Research Article

Liver Cancer 2024;13:203-214
DOI: 10.1159/000533598

Received: December 9, 2022
Accepted: August 11, 2023
Published online: August 18, 2023

MRI Using Gadoxetic Acid in the Work-Up of Liver
Nodules Not Conclusively Benign in Budd-Chiari
Syndrome: A Prospective Long-Term Follow-Up

Angeles Garcia-Criado? Jordi Rimola® Susana Seijo® Anna Darnell?

Ernest Belmonte? Victor Sapena® Julidan Moreno-Rojas
Virginia Hernandez-Gea® ®f Carmen Ayuso®9 Maria Reig

Juan Carlos Garcia-Pagan® ¢ Jordi Bruix®fh

d Valeria PérezP

e f,h

@Radiology Department, CDI, BCLC Group, Hospital Clinic of Barcelona, University of Barcelona, Barcelona,

Spain; © Liver Unit, Barcelona Hepatic Hemodynamic Laboratory, ICMDM, IDIBAPS, Hospital Clinic of Barcelona,
University of Barcelona, Barcelona, Spain; “BCLC group, Statistics core, Medical Statistics Core Facility, IDIBAPS,
Hospital Clinic of Barcelona, Barcelona, Spain; “Radiology Department, CDI, Hospital Clinic of Barcelona, University
of Barcelona, Barcelona, Spain; ®Centro de Investigacion Biomédica en Red de Enfermedades Hepaticas y
Digestivas (CIBEREHD), Madrid, Spain; fHealth Care Provider of the European Reference Network on Rare Liver
Disorders (ERN-Liver), Barcelona, Spain; 9Radiology Department, CDI, BCLC Group, IDIBAPS Hospital Clinic of
Barcelona, University of Barcelona, Barcelona, Spain; "BCLC group, Liver Unit, ICMDM, IDIBAPS, Hospital Clinic of

Barcelona, University of Barcelona, Barcelona, Spain

Keywords
Hepatocellular carcinoma - Liver-specific contrast agents -
Vascular disorders - Hepatic vein obstruction

Abstract

Introduction: The incidence of hepatocellular carcinoma
(HCQC) in Budd-Chiari syndrome (BCS) is unknown and there
is no validated diagnostic work-up to define the liver
nodules with arterial phase hyperenhancement (APHE),
suggesting malignancy. This prospective study evaluates
HCC incidence in a Western cohort of patients with BCS and
assesses the performance of MRI with hepatobiliary contrast
(HB-MRI) for nodule characterization. Methods: Patients with
BCS followed in our hospital were prospectively evaluated
by MRI with extracellular contrast (EC-MRI). Nodules with
APHE categorized as non-conclusively benign by 2 radiol-

ogists were studied by HB-MRI and reviewed by 2 radiolo-
gists blinded to the EC-MRI results. A new EC-MRI 1 year later
and clinical, analytical, and sonographic follow-up every
6 months for a median of 10 years was performed. Results: A
total of 55 non-conclusively benign nodules with APHE were
detected at EC-MRI in 41 patients. While 32 of them were
suggestive of HCC by EC-MRI, all the 55 nodules showed
increased uptake of hepatobiliary contrast. An unequivocal
central scar was seen in 12/55 nodules at HB-MRI regardless
of it was not detected on the EC-MRI. None of the nodules
was hypointense in the hepatobiliary phase (HBP). HCC was
not detected during a median of 10 years of follow-up.
Conclusions: Detection of nodules with APHE is frequent in
patients with BCS, but HCC is rare in Western patients with
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BCS. While EC-MRI may detect nodules suggesting malig-
nancy, the identification of contrast uptake in the HBP at HB-
MRI may help categorize them as benign.

© 2023 The Author(s).
Published by S. Karger AG, Basel

Introduction

Budd-Chiari syndrome (BCS) is an uncommon con-
dition caused by obstruction of hepatic venous outflow at
any level from the small hepatic veins to the junction of
the inferior vena cava. The most frequent cause is the
thrombosis of the hepatic veins due to an underlying
prothrombotic state.

In patients with BCS, the development of hyper-
vascular benign hepatocellular nodules [1-3] referred to
as “focal nodular hyperplasia-like” (FNH-like) is fre-
quent. BCS related to a membranous obstruction of the
inferior vena cava is also a recognised risk factor in
developing hepatocellular carcinoma (HCC) [4-6]. Al-
though far less frequent, some cases of HCC in patients
with BCS secondary to thrombosis of the hepatic veins in
Western countries have also been described [7]. However,
the magnitude of risk is not well defined and only isolated
reported cases and a retrospective study [7] have been
published about it. The lack of prospective studies makes
the incidence of HCC in BCS in Western countries
unknown.

The radiological characteristics of benign hepatic
nodules associated with BCS usually allow the differential
diagnosis with HCC to be established [3, 8, 9]. However,
there are occasionally benign nodules that have an im-
aging behaviour indistinguishable from HCC. It has been
noted that the non-invasive diagnostic criteria established
for HCC by MRI in patients with cirrhosis cannot be
applied to patients with BCS [10]. In these cases, a biopsy
would be necessary to obtain a conclusive diagnosis. This
is particularly risky in a population with thrombotic
disorders and almost universally under anticoagulation
treatment although it would be feasible if anticoagulation
is previously stopped following the recommendations
[11]. The high incidence of benign nodules in these
patients, frequently multiple, would imply to perform a
large number of biopsies during follow-up. The risk of
dissemination outside the liver along the needle track in
case of hypervascular malignant tumours could be also a
limitation for biopsy [12].

Gadoxetic acid (GA) or Gd-EOB-DTPA (Primovist®,
Bayer Schering Pharma) is a hepatocyte-specific MRI
contrast agent that is progressively taken up into the
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hepatocytes [13] via the organic anion transporter
polypeptides. FNH and FNH-like nodules revealed equal
or stronger organic anion transporter polypeptide ex-
pression than the surrounding liver tissue [14], resulting
in hepatobiliary phase (HBP) hyperintensity [15, 16].
Until now, only a few case reports [17, 18] and recently, a
retrospective study [19] have reported the application of
MRI with hepatobiliary contrast (HB-MRI) in the
characterization of focal liver lesions in BCS. The lack of
knowledge of the true incidence of HCC in patients with
BCS combined with the absence of prospective studies
using HB-MRI, make that the role of this contrast agent
in the diagnostic algorithm of patients with BCS has not
been established.

The aim of this prospective and long-term follow-up
study was to evaluate the incidence of HCC in a Western
cohort of patients with BCS and to assess the performance
of HB-MRI for the non-invasive diagnosis of liver
nodules associated to BCS, focused on those that do not
show conclusive characteristics of benignity by MRI with
extracellular contrast (EC-MRI).

Materials and Methods

A prospective study including all patients with primary BCS
followed in our hospital between February 2010 and June 2012 was
designed and approved by the Institutional Ethics Committee for
Clinical Research (HCB 2010/6155). Written informed consent
was obtained from participants (or their parent/legal guardian) to
participate in the study.

Patients

We invited all patients with the diagnosis of primary BCS
followed in our hospital to participate in the study. Patients with
other concomitant causes of chronic liver disease as hepatitis C,
hepatitis B virus infection, ethanol abuse, non-alcoholic steato-
hepatitis, or others were excluded. After signing the written in-
formed consent, demographic, laboratory, and clinical data were
collected. Underlying disease-causing BCS, time elapsed since the
diagnosis of BCS, history of transjugular intrahepatic portosys-
temic shunt (TIPS), and time since their placement were recorded.
Alpha-feto-protein (AFP) determination was also performed.

An EC-MRI was carried out in all patients included in the study
and the presence of liver nodules was registered. Patients were
classified into two groups according to the presence or absence of
liver nodules. All demographic, laboratory, and clinical data were
evaluated for each group. A HB-MRI was performed within
4-5 months to all patients with nodules >1 cm in the EC-MRI.

Follow-Up

A clinical, analytical, and ultrasound follow-up was carried out
every 6 months for a very extended period, until July 2021, in all
patients included (patients with and without liver nodules). In
addition, a new EC-MRI and AFP determination was scheduled
after 1 year of the first MRI in all patients.
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MRI Technique

Examinations were performed on a 1.5-T MR: Signa HDxt, GE
Healthcare, Milwaukee, Wi, USA or Magnetom Aera, Siemens
Medical Solutions, Erlangen by using multichannel-phased array
coils for signal detection. The supplementary material (for all
online suppl. material, see https://doi.org/10.1159/000533598)
reports the MRI acquisition protocols in detail.

Image Analysis

MRI with Extracellular Contrast

The initial EC-MRI examination performed was evaluated by
two radiologists with more than 10 years of experience in liver
imaging (J.R. and A.G.) and differences were solved in consensus.
Patients were classified into two groups based on the presence or
absence of liver nodules. Patients with nodules >1 cm with arterial
phase hyperenhancement (APHE) were selected, and the profile of
the nodules was registered as follows: (1) nodules with conclusive
characteristics of benignity including nodules with presence of a
central scar (either central hyperintense signal on T2-weighted
images or central enhancement on delayed phase of gadolinium-
enhanced imaging) [20] and any other considered to have imaging
characteristics of benignity (i.e., haemangioma) and (2) nodules
without conclusive characteristics of benignity. This last group
represents the final study group, and these nodules were con-
sidered as target lesions.

Nodules with APHE and without conclusive characteristics of
benignity were classified as (1) nodules suspicious of HCC when
they showed characteristic behaviour pattern of HCC according to
the non-invasive criteria accepted for the diagnosis of HCC in
cirrhotic patients: non-rim APHE and venous washout, without
central scar or (2) indetermined nodules when they showed any
other imaging pattern. To further characterize the suspicious and
indetermined nodules on EC-MRI, the following items were
recorded: (1) size, (2) location according to the Couinaud clas-
sification, (3) signal intensity on T2-weighted sequences, (4) signal
intensity on T1-weighted sequences of dynamic study (presence of
rim enhancement or non-rim enhancement), (5) presence of fat in
mass determined by signal loss on out-of-phase sequences, (6)
presence of enhancing “capsule” on delayed venous phase. Finally,
as exploratory analysis, we also collected the presence of signal
restriction detected on diffusion-weighted imaging (DWI) se-
quences on high b-value (600 and 800 s/mm?).

MRI with Hepatobiliary Contrast

Lecture of HB-MRI was carried out independently by two
radiologists (AD and EB with more than 15 and 5 years of ex-
perience in liver imaging, respectively). With the aim to determine
the contribution of HBP in the diagnosis of non-conclusive
nodules, only the HBP of the nodules with APHE without con-
clusive characteristics of benignity were evaluated, and the two
radiologists were blinded to the findings of EC-MRI and HB-MRI,
except for the HBP. Imaging parameters registered on HB-MRI
were (1) signal intensity of the lesion on the HBP: hypointense,
isointense, or hyperintense compared to liver parenchyma, (2)
presence of unequivocal central area of low signal intensity on the
HBP, indicative of central scar. Any discrepancies during image
analysis were solved by consensus discussion between the two
readers. Additional data on the presence of hypoenhancing lesions
on HBP of all HB-MRI performed were also recorded by a senior
radiologist (CA) not involved in the previous lectures.

Prospective Evaluation of MRI with
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Follow-Up EC-MRI

Nodules considered as indeterminate or suspicious for malignancy
on the first EC-MRI were revaluated at the 1-year follow-up EC-MRI
by a single radiologist (A.G.). The analysis included (1) size compared
with the first EC-MRI and categorization as stability, growth, or re-
duction, (2) pattern of enhancement and categorization as similar or
different compared with the first EC-MRI.

Statistical Analysis

Quantitative variables were expressed as median and
interquartile range (IQR 25th-75th percentiles). Categorical
variables were described as absolute frequencies and percentages
(%). The Fisher’s exact test was used to compare categorical
variables and U of Mann-Whitney test was used to compare
quantitative or ordinal variables.

Agreement between readers (inter-reader agreement) for washout
identification in EC-MRI study and for uptake in HBP and detection a
central scar in HB-MRI was assessed with Kappa statistic for binary
response parameters. When kappa was low despite high observed
agreement when the marginals are imbalanced (first kappa paradox
[21]), we used Bangdiwala’s B-statistic [22]. A board certified stat-
istician performed all statistics analysis using SAS software v9.4%. The
level of significance was set at 5% (two-sided).

Results

Patient Characteristics

A total of 43 patients with the diagnosis of BCS were
eligible for the study. Two patients declined to be en-
rolled. Finally, 41 patients were included in the pro-
spective study. Table 1 reports patients’ characteristics.
Six patients had thrombosis of two out of the three he-
patic veins while the remaining 35 patients had the three
hepatic veins involved, four of them had associated a
thrombosis of the inferior cava vein.

The EC-MRI demonstrated the presence of any size
liver nodule in 25/41 patients (60.9%): two had one
nodule (8%), 4 patients had 2-5 nodules (16%), 7 patients
had 6-10 nodules (28%), 4 patients had 11-20 nodules
(16%), and 8 patients had >20 nodules (32%). As shown
in Table 1, patients with liver nodules had a significantly
lower age than those without (p = 0.02). Indeed, all
patients under the age of 35 years at inclusion in the study
had liver nodules on the EC-MRI.

A significantly greater proportion of patients with a
previous TIPS stenting was observed in the group of
patients with nodules: 18/25 (72%) versus 5/16 (31.3%)
(p = 0.02). In the majority of cases (n = 19/23), the TIPS
had been placed >2 years ago. In order to avoid a possible
confounding factor, an analysis excluding patients with
TIPS stenting was also performed: the age remained
significantly lower in the group of patients with liver
nodules than those without (p = 0.02).
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Table 1. Characteristics of the patients

All Patients w/o nodules  Patients w nodules  p value

Patients, n 41 16 25
Age at inclusion, years, median [IQR] 41 [35-51] 46 [38-54.5] 37 [32-48] 0.02
Gender (female), n (%) 26 (63.4) 9 (56.3) 17 (68) 0.5
Median years from diagnosis of BCS, median [IQR] 5.7 [1.8-9.8] 7.2 [3.3-11.8] 43 [1.8-7.1] 0.17
Age at diagnosis, years, median [IQR] 36 [30-41] 39 [33-43.5] 34 [28-40] 0.06
Etiology of BCS (7 patients had more than one etiologic factor)

Myeloproliferative neoplasm 27 7 20

Factor V Leiden 3 2 1

Protein C deficiency 1 0 1

Protein S deficiency 1 1 0

Antiphospholipid antibodies 5 1 4

Paroxysmal nocturnal haemoglobinuria 3 2 1

Behget's disease 2 1 1

Systemic lupus erythematosus 2 1 1

Idiopathic 4 3 1
TIPS (yes), n (%) 23 (56.1) 5(31.3) 18 (72) 0.02
Years with TIPS, median [IQR] 6.1 [3.3-10.8] 9.8 [9.5-10.8] 5.5 [2.4-8.6] 0.16
AFP, ng/mL, median [IQR] 3 [2-4] 3 [2-3.5] 3 [3-5] 0.16

AFP, alpha-feto-protein.

AFP value was determined in all but 2 patients at
baseline. The AFP value was normal in all cases with a
median of 3 ng/mL (IQR: 2-4), and no patient had an
AFP >15 ng/mL.

Figure 1 shows the flow chart of patients and MRI
through the study. Twenty-two out of 41 patients (53.6%)
had at least one nodule >10 mm in size. A HB-MRI was
performed in 19 of them. HB-MRI was not performed in
3 cases for different reasons: 1 patient was lost for the
follow-up. 2 patients were followed-up and treated in
another institution (one of them was transplanted
12 months after inclusion in the study and had no evi-
dence of malignancy in the explant. The other had a
follow-up EC-MRI 1 year after inclusion in the study, and
a clinical and sonographic follow-up for 9 years without
evidence of HCC).

Suspicious and Indeterminate Liver Nodules

Figure 2 shows the flow chart of suspicious and in-
determinate liver nodules, and Table 2 summarizes their
MRI characteristics.

Characteristics on EC-MRI

A total of 55 liver nodules with APHE >10 mm without
specific characteristics of benignity were identified in 10
of the 22 patients with nodules >10 mm. All showed non-
rim APHE and 32/55 (58.2%) had washout appearance in
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the portal or delayed phase (further categorized as sus-
picious nodules) (Fig. 3). The remaining 23/55 nodules
with APHE (41.8%) appeared isointense in the portal and
delayed phases (further categorized as indeterminated
nodules) (Fig. 4). No nodules showed signal restriction on
DWTI at time of diagnosis or during the follow-up.

Interestingly, all patients with suspicious nodules
carried a TIPS (7/7) (all placed more than 2 years ago),
while this was the case in only 12/20 (60%) of the patients
with nodules without washout (benign and in-
determinated nodules).

Characteristics on the HBP of HB-MRI

A HB-MRI was performed in 19 out of 22 patients with
liver nodules >1 c¢m including all 10 patients with sus-
picious or indeterminate nodules. The median time
elapsed between HB-MRI and EC-MRI was 3 months
(IQR 1.1-4.5). Most indeterminate and suspicious liver
nodules were homogeneously hyperintense on the HBP
(54/55, 98.1%). Only one lesion was isointense related to
the surrounding liver parenchyma on the HBP. It cor-
responded to a nodule considered as indetermined on
EC-MRI. No hypointense nodules on the HBP were
detected in any of the patients. An unequivocal central
hypointensity interpreted as a central scar was detected in
12/55 lesions (21.8%). It was present in 6/32 (18.8%) of
suspicious nodules and in 6/23 (26.1%) indetermined

Garcia-Criado et al.
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Primary BCS without underliying chronic liver disease (n = 43)

v

Declined to participate (n = 2)

Extracellular gadolinium liver MRI (n = 41)

No liver nodules (n = 16)

Liver nodules (n = 25)

[

[

Detection of liver nodules

Liver nodules <1 cm (n=3)

Liver nodules 21 cm (n =22)

Lost follow-up (n = 1)

'

'

Hepatobiliary contrast
liver MRI (n =19)

No hepatobiliary contrast
liver MRI (n = 2)#

‘ #Followed-up and treated in another institution

l

1 year follow-up Clinical visits and lab tests
extracellular gadolinium every 6 months (n = 40)

Liver ultrasound every 6
months (n = 40)

liver MRI (n =37)*

Follow-up period
(mean 122 months)

*Missing liver MRI due to:

Liver transplantation (n = 1)

Cardiac device not compatible with MR (n = 1)
Follow-up in another institution (n = 1)

Fig. 1. Flow chart of patients and MRI studies.

nodules. The central scar had not been detected on the
EC-MRI study (T1- or T2-weighted images or dynamic
study) (Fig. 5).

Inter-Reader Agreement

The inter-reader agreement for washout on EC-MRI
was substantial with a kappa value of 0.694 (95% CI:
0.50-0.88). The inter-reader agreement for contrast up-
take in the HBP was almost perfect: 0.96 (95% CI: 0.91-1)
(Bangdiwala’s B-statistic). A high inter-reader agreement
(kappa = 0.81; 95% CI: 0.63-0.99) for the detection of
central scar on the HBP was also evidenced.

Follow-Up MRI

Patients

A follow-up EC-MRI was carried out 10-21 months
(median 12.8 [IQR: 11.9-15.0]) after the first EC-MRI in
37 patients. In 4 patients, it was not done: 1 patient was
lost for the follow-up. Another patient received a liver
transplantation 12 months after inclusion in the study (no
HCC was evidenced in the explant). A third patient,
without suspicious or indeterminate nodules at baseline
MRI, received a cardiac device not compatible with MRI
during the follow-up and the fourth patient was followed-

Prospective Evaluation of MRI with
Gadoxetic Acid in Budd-Chiari Syndrome

up outside our hospital and the follow-up MR was not
available. The previous 2 patients had no evidence of
HCC at clinical and sonographic follow-up performed for
more than 9 and 10 years, respectively.

Suspicious and Indeterminate Nodules

Nine out of 10 patients with suspicious or in-
determined nodules were followed with EC-MRI. The last
patient (with one suspicious and one indetermined
nodule) had a clinical and sonographic follow-up for
more than 10 years without evidence of HCC. Therefore,
the follow-up involved 53 nodules previously detected at
EC-MRI (31 suspicious and 22 indetermined). The time
elapsed since the first EC-MRI was 15.1 months (IQR:
14.5-17.7).

Changes in size detected in the follow-up MRI are
showed in Figure 2. Concerning the pattern of en-
hancement on the follow-up EC-MRI, in 9 out of the 31
suspicious nodules (29%), the washout was not detected
(7 were isointense compared to surrounding liver pa-
renchyma in venous phase and 2 were hyperintense).
Two out the 22 nodules classified as indetermined showed
washout appearance in the follow-up, but not associated
to changes in size. In one of these patients, three more
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Indeterminate / suspicious nodules (n = 55)

| Suspicious nodules (n = 32) |

| Hyperintense in HBP (n = 32) |
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Stable (n=31)
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=
2 |
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| Indeterminate nodules (n = 23)|
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|
o
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8 Stable (n = 17)| | Reduction (n=1) | | Disappearance (n = 3) Stable (n = 1)

Fig. 2. Flow chart of indeterminate and suspicious nodules. EC-MRI, MRI with extracellular contrast; HB-MRI,
MRI with hepatobiliary contrast; HBP, hepatobiliary phase.

follow-up MRI studies were performed for a period of 2
additional years demonstrating stability of size, and
washout disappeared on the last MRI. In the second
patient, the MRI performed 1 year later demonstrated
stability of size of the nodule and no conclusive washout.

Clinical Follow-Up

Clinical, analytical, and sonographic follow-up was
performed every 6 months in all patients (with and
without nodules) except 1 patient, for a median period of
122 months (IQR: 85-127). There was only one lost
follow-up. In addition, all 37 patients with follow-up EC-
MRI, also have one or more additional CT or MRI
throughout the follow-up for different reasons for a
median period of 75 months (IQR: 30-113) after the
initial EC-MRI. None of the patients demonstrated evi-
dence of HCC in the follow-up.

A follow-up AFP level was assessed 12.9 (IQR:
11.9-15.1) months after the first EC-MRI in all patients
but 5 cases (only one of them had suspicious/
indeterminated nodules). The median AFP value was
3 ng/mL (IQR 2-5). None of the patients showed an
increase of AFP values.
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Two patients underwent liver transplant 1 and 9 years
after the inclusion in the study, respectively. The path-
ologic study of the explanted liver did not show any
HCC foci.

Discussion

We report the first prospective long-term follow-up
study evaluating the potential malignancy of hepatic
nodules associated to BCS in Western countries. At the
same time, we have evaluated the usefulness of HB-MRI
in the work-up of liver nodules that can be highly sus-
picious of HCC by imaging. In this sense, it is worth
stressing that 17% of our patients had some small benign
nodules, showing an enhancing dynamic pattern by MRI
that overlaps with that specific vascular pattern of HCC if
the patient would have had underlying cirrhosis.

Several studies including series from Asian and African
countries have reported a high prevalence of HCC in
patients with BCS, most ranging from 5 to 30% [4-6,
23-26]. However, the true incidence in Western countries
is unknown. The scarce publications, basically based on

Garcia-Criado et al.
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Table 2. Characteristics of the non-conclusively benign nodules detected by MRI with extracellular contrast (EC-MRI)

Total (APHE)

Indeterminated
(wo washout)

Suspicious
(w washout)

Nodules, n (%) 55 32 (58.2) 23 (41.8)
Size, mm, median [IQR] 12 [10-15] 12 [11-13.5] 12 [10-15]
T1, n (%)
Hyperintense 35 (63.6) 25 (78.1) 10 (43.5)
Hypointense 0 (0) 0 (0) 0 (0)
Isointense 20 (36.4) 7 (21.9) 13 (56.5)
T2, n (%)
Hyperintense 0 (0) 0 (0) 0 (0)
Hypointense 36 (65.5) 27 (84.4) 9 (39.1)
Isointense 19 (34.5) 5 (15.6) 14 (60.9)
Enhancing “capsule,” n (%) 0 (0) 0 (0) 0 (0)
Fat in mass, n (%) 0 (0) 0 (0) 0 (0)
Hyperintensity on diffusion-weighted 0 (0) 0 (0) 0 (0)
on high b value
HBP, n (%)
Hyperintense 54 (98.2) 32 (100) 22 (95.7)
Hypointense 0 (0) 0 (0) 0 (0)
Isointense 1(1.8) 0 (0) 1 (4.3)

Central scar in HBP (no/yes), n (%)

43 (78.2)/12 (21.8)

26 (81.3)/6 (18.8) 17 (73.9)/6 (26.1)

HBP, hepatobiliary phase.

isolated cases, makes the incidence and evolution of
nodules associated to BCS in Western countries poorly
known. A single French study [7] described a prevalence
of HCC of 11.3% and a 5-year cumulative incidence of
4%, similar to that reported for other chronic liver dis-
eases. However, the study has some issues that reduce its
strength. It was retrospective and, in addition, a high
percentage of patients included were non-Caucasian with
a potential risk of occult HBV infection. Moreover, al-
most all the patients included in that study had the ve-
nous outflow obstruction level at the inferior cava vein.
This fact makes it difficult to establish the true prevalence
of HCC in European and American countries where the
disease is usually due to thrombosis at the level of the
hepatic veins. In the recent Swedish national cohort study
[27], <1% of death in BCS were related to fatal HCC
events and all occurred in patients with a co-existent liver
disease. Authors concluded that further studies are
needed to define the risk of HCC and the need for HCC
screening in these patients. In our prospective study in
which all the included patients had the characteristics of
Western BCS form (young Caucasians with thrombosis of
the hepatic veins and with predominance of myelopro-
liferative disorders without other risk factor for liver

Prospective Evaluation of MRI with
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disease), not a single HCC has been detected. Thus, it
appears that the incidence of HCC in these patients is
lower than what is thought up to now, or just marginal
and likely confounded by several other factors such as
occult HBV infection. This is not usually investigated and
sure may be an issue in patients from high-risk com-
munities for this infection.

One relevant finding of this study is that up to 60% of
patients included in the cohort had benign liver nodules
detected by MRI. This prevalence is higher than previ-
ously reported [9], probably attributable to the im-
provement of the imaging techniques in the last years.
The nodules are developed as a result of the liver vascular
changes related to outflow blockade, decrease of portal
flow, and compensatory arterial flow changes, but the
specific mechanism has not been elucidated [28]. In some
instances, it may be that the placement of a TIPS has
primed their development [17, 29].The results of this
study support the potential contribution of TIPS place-
ment to the development of the nodules, but it is not the
sole determining factor. As shown, 72% of patients with
nodules in our series had a TIPS, while only 31% of the
patients without nodules had it on. In most cases, the
stent had been placed more than 2 years ago. These data
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Fig. 3. Suspicious nodule in a patient with BCS. 18 mm nodule in segment 5 (arrows). EC-MRI baseline (a),
arterial (b), and portal phase (c). d HB-MRI HBP. e DWI with high b value. The nodule shows non-rim APHE
(b) and washout in the portal phase (c) and it is homogeneously hyperintense in the HBP (d) and there is no

diffusion restriction (e).

Fig. 4. Indeterminate nodule in a patient with BCS. 15 mm nodule in segment 6 (arrows). EC-MRI arterial (a) and
delayed venous phase (b). ¢, d HB-MRI HBP. e DWI with high b value. The nodule shows non-rim APHE (a) and
is isointense in the delayed venous phase (b). In the HBP the nodule is hyperintense (c) with a central hy-
pointensity corresponding to a central scar (d). e There is no restriction in DWI sequences.
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Fig. 5. Detection of central scar in the HBP in a nodule that was suspicious on MRI with extracellular contrast
(arrows). EC-MRI arterial (a) and delayed venous phase (b). ¢, d HB-MRI HBP. e DWTI with high b value. APHE
(a) and subtle washout in the venous phase (b). ¢ Contrast uptake in the HBP. d Detail of the HBP showing the
central hypointense linear scar (characteristic of focal nodular hyperplasia). This linear scar was not detected in
the EC-MRI. e The nodule is hypointense in high b DWT sequences.

suggest that TIPS probably exerts a priming role in
further expanding the niches of benign hepatocytes that
have proliferated as a result of the vascular abnormalities
related to the outflow blockade. The potential role of TIPS
in inducing the development of nodules that may re-
semble an HCC at imaging is an issue to retain when a
potential diagnosis of HCC is raised in patients in whom a
TIPS had been placed.

Another factor that seems to contribute to the benign
hepatic nodules formation is the age at which the disease was
established. According to our results, there seems to be a
non-significant trend for the nodules to appear more fre-
quently when the BCS has been developed in young patients.
Nevertheless, no relationship has been found between the
development of nodules and the duration of the disease.

Despite the low risk of HCC in BCS in Western
countries, where liver nodules are mostly benign, we
cannot declare a complete absence of risk, especially in
long-term disease in which advanced liver fibrosis may
have been developed. However, it is likely that the risk is
not of enough magnitude to firmly recommend a
screening program for patients with BCS. Thus, in our

Prospective Evaluation of MRI with
Gadoxetic Acid in Budd-Chiari Syndrome

opinion, the current AASLD recommendation to establish
surveillance with ultrasound and alpha-fetoprotein level
every 6 months to achieve early HCC detection should be
revisited [30, 31]. Furthermore, such surveillance plan
should also recommend when to engage a diagnostic
work-up when a nodule is detected, what kind of contrast-
enhanced cross-sectional imaging should be performed,
and when should a biopsy be considered. According to our
data, the criteria for indicating biopsy should therefore not
be based on the appearance on the EC-MRI, neither on the
usual criteria of growth nor changes in MRI signal since
both are frequent in benign nodules associated with the
BCS [32]. These recommendations for practice should also
incorporate the potential concern of harm because of the
risk of overdiagnosis and overtreatment [33, 34]. Our data
provide useful information for this purpose.

Most of the nodules associated with BCS show typical
characteristics of focal nodular hyperplasia by MRI allowing
the diagnosis of benignity. However, up to 24% of patients
included in the present study (corresponding to 40% of
patients with liver nodules) had nodules with APHE larger
than 1 cm with an MRI behaviour that did not allow to
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establish the diagnosis of benignity. This inconclusive be-
nign behaviour was present mainly in small nodules (IQR
10-15 mm). As noted, more than half of these nodules
showed non-rim APHE and wash-out in venous phases,
making them indistinguishable from HCC. As has already
been postulated, the typical congestion associated to the
BCS might contribute to the high prevalence of washout in
these benign nodules [24]. It is remarkable that all patients
who had nodules with APHE and wash-out in our study
had a TIPS placed more than 2 years ago. Probably, the
absence of portal supply in these patients contributes to the
washout appearance. Nevertheless, not all nodules in pa-
tients with TIPS showed wash-out.

Our findings support the fact that the typical APHE and
wash-out pattern used as non-invasive criteria to diagnose
HCC in cirrhotic patients cannot be applied in patients with
BCS. Thus, we have prospectively corroborated what was
reported by van Wattere et al. [10] in their retrospective
study. This false-positive diagnosis would occur using EASL
[35], AASLD [36], or LIRADS [30] criteria if their adequate
application is not in place. According to LI-RADS, the
hyperintensity on DWT is considered an ancillary feature
favouring malignancy. In our series, none of the nodules
under study was hyperintense on DWI which could support
its benign nature. However, as known, imaging criteria for
non-invasive diagnosis of HCC, including LI-RADS, should
be applied only in patients at high risk of such cancer. In that
regard, the results of our study support that fact that BCS
does not represent a risk factor to develop HCC. Moreover,
due to its inconsistent image quality and to artifact/image
degradation, in particular in the left hepatic lobe due to
cardiac movement or in the hepatic dome, it could be
premature to endorse DWI as part of the main workup in
BCS nodules.

Prior studies from our group and others [37-39] have
shown that MRI liver-specific contrast agents are not su-
perior to conventional MRI in the diagnosis of HCC in
cirrhotic patients. Although other studies have shown good
results [40-42], there is not enough evidence currently
about the use of HB-MRI for the diagnosis of HCC in
cirrhotic patients [43]. However, in the current study, we
have found that liver-specific MRI could be a highly useful
tool to discard malignancy in patients with BCS. Up to 98%
of nodules with APHE larger than 1 cm without conclusive
signs of benignity on EC-MRI showed strong up-take in the
HBP of the organ-specific contrast. This behaviour is in
clear contrast with that of HCC, which is usually hypo-
intense, or if not, isointense on the HBP [44]. It should be
noted that none of the liver nodules in our study were
hypointense on the HBP. In addition, a small percent of
HCC may show some degree of contrast enhancement on
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the HBP [37]. On the other hand, it is well known that the
detection of a central scar on the MRI allows to establish the
diagnosis of FNH-like [10, 25]. However, sometimes, es-
pecially in the case of small nodules, the scar is not visible. In
our study, HB-MRI allowed to demonstrate a central scar in
21% of the inconclusive nodules on EC-MRI and this was
instrumental to increase diagnostic confidence.

The sample size, the monocentre cohort, and the absence
of malignant lesions during the follow-up could be seen as
limitation. However, the BCS is an infrequent disease in
Western countries, making it difficult to recruit a large
cohort. In this regard, multicentric prospective studies in the
future are needed. However, this is a prospective cohort with
long-term follow-up with a well-characterized group of
patients that are representative of Western clinical profile of
the disease. The study has been conducted in only one re-
ferral centre but it was a need to develop a proof-of-concept.
Patients with BCS are already evaluated and followed in
expert centres and hence, imaging expertise should be the
same anywhere. Besides, the absence of HCC in our cohort
prevents comparison of the behaviour of HCC in BCS with
that of the benign nodules associated to this disease. Finally,
the absence of pathology verification of all nodules and the
follow-up limited to 10 years are other limitations of the
study. A longer follow-up could have led to an increased
incidence of HCC.

In conclusion, HCC is infrequent in Western patients
with BCS when other liver diseases are excluded. EC-MRI
suffers from serious limitations in the evaluation of liver
nodules in patients with such condition. It may display
the APHE and wash-out pattern at dynamic imaging that
may wrongly establish an HCC diagnosis. Thus, char-
acterization of suspicious and indeterminated hepatic
lesions should include HB-MRI. According to our results,
detection of strong enhancement during the HB phase
helps rule out an HCC diagnosis.
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