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A B S T R A C T

Purpose: To conduct an intraindividual comparison of the enhancement pattern of hepatocellular adenoma
(HCA) on dynamic MRI study obtained following the injection of Gadoxetic acid (Gd-EOB-DTPA) and other
gadolinium-based contrast agents (GBCAs).
Method: This is a retrospective, Institutional Review Board-approved study conducted in a single institution. A
search of medical records between 2008 and 2017 revealed 17 patients (all females) with at least one patho-
logically-proven HCA who underwent liver MRI with Gd-EOB-DTPA and another GBCA within 1 year.
Enhancement of each lesion on hepatic arterial (HAP), portal venous (PVP), 2min and 4–5minutes phases was
subjectively evaluated by two abdominal radiologists. Lesions were categorized as hyper-, iso- or hypointense
compared to the surrounding liver parenchyma. The presence of a peripheral pseudocapsule was also recorded.
The differences in lesion enhancement were assessed using the McNemar Test. A p-value<0.05 was considered
statistically significant.
Results: The final population included 35 HCAs (83% inflammatory subtype). There was no significant difference
in lesion size (P=0.708) and enhancement on HAP (P= 0.625) or PVP (P=0.125). HCAs showed more fre-
quently hypointensity on 2min (13/35 vs. 1/35, P < 0.001) and 4–5minutes (P < 0.001) images obtained
after injection of Gd-EOB-DTPA compared to those obtained after other GBCAs. A pseudocapsule was more
frequently noted after administration of Gd-EOB-DTPA (13/35 vs 1/35, P= 0.002).
Conclusions: Enhancement pattern of HCA differs significantly after the injection of Gd-EOB-DTPA compared to
other GBCAs. Lesion hypointensity on 2min and 4–5minutes images is more frequent when using Gd-EOB-
DTPA.

1. Introduction

Contrast-enhanced magnetic resonance imaging (MRI) is the most
informative imaging modality for the diagnosis of hepatocellular ade-
noma (HCA) [1]. When the diagnosis of HCA is suspected, a hepato-
biliary contrast agent such as Gadoxetic acid (Gd-EOB-DTPA) is often
the first choice among the available Gadolinium-based contrast agents
(GBCAs) because of the reported high accuracy of the hypointensity on

hepatobiliary phase (HBP) images in differentiating HCA from focal
nodular hyperplasia (FNH) [2,3]. HCA is not a single entity [4,5]. Each
molecular subtype carries a different risk of complications (i.e. he-
morrhage and malignant transformation) [6,7] and may be identified
based on key imaging features, including the enhancement pattern on
contrast-enhanced MR images [1,8–11].

Several authors have reported different imaging findings on the
post-contrast dynamic studies for hepatocellular carcinoma (HCC)
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[12–14], hepatic hemangioma [15] and FNH [16] following the injec-
tion of a purely or predominantly extracellular GBCAs or Gd-EOB-
DTPA. The observed dissimilarities have been attributed to the different
pharmacokinetics properties of these contrast agents. We hypothesize
that the post-contrast MRI appearance of HCA might also differ de-
pending on the type of contrast agent used. Although the imaging ap-
pearance of HCA on contrast-enhanced MRI has been extensively in-
vestigated [8–11,17–23], the literature evaluating HCA with both Gd-
EOB-DTPA and other GBCAs is scant [24,25] and, to the best of our
knowledge, such comparison has not yet been reported for dynamic
imaging.

The purpose of our study was to conduct an intraindividual com-
parison of enhancement pattern of HCA on contrast-enhanced MR
imaging obtained after the injection of Gd-EOB-DTPA versus other
GBCAs.

2. Material and methods

The institutional review board approved this HIPAA-compliant
retrospective study. The requirement for informed consent was waived.

2.1. Study population

A search through the medical and pathological records between
January 2008 and December 2017 was conducted to identify patients
matching the following inclusion criteria: i) age ≥ 18 years; ii) at least
one pathologically proven HCA; iii) available Gd-EOB-DTPA MR ima-
ging performed 6 months within the histological analysis and im-
munohistochemical classification. We identified 51 consecutive pa-
tients (50 females, 1 male) matching the inclusion criteria. Among
them, 20 (39%) patients (all females) also had a liver MRI with a dif-
ferent GBCA performed within one year of the Gd-EOB-DTPA enhanced
MRI. Three patients were excluded because of: i) interval appearance of
macroscopic intralesional hemorrhage between the two imaging studies
(n=1); ii) lack of adequate quality arterial phase imaging (Gd-BOPTA,
n=1); iii) resection of the lesion between the two imaging studies
(n=1). The final population consisted of 17 patients (all females,
mean ± SD age, 37 ± 11 years; range, 24–62 years).

2.2. MR imaging technique

The MRI studies were performed on 1.5 T or 3 T MR scanners
(General Electric, Healthcare, Milwaukee, WI, USA and Siemens
Healthcare, Erlangen, Germany). Six of thirty-four (17%) MRI studies
were performed at an outside institution and loaded into our system for
review and patient’s management. For the Gd-EOB-DTPA enhanced
MRI, patients received an intravenous administration of 0.025mmol/
Kg or maximum 10ml of Gd-EOB-DTPA (Gadoxetic acid, Eovist, Bayer
Healthcare Pharmaceuticals, Whippany, NJ) with injection rate of
1mL/sec or 2mL/sec. In 14 patients, the MRI study performed with
other GBCAs was obtained with the intravenous administration of
0.1 mmol/Kg (maximum 24ml) of Gd-BOPTA (Gadobenate
Dimeglumine, MultiHance, Bracco Diagnostics, Princeton, NJ) with
injection rate of 2mL/sec. In our Institution, Gd-BOPTA is used as an
extracellular contrast agent since HBP images are not acquired. The
remaining three patients were imaged with a purely extracellular agent,
including: n= 1, Gd-DTPA (Gadopentetate Dimeglumine. Magnevist,
Bayer HealthCare Pharmaceuticals, Whippany, NJ); n= 1 Gd-DTPA-
BMA (Gadodiamide, Omniscan, GE Healthcare, Milwaukee, WI) and
n=1 Gd-BT-DO3A (Gadobutrol, Gadavist, Bayer HealthCare
Pharmaceuticals, Whippany, NJ) at the dose rate of 0.1mmol/Kg. The
dynamic study consisted of axial T1-weighted three-dimensional (3D)
GRE with fat suppression (Liver Acquisition with Volume Acceleration,
LAVA or Volumetric Interpolated Breath-hold Examination, VIBE) ob-
tained before and after contrast administration with the following
parameters: slice thickness, 4.0–5.0 mm; TR, 3.92–7.14ms; TE,

1.89–3.12ms; FA, 12°. Images were obtained during the following post-
contrast phases: hepatic arterial phase (HAP), single acquisition with
delay of 25–35 seconds (obtained with either test-bolus or fluoroscopic-
triggering technique); portal venous phase (PVP), delay of 60–70 sec-
onds; and two additional phases obtained at 2min and 4–5minutes post
contrast injection. The images obtained at 2min and 4–5minutes post
injection of Gd-EOB-DTPA are referred to as “transitional” phase (TP)
[26]. For Gd-EOB-DTPA enhanced MRI, additional axial images were
obtained during the HBP with approximately 20min delay following
contrast injection. No HBP images were obtained after injection of Gd-
BOPTA. The interval time between the two MR imaging studies was
192 ± 86 days (range 5–263 days). The Gd-EOB-DTPA enhanced MRI
was performed as first examination in nine (53%) patients.

2.3. Imaging analysis

The study coordinator identified the index lesions for analysis and
measured the lesion size (maximum diameter) on the axial post-con-
trast phase better showing the lesion margins. When there were mul-
tiple HCAs, the path-proven lesions and those showing identical MR
imaging presentation were included with a maximum of three lesions
per patient. Lesions with the same MR imaging appearance (i.e. signal
intensity on T1-weighted and T2-weighted imaging and post-contrast
enhancement pattern) were considered as of the same molecular sub-
type as the pathologically proven lesion. The image analysis was per-
formed independently by two abdominal radiologists (R.C. and A.F.).
To avoid recall bias, MRI studies with Gd-EOB-DTPA and those with
other GBCAs were reviewed in two different section two weeks apart. In
case of disagreement the images were reviewed and analyzed in con-
sensus. The readers were blinded to the molecular subtype classification
of HCAs.

Enhancement of HCAs compared to the surrounding liver par-
enchyma was evaluated qualitatively and recorded on each post-con-
trast phase. Arterial phase hyperenhancement (APHE) was considered
moderate-to-marked when the lesion showed enhancement similar to or
higher than the portal vein on HAP images and mild when the en-
hancement was less than the portal vein. Lesion hypointensity on PVP,
2min and 4–5minutes phases was noted when the signal intensity of
the whole or part of the lesion was less than the surrounding par-
enchyma. In addition, the readers recorded the presence or absence of a
lesional “pseudocapsule” defined as a thin peripheral continuous rim
with signal intensity different from lesion and the surrounding par-
enchyma on post-contrast images [8,9,27]. The readers also recorded
the signal intensity of the lesion on the HBP images obtained after
administration of Gd-EOB-DTPA as hypointense, isointense or hyper-
intense.

2.4. Statistical analysis

The significance of the difference in lesion enhancement on each
post-contrast phase between the two MRI studies was assessed using the
McNemar Test. The difference in the size of the lesions between the two
MRI studies was calculated using the paired t-test. A p-value< 0.05
was considered statistically significant. Statistical analysis was con-
ducted using SPSS software (version 18.0; SPSS, Chicago, Ill) and
MedCalc for Windows (version 17.1, Ostend, Belgium).

3. Results

Thirty-five HCAs in 17 patients were included in the final popula-
tion, classified as: inflammatory (n= 29, 83%), HNF1α-mutated
(n= 2, 6%), β-catenin-mutated (n=1, 3%), and unclassified (n=3,
8%) HCAs. Eight patients had a single lesion, while 9 patients had
multiple lesions (mean, 15 lesions; range, 4–30 lesions). Pathologic
confirmation was available for 20/35 (57%) lesions (percutaneous
needle biopsy, n= 16; surgical resection, n=4). The remaining 15/35
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(43%) lesions were classified based on similar imaging appearance to
the pathologically-proven lesion. Size of the lesions measured on the
Gd-EOB-DTPA enhanced MR images (mean, 2.9 ± 2.0 cm; range,
1.0–10.7 cm) was not significantly different from what measured on the
MR images obtained with other GBCAs (mean, 2.9 ± 1.9 cm; range,
0.9–10.7 cm; P= 0.708).

The results of image analysis are summarized in Table 1. The
number of HCAs showing moderate-to-marked APHE after injection of
Gd-EOB-DTPA and other GBCAs was not significantly different (33/35,
94% vs 31/35, 89% - P= 0.625). Five out of 35 (14%) HCAs appeared
hypointense on the PVP images obtained after injection of Gd-EOB-
DTPA while only one (3%) HCA was hypointense on PVP images ob-
tained after other GBCAs (P= 0.125). Lesion hypointensity was more
frequently detected on 2min (13/35, 37% vs. 1/35, 3% - P < 0.001)

and 4–5minutes (30/35, 86% vs. 1/35, 3% - P < 0.001) images ob-
tained after Gd-EOB-DTPA compared to those obtained after other
GBCAs (Fig. 1). Three out of 5 lesions (9% of all HCAs) lacking hy-
pointensity on 4–5minutes Gd-EOB-DTPA enhanced images were also
iso- (n= 1) or hyperintense (n=2) on the HBP images and were
classified as inflammatory (n=2) or β-catenin mutated (n= 1) HCAs.
The remaining 32/35 (91%) HCAs were hypointense on the HBP images
acquired after the injection of Gd-EOB-DTPA. A peripheral pseudo-
capsule was more frequently visualized after the administration of Gd-
EOB-DTPA than after the administration of other GBCAs (13/35, 37%,
vs 1/35, 3% - P= 0.002) (Fig. 2). The 13 lesions showing pseudo-
capsule on Gd-EOB-DTPA enhanced MRI were either inflammatory
(n= 12) or unclassified (n=1) HCAs.

Among the inflammatory HCAs (n=29) lesion hypointensity was
observed in 2/29 (7%), 10/29 (34%) and 27/29 (93%) of cases re-
spectively on PVP, 2min and 4–5minutes images obtained with Gd-
EOB-DTPA while none of the lesions demonstrated hypointensity on the
corresponding images obtained with other GBCAs (Figs. 3 and 4). On
the HAP images, 27/29 (93%) inflammatory HCAs showed moderate-
to-marked APHE after injection of Gd-EOB-DTPA compared to 25/29
(86%) after injection of other GBCAs. The combination of moderate-to-
marked APHE and iso- or hyperintensity on PVP and 2min images
would allow the correct classification of inflammatory HCA in 17/29
(58.6%) cases using Gd-EOB-DTPA and 25/29 (86.2%) cases using
other GBCAs (P= 0.037).

One of the two HNF1α-mutated (n=2) HCAs in our population
appeared as hypointense on PVP, 2min and 4–5minutes images ob-
tained after injection of Gd-EOB-DTPA and Gd-BOPTA. The β-catenin-
mutated HCA showed lack of hypointensity on PVP, 2min and
4–5minutes images obtained after injection of Gd-EOB-DTPA and Gd-
BOPTA.

4. Discussion

In this study we performed an intraindividual comparison of the
enhancement pattern of HCA on dynamic MRI study obtained following
the injection of Gd-EOB-DTPA and other GBCAs in 17 patients with 35

Table 1
Enhancement pattern of HCAs (n= 35) on MR images obtained with Gd-EOB-
DTPA and other Gadolinium-based contrast agents (GBCAs).

Gd-EOB-
DTPA

Other GBCAs P

Moderate-to-marked APHE 0.625
Present 33 (94) 31 (89)
Absent 2 (6) 4 (11)
Hypointensity on PVP 0.125
Present 5 (14) 1 (3)
Absent 30 (86) 34 (97)
Hypointensity on 2minutes phase <0.001*
Present 13 (37) 1 (3)
Absent 22 (63) 34 (97)
Hypointensity on 4-5minutes

phase
Present 30 (86) 1 (3) <0.001*
Absent 5 (14) 34 (97)
Pseudocapsule 0.002*
Present 13 (37) 1 (3)
Absent 22 (63) 34 (97)

Numbers in parentheses are percentages. APHE: arterial phase hyperenhance-
ment; PVP: portal venous phase. GBCAs: Gadolinium-based contrast agents. *:
statistically significant: P < 0.05.

Fig. 1. 43-year-old female with HCA, unclassified subtype, on axial 3D GRE MR images obtained after IV injection of Gd-EOB-DPTA (upper row) and Gd-DTPA (lower
row). On Gd-EOB-DTPA enhanced MRI the lesion (arrows on upper row) shows marked arterial phase hyperenhancement (APHE) on hepatic arterial phase (HAP)
image and hypointensity on portal venous phase (PVP), 2 min and 4–5minutes phase images. On Gd-DTPA enhanced MRI the lesion (arrowheads on lower row)
demonstrates marked APHE on HAP image and persistent enhancement on PVP, 2 and 4–5minutes phase images.
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hepatocellular adenomas. Of note, all patients had at least one patho-
logically-proven lesion, with immunohistochemical and molecular sub-
classification. Moreover, a relatively short MRI interval with stable size
of the HCAs ensured no significant intra-lesional variability. The main
results of our study consist in a larger number of HCAs appearing as
hypointense on PVP (14% vs. 3%), 2min (37% vs. 3%) and 4–5minutes
(86% vs 3%) images obtained after the injection of Gd-EOB-DTPA
compared to the corresponding images using other GBCAs. The dif-
ferent enhancement pattern is felt to be due to the inability of the he-
patocytes within the lesion to uptake Gd-EOB-DTPA while the contrast
is being accumulated into the nontumoral hepatocytes, resulting in
higher signal intensity of the background hepatic parenchyma and re-
lative hypointensity of the HCAs. It has been reported that contrast
uptake in normally functioning hepatocytes starts at approximately 90 s
following IV administration of Gd-EOB-DTPA [26], with a peak at
20min during the HBP [28]. Our results however suggest that contrast
uptake into the hepatocytes may already manifest during the PVP,
given the larger number of HCAs appearing hypointense on this phase
compared to the corresponding images obtained after injection of a
purely or mainly extracellular GBCA. Further studies are necessary to
test this hypothesis. If this proves to be true, there might be significant
clinical implications when using Gd-EOB-DPTA, not only for imaging

hepatic adenomas. The current study, to the best of our knowledge, is
the first intraindividual comparison of enhancement pattern of HCAs
during the dynamic study obtained with two different GBCAs. Thomeer
et al. [24] and Vanhooymissen et al. [25] compared the MR imaging
appearance of HCA (21 and 67 lesions, respectively) using Gd-EOB-
DTPA and Gd-BOPTA, but their studies were focused on the lesion
signal intensity on HBP images.

The results of our study are relevant when using MRI to classify
HCAs. Four main molecular subtypes of HCA have been described:
HNF1α-mutated, inflammatory, β-catenin mutated and unclassified
HCAs [4,5]. Identification of the molecular subtype has significant
clinical implications because of the higher reported risk of rupture,
hemorrhage (15–20%) and malignant transformation (4.2%) associated
with the inflammatory and β-catenin mutated type [29–31]. In this
context, the evaluation of the dynamic study after administration of an
extracellular contrast agent is key to classify the inflammatory subtype
usually manifesting as markedly enhancing lesion on HAP images with
persistent enhancement on PVP and delayed phases images, reflecting
the presence of dilated vascular spaces (i.e. telangiectasia or sinusoidal
dilatation) within the lesion [1,32,33]. The lack of hypointensity (i.e.
persistent enhancement) on PVP and delayed phase images is a key
criterion for the diagnosis of inflammatory HCA [34]. All 29

Fig. 2. 46-year-old female with HCA, inflammatory subtype, (A) on axial 3D GRE MR images obtained after IV injection of Gd-EOB-DPTA (upper row) and Gd-BOPTA
(lower row). On Gd-EOB-DTPA enhanced MRI the lesion (arrows on upper row) shows marked APHE on HAP image, isointensity on PVP, hypointensity on 2min and
4–5minutes phase images. A peripheral rim of hyperintensity is observed on PVP, 2 and 4–5minutes phase images. On Gd-BOPTA enhanced MRI the lesion
(arrowheads on lower row) demonstrates marked APHE on HAP image and persistent enhancement on PVP, 2 and 4–5minutes phase images. (B and C) Hematoxylin
and eosin and immunohistochemical stain with lesional positive CRP (C-reactive protein) seen in the resected specimen of the same lesion showing compressed liver
parenchyma (arrows) at the interface lesional/non-lesional zone, corresponding to the “pseudocapsule” on the Gd-EOB-DTPA enhanced images.
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inflammatory HCAs in our cohort showed persistent enhancement
during the PVP, 2min and 4–5minutes images acquired after the ad-
ministration of an extracellular or mainly extracellular GBCA, while 2/
29 (7%), 10/29 (34%) and 27/29 (93%) inflammatory HCAs appeared
hypointense respectively on the PVP, 2min and 4–5minutes images
obtained with Gd-EOB-DTPA. Accordingly, the combination of mod-
erate-to-marked APHE and iso- or hyperintensity on PVP and 2min
images allowed to classify as inflammatory HCA 17/29 (58.6%) lesions
using Gd-EOB-DTPA and 25/29 (86.2%) lesions using other GBCAs
(P= 0.037). Prior studies investigating HCAs on Gd-EOB-DTPA en-
hanced MRI reported similar post-contrast appearance [8,17,21]. In
those studies, lesion hypointensity was observed in 18–58% of all HCAs
and 5–17% of inflammatory HCAs on PVP images [8,17,21] as well as
58–93% of all HCAs and 33–52% of inflammatory HCAs on 3min phase
images [8,17]. These results suggest that when using Gd-EOB-DTPA a
diagnosis of inflammatory subtype HCA may be compromised given the

lack of contrast retention on PVP and later phases images in up to a
third of cases. Indeed, a recent study performed by Ba-Ssalamah et al.
[8] reported a sensitivity of 80.9% and specificity of 77.3% for diag-
nosis of inflammatory HCAs imaged with Gd-EOB-DTPA, which is lower
than what previously reported with other GBCAs (sensitivity,
82–87.5%; specificity, 85.2–100%) [10,33].

In our population, 3/35 (9%) of HCAs appeared iso-to-hyperintense
on images obtained at 20min (HBP) following the injection of Gd-EOB-
DTPA. Our results are consistent with other series reporting 7–26% of
all HCAs and up to 25% of inflammatory HCAs to be iso-to-hyperintense
to the background liver on HBP [2,17,21,22] due to the increased ex-
pression of organic anion transporting polypeptide 1B1/3 (OATP1B1/
3) associated with accumulation of Gd-EOB-DTPA [8,35,36]. Finally,
we noted the presence of a pseudocapsule in 37% of HCAs (12 in-
flammatory and 1 unclassified HCAs) on the Gd-EOB-DTPA enhanced
MRI studies. This imaging feature was previously described in 14–62%

Fig. 3. 32-year-old female with HCA, inflammatory subtype, on axial 3D GRE MR images obtained after IV injection of Gd-EOB-DPTA (upper row) and Gd-BOPTA
(lower row). On Gd-EOB-DTPA enhanced MRI the lesion (arrows on upper row) shows marked APHE on HAP image, isointensity on PVP, hypointensity on 2min and
4–5minutes phase images. On Gd-BOPTA enhanced MRI the lesion (arrowheads on lower row) demonstrates marked APHE on HAP image and persistent en-
hancement on PVP, 2 and 4–5minutes phase images. Note the pseudocapsule on the Gd-EOB-DTPA enhanced study showing hypointensity on HAP image and
progressive retention of contrast on PVP, 2 and 4–5minutes phase images.

Fig. 4. Graph showing the enhancement of inflammatory
HCAs on multiphasic MR imaging after injection of Gd-EOB-
DTPA or other GBCAs. HCAs imaged with Gd-EOB-DTPA (gray
line) show progressive hypointensity on PVP, 2 min and
4–5minutes phases. HCAs imaged with other GBCAs (black
line) show persistent enhancement on PVP, 2min and
4–5minutes phases.
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of inflammatory HCAs imaged with Gd-EOB-DTPA, and is attributed to
the compression of hepatic parenchyma at the periphery of the lesion
[8,11]. Interestingly, only one HCA demonstrated pseudocapsule fol-
lowing injection of other GBCA, contrarily to what observed in HCC
where the “capsule”, composed by a combination of fibrosis and sinu-
soidal dilatation, is more frequently seen on the MRI studies performed
with Gd-BOPTA compared to Gd-EOB-DTPA, likely due to the pro-
longed extracellular effect of Gd-BOPTA resulting in more extended
contrast retention in the fibrotic tissue [13].

Our study has several limitations. The final population was small
(n= 35 lesions) due to the strict inclusion criteria, i.e. two MR imaging
studies with different contrast agents within one year and at least one
pathologically proven HCA. The majority of the HCA were classified as
inflammatory (83%) and the final cohort included only two HNF1α-
mutated and one β-catenin-mutated HCA. Inflammatory-type HCAs
may be more likely to undergo biopsy than HNF1 α-mutated lesions
that can be confidently diagnosed detecting intralesional fat on ima-
ging. Moreover, only 57% of the lesions were pathologically proven. We
assumed that HCAs with identical imaging presentation were of the
same molecular subtypes. The MRI studies were acquired on both 1.5 T
and 3 T scanners. Although the field strength may affect the signal in-
tensity of the lesion and hepatic parenchyma on post-contrast T1-
weighted images, we expect this confounding factor to play a minor
role. Lastly, because at our institution an HBP is not routinely acquired
when using Gd-BOPTA, a comparison of the imaging appearance of
HCAs on HBP images between Gd-BOPTA and Gd-EOB-DTPA was not
possible.

In conclusion, the enhancement pattern of HCA, especially in-
flammatory subtype, was significantly different after injection of Gd-
EOB-DTPA compared to other GBCAs. Lesion hypointensity on the PVP,
2min and 4–5minutes images was more frequently noted when using
Gd-EOB-DTPA.
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