Detection of Hepatic Lesion: Comparison of Free-
Breathing and Respiratory-Triggered Diffusion-
Weighted MR imaging on 1.5-T MR system
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Purpose : To compare free-breathing and respiratory-triggered diffusion-weighted
imaging on 1.5-T MR system in the detection of hepatic lesions.

Materials and Methods :  This single-institution study was approved by our institutional
review board. Forty-seven patients (mean 57.9 year; M:F = 25:22) underwent hepatic
MR imaging on 1.5-T MR system using both free-breathing and respiratory-triggered
diffusion-weighted imaging (DWI) at a single examination. Two radiologists
retrospectively reviewed respiratory-triggered and free-breathing sets (B50, B400,
B800 diffusion weighted images and ADC map) in random order with a time interval
of 2 weeks. Liver SNR and lesion-to-liver CNR of DWI were calculated measuring
ROL

Results : Total of 62 lesions (53 benign, 9 malignant) that included 32 cysts, 13
hemangiomas, 7 hepatocellular carcinomas (HCCs), 5 eosinophilic infiltration, 2
metastases, 1 eosinophilic abscess, focal nodular hyperplasia, and pseudolipoma of
Glisson's capsule were reviewed by two reviewers. Though not reaching statistical
significance, the overall lesion sensitivities were increased in respiratory-triggered
DWI [reviewerl: reviewer2, 47/62(75.81%):45/62(72.58%)] than free-breathing DWI
[44/62(70.97%):41/62(66.13%)]. Especially for smaller than 1 cm hepatic lesions,
sensitivity of respiratory-triggered DWI [24/30(80%):21/30(70%)] was superior to free-
breathing DWI [17/30(56.7%):15/30(50%])]. The diagnostic accuracy measuring the
area under the ROC curve (Az value) of free-breathing and respiratory-triggered DWI
was not statistically different. Liver SNR and lesion-to-liver CNR of respiratory-
triggered DWI (87.6+41.4, 41.24+62.5) were higher than free-breathing DWI (38.8+
13.6, 24.8+36.8) (p value <0.001, respectively).

Conclusion : Respiratory-triggered diffusion-weighted MR imaging seemed to be
better than free-breathing diffusion-weighted MR imaging on 1.5-T MR system for
the detection of smaller than 1 cm lesions by providing high SNR and CNR.
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Introduction

Detection and exact characterization of focal hepatic
lesions are important as it would influence not only the
treatment decision, but also predicting its prognosis. In
the past, CT was regarded as the best choice for the
detection of hepatic lesion. Currently Magnetic
Resonance Imaging (MRI) is considered more sensitive
and specific methods (1, 2). Among the abundant
sequences of MR imaging, diffusion-weighted imaging
gets spotlights for high contrast resolution as well as its
ability to presume the histopathologic architecture or
discern the fluid character. Diffusion-weighted imaging
(DWI) in the abdomen has had remarkable
improvement since the earliest reports (3). However, it
is still hard to obtain high-quality image in abdomen by
the image distortions due to susceptibility artifacts,
chemical shift artifacts induced by abundant peritoneal
fat, respiratory motion artifacts and pulsatile flow
artifacts from the aorta. In spite of those demerits,
there were articles that free-breathing DWI was useful
tool for detection and characterization of hepatic lesions
such as abscess, metastasis, hemangioma, HCC and
cyst (4-6). Recent journals also showed that respiratory-
triggered DWI has improved signal-to-noise ratio (SNR)
and contrast-to-noise ratio (CNR) of the liver and
provided better image quality (7-12). So the application
of respiratory-triggered DWI may further improve
image quality, spatial resolution and SNR in addition
they may enhance the ability to detect and characterize
the smaller hepatic lesion (12, 13). In previous study,
respiratory-triggered DWI was compared with free-
breathing or breath-hold DWI in some specific diseases
such as HCC or metastasis (14-17). However, there
was a no published study comparing each sequence on
the efficiency of the detection of hepatic lesion.

Hence, the aim of this study is to compare
respiratory-triggered DWI with free-breathing DWI in
terms of the detection of hepatic lesions by using
quantitative and qualitative analysis.

Materials and Methods

Subject Population
This single-institution study was approved by our
institutional review board. 73 patients had undergone
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liver MRI on the query of medical database between
May 2009 and June 2009. Among them, 26 patients
who had not undergone free-breathing DWI or
respiratory-triggered DWI were excluded. So we
recruited consecutive 47 patients (25 male, 22 female;
mean age, 57.9 years; age range, 24-86 years) who had
undergone free-breathing DWI and respiratory-
triggered DWI of the liver at a single examination.
They underwent MRI to characterize liver lesions
initially detected on sonography or CT. Some lesions
such as small cysts were incidentally found on MRI
during the evaluation of the liver or biliary system. It
resulted in a total of 62 lesions (53 benign, 9 malignant)
that included 32 cysts,
hepatocellular carcinomas (HCCs), 6 focal eosinophilic

13 hemangiomas, 7

liver disease, 2 metastases, 1 focal nodular hyperplasia,
and pseudolipoma of Glisson's capsule.

The diagnosis was confirmed by all available data in
the form of image characteristics, pathology and
clinical courses: typical imaging characteristics and
clinical courses in all cases of hemangiomas, simple
hepatic cysts, focal nodular hyperplasia, eosinophilic
abscess and pseudolipoma of Glisson's capsule; and
high eosinophil count in eosinophilic infiltration which
disappeared on follow-up imaging studies. Among 7
HCCs in 6 patients that had typical imaging features on
CT and MRI with high leveled e-fetoprotein, a HCC
was proved to be well-differentiated HCC on biopsy
and 4 HCCs showed typical radiologic features with
size growth-up on serial CTs and MRIs and underwent
radiofrequency ablation. 2 HCCs showed dense
lipiodol uptakes on follow-up CTs after transarterial
chemoembolization that also showed hypervascular
staining. 2 metastatic lesions in a patient demonstrated
uptakes at follow-up PET/CT with primary tumor
(colon cancer). The size of malignant lesion is ranged
between 1.0 cm and 1.3 cm. In addition to routine MRI
sequences, free-breathing DWI and respiratory-
triggered DWI were performed in all patients.

MR Imaging

MR imaging was performed on a 1.5-T system
(Magnetom Avanto, Siemens Medical Solutions) with
two six-channel body phased array coils anterior and
two spine clusters (three channels each) posterior.
Three-scan trace diffusion-weighted images were
acquired using a single-shot spin-echo echo planar
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imaging with GRAPPA. The gradient factors (b values)
were 50, 400 and 800 s/mm?. The technical parameters
were as follows: echo time, 75.5 ms; receiver
bandwidth, 1630 Hz/pixel; spectral fat saturation; field
of view, 30-50 cm; matrix, 192 X 144; number of
signal averages, constant 40; threshold noise level, 4,
section thickness, 5 mm,; intersection gap, 0.5 mm; 32
=+ 3 sections acquired. The respiratory-triggered single-
shot spin echo echoplanar imaging sequence used
TR/TE, automatically adapted from each patient's
respiration pattern 8422+917 (7310-11082)/75 and
free-breathing DWI used TR/TE, 5200/75. For
respiratory triggering, prospective acquisition
correction (PACE) was implemented. Prior to scanning,
patients were asked to perform deep and regular
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Fig. 1. 64-year-old man with a tiny cyst.

breathing which was checked by the operator on the
monitoring screen, and the technicians practiced the
patients several times near the table.

These data were acquired during the end-expiratory
phase after contrast injection. The respiratory cycle
graphs were always stored. Scan times of free-
breathing and respiratory-triggered DWI were 180 to
200 seconds and 260 to 320 seconds. ADC map was
created of axial images with constant 40 threshold
noise levels, using the b-values of 50, 400 and 800
s/mm?, built in the console.

Image Analysis
Overall data was analyzed both quantitatively and
qualitatively. Respiratory-triggered and free-breathing

FB-DWI b=800

RT-DWI b=800

A 0.5 cm cyst (long arrow) was incidentally found during survey of hepatocellular carcinoma (not shown here). It was
detected by two reviewers on respiratory-triggered DWI (e to h), but obscure on free-breathing DWI (0 to d) and not
detected. Note that the lesion was more depictive and brighter on respiratory-triggered DWI.
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sets (B50, B400, B800 diffusion images and ADC map)
were converted to DICOM files and stored. All
informative data were deleted during saving. They
were distributed to two reviewers in a random order.
Two readers recalled the files on a commercial PACS
workstation (5.1 versions, Marotech) and reviewed.
The same process was repeated with time interval of 2
weeks. These enabled the reviewers to measure the
size and operator-defined regions of interest (ROIs) of
the lesion on PACS workstation. Both reviewers were
blinded to MR imaging reports, results of other imaging
tools, clinical history, laboratory findings and
pathologic results. The size and location of lesions
(image number and hepatic segment) were recorded by
two readers in each case on the free-breathing and
respiratory-triggered DWI and ADC map.

Reviewers recorded the presence of each visible
abnormality with a five-point confidence scale (1,
definitely or almost definitely absent; 2, probably
absent; 3, possibly present; 4, probably present, and 5,
definitely or almost definitely present). And then, it
was analyzed as undetected lesion (1, 2 and 3) and
detected lesion (4 and 5) by another radiologist.
Qualitative analysis was performed by presence score
of depiction of the liver edge and intrahepatic vessels,
susceptibility and motion related artifact, and overall
image quality on free-breathing and respiratory-
triggered DWI by using a four-point confidence scale
(1, poor; 2, fair; 3, good; and 4, excellent image quality).
All focal hepatic lesions detected by the two reviewers
were cross-correlated by an independent radiologist,
who reviewed all MRI sequences, other imaging
modalities and available clinical variables in order to
identify the detected hepatic lesions by two reviewers.

A radiologist performed quantitative comparison of
the free-breathing and respiratory-triggered ADC map
by analyzing the liver signal-to-noise ratio (SNR) and
lesion-to-liver contrast-to-noise ratio (CNR). The liver
SNR and lesion-to-liver CNR were calculated using
operator-defined ROI measurement of the signal
intensity (SI) once each for the liver (S}, the lesion
(SLiesion) @and the background noise (SI,.;.) in each ADC
map. Each operator-defined ROI over 200 mm? was
placed in the homogeneous liver parenchyma in S5,
which was devoid of a large intrahepatic vessel, biliary
structure or prominent artifacts. Another operator-
defined ROI was placed outside the patient within the
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line of the phase encoding gradient to measure the
system noise at the same image plane. In order to
ensure identical placement of the ROI in ADC map,
these two sets of images were simultaneously displayed
on the workstation and both sets were selected using
the ctrl function. Subsequently, ROIs on one image
were copied and pasted onto other images of free-
breathing and respiratory-triggered sequences at the
same site. The site and size of the ROI were therefore
identical in each of the free-breathing and respiratory-
triggered ADC map. For lesions, a ROI encompassing
as much of the lesion as possible was drawn on images,
avoiding necrotic or cystic portions of the lesion. The
image showing the maximum diameter of the lesion
was chosen for drawing the ROI. Cysts and lesions
smaller than 0.3 cm were not measured to reassure
ROI measurement and standard deviation. 45 lesions
were included in analysis finally.

The liver SNR was calculated with the following
equation:

SNR = SIliver / SInoise

The lesion-to-liver CNR was calculated with the
following equation:

CNR = (Shiegion = Shiver) / Shhoise

Statistical Analysis

Statistical analysis was performed with MedCalc
software (version 9.5, MedCalc, Mariakerke, Belgium).
The sensitivity and specificity of each reviewer with
free-breathing and respiratory-triggered DWI were
calculated separately. The McNemar test was used to
analyze the statistical significance of any difference in
performance between free-breathing and respiratory-
triggered DWI for an individual reviewer. The
Independent samples t-test was used to calculate the
significance of differences in the values of liver SNR
and lesion-to-liver CNR between free-breathing DWI
and respiratory-triggered DWI. Receiver operating
characteristic (ROC) curve analysis was used to
compare the diagnostic capability between respiratory-
triggered DWI and free-breathing DWI. The area under
the ROC curve (Az value) was used to evaluate the
overall diagnostic performance of free-breathing and
respiratory-triggered DWI. Wilcoxon rank sum test was
used to analyze the statistical significance of qualitative
image quality. A p value of < 0.05 was considered
significant. To assess interobserver variability in image
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interpretation, the x statistic was used to measure the
degree of agreement among multiple observers: A &
value of less than 0.20 indicated poor agreement; a &

-
FB-DWI b=400

-
RT-DWI b=400

early art late art equilibr?un"n

i
Fig. 2. 52-year-old man with hepatocellular carcinoma.

value of 0.21-0.40, fair agreement; a & value of 0.41-
0.60, moderate agreement; a x value of 0.61-0.80,
good agreement; and a x value of more than 0.81,

-~

FB-DWI b=800

-
RT-DWI b=800

hepatobiliary

Both reviewers detected a 1.4 cm hepatocellular carcinoma (long arrow) on free-breathing DWI (0 to d) and respiratory-
triggered DWI (e to h). However the lesion demonstrated sharper margin and increased CNR on respiratory-triggered
DWI. Note the high signals on high b value, representing water restriction. Enhanced dynamic study showed arterial
enhancement and early washout (i). HCC had grown on short-term follow-up CT (j) and treated successfully with
radiofrequency ablation. Note a tiny cyst (arrowhead) behind HCC.
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excellent agreement.

Results

Overall, sensitivity of respiratory-triggered DWI
(75.81% and 72.58%) was higher than that of free-
breathing DWI (70.97% and 66.13%) for both
reviewers. Especially for smaller than 1 cm hepatic
lesions, sensitivity of respiratory-triggered DWI (80%
and 70%) was much higher than that of free-breathing
DWI (56.67% and 50%) (Fig. 1). The sensitivities of
each image set for the detection of lesions were

Table 1. Sensitivity for the Detection of Hepatic Lesions (n=62)

Detection of Hepatic Lesion

summarized in Table 1. Three lesions of pseudolipoma
of Glisson's capsule, lipomatous HCC and a metastasis
were not detected by two reviewers on free-breathing
and respiratory-triggered DWIs. As pseudolipoma of
Glisson's capsule was composed of fat that had no T2
and perfusion effects, it was not noted. Lipomatous
HCC also had little contrast with the surrounding liver
parenchyma. A metastasis was located in S5
subcapsular area beside GB and two reviewers
regarded it as bowel or GB fluid in spite of high
contrast. 13 cysts less than 1.0 cm in diameter (0.2-0.8
cm) were more detected on respiratory-triggered DWI

Size <lcm >1cm Total
Image Set Free-breathing  Respiratory- Free-breathing  Respiratory-  Free-breathing  Respiratory- p value
8 DWI triggered DWI DWI triggered DWI DWI triggered DWI
Reviwer 1 56.67 (17/30) 80.00 (24/30) 84.38 (27/32) 71.88 (23/32) 70.97 (41/61) 75.81 (47/62) 0.1153
Reviwer 2 50.00 (15/30) 70.00 (21/30) 81.25 (26/32) 75.00 (24/32) 66.13 (41/62) 72.58 (45/62) 0.8036
Note.— *Numbers are the number of true positive lesions.
Table 2. Comparison of Liver SNR and Lesion-to-liver CNR between Free-Breathing and Respiratory-Triggered ADC Map
Free-breathing ADC map Respiratory-triggered ADC map p value
Liver SNR 38.8+46.2 87.6+141.1 <0.001
Lesion-to-liver CNR 24.8+36.8 41.2+62.5 0.001
Note.— Unless otherwise indicated, data are mean + standard deviations.
Table 3. Az Values Obtained with Free-Breathing and Respiratory-Triggered DWI for the Diagnosis of Hepatic Lesions
Free-breathing DWI Respiratory-triggered DWI p value
Reviewer 1 0.813+0.034 0.752+0.04 0.182
Reviewer 2 0.839+0.032 0.827+0.033 0.746
Note.— Unless otherwise indicated, data are mean + standard deviations.
Table 4. Comparison of Qualitative Image Study between Free-Breathing and Respiratory-Triggered DWI
D.eplctlon of the Motion Susceptibility Overall
Liver Edge and Related Artifact Image
Intrahepatic Vessels Artifact Quality
Free- Respiratory- Free- Respiratory- Free- Respiratory- Free- Respiratory-
Image Set breathing triggered breathing triggered breathing triggered breathing triggered
DWI DWI DWI DWI DWI DWI DWI DWI
Reviwer 1 3.53+0.65 3.74+044 3.74+049 361+0.74 3.60+0.61 3.70+0.55 3.77+0.48  3.66+0.60
p value 0.05 0.31 0.41 0.33
Reviwer 2 3.64+0.53 3.70+0.51 3.79+041 3.77+0.52 3.724+045 3.77+043 3.77+0.48  3.74+0.07
p value 0.60 0.84 0.62 0.49

Note.— Unless otherwise indicated, data are mean image quality scores + standard deviations.
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by two reviewers. Specificity of respiratory-triggered
DWI (30.61% and 79.59%) was not significantly
different from that of free-breathing DWI (44.9% and
73.47%). Statistical analysis revealed that the mean
liver SNR and Lesion-to-liver CNR on respiratory-
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triggered ADC map was better than that on free-
breathing ADC map, although it did not reach the
statistical difference (Table 2). Diagnostic accuracies
measuring the area under the ROC curve (Az value)
were not statistically different (Table 3). Interobserver
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Fig. 3. 57-year-old man with common bile duct (CBD)
stone.

As well as increased depiction of liver edge and intrahepatic
vessels, the edge of CBD was also increased, so a dark
signal 0.6 cm sized stone (long arrow) was depicted finely
on respiratory-triggered DWI (e to h) compared with free
breathing DWI (a to d). It showed dense calcification on CT
examination (i) and filling defect (large arrow) on MRCP (j).
Note another small stone (arrowhead) in distal CBD on
MRCP. Note sharp margin of right diaphragmatic crura
(asterisk) on respiratory-triggered DWI.
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agreement for the diagnosis of the hepatic lesions of all
sizes was excellent and good agreements for free-
breathing (weighted kappa value 0.819) and
respiratory-triggered DWI (0.723). Qualitative image
study showed better depiction of the liver edge and
intrahepatic vessel with statistical significance in a
reviewer (Table 4) (Fig. 2).

Discussion

In the detection of hepatic lesions, the overall
sensitivity of respiratory-triggered DWI was higher
than that of free-breathing DWIfor <1 cm hepatic
lesions. Our results were consistent with already
published journals (12, 13, 17). It may be owing to
increased lesion-to-liver CNR by improved depiction of
the liver edge and intrahepatic vessel. Moreover, the
edges of other abdominal organs were also more well
demarcated on respiratory-triggered DWI, for example,
in biliary system (Fig. 3). However it inevitably
demanded a long acquisition time on respiratory-
triggered DWI. Additionally, automatically suggested
long TR sometimes provided improper image quality
with the consequence that acquisition window outlast
expiratory phase. Presumably, it resulted in low
sensitivity more lcm lesions on the review. It can be
overcome by the use of fixed limited maximum TR
which was suggested by other investigators (11).

Our results showed low value of area under the ROC
curve (Az value) and specificity of reviewerl for
respiratory-triggered DWI. Considering the higher
sensitivity of respiratory-triggered DWI, such low
diagnostic performance in terms of Az value and
specificity may be owing to increased false-positive of
respiratory-triggered DWI. In cases of focal intrahepatic
bile duct dilatation by intrahepatic stones or diffuse
peripheral intrahepatic duct dilatation associated with
Clonorchiasis sinensis infestation, there was markedly
increased lesion-to-liver CNR by increased T2 shine
through effects. This phenomenon resulted in false
positive findings in respiratory-triggered DWI
mimicking tiny hepatic cysts or lesions that demand
unnecessary efforts to characterize. They were mainly
located along portal vein branches and hilar portion.
We think that it can be easily overcome with
combinational comparison of other T2-weighted images
and contiguous survey in stacked image (16, 18).

Detection of Hepatic Lesion

However, respiratory-triggered DWI has some
demerits. The acquisition time of respiratory-triggered
DWI is longer than that of free-breathing DWI and our
methods are much longer than previous published
papers (12, 13). And sometimes respiratory-triggered
DWI gave worse image quality than free-breathing
DWI. When we met in daily practice, we reviewed the
respiratory cycle graph and discussed the cause. The
most common cause we encountered, was irregular or
shallow breathing patterns in spite of our efforts of
explanations and practices before MRI examinations.
Coughing, long examination lead time, improper
position of respiratory belt checking the movement of
abdominal wall and scaphoid abdomen also influenced
the image quality (11). The pseudo-anisotropy artifacts
were occasionally noted in respiratory-triggered DWI,
but it did not affect the interpretation or
characterization of lesion (19). As recent liver MRI with
liver -specific contrast agents such as gadoxetic acid
took long time to get hepatobiliary phase, patents
mostly get tired during latter part of the examination.
At the beginning part of the study, we acquired DWI
after hepatobiliary phase. As we adapted the sequences
toward the beginning of the dynamic study, there was
improvement. However, this study included all and
hence influenced decreased sensitivity and image
quality of respiratory-triggered DWI.

Our study has a few potential limitations. Firstly, as
in most studies dealing with focal liver lesions,
histopathologic confirmation was seldom available.
Larger than 2 cm single or two HCCs in a patient
underwent radiofrequency ablation without pathologic
confirmation according to the guidelines of AASLD and
EASL as they did not demand biopsy when CT and
MRI findings were concordant with typical imaging
features of HCC (20, 21). Obtaining histopathologic
diagnosis in all patients would be desirable, but this is
not clinically appropriate in most cases. However, a
thorough review of all MR sequences and correlation
with follow-up imaging and clinical courses may lead
to a low probability of misclassification of lesions.
Secondly, this study is a retrospective analysis of
patients undergoing MR imaging including respiratory-
triggered and free-breathing DWI. Thus, there is a
possibility of selection bias. Thirdly, this study included
too small number of malignant lesions. As the
malignant lesion has a tendency to show low or
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variable signal than the cyst on ADC map, regardless of
DWI, only reflecting the tumor character. Fourthly, we
did not compare these DWI sequences with other
sequences for the ability to detect and characterize liver
lesions because our aim was only to compare two
sequences in qualitative and quantitative aspects.
Finally, in the era of hepatobiliary agent which is
regarded as the most sensitive agent for the detection of
hepatic lesions, the usefulness of DWI in that regard
might be of concern. However, we should keep in
mind that DWI has its own advantages such as non-
contrast study and fast acquisition capability, compared
to hepatobiliary agent-enhanced MRI.

Conclusion

This study showed that respiratory-triggered DWI
was better than free-breathing DWI for hepatic imaging
because it provides higher liver SNR and lesion-to-liver
CNR and provided better focal hepatic lesion detection,
especially for smaller than 1 cm lesion. However,
because this study included too small numbers of
malignant lesions, further studies using a large scale
population should be guaranteed.
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