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Abstract

AIM: To evaluate the role of diffusion-weighted imag-
ing (DWI) in the detection of focal liver lesions (FLLs),
using a conventional magnetic resonance imaging (MRI)
protocol.

METHODS: Fifty-two patients (22 males, average age
55.6 years, range: 25-82 years), studied using a 1.5
Tesla magnetic resonance scanner, were retrospectively
analyzed; detection of FLLs was evaluated by consider-
ing the number of lesions observed with the following
sequences: (1) respiratory-triggered diffusion-weighted
single-shot echo-planar (DW SS-EP) sequences; (2)
fat-suppressed fast spin-echo (fs-FSE) T2 weighted
sequences; (3) steady-state free precession (SSFP) im-
ages; and (4) dynamic triphasic gadolinium-enhanced
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images, acquired with three-dimensional fast spoiled
gradient-echo (3D FSPGR). Two radiologists indepen-
dently reviewed the images: they were blinded to
their respective reports. DW SS-EP sequences were
compared to fs-FSE, SSFP and dynamic gadolinium-en-
hanced acquisitions using a ¢-test. Pairs were compared
for the detection of: (1) all FLLs; (2) benign FLLs; (3)
malignant FLLs; (4) metastases; and (5) hepatocellular
carcinoma (HCC).

RESULTS: Interobserver agreement was very good
(weighted « = 0.926, CI = 0.880-0.971); on the con-
sensus reading, 277 FLLs were detected. In the com-
parison with fs-FSE, DW SS-EP sequences had a signifi-
cantly higher score in the detection of all FLLs, benign
FLLs, malignant FLLs and metastases; no statistical
difference was observed in the detection of hepatocel-
lular carcinoma (HCCs). In the comparison with SSFP
sequences, DW SS-EP had significantly higher scores (P
< 0.05) in the detection of all lesions, benign lesions,
malignant lesions, metastases and HCC. All FLLs were
better detected by dynamic 3D FSGR enhanced acquisi-
tion, with 2 = 0.0023 for reader 1 and P = 0.0086 for
reader 2 in the comparison with DW SS-EP sequences;
with reference to benign FLLs, DW SS-EP showed lower
values than 3D FSPGR enhanced acquisition (P < 0.05).
No statistical differences were observed in the detection
of malignant lesions and metastases; considering HCCs,
a very slight difference was reported by reader 1 (P =
0.049), whereas no difference was found by reader 2 (P
= 0.06).

CONCLUSION: In lesion detection, DWI had higher
scores than T2 sequences; considering malignant FLLs,
no statistical difference was observed between DWI
and dynamic gadolinium images.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

In the past twenty years, several magnetic resonance im-
aging (MRI) diagnostic techniques have gradually been
introduced in the study of focal liver lesions (FLLs),
increasing to the greatest possible extent the high con-
trast resolution inherent in the method. For instance,
long echo-time T2 weighted sequences are widely used
to characterize fluid-filled cystic lesions or hemangiomas;
fat-containing lesions (adenomas, atypical focal nodular
hyperplasia) can be diagnosed in cases of signal decay
in out-of-phase T1-weighted spoiled gradient echo se-
quencesm. More recently a gradual introduction of new
hepato-specific agents - gadolinium-ethoxybenzyl-diethy-
lenetriamine pentaacetic acid (Gd-EOB-DTPA, Primov-
ist, Bayer Schering) and gadopentate dimeglumine (Gd-
BOPTA, Multihance, Bracco Imaging) has significantly
increased the diagnostic potential of MRI, especially in
the preoperative management of patients with liver me-
tastases”™”. In addition, three-dimensional gradient echo
imaging allows a dynamic study of the liver, evaluating
the behavior of FLLs in the arterial and portal phase af-
ter contrast administration'’. In view of these considera-
tions, non-invasive characterization of FLLs is a current
diagnostic challenge.

The introduction of diffusion weighted imaging (DWT)
in liver MRI fuelled high expectations with several en-
couraging studies” . High values of 4 - required for char-
acterization - cannot be used to identify FLLs. It has been
shown that the use of diffusion weighted single-shot
echo-planar (DW SS-EP) sequences with a low b-value is
important for the detection of hepatic lesions, especially
for small-sized lesions. The acquisition of “black blood”
images with DW SS-EP sequences makes it possible to
easily differentiate vessels from focal small-sized lesions
in the liver™”. Parallel techniques reduce artifacts, such as
“blurring” or magnetic susceptibility artifacts, increasing
the signal-to-noise ratio (SNR)"": moreover, respirato-
ry-triggered sequences offer a better possibility of SNR
compared to breath-hold techniques“zj. Many studies
have recently started to compare DWI to T1-weighted
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acquisition in the detection and characterization of liver
lesions ",

In diffusion imaging of the liver, the first difficulty
concerns the choice of the appropriate b-value, which
means the degree of weighting in diffusion. High b-values
cannot be used because of the low SNR they determine:
for these reasons, in this study we retrospectively evalu-
ated the ability to detect lesions using relatively low b-value
DWI (#-values extended from 4 = 0-10 to & = 0-500) in a
routine liver MRI protocol. The characterization of FLLs
was not considered in our work, because the role of DWI
in this regard has already been widely debated in previous
studies™", and seems to be limited by overlappinglmj.

In the detection of FLLs, diffusion weighted se-
quences were compared to fat suppressed fast spin-echo
(fs-FSE) T2-weighted sequences, steady state free-preces-
sion (SSFP) sequences and dynamic triphasic gadolinium-
enhanced acquisition, acquired with 3D fast spoiled gra-
dient echo (FSPGR), emphasizing their advantages and
limits.

MATERIALS AND METHODS

Patients and lesions

The study included 70 patients with a liver MRI study,
performed on the basis of a clinical suspicion of FLL
and/or for a morphological suspicion of FLL derived
from a previous diagnostic exam (computed tomography
or ultrasonography). In the revision analysis, the follow-
ing exclusion criteria were adopted: (1) diffuse or “mili-
ary” involvement of liver parenchyma (2 patients); (2)
sequences with image quality damaged by artifacts, not
included in the analysis (5 patients); and (3) incomplete
liver MRI study (11 patients).

We retrospectively evaluated a total of 52 patients (22
males, 30 females, average age 55.6 years, range: 25-82
years), studied from November 2009 to February 2011.
For detection and characterization of FLLs, the standard
of reference in our study was based on: (1) the presence
of previous diagnostic examinations and/or the follow-
up; (2) the presence of the typical radiological pattern;
and (3) the histopathology. On the consensus reading,
277 FLLs were detected: 135 of them were benign le-
sions, whereas 142 were malignant; the number of me-
tastases and hepatocellular carcinomas (HCCs) observed
were 114 and 28, respectively. Metastases were reported
in 12 patients, whereas HCCs were found in 8 patients
(Table 1).

The benign lesions detected were as follows: 44 hem-
angiomas were found in 14 patients, 77 cysts in 17 patients
and 14 focal nodular hyperplasias (FNHs) in 9 patients
(Table 1).

The diagnosis of cysts was made for hyperintense le-
sions in T2-weighted images, even with long echo-time,
without any enhancement during contrast administration.
The diagnosis of hemangioma was established as follows:
(1) typical MRI findings of cavernous hemangiomas,
represented by signal hyperintensity in T2-weighted im-
ages - even with long echo-time - and globular centripetal
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Table 1 Patients and lesions

Total number of patients 52
Age (yr) 55.6
Gender 30 females, 22 males
FLLs distribution
Patients with benign FLLs B85
Patients with hemangiomas 14
Patients with cysts 17
Patients with FNHs 9
Patients with malignant FLLs 20
Patients with metastases 12
Patients affected by breast cancer 1
Patients affected by colo-rectal cancer 9
Patients affected by melanoma 1
Patients affected by pancreatic cancrer 1
Patients with HCCs 8

Characteristics of the patients included in our study. The distribution of
benign and malignant focal liver lesions (FLLs) among the patients is also
reported, according to the different categories of lesions observed. HCC:
Hepatocellular carcinoma.

enhancement during contrast administration'”"”; and 2
typical behavior of capillary hemangiomas or high-flow
related hemangiomas, with a hypervascular pattern on ar-
terial phase and slight signal hyperintensity or isointensity
in the delayed equilibrium phase!' ™", Tn addition, the sta-
bility of lesion size was detected on serial cross-sectional
imaging studies obtained from our archive or acquired
with a mean follow-up of 8 mo.

The diagnosis of FNH was determined by histopa-
thology in only one patient; the remaining FINHs were
defined considering the following features: (1) a hyper-
vascular aspect in MRI images during the arterial phase
after contrast administration; (2) retention of hepato-spe-
cific contrast on delayed images (20 min after Gd-EOB-
DTPA and 120 min after Gd-BOPTA); and (3) presence
of a central scar, observed in cases of typical FNH. The
uptake of hepato-specific contrast in the hepatobiliary
phase and the absence of estrogen exposure were ad-
opted as criteria to differentiate FINHs from adenomas.
The diagnosis was also validated by the size stability of
the lesions on serial cross-sectional imaging studies dur-
ing follow-up (mean time of 9 mo and 24 d).

The diagnosis of HCC was determined by histopa-
thology in 6 patients; in the remaining cases the presence
of HCC was established on the basis of the typical imag-
ing features (enhancement on the arterial phase, rapid
wash-out and pseudocapsule on the delayed phase), ac-
cording to clinical tests and a biomarker (increased serum
levels of alpha-fetoprotein).

Metastatic malignant lesions were confirmed by bi-
opsy in 6 patients; the remaining metastases were con-
firmed by diagnostic imaging features (target appearance
for colic metastases) and by their enlarged size, which
was evident after a mean follow-up time of 123.4 d (90
d was the shortest follow-up, 174 was the longest). The
primary sites of metastases included breast carcinoma
(n = 1), colorectal carcinoma (7 = 9), melanoma (z = 1)
and pancreatic carcinoma (7 = 1).
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Imaging protocol

The exams were performed using a 1.5 Tesla Magnetic
Resonance (General Electric, Signa HDxt); an eight-chan-
nel phased-array coil was used for acquisition of liver im-
ages. Synchronization with patients’ breath was achieved
by placing a “respiratory” belt around their abdomen.

The study protocol included: (1) axial breath-hold
FSPGR T1-weighted, with the following parameters: TR
= 180 ms, TE = 2.2-4.4 ms (in and out of phase); flip
angle 80; thickness = 6 mm; spacing = 1 mm; acquisition
matrix = 256 X 224; number of averages = 1; acquisition
type = 2D; (2) axial breath-hold SSFP - Fiesta - TR = 4.0
ms; TE = 1.7 ms; thickness = 6 mm; spacing = 1 mm;
flip angle = 75; acquisition matrix = 256 X 224; number
of averages = 1; acquisition type = 2D; and (3) axial
breath-hold fs-FSE T2-weighted - spatial fat saturation;
TR = 2100 ms; TE > 100 ms; thickness = 6 mm; spacing
= 1 mm, flip angle = 90; acquisition matrix = 256 X 224,
number of averages = 1; acquisition type = 2D.

DWI was acquired using a respiratory-triggered SS-
EP technique with several b values (0-10/0-40/0-150/0-3
00/0-500); images obtained with 4 = 10 and 4 = 40 were
also included in the evaluation and in the compatison
with the other sequences.

Diffusion sequences were performed with the follow-
ing parameters: TR = 1R-R, TE = 40 ms, EPI factor =
80, slice thickness = 6 mm, gap = 1 mm, flip angle = 90,
acceleration factor = 2, FOV 32-44 cm, NSA = 2, acqui-
sition time 39 s, half scan-factor = 2, band-width = 250
KHz, scan percentage = 100%, acquisition voxel = N/A,
reconstruction voxel = N/A, acquisition matrix 192 X
160, reconstruction matrix = 256 X 256, spatial fat satura-
tion = Yes - Water Excitation, isotropic motion gradient =
SI, RL and AP with the Stejskal-Tanner Diffusion scheme.

All examinations included a dynamic multiphase 3D
FSPGR T1-weighted sequence, acquired before and
after a hepato-specific-gadolinium contrast agent (Gd-
BOPTA 0.1 mmol/kg, Multihance 0.5 mol, Bracco Imag-
ing, Ttaly or Gd-EOB-DTPA 25 pmol/kg - 0.1 mL/kg -
Bayer Schering, Germany). Three-dimensional FSPGR
sequences were acquired with the following parameters:
TR = 4.2 ms; TE = 2.0 ms; thickness = 3 mm,; flip angle
= 12; acquisition matrix = 320 X 192; acquisition type
= 3D. A dynamic multiphase hepatic acquisition (arte-
rial, portal and delayed phases) was carried out using the
smart prep system; when necessary, some studies were
also completed with a delayed hepato-specific phase, ac-
quired 20 min after Gd-EOB-DTPA, and 120 min after
Gd-BOPTA administration. The contrast medium was
administered by a MedRad double testis injector with a
contrast injection rate of 2 mL/s for Gd-BOPTA and 1
mL/s for Gd-EOB-DTPA. In all patients an immediate
bolus of physiological saline was injected after the con-
trast agent.

Detection of FLLs
Detection of FLLs was evaluated considering the num-
ber of liver lesions observed with different sequences: (1)
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Table 2 Detection rate

Tri-Gd T1 SSFP fs-FSE DWI Consensus

All FLLs 277

Reader1 266 (96) 161 (58) 187 (68) 234 (84)

Reader2 256 (92) 185(67) 185(67) 222 (80)

Mean 261 (84) 186 (67) 186 (67) 228 (82)
Benignant 135

Reader1 134 (99) 89 (66) 89 (66) 116 (86)

Reader2 127 (94) 88 (65) 88 (65) 105 (78)

Mean 1305 (97) 885 (66) 88.5(66) 110.5(82)
Malignant 142

Reader1 132 (93) 99 (70) 99 (70) 118 (83)

Reader2 129 (91) 97 (68) 97 (68) 114 (80)

Mean 130.5 (92) 98 (69) 98 (69) 116 (82)
Metastases 114

Reader1 104 (91)  82(72)  82(72) 100 (88)

Reader2 101 (89) 79 (69) 79 (69) 97 (85)

Mean 102.5(90) 80.5(71) 80.5(71)  98.5 (86)
HCC 28

Reader 1 28 (100) 17 (60) 17 (60) 18 (64)

Reader 2 28 (100) 18 (64) 18 (64) 17 (60)

Mean 28 (100) 17.5(62) 17.5(62) 17.5(62)

Detection rate observed by triphasic gadolinium-enhanced T1 sequences
(Tri-Gd T1), steady-state free precession (SSFP), fat-suppressed fast spin-
echo (fs-FSE) and diffusion-weighted imaging (DWI) sequences. The
values are divided according to the different categories of lesions analyzed
in the study. HCC: Hepatocellular carcinoma; FLLs: Focal liver lesions.

respiratory-triggered DW SS-EP; (2) fs-FSE T2 weighted
sequences with long TE (> 100 ms); (3) SSFP images;
and (4) dynamic triphasic gadolinium-enhanced acquisi-
tion, acquired with multiphase 3D FSPGR T1-weighted
sequences.

Location and size (maximum axial diameter) were re-
ported for each lesion.

The measurements were carried out by two radiolo-
gists with more than two years of experience in body
MRI. Radiologists reviewed images independently; se-
quences were randomized. The following pairs were com-
pared in the number of FLLs detected: (1) DW SS-EP
sequences #s fs-I'SE; (2) DW SS-EP sequences ss SSFP;
and (3) DW SS-EP sequences #s dynamic gadolinium-
enhanced acquisition.

In the detection of lesions, these compared pairs were
studied for: (1) all FLLs; (2) benign FLLs; (3) malignant
FLLs; (4) metastases; and (5) HCC.

The number of FLLs was finally confirmed by view-
ing: (1) all sequences performed in the MR examination,
including unenhanced T1 sequences, conventional T2
sequences, DWI sequences and enhanced 3D FSPGR ac-
quisitions; when available, the hepato-specific phase was
also considered to validate the number of lesions; and (2)
previous or subsequent MR examinations; patient history
was also considered to assess the number of lesions, in
patients who underwent surgical intervention or biopsy.

Statistical analysis

A statistical analysis was performed using Win-Stat Soft-
wate and a MedCalc program (MedCalc® version 11.4.4.0.,
MedCalc Software bvba). Interobserver agreement was
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evaluated for both radiologists involved in the detec-
tion analysis, by calculating the simple k coefficient. The
k-value was interpreted according to the following clas-
sification: < 0.20 poor; 0.20-0-40 fair; 0.41-0.60 moderate;
0.61-0.80 good; 0.81-1.00 very good. For the different
classes of FLLs (all lesions, benign lesions, malignant le-
sions, metastases, HCCs) the detection rate was calculated
as: the number of lesions observed/total number provid-
ed by consensus reading for each category. The number
of lesions observed with conventional T2 sequences (fs-
IFSE), SSEFP sequences, respiratory-triggered DW SS-EP
sequences (acquired from » = 0-10 to & = 0-500 values)
and 3D FSPGR post-gadolinium acquisitions were com-
pared using a paired samples ~test.

RESULTS

Interobserver agreement was very good (weighted k =
0.923, CI = 0.873-0.972). Detection rates for all FLLs,
benign lesions, malignant lesions, metastases and HCC
are shown in Table 2.

DW SS-EP sequences vs fs-FSE

DW SS-EP sequences showed a higher score when com-
pared with conventional breath-hold T2-weighted se-
quence fs-FSE, with P = 0.001 for reader 1 and P = 0.0019
for reader 2 (Figure 1A). Considering benign FLLs (Fig-
ure 1B), DW SS-EP sequences showed higher values
than fs-FSE sequences (P = 0.00 017 for reader 1 and P
= 0.01 for reader 2) and SSFP sequences (P = 0.00 013
for reader 1 and P = 0.02 for reader 2); in the evaluation
of malignant lesions (Figure 1C), DW SS-EP showed
higher scores than fs-FSE only for reader 1 (P = 0.023),
whereas no statistical difference was observed by reader 2
(P = 0.053). In the detection of metastases (Figure 1D),
a significant statistical difference was observed for both
readers, with P = 0.026 for both readers; no statistical dif-
ference was found in the detection of HCC (Figure 1E).

DW SS-EP sequences vs SSFP

With reference to all FLLLs (Figure 1A), DW SS-EP se-
quences showed the highest score compared with SSFP
sequences, with P = 0.001 for reader 1 and P = 0.00 035
for reader 2. The number of benign FLLs (Figure 1B) de-
tected by DW SS-EP sequences was significantly higher,
with P = 0.00 013 and P = 0.02 for reader 1 and reader 2,
respectively.

DW SS-EP sequences also had higher scores in evalu-
ating malignant lesions, metastases and HCC (Figure
1C-E), with significant P values (P < 0.05); in fact, the
mean percentage of metastases detected by DW SS-EP
was 86.4%, whereas the value observed using fs-FSE was
70%; also in the detection of HCCs, diffusion sequences
were slightly superior to fs-FSE images.

DW SS-EP sequences vs dynamic 3D FSPGR
gadolinium-enhanced acquisition

All FLLs were better detected by dynamic 3D FSPGR
enhanced acquisition, with P = 0.0023 for reader 1 and P
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A All FLLS
T 95% Confidence interval

Mean

Ti-GAT1I T-GdTLI SSFPI SSFPI fs-FSEI fs-FSEII DWII DWII

C Malignant FLLS
T 95% Confidence interval

Mean

T-GAdT11 TA-GAdTLI SSFP1 SSFPII fs-FSEI fs-FSEIl DWII DWII

E HCC
roT [ T 95% Confidence interval

i [

T-GAdT1I Ti-GdTLI SSFPI SSFPII fs-FSEI fs-FSEIl DWII DWII

Mean

B - Benign FLLS
T 95% Confidence interval

Mean

Ti-GAT1I T-GdTLI SSFPI SSFPI fs-FSEI fs-FSEI DWII DWII

D Metastases
T 95% Confidence interval

Mean

T-GAdT1I Ti-GdTLIl SSFPI1 SSFPI fs-FSEI fs-FSEIl DWII DWII

Figure 1 Histograms comparing the different sequences (A-E). Histograms showing the comparison between the mean values of lesions detected among differ-
ent sequences, for the classes of focal liver lesions (FLLs) [all lesions, benign lesions, malignant lesions, metastases, hepatocellular carcinomas (HCCs)]. I = reader
1; I = reader 2; Tri-Gd T1: Triphasic gadolinium T1-weighted sequence; fs-FSE: Fat suppressed fast spin-echo sequence; SSFP: Steady state free precession; DWI:

Diffusion weighted imaging.

= 0.0086 for reader 2 in the comparison with DW SS-EP
sequences (Figure 1A).

In the detection of benign FLLs (Figure 1B), DW
SS-EP had lower values than 3D FSPGR enhanced ac-
quisition, with P = 0.011 and P = 0.012 (reader 1 and
2, respectively); in fact - with reference to the detection
of benign lesions - reader 1 identified 116/135 of these
lesions, whereas reader 2 had a lower score - 105/135;
dynamic gadolinium-enhanced acquisitions identified
134 and 127 lesions (reader 1 and reader 2, respectively);
mean detection rate was 81.8% for DWI and 96.6% for
dynamic enhanced gadolinium T1 weighted FSPGR ac-
quisition.

No statistical differences (Figure 1C-E) were observed
by the readers in the detection of malignant lesions (P =
0.09 and P = 0.07). Detection rates of malignant lesions
by diffusion sequences were 83% for reader 1 and 80%
for reader 2, whereas enhanced gadolinium 3D FSPGR
had higher values - 92.9% and 90.8%, respectively.
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With regard to metastases, gadolinium-enhanced 3D
FSPGR had a mean score of 102.5 for metastases identi-
fied, whereas DWT detected 98.5 metastatic lesions, with
a detection rate of 89.9% and 86.4%, respectively; com-
paring the mean values of metastases observed through
the paired samples #test, no statistical difference was
found (P = 0.52 and P = 0.50).

With regard to HCCs, a very slight difference was
reported by reader 1 (P = 0.049), whereas no difference
was found by reader 2 (P = 0.00); in our results, diffusion
images allowed the identification of 17 and 18 lesions for
reader 1 and for reader 2, respectively, with a mean detec-
tion rate of 17.5 lesions (62.5%), whereas all HCCs were
correctly identified by 3D FSPGR images.

DISCUSSION

In recent years, some studies have emphasized the role of
DWT in the characterization and detection of FLLs™ ™",
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Furthermore, DWI could provide an additional tool in
oncological patients, where a correct assessment of the
number and localization of FLLs is essential in choosing
suitable treatment. In fact, DWI provides better detec-
tion of FLLs than other T2-conventional sequences, and
our results confirm what has recently been published in
the literature. For instance, in a previous study by Bruegel
et al", the sensitivity of DWI was higher than standard
breath-hold and respiratory-triggered T2 weighted se-
quences in the diagnosis of 66 small hepatic metastatic
lesions (sensitivity value of 0.85 and 0.26-0.44, respec-
tively)llol. In a study by Holzapfel ¢ a/”", the detection of
small FLLs seemed to be significantly increased by re-
spiratory-triggered diffusion sequences, which produced
better image quality because of high spatial resolution
and an adequate SNR™. In the detection of metastases,
when DWI was compared to fs-FSE sequences and to
SSEP, we found a significantly higher number of lesions
identified by both readers using DWI; the highest detec-
tion rate - shown by DWI in the detection of FLLs - was
probably due to the ‘black blood effect’ of diffusion-
weighted images: this property makes it easier to distin-
guish small FLLs from hepatic vessels, which may deter-
mine false-positive pseudolesions on T2-weighted turbo
spin-echo images.

In view of its capability to detect FLLs, DWI has
been widely introduced in liver imaging, and many stud-
ies have recently emphasized its additional values in liver
imaging in order to detect malignant FLLs" " 1n this
regard, a routine MRI protocol should ideally use all pos-
sible strategies, including many un-enhanced scans: in and
out-of-phase T1-weighted sequences, T2-weighted FSE
sequences - even with spatial fat saturation or different
echo-time, white-blood sequences for morphologic as-
sessment of liver anatomy such as steady-state sequences,
and SSESE sequences to emphasize T2-content; dynamic
multiphase gadolinium-enhanced acquisitions are neces-
sary to subsequently evaluate FLLs and to study their be-
havior in the arterial, portal and late phases. For this rea-
son, the role of DWI in a liver MRI protocol should be
assessed comparing the diffusion sequences not only to
the conventional T2 sequences, but it must also include
the dynamic enhanced gadolinium acquisitions.

In a study by Léwenthal ez al™ - considering only the
detection of benign FLLLs - a statistical difference in the
comparison between DWI and hepatobiliary phase (MR-
late) Gd-EOB-DTPA-enhanced images was reported; no
difference was observed between DWI and dynamic (MR-
dyn) Gd-EOB-DTPA-enhanced images, unlike the data
reported in our comparison. This may be explained by
the fact that DWI is less reliable than dynamic enhanced
gadolinium FSPGR acquisitions, being much more sensi-
tive to magnetic susceptibility artifacts. For instance, in
our study, 6 cases of FNHs were missed by both readers
evaluating only the diffusion-weighted images, prob-
ably due to their location in the parenchyma of the left
lobe, near the gastric area: in this area DWI (Figure 2)
could be affected by magnetic susceptibility or motion
artifacts related to cardiac and gastric wall.
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On analyzing the comparison using the #test, no
statistical difference between the number of lesions
identified by DWI and dynamic enhanced gadolinium ac-
quisition was observed, and DWI could be considered a
valid diagnostic tool in the detection of malignant lesions
in a liver study, even if they are characterized by a lower
sensitivity in comparison to the dynamic acquisition. The
high detection rate using DWI is especially observed in
the evaluation of metastases, as confirmed in other stud-
es' The good results obtained using DWI in our study
may be explained by the application of respiratory trig-
gering, which produced better image quality because of
high spatial resolution and an adequate SNR". use of
the respiratory-triggered modality in the diffusion images
increases the spatial resolution, but requitres a longer time
for the acquisition. In addition, the use of low b-value
diffusion sequences, acquired by parallel techniques, re-
duces artifacts such as “blurring” or magnetic susceptibil-
ity artifacts, increasing the SNR"M,

In a recent study by Kenis e# al™ DWI was used in
the staging of oncological disease in patients with im-
paired renal function; in this study, MR showed a signifi-
cant additional capability in the detection of metastases
when considering DWI and gadolinium MRI togetherm].
Kenis ef a” analyzed three image sets: unenhanced T1
and T2 acquisitions/gadolinium-enhanced T1, DWI and
a combination set; all observers reported high sensitivity
values using the combination set of images; as a conse-
quence, diagnostic accuracy increased significantly when
DWI was added to Gd-MRI.

DWT is limited in the detection of HCC, with a mean
detection rate (62.5%) lower than 3D FSPGR enhanced
images (100%). Five HCC lesions missed by both readers
were located in a subdiaphragmatic liver segment close
to the heart or gastric wall (Figure 3): again, the lower
diagnostic accuracy of DWI was probably related to the
presence of magnetic susceptibility or motion artifacts in
these locations, and even if the introduction of triggered-
acquisition increased their image quality, we suggest that
the evaluation of these areas could be limited. Similarly,
magnetic susceptibility artifacts caused by colonic loop -
often located very close to the caudal portion of the right
liver - reduces imaging quality on diffusion images, with
low signal intensity of parenchyma and loss of liver pro-
file: one metastasis missed by both readers was located in
the caudal portion of the IV segment, near to the colonic
wall (Figure 4). In addition, lower scores obtained with
DWI in our study - regarding the detection of HCCs -
may also be explained by the different signal intensity ob-
served in these lesions: in fact, in a recent study by Kim
et al™ they were isointense or hyperintense to the liver™.
In a cirrhotic liver, HCCs may show the same signal
intensity as the surrounding parenchyma, involved in a
chronic fibrotic process, and as a consequence the detec-
tion and characterization of HCCs may be difficult™.

Although some artifacts may affect the imaging quality
of diffusion images, the highest detection rate observed
in a liver MRI protocol suggest that they can easily help
radiologists in the detection of FLLs, and in particular,
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Figure 2 Focal nodular hyperplasia found in the left liver lobe. A: A round-shaped solid lesion (arrow) is depicted in the left liver lobe (in the II segment); B, C:
The lesion (arrow) appears homogeneously hyperintense in the arterial phase, and remains slightly hyperintense in the portal and in the equilibrium phase; D: The
lesion was missed on the diffusion image by both readers, probably due to its location near the gastric wall, along the liver surface; E: In the hepato-specific phase,
the lesion (arrow) shows uptake of gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid; a diagnosis of focal nodular hyperplasia was suggested due to the
dynamic behavior observed after contrast administration.

Figure 3 Hepatocellular carcinoma in the left liver lobe. A: Hypervascular lesions depicted (arrows) in the arterial phase; B: Lesions show wash-out in the venous
phase (arrows), suggesting the diagnosis of hepatocellular carcinomas; C: On diffusion imaging, acquired at b10 value, lesions were not detected by the readers, due
to their location near the gastric wall.

in the evaluation of metastases. These lesions are often comparison to the measurements observed by enhanced
reported with a larger size in the diffusion images, in acquisitions. This larger size is better depicted in the
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Figure 4 Metastasis in the IV segment. A: A metastatic lesion in colon carcinoma is depicted in the most caudal area of the IV liver segment, it was well depicted
in the fat-suppressed fast spin-echo T2-weighted sequence (arrow); B: In the gadolinium-enhanced acquisition (arrow); C: The lesion is poorly represented in the dif-
fusion-weighted imaging, covered by magnetic susceptibility artifacts due to the adjacent intestinal loop (arrows); D: Delayed imaging after gadolinium-ethoxybenzyl-

diethylenetriamine pentaacetic acid confirmed the metastatic lesion (arrow).

follow-up of oncological patients, where lesions seem
to be more reduced than those reported by gradient T1-
weighted acquisition.

The main limitations of our work include the small
number of histological proofs for FLLs: this may be ex-
plained by the fact that we retrospectively analyzed our
study population and had many difficulties in collecting
the patients’ data. In addition, we discarded many exams
when the image quality was damaged by artifacts, or in
cases of incomplete liver MRI study.

There was no comparison between DW SS-EP and
FSPGR images obtained in the hepato-specific phase; this
may represent a limitation, considering the high potential
value of liver-specific contrast assessed in the literature,
especially in the evaluation of HCC®. Unfortunately, the
number of exams including the hepato-specific phase in
our study was not consistent and adequate for statistical
analysis.

In conclusion, DWI may be very helpful to radiolo-
gists in a liver MRI protocol, increasing the detection
of FLLs; considering the data reported in our study,
the reliability of DWI is slightly lower than dynamic 3D
FSPGR gadolinium-enhanced acquisition, but higher
than conventional T2-weighted sequences. Regarding ma-
lignant FLLs, no statistical difference was found between
DWI and conventional dynamic gadolinium images in
our study; nevertheless, we feel contrast administration is
mandatory to ensure the absence of malignant liver dis-
eases, especially HCCs.
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COMMENTS

Background

The introduction of diffusion weighted imaging (DWI) in liver magnetic reso-
nance imaging (MRI) fuelled high expectations: in the assessment of diffuse
and focal parenchymal disease, DWI is the latest added value in liver MRI.
Research frontiers

The use of diffusion weighted single-shot echo-planar (DW SS-EP) sequences
with low b-value is important for the detection of hepatic lesions, especially for
small-sized lesions. The acquisition of “black blood” images with DW SS-EP se-
quences makes it possible to easily differentiate vessels from focal small-sized
lesions in the liver. In addition to the use of low b-value diffusion sequences,
parallel techniques reduce artifacts, such as “blurring” or magnetic susceptibility
artifacts, increasing the signal-to-noise ratio.

Innovations and breakthroughs

With regard to the detection all focal liver lesions (FLLs), in this study the
authors retrospectively compared DWI with both T2-weighted conventional
sequences and three dimensional dynamic gadolinium images. This study
brings into focus the ability of DWI to detect FLLs when inserted in a complete
standard liver MRI protocol.

Applications
The results suggest that DWI may be adopted as “a standard sequence” in a
liver MRI protocol, owing its ability to detect FLLs.

Terminology

DWI is an imaging modality based on the measurement of the “free water” in
biological tissues. Water molecules move randomly, in the so-called Brownian
motion. Because of the different cellularity and percentage of free water, tissues
may produce variable signal intensity, and DWI may help in detecting lesions.
Peer review

In this manuscript, the authors described the usefulness of diffusion-weighted
imaging in detection of focal liver lesions. This topic is interesting; however,
some revisions are needed to improve your manuscript.
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