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Abstract
Objectives To evaluate the lesion-to-liver visual signal intensity ratio (SIR) before and at the hepatobiliary phase MRI (HBP-
MRI) after gadobenate dimeglumine (Gd-BOPTA) injection, using several T1-weighted images (T1-WI), for the characterization
of benign hepatocellular lesions.
Methods Patients with histologically proven focal nodular hyperplasia (FNH) and hepatocellular adenoma (HCA), who
underwent Gd-BOPTA-enhanced HBP-MRI from 2009 to 2017, were retrospectively identified. The lesion-to-liver SIR was
visually assessed by two radiologists on HBP (post-HBP analysis) and compared with that of unenhanced sequences (pre/post-
HBP analysis) on T1-WI in-phase (T1-IP), out-of-phase (T1-OP), and fat suppression (T1-FS). Lesions were classified as hyper-,
iso-, or hypointense on post-HBP, and as decreasing, stable, or increasing SIR on pre/post-HBP analyses. The performance of the
different T1-WI sequences for the diagnostic of FNH was evaluated on post-HBP analysis.
Results Twenty-nine FNHs and 33 HCAs were analyzed. On post-HBP analysis, FNHs appeared hyper-/isointense in 89.7% of
all T1-WI. HCAs appeared hypointense in 93.9%, 63.6%, and 69.7% of T1-IP, T1-OP, and T1-FS, respectively. FNHs exhibited
an increasing SIR in 55.2–58.6%, a stable SIR in 44.8–58.6%, and a decreasing SIR in 0%, whereas HCAs exhibited a decreasing
SIR in 66.7–93.9%, a stable SIR in 6.1–33.3%, and an increasing SIR in 0% (p < 0.0001). The specificity of T1-IP was
significantly higher than that of T1-OP (p = 0.015) and T1-FS (p = 0.042).
Conclusion T1-IP is themost reliable sequence due tomisleading tumor/liver signal ratio in the case of fatty liver when using T1-FS or
T1-OP. The pre/post-HBP lesion-to-liver SIR is accurate to classify benign hepatocellular lesions and contributes to avoid biopsy.
Key Points
•The T1-weighted images in-phase should be systematically included in the HBP-MRI protocol, as it is the most reliable sequence
especially in the case of fatty liver.
•The comparison between lesion-to-liver signal intensity ratios on unenhanced and at the hepatobiliary phase sequences is useful
to classify benign hepatocellular lesions in three categories without misclassification: FNH (increasing signal intensity ratio),
HCA (decreasing signal intensity ration), and indeterminate lesions (stable signal intensity ratio).
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Abbreviations
FNH Focal nodular hyperplasia
Gd-BOPTA Gadobenate dimeglumine
Gd-EBO-DTPA Gadoxetic acid
GRE Gradient-recalled echo
HCA Hepatocellular adenoma
HBP Hepatobiliary phase
HSCAs Hepatobiliary-specific contrast agents
OATP Organic anionic transport protein
SIR Signal intensity ratio
T1-FS T1-weighted images with fat suppression
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T1-IP T1-weighted images in-phase
T1-OP T1-weighted image out-of-phase
THRIVE T1-WI high-resolution isotropic

volume examination
VIBE Volumetric interpolated breath-hold

examination
WI Weighted images

Introduction

Focal nodular hyperplasia (FNH) is a frequent benign liver
lesion, occurring in 0.6–3% of the population [1, 2]. The main
differential in patients without chronic liver disease is the he-
patocellular adenoma (HCA) [3–5]. Commonly, both FNHs
and HCAs are incidentally discovered [6, 7]. However, the
management is quite different: FNH requires no follow-up
[8], while HCA may lead to surgery, according to the risk of
spontaneous bleeding and malignant transformation, depend-
ing on molecular subtype and size [4, 9, 10].

Thus, an accurate and confident diagnosis is mandatory,
and liver MRI is the most reliable imaging tool [9–11]. The
conventional MRI reaches a specificity close to 100% for the
diagnosis of FNHwhen five features are present [1, 9, 12–14]:
isointensity in T1- and T2-weighted images (WI), typical cen-
tral scar (that appears hyperintense in T2-WI, hypointense at
the arterial phase, and hyperintense at the delayed phase),
homogeneity (excepting the central scar), strong arterial en-
hancement that vanishes at the delayed phase without any
washout, and absence of a capsule [1, 9, 14]. However, 21%
of FNHs do not exhibit all these typical features, and differ-
entiation from HCA can be challenging [1, 9, 11–13]. Biopsy
remains the gold standard in such cases, but exposes patients
to bleeding, even if the risk is low [6, 15–17].

Several reports have shown the added value of the two
available hepatobiliary-specific contrast agents (HSCAs),
gadobenate dimeglumine (Gd-BOPTA) and gadoxetic acid
(Gd-EOB-DTPA) [10, 11, 18–21]. Both combine an extracel-
lular distribution followed by a partial uptake of hepatocytes
(approximately 3–5% with Gd-BOPTA and 50% with Gd-
EOB-DTPA), allowing hepatobiliary phase (HBP) imaging
[22, 23]. FNHs generally exhibit iso- or hyperintensity on
HBP images, probably due to the biliary proliferation and
the overexpression of membrane transporters (such as organic
anionic transport protein [OATP] 1) [22, 23], whereas HCAs
are typically hypointense compared with the liver parenchyma
on HBP images [11, 12, 24]; however, these results still do not
reach a 100% specificity: 3% of the FNHs appeared
hypointense in HBP images [12]. Hyperintense HCAs on
HBP have also been described [25]. These overlapping find-
ings on HBP images remain problematic and might some-
times be related to technical considerations or liver steatosis
[22].

HPB image acquisition can be made with different T1-WI
techniques including chemical shift and fat suppression (T1-
FS) sequences [26]. Steatosis and nonalcoholic fatty liver dis-
ease, which become more and more frequent in the Western
population [27], can greatly modify the perception of the sig-
nal of the lesions on these sequences.

The purpose of this study was to evaluate the lesion-to-liver
visual signal intensity ratio (SIR) before and at the
hepatobiliary phase MRI (HBP-MRI) after Gd-BOPTA injec-
tion, using several T1-weighted images (T1-WI), for the char-
acterization of benign hepatocellular lesions.

Materials and methods

Population

The study coordinator retrospectively retrieved the pathology
reports of 32 asymptomatic patients with one or more hepatic
nodules such as FNH or HCA who underwent Gd-BOPTA-
enhanced HBP-MRI in two tertiary referral centers between
April 2009 and January 2017.

The standard of reference was the histological diagnosis,
obtained in all patients by biopsy or surgery. In patients with
multiple nodules, the diagnosis was reached only on one le-
sion and was extended to all the other lesions with the same
features on all MRI sequences. A maximum of three lesions
per patient was selected.

The histological distinction between FNH and HCA was
based on routine stains (hematoxylin-eosin-saffron and
trichrome) according to the classical criteria [28] and, when
necessary, on the glutamine synthetase immune-staining. A
biopsy was also performed in the liver parenchyma to rule
out cirrhosis, hepatitis, or iron overload and to allow the diag-
nosis and the severity of steatosis when present. We did not
include patients with incompleteMRI or with lesions less than
10 mm in diameter. Our Institutional Review Board approved
this retrospective study and the requirement for informed con-
sent was waived.

Image acquisition

The MRI examinations were performed on an Ingenia 1.5 T
(Philips Healthcare) or an Avanto 1.5 T (Siemens
Healthineers), and all protocols used T1-, T2-, and diffusion-
weighted images, multiphase contrast enhancement sequences
(including arterial, portal, and delayed phases). HBP-MRI im-
ages were acquired at least 90 min after Gd-BOPTA injection.
We performed three different T1-WI with the same parameters
on the unenhanced and the HBP sequences: gradient-recalled
echo (GRE) in-phase (T1-IP) and out-of-phase (T1-OP) T1-
WI, and T1-WI with fat suppression (T1-FS). T1-FS were T1-
WI high-resolution isotropic volume examination (THRIVE)
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or volumetric interpolated breath-hold examination (VIBE).
The MRI parameters of each T1-weighted sequence are re-
ported in Table 1.

Gd-BOPTA (MultiHance; Bracco Diagnostic Inc.) was ad-
ministered at a 0.1 mL/kg dose (0.05 mmol/kg) body weight
as a single intravenous bolus injection followed by a 10-mL
saline flush.

Image analysis

All MRIs were reviewed independently by two radiologists
whowere not involved in patient selection and were blinded to
the final diagnosis (observer 1 and observer 2, with 5 and
2 years of experience with abdominal imaging, respectively).

The study coordinator first selected the lesions and showed
them to the reviewers on the arterial phase MRI. Then, the two
observers performed two different analyses: (1) The post-HBP
analysis corresponded to the visual comparison between the
signal intensity of the lesion and that of the surrounding liver
only at the HBP, called post-HBP lesion-to-liver SIR; (2) The
pre/post-HBP analysis corresponded to the visual analysis of
the evolution of the lesion-to-liver SIR between the unenhanced
and the HBP sequences, called pre/post-HBP lesion-to-liver
SIR. For both analyses, the signal intensity of the lesions and
the liver was assessed visually on each T1-WI (IP, OP, and FS).
When the lesions exhibited heterogeneous enhancement, the
signal of most of the lesion (more than 50%) was taken into
account. On post-HBP analysis, lesions were classified as
hypointense, isointense, or hyperintense. On pre/post-HBP
analysis, lesions were classified with a 3-point scale (decreasing
SIR, stable SIR, or increasing SIR). A consensus reading was
performed with a third observer (observer 3, with 25 years of
experience in abdominal imaging) in cases of disagreement.

Observer 3 also performed an evaluation of some conven-
tional MRI features for all lesions, which included the follow-
ing: lack of a central scar, hypointense scar in T2-WI or on the
delayed phase, signal heterogeneity (in exception of the central
scar), fat content (characterized by a signal dropout on chemical
shift T1-WI), delayed persistent enhancement, portal or delayed
hypointensity, and delayed capsule. These features, so-called
atypical features, are generally considered unusual for the
MRI diagnosis of FNH [1, 9, 13, 14]. The presence of these

signs does not allow for differentiation between FNH and HCA
on MRI, explaining why they are specifically studied.

Statistical analysis

Qualitative parameters are expressed in frequencies and per-
centages. The comparison between the pre/post-HBP lesion-
to-liver SIR of the FNHs and the HCAs was performed by a
chi-squared test. This test was also used to compare the mis-
classification rates (false negative and false positive) of the
post-HBP lesion-to-liver SIR in patients with and without
steatosis in each T1-WI.

The performance of the three T1-WI for the diagnosis of
FNHwas compared by a generalized linear mixed model. The
interobserver agreement between observers 1 and 2 was
assessed using a weighted kappa coefficient on all lesions
and all T1-WI for the pre/post-HBP lesion-to-liver SIR.
Statistical testing was performed at the two-tailed α level of
0.05. Data were analyzed using the SAS software package,
release 9.4 (SAS Institute Inc.).

Results

Population

Eighty-one lesions were identified in 44 patients, and 19 le-
sions in 12 patients were excluded for the following reasons:
incomplete MRI (n = 8) or lesion diameter less than 10 mm
(n = 11). A total of 62 lesions (29 FNHs and 33 HCAs) in 32
patients (25 female and 7 male, with a mean age of 39 years)
were analyzed. Sixteen patients exhibited multiple lesions,
and 2 had both FNH and HCA (with histological evidence
for each type of lesion). The diagnosis was based on histolog-
ical analysis in 34 lesions (biopsy, n = 25; surgery, n = 9). The
remaining 28 lesions have been confirmed by the standard
expressed in the methods section as BIn patients with multiple
nodules, the diagnosis was reached only on one lesion and
was extended to all the other lesions with the same features
on all MRI sequences^. Thirteen patients had steatosis on their
liver sample. Table 2 reports the main characteristics of the
study population.

Table 1 MRI sequences parameters. The same parameters were used for the T1-weighted images performed before Gd-BOPTA injection and at the
hepatobiliary phase

Philips Ingenia 1.5 T Siemens Avanto 1.5 T

TR TE Flip angle Slice thickness TR TE Flip angle Slice thickness

GRE IP and OP T1-WI 161 ms 2–4 ms 75° 7 mm 121 ms 2.38–4.76 ms 70° 5 mm

VIBE or THRIVE T1-WI 3.8 ms 1.77 ms 16° 4 mm 3.31 ms 1.25 ms 15° 3 mm

T, tesla; TR, repetition time; TE, echo time; GRE, gradient-recalled echo; IP, in-phase; OP, out-of-phase; WI, weighted images; VIBE, volumetric
interpolated breath-hold examination; THRIVE, T1-weighted high-resolution isotropic volume
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Analyses 1 and 2 (Table 3)

On the post-HBP analysis, 26 FNHs (89.7%) were hyper- or
isointense on all T1-WI (Fig. 1), whereas 3 (10.3%) were
hypointense. HCAs were hypointense in 31 cases (93.9%)
on T1-IP, 21 cases (63.6%) on T1-OP, and 23 cases (69.7%)
on T1-FS (Figs. 2 and 3), whereas they were hyper- or
isointense in 2 cases (6.1%) on T1-IP, 12 cases (36.4%) on
T1-OP, and 10 cases (30.3%) on T1-FS.

On the pre/post-HBP analysis, none of the 29 FNHs (0%)
exhibited a decreasing SIR on all T1-WI. The SIRwas increasing
in 16 (55.2%), 17 (58.6%), and 17 (58.6%) of the FNHs on T1-
IP, T1-OP, and T1-FS respectively. The T1-IP, T1-OP, and T1-FS
showed a stable SIR in 13 (44.8%), 12 (41.4%), and 12 (41. 4%)
of the 29 FNHs respectively (Fig. 4). None of the 33 HCAs (0%)
exhibited an increasing SIR on all T1-WI. The SIR was decreas-
ing in 31 (93.9%), 22 (66.7%), and 28 (84.8%) of the HCAs on
T1-IP, T1-OP, and T1-FS respectively. The T1-IP, T1-OP, and

Table 2 Patient population

29 FNHs in 19 patients 33 HCAs in 15 patients

Age (years) [mean ± SD (range)] 40.4 ± 9.6 (20–56) 37.7 ± 11.4 (22–60)

Female/male ratio 13/6 14/1

Number of analyzed lesions per patient 12 solitary FNHs
12 multiple FNHs in 5 patients
5 FNHs in association with HCA in 2 patients

4 solitary HCAs
27 multiple HCAs in 9 patients
2 HCAs in association with FNH in 2 patients

Maximum lesion diameter (mm) 33.9 ± 15.3 (12–85) 36.8 ± 27.8 (10–115)

Diagnostic confirmation 17 percutaneous biopsies
2 surgical resections
10 on an identical MRI signal

8 percutaneous biopsies
7 surgical resections
18 on an identical MRI signal

HCA morphological and pathological specificities NA 17 inflammatory HCAs
2 HNF-1α inactivated HCAs
3 β-catenin mutated HCAs
11 unclassified HCAs

Liver steatosis n = 7 (36.8%) n = 7 (46.7%)

FNH, focal nodular hyperplasia; HCA, hepatocellular adenoma; MRI, magnetic resonance imaging; NA, not applicable

Fig. 1 Multiple FNHs in a 38-year-old female. The multiphase contrast
enhancement MRI (b, c, d, and e) shows nodules in the right liver that
exhibit a marked gadolinium uptake at the arterial phase (b and c) and

tend to be isointense at the delayed phase (e). The nodules are hyperin-
tense at the hepatobiliary phase (f) with an increasing signal intensity ratio
in comparison with the unenhanced phase (a)
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T1-FS showed a stable SIR in 2 (6.1%), 11 (33.3%), and 5
(15.2%) of the 33 HCAs respectively.

The stable SIR lesions accounted for 24.2% (n = 15),
37.1% (n = 23), and 27.4% (n = 17) of the lesions on T1-IP,
T1-OP, and T1-FS, respectively. In these stable SIR lesions,
13 of 15 (86.7%), 12 of 23 (52.2%), and 12 of 17 (70.6%)
were FNHs on T1-IP, T1-OP, and T1-FS, respectively. The
pre/post-HBP lesion-to-liver SIR was significantly different
between HCAs and FNHs on all T1-WI (p < 0.0001).

On T1-IP, the post-HBP lesion-to-liver SIR classified 28
nodules as iso- or hyperintense and 34 nodules as
hypointense, with 5 misclassifications (2 HCAs were iso- or
hyperintense and 3 FNHs were hypointense). On T1-FS, the
post-HBP lesion-to-liver SIR classified 36 nodules as iso- or
hyperintense and 26 nodules as hypointense, with 13 misclas-
sifications (10 HCAs were iso- or hyperintense and 3 FNHs
were hypointense). On the other hand, the pre/post-HBP
lesion-to-liver SIR classified 16 nodules as increasing SIR

Fig. 2 Inflammatory HCA in a 30-year-old female. The unenhanced
sequence (a) shows a heterogeneous nodule in the segment IV. The nod-
ule exhibits a marked gadolinium uptake at the arterial phase (b and c)

and is still hyperintense at the portal (d) and delayed (c) phases. The
hepatobiliary phase (f) shows a hypointense nodule and a decreasing
signal intensity ratio compared with the unenhanced phase (a)

Fig. 3 Inflammatory HCA and multiple FNHs in a 41-year-old female.
The multiphase contrast enhancementMRI (b, c, d, and e) showsmultiple
nodules in the right lobe, H corresponding to an inflammatory HCA and F

to an FNH. The normal liver is noted (L). The hepatobiliary phase (f)
shows that H is hypointense and F slightly hyperintense compared with
the normal liver and to the unenhanced phase (a)
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and 31 nodules as decreasing SIR, without misclassification in
all T1-WI. Fifteen nodules remained indeterminate.

Evaluation of the conventional MRI features

In all 62 lesions, the lack of a central scar was the most com-
mon atypical feature (n = 52, 84%), followed by signal hetero-
geneity (n = 25, 40%), a delayed persistent enhancement (n =
9, 15%), a delayed hypointensity (n = 4, 6%), fat content (n =
3, 5%), and a delayed capsule (n = 2, 3%). The lack of a
central scar was the only atypical feature in 24 lesions
(39%), 12 FNHs and 12 HCAs. Only three nodules exhibited
no atypical features.

Considering the 16 increasing SIR lesions on T1-IP, 1 (6%)
had no atypical features, 9 (56%) had only one atypical feature
(7 lack of a central scar, 2 delayed persistent enhancement),
and 6 (38%) had two or more atypical features. All these
increasing lesions were FNHs.

Considering the 31 decreasing SIR lesions on T1-IP, 13
(42%) had only one atypical feature (12 lack of a central scar,
1 delayed persistent enhancement) and 18 (58%) had two or
more atypical features. All these decreasing lesions were
HCAs.

Considering the 15 stable SIR lesions on T1-IP, 2 (13%)
had no atypical features and were FNHs. Nine stable SIR
lesions (60%) had only one atypical feature (5 lack of a central
scar, 3 signal heterogeneity, and 1 delayed persistent

enhancement) and were all FNHs. Four stable SIR lesions
(27%) exhibited two or more atypical features. These 4 lesions
were 2 FNHs and 2 HCAs.

Comparison between the three T1-WI
on the post-HBP analysis (Tables 4 and 5)

The performance parameters of each T1-WI were calculated
for the FNHs’ diagnosis on post-HBP analysis. The specificity
of the T1-IP was significantly higher than that of the T1-OP
(p = 0.015) or the T1-FS (p = 0.042).

A misclassification rate (false negative and false positive)
was calculated for each T1-WI on the post-HBP analysis in
patients with and without liver steatosis (Table 4), considering
that it was frequently the cause of the error (Fig. 5). The
misclassification rate of the T1-FS and the T1-OP with
steatosis was significantly higher (p = 0.036 and p = 0.008,
respectively). The test could not be performed with the T1-
IP because of the low number of errors.

Interobserver correlation

The interobserver agreement for all lesion and all T1-WI on
the pre/post-HBP analysis was 0.73 (95%CI, 0.68–0.79), cor-
responding to a good agreement between observers.

Table 3 Results of post-HBP and
pre/post-HBP analyses FNH HCA

Post-HBP analysis T1-IP Hyperintense 9 (31%) 0 (0%)

Isointense 17 (58.6%) 2 (6.1%)

Hypointense 3 (10.3%) 31 (93.9%)

T1-OP Hyperintense 16 (55.2%) 8 (24.2%)

Isointense 10 (34.5%) 4 (12.1%)

Hypointense 3 (10.3%) 21 (63.6%)

T1-FS Hyperintense 12 (41.4%) 0 (0%)

Isointense 14 (48.3%) 10 (30.3%)

Hypointense 3 (10.3%) 23 (69.7%)

Pre- and post-HBP analysis T1-IP Increasing SIR 16 (55.2%) 0 (0%)

Stable SIR 13 (44.8%) 2 (6.1%)

Decreasing SIR 0 (0%) 31 (93.9%)

T1-OP Increasing SIR 17 (58. 6%) 0 (0%)

Stable SIR 12 (41.4%) 11 (33.3%)

Decreasing SIR 0 (0%) 22 (66.7%)

T1-FS Increasing SIR 17 (58. 6%) 0 (0%)

Stable SIR 12 (41.4%) 5 (15.2%)

Decreasing SIR 0 (0%) 28 (84.8%)

HBP, hepatobiliary phase; FNH, focal nodular hyperplasia; HCA, hepatocellular adenoma; T1-IP, T1-weighted
images in-phase; T1-OP, T1-weighted images out-of-phase; T1-FS, T1-weighted images with fat suppression;
SIR, signal intensity ratio
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Discussion

Our study highlights the T1-IP on HBP as the most reliable
sequence to allow the diagnosis of HCA in the liver with
steatosis. Another relevant result is the high added value of
the pre/post-HBP lesion-to-liver SIR in the distinction be-
tween FNH and HCA in patients without underlying liver
disease: no FNH exhibited a decreasing SIR, and no HCA
exhibited an increasing SIR between the unenhanced and the
HBP. These results suggest that biopsy could be avoided in
some cases. However, the pre/post-HBP lesion-to-liver SIR
failed to classify the 16 stable SIR lesions. The post-HBP
analysis is consistent with the reported literature [11, 12, 16,
17, 20, 21, 24, 29].

In our study, only 3 lesions exhibited all the typical MRI
features of FNHs. In all other cases, the conventional MRI
features were insufficient to confirm the diagnosis. The
HSCAs increased the overall accuracy in diagnosing the he-
patocellular lesions up to 96% [11, 12, 20, 21, 29], but some
authors reported iso- or hyperintense HCAs on HBP [5, 25,
30]. In our study, 2 HCAs were incorrectly classified as iso- or
hyperintense on the post-HBP analysis on the T1-WI IP and
10 on the T1-WI FS. These misclassifications are not accept-
able in this young population, given the risk of complications
in the case of HCA [31].

Several reasons could explain the iso- or hyperintensity of
the HCAs on HBP: first, some HCAs have been reported to

overexpress molecular transporters such as OATP1, which are
thought to be involved in Gd-BOPTA uptake [23, 25, 30, 32].
Second, most of the inflammatory HCAs have been described
as hyperintense on HBP images due to their pathologic fea-
tures (such as ductular reaction and sinusoidal dilatation) [5],
but in our study, 16 of the 17 inflammatory HCAs were
hypointense at the HBP. Laumonier et al [33] pointed out that
FNH with sinusoidal dilatation is a misleading entity, which
can be confused with the inflammatory HCAs due to overlap-
ping pathologic features. These two entities should no longer
be misdiagnosed with the addition of glutamine synthetase
immune-staining, showing a characteristic map-like pattern
in FNHs [2]. This could be a part of an explanation of the
results of the Thomeer study [5], but liver steatosis could also
be responsible for the iso- or hyperintense HCA aspect on
HBP [3, 22], since the HBP assessment was done on T1-FS
sequences in previous studies [5, 6, 24, 25, 30, 34]. In our
study, 2 HCAs appeared isointense on T1-IP at the HBP, com-
pared with 10 on the T1-FS. Furthermore, the error rate was
significantly higher in fatty livers when evaluating T1-FS and
T1-OP. T1-IP showed approximately the same error rate with
or without liver steatosis (7.4% vs. 8.6%). These results con-
firm the role of the steatosis in such a presentation of the
HCAs on HBP. Only 1 of the 2 isointense HCAs exhibited a
stable SI, and the other one exhibited a decreased SI.
Therefore, pre/post-HBP lesion-to-liver SIR showed better ef-
ficacy to characterize nodules than the post-HBP lesion-to-

Fig. 4 Solitary FNH in a 33-year-
old female. The hepatobiliary
phase (b) shows a hypointense
subcapsular nodule in the seg-
ment V. The lesion-to-liver signal
intensity ratio is stable or slightly
increased compared with the
unenhanced phase (a)

Table 5 Impact of the liver steatosis on misclassifications of post-HBP
analysis

Liver steatosis No liver steatosis p value

T1-WI in-phase 2 (7.4%) 3 (8.6%) NA

T1-WI out-of-phase 11 (40.7%) 4 (11.4%) 0.008

T1-WI FS 9 (33.3%) 4 (11.4%) 0.036

Data are misclassification numbers, which are false negative (such as iso-
or hyperintense HCAs) and false positive (such as hypointense FNHs) of
post-HBP analysis, with percentages in parentheses

T1-WI, T1-weighted images; FS, fat suppression; NA, not applicable

Table 4 Performances of the T1-weighted images for the diagnosis of
focal nodular hyperplasia on post-HBP analysis

Sp Se NPV PPV

T1-IP 93.9% 89.7% 91.2% 92.9%

T1-OP 63.6% 89.7% 87.5% 68.4%

T1-FS 69.7% 89.7% 88.5% 72.2%

T1-IP, T1-weighted images in-phase; T1-OP, T1-weighted images out-of-
phase; T1-FS, T1-weighted images with fat suppression; Sp, specificity;
Se, sensibility; NPV, negative predictive value; PPV, positive predictive
value
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liver SIR, suggesting that assessment of the surrounding liver
plays a major role in the lesions signal evaluation, especially
in fatty livers.

On the other hand, hypointense FNHs on HBP may rarely
occur, especially in small lesions (approximately 3%), accord-
ing to Grazioli et al [12]. In our study, 10.3% of the FNHs
appeared hypointense on HBP images, which is more than
reported in the literature. This could be explained by a selec-
tion bias. We only included histologically proven FNHs,
which were, therefore, predominantly atypical FNHs.
However, none of the FNHs showed a decreased SIR, which
is a new feature. Fujiwara et al [35] showed that the central
scar could explain the hypointensity on HBP and could be
associated with a rim-accentuated enhancement.

In this study, the pre/post-HBP lesion-to-liver SIR showed
a high efficiency for classifying hepatocellular benign lesion
in three categories (increasing SIR lesions are FNHs, decreas-
ing SIR lesions are HCAs, and stable SIR lesions are indeter-
minate) without misclassification. This suggests that the pre/
post-HBP lesion-to-liver SIR may help avoid biopsy in in-
creasing SIR lesions, representing more than 50% of all stud-
ied FNHs. The evaluation of conventional MRI features
showed that indeterminate nodules with a single atypical

feature, representing 73% of indeterminate nodules, were all
FNHs. This suggests that even more biopsies may be avoided,
until about 93% of all studied FNHs (27 of 29 cases).

The main limitation of this study is the selection bias due to
the retrospective recruitment on the basis of histologically
proven lesions. Therefore, we included more atypical FNHs
than in prior studies. The distribution of FNHs and HCAs is
also not a representative of the general population. This study
focused on benign hepatocellular lesions and did not include
hepatocellular carcinoma, which rarely shows a Gd-BOPTA
uptake on HBP [36].

Recently, the European Medicines Agency recommended
to suspend the Gd-BOPTA marketing authorization due to a
potential risk of brain gadolinium retention [37, 38] but main-
tained its use to liver imaging due to an important diagnostic
need [39].

Conclusion

The pre/post-HBP lesion-to-liver SIR has shown high effi-
ciency in classifying benign hepatocellular lesions in three
categories without misclassification: increasing, stable, and

Fig. 5 Inflammatory HCA in a 46-year-old female. T1-FS (a′) and T1-
OP (c′) at the hepatobiliary phase show an iso- or hyperintense nodule in
the left lobe, whereas the T1-IP (b′) show a hypointense nodule. The

nodule was hyperintense on the unenhanced T1-FS (a), due to fatty liver
steatosis (b and c), that corresponds to an increasing signal intensity ratio
on the pre/post-HBP analysis
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decreasing SIR lesions. Increasing SIR lesions are FNHs and
decreasing SIR lesions are HCAs. Therefore, a biopsy can be
avoided in more than 50% of atypical FNHs. The study also
highlights that T1-WI in-phase is the most reliable sequence
for the HBP, and it is recommended to include it systematical-
ly, as it avoids confusing signal observed with OP and FS in
the case of fatty liver.
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