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Abstract
Purpose. The aim of this study was to determine the
validity of the hepatic apparent diffusion coefficient
(ADC) measurement. The influence of differences in
measured location and administration of Buscopan
(hyoscine butylbromide) for ADC were assessed.
Materials and methods. SENSE-DWI (b = 0, 500) was
obtained before and after Buscopan administration to
30 patients suspected of having a liver tumor. In this
sequence, respiration gating was employed, but cardiac
triggering was not. ADC measurement was performed in
the hepatic parenchyma of both right and left lobes in
selected slices. A statistical analysis was performed to
estimate the correlation among ADC, measured loca-
tion, Buscopan, and pulse rate. The images were visually
evaluated to categorize the subcardiac signal loss in the
left lobe.
Results. The ADC showed higher values in the left lobe
than in the right lobe in both pre- and postloaded studies
(P < 0.001). In a comparison between ADCs in the
pre- and postloaded studies, the differences were not

significant in the left lobe (P = 0.93) or the right lobe
(P = 0.41). No correlation was noted between ADCs
and the pulse rate. Visual evaluation revealed that
the subcardiac signal loss was more prominent in the
postloaded study.
Conclusion. ADC measurement of the left hepatic lobe
was far more incorrect than that of the right lobe if
cardiac gating was not employed. The administration of
Buscopan worsened the image quality of the left lobe
and made visual evaluation difficult.

Key words SENSE-DWI · ADC · Liver · Cardiac
pulsation

Introduction

Since the adoption of parallel imaging techniques such
as sensitivity encoding (SENSE), diffusion-weighted im-
aging (DWI) is increasingly being employed to image
body malignancies.1–3 The usefulness of diffusion-
weighted single shot echo planar imaging with SENSE
(SENSE-DWI) when screening for hepatic metastasis is
particularly outstanding.4

On the other hand, DWI is known to be extremely
sensitive to motion in subjects.5–7 We therefore doubt the
correctness of DWI measurements when the liver shows
significant physiological motion. During clinical image
interpretation, we often encountered a signal drop in
the lateral segment, assumed to be due to cardiac pulsa-
tion (hereinafter termed subcardiac signal loss). We
also observed that this phenomenon became more
prominent after the administration of butyl scopolamine
(Buscopan; Nihon Boehringer Ingelheim, Kawanishi,
Japan).
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In this article, we assess the influences of apparent
diffusion coefficient (ADC) measurement of hepatic pa-
renchyma by employing differences in the measured area
and administration of Buscopan. We also discuss the
clinical propriety of ADC measurement in patients with
hepatic DWI.

Materials and methods

Patient group

MR imaging of the liver was performed in 63 patients
during October 2004 at the National Cancer Center
Hospital East. Among them, the patients who did not
have any liver dysfunction in their blood sample data
and did not have any contraindications for Buscopan
were selected for the study. This study was approved by
our institutional review board, and informed consent
was obtained from all the patients. The group comprised
15 men and 15 women ranging from 38 to 78 years old
(mean 62.1 years). The aim of the magnetic resonance
(MR) examination of each patient was the following:
clinical staging of extrahepatic malignancy (15 cases),
evaluation of hepatic metastasis extent before surgery
(11 cases), and diagnosis of hepatic hemangioma (4
cases). The only preparation before the examination was
an 8-h fast. Existing daily drugs were not stopped before
the examination.

Imaging protocols

The MR apparatuses we used were a Gyroscan Intera
Master 1.5T and a SENSE body coil (Philips Medical,
Best and Heeren, The Netherlands). These apparatuses
and the sequences described below are all commercially
available and were purchased from the manufacturer as
Release 9. The following imaging sequence was obtained
before and after administration of Buscopan: diffusion-
weighted single-shot echo planar imaging with SENSE
(SENSE-DWI) [TR/TE = 1600/73, b-factor = 0, 500s/
mm2, spectral presaturation with inversion recovery
(SPIR) for fat suppression, matrix size 256 × 97, half
scan factor 0.693, reduction factor of SENSE 2.0, field of
view (FOV) 35 × 28cm, number of excitations 5, slice
thickness/gap 7 mm/1mm, 22 axial slices, respiration
trigger, mean actual scan time 2–3 min]. This is the
sequence used in our institution. The imaging para-
meters were determined to balance the image quality
and diffusion contrast. Therefore, this sequence was not
optimized to measure the ADC.

Motion-probing gradient (MPG) pulses were placed
along the three (X, Y, Z) axes. The image series in which

the MPG pulse was placed along each direction were
called DWI-X, DWI-Y, and DWI-Z, respectively. Dur-
ing image interpretation, we used only the trace images
synthesized from the three images in which the MPG
pulses were placed in each direction. The slice thickness,
gap, and FOV were occasionally changed depending on
the size of the liver so the whole liver was covered.

Buscopan (20mg per body, diluted threefold with
physiological saline) was administered intravenously af-
ter the preloaded images had been obtained. Drug injec-
tion was performed using a power injector (Sonic Shot
50; Nemoto Kyorindo, Tokyo, Japan) and took pre-
cisely 30s. During the examination, pulse rates were con-
stantly monitored using a peripheral pulse sensor linked
to the MR apparatus. The postloaded images were
started after the pulse rate reached a plateau. The mean
pulse rates during each image acquisition were obtained
by averaging the pulse rates at the beginning and the end
of each image acquisition.

Imaging analysis

Based on mutual agreement, two diagnostic radiologists
selected slices for evaluation from the obtained images.
Three contiguous slices were chosen for evaluation from
each patient; the slices were close to the diaphragm, and
no partial volume effects were observed in either the
right or the left lobe. The reason only three slices were
chosen was the individual differences in the craniocaudal
length of the lateral segment. In the thinnest lateral seg-
ment, only three slices could be selected. To match the
anatomical slice levels of selected images between the
pre- and postloaded images, respiratory misregistration
was corrected by the two aforementioned radiologists
based on mutual agreement.

The ADCs of hepatic parenchyma were measured in
both the right and left lobe on ADC maps generated by
the two-point method in each selected slice.8 The meth-
ods used for generating the region of interest (ROI) are
described below.

1. Initially, the two aforementioned radiologists com-
pared DWI-X, DWI-Y, and DWI-Z with T2-EPI
(b = 0) and confirmed the presence or absence of
anatomical misregistration. If the misregistration was
verified, the patient was excluded from this study.

2. ROIs generated on T2-EPI were copied and pasted
onto ADC maps of the pre- and postloaded studies.
(For this procedure, we used the “copy to temp/copy
from temp” function that was included in the MR
apparatus.)

3. To avoid the influence of the partial volume effect, a
1-cm margin of the liver was excluded from the ROI.
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4. The ROI was set as large as possible in each lobe of
each slice. Thin structures (containing lesions) mea-
suring less than 1cm were included in the ROI. How-
ever, large structures measuring 1cm or more were
excluded.

The aforementioned radiologists performed a visual
evaluation of each selected image based on mutual
agreement. They classified the grades of subcardiac sig-
nal loss into three categories according to the following
criteria.

Grade 1: no subcardiac signal loss in the left lobe.
Grade 2: slight subcardiac signal loss partially or gener-

ally seen in the left lobe; however, the margin of the
left lobe could be clearly identified.

Grade 3: significant subcardiac signal loss partially or
generally seen in the left lobe, with the margin of the
left lobe not observable due to the artifact.

Statistical analysis

The obtained ADCs were divided into four groups: (1)
ADCs of the left lobe in the preloaded study; (2) ADCs
of the right lobe in the pre-loaded study; (3) ADCs of the
left lobe in the pos-loaded study; and (4) ADCs of the
right lobe in the postloaded study. Statistical analyses
were made between the corresponding slices of (1) and
(2), (3) and (4), (1) and (3), and (2) and (4) using the
Wilcoxon’s paired signed rank test.

Mean ADCs of right and left lobes were obtained by
averaging the ADCs of the selected slices from each
patient in each study. These mean ADCs represented the
ADC of each hepatic lobe of each patient at each pulse
rate, and the correlations between these mean ADCs and
pulse rates were calculated by univariate linear regres-
sion analysis and expressed using Pearson’s correlation
coefficient. The following four issues were evaluated: (1)
mean ADCs of the left lobe in the preloaded study and
pulse rate, (2) mean ADCs of the right lobe in the
preloaded study and pulse rate, (3) mean ADCs of the
left lobe in the postloaded study and pulse rate, and (4)
mean ADCs of the right lobe in the postloaded study
and pulse rate.

As can be easily surmised, the ADC measurements of
the upper abdominal organs were inaccurate, and the
hepatic ADCs were scattered not only among patients
but also among slices from a single patient. Thus, the
interslice scattering of ADCs in each lobe and each study
was evaluated. The values between the maximum and
minimum ADC of the each hepatic lobe were calculated
and compared for each study and each patient. This
interslice ADC value was statistically evaluated using
Wilcoxon’s paired signed rank test.

Concerning the visual evaluation, the Wilcoxon
paired signed rank test was used to assess the difference
in the corresponding grades of the pre- and postloaded
studies.

The StatMate III package for Windows was used to
carry out the aforementioned analyses.

Results

In the comparison of DWI-X, DWI-Y, DWI-Z, and T2-
EPI, there was no overt misregistration of the anatomi-
cal slice level for each patient. Therefore, all candidates
could be included into the study. The pulse rates of the
preloaded study ranged from 50 to 101/min (mean 68.9/
min), and those of the postloaded study ranged from 76
to 125/min (mean 103.0/min).

The ADC measurement results are summarized in
Fig. 1. The ADCs (mean ± SD (×10−3 mm2/s) of groups
1–4 mentioned earlier were 2.69 ± 0.20 (left lobe,
preloaded), 1.98 ± 0.40 (right lobe, preloaded), 2.89 ±
0.46 (left lobe, postloaded), and 2.03 ± 0.44 (right lobe,
postloaded). The statistical analysis revealed significant
differences between the preloaded ADCs of the left
lobe and the right lobe (P < 0.001) and between the

Fig. 1. Correlation among apparent diffusion coefficient (ADC),
measured location, and Buscopan administration. The ADCs of
the left lobe show statistically higher values than those of the right
lobe both in the preloaded and postloaded study (P < 0.001).
However, the statistical analysis reveals that the differences
between the preloaded ADCs and postloaded ADCs in both left
and right lobes were not significant (P = 0.096 and P = 410,
respectively)
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postloaded ADCs of the left lobe and the right lobe (P <
0.001). The differences between the right lobe ADCs in
the pre- and postloaded studies and between the left lobe
ADCs in the pre- and postloaded studies were not statis-
tically significant (P = 0.41 and P = 0.093, respectively).
Moreover, the mean ADCs of the left and right lobes in
each patient did not show a clear correlation with the
corresponding pulse rates (Fig. 2).

The mean (×10−3 mm2/s) interslice ADC values were
0.44 ± 0.27 in the left lobe in the preloaded study, 0.25 ±
0.19 in the right lobe in the preloaded study, 0.48 ± 0.22
in the left lobe in the postloaded study, and 0.27 ± 0.19 in
the right lobe in the postloaded study. The difference
between the values in the left and right lobes was statis-
tically significant in both the pre- and postloaded studies
(P = 0.006 and P < 0.001, respectively). On the other
hand, the difference between the values of the pre- and
postloaded studies was not significant in the left lobe
or the right lobe (P = 0.19 and P = 0.44, respectively)
(Table 1).

In visual evaluations, the left lobe showed a tendency
to display a lower signal than the right lobe. This finding
became more prominent in the postloaded images (Fig.
3). The grades of subcardiac signal loss in the postloaded
images were significantly lower than the grades for the
preloaded images (P < 0.001). Among the preloaded
images, 33 slices were categorized as grade 1, with 45 and
12 slices grouped into grades 2 and 3, respectively. In
contrast, in the postloaded images grades 1, 2, and 3
included 11, 39, and 40 slices, respectively (Table 2).

Discussion

Some authors have reported that malignant hepatic
tumors have lower ADCs than benign lesions.9,10

0

1

2

3

4

40 60 80 100 120 140

ADC (x10-3 mm2/sec)

Pulse rate (/min)

Y=2.690+0.000X
P=0.99

0

1

2

3

4

40 60 80 100 120 140

ADC (x10-3 mm2/sec)

Pulse rate (/min)

Y=1.729+0.004X
P=0.53

0

1

2

3

4

40 60 80 100 120 140

ADC (x10-3 mm2/sec)

Pulse rate (/min)

Y=2.208+0.006X
P=0.237

0

1

2

3

4

40 60 80 100 120 140

ADC (x10-3 mm2/sec)

Pulse rate (/min)

Y=2.293-0.003X
P=0.656

A

B

C

D

Fig. 2. Correlation between mean ADCs and pulse rates of each
lobe in the pre- and postloaded study. The univariate linear regres-
sion analysis and Pearson’s correlation coefficient reveal that the
mean ADCs of the left and right lobes in each patient do not show
a clear correlation with the corresponding pulse rates

Table 2. Visual evaluation of subcardiac signal loss in the left lobe

Condition Grade 1 Grade 2 Grade 3

Preloaded 33 45 12
Postloaded 11 38 41

P < 0.001

Table 1. Interslice remainder of ADC in each lobe and each study

Condition Left lobe Right lobe

Preloaded *** 0.44 ± 0.27 0.25 ± 0.19 ****

Postloaded 0.48 ± 0.22 0.27 ± 0.19

Results are give as the number × 10−3 mm2/s
* P = 0.006; ** P < 0.001; ***P = 0.19; **** P = 0.44

*

**
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revealed in this study: (1) the subcardiac signal loss was
more significant in postloaded images than in preloaded
images, and (2) the influence of Buscopan was far stron-
ger in the left lobe than the right lobe when the images
were evaluated visually.

Our study also revealed that the influence of
Buscopan on ADC measurement was not statistically
significant, and there was no clear correlation between
the left lobe ADC and the pulse rate. At first glance,
these findings were inconsistent with the assumption
mentioned in the previous paragraph. Theoretically, the
left lobe ADC should rise with a faster pulse rate (more
specifically, as the diastolic phase shortens). This contra-
diction is probably due to the influence of anatomical
factors being too strong to mask the slight difference in
pulse rate. However, during the actual image interpreta-
tion, image quality aggravation in the left lobe was obvi-
ous on the images after Buscopan administration.

Generally speaking, the diastolic phase in normal
adults at rest is about 400 ms.11,12 The duration of the
binary MPG pulses (the time between the start of the
first MPG pulse and the end of the second one) in
the MR apparatus we used in this study was 60 ms.
Therefore, it is theoretically possible to place the MPG
pulses and EPI data acquisition during the diastolic
phase using cardiac triggering. However, in practice, it is
difficult to perform whole-liver DWI that satisfies the
aforementioned preconditions with the simultaneous use
of respiration gating and cardiac triggering. These are
the reasons we set the number of excitations of SENSE-
DWI to five. With an increased number of excitations,
the probability of data acquisition during the diastolic
phase would increase. However, the study revealed that
our method did not have sufficient quality to measure
correct ADCs in the left lobe.

During the visual evaluation, 79 of 90 slices were
categorized as grade 1 or 2 in the preloaded study. In our
postloaded study, however, only 40 of 90 slices were
categorized as grade 1 or 2. We have empirically arrived
at the knowledge that interpretation of hepatic DWI
with slight signal loss is not difficult for trained diagnos-
tic radiologists, provided the margin of the left lobe is
visible. The high degree of compensating ability that is
characteristic of the eyes and brains of humans is what
enables this interpretative process. The image quality
of the left lobe was thus assumed to be comparatively
satisfactory for actual image interpretation, provided
Buscopan was not used. We are unable to reach a final
conclusion about this issue, however, because the study
was not aimed at assessing the detectability of actual
hepatic lesions. Despite this, the practical use of hepatic
DWI without cardiac triggering is feasible in clinical
scenarios based on the premise that the visual evaluation

Fig. 3. A T2-weighted turbo spin echo (T2-TSE) (TR/TE 4468/90).
B Preloaded T2-weighted echoplanar image with sensitivity encod-
ing (SENSE-EPI) (TR/TE 1600/73, b = 0). C Postloaded  SENSE-
EPI (TR/TE 1600/73, b = 0). D Preloaded diffusion weighted image
with SENSE (SENSE-DWI) (TR/TE 1600/73, b = 500). E
Postloaded SENSE-DWI (TR/TE 1600/73, b = 500). F Preloaded
ADC map. G Postloaded ADC map. The patient was a 56-year-
old man with multiple liver metastases from colorectal cancer.
Two metastatic tumors (arrows) are noted in the lateral and poste-
rior segments. They show slightly more hyperintense signal than
surrounding hepatic parenchyma both on T2-TSE (A), preloaded
SENSE-EPI (B) and postloaded SENSE-EPI (C) (arrows). No
clear differences can be pointed out between pre- and postloaded
SENSE-EPIs. On the preloaded SENSE-DWI (D), these two me-
tastases show more prominent signal and become more easily
pointed out as compared with those on T2-TSE and SENSE-EPI.
Note the signal drop of the lateral segment. This finding is the
subcardiac signal loss. The margin of the lateral segment is indi-
cated (arrowheads). Therefore, this artifact is classified as grade 2.
On the other hand, the subcardiac signal loss becomes more
significant on postloaded SENSE-DWI (E). The margin of the
lateral segment is hardly seen (arrowheads). Therefore, this image
is classified as grade 3. The metastasis in the lateral segment shows
obviously lower signal than the lesion in the posterior segment in
E. The results of ADC measurement in F and G are seen in the
following; preloaded left lobe 2.95, preloaded right lobe 2.08,
preloaded lateral segment tumor 1.26, preloaded posterior seg-
ment tumor 0.79, postloaded left lobe 3.76, postloaded right lobe
2.45, pos-loaded lateral segment tumor 2.91, and postloaded pos-
terior segment tumor 0.95
�

Accordingly, ADC measurements are believed to have
good potential for differentiating hepatic tumors. On the
other hand, the correctness of ADC measurements in the
liver has been in doubt because DWI is theoretically
extremely sensitive to movement. MPG pulses, which
bring specific contrast in DWI, suppress the signals of all
moving proton with dephasing, including both diffusion
phenomena and physiological motion. Therefore, the
influence of physiological motion may appear as signal
loss in diffusion-weighted images. For example, Murtz
and her colleagues reported that cardiac gating with a
discretely examined delay time was necessary for correct
ADC measurement in the left hepatic lobes.7 On the
other hand, some authors have reported the feasibility of
body DWI with the patient’s breathing not restricted;
however, this method has not yet been verified to be
clinically useful.3

The ADC differences between the left and right lobes
shown in this study are presumed to be due to the influ-
ence of cardiac motion, not histopathological differences
in the measured hepatic parenchyma. The left lobe,
which is located just below the heart, is probably shaken
or distorted by cardiac motion during the systolic phase.
Therefore, the MPG pulse used during the systolic phase
depresses the signal of the left lobe to below normal
values. This assumption supports the following findings
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methods are established and that we do not rely entirely
on ADC measurement.

This study had some limitations. The ADC measure-
ment in the upper abdominal organs was far more incor-
rect than that in the brain. The hepatic ADCs measured
in this study were markedly scattering not only between
lobes but also among the slices from each patient. There-
fore, repeated measurements and averaging of the ADCs
were necessary for correct evaluation of the hepatic pa-
renchyma.7 The method performed in this study was
different from the ideal one. The b-factor selected in our
study was too low to obtain precise ADCs. However, the
aim of this study was not to measure the correct ADC of
hepatic parenchyma but to demonstrate the difficulty of
correctly measuring ADCs in the left lobe and the unfa-
vorable influence of Buscopan administration. Probably
the phenomenon described herein is always observed
with any abdominal DWI without cardiac triggering
despite the value assigned to the b factor.

Conclusions

The ADCs of the left lobe were higher than those of the
right lobe, and Buscopan administration enhanced this
difference. We assume that this phenomenon is due to
cardiac pulsation. For hepatic DWI without cardiac
triggering, therefore, the visual evaluation needs to be
given priority over ADC measurement.
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