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Abstract 

Objective: The purpose of this study was to systematically review the diagnostic performance of 
gadoxetic acid-enhanced magnetic resonance imaging (Gd-EOB-DTPA-MRI) for differentiation of 
hepatocellular adenoma (HCA) and focal nodular hyperplasia (FNH), as well as HCA classification 
by using the low signal intensity (SI) in the hepatobiliary phase (HBP). 
Methods: A systematic process was used to review all published data in MEDLINE database about 
Gd-EOB-DTPA-MRI applied to differentiation of HCA and FNH, and classification of HCA by using 
low SI in the HBP. The pooled sensitivity and specificity were calculated to assess the diagnostic 
value of low SI in the HBP.  
Results: A review of 45 articles identified 10 eligible studies with a total of 288 HCA lesions. The 
pooled proportion of low SI in the HBP of HCA were 91% (95% CI: 0.81-0.97). In specific, the 
subtypes of HCA were 75% (95% CI: 0.64-0.85) for I-HCA, 100% (95% CI: 0.95-1.00) for H-HCA, 
92% (95% CI: 0.70-1.00) for U-HCA, and 59% (95% CI: 0.00-1.00) for b-HCA, respectively. The 
pooled specificity and sensitivity of low SI in the HBP for distinguishing FNH from HCA were 95% 
(95% CI: 0.92-0.98) and 92% (95% CI: 0.87-0.96), respectively. 
Conclusion: Low SI in the HBP of Gd-EOB-DTPA-MRI is associated with higher accuracy for 
distinguishing HCA from FNH. However, the diagnostic accuracy may be overvalued, especially for 
the diagnosis of subtypes of b-HCA and I-HCA. Therefore, the risk factors and conventional 
imaging findings should be take into account simultaneously. 
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Introduction 
Hepatocellular adenoma (HCA), also known as 

hepatic adenoma, is a relatively uncommon benign 
hepatic lesion that occurs predominantly in woman of 
child-bearing age. Although the etiology and 
pathogenesis of HCA are still not clear, studies show 
that HCA is commonly seen in women who have been 
using oral contraceptive or steroid drug, diagnosed of 
glycogen storage disease, obesity and iron overload in 

thalassemia patients [1]. Malignant transformation 
and the risk of bleeding were 4.2% and 15.8% for 
patients with HCA, respectively [2-3]. The clinical 
symptoms of HCA are generally non-specific and 
most patients are asymptomatic. However, some 
patients might with abdominal pains due to the tumor 
oppression against neighboring organs or 
hemorrhage within the tumor [4]. 
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The lack of typical finding in MRI makes it 
difficult to differentiate HCA from other intrahepatic 
diseases, especially focal nodular hyperplasia (FNH), 
because both of them showed marked enhancement at 
arterial phase and complicated signal at portal phase. 
The differential diagnosis mostly relies on additional 
lesion characteristics such as bleeding, fatty 
degeneration, and central scar.  

Gadoxetic acid (Gd-EOB-DTPA) is a new 
liver-specific hepatobiliary contrast agent for MRI that 
could be taken up via an organic anion transport 
system by normal hepatocytes. It is mainly used in the 
diagnosis and treatment evaluation of hepatocellular 
carcinoma, and differential diagnosis of 
hypervascular intrahepatic tumors. Several studies 
have proposed that Gd-EOB-DTPA can be applied as 
a new contrast agent for diagnosis of HCA [4-13]. 
However, the use of Gd-EOB-DTPA-MRI was still 
very limited. Only few studies had been published 
due to the low incidence of HCA. Additional 
investigation is needed for the diagnosis of HCA 
using Gd-EOB-DTPA-MRI 

Pathologically, HCA is classified into four 
subtypes: HNF1-α mutated adenomas (H-HCA), 
inflammatory adenomas (I-HCA), unclassified 
adenomas (U-HCA) and β-catenin activated 
adenomas (b-HCA) [1,14]. Each HCA subtype may 
have different imaging findings. It is indispensable to 
distinguish among different subtypes for treatment 
decision-making. Blanc JF et al [15] thought that when 
the lesion of H-HCA, I-HCA, or U-HCA was less than 
5 cm in diameter and has no rupture bleeding 
tendency, follow-up is recommended. However, 
b-HCA, regardless of the size, should be removed by 
surgery. MRI was proved to be an effective imaging 
method to distinguish the different subtypes of HCA 
[16-17]. 

In this study, we systematically reviewed all the 
published studies to assess the diagnostic 
performance of the low SI in the HBP in 
Gd-EOB-DTPA-MRI for differentiation of HCA from 
FNH, and the classification of HCA. 

Methods 
Search strategy 

We searched for all published articles in the 
MEDLINE database, restricting to English language 
articles published from January 2004 to June 2016. The 
following key words were used: (Hepatocellular 
adenoma OR HCA OR HA) AND MRI AND 
(Gd-EOB-DTPA OR Primovist OR Gadoxetate 
disodium OR Gadoxetic acid OR eovist).  

Inclusion criteria 
Studies or subsets of studies were included if 

they met the following criteria: 1) prospective or 
retrospective human studies, the number of lesions 
>5, and the number of patients >3; 2) the separation of 
pathological subtypes; 3) imaged using 
Gd-EOB-DTPA-MRI including HBP; and 4) complete 
raw data were available to evaluate imaging findings. 

Exclusion criteria 
The exclusion criteria were: 1) Review articles, 

case reports, editorial material, letters, meeting 
abstract, and conference proceedings; and 2) Studies 
with incomplete data. 

Two investigators (Yf Guo and Wj Li) reviewed 
the studies independently. Disagreements were 
resolved by consensus. All data were evaluated three 
times. For each study, we extracted the following 
information: the name and country of the first author, 
the number of patients, the year of publication, the 
total number of lesions, the number of lesions that 
confirmed by pathology, and the number of each 
HCA subtype. 

Date extraction  
The pooled sensitivity and specificity were 

calculated in terms of the true-positive(TP), 
true-negative(TN), false-negative(FN) and 
false-positive(FP) in the HBP using the reference 
standards below: TP-HCA with hypointensity in the 
HBP; TN-FNH with iso- or hyperintensity in the HBP; 
FN-HCA with iso- or hyperintensity in the HBP; 
FP-FNH with hypointensity in the HBP.  

Study quality assessment and statistical 
analysis 

The revised Quality Assessment of Diagnostic 
Accuracy Studies-2 (QUADAS-2) was used to assess 
the methodological quality of the included studies. 

Q test and I2 test (DeSimonian-Laird method) 
were used to assess publication heterogeneity. An I2 

value greater than 50% indicated heterogeneity 
among the studies. The effect size was analyzed using 
the random model in I2≥50% and fixed model was 
used in I2<50%. Meta-analysis for the rates of low SI in 
the HBP of HCA in Gd-EOB-DTPA-MRI was 
performed by using the R software. 

Results 
Search findings 

Our search process was described in Fig.1. The 
included studies were characterized in Table 1. Ten 
eligible studies with a total of 288 HCA lesions and 
233 FNH lesions were included for analysis according 
to the inclusion and exclusion criteria (Table 1). 
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Figure 1. Flowchart of articles retrieved from the search of databases and reasons Flowchart of articles retrieved from the search of databases and reasons for 
exclusion. 

 

Table 1. General characteristic of the included studies 

Abbreviations: FNH=focal nodular hyperplasia; HCA= hepatocellular adenoma; No=number; I=I-HCA; H=H-HCA; U=U-HCA; b=b-HCA. 

 
 

Study quality assessment 
The Quality Assessment of Diagnostic 

Studies-2(QUADAS-2) criterion was used to assess 
the methodological quality of the included 10 studies. 
Fig.2 shows the risk of bias. The risks of bias in 
“Patient Selection” were generally high in our study. 
Most of the included studies had a case-control type 
of design. Studies were restricted to the artificial 
scenario of comparing only FNH and HCA, which is 
known to result in overestimation of diagnostic 
accuracy. Nine (9) studies (90%) had high risk of bias. 
The applicability of test in terms of “Reference 
Standard” and “Flow and Timing” is mainly unclear. 
5 studies (50%) and 6 studies (60%) had unclear risk of 

bias. The reference standards used were not uniform, 
parts of patients and lesions had clinical or imaging 
reference standards rather than a histological 
reference standard, mainly for FNH, in which clinical 
and imaging reference standards were applied. This 
could represent incorporation bias. 

Heterogeneity test 
Pooled proportions of low SI in the HBP 

indicated significantly heterogeneity with the HCA, 
U-HCA and b-HCA (P<0.01, I2=74%; P=0.09, I2=54%; 
P=0.13, I2=51%, respectively). This may be caused by 
the pathological subtypes in the incurred in HCA.  

Author Country Publication time No. of 
Patient 

Mean 
age 

Comparison 
Group 

No. of 
HCA 

No. of 
FNH 

Pathology 
proved(HCA/FNH) 

HCA 
Subtype(I/H/U/b) 

Bieze [3] Netherlands 2012 52 39 HCA VS FNH 24  28 24/28 0/0/0/0 
Grazioli[4] Italy 2012 82 42 HCA VS FNH 43 68 24/24 12/23/8/0 
Purysko [5] USA 2012 47 42 HCA VS FNH 12 35 18/8 0/0/0/0 
Mohajer [6] USA 2012 28 35 HCA VS FNH 6 34 6/2 0/0/0/0 
Grieser [7] Germany 2014 68 41 HCA VS FNH 71 44 71/43 6/15/7/1 
Ba-Ssalamah [8] Austria 2015 29 43 HCA 43 0 43/0 21/10/6/6 
Portilha [9] Portugal 2011 32 35 HCA VS FNH 8 24 6/3 0/0/0/0 
Thomeer [10] Netherlands 2014 7 38 HCA 8 0 8/0 5/0/0/0 
Agarwal [11] Canada 2014 7 45 HCA 24 0 7/0 24/0/0/0 
Tse [12] USA 2016 21 39 HCA 49 0 49/0 14/20/14/1 
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Figure 2. Results of QUADAS-2 assessment for risk of bias in included studies. 

 

Date analysis 
Pooled proportion of low SI in the HBP of HCA 

was high (91%; 95% CI, 0.81-0.97; P<0.01, I2=74%). 
Data analysis indicated that HCA mainly showed low 
signals in the HBP in Gd-EOB-DTPA-MRI. This study 
showed higher pooled specificity of 95% (95% CI: 
0.92-0.98) and sensitivity of 92% (95% CI: 0.87-0.96). 
Low SI in the HBP had higher accuracy in diagnosing 
HCA. The detailed data are shown in Table 2. Fig.3 
depicts the results of different signal intensity in 
subtypes HCA in the HBP. The pooled proportions 
were 75% (95% CI: 0.64-0.85) for I-HCA, 100% (95% 
CI: 0.95-1.00) for H-HCA, 92% (95% CI: 0.70-1.00) for 
U-HCA, 59% (95% CI: 0.00-1.00) for b-HCA, 
respectively.  

Discussion 
HCA and FNH occur predominantly in the same 

patient populations, i.e. the child-bearing age women, 
who have no characteristic clinical manifestations, test 
index and have overlapping imaging findings [18].  

Some conventional imaging findings play an 
important role for the differential diagnosis of HCA 
from FNH, such as bleeding, central scar and fatty 
degeneration. Fatty degeneration is a typical imaging 
feature which could assist the diagnose of HCA. This 
imaging feature exists only in H-HCA subtype [13]. 
However, some intrahepatic diseases may present 
fatty tissues, such as hepatic angiomyolipoma 
(HAML) and HCC, and fatty tissues were also found 
in FNH [5-6]. Thus, we cannot differentiate HCA from 
FNH and other tumors merely according to the 
presence of fatty tissues in tumors [19-20]. FNH 
regardless of its size rarely presents its internal 
hemorrhage, whereas bleeding often occurs in HCA 
for lesions > 5 cm large [2]. Therefore, bleeding in 
lesions is very helpful for the differential diagnosis 
between FNH and HCA for lesion > 5 cm large. 
However, the percentage of HCA lesions with 
bleeding is high; generally less than 10% [8-9, 13]. The 
central scar is recognized as a differential diagnosis of 
FNH from HCA and other lesions. More than half of 
FNH lesions are seen central scar signs, but almost all 
lesions in greater than 3 cm, less than 3 cm lesions 
rarely see scar signs [21-25]. So, for lesions >3 cm, the 
central scar could provide some information 
biomarkers for the differential diagnosis between 
HCA and FNH. However, HCA lesions can also 
appear central scar signs, and some HCA subtypes 
were with high rates, like I-HCA [9, 13]. So, if we find 
the sign of central scar, we should combine other 
imaging signs such as bleeding or fatty degeneration 
and the signal characteristics in the HBP. 

 

Table 2. Summary of the bivariate indices of diagnostic accuracy of low SI in the HBP. 

REFERENCE N TP TN FP FN Sen Spe LR+ LR- 
Bieze M 52 23 27 1 1 0.958 0.964 20.833 0.043 
Grazioli L 111 40 62 6 3 0.930 0.912 10.543 0.077 
Mohazjer K 40 6 34 0 0 1.000 1.000 65.000 0.072 
Purysko AS 47 12 32 3 0 1.000 0.914 9.890 0.043 
Grieser C 115 62 44 0 9 0.873 1.000 78.125 0.133 
Portilha 32 8 23 1 0 1.000 0.958 15.741 0.059 
POOLED RESULT      0.921 0.953 13.827 0.103 
95% CI      (0.868-0.957) (0.917-0.976) (7.811-24.479) (0.064-0.167) 
P*      0.237 0.059 0.366 0.691 
I2 %§      26.3% 53.0% 7.8% 0.0% 
*p value use the Cochran-Q method to test the heterogeneity of the pooled data. Values <0.05 indicate substantial heterogeneity. §I2 is the Higgin′s index for heterogeneity 
and values greater than 50 % indicate substantial heterogeneity. 
Abbreviations: TP=true positive; TN=true negative; FP=false positive; FN=false negative; Spe=specificity; Sen=sensitivity; LR+=positive likelihood ratio; LR-=negative 
likelihood ratio. 
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Figure 3. Forest plot to show the proportions of iso- or high signals of HCA and its pathological subtype in the HBP. For each study, the proportion of hypo-SI and 
its corresponding 95% CI were plotted with black short of the ordinate and a horizontal line. 

 
The present study showed that the pooled 

proportions of low SI in the HBP of HCA was higher 
(91%). These findings suggested that most HCA 
showed low SI in the HBP, which has very high 
specificity (95%; 95% CI, 0.92-0.98) and sensitivity 
(92%; 95% CI, 0.87-0.96). Low SI in the HBP in 
Gd-EOB-DTPA-MRI is rather specific, especially 
when HCA could not be differentiated from FNH by 
routine imaging. The image appearance in the HBP in 
Gd-EOB-DTPA-MRI will greatly increase clinician 
confidence level for diagnosis, which may 
substantially improve HCA diagnosis accuracy. A 

small proportion of HCA showed iso- or high SI in the 
HBP, and it is hardly differentiated from FNH only 
according to imaging presentations in the HBP. 
Therefore, HCA presentations in routine imaging and 
the risk factors should also be considered for a 
comprehensive analysis to improve diagnosis 
accuracy. 

Multiple studies have demonstrated a 
substantial difference in percentages of different 
pathological subtypes of HCA, and the proportion of 
low SI in the HBP is also overtly different among 
various subtypes. The accuracy of diagnosing HCA 
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with low SI in the HBP in Gd-EOB-DTPA-MRI varies 
greatly among studies [5, 8-9, 11-13]. These could be 
associated with differences in lifestyle, diet, and 
exposure to risk factors of HCA, which induce 
different pathological HCA subtypes. 

H-HCA is a less aggressive pathologic subtype 
which is associated with oral contraceptive use and 
that may rarely undergo malignant transformation 
[26]. In our study, H-HCA pooled proportion of low 
SI was 100% (95% CI: 0.95-1.00), which indicates 
H-HCA displays primarily low SI in the HBP. The 
lesion shows not only low SI in the HBP, but also 
containing fat tissue, has a very high sensitivity and 
accuracy for the diagnosis of H-HCA [13]. The 
mechanism of I-HCA is believed to have high 
associations with contraceptives, obesity and 
alcoholism. In our group, I-HCA pooled proportion of 
low SI was 75% (95% CI: 0.64-0.85), which means most 
of I-HCA displays low SI, but compared with other 
pathological subtypes, I-HCA displayed more odds 
with iso- or high signals in the HBP. Sometimes, it is 
difficult to differentiate atypical I-HCA from FNH. 
The two entities may share the same imaging features, 
even the same enhancement patterns. However, the 
signal intensity of I-HCA may be heterogeneous 
caused by hemorrhage and necrosis [4-5, 12]. Some 
I-HCA were with “fatty liver”, the lesions 
demonstrated marked T2 hyperintensity compared 
with surrounding liver [12-13]. The incidence of 
U-HCA accounts for less than 10% of HCA, the 
etiology and pathogenesis of which are still unknown. 
In our study, the pooled proportion of low SI was 92% 
(95% CI: 0.70-1.00), which indicates most of U-HCA 
showing a classic signal intensity of HCA in the HBP. 
b-HCA has been considered as a borderline tumor 
between HCA and HCC which is commonly occurred 
in males and is associated with androgen steroids, 
glycogen storage disease, and familial adenomatous 
polyposis syndrome. 4.2% of HCA has a tendency to 
undergo malignant transformation to HCC, and of 
which 46% are b-HCA [3]. In our cases, 59% (95% CI: 
0.00-1.00) of b-HCA displayed low SI in the HBP, 
which means most of b-HCA displayed iso- or high SI 
in the HBP. b-HCA may enhance severely during 
arterial phase, and then wash out very quickly or 
slowly, the enhancement pattern may be difficult to 
differentiate HCC from FNH [27]. Therefore, the role 
of Gd-EOB-DTPA-MRI in diagnosis of b-HCA is very 
limited. The low SI in the HBP has the highest 
diagnosis accuracy of H-HCA and lowest diagnosis 
accuracy of b-HCA. Otherwise, it is easy to confuse 
with I-HCA and FNH because of their conventional 
imaging and the SI in the HBP, and the diagnosis 
accuracy of I-HCA may be improved by combining 
risk factors of liver diseases.  

The low SI of HCA in the HBP may be related to 
the tumor itself and liver background: HCA tumor 
cells express OATP1B1/3 and MRP3 levels different, 
which respectively affect Gd-EOB-DTPA uptake and 
excretion [9]. Chronic inflammation and fatty liver 
may cause HCA to iso-or high signal on the HBP [5, 
27]. Iso- or high SI of FNH in the HBP rarely occur. 
FNH revealed stronger OATP8 expression, large 
central scar or abundant fat component within the 
lesion that may contribute to a reduction in gadoxetic 
acid enhancement or signal loss on fat-saturated 
images [4-6, 8, 28]. 

Our study has some limitations: First, the 
number of samples was small. Especially the number 
of U-HCA and b-HCA was relatively small. Second, 
our study only assessed the diagnostic performance of 
Gd-EOB-DTPA-MRI to differentiate the HCA from 
FNH, as well as the classification of HCA. HCA needs 
to be differentiated from some other hypervascular 
tumors in the liver. Third, parts of lesions had clinical 
or imaging reference standards rather than 
histological reference standards.This may result in an 
incorporated bias in the study and may overestimate 
the diagnostic accuracy of the index test. Forth, the 
inclusion of individual HCA pathological subtypes 
may result in heterogeneity of the results. 

Conclusion 
Low SI in the HBP of Gd-EOB-DTPA-MRI is 

associated with higher accuracy for distinguishing 
HCA from FNH, but it was overvalued to distinguish 
HCA and FNH. The low SI in the HBP has the highest 
accuracy for classification H-HCA and has the lowest 
accuracy for b-HCA. It was also know that some of 
I-HCA and b-HCA may be misdiagnosed as FNH or 
HCC. A combination of Gd-EOB-DTPA in 
conventional MRI images and risk factors of liver 
diseases may substantially improve the diagnostic 
value of HCA and HCA classification. 

Abbreviations  
Gd-EOB-DTPA-MRI: gadoxetic acid-enhanced 
magnetic resonance imaging;  
HCA: hepatocellular adenoma;  
SI: signal intensity,  
HBP: hepatocyte-phase;  
FNH: focal nodular hyperplasia;  
H-HCA: HNF1-α mutated adenomas;  
I-HCA: inflammatory adenomas; 
U-HCA:  unclassified adenomas; 
b-HCA: β-catenin activated adenomas; 
95%CI: 95% confidence interval; 
QUADAS-2: Quality Assessment of Diagnostic 
Studies-2. 
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