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Abstract
Purpose To show the contribution of CEUS to characterization of indeterminate MRI observations in high-risk patients 
for hepatocellular carcinoma (HCC).
Methods From July to December 2015, 42 consecutive patients referred to CEUS with indeterminate MRI scans comprise 
our study cohort. There are 50 indeterminate nodule-like observations and 10 arterial phase hyperenhancing foci, suggest-
ing pseudolesions/arterio-portal shunts. MRI and CEUS lesions are classified according to their enhancement features in 
all phases and Liver Imaging and Reporting Data System (LI-RADS) in a blind read format. Clinical pathologic correlation 
and 24 months follow-up are performed.
Results A majority, 37/50 (74%), of indeterminate nodule-like observations have arterial phase enhancement without washout 
on MRI. CEUS further characterizes enhancement and shows washout in 14/37 (38%). In total, CEUS diagnoses 16 malignant 
lesions in 14 patients including 14 HCC and 2 ICC. 12/16 (75%) malignant lesions are confirmed by biopsy or follow-up. 
Ultrasound identification of a nodule differentiates real nodules from pseudolesions. Of the ten suspected arterial-portal 
shunts on MRI, two show a real nodule on ultrasound, confirmed as an HCC and a regenerative nodule. 15/42 (36%) patients 
have LI-RADS escalated from LR-3 or 4 on MRI to LR-4 or 5 on CEUS. Overall, the sensitivity of CEUS is (13/16) 81.3% 
and specificity is (37/37) 100% for malignant diagnosis.
Conclusion Grayscale ultrasound detects true nodules. Dynamic CEUS detects and characterizes washout, correctly predict-
ing HCC. CEUS is complimentary to MRI and can serve as a problem-solving tool when MRI is indeterminate.
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Introduction

Hepatocellular carcinoma (HCC), the most common pri-
mary liver malignancy, evolves by stepwise progression 
from a benign regenerative nodule (RN) into a dysplastic 
nodule (DN) prior to the development of well, moderately 
and poorly differentiated HCC [1–3]. The vascular changes 
which occur with the progression of cirrhotic nodules ulti-
mately give the appearance of arterial phase (AP) hyper-
enhancement (APHE) and washout (WO) with contrast 
administration.

MRI is the mainstay for liver imaging in most tertiary 
institutions in North America. On MRI with gadolinium, 
typical HCC shows APHE and portal venous (PVP) or 
delayed phase (DP) WO, with signal changes on T1, T2, and 
diffusion weighted imaging (DWI) [4–6]. Stringent criteria 
for HCC have been developed by ACR LI-RADS®v2018 
as LI-RADS (LR)-5 [7]. Lesions which do not meet these 
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criteria are considered indeterminate [8]. This most often 
shows as APHE without WO [9]. The presence of WO is 
essential for diagnosis of HCC on MRI and CT [8, 10, 11], 
as many MRI observations that do not demonstrate WO 
may represent arterio-portal shunting (APS) [9]. Currently, 
according to the practice guidelines of the major interna-
tional liver organizations, CT and MRI are the main tech-
niques for evaluation of HCC with resolution of indetermi-
nate observations by evaluation with the alternate modality, 
follow-up imaging, or biopsy, with no preference listed [8]. 
Recently updated AASLD 2018 guidelines also recommend 
CEUS as a troubleshooting tool in further characterization 
of the indeterminate lesions in expert centers [7].

CEUS is an emerging technique with unique diagnos-
tic capabilities [12–14] of real-time monitoring of vascular 
enhancement compared to images acquired at static fixed 
time points on CT and MRI. Ultrasound is most sensitive 
to its contrast agent, allowing for superior detection of 
APHE and WO [12]. In addition, using purely intravascular 
microbubble contrast agents, CEUS offers precise resolu-
tion of WO [15, 16], eliminating the problem of pseudo-
enhancement shown on CT and MRI related to interstitial 
leak of contrast agent [13]. In our institution, CEUS is well 
integrated in our multi-modality approach to diagnosis and 
management of HCC [14], often, providing non-invasive 
resolution of indeterminate MRI.

We hypothesize that the addition of CEUS in the fur-
ther characterization of indeterminate MRI observations in 
high-risk patients for HCC will provide rapid non-invasive 
resolution of indeterminate MRI observations with addi-
tional diagnosis, including malignant and benign tumors, 
and reduce the time interval between the indeterminate MRI 
scan to the final diagnosis and treatment.

Materials and methods

Study population

This prospective study is approved by the Institutional 
Research Ethics Board. All patients provided signed 
informed consent. Between July and December 2015, 42 
consecutive patients with indeterminate MRI results were 
referred to our tertiary ultrasound facility for liver CEUS 
as part of standard care, where they were prospectively 
recruited for our study.

Inclusion criteria

All patients are at high risk for developing HCC [7, 8]. All 
have MRI scans with indeterminate results. Most often are 
observations that do not meet the criteria for LR-5. Included 
are patients on primary surveillance (patients without 

previous HCC diagnosis or treatment, n = 18 patients) and 
on secondary surveillance (patients with previously treated 
HCC) who presented with new isolated nodules, unrelated 
to their original treatment (n = 24 patients). CEUS and MRI 
were performed within a 3 month time period with a median 
time interval of 25 days.

Exclusion criteria

Patients with definitive MRI results, CEUS performed out-
side of 3 months from the date of MRI, and allergy to CEUS 
contrast agent were excluded.

Our study cohort includes two groups. Group 1: 38 
patients with 50 nodule-like observations on MRI with sig-
nal abnormalities on T1, T2, and DWI that suggest a real 
nodule. Group 2: 7 patients with 10 arterial-hyperenhancing 
foci without signal abnormality on T1, T2, or DWI, sug-
gestive of APS. There are a number of patients who have 
observations in both groups (Supplemental Table 1). The 
study cohort is 64 years old on average, consists of 30/42 
(71%) males. Risk factors include 41/42 (98%) cirrhosis due 
to 7/42 (17%) HBV, 25/42 (60%) HCV, 10/42 (24%) ETOH, 
and 4/42 (10%) NAFLD, and (1/42, 2%) chronic HBV with-
out cirrhosis (Table 1) (the number of patients with each 
risk factor adds to more than 42 as 5 patients each have 2 
risk factors).

Lesion diagnosis and follow‑up

Lesions are classified based on their imaging characteris-
tics as pseudolesions/APS, benign (RN, DN), and malignant 
nodules (HCC, Intrahepatic cholangiocarcinoma (ICC)). 
Reference standard includes biopsy (n = 9, 7 diagnostic and 
2 non-diagnostic) and follow-up with imaging for interval 
stability. All patients, as possible, are followed for 2 years. 
At our institution, typical LR-5 lesions on CEUS or MRI 
are often treated without biopsy [7, 8, 14–16]. In 6 patients, 
ablative therapy was performed for CEUS LI-RADS 5 
lesions without biopsy. In 2/6, subsequent development of 
a recurrent tumor at the ablation site confirmed a malig-
nant diagnosis. Nodules are considered benign when they 
remain stable for a minimum of 24 months. Interval growth 
is defined as more than a 30% diameter change in 6 months. 
2 patients are lost to follow-up: one deceased and the other 
with liver transplant. The rest of the cohort have follow-up 
for 24 months, often with alternating CEUS and MRI at 
3-month intervals.
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Procedures/techniques

MRI

Standard institutional MRI is performed at four tertiary 
facilities within our university, with gadovist (N = 39) or 
hepatobiliary contrast, gadoxetate disodium (N = 3). AP 
is taken at 30 s, PVP is taken at 70 s, and DP is taken at 
120 s for extracellular contrast gadobutrol (Bayer, Canada) 
and 20 min for gadoxetate disodium (Bayer, Canada). The 
indeterminate MRI observations were blindly reviewed by 
two radiologists, one with 11-year subspecialty experience 
in liver imaging and the first author of this manuscript, a 
radiology resident in liver imaging. Consensus opinion was 
used in this analysis following deliberation of the two read-
ers. Resolution of conflict in interpretation is performed by 

a third reader with 5 years of liver MRI experience. Signal 
intensity of lesions is compared to liver, as hypointense, 
isointense, or hyperintense, on T1, T2, and DWI sequences. 
T2 signal is assessed on a T2 TSE fat sat sequence (T2 FS, 
TR 4924 ms, TE 116 ms). T1 signal is assessed on T1 GRE 
in/out of phase sequence (T1 GRE, TR 122 ms, TE 2.37 
and 4.78 ms). DWI signal is assessed at two b-values (b 100 
and b 250). Intensity of contrast enhancement in all phases 
is classified as isointense, hyperintense, and hypointense on 
the basis of its brightness relative to the adjacent liver. AP 
enhancement patterns include non-rim APHE, rim APHE, 
non-peripheral WO, peripheral WO, and an enhancing cap-
sule [7, 8, 17]. Observations were categorized according to 
CT/MRI LI-RADS®v2018 [7].

Ultrasound and CEUS

Ultrasound and CEUS scans are performed in a single ter-
tiary facility with a high level of professional and technical 
expertise in all staff and technologists. Grayscale scan of 
the liver confirms whether there is a real underlying nodule. 
For patients with a real nodule, following complete gray-
scale scan of the liver, CEUS is performed according to our 
established protocols [14] on commercially available ultra-
sound equipment, utilizing a contrast-specific mode with a 
low mechanical index (0.06–0.2) to achieve stable and non-
destructive microbubble imaging. Time 0 corresponds with 
initiation of the saline flush. Subsequent images of the lesion 
are obtained every 30 s to assess WO up to 300 s throughout 
the PVP (from 30 s to 2 min) and late phase (LP) (2–5 min). 
Perflutren lipid microspheres (Lantheus Medical Imaging, 
Billerica, MA, USA) are injected intravenously in a bolus 
of 0.2 mL to a maximum dose of 10 uL/kg followed imme-
diately by a 5 mL saline flush, repeated up to five times as 
needed. The pattern of APHE is recorded continuously, from 
the arrival of the first bubble in the field of view, to the peak 
of AP enhancement of the lesion or the liver, and briefly 
beyond. Intensity is classified as hyperenhancement, isoen-
hancement, and hypoenhancement on the basis of its bright-
ness relative to the adjacent liver. The enhancement patterns 
include non-rim diffuse APHE, referred to as APHE; rim 
APHE; and hemangioma-like APHE. Subsequently, WO is 
characterized based on its timing (early < 60 s and late WO 
> 60 s) and intensity (weak or marked, based on its first 
observation to 2 min). Nodules are categorized according 
to CEUS LI-RADS®v2017 [15, 16].

When no definite nodule is seen on grayscale ultra-
sound, CEUS may be performed focused on either an 
indeterminate observation or on a focus of APHE from 
prior MRI, utilizing anatomic landmarks. If there is 
APHE or WO seen on the CEUS examination, closer scru-
tiny of the region on grayscale ultrasound may reveal a 
subtle nodule. Additionally, if only washout is shown on 

Table 1  Demographics of study cohort

Primary surveillance (for patient without previous HCC diagnosis or 
treatment)
Secondary surveillance (for patients with previous HCC treatment
Please note that the number of patients with each risk factor does not 
add up to total number of patient or 100% because some patients have 
more than one risk factor
N number of patients, SD standard deviation, AI autoimmune, HCC 
hepatocellular carcinoma, HBV hepatitis B virus, HCV hepatitis C 
virus, ETOH ethanol, NAFLD non-alcoholic fatty liver disease, PBC 
primary biliary cholangitis, PSC primary sclerosing cholangitis

Demographic features n (%)

Gender [n (%)]
 M 30 (71%)
 F 12 (29%)

Age, average ± SD 64 ± 11
Age range [n (%)]
 40–50 6 (14%)
 51–60 9 (21%)
 61–70 17 (41%)
 > 70 10 (24%)

HCC risk factors [n (%)]
 Chronic HBV 1 (2%)
 Cirrhosis 41 (98%)
  HBV 7 (17%)
  HCV 25 (60%)
  ETOH 10 (24%)
  NAFLD 4 (10%)
  Hemochromatosis 0
  PBC 0
  PSC 0
  AI hepatitis 0

 Surveillance
  Primary 18 (43%)
  Secondary 24 (57%)
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CEUS corresponding to the original observation, CEUS 
may be performed “on top” by injecting the contrast agent 
while looking at the washout site. Therefore this improves 
nodule detection and characterization of the nodule. This 
described technique is not recommended in basic CEUS 
LI-RADS®v2017 [15, 16] and is advised for advanced 
users. The associated CEUS imaging files for the inde-
terminate MRI studies were blindly reviewed by two 
different radiologists, one with over 15 years of CEUS 
experience, and the other with 2 years of experience. 
Resolution of conflict in interpretation was performed 
by a third reader with 6 years of liver CEUS experience. 
Consensus opinion was used in all analysis.

CEUS and MRI were interpreted blindly and without 
any association to the other modality. The time interval 
between the interpretation and blind review limits recall 
bias, and the reviewers had no role in selection of the 
images for review.

Time to diagnosis is calculated from the time of an 
indeterminate MRI to the time a diagnosis is given.

Statistical analysis

The statistical analysis is performed using R program 
(3.5.0, Vienna, Austria). Diagnostic accuracy measures 
of CEUS, including sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive value (NPV), 
are calculated on the lesions that had confirmation using 

a reference standard. The lesions that had indeterminate 
CEUS diagnosis (N = 1), and lesions that do not have 
reference standard confirmation are not included in the 
analysis.

Results

Indeterminate MRI observations most often show 
APHE with no WO on MRI

Of the 50 nodule-like observations within group 1, 40/50 
(80%) show APHE. The majority, 37/50 (74%) show APHE 
without WO on MRI (Table 2), including 16/37 (43%) show-
ing APHE only without altered signal in T1, T2, or DWI. Of 
the 10 suspect APS within group 2, 10/10 (100%) observa-
tions show APHE only without WO or altered signal in T1, 
T2, and DWI.

Provision of a diagnosis on CEUS of indeterminate 
MRI observations

The diagnosis and the outcome of the indeterminate MRI 
cohort are shown in Fig. 1. From group 1, within the 28 
observations showing a nodule on ultrasound, CEUS diagno-
ses 16/28 (57%) malignant nodules in 14 patients, including 
14 HCC in 12 patients and 2 ICC in 2 patients. 12/16 (75%) 
are confirmed with reference standard, while the rest are 
treated immediately without biopsy. 11/28 (39%) nodules 

Table 2  MRI enhancement features of 60 indeterminate observations

LR LI-RADS, MRI LR CT/MRI LI-RADS®v2018, N total number of observations in each group, n number of observations in each subgroup, 
AP arterial phase, APHE arterial phase hyperenhancement, WO washout, Hypo hypointense, DP delayed phase, PVP portal venous phase, iso 
isoenhancement, incon inconclusive
a APHE refers to non-rim APHE
b DP refers to either PVP or DP in this table

Group Evaluation on MRI Enhancement features on MRI n/N (%) MRI LR

LR-3 LR-4

1 Well evaluated
n = 45

APHE
n = 40

APHE no WO, n = 37 APHEa,  DPb iso 30/50 (60%) 28 2
APHE, DP hyper 4/50 (8%) 4
APHE, incon WO 3/50 (6%) 3

APHE with WO, n = 3 APHE, DP WO 3/50 (6%) 2 1
No APHE n = 5 AP hypo, n = 3 AP hypo, no DP WO 3/50 (6%) 3

AP hypo with DP WO 1/50 (2%) 1
AP iso, n = 1 AP iso with DP WO 1/50 (2%) 1

Not well evaluated
n = 5

Respiratory motion 2/50 (4%)
AP phase timing error 1/50 (2%)
Non-contrast, renal failure 1/50 (2%)
Nodule occult on MRI 1/50 (2%)

2 N = 10 APHE
n = 10

APHE no WO, n = 10 APHE, DP iso 10/10 (100%)
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in 9 patients are shown to be benign, including 5 DN and 
4 RN that are stable on follow-up. 1/28 (4%) nodules in 1 
patient remains indeterminate after the CEUS evaluation. 
From group 2, suspected APS on MRI (n = 10), 2/10 show 
a nodule on ultrasound, one diagnosed as HCC (Fig. 4) and 
one as RN on CEUS, both are confirmed on follow-up. 3 
nodules were missed on CEUS and considered as APS, but 
shown to be malignant on follow-up MRI.

Overall, from 54/60 (90%) nodules with reference stand-
ard confirmation, the sensitivity of CEUS in detecting malig-
nant lesions from indeterminate MRI observations is 81.3% 
(13/16; 95% confidence interval (CI): 54%, 96%) and speci-
ficity is 100% (37/37; 95% CI: 91%, 100%). PPV is 100% 

(13/13; 95% CI: 75%, 100%) and NPV is 93% (38/41; 95% 
CI: 80%, 98%). Number of patients in two groups adds to 45 
as 3 patients have nodules in both groups.

Median time from identification of an indeterminate MRI 
observation to diagnosis is 33 days with addition of CEUS. 
Average time is 17.8 days.

Addition of grayscale ultrasound differentiates 
pseudolesions/APS from true nodules

As shown in Fig. 1: of 50 nodule-like observations on MRI 
in group 1, 28/50 (56%) are confirmed on grayscale ultra-
sound as real nodules. Sizes range from 1 to 4.5 cm with a 

FINAL:
Malignant: 
12/16; 75% 

Unconfirmed
/Tx w/o local 
recur
4/16; 25%

FINAL:
Malignant: 
1/1; 100%

f/u:
1/1; 100%   

f/u:
1/1; 100%  

FINAL:
Benign: 
1/1; 100%

FINAL:
Benign: 
9/11; 82%

Unconfirmed
/Lost f/u: 
2/11; 18%

FINAL:
Benign:
1/1; 100%

Group 1:
Nodule-like observations, 

n=50 (38 pts)

Group 2:
Suspect APS,
n=10 (7 pts)

Benign:
1/10; 10%

Malignant:
1/10; 10%

Benign:
11/50; 66%

Malignant:
16/50; 32%

Inconclusive:
1/50; 2%

Path & f/u: 
12/16; 75% 

Path & f/u:
9/11; 82%

f/u:
1/1; 100%

US/CEUS exam: 
50/50; 100%

US/CEUS exam: 
10/10; 100%

APS:
22/50; 44%

APS:
8/10; 80%

f/u:
8/8; 100%  

Study cohort:
Indeterminate MRI observations

n = 60 (42 pts)

FINAL:
Stable or 
disappeared
:19/22; 86%  

Malignant:
3/22; 14%

f/u:
22/22;100%

FINAL:
Stable or 
disappeared
: 8/8; 100%

Nodule:
28/50; 56%

No nodule:
22/50; 44%

Nodule:
2/10; 20%

No nodule:
8/10; 80%

Fig. 1  The study cohort. In a 6-month interval, 42 consecutive 
patients with indeterminate MRI were referred for CEUS. White 
boxes indicate the basis for the indeterminate result on MRI. Yellow 
boxes are CEUS results and green boxes are reference standard con-

firmation including biopsy and follow-up. Pts patients, APS arterio-
portal shunts, Path pathology, f/u follow-up, Tx treated, w/o without. 
Final (final diagnosis)
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median of 2.2 cm (Supplemental Table 2). The remaining 
22/50 (44%) that show no nodule on grayscale ultrasound 
are regarded as pseudolesions/APS. Of the 10 suspect APS 
on MRI in group 2, CEUS shows 2 true nodules on grayscale 
ultrasound. The remaining 8 are totally negative on ultra-
sound/CEUS and are stable or disappear on follow-up MRI 
for 2 years, supportive of the suspicion of APS.

The addition of CEUS further assists with identification 
of indistinctive nodules on greyscale ultrasound. From 28 
identified nodules, only 25 nodules were initially identified 
on greyscale ultrasound. Three more were identified when 
CEUS showed arterial enhancement features, localized to 
a subtle nodule on ultrasound. The other three nodules 
were missed on greyscale ultrasound and CEUS and are 
described in the section under false negative results. Thus, 
the sensitivity of using the greyscale ultrasound to identify 
a nodule is 25/31 (81%) and with CEUS is 28/31 (90%).

CEUS diagnosis of malignant nodules 
by demonstrating WO that is not shown on MRI

From the majority MRI observations from group 1 that 
show APHE with no WO, subsequent CEUS shows APHE 
with WO in 12/37 (32.4%). WO is weak in 10/12 HCC 
(Fig. 2, Supplemental Figs. 2 and 4, Table 3) and marked 
in 2/12 ICC (Fig. 3; Table 3). From group 2, suspect APS 
without WO on MRI, one nodule shows weak WO, diag-
nosed as an HCC (Fig. 4).

Additionally, from group 1, CEUS is highly suspicious 
for 2 HCC by showing a nodule on grayscale ultrasound 
and APHE with no WO (LR-4), which are confirmed as 
HCC on follow-up scan. Identification of APHE with a 
grayscale nodule is associated with a CEUS diagnosis of 
HCC in 17 nodules from both groups, equal to HCC diag-
nosis using both APHE with WO.

CEUS diagnosis of benign lesions which do not show 
APHE or WO

From group 1, indeterminate nodule-like observations, 
CEUS, diagnosed 9 benign lesions, including 5 DN and 
4 RN (Supplemental Table 3). RN and DN show AP iso 
or hypoenhancement with no WO and are categorized as 
LR-3. From group 2, the suspected APS on MRI, CEUS 
diagnosed 1 RN, which shows isoenhancement on both 
arterial and late phase. None of these lesions are malignant 
on follow-up.

False negative results on initial CEUS evaluation 
of indeterminate MRI

From group 1, with a nodule-like observation on MRI, 22/50 
patients show no nodule on initial ultrasound, 19/22 show 
interval stability on follow-up. However, 3/22 patients are 
ultimately diagnosed with HCC. One 1.1 cm lesion is occult 
on two CEUS exams separated by 6 months apart. An addi-
tional 1 cm nodule is shown to be HCC on both MRI and 
CEUS at 6 months follow-up and was likely missed on ini-
tial CEUS. The last 1 cm lesion was not detected on a poor 
CEUS scan.

CEUS as an alternate modality when MRI fails 
or is contraindicated

Five patients are not successfully evaluated on MRI due to 
severe respiratory motion (n = 2), AP phase timing error 
(n = 1), renal failure (n = 1), and failure of MRI to confirm 
the nodule identified on surveillance ultrasound (n = 1) 
(Table 2). From this small population, there is one HCC on 
CEUS with typical APHE and WO (Table 3)  and four DNs 
in 4 patients.

Discussion

MRI is the primary imaging modality for assessment of cir-
rhotic nodules chosen by our tertiary hepatobiliary multidis-
ciplinary team. However, for over a decade, CEUS has been 
well integrated into our multi-modality imaging methods 
[14]. This prospective study investigates the contribution 
of CEUS to the evaluation of consecutive indeterminate 
observations on MRI in high-risk patients collected in a 
6-month interval, including 24 months follow-up. Although 
APHE with no WO accounts for the majority of the inde-
terminate MRI cases, there are a myriad of enhancement 
patterns on CEUS suggesting pseudolesions, benign lesions, 
and malignant lesions, including 14 HCC and 2 ICC. These 
results significantly impact patients’ treatment and progno-
sis and reduce the time to diagnosis. In the USA, where a 

Fig. 2  79-year-old male with ETOH cirrhosis on primary surveil-
lance with an indetermiante nodule-like observation on MRI, diag-
nosed as an HCC on CEUS. a Diffusion weighted imaging (DWI) 
shows a 1.9  cm observation on the surface of segment VI (arrow). 
(Supplemental Fig. 2) It is isointense on T1 and T2. b On post-gad-
olinium imaging, there is homogeneous arterial phase (AP) hyperen-
hancement (APHE). c Delayed phase (DP) image shows persisting 
enhancement with no WO, LR-3, upgraded to LR-4 with ancillary 
features of positive DWI on MRI. d On greyscale ultrasound, a corre-
sponding hypoechoic nodule shows (e) diffuse APHE on CEUS with 
(f) weak and late WO in late phase (LP), classic appearance of HCC 
on CEUS, LR-5. Biopsy confirmed well-differentiated HCC

◂
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microbubble contrast agent for liver imaging is approved 
only within the last 3 years and CEUS LI-RADS®v2017 is 
now published on the ACR website, we hope this informa-
tion will influence utilization of CEUS in liver facilities in 
the future.

The significance of indeterminate MRI observations is 
previously described in a small number of retrospective 
studies [6, 9, 17–20], where the diagnosis of HCC is made 
by biopsy or interval growth on MRI. In our study, CEUS 
reaches the sensitivity of 81.3% and specificity of 100% in 
diagnosing malignant lesions from the indeterminate MRI 

observations. We confirm malignancy in 22% of indetermi-
nate MRI observations. This rate of malignancy is compa-
rable with two other studies citing 14% [18] and 21% [20] 
respectively.

This incidence of HCC in indeterminate nodule-like 
observations on MRI suggests further characterization and 
early intervention is beneficial [18, 20]. Adding CEUS to 
the current diagnostic algorithm provides earlier diagnosis. 
One study documenting sequential MRI examinations shows 
that the time from identification of an indeterminate obser-
vation to diagnosis of HCC is 6–24 months, with 73% of 

Fig. 3  61-year-old female with ETOH and HCV cirrhosis on second-
ary surveillance with an indeterminate nodule-like observation on 
MRI, diagnosed as ICC on CEUS. (Supplemental Fig. 3a–e) On MRI, 
this observation is isointense on T1 weighted image and has hetero-
geneous T2 and DWI signal. Post-gadolinium images show a solitary 
2.4  cm observation with a heterogeneous APHE and (supplemental 

Fig. 3f) no WO on DP, LR-4 on MRI. b Greyscale ultrasound shows a 
heterogeneous nodule. c CEUS shows rapid enhancement at 10 s, and 
d punched-out WO at 23  s. This suggests LR-M, a probable malig-
nant lesion without specificity for HCC, prompting biopsy, showing 
ICC
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HCC having prior MRI suggesting benign or indeterminate 
observations [6]. In our study, with integration of CEUS into 
a multi-modality approach, the median time from identifica-
tion of indeterminate observations on MRI to diagnosis of 
malignant lesions on CEUS is 33 days, average 17.8 days. 
This is significantly shorter than the time reported in the 
literature, where CEUS is not used [7, 20, 21].

Consistent with prior studies [9], lack of WO on MRI is 
the main reason for indeterminate MRI result in our study. 
As CEUS is real-time imaging performed with a purely 
intravascular microbubble contrast agent, it is very sensi-
tive at detecting WO, thus identifying malignant lesions 
from indeterminate MRI observations. In addition, CEUS 
can discern the timing and intensity of the WO, which 
facilitates the differentiation of ICC from HCC [15, 16]. 
This is supported by the biopsy results in this study and 
other studies in our institution [15].

Ultrasound also plays an important role in differentiat-
ing real lesions from APS. Our study shows the sensitivity 
of ultrasound to detect a nodule from the indeterminate 
MRI observations is 81%, and with CEUS increases to 
90%. CEUS makes the indistinguishable or subtle nodule 
on greyscale ultrasound more easily detected; facilitating 
CEUS guided biopsy and local ablative therapy. Addition-
ally, this study supports previous evidence that AP hyper-
enhancement with an associated nodule on CEUS has high 
specificity for diagnosis of HCC [22].

This study describes the use of the contrast agent Defin-
ity (perflutren microspheres, Lantheus Medical Imaging, 
Billerica MA), which is approved by our health author-
ity for liver mass characterization since 2002. We do not 
regard this as problematic for the American ultrasound 
scene, where the approved microbubble agent today is 
Sonovue (Sulfur hexafluoride) (Bracco, Milan). As these 
agents are from the same generation, they are clinically 
indistinguishable [23]. They are both used today in our 
facility without obvious differentiation.

Strengths of our study include its prospective collec-
tion of consecutive cases with indeterminate MRI obser-
vations within a 6 month time frame. In addition, we are 
a tertiary center, in which CEUS has been fully integrated 
within a multi-modality discipline for over a decade, for 
the diagnosis of liver nodules in patients at risk for HCC. 
This experience gave us the insight to evaluate CEUS for 
problem solving.

Our study has its limitations. It is performed in a single 
center where CEUS is well established. This may make gen-
eralization of our results to other less experienced depart-
ments more difficult.

Patients in this study are recruited through our CEUS 
clinic, thus the indeterminate MRIs may not represent the 
full spectrums of MRIs that are performed. However, our 
patients’ characteristics are very similar to other indetermi-
nate MRI studies and are similar to what the new AASLD 
guidelines describe, with HCV being the primary risk fac-
tor for HCC [7, 8]. Additionally, the fact that many of the 
patients have indeterminate MRI performed before CEUS 
may provide ultrasound  an advantage for finding pathology. 
However, all CEUS examinations of the liver are performed 
as total studies in our institution as all patients have a full 
greyscale evaluation with selection of all suspicious nodules 
for the performance of CEUS. Further, from our clinical 
experience, CEUS maybe performed prior to MRI without 
removing the likelihood of MRI indeterminate result. Time 
interval between CEUS and MRI is limited to 3 months, 
median time interval of 25 days, to reduce the possible 
impact of tumor evolution on the validity of the study.

Our study did not exclude the patients from secondary 
surveillance, where an indeterminate nodule is more likely 
to be malignant. However, primary mixed with secondary 
surveillance reflects the actual practice of imaging in all 
hepatobiliary centers. Regardless, CEUS identifies a range 
of cirrhotic nodules, both benign and malignant, in patients 
with and without prior HCC.

Table 3  MRI and CEUS enhancement features of the indeterminate MRI observations which are malignant on CEUS

LR LI-RADS, MRI LI-RADS CT/MRI LI-RADS®v2018, CEUS LI-RADS CEUS LI-RADS®v2017, N number of lesions, Pts number of 
patients, RS confirmed by reference standards, APHE Arterial Phase Hyperenhancement, WO Washout, Hypo hypointense

Group MRI CEUS RS

N Pts MRI features MRI
LR

N Pts Size (cm) median
[min–max]

CEUS features CEUS diagnosis CEUS LR

1 14 12 APHE No WO 12 LR-3,
2 LR-4

10 9 2.3
[1–3.1]

APHE Weak WO HCC 10 LR-5 6

2 2 1.7, 2 APHE Marked WO ICC 2 LR-M 2
2 1 1.0, 1.1 Diffuse APHE HCC 1 LR-3, 1 LR-4 2

1 1 AP hypo No WO LR-3 1 1 2.2 APHE Weak WO HCC 1 LR-4 1
1 1 Limited evaluation N/A 1 1 3.4 APHE Weak WO HCC 1 LR-5 1

2 1 1 APHE No WO LR-3 1 1 1.0 APHE Weak WO HCC 1 LR-5 1
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The biopsy rate in our study is low at < 30%, as some 
CEUS LR-5 lesions were treated without biopsy. This is 
consistent with current AASLD guidelines, recommending 
against biopsy due to its invasiveness, risk of seeding the 
tumor along the biopsy track, and a 30% false negative rate. 
The LI-RADS®v2018 also suggests LR-5 lesions on CEUS 
and MRI can be treated without biopsy.

Regarding the accuracy of CEUS in diagnosing inde-
terminate MRI observations, the very high specificity of 
CEUS is partially explained by the preselection of the 

population with indeterminate MRI observations, where 
the majority of malignant lesions are excluded. Further, 
inter- and intra-observer variability was not performed.

Performance of the study has made us aware that 
both MRI and ultrasound have occult nodules on base-
line imaging which show only their enhancement pat-
terns on contrast studies. This will be addressed in future 
investigations.

Fig. 4  59-year-old female with HCV cirrhosis on primary surveil-
lance who has an APS on MRI, diagnosed as HCC on CEUS. (Sup-
plemental Fig.  3a–e) A suspect APS of 1.0  cm in size is isointense 
on T1, T2 and DWI. Post-gadolinium MRI image shows a hyperen-
hancement on AP and (Supplemental Fig. 3f) isointense on DP with 

no WO (LR-3). b On greyscale ultrasound, a hypoechoic nodule cor-
responds with the MRI focus of APHE. c CEUS shows diffuse APHE 
at 19  s and d weak WO at 3 min in LP, a classic HCC appearance 
(LR-5)
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Conclusion

MRI is the mainstay for liver cancer imaging,; however, 
indeterminate MRI results are common. CEUS provides 
non-invasive resolution of indeterminate MRI observa-
tions and reveals new information for tumor diagnosis. In 
addition to superior detection of real nodules and differ-
entiation of real nodules from pseudolesions, CEUS better 
detects DP washout when MRI shows only APHE, cor-
rectly predicting malignant HCC and ICC. CEUS is a good 
problem-solving tool. It complements MRI and expedites 
diagnosis and treatment of liver lesions.
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