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Introduction: This multi-site study evaluated two breath-hold sequences commonly utilised for liver
MRI; non-enhanced T1W-3D-FS-GRE-TRA and T2W-2D-FSE-TRA sequences, using physical measure-
ments of SNR and CNR, and observer perceptions’ (Visual Grading Analysis: VGA).
Methods: Liver MR image datasets (n ¼ 168) from nine hospitals in the Kingdom of Saudi Arabia (KSA)
and 11 hospitals in the Republic of Ireland were evaluated. Images were categorised into two groups per
sequence, defined by slice thickness (T2W-2D-FSE, �5 mm vs � 6 mm and T1W-3D-GRE-FS, �3 mm vs
4 mm). Images were evaluated using visual grading analysis VGA and physical measurements: SNR/CNR.
Account was taken of varying patient sizes based on AP/transverse diameter measurements.
Results: Physical image quality measurements (SNR/CNR) returned no significant findings across Irish
and KSA hospitals, for both sequences, despite variations in acquisition parameters. Statistically signif-
icant differences were found for some scoring criteria based on the observers’ perceptions including
spleen parenchyma, and spatial resolution for the non-enhanced T1W-3D-FS-GRE-TRA images, with a
preference for images acquired using thin slices (�3 mm). In addition, statistically significant difference
was found for the scoring criteria motion artefact for the axial T2W-2D-FSE-TRA images, with a pref-
erence for images acquired using thick slices (�5 mm). Negligible correlation was noted between SNR/
CNR and measured abdominal AP/transverse diameters.
Conclusion: Whilst variations in sequences rendered no statistical differences in SNR/CNR findings,
significant differences in observer image criteria scores was noted. The importance of both physical
measurements and observers’ perceptions evaluation methods for quality assessment of MR images was
demonstrated and optimisation of liver sequence parameters is warranted.

© 2018 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.
Introduction

Differentiation of normal tissue from fluid- and/or fat-based
pathologies is important in MR imaging.1,2 In addition, Breath-
hold acquisition technique is usually combined in liver MR imag-
ing to minimise motion artefacts.3 Breath-hold technique is usually
combined with the axial two-dimensional T2-weighted fast-spin
echo (T2W-2D-FSE-TRA) imaging of the liver which provides
strong T2 contrast within short breath-hold times that are within
the capabilities of most patients.4 In addition, breath-hold
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technique is usually combined with the non-enhanced axial
three-dimensional T1-weighted gradient-echo with fat suppres-
sion (T1W-3D-FS-GRE-TRA), which provides thin-slices and high
spatial resolution images of the liver within a single breath-hold,
without compromising on SNR.5 The rationale for this study was
based on literature evidence of variation in image quality for the
non-enhanced T1W-3D-FS-GRE-TRA and T2W-2D-FSE-TRA se-
quences combined with breath-hold technique of the liver when
trying to balance SNR, spatial and temporal resolution.6 Whilst
there has been investigation of liver MR image quality comparing
standard T2W-2D-FSE relative to T2W-FSE with BLADE or with the
HASTE technique7,8 this study aimed to evaluate two commonly
utilised breath-hold sequences; non-enhanced T1W-3D-FS-GRE-
TRA and T2W-2D-FSE-TRA sequences. Literature evidence supports
served.
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the clinical utility of these sequences for liver lesion detection and
characterisation.4,5

Image interpretation accuracy is dependent upon image quality
and observer competency. Physical image quality measures such as
signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR) are
common and applicable to MR.9e14 Literature reports that physical
objective measurement of image quality is not sufficient to describe
clinical image quality and observer perceptions of image quality are
required.15e17 Likewise,MR radiographers need to be aware of these
quality indices and the interrelationship between the factors to be
able to produce, recognise and evaluate high-quality MR images.

MRI departments in the Republic of Ireland and the Kingdom of
Saudi Arabia (KSA) participated by providing image datasets for
analysis. Objective physical measurement of image quality in terms
of SNR and CNR combined with observer perceptions', using visual
grading analysis (VGA), as an indicator of clinical performancewere
recorded.16,17

Materials and methods

Subjects

Exemption from full ethical approval was granted by the Irish
Institutional Human Research Ethics Committee and by the rele-
vant Institutional Review Board (IRB) in Ministry of Health (MOH)
for Saudi hospitals.

MR clinical specialists from participating hospitals each pro-
vided Digital Imaging and Communication in Medicine (DICOM)
format MR images of anonymised liver MRI examinations (n ¼ 10).
Inclusion criteria for retrospective image collection were normal
anatomy or images containing minimal pathology such as small
cysts or small haemangiomas. Exclusion criteria included images
with diffuse liver pathology. Information was sought from each
participant centre to ensure that centres had broadly similar MRI
scanners. The images were imported and coded into a McKesson
PACS system (MDCC-6130, v1.13, monitor resolution of
3280 � 2048 pixels, 400 cd/m2). Due to the retrospective data
collection, patient BMI measurements were not available. There-
fore, anterior-posterior (AP) abdominal and transverse diameters
were measured and patients were grouped into two cohorts based
on these measurements. Patients within the lower two thirds were
categorised as small/medium size, those in the upper third of
diameter values were categorised as ‘large’ (small/medium trans-
verse diameter range: 121e247 cm, AP diameter range:
248e327 cm; large transverse diameter range: 332e342 cm, small/
medium AP diameter range: 182e331 cm). Correlation coefficients
for patients' AP and transverse diameters with SNR and CNR values
were calculated for each sequence.18

Parameters for the T2W-2D-FSE-TRA and non-enhanced T1W-
3D-GRE-FS-TRA sequences acquired at 1.5T are specified in Table 1.

MR image interpretation

Image evaluation involved two phases:

Phase one:

Signal intensities of the liver, spleen and standard deviation of
the background noise were obtained for images acquired with both
sequences using a region-of-interest (ROI) consistently placed on
the right lobe of the liver, avoiding hepatic vessels and artefacts. A
ROI was also placed on the spleen in order to calculate the CNR. A
ROI representative of image background noise was drawn away
from skin surfacemargins, clear of anatomy and any phase ghosting
artefact.8,19e21 In each case, a 1 cm ROI diameter was placed within
the liver, spleen, and image background11 (Fig. 1). All measure-
ments were performed by the same reviewer. Liver SNR values
were calculated as follows:

SNRLiver ¼ 0.655 � SignalLiver parenchyma/noise;

where the signal is themean pixel intensity within the selected ROI,
and the noise is the standard deviation of background air within the
FOV.22 It should be acknowledged that there are many complexities
in MRI scanners, such that classical SNR measurements do not hold
true, and a correction factor of 0.655 was applied to account for the
Rayleigh distribution statistics.23e25 The following equation was
used to calculate the CNR:

CNRLiver ¼ SNRLiver parenchyma e SNRSpleen parenchyma/noise;

where the CNR is the difference in mean signal intensity of the
selected ROIs (SA and SB).22

Statistical analysis

SNR and liver-spleen CNR values were compared by using the
Mann Whitney U-test. A p-value <0.05 was considered to be sta-
tistically significant, analyses were performed using SPSS (IBM
SPSS, version 20). G*Power 3.1.9.2 software calculated power and a
range of 80e90% was confirmed for the analysis comparing Irish
and Saudi centres.

Phase two:

The image data sets were categorised into two groups defined
by slice thickness for each sequence; as this was the parameter that
varied the most across participant centres (25 cases per group). The
power calculation for the sample size was based on personal
communication directly derived from an expert in VGA tech-
niques.26 Therefore, for the T2W-2D-FSE-TRA sequence, 25 images
performed using slice thickness of �5 mm, and 25 images per-
formed by using slice thickness of �6 mm were compared. Whilst
for the T1W-3D-FS-GRE-TRA sequence, 25 images with a slice
thickness of �3 mm and 25 images with a slice thickness of �4 mm
were compared. These 100 liver MR images were randomly pre-
sented to a review panel of MRI experts: sixMR Radiographers with
6e15 years scanning experience/M.Sc. qualification level and two
radiologists experienced in MRI, one with 5 and one with 10 years’
experience. Observers were blinded to the clinical information,
demographic data and sequence parameters. To support consis-
tency of image review, all observers completed a short training
PowerPoint presentation prior to independently evaluating images.

Ergonomic image review conditions adhered to the American
Association of Physicists in Medicine (AAPM) recommendations.
Reading room lighting was controlled to avoid the monitor re-
flections and ambient lighting levels were measured with a cali-
brated Unfors Light-O-Meter photometer (Billdal, Sweden) to
ensure; 15e60 lux in the MRI diagnostic reading station.27,28 The
observers were allowed to modify the windowwidth and centre, at
their own discretion.

Images were evaluated for: (i) severity of motion and other
artefact using 4-point scale as follows: grade 1, “severe” (non-
diagnostic); grade 2, “moderate”; grade 3, “minimal”, or grade 4,
“no artefact”; (ii) visualisation of the signal intensity of liver pa-
renchyma, spleen parenchyma and vascular pattern of the liver
using 4-point scale as follows: grade 1, “poor” (non-diagnostic);
grade 2, “reasonable”; or grade 3, “good”; (iii) image quality (SNR,
CNR, and spatial resolution) using 3-point scale as follows: grade 1;
“poor” (non-diagnostic); grade 2, “good”; or grade 3, “excellent”;



Figure 1. Non-enhanced T1W-3D-FS-GRE-TRA sequence; 1 cm ROI was placed on the
right lobe of the liver, spleen and background noise.

Table 1
Parameters for breath-hold T1W-3D-FS-GRE-TRA and T2W-2D-FSE-TRA sequences of the liver protocol.

Seq Hosp ST No. Slices TR (ms) TE (ms) NEX Matrix FOV (mm) VS (mm) ETL BW
Hz/Px

FA
�

T1W-3D-FS-GRE-TRA 1 4 40 5.43 2.36 1 512 � 230 430 � 268 0.8 � 1.1 � 4 1 300 10
2 2.5 72 5.6 2.38 1 256 � 168 400 � 250 1.5 � 1.4 � 2.5 1 250 10
3 3 48 5.2 2.45 1 320 � 320 380 � 380 1.1 � 1.1 � 3 1 345 10
4 2 80 4.24 2.38 1 256 � 176 400 � 275 1.5 � 1.5 � 2 1 725 10
5 2.6 48 6.1 2.79 1 256 � 192 350 � 262 1.3 � 1.3 � 2.6 1 250 10
6 3 64 4.4 2.3 1 256 � 144 350 � 262 1.3 � 1.8 � 3 1 490 15
7 4 72 5.77 2.63 1 256 � 240 350 � 262 1.3 � 1 � 4 1 250 10
8 3 44 5.58 2.38 1 512 � 512 400 � 400 0.7 � 0.7 � 3 1 260 10
9 3.6 64 5.43 2.47 1 512 � 352 350 � 262 0.6 � 0.7 � 3.6 1 300 10
10 3 48 5.11 2.25 1 512 � 384 360 � 270 0.7 � 0.7 � 3 1 300 10
11 3 48 3e6 2.2 1 288 � 216 380 � 285 1.3 � 1.3 � 3 1 445 10
12 5 72 4.3 1.88 1 320 � 256 340 � 255 1 � 0.9 � 5 1 625 12
13 3 72 4.74 2.38 1 320 � 250 280 � 280 0.8 � 1.1 � 3 1 404 10
14 4 44 3.5 1.68 1 512 � 512 340 � 280 0.6 � 0.5 � 4 1 325 12
15 3.5 64 4.8 2.38 1 320 � 230 350 � 262 1 � 1.1 � 3.5 1 401 10
16 4 48 3.9 1.8 1 192 � 192 395 � 395 2 � 2 � 4 1 434 10
17 4 64 3.9 1.8 1 192 � 192 380 � 380 1.9 � 1.9 � 4 1 431 10
18 4.4 72 3.6 1.7 1 512 � 512 440 � 440 0.8 � 0.8 � 4.4 1 244 10
19 4 72 3.9 1.9 0.7 512 � 512 440 � 440 0.8 � 0.8 � 4 1 244 10
20 4 64 4.6 2.03 1 576 � 400 380 � 380 0.6 � 0.9 � 4 1 404 10

T2W-2D-FSE-TRA 1 6 20 4500 107 1 320 � 320 380 � 380 0.8 � 0.8 � 6 25 260 140
2 5 20 3000 90 1 560 � 560 400 � 281 0.7 � 0.5 � 5 23 344 140
3 6 24 2900 97 1 384 � 288 360 � 360 0.9 � 1.2 � 6 21 195 153
4 4 26 3500 105 1 320 � 320 310 � 310 0.9 � 0.9 � 4 19 200 150
5 4 20 4000 103 1 512 � 384 370 � 277 0.7 � 0.7 � 4 29 260 150
6 4/6 30 5000 90 3 512 � 320 350 � 207 0.6 � 0.6 � 4 29 260 130
7 5 30 5000 108 1 320 � 320 360 � 360 1.1 � 1.1 � 5 25 260 140
8 7 19 4410 97 1 256 � 144 450 � 256 1.7 � 1.7 � 7 29 300 140
9 6 30 3000 100 1 256 � 256 400 � 262 1.5 � 1 � 6 30 501 150
10 5 30 3000 77 1 512 � 384 360 � 288 0.7 � 0.7 � 6 17 310 133
11 6 20 3200 67 1 384 � 288 350 � 262 0.9 � 0.9 � 6 29 260 133
12 5 20 4500 80 1 384 � 288 340 � 340 0.8 � 1.1 � 5 9 260 150
13 5 20 4900 97 2 352 � 352 375 � 375 1 � 1 � 5 30 300 150
14 7 20 4500 80 2 384 � 384 280 � 280 0.7 � 0.7 � 7 30 300 150
15 5 20 4000 109 1 512 � 512 400 � 400 0.7 � 0.7 � 5 23 122 150
16 4 26 3500 105 1 320 � 320 310 � 310 0.9 � 0.9 � 4 19 200 150
17 7 19 4410 97 1 256 � 144 450 � 256 1.7 � 1.7 � 7 29 300 150
18 6 20 4500 107 1 320 � 320 380 � 380 0.8 � 0.8 � 6 25 260 150
19 5 20 4000 109 1 512 � 512 400 � 400 0.7 � 0.7 � 5 23 122 150
20 6 30 3000 100 1 256 � 256 400 � 262 1.5 � 1 � 6 30 501 150

Key: Seq: sequence; Hosp: hospital; ST: slice thickness (mm); TR: time repetition (ms); TE: echo time (ms); NEX: number of averages; FOV: field-of-view (mm); VS: voxel size
(mm); ETL: echo train length, BW: bandwidth (Hz/Px) and FA: flip angle (�).
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(iv) overall image quality using 3-point scale as follows: grade 1,
“unacceptable”; grade 2, “marginally acceptable”; or grade 3,
“highly acceptable”.

Statistical analysis

The ManneWhitney U-test compared image quality findings
across the different variations of the same sequence as employed
across participating clinical sites. A Bonferroni p-value <0.005 was
considered statistically significant for multiple testing errors.29

Inter-observer agreement for the qualitative grading was calcu-
lated by using the R statistical analysis program (version 3.3.2: R
Core Team, Bell Laboratory). Ordinal alpha reliability coefficient of
0.41e0.60, 0.61e0.80, and �0.80 were regarded as indicative of
moderate, substantial, and excellent agreement, respectively.30,31

Intra-observer reliability was measured by using the weighted
kappa coefficient, which is suitable for measuring agreement be-
tween two sets of ordinal items.31 Observers reviewed two datasets
twice for each sequence.

Results

Of the 12 Irish and 12 Saudi hospitals who were invited to
participate only 11 Irish hospitals and 9 Saudi hospitals were



Table 3
Pearson's Correlation coefficient findings for AP/transverse diameter measurements
and SNR/CNR.

Variables The Republic of Ireland KSA

R P R P

T1W-3D-FS-GRE-TRA

Transverse/SNR �0.064 0.616 0.157 0.218
Transverse/CNR �0.166 0.195 0.179 0.161
AP/SNR �0.162 0.204 0.169 0.189
AP/CNR �0.221 0.081 0.104 0.418

T2W-2D-FSE-TRA

Transverse/SNR �0.169 0.221 0.163 0.234
Transverse/CNR �0.09 0.519 0.12 0.384
AP/SNR �0.92 0.508 0.061 0.656
AP/CNR �0.117 0.4 0.174 0.204
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undertaking liver MR imaging fromwhich data sets were collected
of patients who underwent liver MRI at 1.5T.

Quantitative analysis

The average gradient amplitude and slew rate of MR scanners
across participating centres was 30 mT/m, and 125 mT/m/ms
respectively. SNR and CNR values for images acquired with T2W-
2D-FSE-TRA and non-enhanced T1W-3D-FS-GRE-TRA sequences
are displayed in Table 2. The lowest median SNR and CNR obtained
for T2W-2D-FSE-TRA images was 14.5 and 17.08 respectively and
the highest median SNR and CNR obtained for T2W-2D-FSE-TRA
images was 73.5 and 157.34 respectively. The lowest median SNR
and CNR obtained for T1W-3D-FS-GRE-TRA images was 15.1 and 1
respectively and the highest median SNR and CNR obtained for
T1W-3D-FS-GRE-TRA images was 256.5 and 72.9 respectively.
Whilst no statistical significant findings were identified it is noted
that a p value of 0.06 was recorded for the T1W-3D-FS-GRE-TRA
images, Irish versus Saudi data, Recommendations for further
research would be to increase data set numbers, particularly if
evaluating subtle pathologies.

Across both countries negligible correlation between SNR/CNR -
abdominal AP and transverse diameters was found for the non-
enhanced T1W-3D-FS-GRE-TRA sequence. Similarly, for the T2W-
2D-FSE-TRA sequence in KSA hospitals no correlation between
SNR - abdominal AP and transverse diameters was noted, but
moderate correlation was noted between CNR - abdominal AP and
transverse diameters. Similarly, no correlation in the above vari-
ables was found for images acquired with both sequences in Irish
hospitals (Table 3).

Perceptual VGA

Observer perception scores are displayed in Tables 4 and 5.
Inter-observer agreement was high for the non-enhanced T1W-3D-
FS-GRE-TRA and T2W-2D-FSE-TRA sequences (Table 5). In general,
intra-observer agreement was high for the T2W-2D-FSE-TRA
sequence, and perfect for non-enhanced T1W-3D-FS-GRE-TRA
sequence for both study phases (Table 6).

Discussion

SNR and CNR values for the liver parenchyma for non-enhanced
axial images acquired with the T1W-3D-FS-GRE-TRA sequence
demonstrated no statistically significant differences across the
participating centres (n ¼ 20) despite variations in parameter
values such as slice thickness. Literature suggests different optimal
slice thicknesses for the non-enhanced T1W-3D-FS-GRE-TRA
sequence, and for this study, the two image groups were defined by
slice thickness (�3 mm vs. �4 mm). A 4e5 mm slice thickness
range was proposed by Manian & Szklaruk (2010)4 the current
study identified 7 hospitals utilising a slice thickness of 4 mm,
while hospital 12 used a 5 mm slice thickness, the greatest across
all participating sites (Table 1). Two hospitals, 15 & 9 used a slice
Table 2
Summary of SNR and CNR values by country and by sequence (T1W-3D-FS-GRE-TRA and

Sequence Parameters Irish SNR

T1W-3D-GRE-TRA Median (Q1eQ3) 128.76 (78.2e191.2)
Mean rank 63.32
p-value 0.955

T2W-2D-FSE-TRA Median (Q1eQ3) 25.6 (15.2e46)
Mean rank 39.28
p-value 0.327
thickness of 3.5 mm and 3.6 mm respectively as recommended in
literature,32e34 however nine centres applied slice thicknesses
lower than 3 mm. The overall findings align with literature rec-
ommendations for thinner slice utilisation to increase spatial res-
olution while preserving SNR due to the volume acquisition
technique for this sequence.35

Observers preferred images acquired with a slice thickness of
�3 mm compared to thicker slice acquisition (�4 mm). Statistically
significant differences for the scoring criteria: spleen parenchyma,
SNR, and spatial resolution were noted for �3 mm versus �4 mm
slice thickness options for this non-enhanced T1W-3D-FS-GRE-TRA
sequence (Table 4) as illustrated in Fig. 2. Motion artefact was noted
on some data sets however the frequency of this effect was not
consistent across both slice thickness and the principles of aligning
sequence selection with observed patient breath hold capabilities
remain.

The highest and lowest median SNR values aligned with liver-
spleen CNR findings, confirming their interrelationship (Table 2).
There is a paucity of literature recommending optimal SNR and CNR
values for liver parenchyma on non-enhanced T1W-3D-FS-GRE-
TRA images however these studies were performed almost a
decade ago.32,36

No significant differences in SNR and liver-spleen CNR values for
images acquired from the participant Saudi and Irish centres for the
breath-hold T2W-2D-FSE-TRA sequence were noted. Despite this,
variability in the median CNR values was noted, attributed to dif-
ferences in the timing parameters (TR and TE) employed across the
participant centres. Images generated with longer TRs
(4000e5000 ms) together with matrix sizes ranging from
256 � 256 to 384 � 384 had higher measured SNR and liver-spleen
CNR values, reflecting their stronger T2W, in line with the optimal
TR range of 4000e6000 ms for this sequence proposed by Maniam
& Szklaruk (2010).4

Observers preferred T2W-2D-FSE-TRA images acquired using a
slice thickness of�6mm based on the mean rank of scoring criteria
such as the clarity of visualisation of the signal intensity of the
T2W-2D-FSE-TRA).

Saudi SNR Irish CNR Saudi CNR

140.8 (70e211) 21.22 (7.5e55) 12.75 (5e29)
63.68 68.99 55.94

0.06
37.32 (11.5e75.4) 25.05 (13.85e41) 20.62 (10.76e48.7)
45.8 40.87 39.45

0.81



Table 4
Descriptive statistics for the comparison of two different parameter settings for T1W-3D-FS-GRE-TRA & T2W-2D-FSE-TRA sequences.

Scoring Criteria Groups Mean Rank P-value Groups Mean Rank p-value

Motion Artefact T1W-3D-FS-GRE-TRA �3 mm 196.96 0.504 T2W-2D-FSE-TRA �5 mm 172.62 <0.005
�4 mm 204.04 �6 mm 221.38

Other Artefact �3 mm 214.34 0.002 �5 mm 200.51 0.400
�4 mm 186.66 �6 mm 192.33

Spleen Parenchyma �3 mm 219.77 <0.005 �5 mm 198.57 0.684
�4 mm 181.23 �6 mm 194.34

Liver Parenchyma �3 mm 213.72 0.015 �5 mm 198.01 0.773
�4 mm 187.28 �6 mm 194.92

Vascular Pattern �3 mm 212.07 0.035 �5 mm 188.70 0.141
�4 mm 188.93 �6 mm 204.63

SNR �3 mm 223.17 <0.005 �5 mm 193.26 0.536
�4 mm 177.84 �6 mm 199.88

CNR �3 mm 196.39 0.432 �5 mm 195.26 0.797
�4 mm 204.61 �6 mm 197.79

Spatial Resolution �3 mm 215.24 0.005 �5 mm 190.47 0.239
�4 mm 185.76 �6 mm 202.78

Overall Image Quality �3 mm 210.59 0.055 �5 mm 194.67 0.715
�4 mm 190.41 �6 mm 198.41

Table 5
Inter-observer reliability findings: ordinal alpha reliability coefficients of 0.41e0.60,
0.61e0.80, and �0.80 as moderate, substantial, and excellent agreement,
respectively.

Scoring Criteria T2W-2D-FSE-TRA T1W-3D-FS-GRE-TRA

Motion artefact 0.94 0.90
Other artefact 0.84 0.89
Spleen parenchyma 0.83 0.90
Liver parenchyma 0.87 0.85
Vascular pattern 0.9 0.86
SNR 0.89 0.92
CNR 0.87 0.89
Spatial resolution 0.74 0.88
Overall image quality 0.74 0.94
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splenic and liver parenchyma (Table 4). Statistically significant
difference was found in the frequency of motion artefact identified
by the observers within images assigned to the thick-slice group
(�6 mm) (Fig. 3). As with the T1W-3D-FS-GRE-TRA sequence the
higher frequency of motion artefact observed in thick-slice images
may be attributable to a random cohort of patients who had
Table 6
Intra-observer reliability findings, using the weighted kappa coefficient, for the non-enh

Criteria T1W-3D-FS-GRE-TRA

Lower CI Weighted kappa Upper CI Mean SD

MA.1 1.00 1.00 1.00 1.69 0.4
MA.2 1.69 0.4
OA.1 0.24 0.66 1.00 3.75 0.4
OA.2 3.75 0.4
SP.1 0.74 0.90 1.00 1.5 0.6
SP.2 1.56 0.6
LP.1 1.00 1.00 1.00 1.56 0.5
LP.2 1.56 0.5
VP.1 1.00 1.00 1.00 1.75 0.4
VP.2 1.75 0.4
SNR.1 1.00 1.00 1.00 1.38 0.5
SNR.2 1.38 0.5
CNR.1 1.00 1.00 1.00 1.62 0.5
CNR.2 1.62 0.5
SP.1 1.00 1.00 1.00 1.50 0.5
SP.2 1.50 0.5
IQ.1 0.60 0.80 1.00 1.38 0.5
IQ.2 1.44 0.5

Key:MA:motion artefact; OA: other artefact; SP: spleen parenchyma; LP: liver parenchym
spatial resolution; and IQ: overall image quality.
compromised breath-hold capacity for those patients however the
retrospective nature of data collection prohibited full investigation.

This study identified MR imaging variations across participating
which in theory could impact on image quality however no sig-
nificant differences in physical SNR and CNR values for the liver
images analysed were identified. Contrary to these objective mea-
sures observers’ opinion confirmed the benefits of using thicker
slices for the T2W-2D-FSE-TRA sequence. The importance of
including both physical and subjective image quality evaluation is
demonstrated by these findings. MR radiographers need a
comprehensive understanding of all parameters that impact upon
image quality to fully understand image quality optimisation.

A potential limitation of this research was the inability to fully
explore the impact of patient body mass index (BMI) on image
quality. Yang et al., (2010) demonstrated larger patients could cause
inhomogeneities in the magnetic field potentially impairing image
quality.37 Body size was not as strong a contributing factor to MR
image quality in this work unlike published literature related to CT
imaging.18 It is also acknowledged that advanced liver imaging
sequences such as DWI were not analysed as these sequences were
not undertaken by all participant hospitals.
anced T1W-3D-FS-GRE-TRA and T2W-2D-FSE-TRA sequences.

T2W-2D-FSE-TRA

Lower CI Weighted kappa Upper CI Mean SD

8 0.22 0.60 0.97 2.44 0.51
8 2.25 0.45
5 0.60 0.80 0.99 2.75 2.00
5 3.00 3.00
3 0.43 0.75 1.00 2.62 0.50
3 2.5 0.52
1 0.60 0.80 1.00 2.31 0.48
1 2.38 0.50
5 0.60 0.80 1.00 2.62 0.50
5 2.56 0.51
0 1.00 1.00 1.00 2.44 0.51
0 2.44 0.51
0 0.22 0.60 1.00 2.62 0.50
0 2.56 0.51
2 0.40 0.80 1.00 1.75 0.45
2 1.81 0.40
0 0.270 0.67 1.00 2.31 0.48
1 2.19 0.40

a; VP: vascular pattern; SNR: signal-to-noise ratio; CNR: contrast-to-noise ratio; SR:



Figure 2. Standard breath-hold of non-enhanced breath-hold T1W-3D-FS-GRE-TRA images of the liver using: (a) a slice thickness of 5 mm (Hospital 12); (b) a slice thickness of
4 mm (Hospital 14); (c) a slice thickness of 3 mm (Hospital 8).

Figure 3. Standard breath-hold T2W-2D-FSE-TRA images of the liver using: (a) a slice thickness of 4/6 mm and TR of 5000 ms (Hospital 6); (b) a slice thickness of 4 mm and TR of
3500 ms (Hospital 4) to demonstrate variations in image quality levels.
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Conclusion

Variations exist in pulse sequence parameters for liver imaging
however no statistically significant differences were recorded in
the physical measures of SNR and CNR. The importance of ob-
servers’ perceptions in evaluating image quality was demonstrated
as, contrary to physical measures, significant differences were
identified for some of the image criteria, which may impact on the
diagnostic efficacy of resultant images. The findings indicate opti-
misation of sequence parameters for liver imaging has the potential
to enhance diagnostic efficacy of liver MR examinations. The evi-
dence base for MR sequence optimisation is limited, most publi-
cations date back to the last decade. Further research investigating
MR performance characteristics that reflect current practise is
warranted. The inclusion of the visualisation of specific liver le-
sions, for a spectrum of pulse sequences currently employed clin-
ically is recommended.
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