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Abstract
AIM: To evaluate the performance of superpara

magnetic iron oxide (SPIO)-enhanced magnetic re
sonance imaging (MRI) in the detection and charac
terization of focal hepatic lesions (FHLs).

METHODS: This meta-analysis compared relevant 
studies that were identified by searching PubMed, 
EMBASE, and the Cochrane Library databases for articles 
published between January 1988 and September 2014 
and that met the following criteria: (1) SPIO-enhanced 
MRI was conducted to identify FHLs and data were 
sufficient for pooled analysis using Meta-DiSc 1.4; (2) 
hepatocellular carcinomas (HCCs) were differentiated 
from other FHLs; (3) well-differentiated HCCs (WD-
HCCs) were contradistinguished from dysplastic 
nodules; and (4) WD-HCCs were compared with mode
rately and poorly differentiated HCCs (MD- and PD-
HCCs, respectively).

RESULTS: The data obtained from 15 eligible studies 
yielded a sensitivity of 85% and a specificity of 78% 
for differentiating between HCCs and other FHLs. The 
sensitivity was unchanged and the specificity was 
increased to 87% when non-HCC malignancies were 
excluded. Comparative analyses between WD-HCCs 
and MD- and PD-HCCs from seven studies showed 
a sensitivity of 98% and a specificity of 50% for the 
diagnosis of MD- and PD-HCCs, and the area under 
the summary receiver operating characteristics (sROC) 
curve was 0.97. A comparison between WD-HCCs and 
dysplastic nodules revealed a sensitivity of 50% and a 
specificity of 92% for the diagnosis of WD-HCCs and 
the area under the sROC curve was 0.80.

CONCLUSION: SPIO-enhanced MRI is useful in 
differentiating between HCCs and other FHLs.
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specific contrast agents such as superparamagnetic 
iron oxide (SPIO). Gd-enhanced MRI is based on 
the blood flow of lesions, while SPIO-enhanced MRI 
is largely dependent on the number and function of 
Kupffer cells in lesions. SPIO particles are taken up 
by Kupffer cells and predominantly shorten the T2 of 
hepatic parenchyma. Normal hepatic parenchyma and 
some FHLs contain Kupffer cells and therefore exhibit 
decreased signal intensity, whereas hepatic lesions 
without Kupffer cells show less or no change in signal 
intensity. In the case of lesions with Kupffer cells, the 
lesion-parenchyma contrast is enhanced, and thus the 
lesions are conspicuous on T2- and T2*-weighted MRI.

In recent years, the value of SPIO in the detection 
and characterization of FHLs has been emphasized 
and studies have demonstrated its usefulness[4-6]. In 
particular, SPIO-enhanced MRI is currently considered 
to be the only imaging modality that is capable of 
distinguishing HCC from DN, although it is limited 
when both HCC and DN contain a similar number of 
Kupffer cells[7-9]. The aim of this study was to determine 
the diagnostic performance of SPIO-enhanced MRI 
in differentiating between HCC and other FHLs via a 
systematic review and meta-analysis of the studies 
published on this topic.

MATERIALS AND METHODS
Study selection
PubMed, EMBASE, and the Cochrane Library databases 
were searched for articles published between January 
1988 and September 2014. Eligible studies included 
those in which SPIO-enhanced MRI was conducted 
in patients with HCC or other hepatic lesions. The 
search strategy was: magnetic resonance imaging, 
MRI, or MR imaging and carcinoma, hepatocellular, 
liver neoplasms, liver lesion, HCC, or hepatic lesions 
and ferumoxtran-10, SPIO or USPIO. We identified 
additional articles by crosschecking related citations in 
the retrieved studies. 

The inclusion criteria used in this meta-analysis 
were as follows: (1) MRI was conducted at a field 
strength of at least 0.5 T; (2) the diagnostic criteria 
for HCC and other malignant or benign lesions such 
as DN, focal nodular hyperplasia, and hemangioma, 
were clearly documented; (3) data were obtained with 
T2- or T2*-weighted MRI after intravenous injection 
of SPIO contrast agents; and (4) data were on a 
per-lesion basis and sufficient to construct a 2 × 2 
contingency table so that the cells in the table could be 
labeled as true-positive (TP), false-positive (FP), true-
negative (TN), or false-negative (FN). Studies were 
included when all criteria were met.

Four steps were used to select the articles for 
inclusion in this study. First, one reviewer screened 
the titles of all research articles identified from the 
database. Articles were selected when the studies 
met some of the inclusion criteria. Second, two 
reviewers screened the abstract of the selected articles 
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Core tip: Relevant studies on the performance of super
paramagnetic iron oxide (SPIO)-enhanced magnetic 
resonance imaging (MRI) in the detection and charac
terization of focal hepatic lesions were identified by 
searching PubMed, EMBASE, and the Cochrane Library 
databases for articles published between January 
1988 and September 2014 via  a systematic review and 
meta-analysis. The results show that SPIO-enhanced 
MRI is useful in differentiating between hepatocellular 
carcinomas (HCCs) and other focal hepatic lesions. 
Using hyperintensity on SPIO-enhanced T2*-weighted 
images as the criterion, the sensitivity for diagnosing 
advanced HCC was 98%. SPIO-enhanced MRI is a 
valuable tool for the detection and characterization of 
focal lesions in cirrhotic liver.

Li YW, Chen ZG, Wang JC, Zhang ZM. Superparamagnetic 
iron oxide-enhanced magnetic resonance imaging for focal 
hepatic lesions: Systematic review and meta-analysis. World J 
Gastroenterol 2015; 21(14): 4334-4344  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v21/i14/4334.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v21.i14.4334

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most 
common cancers, and the third leading cause of 
cancer-related death worldwide. During the last 
two decades, progress in multimodality therapy has 
increased the rate of survival and improved the quality 
of life for patients with HCC. However, the overall 
prognosis of HCC is still poor and early diagnosis 
remains the key to improving prognosis. HCC often 
arises from the liver with chronic hepatitis B or C 
virus infection or cirrhosis[1]. Based on the concept of 
stepwise hepatocarcinogenesis, HCC is considered to 
develop from a regenerative nodule to a dysplastic 
nodule (DN), and subsequently to a well-differentiated 
HCC (WD-HCC) and an advanced tumor [moderately 
differentiated (MD) and poorly differentiated (PD) 
HCCs]. WD-HCC has a relatively low malignant 
potential and rarely invades vessels or metastasizes 
to other sites. Patients with WD-HCC usually have a 
better survival rate than those with MD- or PD-HCC[1]. 

In clinical practice, it is critical to differentiate 
WD-HCC from advanced HCC and from other focal 
hepatic lesions (FHLs). Various imaging modalities 
have been used in the detection and characterization 
of HCCs, including ultrasonography (US), computed 
tomography (CT), magnetic resonance imaging (MRI), 
and positron emission tomography. MRI, especially 
dynamic contrast-enhanced MRI, provides better 
tissue contrast than US and CT, and is considered to be 
one of the most sensitive modalities for the diagnosis 
of HCC[2,3]. Currently, two types of MRI contrast agents 
have been used in liver MRI, extracellular fluid contrast 
agents such as gadolinium (Gd) chelates and liver-



independently and the articles were further assessed 
if the information was sufficient. Third, the eligible full 
articles were obtained through online sources, library 
visits, and interlibrary loan requests. The full papers 
were then reviewed independently by two reviewers 
to decide whether the reported studies should be 
included. Disagreement between the two reviewers 
was resolved by consensus or by a third reviewer. 
The references listed in the selected articles were also 
searched to identify further relevant articles. Finally, 
the quality of all included articles was evaluated based 
on the quality assessment of diagnostic accuracy 
studies (QUADAS)[10].

Data extraction
To meta-analyze the diagnostic accuracy in different 
hepatic lesions and to calculate the number of TP, FP, 
FN, and TN results in each study, data were extracted 
using the following criteria: the lesions with iso- or 
hypointensity on SPIO-enhanced MR images were 
considered negative. The lesions with hyperintensity 
with a focal, high signal intensity were classified as 
positive. If there were two sets of data obtained by 
T2- and T2*-weighted imaging in the same study, 
the data obtained by T2*-weighted imaging were 
extracted as susceptibility is maximized on this 
sequence. Data extracted from studies also included 
some general information: publications (first author, 
country, language, and date of publication), patients 
and lesions (number and mean age of patients, and 
number, type and mean size of lesions), MRI (magnetic 
field strength, sequence, contrast agent, and dosage), 
and MR image evaluation (criteria used to confirm 
the lesions, and whether the interpreters of the MR 
images were blinded to clinical information and/or the 
reference-standard examination results).

To evaluate the diagnostic performance of SPIO-
enhanced MRI in FHLs, the extracted data were 
subgrouped according to the lesion’s characteristics 
and a comparison was made between: (1) HCC and all 
other lesions (benign and non-HCC malignant lesions); 
(2) HCC and benign lesions; (3) WD-HCC and DN; and 
(4) WD-HCC and advanced HCC (MD- and PD-HCC).

Pooled analysis
The software Meta-DiSc version 1.4 (http://www.
hrc.es/investigation/metadisc-en.htm) was used 
for the meta-analysis. The sensitivity and specificity 
were calculated using the formulas of TP/(TP + FN) 
and TN/(TN + FP), respectively. The diagnostic odds 
ratio (DOR) was calculated using the formula of 
(TP*TN)/(FP*FN). If the DOR could not be calculated 
when one of the cells in the 2 × 2 table was zero, 0.5 
was added to all cells in that study. 

First, a forest plot was used to assess the accuracy 
of the sensitivity and specificity in each study and 
to evaluate the heterogeneity across studies. One 
of the primary reasons for the heterogeneity among 
studies is the threshold effect. This issue may arise 

when different cut-off values or thresholds are used to 
define a positive or a negative test result. Therefore, 
we considered that the threshold effect existed when 
the forest plots showed increasing sensitivities along 
with decreasing specificities, or vice versa. In this 
case, Spearman rank correlation was used as a further 
test for the threshold effect and an inverse correlation 
between sensitivity and specificity indicated the 
presence of the threshold effect. Considering that some 
other factors might also result in heterogeneity among 
studies, we also assessed the heterogeneity using the 
Cochran Q, χ 2 and I2 tests. When the Cochran Q test 
was significant or the I2 > 50%, heterogeneity was 
considered to exist.

Second, we calculated the pooled sensitivity and 
specificity. If heterogeneity due to the threshold effect 
was present, the accuracy data were pooled by fitting 
the summary receiver operating characteristics (sROC) 
curve, and the area under the curve and Q* (defined 
by the point where sensitivity equaled specificity) were 
calculated. In cases where heterogeneity was due to 
sources other than the threshold effect, the random 
effects model (DerSimonian-Laird method) was used 
instead of the fixed effects model (Mantel-Haenszel 
method) for calculation of pooled sensitivity and 
specificity with a 95%CI. The asymmetric sROC curve 
was reconstructed with Moses’ model regression.

Third, meta-regression analysis was performed by 
extending the Moses-Shapiro-Littenberg method to 
explore the sources of heterogeneity among studies. 
The covariates evaluated in this study included the 
number and mean size of lesions, the mean age of 
patients, the magnetic field strength and imaging 
sequence, the contrast agent and dosage, the criteria 
used to confirm the characteristics of lesions, and 
whether the interpreter of the MR images was blinded 
to clinical information and/or the reference-standard 
examination results. Because the number of studies 
was small, we tested one covariate at a time. A P < 0.05 
was considered significant.

RESULTS
Study selection and data extraction
A total of 365 relevant articles were initially identified, 
of which 236 studies were excluded after reviewing 
the titles. Abstract review of the remaining 129 studies 
by two reviewers excluded an additional 105 studies. 
Twelve articles were added after checking the related 
citations and by screening the reference list of the 
included articles. On review of the full-texts of the 36 
articles, 15 eligible studies were included and data 
were extracted (Table 1) for meta-analysis (Figure 1). 
Almost perfect agreement (κ = 0.95) was achieved 
between the two reviewers during selection of the 
articles.

The total number of hepatic lesions in the 15 
studies was 958, ranging from 10 to 216. The majority 
of lesions were confirmed pathologically and a few 

4336 April 14, 2015|Volume 21|Issue 14|WJG|www.wjgnet.com

Li YW et al . Focal hepatic lesions characterization with SPIO-MRI



Japan[13]. DN was defined using the criteria of the 
International Working Party on the Terminology of 
Nodular Hepatocellular Lesions[14].

We assessed the quality of the 15 studies using 
the 13-item QUADAS tool. All studies had an overall 
score of 10 or more, except one study that had a 
score of 6 (Table 2)[11]. Four of the 13 items were 
scored as “1” in all studies, including item 2 (clearly 
describing selection criteria), item 7 (execution of 

were diagnosed on the basis of clinical findings, 
biochemical tests, and clinical follow-up (≥ 6 mo). The 
pathologic specimens in all studies were obtained by 
needle biopsy, hepatic resection, or transplantation, 
except in two studies[11,12], in which the acquirement 
of specimens was not clearly stated. HCC was graded 
pathologically as WD-HCC, MD-HCC, and PD-HCC, 
according to the classification criteria of primary 
hepatic cancer by the Liver Cancer Study Group of 
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Table 1  Characteristics of 15 studies included in the meta-analysis

Ref. Year Country Subject MRI Result

Patients 
(n )

Age 
(yr)

Lesions 
(n )

Lesion type Size 
(cm)

Type Sequence Contrast agent Dose Iso-/hypo Hyper-

Harisinghani 
et al[12]

1997 United 
States

  35 46   15 Hemangioma NC 1.5T T2WI Code-7227 1.1 mg Fe/kg 13     2
  17 Metastases NC   0   17
    6 HCC NC   2     4

Imai et al[19] 2000 Japan   27 62     6 DN 1.6 1.5T T2*WI Ferumoxide 10 mmol/kg   6     0
  13 WD-HCC 1.6 11     2
  10 MD-HCC 1.6   0   10
    8 PD-HCC 1.6   0     8

Lim et al[15] 2001 South 
Korea

  68 51   10 WD-HCC 2.1 1.5T T2*WI Ferumoxide 15 mmol/kg   6     4
  69 MDPD-HCC 5.3   0   69
  19 DN 0.8 19     0

Zheng et al[11] 2002 China   43 51   22 HCC < 3 1.5T T2WI Feridex 0.05 mL/kg   0   22
    7 Other 

malignancy
< 3   0     7

    4 Cirrhotic 
nodules

< 3   4     0

    5 Hemangioma   0     5
    5 FNH   0     5
    4 Others   0     4

Zhang et al[20] 2003 China   30 50   30 HCCs NC 0.5T T2WI Feridex 0.56 mL/kg   0   30
    6 Regenerative 

nodules
  6     0

Suzuki et 
al[21]

2004 Japan   45 66   41 HCCs 2.26 1.5T T2*WI Ferumoxide 0.05 mL/kg   7   34
  11 Benign 10     1

Kato et al[22] 2004 Japan   43 66   17 WD-HCC 3.00 1.5T T2*WI Ferumoxide 10 mmol/kg   4   13
  28 MD-HCC 3.00   1   27
    6 PD-HCC 3.20   0     6

Inoue et al[24] 2005 Japan   49 67   20 WD-HCC 2.70 1.5T T2*WI Ferumoxide 0.016 mL/kg   4   16
  20 MDPD-HCC   0   20
    9 DNs   8     1

Kobayashi 
et al[9]

2007 Japan   10 45     6 DNs NC 1.5T T2WI Ferucarbotran NC   6     0
    4 HCC   0     4

Park et al[18] 2009 South 
Korea

114 55   37 WD-HCC 2.38 3.0T T2*WI Ferucarbotran 8 mmol/kg 20   17
156 MDPD-HCC 4.10   6 149
  23 DNs 1.28 22     1

Macarini 
et al[7]

2009 Italy   22 53   14 HCC 1.70 1.5T T2*WI Ferumoxide NC   0   14
    3 WD-HCC
  11 MDPD-HCC
    4 DN with HCC 2.10   0     4
  39 DNs 0.80 39     0
    2 Cystadenoma 1.20   2     0

Yoon et al[16] 2009 South 
Korea

  28 51   33 DNs 1.31 3.0T T2*WI Ferucarbotran 1.4 mL, ≥ 60 kg 25     8
  32 WD-HCC 1.79 0.9 mL, < 60 kg 13   19

Yoo et al[8] 2009 South 
Korea

108 56 124 HCCs 3.00 3.0T T2*WI Ferucarbotran 1.4 mL, ≥ 60 kg 16 108
  28 DNs 0.9 mL, < 60 kg 25     3

Okada et al[23] 2010 Japan   36 69   22 WD-HCC 1.40 1.5T T2*WI Ferucarbotran 0.45 mg Fe/kg 15     7
  15 MDPD-HCC 2.40   0   15
    4 DNs 1.60   4     0

Chou et al[25] 2011 Taiwan   12 56   11 HCC 2.30 1.5T T2*WI Ferucarbotran 1.4 mL, > 50 kg   3     8
    6 Benign 1.60   6     0

DN: Nodular dysplasia; FNH: Focal nodular hyperplasia; HCC: Hepatocellular carcinoma; hyper: Hyperintensity; iso-/hypo: Isointensity/hypointensity; 
MD: Moderately-differentiated, NC: Not clear; PD: Poorly-differentiated; WD: Well-differentiated; MRI: Magnetic resonance imaging.
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the index test described in sufficient detail to permit 
its replication), item 12 (reporting of uninterpretable 
results), and item 13 (explanation of withdrawals 
from the study). Four of the 15 items were scored as 
“1” in 13/15 to 14/15 studies, including item 1 (the 
spectrum of tested patients representing the patients 
in whom the test will be used in practice), item 3 
(the reference standard likely to correctly classify the 
target condition), item 5 (the whole sample receiving 
verification using a reference standard of diagnosis), 
and item 6 (patients receiving the same reference 
standard regardless of the index test result). Some 
items were poorly reported, which yielded various 
levels of bias. Item 9, related to information on 
clinical data during interpretation of test results, might 
affect the estimates of test performance as it was 
not reported clearly in any of the included studies. 
The period between the reference standard and 
index test, which might cause disease progression 
bias, was reported only in three studies. Nearly half 
of the studies insufficiently described the reference 
standard test, which may have had an impact on the 
test performance. Two other items that were reported 
in less than 50% of the included studies and might 
be related to review bias were the index test results 
interpreted without knowledge of the results of the 
reference standard (40%) and the reference standard 
results interpreted without knowledge of the results of 
the index test (33%).

Pooled analysis
The Spearman rank correlation coefficient used 
to test accuracy in all studies was -0.266 (P = 

0.358) (Table 3), indicating no threshold effect. A 
comparison between HCC and all other liver lesions 
from 14 eligible studies showed that the sensitivity for 
diagnosing HCC was 85% (95%CI: 0.82-0.88) and 
the specificity was 78% (95%CI: 0.73-0.83). There 
was substantial heterogeneity across these studies 
for sensitivity (I2 = 80.9) and specificity (I2 = 89.0) 
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365 titles

129 abstracts

24 full-text articles

15 included full-text papers

236 titles excluded

Other aim, n  = 177
Not MRI data or technique, n  = 28
Not human, n  = 22
Case report, n  = 9

105 excluded
Technique comparison, n  = 73
Technique application, n  = 13
Other aim, n  = 19

21 full-text articles 
excluded

Technique comparison, n  = 14
Technique application, n  = 7

12 extra full-text articles identified 
by crosschecking references

Figure 1  Flow chart of process used to select eligible articles.

11 = yes; 0 = no; 0.5 = unclear. Quality assessment of diagnostic accuracy 
studies (QUADAS) items: (1) Was the spectrum of a patient representative 
of the patients who will receive the test in practice? (2) Were the selection 
criteria clearly described? (3) Is the reference standard likely to correctly 
classify the target condition? (4) Is the time period between the index test 
and reference standard short enough to ensure that the target condition 
did not change between the two tests? (5) Did the whole sample or a 
random selection of the sample receive verification using a reference 
standard of diagnosis? (6) Did patients receive the same reference standard 
regardless of the index test result? (7) Was the execution of the index test 
described in sufficient detail to permit replication of the test? (8) Was the 
execution of the reference standard test described in sufficient detail to 
permit its replication? (9) Were the index test results interpreted without 
knowledge of the results of the reference standard? (10) Were the reference 
standard results interpreted without knowledge of the results of the index 
test? (11) Were the same clinical data available when the test results were 
interpreted as would be available when the test is used in clinical practice? 
(12) Were uninterpretable or intermediate test results reported? (13) Were 
withdrawals from the study explained?

Table 3  Assessment of the threshold effect in all accuracy 
studies

Weighted regression (inverse variance)

Variable Coefficient SE t P  value

a  3.643 0.548 6.652 0.0000
b(1) -0.239 0.314 0.760 0.4617

t2 = 2.3703 (convergence is achieved after five iterations); Restricted 
Maximum Likelihood estimation (REML). n = 14; Filter OFF; Add 0.5 to all 
cells of the studies with zero. Spearman correlation coefficient: -0.266, P = 
0.358; Logit (true positive rate) vs Logit (false positive rate); Moses’ model 
(D = a + bS).

Li YW et al . Focal hepatic lesions characterization with SPIO-MRI

Table 2  Quality assessment of diagnostic accuracy studies 
scores1 for each included study

Ref. QUADAS items

1 2 3 4 5 6 7 8 9 10 11 12 13

Zheng et al[11] 0 1 0 0.5 0 0 1 0 0.5 0.5 0.5 1 1
Imai et al[19] 1 1 1 0.5 1 1 1 0 1 0.5 0.5 1 1
Lim et al[15] 1 1 1 0.5 1 1 1 1 0.5 1 0.5 1 1
Zhang et al[20] 1 1 1 0.5 1 1 1 0 0.5 1 0.5 1 1
Inoue et al[24] 1 1 1 0.5 1 1 1 1 0.5 1 0.5 1 1
Park et al[18] 1 1 1 0.5 1 1 1 1 0 0.5 0.5 1 1
Macarini et al[7] 1 1 1 1 1 1 1 0 1 0.5 0.5 1 1
Yoon et al[16] 1 1 1 0.5 1 1 1 1 1 1 0.5 1 1
Harisinghani 
et al[12]

1 1 1 0.5 0 1 1 1 1 0.5 0.5 1 1

Yoo et al[8] 1 1 1 0.5 1 1 1 1 0 0.5 0.5 1 1
Suzuki et al[21] 1 1 1 0.5 1 1 1 0 0.5 0.5 0.5 1 1
Kobayashi 
et al[9]

1 1 1 0.5 1 1 1 0 1 0.5 0.5 1 1

Kato et al[22] 1 1 1 1 1 1 1 1 1 0 0.5 1 1
Okada et al[23] 1 1 1 0.5 1 1 1 0.5 0.5 1 1 1 1
Chou et al[25] 1 1 1 1 1 1 1 0 0.5 0.5 0.5 1 1



(Figure 2). The sensitivity was essentially unchanged 
when comparing HCC with benign liver lesions, but 
the specificity increased to 87% (95%CI: 0.82-0.91), 
with substantial heterogeneity across these studies for 
sensitivity (I2 = 80.9) and specificity (I2 = 81.2) (Figure 
3). Seven eligible studies were used for a comparative 
analysis between advanced HCC (MD-/PD-HCC) 
and WD-HCC, and the sensitivity and specificity 
for diagnosing advanced HCCs were 0.98 (95%CI: 
0.95-0.99) and 0.50 (95%CI: 0.41-0.60), respectively. 
The heterogeneity across these studies was less for 
sensitivity (I2 = 30.9) and slightly larger for specificity 
(I2 = 78.4) (Figure 4). The area under the sROC curve 
for the seven studies used for comparing advanced 
HCC with WD-HCC was 0.97, and the Q* was 0.92 
(Figure 5A). A comparison between WD-HCC and 

DN was performed with the data extracted from 
seven eligible studies, and the pooled sensitivity and 
specificity for diagnosing WD-HCC were 0.50 (95%CI: 
0.41-0.58) and 0.92 (95%CI: 0.87-0.96), respectively, 
with substantial heterogeneity across these studies for 
sensitivity (I2 = 74.4) and specificity (I2 = 69.9) (Figure 
6). The area under the sROC curve was 0.80, and the 
Q* was 0.74 (Figure 5B). All calculations for the pooled 
sensitivity and specificity in the present analysis were 
based on the random effects model due to notable 
heterogeneity across the studies.

To explore the possible sources of heterogeneity, 
we performed meta-regression analysis using the 
extended Moses-Shapiro-Littenberg method. The 
results showed that none of the covariates described in 
Materials and Methods significantly contributed to the 
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Sensitivity (95%CI)

Harisinghani MG 0.67 (0.22-0.96)
Imai Y 0.65 (0.45-0.81)
Lim JH 0.92 (0.84-0.97)
Zhang WW 1.00 (0.85-1.00)
Zhang XH 1.00 (0.88-1.00)
Suzuki S 0.83 (0.68-0.93)
Inoue T 0.90 (0.76-0.97)
Kobayashi S 1.00 (0.40-1.00)
Park HS 0.86 (0.81-0.91)
Macarini I 1.00 (0.81-1.00)
Yoon MA 0.59 (0.41-0.76)
Yoo HJ 0.89 (0.82-0.94)
Okada M 0.59 (0.42-0.75)
Chou CT 0.73 (0.39-0.94)

Pooled Sensitivity = 0.85 (0.82-0.88)
χ 2 = 67.92; df  = 13 (P  = 0.0000)
Inconsistency (I 2) = 80.9%
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Figure 2  Forest plots for comparing hepatocellular carcinomas with all other liver lesions. A: Sensitivity; B: Specificity of 14 studies.
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heterogeneity among the studies.

DISCUSSION
SPIO is a reticuloendothelial cell-specific contrast agent, 
which is used for the detection and characterization of 
focal liver lesions, largely based on the number and 
function of Kupffer cells. SPIO particles are taken up 
by Kupffer cells and predominantly shorten the T2 of 
the hepatic parenchyma. Healthy hepatic parenchyma 
and some focal liver lesions contain Kupffer cells and 
exhibit decreased signal intensity on SPIO-enhanced 
MRI, while lesions without Kupffer cells do not show 
this decrease. The signal intensity difference between 
lesions and liver parenchyma forms the basis of the 
detection and characterization of various lesions with 

SPIO-enhanced MRI. In clinical practice, the signal 
intensity of a lesion on SPIO-enhanced MR images can 
be lower (hypointensity) or higher (hyperintensity) 
than or similar to (isointensity) that of surrounding 
parenchyma. Because carcinoma lesions often 
show hyperintensity, we used hyperintensity as a 
criterion of malignancy to investigate the diagnostic 
accuracy of SPIO-enhanced MRI in the detection and 
characterization of focal liver lesions in this systematic 
review and meta-analysis.

Comparison between HCCs and other hepatic lesions
HCCs usually have different numbers of Kupffer 
cells, which are highly dependent on their degree of 
differentiation, whereas other malignant tumors such 
as metastases and cholangiocarcinoma generally do 
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Figure 3  Forest plots for comparing hepatocellular carcinomas with benign liver lesions. A: Sensitivity; B: Specificity of 14 studies.
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not have Kupffer cells and exhibit hyperintensity on 
SPIO-enhanced images. In contrast, most benign 
lesions including hepatic adenoma, focal nodular 
hyperplasia, and cirrhotic regenerative nodules, 
often possess identical or more Kupffer cells than the 
surrounding parenchyma and thus demonstrate iso- 

or hypointensity on SPIO-enhanced images[7,15]. As 
a result, investigators have recently emphasized the 
value of SPIO-enhanced MRI in the detection and 
characterization of FHLs[7,8,16].

A comparison between HCCs and all other liver 
lesions revealed a diagnostic sensitivity of 86% 
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Figure 4  Forest plots for comparing advanced hepatocellular carcinomas with well-differentiated hepatocellular carcinomas. A: Sensitivity; B: Specificity of 
seven studies.
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and a specificity of 76%. When non-HCC malignant 
lesions were excluded, the estimated sensitivity was 
essentially unchanged, but the specificity increased to 
86%. Although notable heterogeneity existed among 
the studies, these results support the conclusion that 
SPIO-enhanced MRI is a valuable tool for the detection 
and characterization of focal lesions in cirrhotic liver.

Comparison between HCCs and DNs
HCCs develop in a multistep manner from regenerative 
nodules to DNs that are then transformed into 
WD-HCCs and advanced HCCs. The malignant transfor
mation takes about 4-6 mo[17]. Precise differentiation 
of HCCs from DNs is critical for patient outcome. 
However, differentiation between DNs and HCCs in 
cirrhotic liver is often difficult because of marked 
architectural distortion of the parenchyma due to 
fibrosis, steatosis, necrosis, and regeneration[18].

Nodular hyperplasia and DNs possess identical 
or slightly more Kupffer cells than the surrounding 
normal parenchyma[7]. It has been reported that 
HCCs, especially WD-HCCs, also contain Kupffer cells. 
Some studies have shown that although there is no 
significant difference in Kupffer cell number between 
WD-HCCs and DNs, Kupffer cells are significantly 
reduced in MD- and PD-HCCs[18,19]. Thus, investigators 

concluded that SPIO-enhanced MRI can be used to 
differentiate WD-HCCs from advanced HCCs, but it 
is difficult to differentiate between WD-HCCs and 
DNs. Sometimes small WD-HCCs cannot be detected 
with SPIO-enhanced MRI due to their identical signal 
intensity to hepatic parenchyma[17].

Our analysis of seven eligible studies showed that 
the pooled sensitivity for differentiating advanced 
HCCs (MD/PD-HCCs) from WD-HCCs was 98% with 
low heterogeneity across these studies. Moreover, 
the frequency of hyperintensity on SPIO-enhanced 
MR images was very high in advanced HCCs, though 
the specificity was low (50%). A comparison between 
WD-HCCs and DN revealed that the pooled sensitivity 
and specificity for diagnosing WD-HCCs were 50% and 
92%, respectively. These results indicate that both 
DNs and WD-HCCs may exhibit iso- or hypointensity 
on SPIO-enhanced MR images, but hyperintensity 
suggests a high probability of WD-HCCs.

Although the reasons for the heterogeneity 
among studies were not clear, we noticed an issue in 
all retrieved studies, i.e., nearly half of the included 
studies did not report the causes and severity of 
cirrhosis[11,12,15,20-22]. The causes of liver cirrhosis, 
such as viral hepatitis B or C, alcoholic liver disease, 
or an unknown cause, were clearly documented in 
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Figure 6  Forest plots for comparing well-differentiated hepatocellular carcinomas with dysplastic nodules. A: Sensitivity; B: Specificity of seven studies.
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other studies[7-9,16,18,19,23-25]. Only five studies reported 
the severity of cirrhosis based on the Child-Pugh 
classification[7,8,15,16,23]. Furthermore, none of the studies 
documented liver function. The functional status of 
Kupffer cells is more closely correlated with the signal 
intensity on MRI than the parenchymal pathology and 
degree of fibrosis[22]. Some investigators have denoted 
the mismatch between the signal-noise ratio and the 
number of Kupffer cells, and they consider that the 
mismatch is mainly due to decreased Kupffer cell 
function[15]. Therefore, decreased liver and Kupffer cell 
function may affect the SPIO-enhancement effect on 
liver parenchyma and lesions in MRI, and thus affect 
the detection and characterization of focal liver lesions. 
This may be partially responsible for the heterogeneity 
observed.

The present study has several limitations. First, 
potential publication bias may have arisen as some 
publications might not have been retrieved. In 
addition, there was notable heterogeneity between the 
studies. Neither the threshold effect nor the evaluated 
covariates were the sources and further studies are 
necessary to identify other parameters that may 
affect the detection and characterization of focal liver 
lesions with SPIO-enhanced MRI. Second, there was 
a considerable lack of reporting on the diagnostic 
study quality items, particularly QUADAS items 11, 9, 
10, and 4. This may have resulted in review bias and 
disease progression bias. The third limitation in this 
study was the mandatory correction for zero entries 
by adding 0.5 to each cell of the study. This may have 
had an effect on the studies with small sample sizes.

In conclusion, the results of this meta-analysis 
suggest that SPIO-enhanced MRI is useful for diffe
rentiating between HCC and other FHLs as well as 
between DN and advanced HCC in cirrhotic livers. 
Using hyperintensity on SPIO-enhanced T2*-weighted 
images as the criterion, the sensitivity for diagnosing 
advanced HCC was 98%. SPIO-enhanced MRI is a 
valuable tool for the detection and characterization of 
focal lesions in cirrhotic liver.
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