.4-80.5) 50.0 (43.1-58.9) 100 (93.0-100)

Reviewer

Until 2 min 26.8 (17.6-37.8) 100 (88.8-100) 46.9 (37.5-56.5) 34.1 (31.2-37.1) 100 (85.7-100)

Until 3 min 41.5 (30.7-52.9) 93.5 (78.6-99.2) 55.8 (46.1-65.1) 37.7 (33.0-42.6) 94.4 (81.3-98.5)

Until 4 min 52.4 (41.1-63.6) 93.5 (78.6-99.2) 63.7 (64.1-72.6) 42.6 (36.8-48.7) 95.6 (84.7-98.8)

Until 5 min 54.9 (43.5-65.9) 93.5 (78.6-99.2) 65.5 (55.9-74.2) 43.9 (37.8-50.3) 95.7 (85.3-98.9)

Until 6 min 56.1 (44.7-67.0) 93.5 (78.6-99.2) 66.4 (56.9-74.9) 44.6 (38.3-51.1) 95.8 (85.6-98.9)

Until 7 min 56.1 (44.7-67.0) 93.5 (78.6-99.2) 66.4 (56.9-74.9) 44.6 (38.3-51.1) 95.8 (85.6-98.9)

Until 8 min 56.1 (44.7-67.0) 93.5 (78.6-99.2) 66.4 (56.9-74.9) 44.6 (38.3-51.1) 95.8 (85.6-98.9)

Until 9 min 56.1 (44.7-67.0) 93.5 (78.6-99.2) 66.4 (56.9-74.9) 44.6 (38.3-51.1) 95.8 (85.6-98.9)

Until 10 min 56.1 (44.7-67.0) 93.5 (78.6-99.2) 66.4 (56.9-74.9) 44.6 (38.3-51.1) 95.8 (85.6-98.9)

Over 10 min 56.1 (44.7-67.0) 93.5 (78.6-99.2) 66.4 (56.9-74.9) 44.6 (38.3-51.1) 95.8 (85.6-98.9)
Values in parentheses are 95% confidence intervals.
NPV, negative predictive value; PPV, positive predictive value.

http://www.e-ultrasonography.org


Hyo-Jin Kang, et al.

540  Ultrasonography 41(3), July 2022 e-ultrasonography.org

diagnosing HCC using the time window for investigating washout of 
up to 6 minutes after contrast injection. Hence, the pseudowashout 
effect caused by perfluorobutane uptake by Kupffer cells might be 
negligible for diagnosing HCC even until 6 minutes after contrast 
injection. This result diverges from the authors’ original expectations, 
as it was thought that the progressive enhancement of the liver 
parenchyma might decrease the specificity of PFB-US. In particular, 
it is well known that hemangioma occasionally shows decreased 
echogenicity in the Kupffer phase of PFB-US [17]. In MRI with a 
hepatocyte-specific contrast agent, hypointensity in the transition 
or the hepatobiliary phase is not regarded as washout in CT/MRI 
LI-RADS v2018 [2] because of a decrease in specificity due to the 
pseudowashout effect [18,19]. However, after excluding observations 
with typical hemangioma or non-HCC malignancy features, which 
is bright T2 signal intensity or targetoid appearance on a diffusion-
weighted image or dynamic images [20], the pseudowashout effect 
of the hepatobiliary phase was minimized. Likewise, through the 
exclusion of observations showing typical hemangioma and non-
HCC malignancy features using peripheral globular enhancement, 
rim APHE, or marked washout, the pseudowashout effect would 
be minimized. This result is in line with that of another study of the 
diagnostic performance of PFB-US, which showed 100% specificity 
for PFB-US in diagnosing HCC in high-risk patients by simulating 
CEUS LI-RADS v2017, which uses 5 minutes as the limit of the 
vascular phase for washout [12].

In the present study, extending the washout time window 
beyond 6 minutes did not give additional benefit to the diagnostic 
performance for HCC. When the time window for washout was 
extended until the Kupffer phase (over 10 minutes), the sensitivity 
and specificity were not different from the time window within 6 
minutes after contrast injection. This is not in line with previous 
studies that showed increased sensitivity for HCC diagnosis when 
Kupffer phase hypoechogenicity was regarded as a washout 
[21,22]. Hwang et al. [22] reported that 13.4% of HCC showed 
hypoechogenicity only in the Kupffer phase. The inconsistency 
between the results of those studies and the present results might 
be explained by the nodule size (1.5 cm vs. 3.4 cm). Smaller nodules 
are more likely to be early HCC, in which a few portal triads are just 
starting to decline [23], and they might not show washout in the 
vascular phase. In addition, it may be difficult to determine that the 
PFB-US image around 6 minutes after contrast injection is the pure 
vascular phase without the effect of the Kupffer phase. Despite a 
lack of consensus regarding how they affect dynamic US images, 
the phagocytosis of perfluorobutane by Kupffer cells was observed 
even within 1 minute after contrast injection in an in vivo study [15]. 
Further research on the proper time window for the Kupffer phase 
and its role in diagnosis for HCC seems to be needed. 

The degree of hypoechogenicity in the Kupffer phase would 
differentiate benign lesions from malignancies. No benign lesion 
presented marked hypoechogenicity in the Kupffer phase, whereas 
56.2% of non-HCC malignancies and 25.6% of HCCs did. In 
addition, every non-HCC malignancy presented hypointensity in 
the Kupffer phase irrespective of degree. Thus, the present results 
cautiously suggest that marked hypoechogenicity in the Kupffer 
phase might differentiate malignant from benign lesions.

Interestingly, in this study, there were seven HCCs with late and 
mild washout but isoechogenicity in the Kupffer phase. This result 
could represent the different implications of each phase of PFB-US 
and might be independent of each other. The dynamic phase would 
represent the dynamic information of the hepatic observations, 
while the Kupffer phase represents the function or density of the 
Kupffer cells. In particular, the echogenicity in the Kupffer phase 
seems to help assess the histologic grade of HCCs rather than the 
diagnosis of HCC. In previous studies, the histologic grade of HCCs 
was correlated with the number of Kupffer cells [24,25], and the 
echogenicity of the Kupffer phase would help estimate the histologic 
grade of HCCs [26]. 

The present study has several limitations. First, it analyzed a 
single-center population, and the most common etiology of chronic 
liver disease was hepatitis B infection (63.4%), which is not the 
most common etiology in Europe or America. Thus, there may have 
been an unavoidable selection bias. Multicenter and multinational 
studies are warranted to validate these study results. Second, the 
relatively small number of benign lesions (13.2%) hindered the 
generalizability of the results, and the diagnostic performance of 
PFB-enhanced US was potentially biased. However, in the clinical 
context, CEUS is usually not performed on known benign lesions. 
Third, the operator, who determined the target observations and 
performed CEUS, was not blinded to the radiologic information from 
other imaging modalities. Thus, to minimize bias, a blinded reviewer 
reviewed the images. Fourth, 1-year stability might not be sufficient 
to ensure benignity of lesions.  

In conclusion, PFB-US is feasible for diagnosing HCC in individuals 
at high risk. Non-rim APHE with mild and late washout is a feasible 
criterion for diagnosing HCC, and investigating washout within 6 
minutes after contrast injection with a 60-second cutoff for late 
washout showed the highest sensitivity, without losing specificity for 
diagnosing HCC in high-risk individuals.

ORCID: Hyo-Jin Kang: https://orcid.org/0000-0002-6771-2112; Jung Hoon Kim: 

https://orcid.org/0000-0002-8090-7758; Jeongin Yoo: https://orcid.org/0000-0002-

3267-2544; Joon Koo Han: https://orcid.org/0000-0001-5916-5545

http://www.e-ultrasonography.org


Perfluorobutane-enhanced ultrasound for HCC

e-ultrasonography.org Ultrasonography 41(3), July 2022 541

Author Contributions
Conceptualization: Kang HJ, Kim JH, Han JK. Data acquisition: Kang 
HJ, Kim JH, Yoo J, Han JK. Data analysis or interpretation: Kang HJ, 
Kim JH, Yoo J. Drafting of the manuscript: Yoo J. Critical revision of 
the manuscript: Kim JH, Han JK. Approval of the final version of the 
manuscript: all authors.

Conflict of Interest
This study was supported by a research grant from Samsung 
Medison (Seoul, Korea).

References

 1. American College of Radiology. CEUS LI-RADS V2017 [Internet]. 
Reston, VA: American College of Radiology, 2017 [ctied 2021 
Aug 19]. Available from: https://www.acr.org/Clinical-Resources/
Reporting-and-Data-Systems/LI-RADS/CEUS-LI-RADS-v2017.

 2. Chernyak V, Fowler KJ, Kamaya A, Kielar AZ, Elsayes KM, Bashir MR, 
et al. Liver Imaging Reporting and Data System (LI-RADS) version 
2018: imaging of hepatocellular carcinoma in at-risk patients. 
Radiology 2018;289:816-830.

 3. Schwarze V, Marschner C, Negrao de Figueiredo G, Rubenthaler 
J, Clevert DA. Single-center study: evaluating the diagnostic 
performance and safety of contrast-enhanced ultrasound (CEUS) 
in pregnant women to assess hepatic lesions. Ultraschall Med 
2020;41:29-35.

 4. Yusuf GT, Sellars ME, Deganello A, Cosgrove DO, Sidhu PS. 
Retrospective analysis of the safety and cost implications of 
pediatric contrast-enhanced ultrasound at a single center. AJR Am J 
Roentgenol 2017;208:446-452.

 5. Kang HJ, Kim JH, Joo I, Han JK. Additional value of contrast-
enhanced  u l t ra sound  (CEUS )  on  a r t e r i a l  phase  non-
hyperenhancement observations (≥ 2 cm) of CT/MRI for high-risk 
patients: focusing on the CT/MRI LI-RADS categories LR-3 and LR-
4. Abdom Radiol (NY) 2020;45:55-63.

 6. Kang HJ, Lee JM, Yoon JH, Han JK. Role of Contrast-enhanced 
ultrasound as a second-line diagnostic modality in noninvasive 
diagnostic algorithms for hepatocellular carcinoma. Korean J Radiol 
2021;22:354-365.

 7. Yang HK, Burns PN, Jang HJ, Kono Y, Khalili K, Wilson SR, et al. 
Contrast-enhanced ultrasound approach to the diagnosis of 
focal liver lesions: the importance of washout. Ultrasonography 
2019;38:289-301.

 8. Zhang HC, Zhu T, Hu RF, Wu L. Contrast-enhanced ultrasound 
imaging features and clinical characteristics of combined 
hepatocellular cholangiocarcinoma: comparison with hepatocellular 
carcinoma and cholangiocarcinoma. Ultrasonography 2020;39:356-
366.

 9. Chen LD, Xu HX, Xie XY, Xie XH, Xu ZF, Liu GJ, et al. Intrahepatic 
cholangiocarcinoma and hepatocellular carcinoma: differential 
diagnosis with contrast-enhanced ultrasound. Eur Radiol 
2010;20:743-753.

10. Wildner D, Bernatik T, Greis C, Seitz K, Neurath MF, Strobel D. CEUS 
in hepatocellular carcinoma and intrahepatic cholangiocellular 
carcinoma in 320 patients: early or late washout matters: a 
subanalysis of the DEGUM multicenter trial. Ultraschall Med 
2015;36:132-139.

11. Wildner D, Pfeifer L, Goertz RS, Bernatik T, Sturm J, Neurath MF, 
et al. Dynamic contrast-enhanced ultrasound (DCE-US) for the 
characterization of hepatocellular carcinoma and cholangiocellular 
carcinoma. Ultraschall Med 2014;35:522-527.

12. Kang HJ, Lee JM, Yoon JH, Lee K, Kim H, Han JK. Contrast-enhanced 
US with sulfur hexafluoride and perfluorobutane for the diagnosis 
of hepatocellular carcinoma in individuals with high risk. Radiology 
2020;297:108-116.

13. Terzi E, Iavarone M, Pompili M, Veronese L, Cabibbo G, Fraquelli M, 
et al. Contrast ultrasound LI-RADS LR-5 identifies hepatocellular 
carcinoma in cirrhosis in a multicenter restropective study of 1,006 
nodules. J Hepatol 2018;68:485-492.

14. Lee JY, Minami Y, Choi BI, Lee WJ, Chou YH, Jeong WK, et al. The 
AFSUMB consensus statements and recommendations for the 
clinical practice of contrast-enhanced ultrasound using sonazoid. 
Ultrasonography 2020;39:191-220.

15. Yanagisawa K, Moriyasu F, Miyahara T, Yuki M, Ii j ima H. 
Phagocytosis of ultrasound contrast agent microbubbles by Kupffer 
cells. Ultrasound Med Biol 2007;33:318-325.

16. Kudo M, Hatanaka K, Maekawa K. Newly developed novel 
ultrasound technique, defect reperfusion ultrasound imaging, 
using sonazoid in the management of hepatocellular carcinoma. 
Oncology 2010;78 Suppl 1:40-45.

17. Sugimoto K, Moriyasu F, Saito K, Yoshiara H, Imai Y. Kupffer-phase 
findings of hepatic hemangiomas in contrast-enhanced ultrasound 
with sonazoid. Ultrasound Med Biol 2014;40:1089-1095.

18. Joo I, Lee JM, Lee DH, Jeon JH, Han JK, Choi BI. Noninvasive 
diagnosis of hepatocellular carcinoma on gadoxetic acid-enhanced 
MRI: can hypointensity on the hepatobiliary phase be used as an 
alternative to washout? Eur Radiol 2015;25:2859-2868.

19. Doo KW, Lee CH, Choi JW, Lee J, Kim KA, Park CM. "Pseudo 
washout" sign in high-flow hepatic hemangioma on gadoxetic acid 
contrast-enhanced MRI mimicking hypervascular tumor. AJR Am J 
Roentgenol 2009;193:W490-W496.

20. Joo I, Lee JM, Lee DH, Jeon JH, Han JK. Retrospective validation of a 
new diagnostic criterion for hepatocellular carcinoma on gadoxetic 
acid-enhanced MRI: can hypointensity on the hepatobiliary phase 
be used as an alternative to washout with the aid of ancillary 
features? Eur Radiol 2019;29:1724-1732.

21. Kudo M, Hatanaka K, Inoue T, Maekawa K. Depiction of portal 

http://www.e-ultrasonography.org


Hyo-Jin Kang, et al.

542  Ultrasonography 41(3), July 2022 e-ultrasonography.org

supply in early hepatocellular carcinoma and dysplastic nodule: 
value of pure arterial ultrasound imaging in hepatocellular 
carcinoma. Oncology 2010;78 Suppl 1:60-67.

22. Hwang JA, Jeong WK, Min JH, Kim YY, Heo NH, Lim HK. Sonazoid-
enhanced ultrasonography: comparison with CT/MRI Liver 
Imaging Reporting and Data System in patients with suspected 
hepatocellular carcinoma. Ultrasonography 2021;40:486-498.

23. Choi JY, Lee JM, Sirlin CB. CT and MR imaging diagnosis and 
staging of hepatocellular carcinoma: part I. Development, growth, 
and spread: key pathologic and imaging aspects. Radiology 
2014;272:635-654.

24. Tanaka  M, Nakash ima O, Wada Y, Kage  M, Ko j i ro  M. 

Pathomorphological study of Kupffer cells in hepatocellular 
carcinoma and hyperplastic nodular lesions in the liver. Hepatology 
1996;24:807-812.

25. Lim JH, Choi D, Cho SK, Kim SH, Lee WJ, Lim HK, et al. Conspicuity 
of hepatocellular nodular lesions in cirrhotic livers at ferumoxides-
enhanced MR imaging: importance of Kupffer cell number. 
Radiology 2001;220:669-676.

26. Arita J, Hasegawa K, Takahashi M, Hata S, Shindoh J, Sugawara 
Y, et al. Correlation between contrast-enhanced intraoperative 
ultrasound using Sonazoid and histologic grade of resected 
hepatocellular carcinoma. AJR Am J Roentgenol 2011;196:1314-
1321.

http://www.e-ultrasonography.org

