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Introduction

The Liver Imaging Reporting and Data System® (LI-RADS®)
was designed and introduced by the American College of Radiology
(ACR) to standardize the reporting and data collection of CT and MR
imaging for hepatocellular carcinoma (HCC) [http://www.acr.org/
quality-safety/resources/LIRADS]. In 2014, the ACR further identi-
fied an international working group of radiologists and hepatolo-
gists with expertise in CEUS, including many of the authors of the
current article, to establish criteria for CEUS LI-RADS®, in collabora-
tion with the LI-RADS® Steering Committee. A key goal was to har-
monize the interpretation of CEUS with that of CT and MR and to
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facilitate future integration of all imaging techniques for HCC diag-
nosis. The CEUS LI-RADS® system was officially released by the ACR
and published online in September 2016 [http://www.acr.org/qual-
ity-safety/resources/LIRADS] (> Fig. 1).

All LI-RADS® comprise an algorithm which categorizes obser-
vations from LR-1 (> Fig. 2), a definitely benign lesion, through
to LR-5, reflecting certainty in the diagnosis of HCC (definitely
HCC). LR-M suggests a malignant lesion without specificity for
HCC and LR-V suggests macrovascular invasion of a portal or
hepatic vein (tumor in vein). Between LR-1 and LR-5 are all other
possible observations, including hepatocellular nodules reflecting
the process of hepatocarcinogenesis, such as LR-2, a probably
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The American College of Radiology CEUS LI-RADS® Algorithm

Observation in high-risk patient on pre-contrast US
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| Late and mild washout? | |
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| Apply ancillary features and then apply tie-breaking rules to adjust category as appropriate

| Washout characteristics:

Arterial phase hyperenhancement: whole or in part, not rim or peripheral discontinuous globular enhancement
2Late in onset (260 seconds) and mild in degree: in whole or in part, with no part showing early or marked washout
3tarly onset washout (<60 seconds) and/or marked (punched out) appearance and/or arterial phase rim enhancement

* Early onset washout
(<60sec) and/or marked
(punched out) appearance

Arterial phase enhancement

* Rim enhancement

» Fig.1 CEUS LI-RADS Algorithm American College of Radiology (ACR) CEUS LI RADS diagnostic flow-chart, [http://www.acr.org/quality-safety/

resources/LIRADS].

» Fig.2 LR-1: Definitely benign. 62-year-old male with newly diag-
nosed alcohol-induced cirrhosis with a focal liver lesion. A, subcostal
epigastric transverse B-mode image shows a hypoechoic, 21 mm sub-
capsular lesion (calipers) located anteriorly in segment 3. B, C, CEUS
shows peripheral globular enhancement during the arterial phase. D, E,
F, show progressive centripetal filling in the portal and late phases
leading to uniform hyperenhancement in the venous phase, consistent
with a classic hemangioma. The lesion is categorized as LR-1.

benign observation (> Fig. 3), LR-3, a observation of intermediate
probability for HCC (» Fig.4, 5), and LR-4 (» Fig.6, 7), a
nodule with high probability for HCC. The categories LR-3 to
LR-5 tend to roughly reflect the progression from dysplastic
nodules (>4 mm) to mature HCC, paralleled by a derangement
of intratumoral vascularization (Matsui O, et al. Abdom Ima-
ging 2011;36:264 -272; Claudon M et al, Ultraschall in Med
2013;34:11-29).
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The CEUS LI-RADS® working group adopted a conservative
approach in order to preserve an extremely high (ideally 100 %)
positive predictive value for the diagnosis of HCC in lesions charac-
terised as LR-5 (» Fig. 8). Therefore, the diagnosis of HCC with CEUS
LI-RADS can be trusted with great confidence, and it virtually elim-
inates the risk of misdiagnosing cholangiocarcinoma. Stringent
criteria are required to achieve such high specificity for HCC, which
unavoidably reduces sensitivity. Hence, HCCs may occur in other
categories, most commonly well differentiated HCC in categories
LR-3 and LR-4 and poorly differentiated HCC in LR-M, where diagno-
ses are achieved by histology, in keeping with the extant hepatolo-
gy guidelines (Bruix |, Sherman M. Hepatology 2011;53:1020 -
1022; Bolondi L et a, Dig Liver Dis 2013; 45: 712 -723).

To address the problem of diagnosis of non-hepatocellular ma-
lignant lesions by CEUS, which often corresponds to mass forming
peripheral cholangiocellular carcinoma (de Sio I, United European
Gastroenterol | 2014;2:279 -287; Wildner D, et al. Ultraschall
in Med. 2014;35:522 - 7; Yuan, M. X, Ultraschall in Med, 2016;
37: 609-618), CEUS LI-RADS requires meticulous assessment of
the timing and degree of contrast washout and of the intranodu-
lar contrast distribution in the arterial phase. A rim enhancement
distribution in the arterial phase is not typical of HCC and should
be categorized under LR-M (» Fig.9). Washout that is mild in de-
gree and late in onset (start =60 seconds after injection) is consis-
tent with a hepatocellular lesion (Boozari B, et al. Dig Liver
Dis. 2011;43:484 -90; Wildner D, et al. Ultraschall in Med.
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» Fig.3 LR-2: Probably benign. 73-year-old overweight male with
alcohol-induced liver cirrhosis displays a component of bright (fat-
ty) echotexture. A, B-mode image reveals a 13 mm hypoechoic ob-
servation (calipers, d1) in the dorsal region of segment 2 and a

42 mm observation (calipers, d2) subcapsular in segment 3. Be-
cause of the risk of hepatocellular neoplasm in this patient, CEUS
was performed. B-D, CEUS shows no evidence of abnormal vascu-
larity in either observation, showing instead isoenhancement equal
to the surrounding liver in all phases. This confirms the suspicion of
pseudolesions from fatty sparing, to be categorized as LR-2, due to
the atypical location of the fatty sparing.

D1=21 mm

1m 07s

» Fig.4 LR-3: Intermediate probability for HCC. 48-year-old female
patient with autoimmune cirrhosis. A, a conventional B-mode US im-
age shows a subtle hyperechoic 21 mm nodule (arrow). B, an arterial
phase CEUS image shows isoenhancement of the nodule (calipers).
C-E are portal venous and late phase images showing persistent iso-
enhancement with no washout. The nodule is categorized as LR-3.

2015;36:132-9). Therefore, depending on nodule diameter and
arterial features, a lesion with this type of washout can be cate-
gorized LR-5 (> Fig. 8). By comparison, washout that is marked in
degree and|or early in onset (start <60 seconds after injection) is
non-typical of hepatocellular origin (Yuan MX, et al. Ultraschall in
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» Fig.5 LR-3: Intermediate probability for HCC. 68-year-old male with
HCV related liver cirrhosis and prior resection for early stage single HCC
three years before. A On follow up surveillance US, a 19 mm hypoe-
choic liver nodule is detected (right intercostal scan, segment 6). B, an
image in the arterial phase of CEUS shows hypoenhancement. C-D,
portal venous and late phase images both show isoenhancement (cali-
pers mark the nodule). The lesion is categorized as LR-3. Biopsy showed
a low grade dyplastic nodule. The nodule progressed to LR-5 pattern
after size increase over 18 months).

D1=21 mm

1m 20s| z 3m 25s

» Fig.6 LR-4: Probably HCC. 55-year-old diabetic patient with
chronic HBV-induced liver fibrosis A, a B-mode image shows a

21 mm hypoechoic nodule (arrow) in segment 8. B, an arterial
phase CEUS image shows isoenhancement. C, in the portal venous
phase the nodule maintains isoenhancement, with no washout. D,
late phase image after 3 minutes shows mild and late washout. The
lesion is to be categorized as LR-4.

Med. 2016; 37: 609 - 618); regardless of other features, a lesion
with this washout pattern is categorized LR-M (» Fig. 10).
Although the degree of washout is critical to the interpretation,
the judgement is left to the operator, since washout degree is in-
fluenced by the amount and type of administered contrast mate-
rial as well as by the ultrasound machine (which may convey dif-
ferent sensitivity to contrast). Investigators from Erlangen
recently proposed a CEUS diagnostic system by modifying the CT
MRI LI-RADS criteria to incorporate an assessment of washout
timing. The Erlangen system does not address the degree of
washout (Schellhaas B, et al. Ultraschall in Med. 2016, 2016; 37:
627 - 634), however, thus differing from the official ACR CEUS LI-
RADS® criteria [http://www.acr.org/quality-safety/resources/LIR-
ADS]. Despite addressing only the timing of washout, the Erlan-
gen system was able to provide 75 % positive predictive value for
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» Fig.7 LR-4: Probably HCC. 73-year-old female with chronic HCV-
induced liver cirrhosis. A, B-mode US image shows a 25 mm nodule
(CAUPERS) in segment 4A/8. B, an arterial phase CEUS image shows
mild global hyperenhancement. C-E, Sequential images in the por-
tal and late phases show no washout such that the lesion is isoen-
hancing throughout. Since there is no late phase washout, the le-
sion is categorized as LR-4. It does not achieve LR-5 status. The
pattern, in association with a identified baseline nodule on US, as
here, is associated with a high probability of HCC and most likely of
well differentiated grade.

» Fig. 8 LR-5: Definitely HCC. 73-year-old male with alcohol-in-
duced fatty and cirrhotic liver receiving concurrently the diagnosis
of a 48 mm focal liver lesion (nodule calipers) in segment 4 and cir-
rhosis during an US scan requested because of abnormal liver en-
zymes. A, the arterial phase of CEUS shows hyperenhancement. B,
at the transition between the arterial and portal venous phase the
nodule becomes isoenhancing (B). In the late phase, there is a het-
erogenous, mild and late washout beginning only after 3 minutes.
(C-D). 5 minutes after contrast injection the washout is more ob-
vious E. The patterns is categorized as LR-5. Moderately differenti-
ated HCC was confirmed at histology following resection.
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» Fig.9 LR-M: Malignant lesion, without specificity for HCC 69-
year-old male patient with suspected liver cirrhosis, splenomegaly,
minimal perisplenic ascites and thrombocytopenia. The patient was
found to suffer from a large heterogeneous liver mass and distant
hypoechoic rounded lesions in the right lobe, visible at B-mode
grayscale US (A). CEUS images show rim-like hyperenhancement of
the two hypoechoic lesions in the arterial phase (B), still visible at 45
seconds after contrast injection (C) and followed by marked wash
out in the venous phase (D). Final biopsy based diagnosis was cho-
langiocellular carcinoma with intrahepatic metastases.

non-HCC malignancy in a single-center study (Schellhaas B, et al.
Ultraschall in Med. 2016, 2016; 37: 627 - 634).

Another conservative decision by the CEUS LI-RADS® working
group was to require a size threshold of 10 mm for LR-5 categori-
zation. This was done to maintain consistency with CT/MRI
LI-RADS®, which does not allow LR-5 categorization for <10 mm
observations, while recognizing the difficulty of confidently char-
acterizing such tiny nodules by non-invasive imaging. While not
allowing <10 mm nodules to be categorized LR-5 may cause
delayed diagnosis in some small HCCs, there is no evidence that
delayed diagnosis of small nodules adversely affects patient out-
come as long as the patients are monitored closely.

This pictorial essay seeks to familiarize potential users with the
system to facilitate its proper clinical adoption. To accomplish this
goal, the display reviews the CEUS LI-RADS® algorithm (» Fig. 1)
and illustrates the spectrum of CEUS LI-RADS lesions. According
to the flow chart, the first step is to assess whether the contrast-
enhanced ultrasound exam is adequate. Any observations that
cannot be assigned a reliable category due to significant problems
with contrast injection, lesion depth, liver attenuation, etc.,
should be reported as LR-inadequate, Treated lesions should be
reported as LR-treated (> Fig.11) and are not currently further
classified under the LI-RADS® system (this is work in progress
from ACR). Presence of enhancing, perfused soft tissue material
in any hepatic vessels (hepatic vein or portal vein) corresponds to
a tumor in the vein, even in the absence of a clearly detectable
parenchymal HCC or LR-M lesion and is characterised as LR-V
(» Fig. 11). If the soft tissue in the vein does not fit the LR-V cate-
gory it could be classified as bland non tumor related thrombus
(Claudon M et al, Ultraschall in Med 2013;34:11 - 29).

Subsequently the CEUS pattern of any identified focal observa-
tion is analyzed, recognizing that on US, virtually all observations
are true nodules (apart from focal fat infiltration or sparing), unlike
CT and MR. A pattern corresponding to definitely benign entities
such as hemangiomas and simple cysts is categorized as LR-1. Focal
fat deposition and focal fat sparing, with classic enhancement char-
acteristics, can also be classified as definitely benign, LR-1. Next, it
is judged whether the CEUS pattern corresponds to a definitively
malignant lesion, but of uncertain cellular origin which is to be ca-
tegorized LR-M. The cellular characterization of LR-M lesions re-
quires histological confirmation: it often corresponds to cholangio-
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» Fig. 10 Malignant lesion, without specificity for HCC. 59-year-old
male with alcohol and metabolic syndrome induced liver cirrhosis
showed a new liver nodule during surveillance. A, B-mode US image
shows an 18 mm hypoechoic nodule in segment 4 (calipers). B, CEUS
image shows mild homogenous hyperenhancement (calipers) on ar-
terial phase. C, By as early as 31 seconds, there is partial washout,
which becomes more evident with time (D) and marked after 2 min-
utes (calipers, panel E). Due to early and marked wash out, this is
classified as LR-M. F, US guided biopsy showed cholangiocarcinoma
(empty arrow indicates the tip of the needle). Indeterminate MR scan
on former patient. G, the same nodule is identified on the precon-
trast MR scan. H, MR arterial phase with EOB gadolinium shows a
thick rim hyperenhancement (almost global hyperenhancement).

1, in the portal venous phase, there is no washout. L, on the hepato-
biliary phase, there is an enhancement defect.

carcinoma, but some lesions categorized LR-M are poorly differen-
tiated or otherwise atypical HCC or quite rarely other rare entities. If
a sonographically distinct nodule does not fit any of the previously
mentioned categories, then it is likely to be of hepatocellular type
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» Fig.11 LR-V: Tumor in vein and LR-treated: treated observation.
52-year-old HIV positive male with HBV and HCV cirrhosis, on the
waiting list for liver transplantation for a single HCC treated with
Radiofrequency Ablation (RFA). A At 9 months after RFA, ultrasound
shows the appearance of soft echogenic tissue in the segmental
portal branch (calipers) afferent to the region of the treated tumor,
which is barely recognizable as a slightly hypoechoic nodule (empty
arrow). The occluded portal branch appears in direct continuity
with the tumor and the portal vein walls are focally disrupted and
not well recognizable. The portal branch shows a mass forming as-
pect since it appears larger downstream. The overall pattern raises a
strong suspicion of tumor in the vein. CEUS shows enhancement of
the soft tissue in the portal vein both in the arterial (faint hyperen-
hancement, B) and portal (C) phases and, washout in the late phase
(D). The pattern is to be classified as LR-V, consistent with an ad-
vanced stage HCC, leading to removal from the transplant waiting
list. The treated tumor appears free of enhancement in all phases
(B, C, D), consistent with a treated nodule (LR-Treated), not to be
confused with LR-M, based also on the clinical history.

and is hence categorized according to its enhancement pattern and
size, with increasing probability of being an HCC, from LR-2 (which
corresponds most likely to a benign lesion), to LR-3 (intermediate
probability of HCC, LR-4 high probability of HCC and LR-5 definitive-
ly HCC). Please note that even for LR-2 to LR-3 there is no guarantee
that a lesion is not an HCC, even though the probability of HCC is
low (most likely a benign lesion) or intermediate, where for LR-4
the probability of HCC is high.
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