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AABBSSTTRRAACCTT 

Objective: To compare a respiratory-triggered fat-suppressed and 

breath-hold T2-weighted Turbo Spin Echo (RT and BH FS T2w TSE) 

sequence for focal liver lesions. 

Methods: Prospectively, both T2w TSE sequences were acquired in 

40 patients using 1.5T MRI. Qualitatively analysis was performed for 

image quality, lesion conspicuity, diagnostic confidence, artifacts 

using two-tailed Wilcoxon signed-ranks test. Quantitative analysis 

was performed for lesion-to-liver Contrast-to-Noise Ratio (CNR) 

using two-tailed Student’s t-test. 

Results: Qualitatively, RT FS T2w TSE performed significantly (p < 

0.05) better than BH FS T2w TSE concerning image quality, lesion 

conspicuity, diagnostic confidence and artifacts. Seventy-eight 

metastases and 47 hemangiomas were detected on both FS T2w TSE 

sequences. Seven liver metastases and 2 hemangiomas <10mm and 

3 metastases between 10-20mm detected on RT FS T2w TSE were 

only retrospectively detected on BH FS T2w TSE. Diagnostic 

confidence scores were best using RT FS T2w TSE compared with BH 

FS T2w TSE. Mean CNR of all lesions, mean CNR of all lesions 

<10mm and mean CNR between hemangiomas and metastases was 

significantly better using the RT sequence compared with the BH 

sequence. 

Conclusion: RT FS T2w TSE might perform better than BH FS T2w 

TSE for lesion detection and characterization in this study. 

28



Chapter 2 

 29

IINNTTRROODDUUCCTTIIOONN  

Patient motion is the largest physiological effect that causes 

artifacts. T2-weighted sequences are mainstay in magnetic 

resonance imaging (MRI) of the liver. Still, controversy remains over 

the use and accuracy of respiratory-compensated (respiratory-

triggered (RT) and breath-hold (BH)) T2w TSE techniques for 

detection and characterization of focal liver lesions [1-5]. 

Half-Fourier single-shot (SS) TSE sequences (e.g., single-shot 

turbo spin echo (SS-TSE) and half-Fourier single-shot turbo spin 

echo (HASTE)) allow to acquire multiple slices covering the whole 

liver within a breath-hold. Since several studies have demonstrated 

that this technique can be a suitable substitute for conventional T2w 

sequences [6-8]. Conventional T2w TSE sequences have the 

potential to provide higher image contrast and spatial resolution if 

motion artifacts can be eliminated [9]. 

The purpose of this study was to compare the qualitative and 

diagnostic performance of a RT FS T2w TSE sequence with a BH FS 

T2w TSE sequence in a patient population suspected for malignant 

liver lesions. 

  

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  

Patients 

Forty consecutive patients (14 female and 26 male patients, 

mean age 60.9 ± 11.8 years) suspected for malignant colorectal 

liver lesions based on available laboratory results ((elevated Carcino-

Embryonic Antigen > 3.4 ng/ml for non-smokers, >4.3 ng/ml for 

smokers, elevated transaminase levels (ALT >41 U/l for male, >31 

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

elevated bilirubin (total bilirubin > 1.2 mg/dl)), findings on 

ultrasonographic (US) or computed tomographic (CT) examination 
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were included in this study. There was no patient in this study who 

received chemotherapy prior to the MRI. Chemotherapy therefore 

had no effect on RT and BH T2W TSE. Patients were excluded when 

there were contraindications for MRI. 

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 4-elements body phased-

array coil was used. The first sequence performed was BH FS T2w 

TSE immediately followed by RT FS T2w TSE. 

The RT FS T2w TSE and BH FS T2w TSE images were acquired using 

following parameters:  

Axial RT FS T2w TSE: TR= one respiratory cycle, TE= 80ms, 

EchoTrain Length (ETL)= 50, flip angle= 90°, Number of Signal 

Averages (NSA)=4, Field-of-View (FOV)= 415mm x 312mm, 

matrix= 256mm x 208mm, half scan factor= 0.75, number of 

slices= 34, slice thickness= 5mm, slice gap= 0mm, foldover 

suppression, interleaved scanning, respiratory triggering with trigger 

delay 100ms (trigger pulse 100ms after onset of expiration). Parallel 

imaging factor= 4 along the in-plane phase-encoded direction. 

Spectral Attenuated Inversion Recovery (SPAIR) inversion delay= 

151ms, SPAIR TR= 453ms, water fat shift= 0.6 pixels, BW= 

355.1Hz. The acquired voxel size was 1.62mm x 2.32mm x 5mm 

and the reconstructed voxel size was 0.81mm x 0.81mm x 5mm. 

The prescribed scan time was 59s. Depending on the breathing 

frequency of each patient, the acquisition time for this sequence 
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ranged from 2 to 3 minutes. Respiratory triggering was performed 

using the bellow technique. 

Axial BH FS T2w TSE : TR= 3171ms, TE= 80ms, EchoTrain 

Length (ETL)= 50, flip angle= 90°, Number of Signal Averages 

(NSA)=3, Field-of-View (FOV)= 415mm x 312mm, matrix= 256mm 

x 208mm, half scan factor= 0.75, number of slices= 28, slice 

thickness= 6mm, slice gap= 0mm, foldover suppression, interleaved 

scanning, total scan time= 25.4s (2 breath-holds of 12.7s). Parallel 

imaging factor= 4 along the in-plane phase-encoded direction. 

Spectral Attenuated Inversion Recovery (SPAIR) inversion delay= 

151ms, SPAIR TR= 453ms, water fat shift= 0.6 pixels, BW= 

355.1Hz. The acquired voxel size was 1.62mm x 2.32mm x 6mm 

and the reconstructed voxel size was 0.81mm x 0.81mm x 6mm. 

 

Analysis 

Different types of detected focal liver lesions (hemangiomas 

and metastases) are sub-grouped by size (<10mm, 10-20mm, and 

>20mm) for further analysis. 

All examinations were anonymised and evaluated on a PACS 

workstation (Agfa, Mortsel, Belgium). 

For each lesion the location was recorded by writing down the 

number of the slice in which a detected lesion was found allowing a 

lesion-by-lesion comparison. 

 

Qualitative Analysis 

Two experienced abdominal radiologists (7 years and 15 

years of experience respectively) independently evaluated all MR 

images from each of both motion-compensated FS T2w TSE 

sequences during two sessions separated by at least 4 weeks to 

minimize recall bias. Hepatic cysts (defined as homogenously 
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hyperintense on T2w imaging with using short and long TE) were not 

evaluated in this study as these lesions almost never result in any 

diagnostic problem. The readers subjectively rated each sequence 

for image quality, lesion conspicuity, diagnostic confidence and 

artifacts. To avoid any learning bias, evaluation of each sequence 

was done in a randomized, blinded fashion. Overall image quality and 

lesion conspicuity were based on the following five point grading 

scale: excellent = 5; good = 4; fair = 3; poor = 2; and unacceptable 

= 1. Diagnostic confidence was rated using following five grading 

scale: definitely benign = 1; probably benign = 2; indeterminate = 

3; probably malignant = 4; and definitely malignant = 5. The 

presence of artifacts was rated using the following four grading 

scale: absent = 1; mild = 2; moderate = 3; and severe = 4. The two 

radiologists did not have any other information about patient history, 

clinical examination, laboratory results, findings of other imaging 

techniques, or final diagnosis.  

 

Quantitative analysis 

Lesions detection 

The number of lesions was recorded in each sequence. For 

lesion detection in each image, the lesions on each sequence were 

evaluated by comparing them lesion-by-lesion to the reference 

standard findings including US findings, follow-up CT, and contrast-

enhanced MRI (see paragraph reference standard). For comparison 

of lesion detection between RT FS T2w TSE and BH FS T2w TSE, only 

the maximum number of lesions identified on these two sequences 

was used to determine the total number of lesions. Discrepancies of 

interpretation regarding the presence or absence of a lesion were 

resolved by means of a consensus reading by the same abdominal 

radiologists. Only the consensus data concerning the evaluation of 
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both FS T2w TSE sequences were used in the final analysis. 

 

ROI placement 

The regions of interest (ROIs) for lesion-to-liver CNR 

determination were placed independently by both readers on the 

hepatic parenchyma and on all the focal liver lesions. An interval of 

at least 4 weeks was maintained between consensus reading for 

lesion detection and ROI placement. The ROIs on liver parenchyma 

were placed by avoiding intrahepatic vessels and intrahepatic lesions 

and consisted of at least 100 pixels. For the liver lesions, a ROI was 

drawn manually to encompass the whole lesion. For inhomogenous 

lesions, ROIs included entire lesions, without separating components 

with various signal intensities. 

 

Signal intensity measurements 

Signal intensities were measured unaware of the 

measurements and evaluations performed by the other reader. 

Lesion-to-liver CNR were calculated using the following equations: 

 

lesion-to-liver CNR = ([SIlesion] – [SIliver])/[SDliver]  

 

where [SIlesion] is the average signal intensity of the lesions and 

[SIliver] is the average signal intensity of the liver. [SDliver] is the 

standard deviation of the signal intensity of the surrounding liver 

within the ROIs. 

 

Reference standard 

For evaluating liver metastases, in patients eligible for 

surgery, intraoperative US (IUS) findings during surgery and 

histopathologic findings were used as reference standard. In the 
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remaining patients having liver metastases, the final diagnosis was 

established by independent reading of follow-up triple-phase CT or 

MRI examinations by the same two radiologists. No consensus 

reading was needed for this final evaluation as no differences existed 

in the evaluation of the images between both readers. 

For hemangiomas, the diagnosis was based on typical 

findings (mostly hyperechogenous lesion, showing globular 

peripheral enhancement and gradual fill-in) on contrast-enhanced US 

using sulphur hexafluoride (SonoVue®, Bracco Imaging, Milan, Italy) 

; US was performed before and after injecting SonoVue®. Injection 

of SonoVue® was performed as a bolus; 2.4ml was injected followed 

by a five minute US examination; after 5 minutes the second bolus 

of 2.4ml was repeated followed by a 5 minute US examination), 

triple-phase CT (using 16-slice Helical CT (General Electric Medical 

Systems, Milwaukee, USA) and 1.25mm slices using iobitridol 

(Xenetix® 300, Guerbet, Roissy, France) 2ml/kg (maximal volume 

of 140ml) at a rate of 3ml/s; scanning was performed before 

contrast agent injection in the arterio-portal phase using bolus 

triggering starting the scanning of the liver 2 seconds after the 

arrival of the contrast agent in the aorta at the level of the renal 

arteries, followed by a venous scan 80 seconds after the start of 

injection of the contrast agent), or Magnetic Resonance Imaging 

(MRI). Typical lesion characteristics had to be present on at least two 

of three imaging modalities. In one case tissue diagnosis by 

percutaneous biopsy had been performed. 

 

Statistical analysis 

The RT and BH FS T2w TSE images were compared 

qualitatively for image quality, lesion conspicuity, diagnostic 

confidence and artifacts by means of two-tailed Wilcoxon signed-
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ranks test. Interindividual reader agreement was examined 

performing kappa-analysis (or Kendall’s W test if kappa-analysis not 

appropriate) on the qualitative data. 

To evaluate the performance of both T2w TSE sequences for 

different types of focal liver lesions, the sensitivity and positive 

predictive value (PPV) for RT and BH FS T2w TSE was calculated on 

a lesion basis compared to the reference standard for hemangiomas 

and metastases. The sensitivity and PPV of RT and BH FS T2w TSE 

was calculated for all lesions (hemangiomas and metastases) on a 

patient basis compared to the reference standard allowing to 

evaluate the effect of both T2w TSE sequences on patient 

management.  

Mean CNR of all lesions (all sizes), of all lesions <10mm and 

CNR between hemangiomas and metastases <10mm were 

compared by means of paired two-tailed Student’s t-test. 

 

RESULTS 

In total 125 liver lesions were detected (Table 1, Table 2). 

The diameter of the liver metastases (n=78) ranged from 7 to 

32mm (mean 15.1mm) and of the hemangiomas (n=47) ranged 

from 5 to 30mm (mean 13.2mm). 

 

Table 1. Number of focal liver lesions in different subgroups

 Metastases Hemangiomas 

all 78 47 

<10mm 35 17 

10-20mm 29 18 

>20mm 14 12 
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Table 2. Number of focal liver lesions detected using RT and BH FS T2w TSE 

Lesion Size  RT FS T2w TSE BH FS T2w TSE 

Hemangioma <10mm 17 15 

10-20mm  18 18 

 >20mm  12 12 

Metastasis <10mm 35 28 

10-20mm 29 26 

>20mm 14 14 

The total number of focal liver lesions is indicated. Compared to RT FS T2w TSE one 

additional metastasis (4mm) was detected during operation by IUS in one patient 

(patient 8). 

 

An example of liver hemangioma and liver metastasis are 

given (respectively Fig.1 and 2). As stated above cysts were not 

evaluated. No other liver lesions were detected. 

 
1A 1B 

 
Figure 1. A liver hemangioma (white arrow) using the RT FS T2w TSE (fig.1a) and 

BH FS T2w TSE (fig.1b) sequence. The images are partially degraded by artifacts 

due to obesity of the patient. The internal architecture with the presence of internal 

septa typical of hemangioma is nicely displayed using the RT FS T2w TSE sequence 

but less accurate using the BH FS T2w TSE sequence. A more pronounced image 

degradation is noticed using the BH FS T2w TSE sequence when compared with the 

RT FS T2w TSE sequence as this critically ill patient was hampered in breath-

holding. 
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2A  2B 

 
Figure 2.  A small (8mm) liver metastasis (white arrow) using the RT FS T2w 

TSE (fig.2a) and BH FS T2w TSE (fig.2b) sequence. The liver metastasis is 

accurately displayed on the RT FS T2w TSE sequence but is hardly detectable 

on the BH FS T2w TSE sequence. 

 

Qualitative Analysis 

Image quality, lesion conspicuity and artifacts 

Qualitatively, RT FS T2w TSE performed significantly 

(p<0.05) better than BH FS T2w TSE concerning image quality, 

lesion conspicuity, and artifacts. Following statistically significant 

results were obtained comparing RT FS T2w TSE with BH FS T2w TSE 

for image quality (z=-3.317 ; p=0.001); for lesion conspicuity of 

hemangiomas (z=-4.583 ; p<0.001); for lesion conspicuity of 

metastases (z=-4.123 ; p<0.001); for artifacts (z=-2.000 ; 

p=0.046). 

Where available kappa-analysis was as follows: for image 

quality of RT FS T2w TSE respectively BH FS T2w TSE (kappa=0.773 

; p<0.001 resp. kappa=0.628 ; p<0.001); for lesion conspicuity of 

hemangiomas of RT FS T2w TSE respectively BH FS T2w TSE 

(kappa=0.914 ; p<0.001 resp. kappa=0.825 ; p<0.001); for lesion 

conspicuity of metastases of RT FS T2w TSE respectively BH FS T2w 

TSE (kappa=0.834 ; p<0.001 resp. Kendall’s W=0.141; p=0.001); 

for artifacts of RT FS T2w TSE respectively BH FS T2w TSE (no 
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analysis possible due to constant variable in the evaluation of one 

reader resp. kappa=0.554 ; p<0.001). 

 

Diagnostic confidence 

Concerning diagnostic confidence scores, indeterminate 

scores (score ‘3’) concerned 5 lesions <10mm on the RT FS T2w TSE 

sequence and 19 lesions <10mm on the BH FS T2w TSE sequence 

(Table 3). The RT FS T2w TSE sequence performed significantly 

(p<0.05) better than the BH FS T2w TSE sequence.  

The following statistically significant results were obtained for 

diagnostic confidence of hemangiomas respectively metastases (z=-

3.153; p=0.002 resp. z=-3.606; p<0.001).  

Kappa-analysis was as follows: for diagnostic confidence of 

hemangiomas of RT FS T2w TSE respectively BH FS T2w TSE 

(kappa=0.866 ; p<0.001 resp. kappa=0.850 ; p<0.001) and 

diagnostic confidence of metastases of RT FS T2w TSE respectively 

BH FS T2w TSE (kappa=0.932 ; p<0.001 resp. kappa=0.721 ; 

p<0.001). 

 

Table 3. Diagnostic confidence scores among all lesions and lesions <10mm 

Diagn confidence 1 2 3 4 5 

RT 43 3 5 14 60 

BH 34 4 19 15 53 

RT <10mm 13 3 5 14 17 

BH <10mm 4 4 19 15 10 

RT: respiratory-triggered sequence; BH: breath-hold sequence; RT <10mm: 

respiratory-triggered sequence for all lesions <10mm; BH <10mm: breath-hold 

sequence for all lesions <10mm. 
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Quantitative Analysis 

Liver metastases and hemangiomas 

In total 125 lesions (78 metastases and 47 hemangiomas) 

were detected using only both FS T2w TSE sequences (Table 1). 

Twenty patients were free of liver metastases and 20 patients had 

liver metastases (Table 4). Out of the latter 9 patients (having 20 

liver metastases) were operated and 11 patients (having 58 liver 

metastases) were not. IUS was performed in all patients undergoing 

liver resection surgery and the whole liver was examined in these 9 

patients. During liver surgery, resection was performed of all focal 

liver lesions having morphologic features of a liver metastasis, 

followed by histopathologic examination of these resected focal liver 

lesions. 

Seven liver metastases <10mm (2, 3 and 2 metastases in 

patient 14, 22 and 39) and 3 metastases between 10-20mm (2 and 

1 metastases in patient 22 and 40) detected on the RT FS T2w TSE 

sequence could only retrospectively be detected on the BH FS T2w 

sequence; 2 liver hemangiomas <10mm (2 hemangiomas in patient 

13) detected on the RT FS T2w TSE sequence could only 

retrospectively be detected on the BH FS T2w TSE sequence. No 

lesions were detected on the BH TSE images that were not 

prospectively seen on the RT TSE images. On the other hand, RT 

TSE detected 2 hemangiomas and 10 metastases that were not 

detected with BH T2w TSE.  In one patient (patient 8) who was 

operated, IUS detected one additional metastasis (diameter of 

4mm). Comparing T2w TSE with the reference standard yielded 1 

false-negative liver metastasis. No false-positive focal liver lesions 

were found using RT nor BH FS T2w TSE. 

All 20 patients without liver metastases had lesion 

characterization using US in all cases. Fifteen of these 20 patients 
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had additional imaging using triple-phase CT. The remaining 5 of 

these 20 patients had additional imaging using MRI. One patient had 

an atypical hemangioma; percutaneous biopsy was performed in this 

patient (see also table 4). In total 20 patients had liver metastases. 

Nine patients were operated on. The remaining 11 patients had 

follow-up imaging using triple-phase CT or MRI (table 4). Follow-up 

imaging was performed using MRI in those patients having only 

metastases <10mm (table 4). 

 

Sensitivity and PPV 

The sensitivity of RT FS T2w TSE on a lesion basis for 

hemangiomas respectively metastases was 1 (47/47) respectively 

0.99 (78/79). The PPV of RT FS T2w TSE on a lesion basis for 

hemangiomas respectively metastases was 1 respectively 1. 

The sensitivity of BH FS T2w TSE on a lesion basis for 

hemangiomas respectively metastases was 0.96 (45/47) respectively 

0.86 (68/79). The PPV of BH FS T2w TSE on a lesion basis for 

hemangiomas respectively metastases was 1 respectively 1. 

The sensitivity of RT FS T2w TSE for all lesions 

(hemangiomas and metastases) on a patient basis was 0.99 

(125/126). The PPV of RT FS T2w TSE for all lesions (hemangiomas 

and metastases) on a patient basis was 1. 

The sensitivity of BH FS T2w TSE for all lesions 

(hemangiomas and metastases) on a patient basis was 0.90 

(113/126). The PPV of BH FS T2w TSE for all lesions (hemangiomas 

and metastases) on a patient basis was 1. 
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Table 4. Overview of 40 consecutive patients showing number and type of focal liver 
lesions and reference standard 
Patient Hemangioma Metastases Reference 
 <10

mm 
10-
20mm 

>20
mm 

<10
mm 

10-
20mm 

>20
mm 

Histop. FU 
(weeks) 

Typ.find  

1   1      1 
2 2        2 
3 3    2 1 3  3 
4      3  3 (54)  
5    3  3  6 (48)  
6    2 4 2  8 (48)  
7    1 1  2   
8     1 2 3 + 1   
9  1       1 
10  1       1 
11 2 3 1      6 
12  1       1 
13 4        4 
14    2   2   
15 3        3 
16    3    3 (36)  
17  3       3 
18 3        3 
19   3      3 
20    2 1   3 (30)  
21  2       2 
22    3 2   5 (30)  
23  1       * 
24   2      2 
25  1       1 
26    1   1   
27   2      2 
28  2       2 
29    1 3  4   
30  2       2 
31   2      2 
32      2  2 (24)  
33   1      1 
34    3 3   6 (24)  
35    4 6   10 (24)  
36    5 3   8 (36)  
37    2 2   4 (24)  
38    1  1 2   
39  1  2   2  1 
40     1  1   

Only the total number of focal liver lesions detected by T2W TSE are indicated in 
columns 2 till 7. The total number of focal liver lesions is indicated using the reference 
standard (columns 8 till 10). H: hemangioma; M: metastasis; Histop.: operation and 
histopathologic examination of liver metastases; FU: Follow-Up on triple-phase CT or 
MRI ; Typ.find: Typical findings on US,triple-phase CT, MRI.  
In column 9 follow-up period is indicated between brackets (in weeks) and is based on 
the latest available examination (triple-phase CT or MRI). *: patient 23 with atypical 
hemangioma, confirmed by percutaneous biopsy. One additional metastasis (4mm) 
was detected during operation by IUS in patient 8. 
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CNR lesion-to-liver 

Comparing both FS T2w TSE sequences for mean CNR of all 

lesions, mean CNR of all lesions <10mm and mean CNR for 

hemangiomas and metastases <10mm by means of two-tailed 

Student’s t-test gave significantly (p<0.001) better results with RT 

FS T2w TSE compared with BH FS T2w TSE (table 5). 

 

Table 5. Comparison of mean CNR of all lesions (metastases and 

hemangiomas) 

Mean CNR RT BH t-value 2-tailed p-

value 

All lesions 9.72 8.11 8.976 p < 0.001 

Lesions <10mm 8.22 7.34 7.253 p < 0.001 

Hem <10mm 9.41 8.76 5.019 p < 0.001 

Mets <10mm 7.64 6.65 5.936 p < 0.001 

CNR: Contrast-to-Noise Ratio; RT: respiratory-triggered sequence; BH: breath-hold 

sequence; Lesions <10mm: all lesions <10mm; Hem: hemangiomas; Mets: 

metastases. 

 

DISCUSSION  

This study shows higher accuracy in lesion detection and 

characterization when dealing with liver hemangiomas and 

metastases using RT FS T2w TSE compared with BH FS T2w TSE. RT 

FS T2w TSE performs better in image quality, lesion conspicuity, 

diagnostic confidence, artifacts and lesion-to-liver CNR compared 

with BH FS T2w TSE. The sensitivity of RT FS T2w TSE on a lesion 

basis was always better compared with BH FS T2w TSE especially for 

liver metastases. The PPV was identical for both T2w sequences. 

Artifacts produced by physiologic motion have been a serious 

problem using MRI [10]. Turbo spin-echo imaging (TSE) with or 

without breath-hold has improved T2w abdominal image quality 
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compared to spin-echo acquisition [11, 12]. 

Pauleit D et al. [13] found significantly improved lesion 

detection by using an RT T2w TSE sequence with thin sections 

compared with BH T2w TSE. To our knowledge, Pauleit D et al. were 

the only authors to date stating that significantly better lesion 

detection was found using thin-slice RT T2w TSE compared with a 

thicker slice BH T2w TSE when focusing on lesions <10mm. 

Low et al. [10] found RT TSE imaging superior to non-

triggered TSE in evaluating liver masses producing images with 

improved lesion-liver contrast and contrast-to-noise ratio (CNR). 

Klessen C et al. [9] found T2w-TSE with navigator echo triggering 

able to significantly improve the delineation of intrahepatic vessels 

providing higher liver-spleen contrast. O’Riordan E et al. [14] 

characterized 171 hepatic lesions as hemangiomas, cystic or solid. 

They found a significantly better detection and characterization of 

focal liver lesions using RT T2w single-shot TSE compared with BH 

T2w single-shot TSE. Kim YK et al. [15] have shown that increasing 

phase-encoding steps for increased spatial resolution and decreased 

Echo Train Length significantly improved lesion-liver CNR in 

malignant lesions and hemangiomas. The above described studies 

are in agreement with the results of present study. 

Huang J et al. [16] found better image quality using BH FS 

fast-recovery T2w TSE than RT FS T2w TSE. In this study Huang J et 

al. report significantly higher liver SNR and higher lesion CNR for BH 

T2w TSE than for RT T2w TSE. This higher liver SNR and lesion CNR 

is remarkable and differs from many studies in literature. Katayama 

M et al. [17] report significantly higher detection of focal liver lesions 

using breath-hold fast-recovery TSE compared with respiratory-

triggered TSE. In present study, motion artifacts were more frequent 
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and lower image quality was obtained using BH T2w TSE as some 

severely ill patients couldn’t hold their breath. 

Augui J et al. [18] compared breath-hold T2w TSE with 

conventional respiratory-triggered TSE and breath-hold single-shot 

TSE. Breath-hold fast-recovery images displayed better lesion 

conspicuity than did single-shot TSE images (p<0.05). In present 

study RT T2w TSE sequences allowed to reduce motion artifacts as 

some severely ill patients couldn’t hold their breath on BH T2w TSE 

images. 

This study shows higher accuracy in lesion detection and 

characterization using RT FS T2w TSE compared with BH FS T2w 

TSE. RT FS T2w TSE is more time-consuming but also more accurate 

in lesion detection and characterization compared with BH FS T2w 

TSE. Regarding our results, respiratory-triggering in a clinical setting 

is advantageous moreover when breath-holding should be kept to a 

minimum in critically ill patients. 

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

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

reference standard for lesion detection – being IUS with resection 

and histopathologic correlation - could not be performed in many 

cases- reading of other available imaging examinations were used as 

a reference. As IUS examining the whole liver was not performed, 

the authors could not study the sensitivity nor the specificity. As a 

consequence ROC analysis could not be performed.  

There are certain limitations to our study. First, for lesion 

detection and characterization, our reference standard was 

suboptimal. However, a more rigorous standard such as biopsy or 

IUS would be impossible in most patients, especially those with 

benign lesions. Consensus review using available imaging, clinical, 

and pathology data more closely reflects routine clinical practice and 
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provides a reasonable standard because the relative proportion of 

detected lesions per sequence is most important. Also, some bias 

was unavoidable because the sequences have distinct appearances. 

However, recall bias was minimized by a 4-week time interval 

between evaluations of the different sequences. In all patients, the 

first sequence performed was BH FS T2w TSE immediately followed 

by RT FS T2w TSE. Both sequences were acquired within the first 5 

minutes of the whole MRI examination. According to our experience, 

patient cooperation (movement artifacts) does not alter during the 

first 5 minutes of an MRI examination. The primary intent of this 

study is not to show the potential of T2w imaging to replace 

contrast-enhanced liver imaging but only to show the technique for 

acquiring T2w images with better image quality than conventional 

images. Also, during sequence optimisation the RT FS T2w TSE was 

performed with 5mm slices whereas the BH FS T2w TSE was 

performed with 6 mm slices to have sufficient SNR. This might at 

least partly explain the better result for RT FS T2w TSE for liver 

metastases smaller than 10 mm. 

In conclusion, the presented RT FS T2w TSE sequence in this 

study is a robust T2w sequence that might replace BH FS T2w TSE 

for imaging focal liver lesions according to the results of this 

preliminary study. 
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