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AABBSSTTRRAACCTT  

Objective: To compare lesion conspicuity and image quality 

between Single-Shot Spin Echo Echo Planar Imaging (SS SE-EPI) 

before, immediately and 5 minutes after intravenous (IV) injection of 

SuperParamagnetic IronOxide (SPIO) for detecting and 

characterizing focal liver lesions (FLLs). 

Methods: Twenty-five patients suspected for colorectal liver 

metastases were prospectively included. Lesion detection and 

characterization were compared between all SS SE-EPI and T2-

weighted Turbo Spin Echo (T2w TSE) sets (2-sided Fisher’s Exact 

Test). Image quality and lesion conspicuity were compared for SS 

SE-EPI sets using rank order statistic (RIDIT). Reference standard 

comprised of surgery, biopsy and/or follow-up. 

Results: Reference standard demonstrated 18 benign and 43 

malignant FLLs. Best lesion detection (p<0.05) was achieved with 

non-contrast-enhanced SS SE-EPI. Lesion characterization was 

best using all T2w TSE sequences. Best image quality and lesion 

conspicuity (p<0.05) was achieved with non-contrast-enhanced SS 

SE-EPI. 

Conclusion: Non-contrast-enhanced SS SE-EPI was best for lesion 

detection. SS SE-EPI sequences were not useful for lesion 

characterization (differentiation between benign and malignant 

lesions). Unenhanced SS SE-EPI did not allow differentiation 

especially as many benign FLLs were hyperintense on the highest 

b-value images. Combining unenhanced and SPIO-enhanced SS 

SE-EPI performed better but still was not clinically useful due to 

variable degree of uptake and vascular pooling of SPIO for 

(especially) benign FLLs. T2w TSE with SPIO-enhancement was 

needed for characterization. 
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IINNTTRROODDUUCCTTIIOONN  

For several years, MRI after intravenous (IV)  

SuperParamagnetic IronOxide (SPIO) has been considered the 

most sensitive method for detecting hepatic metastases [1]. In 

the few studies which have compared the different liver specific 

agents, SPIO-enhanced MRI has demonstrated varying degrees 

of superiority, particularly for small lesions [2, 3]. 

More recently, promising results have been reported for 

diffusion-weighted Single-Shot Spin Echo Echo Planar Imaging (SS 

SE-EPI) in the detection of focal liver lesions (FLLs) [4, 5]. In the 

literature, SPIO-enhanced MRI has been proven very useful for the 

detection and characterization of FLLs (e.g. in the evaluation of 

hepatic metastases). Further, EPI sequences are highly sensitive 

for T2*-effects from SPIO. Therefore, the IV injection of a SPIO 

agent (ferucarbotran (Resovist®, Schering, Berlin, Germany)) 

might be useful for detection and characterization of FLLs using SS 

SE-EPI. 

The purpose of this study is to compare SS SE-EPI before, 

immediately after and 5 minutes after IV injection of SPIO in 

detecting and characterizing FLLs. Correlation with histopathology is 

made. 

 

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  

Patients 

From August 2006 to June 2007, 25 consecutive patients 

(mean age 61.0 ± 12.6 years) were included in the study when 

fulfilling following inclusion criteria: patients who were suspected for 

colorectal liver metastases when at screening a new non-cystic FLL 

was detected at Ultrasound (US) and/or Computed Tomography (CT) 

and/or laboratory results showed elevated tumour markers in 
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combination with elevated transaminase levels (ALT >41 U/l for 

male, >31 U/l female patients), elevated alkaline phosphatase >129 

U/l, and elevated bilirubin (total bilirubin > 1.2 mg/dl). Patients were 

excluded when there were contraindications for MRI (e.g. metallic 

implants, pace makers) or for ferucarbotran (e.g. allergy to dextran, 

hemochromatosis). This prospective study was approved by the 

hospital Ethics Committee and written informed consent was 

obtained from all patients. 

 

MRI technique 

A 1.5T MRI whole-body scanner (Intera, Philips Medical 

Systems, Best, The Netherlands) with a 5-elements SENSitivity 

Encoding (SENSE) body phased-array coil was used. In all patients 

MRI was performed including respiratory-triggered T2w TSE (short 

TE, TE=60ms) sequence with fat suppression, respiratory-triggered 

T2w TSE (long TE, TE=350ms) sequence without fat suppression and 

respiratory-triggered SS SE-EPI sequence (EPI set 1) before IV bolus 

injection of SPIO followed by the same SS SE-EPI sequence (EPI set 

2) immediately after the IV injection. The same sequence (EPI set 3) 

was repeated 5 minutes after IV injection of SPIO. Respiratory-

triggered T2w TSE (short TE) sequence with fat suppression was 

repeated 10 minutes after IV injection of SPIO in all patients. 

In all patients 1.4ml of SPIO was administered intravenously 

as a bolus immediately followed by a bolus of 20ml of physiologic 

saline (NaCl 0.9%). Injection of SPIO and saline was performed at 

an infusion rate of 3ml/s using a Spectris MR injector (Medrad, 

Maastricht, The Netherlands). 

An overview of the parameters of the MRI sequences (see 

also table 1) in all patients is displayed below. 
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Table 1. Parameters of the studied sequences 

Parameter SS SE-

EPI 

T2w TSE 

(short TE) 

T2w TSE 

(long TE) 

TR (ms) 1122 777 1343 

TE (ms) 55.83 60 350 

Flip (°) 90 90 90 

Scan plane axial Axial axial 

NSA 4 1 1 

FOV (mm) 305 375 375 

RecFOV (%) 95 70 70 

Matrix scan 160 256 256 

Scan percentage 80 80 80 

Half scan factor 0.6 0.6 0.6 

Act.BW (Hz/pixel) 15.3 415.6 394.6 

ST (mm) 6 6 6 

Slice gap (mm) 0 0 0 

SENSE-factor 2 0 0 

Fat-suppression 

mode 

SPIR SPIR none 

Scan mode Resp.tr. Resp.tr. Resp.tr. 

TR: repetition time, TE: time to echo, NSA: Number of Signal Averages indicates the 

number of times each (acquired) line in k-space is sampled, FOV: Field-of-View, 

RecFOV: rectangular FOV (reduction of the number of phase-encodings to x%), scan 

percentage: is a percentage of phase-encoding values (profiles) of k-space around 

k=0 profile, half scan factor: is a method in which approximately only one half of k-

space in the phase-encoding direction is acquired, Act.BW: actual band width, ST: 

slice thickness, SPIR: SPectral Inversion Recovery, Resp.Tr.: respiratory-triggering. 

 

Details of the respiratory-triggered SS SE-EPI set are as 

follows: b-values of 0, 10, and 400 s/mm2. Foldover direction: right-

left. One stack of 28 slices was performed. The measured voxel size 

was 1.91mm x 2.42mm x 6mm and the reconstructed voxel size was 

1.19mm x 1.19mm x 6mm. Depending on the respiratory efficiency 
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of each patient, the acquisition time for this sequence ranged from 3 

to 5 minutes. Further details of the above mentioned sequences are 

given in table 1. 

Further details of the respiratory-triggered T2w TSE are as 

follows: Foldover direction: antero-posterior. Measured voxel size 

was 1.62mm x 2.32mm x 6mm and reconstructed voxel size was 

0.81mm x 0.81mm x 6mm. 

 

Image analysis 

All patient data were blinded giving each patient an 

anonymous patient label. Then the images were sent to the Picture 

Archiving and Communication System (PACS) viewing stations for 

further evaluation. Liver cysts were not evaluated as they (almost) 

never pose any differential diagnostic problem using MRI. 

 

Lesion detection 

The maximum number of discrete FLLs detected on all MRI 

sequences (including the SS SE-EPI sets) before and after IV 

injection of SPIO was used to determine the total number of discrete 

FLLs. 

 

Lesion detection and characterisation on the SS SE-EPI sets 

For FLL detection each SS SE-EPI set was evaluated 

separately and in random patient order and independently by two 

abdominal radiologists (8 years and 25 years of experience in 

abdominal MRI). All FLLs were assigned a specific liver segment 

using Couinaud’s segmental anatomy. All SS SE-EPI sets (non-CE, 

immediately and 5 minutes post-SPIO) with b-values b=0 s/mm2 

were evaluated separately from SS SE-EPI with b-values b=10 and 
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b=400 s/mm2. The same two abdominal radiologists jointly 

evaluated all images in case of disagreement to reach a consensus. 

Characterization of all FLLs was done using the following 

procedure for differentiating benign and malignant FLLs: 

first SS SE-EPI set 1 (including all b-values) before IV injection of 

SPIO was evaluated. Visual characterization in this study was 

performed as described in a recent paper [6] showing a higher 

diffusion restriction of malignant FLLs compared to benign FLLs. 

Apparent Diffusion Coefficient (ADC) values were not calculated in 

our study. 

 

Then all three SS SE-EPI sets were evaluated: 

*A lesion was considered benign when a FLL detected on the 

b=10s/mm2 displayed decreased conspicuity on the higher b-value 

images or when a FLL was clearly less conspicuous on the SS SE-EPI 

sets after IV injection of SPIO (due to SPIO-uptake or pooling) when 

compared to the non-CE SS SE-EPI set. 

*A lesion was considered malignant when a FLL detected on the 

b=10s/mm2 displayed no decrease in conspicuity (due to lack of 

SPIO-uptake or pooling) was seen in the higher b-value images or 

when a FLL showed persistent conspicuity on the SS SE-EPI sets 

after IV injection of SPIO when compared to the non-CE SS SE-EPI 

set. 

The same two abdominal radiologists jointly evaluated all images in 

case of disagreement to reach a consensus. 

 

Qualitative analysis of the SS SE-EPI sets 

Immediately after lesion detection and characterization 

analysis, the above mentioned abdominal radiologists together 

subjectively rated each SS SE-EPI set (including all b-values) for 
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image quality and lesion conspicuity using a five-point grading scale: 

unacceptable = 1; poor = 2; fair = 3; good = 4; and excellent = 5. 

All SS SE-EPI sets were compared for: 1) lesion conspicuity of all 

FLLs; 2) lesion conspicuity of all benign versus all malignant FLLs; 3) 

lesion conspicuity of all FLLs showing uptake or vascular pooling of 

SPIO versus all FLLs lacking uptake and vascular pooling of SPIO. 

 

Lesion detection and characterisation on the T2w TSE 

sequences 

The remaining (T2w TSE) MRI sequences were evaluated for 

lesion detection and characterization independently and in one 

evaluation session by the same two abdominal radiologists with an 

interval of two weeks between the evaluation of the SS SE-EPI sets 

and the remaining MRI sequences. 

Concerning lesion detection, first the T2w TSE (short and long 

TE) sequences were evaluated. Immediately thereafter, all T2w TSE 

sequences before and 10 minutes after IV injection of SPIO were 

evaluated. The same two abdominal radiologists jointly evaluated all 

images in case of disagreement to reach a consensus. 

Characterization of the FLLs using all T2w TSE sequences 

(without the SS SE-EPI sets) was performed on the basis of typical 

imaging characteristics described in the literature [7-13]. 

 

Concerning the diagnosis of hemangiomas included in this 

study 

The diagnosis could already be made using typical imaging 

appearance comparing unenhanced T2w TSE with short and long TE. 

The diagnosis of hemangioma after injection of ferucarbotran can be 

misleading (but also helpful) due to signal intensity decrease in 
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hemangiomas. However, combination with unenhanced T2-weighted 

imaging did not pose any characterization problems in this study. 

 

Concerning the diagnosis of FNHs and adenomas included in 

this study 

The characterization of FNHs and adenomas is not ideal using 

only T2-weighted imaging. However, in this study typical imaging 

features were seen (areas of bleeding in at least one adenoma in 

each of both patients with adenoma; central scar in at least one FNH 

detected in each of both patients making the diagnosis of the 

remaining lesions more likely). 

 

Concerning the diagnosis of metastases included in this study 

For the diagnosis of (colorectal) liver metastases, the use of 

ferucarbotran is often recommended in the literature and can 

(mostly) be made using only T2-weighted imaging. 

 

Concerning the diagnosis of HCCs included in this study 

According to the new American guidelines (AASLD) the 

characterization of HCC can best be made using CT or MRI combined 

with dynamic imaging (demonstration of arterial enhancement and 

wash-out in the early venous phase) using gadolinium agents (when 

using MRI). 

In this study, diagnosis was made using ferucarbotran which 

is known to have lower T1-enhancement compared to gadolinium 

agents. However, when following the new American guidelines, the 

presence of a (solid) focal liver lesion within a cirrhotic liver is 

already highly suspicious for HCC. This finding combined with (T2-

weighted) characteristics of a heterogenous solid focal liver lesion 

(using T2w TSE with short TE), the important signal intensity 
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decrease of all three lesions using T2w TSE with long TE, the 

presence of multiple (three) comparable liver lesions within one 

patient and lesion heterogeneity persisting after injection of 

ferucarbotran allowed to characterize these three lesions as HCC 

using only T2-weighted imaging. 
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Reference standard 

Surgical findings 

For those FLLs who were operated on, intra-operative 

ultrasound with histologic result was used as the gold standard in 

this study. The findings on the MRI before and after IV injection of 

SPIO were all provided at the time of intra-operative ultrasound 

examination.  

 

Follow-up 

Suspected FLLs who were not operated on, were further 

characterized by biopsy or during follow-up imaging. FLLs were 

considered malignant in case of response (complete or partial) or in 

case of progressive disease along these criteria on follow-up MRI:  

- if a FLL completely disappeared (complete response under 

chemotherapy) 

- if a FLL showed at least 20% decrease of the maximum initial 

diameter or at least 5mm decrease of the maximum initial diameter 

of a FLL (partial response under chemotherapy) 

- if a FLL showed at least 20% increase of the maximum initial 

diameter or at least 5mm increase of the maximum initial diameter 

of a FLL (progressive disease). 

 

Statistical analysis 

2x2 Crosstabulation was used to compare sequences with 

benign/malignant results. Two-sided Fisher’s Exact Test was used to 

statistically evaluate differences in FLL characterization. RIDIT 

analysis was used to statistically evaluate image quality and FLL 

conspicuity. RIDIT analysis was originally developed by Bross [14] 

for the analysis of ordinal data. The null hypothesis is an a priori 

RIDIT of 0.5, which implies a fifty-fifty distribution. The RIDITs were 
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all subtracted by 0.5 to have the mean at zero and multiplied by (-1) 

to have positive values for the promising results. The more positive 

the RIDIT the better the result, the more negative the worse the 

result is for the considered imaging protocol. A RIDIT of zero means 

that the distribution of values of the criterion under consideration in 

the subgroup, is not different from the distribution of values in the 

reference population. A difference was considered statistically 

significant with p<0.05. 

 

RESULTS 

Reference standard 

In total 61 FLLs were detected (table 2) of which 18 benign 

(7 hemangiomas, 6 adenomas and 5 Focal Nodular Hyperplasias 

(FNHs)) and 43 malignant (40 colorectal metastases and 3 

HepatoCellular Carcinomas (HCCs)). The mean diameter ± 

Standard Deviation (SD) of respectively the benign and malignant 

FLLs was 27.5mm ± 21.4mm and 25.0mm ± 18.8mm. 

 

Lesion detection 

In table 2, data for FLL detection using SS SE-EPI sets all b-

values are given. Only for SS SE-EPI set 1 (being the best EPI set 

for FLL detection) data are given separating SS SE-EPI images 

with b-values b=0 s/mm2 from SS SE-EPI images with b-values 

b=10 and b=400 s/mm2. Best lesion detection (p<0.05) was 

achieved with non-CE SS SE-EPI (with exclusion of b=0s/mm2) 

performing better than the combined conventional pre- and post-

SPIO T2w TSE sequences. 

Consensus reading was needed for only two FLLs <10mm 

during evaluation of SS SE-EPI with b-value b=0s/mm2. 
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Table 2. Overview of detected focal liver lesions 

MRI sequences 

Number of 

lesions Sensitivity 

EPI set 1 61 100.00% 

EPI set 1 

(using only b=0s/mm2) 45 73.77% 

EPI set 1 

(using only b=10 and 400s/mm2) 61 100.00% 

EPI set 2 54 88.50% 

EPI set 3 43 70.50% 

NonCE Conv 47 77.00% 

All conv seq 54 88.50% 

All sequences 61 100.00% 

EPI set 1: SS SE-EPI sequence (including all b-values) before IV injection of SPIO; 

EPI set 2: SS SE-EPI sequence (including all b-values) immediately after IV injection 

of SPIO; EPI set 3: SS SE-EPI sequence (including all b-values) 5 minutes after IV 

injection of SPIO; NonCE Conv (non Contrast-Enhanced conventional sequences): 

including T2w TSE (short and long TE) sequences; all conv seq (all conventional 

sequences): including all T2w TSE sequences before and 10 minutes after IV 

injection of SPIO but without the SS SE-EPI sequences. 

 

Lesion characterization 

Results of FLL characterization using the reference standard 

are given in table 3.  

In total 8 patients had follow-up imaging. Follow-up imaging 

was performed in 7 patients suffering from liver metastases (two 

patients also having hemangiomas; follow-up range: 4-10 months, 

mean follow-up period: 7 months, standard deviation: 2.2 months) 

and in one patient suffering from HCC (follow-up: 2 months). Results 

of lesion characterization using the applied MRI sequences in this 

study are given in table 4. 
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Table 3. Overview of the reference standard used for the characterization of 

all focal liver lesions 

Lesion type Surgery with 

IOUS 

Biopsy FU and/or typ.app. 

Hemangioma  1 (in 1 

patient) 

6 (in 4 patients; 2 patients also 

having metastases) 

Adenoma 1 (in 1 patient)  5 (in 1 patient) 

FNH 5 (in 2 patients)   

Metastasis 17 (in 10 

patients) 

 23  (in 7 patients; progressive 

disease in 3 and regressive 

disease in 4 patients) 

HCC   3 (progressive disease in 1 

patient) 

Number of focal liver lesions is indicated. FU and typ.app.: follow-up imaging and 

having typical imaging appearance. 

 

 

Table 4. Characterization of focal liver lesions 

MRI 

sequences 

Lesion 

characterization not 

feasible 

Lesion 

characterization 

feasible p-value 

EPI set 1 80.30% 19.70% p=1.000 

All EPI sets 45.90% 54.10% p=0.050 

All conv seq 0% 100.00% p=0.000 

EPI set 1: SS SE-EPI sequence (including all b-values) before IV injection of SPIO; 

all conv seq (all conventional sequences): including all T2w TSE sequences before 

and 10 minutes after IV injection of SPIO but without the SS SE-EPI sequences. 

 

Some benign FLLs (4 out of 18) lacking uptake and vascular 

pooling of SPIO (1 Kupffer cell poor adenoma and 1 FNH, 2 sclerous 

type hemangiomas) showed persistent (high) intensity on SPIO-

enhanced imaging. Two out of 43 malignant FLLs (1 metastasis and 
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one HCC) showed uptake and vascular pooling of SPIO. All HCCs in 

this study were detected within a cirrhotic liver. This finding for all 

HCCs was combined with (T2-weighted) characteristics of 

heterogenous solid FLLs (using T2w TSE with short TE), important 

signal intensity decrease of all three HCCS using T2w TSE with long 

TE, the presence of multiple (three) comparable FLLs within one 

patient and lesion heterogeneity persisting after injection of 

ferucarbotran. 

There was full consensus concerning the characterization of 

all FLLs obviating consensus reading for FLL characterization. 

Fisher’s Exact Test 2-sided p-values are given to illustrate 

statistical significance of the results. Lesion characterization was 

significantly better using all (pre- and post-SPIO) T2w TSE 

sequences. 

 

Image quality and lesion conspicuity 

The three SS SE-EPI sets (including all b-values) for image 

quality are compared using Ridit analysis (table 5, fig.1). 

 

Table 5. Image quality of the three SS SE-EPI sequences 

MRI sequences Ridit on Image Quality 

EPI set 1 0.78 

EPI set 2 0.45 

EPI set 3 0.27 

EPI set 1: SS SE-EPI sequence (including all b-values) before IV injection of SPIO; 

EPI set 2: SS SE-EPI sequence (including all b-values) immediately after IV injection 

of SPIO; EPI set 3: SS SE-EPI sequence (including all b-values) 5 minutes after IV 

injection of SPIO. 
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Figure 1. Comparison of the three SS SE-EPI sets for image quality using RIDIT. 

 

The result of all EPI sets (including all b-values) for lesion 

conspicuity of all FLLs is given in table 6 and fig.2. 

 

 

Table 6. Lesion conspicuity of all focal liver lesions 

 

Lesion conspicuity 

Total 1 2 3 4 5 

EPI set 1 0 0 3 31 27 61 

2 0 0 25 19 17 61 

3 6 19 13 4 19 61 

      Total 6 19 41 54 63 183 

Table comparing the number of lesions using five-point grading scale for lesion 

conspicuity. Ridit analysis was used to compare these distributions. 
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Figure 2. Comparison of all SS SE-EPI sets for lesion conspicuity of all focal liver 

lesions using RIDIT. 

 

The result of all EPI sets (including all b-values) for lesion 

conspicuity of all benign versus all malignant FLLs is given in table 

7 and fig.3. 

 

Table 7. Lesion conspicuity of all benign versus all malignant focal liver 

lesions 

benign=1 or 

malignant=2   

Lesion conspicuity 

Total 1 2 3 4 5 

1 EPI set 1 0 0 0 1 17 18 

2 0 0 13 3 2 18 

3 5 8 4 0 1 18 

Total 5 8 17 4 20 54 

2 EPI set 1 0 0 3 30 10 43 

2 0 0 12 16 15 43 

3 1 11 9 4 18 43 

Total 1 11 24 50 43 129 

Table comparing the number of lesions using five-point grading scale for lesion 

conspicuity. Ridit analysis was used to compare these distributions. 
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Figure 3. Comparison of all SS SE-EPI sets for lesion conspicuity of all benign 

versus all malignant focal liver lesions using RIDIT. 

 

 

Table 8. Lesion conspicuity of all focal liver lesions with and without 

uptake of SPIO 

No uptake of 
SPIO=0; 
uptake of 
SPIO=1 

  

Lesion conspicuity 

Total 1 2 3 4 5 

0 EPI 

set 

1 0 0 3 31 11 45 

2 0 0 12 16 17 45 

3 1 11 10 4 19 45 

Total 1 11 25 51 47 135 

1 EPI 

set 

1 0 0 0 0 16 16 

2 0 0 13 3 0 16 

3 5 8 3 0 0 16 

Total 5 8 16 3 16 48 

Table comparing the number of lesions using five-point grading scale for lesion 

conspicuity. Ridit analysis was used to compare these distributions. 
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The result of all EPI sets (including all b-values) for lesion 

conspicuity of all FLLs showing uptake or vascular pooling of SPIO 

(=1) versus all FLLs lacking uptake and vascular pooling of SPIO 

(=0) is given in table 8 and fig.4. 

 

 
Figure 4. Comparison of all SS SE-EPI sets for lesion conspicuity of all focal liver 

lesions showing uptake or vascular pooling of SPIO (=1) versus all focal liver lesions 

lacking uptake and vascular pooling of SPIO (=0) using RIDIT. 

 

A significantly better (p<0.05) image quality and lesion 

conspicuity were achieved with SS SE-EPI set 1 (non-CE SS SE-

EPI) compared with the post-SPIO SS SE-EPI sets. The difference 

in lesion conspicuity is however less pronounced for malignant 

FLLs and for FLLs lacking uptake and vascular pooling of SPIO 

(fig.5, fig.6). 
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A     B 

C 
Figure 5. A metastatic lesion in 

segment 1 of the liver using SS SE-EPI 

(b=10s/mm2)(before (fig.5a), 

immediately (fig.5b) and 5 minutes 

(fig.5c) post-SPIO) and T2w TSE (short 

TE) before (fig.5d) and 10 minutes 

post-SPIO (fig.5e). In this case, image 

quality is better but lesion conspicuity 

worse for non-CE SS SE-EPI. SS SE-

EPI immediately post-SPIO best 

delineates the liver metastasis from 

the vena cava. 

D     E 
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A 
Figure 6. A liver hemangioma (white 

arrow) showing uptake of SPIO using SS 

SE-EPI (b=10s/mm2) (before (fig.6a), 

immediately (fig.6b) and 5 minutes 

(fig.6c) post-SPIO) and T2w TSE (short 

TE) before (fig.6d) and 10 minutes post-

SPIO (fig.6e). In this case, lesion 

conspicuity worsens using SPIO-enhanced 

SS SE-EPI. The hemangioma is less 

conspicuous on SS SE-EPI with increasing 

time after IV injection of SPIO. The 

hemangioma also is less conspicuous on 

SPIO-enhanced T2w TSE. 

B     C 

D     E 
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DISCUSSION  

This study shows significant superiority of SS SE-EPI set 

without IV injection of SPIO (non-CE SS SE-EPI) for overall detection 

of FLLs only when using other b-values than b=0s/mm2. Using SS 

SE-EPI sets for characterization (differentiation between benign and 

malignant) of FLLs based on the magnitude-images was not 

appropriate in this study. Image quality and lesion conspicuity are 

significantly better using SS SE-EPI without IV injection of SPIO (SS 

SE-EPI set 1) compared with SS SE-EPI sets post-SPIO.  The 

difference in FLL conspicuity is however less pronounced for 

malignant FLLs and for FLLs lacking uptake and vascular pooling of 

SPIO. 

Comparison with previous studies is difficult as there is 

limited literature available. Nasu K. et al. [4]  retrospectively 

compared accuracy of SS SE-EPI with SPIO-enhanced (using 

ferumoxtran) MRI in the evaluation of hepatic metastases. They 

concluded that combined image interpretation with SS SE-EPI and 

T2w TSE and dual-echo T1w GE imaging yielded better accuracy in 

detecting hepatic metastases than did SPIO-enhanced MR imaging. 

Liver hemangiomas were not included in their study. In the present 

study, SS SE-EPI was prospectively examined and compared with 

T2w MRI sequences pre- and post-SPIO for detection of different 

types of FLLs. In our study non-CE SS SE-EPI as a stand-alone 

sequence (excluding b=0s/mm2) performed better than the 

combination of pre- and post-SPIO T2w TSE sequences. 

Kiryu S. et al. [15] studied 14 patients comparing SPIO-

enhanced T2w-TSE imaging and SPIO-enhanced diffusion-weighted 

imaging (DWI) PROPELLER T2w-TSE imaging for detection of liver 

metastases. Both sequences were comparable concerning 

detection of 38 metastases 1 cm or larger. Among the 30 
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metastases less than 1 cm, significantly more FLLs were detected 

on SPIO-enhanced DWI PROPELLER T2-TSE than on SPIO-

enhanced TSE. Hepatic resections were performed on all patients. 

Only liver metastases were evaluated for detection. Liver lesion 

characterization was not addressed. 

Mori K. et al. [16] compared diagnostic accuracy of SPIO-

enhanced three-dimensional sensitivity-encoding water-excitation 

multishot echo planar sequence (3D-SWEEP) for detecting hepatic 

metastases compared with T2*w fast field echo (FFE) sequence. 

Signal-intensity decay (SID), tumour-to-liver contrast (TLC), and 

image quality were compared between T2*-weighted FFE and 3D-

SWEEP. Eighty-two metastases were confirmed by histopathology or 

intraoperative ultrasonography (US). SID and TLC were significantly 

greater for 3D-SWEEP than T2*-weighted FFE, although 3D-SWEEP 

had poorer image quality. Mori K. et al. studied liver metastases. 

Liver lesion characterization was not addressed. In our study, SS SE-

EPI and T2w TSE were compared concerning lesion detection and 

characterization. When evaluating malignant FLLs, SPIO-enhanced 

SS SE-EPI sets in our study showed decreased image quality but 

comparable lesion conspicuity when comparing SS SE-EPI sets pre- 

and post-SPIO. 

Naganawa S. et al. [17] studied the detection of malignant 

liver lesions on MultiShot SE-EPI pre- and post-SPIO. Six patients 

with suspected malignant liver lesions were examined. Liver cysts 

and hemangiomas were excluded from their evaluation. Detection of 

malignant liver lesions was improved by SPIO on DWI. Liver lesion 

characterization was not addressed. In our study, non-CE SS SE-EPI 

performed better than SPIO-enhanced SS SE-EPI sets and T2w TSE 

(pre- and post-SPIO) for FLL detection which is in discordance with 

the study of Naganawa S. et al. However, in our study differences in 
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lesion conspicuity comparing SS SE-EPI sets pre- and post-SPIO are 

less pronounced but still SS SE-EPI sets pre-SPIO perform better 

than post-SPIO. 

To our knowledge, this is the first study comparing SS SE-EPI 

sets pre- and post-SPIO for different types of FLLs. The only study in 

the literature comparing SE-EPI pre- and post-SPIO was published 

by Naganawa S. et al [17]. 

For lesion detection, this study shows superiority of SS SE-

EPI sets without IV injection of SPIO (non-CE SS SE-EPI excluding 

b=0s/mm2) for the detection of FLLs. The non-detection of FLLs 

using EPI set 2 or EPI set 3 can be explained by the Kupffer cell 

uptake or vascular pooling of SPIO within some FLLs making these 

less conspicuous on EPI sequences (due to T2*-effects from SPIO). 

Also, image quality decrease in EPI set 2 and EPI set 3 caused by the 

susceptibility effects of SPIO can in part explain the hampered 

detection of FLLs. The difference in FLL conspicuity being less 

pronounced for malignant FLLs and for FLLs lacking uptake and 

vascular pooling of SPIO can be explained by higher lesion-to-liver 

contrast post-SPIO even when dealing with image quality loss. 

For characterization (differentiation between benign and 

malignant) of FLLs SS SE-EPI sets were not appropriate. Some 

benign FLLs lacking uptake and vascular pooling of SPIO (e.g. 

Kupffer cell poor adenomas or FNHs, sclerous type hemangiomas) 

showed persistent (high) intensity on SPIO-enhanced SS SE-EPI sets 

when compared with non-CE SS SE-EPI sets, being compatible with 

malignant FLL characteristics. On the contrary, only rarely a 

malignant FLL showed characteristics that could be mistaken for 

benign FLL characteristics. 

Image quality shows superiority of SS SE-EPI sets pre-SPIO 

compared with SPIO-enhanced SS SE-EPI sets. Image quality 
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decrease is more pronounced on SS SE-EPI sets with increasing 

delay post-SPIO. Decreased image quality using SS SE-EPI sets with 

increasing delay post-SPIO is related to the more pronounced 

susceptibility effects of the SPIO-particles. 

This finding combined with decreasing signal-to-noise ratio 

with increasing delay after IV injection of SPIO can explain the 

hampered detection of some FLLs.The more pronounced 

susceptibility effects using SPIO-particles in combination with 

decreasing signal-to-noise ratio can also explain decreased lesion 

conspicuity when considering all FLLs and benign versus malignant 

FLLs. Comparing table 7 and table 8 shows that FLLs lacking uptake 

and vascular pooling of SPIO have a better conspicuity than FLLs 

showing uptake or vascular pooling of SPIO. Further, overall lesion 

conspicuity of malignant FLLs is better than conspicuity of benign 

FLLs. This can be explained as the majority of FLLs showing uptake 

or vascular pooling of SPIO are benign FLLs.  

The lack of histological proof in many FLLs is a limitation of 

this study and many other studies on this topic. As the best 

reference standard for lesion detection – being IOUS with resection 

and histopathologic correlation - could not be performed in many 

cases, reading of other available imaging examinations and follow-up 

imaging were used as a reference. Therefore, the number of true 

negative and false positive FLLs could not be calculated. 

Consequently the calculation of specificity and Receiver Operating 

 Characteristic (ROC) curve was not performed in this study. 

This study was conducted examining patients who were suspected 

for colorectal liver metastases. In the literature SPIO-enhanced MRI 

has been considered the most sensitive method for detecting 

hepatic metastases [1]. For this reason gadolinium-based 

contrast agents were not used in this study for FLL 
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characterization. The combination of unenhanced and SPIO-

enhanced T2w imaging did not pose any characterization problems in 

this study. The authors of this study agree with the new American 

guidelines for the characterization of focal liver lesions (and HCCs). 

For the purpose of this study however (patients suspected for 

colorectal liver metastases were prospectively included), 

ferucarbotran instead of gadolinium agents were used. 

Another disadvantage in this study is the absence of 

analysis for FLL detection in correlation with FLL size. The scope 

of this study concerning FLL detection is overall detection. 

Further, an analysis of FLL detection with correlation to FLL size 

has been performed previously [18]. For characterization of 

FLLs, ADC values were not calculated in our study. In the 

literature ADC values are calculated using different sets of b-

values making accurate comparison between studies impossible. 

EPI sequences are extremely sensitive to susceptibility of iron oxide 

particles (SPIO). Other authors have performed EPI sequences 10 

minutes after SPIO injection, but we choose to perform the last EPI 

sequence already 5 minutes after IV injection of ferucarbotran. This 

is to avoid extreme signal intensity loss and suboptimal contrast-to-

noise levels of the liver parenchyma, which in our personal 

experience is a limitation of EPI sequences performed after 10 

minutes.  

In conclusion, this preliminary study provides evidence that 

SS SE-EPI performs better in FLL detection compared with 

unenhanced and SPIO-enhanced T2w TSE. Non-CE SS SE-EPI (using 

b=10 and 400s/mm2) performs better than SPIO-enhanced SS SE-

EPI for FLL detection. In this study, differentiation between benign 

and malignant FLLs was not useful when using only SS SE-EPI. Using 

only unenhanced SS SE-EPI did not allow differentiation especially as 
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many benign FLLs were still hyperintense on the highest b-value 

images. Combining unenhanced and SPIO-enhanced SS SE-EPI 

performed better but still was not clinically useful due to variable 

degree of uptake and vascular pooling of SPIO for (especially) benign 

FLLs. The most appropriate combination for the daily practice as a 

consequence of this study is as follows: overall lesion conspicuity 

and overall detection for FLLs are optimized using non-CE SS SE-EPI 

(using b=10 and 400s/mm2), while unenhanced and SPIO-enhanced 

T2w TSE is needed for FLL characterization. 
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