
 http://acr.sagepub.com/
Acta Radiologica

 http://acr.sagepub.com/content/51/1/78
The online version of this article can be found at:

 
DOI: 10.3109/02841850903350178

 2010 51: 78Acta Radiol
Biao Huang, Chang-Hong Liang, Hong-Jun Liu, Guang-Yi Wang and Shui-Xing Zhang

high-relaxivity contrast agents
Low-dose contrast-enhanced magnetic resonance imaging of brain metastases at 3.0t using

 
 

Published by:

 http://www.sagepublications.com

On behalf of:
 

 Nordic Society of Medical Radiology

 can be found at:Acta RadiologicaAdditional services and information for 
 
 
 

 
 http://acr.sagepub.com/cgi/alertsEmail Alerts: 

 

 http://acr.sagepub.com/subscriptionsSubscriptions:  

 http://www.sagepub.com/journalsReprints.navReprints: 
 

 http://www.sagepub.com/journalsPermissions.navPermissions: 
 

 What is This?
 

- Feb 1, 2010Version of Record >> 

 at JOHNS HOPKINS UNIVERSITY on June 10, 2014acr.sagepub.comDownloaded from  at JOHNS HOPKINS UNIVERSITY on June 10, 2014acr.sagepub.comDownloaded from 

http://acr.sagepub.com/
http://acr.sagepub.com/content/51/1/78
http://www.sagepublications.com
http://nordicradiology.eu/
http://acr.sagepub.com/cgi/alerts
http://acr.sagepub.com/subscriptions
http://www.sagepub.com/journalsReprints.nav
http://www.sagepub.com/journalsPermissions.nav
http://acr.sagepub.com/content/51/1/78.full.pdf
http://online.sagepub.com/site/sphelp/vorhelp.xhtml
http://acr.sagepub.com/
http://acr.sagepub.com/


DOI 10.3109/02841850903350178 © 2010 Informa UK Ltd. (Informa Healthcare, Taylor & Francis AS)

ACTA RADIOLOGICA

Low-dose contrast-enhanced magnetic resonance imaging of brain metastases 

at 3.0T using high-relaxivity contrast agents

BIAO HUANG, CHANG-HONG LIANG, HONG-JUN LIU, GUANG-YI WANG & SHUI-XING ZHANG

Department of Radiology, Guangdong General Hospital, Guangdong Academy of Medical Sciences, Guangzhou, 
Guangdong, China

Background: Lesion-to-brain contrast after gadolinium administration is signifi cantly higher 
at 3.0 Tesla (T) compared to 1.5T. The high in vivo relaxivity of gadobenate dimeglumine 
(Gd-BOPTA) may permit the use of lower-dose contrast agents.
Purpose: To investigate whether low-dose contrast-enhanced MRI at 3.0T using a 
high-relaxivity contrast agent (Gd-BOPTA) can achieve a comparable or improved 
contrast-to-noise ratio (CNR) for the detection of brain metastases compared with exami-
nation of the same patient at 1.5T using a standard dose of gadopentetate dimeglumine 
(Gd-DTPA). 
Material and Methods: A total of 18 patients with known brain metastases were fi rst imaged 
at 1.5T with 0.1 mmol/kg Gd-DTPA. Patients returned at least 24 hours later for imaging at 
3.0T with Gd-BOPTA at cumulative doses of 0.025 mmol/kg, 0.05 mmol/kg, 0.075 mmol/kg, 
and 0.1 mmol/kg (0.1 mmol/kg body weight overall). The CNR of enhancing brain lesions 
compared to the normal contralateral white matter was calculated. For the 3.0T study using 
different cumulative doses of Gd-BOPTA, the CNR of lesions was compared with CNR of the 
same lesions imaged at 1.5T using 0.1 mmol/kg Gd-DTPA, by using the Wilcoxon matched-
pairs signed-rank test. 
Results: At 1.5T with 0.1 mmol/kg Gd-DTPA, the mean CNR between enhanced lesions and 
cerebral white matter was 12.01 � 2.53. With 3.0T imaging using different cumulative doses 
of Gd-BOPTA, the mean CNRs were 7.19 � 4.06, 15.31 � 6.37, 25.44 � 11.02, and 31.88 � 
13.21. At 3.0T with 0.05 mmol/kg Gd-BOPTA, CNR was 1.34-fold higher compared to CNR 
at 1.5T with 0.1 mmol/kg Gd-DTPA (P �0.01). 
Conclusion: Comparable contrast enhancement of brain metastases can be achieved with a 
0.05-mmol/kg dose of Gd-BOPTA at 3.0T compared to imaging at 1.5T using 0.1 mmol/kg 
Gd-DTPA.
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In patients with known or clinically suspected brain 
metastases, gadolinium-based contrast-enhanced  mag-
netic resonance imaging (MRI) is accepted as the most 
sensitive method of detection. The standard dose of 
contrast for 1.5T MR imaging systems is 0.1 mmol/
kg body weight (1, 2). It has been shown that greater 
sensitivity can be achieved when higher doses, up to 
0.3 mmol/kg gadolinium, are administered (3–5). 
However, the use of a higher dose of contrast medium 
not only increases the potential side effects, but also 
represents a substantial increase in cost, compared to a 
standard 0.1 mmol/kg dose. 

The number of 3.0T systems in clinical settings has 
been increasing in recent years. One major advantage 
of high-fi eld imaging is improvement in the signal-to-
noise ratio (SNR) compared with 1.5T imaging (6). The 
increased SNR leads to a higher contrast-to-noise ratio 
(CNR) between enhancing and non-enhancing tissues. 
In addition, with the longer baseline relaxation times 
brought about by the higher magnetic fi eld strength, 
the T1-shortening effect of Gd-based contrast agents 
should be greater and the contrast enhancement of the 
lesions on T1-weighted images should generally be 
stronger at 3.0T than they are at 1.5T (7). Thus, one can 
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expect that MRI at 3.0T can offer better lesion contrast 
enhancement and improved CNRs even with a lower 
dose of contrast agent. 

In recent years, gadobenate dimeglumine (Gd-BOPTA, 
MultiHance; Bracco Imaging, Milan, Italy), which 
was initially designed for liver imaging, has become 
available for central nervous system (CNS) imaging. It 
has a substantially higher T1 relaxivity in blood due to its 
capacity for weak, transient interaction with serum pro-
teins, principally albumin (8, 9). It has been reported in 
a prospective study (10) that the use of doses lower than 
0.1 mmol/kg of GD-BOPTA at 1.5T is suffi cient for the 
detection of brain metastases. It is unclear to what extent 
the high-relaxivity contrast agents impact the diagnostic 
benefi ts at 3.0T. The purpose of this study was to inves-
tigate whether a low dose of a high-relaxivity contrast 
agent (Gd-BOPTA) at 3.0T could achieve comparable or 
possibly improved CNR of brain metastases compared 
with a 1.5T examination in the same patient using 0.1 
mmol/kg of gadopentetate dimeglumine (Gd-DTPA). 

Material and Methods

Our study received institutional review board approval 
prior to implementation. Informed consent was 
obtained from all patients. From June 2007 to April 
2008, patients with malignant tumors outside the CNS 
underwent MRI examinations to detect brain metas-
tases using a 1.5T system with a standard dose of 
0.1 mmol/kg of Gd-DTPA (Magnevist; Bayer Schering 
Pharma, Berlin, Germany). If more than one metastatic 
lesion was found in the brain parenchyma, the patient was 
asked to return for additional contrast-enhanced MRI at 
3.0T with the high-relaxivity agent Gd-BOPTA. Patients 
were asked to enroll only if they were not to undergo 
radiation therapy or surgery, and were ready to return for 
one additional contrast-enhanced MRI study on a sepa-
rate day. Eighteen patients (14 men and four women) met 
the entrance criteria and were enrolled in the study. All 
had histologically confi rmed lung carcinoma. The mean 
patient age was 60 years (age range: 46–77 years). 

All studies were performed using a clinical 1.5T 
MRI whole-body imaging unit (Signa Excite HD 1.5 T; 
GE Healthcare, Milwaukee, Wisc., USA) with a peak 
gradient strength of 40 mT/m and a 3.0T MRI (Signa 
Excite HD 3.0 T; GE Healthcare, Milwaukee, Wisc., USA) 
with a peak gradient strength of 50 mT/m. Birdcage 
head coils were used with both units. In addition, both 
units were equipped with actively shielded gradient 
systems (slew rate 150 mT/m/ms). The fi rst examina-
tion at 1.5T and the second one at 3.0T were performed 
at least 24 hours apart (range: 24 to 46 hours).

At 1.5T, we used a series of standard MR pulse 
sequences that are routinely used at our hospital, 

including fast spin-echo (FSE) T2-weighted imaging 
in the sagittal plane with 3-mm section thickness, fol-
lowed by FSE T2-weighted imaging, spin-echo (SE) 
T1-weighted imaging, and fl uid-attenuated inversion 
recovery (FLAIR) imaging in the transverse plane. 
After contrast material administration, SE T1-weighted 
images were acquired in the transverse, coronal, and 
sagittal planes. All images in the transverse plane were 
parallel to the anterior commissure–posterior commis-
sure line on the sagittal T2-weighted images. The SE 
T1-weighted sequence parameters included a repetition 
time (TR) of 500 ms and an echo time (TE) of 12 ms, a 
fi eld of view of 230 mm, a 256�205 matrix, a section 
thickness of 5 mm, an intersection gap of 1 mm, and a 
bandwidth of 31.25 Hz/pixel.

The contrast agent Gd-DTPA was administered intra-
venously using a power injector (Spectris MR Injection 
System; Medrad, Indianola, Pa., USA) at a fl ow rate of 
2 ml/s. Image acquisition was started 1 min after the 
end of contrast injection. 

At 3.0T MRI, FSE T2-weighted images were acquired 
in the sagittal plane and SE T1-weighted images were 
acquired in the transverse plane, followed by contrast-
enhanced SE T1-weighted images in the transverse 
plane. Parameters that defi ned image geometry (e.g., 
thickness, number of sections, matrix) were identical 
to those used for the 1.5T setting. For SE T1-weighted 
images, the same TR/TE (500/12 ms) and same band-
width that were used for the 1.5T system were used 
for the 3.0T system. The transverse planar images 
were parallel to the anterior commissure–posterior 
commissure line on the sagittal T2-weighted images 
to ensure that the sections in each patient covered 
the same anatomical structures as closely as possible. 
Gd-BOPTA was injected manually using a 5-ml injector. 
Cumulative doses of 0.025 mmol/kg, 0.05 mmol/kg, 
0.075 mmol/kg, and 0.1 mmol/kg (0.1 mmol/kg body 
weight overall) were given at 5-min intervals over a 
total period of 20 min. SE T1-weighted images in the 
transverse plane were acquired 1 min after the end of 
each injection.

Image sets were transferred to the postprocessing 
unit. Images from the two studies performed in each 
patient were loaded onto the screen. All images were 
reviewed independently by two neuroradiologists 
(H.-J.L., G.-Y.W.) on a digital picture archiving and 
communication (PACS) workstation (Centricity; GE 
Healthcare, Milwaukee, Wisc., USA). The Gd-DTPA-
enhanced images (1.5T) were reviewed fi rst, followed 
by Gd-BOPTA-enhanced images (3.0T) at different 
doses in random order. The readers were blinded to the 
various Gd-BOPTA doses. Images were viewed with 
standardized window settings (window level of 1000 
HU and window width of 1200 HU). Each postcontrast 
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image obtained using the 3.0T unit was compared with 
the corresponding enhanced image obtained with the 
1.5T unit in terms of lesion detection and confi dence 
for lesion detection. Confi dence was evaluated on the 
basis of a three-point scale: 1 � Gd-BOPTA provided 
worse confi dence in terms of lesion detectability; 
2 � Gd-BOPTA provided equal confi dence in terms 
of lesion detectability; and 3 � Gd-BOPTA provided 
better confi dence in terms of lesion detectability. 

Throughout the study, regions of interest (ROIs) 
were 15–20 mm2 in area and were manually placed 
by the same author. ROIs were manually placed to 
select contrast-enhanced tumor tissue and contralateral 
normal-appearing white matter. To assess background 
noise, ROIs of the same size were always placed in the 
same area of ghosting-free image background. Signal 
intensity and noise values were used to calculate the 
SNR. To determine CNR of enhancing lesions, the 
SNR of the contralateral normal-appearing frontal 
white matter (SNR

WM
) was subtracted from the SNR 

of contrast-enhanced lesions (SNR
L
) with use of the 

following equation:

CNR
L/WM 

� SNR
L
 – SNR

WM

where CNR
L/WM

 is the CNR between enhancing lesions 
and cerebral white matter. For each of the 18 patients, 
the CNR

L/WM
 was calculated for the study performed 

at 3.0T with a specifi c cumulative dose of Gd-BOPTA 
(0.025 mmol/kg, 0.05 mmol/kg, 0.075 mmol/kg, or 
0.1 mmol/kg) and for the study performed at 1.5T 
with 0.1 mmol/kg Gd-DTPA. The median and average 
values of the fi ve independent CNR calculations were 
determined. 

The relative CNR (rCNR) was calculated in order 
to quantify the effect of Gd-BOPTA and higher mag-
netic fi eld strength on lesion-to-brain CNR for each 
patient. The ratio represents each patient’s CNR 
between enhancing lesions and normal-appearing cere-
bral white matter at 3.0T using Gd-BOPTA relative 
to the same patient’s CNR between enhancing lesions 
and normal-appearing cerebral white matter at 1.5T 
using contrast GD-DTPA, according to the following 
equation: 

rCNR � CNR
L/WM3.0T

 ÷ CNR
L/WM1.5T

.

Statistical analysis was performed using SPSS soft-
ware (version 10.0.1; SPSS Inc., Chicago, Ill., USA). 
The Wilcoxon matched-pairs signed-rank test was used 
to test the distribution of CNR for individual lesions 
obtained with the 3.0T unit with cumulative doses of 
0.025 mmol/kg, 0.05 mmol/kg, 0.075 mmol/kg, and 
0.1 mmol/kg of Gd-BOPTA as compared with those 
obtained with the 1.5T unit with 0.1 ml/kg Gd-DTPA. 

A P value of �0.05 indicated a statistically signifi cant 
difference. 

Results

Among the 18 patients, lesion conspicuity was rated 
highest on images obtained at 3.0T with 0.1 mmol/kg 
Gd-BOPTA (median score, 3), whereas conspicuity on 
images obtained at 3.0T with cumulative doses of 0.05 
mmol/kg and 0.075 mmol/kg Gd-BOPTA was rated 
as equivalent to that obtained at 1.5T with Gd-DTPA 
(median score, 2). Lesion conspicuity was rated lowest 
on images obtained at 3.0T with 0.025 mmol/kg Gd-
BOPTA (median score, 1) (Fig. 1). For images acquired 
with 0.025 mmol/kg and 0.05 mmol/kg Gd-BOPTA at 
3.0T, no increase in number of lesions was identifi ed 
by the two readers as compared with images enhanced 
with Gd-DTPA at 1.5T. There was an increase in the 
number of lesions identifi ed at 3.0T with 0.075 ml/kg 
Gd-BOPTA compared with images enhanced with 
Gd-DTPA at 1.5T (Fig. 2) in three patients (17%), as 
graded by both assessor 1 and 2. In addition, for images 
acquired with a 0.1-ml/kg dose of Gd-BOPTA at 3.0T, 
there was an increase in the number of lesions identi-
fi ed compared with images enhanced with Gd-DTPA 
at 1.5T in four patients (22%) as graded by assessor 1, 
and three patients (17%) as graded by assessor 2.  

For imaging at 1.5T with standard 0.1 ml/kg 
Gd-DTPA, the median CNR between enhancing lesions 
and normal-appearing contralateral cerebral white matter 
was 12.17, with a mean of 12.01 � 2.53. In comparison, 
for the 3.0T imaging with cumulative Gd-BOPTA doses 
of 0.025 mmol/kg, 0.05 mmol/kg, 0.075 mmol/kg, and 
0.10 mmol/kg, the median CNR was 8.2, 17.0, 36.0, and 
38.0, respectively. The corresponding mean values were 
7.19 � 4.06, 15.31 � 6.37, 25.44 � 11.02, and 31.88 � 
13.21, respectively (Table 1).

The 3.0T imaging with 0.025 mmol/kg Gd-BOPTA 
showed a decrease in CNR between enhancing lesions 
and contralateral normal-appearing cerebral white matter 
compared with 1.5T studies using 0.1 mmol/kg Gd-
DTPA. The median rCNR was 0.60, with a mean of 0.58 � 
0.31 (P �0.001, Wilcoxon signed-rank test). However, 
changes in CNR increased with cumulative Gd-BOPTA 
doses of 0.05 mmol/kg, 0.075 mmol/kg, and 0.10 mmol/
kg. The corresponding median rCNRs were 1.34, 2.13, 
and 2.73, respectively, and the corresponding means 
were 1.22 � 0.37 (P �0.01), 2.10 � 0.73 (P �0.001), 
and 2.60 � 0.76 (P �0.001), respectively (Table 2).

Discussion

Metastases are among the most common brain 
neoplasms, accounting for nearly 37% of all adult 
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Fig. 1. Transverse T1-weighted SE MR images (500/12 ms) obtained in a 60-year-old woman with brain metastases from primary lung cancer. A. 
Image acquired at 1.5T with 0.1 mmol/kg Gd-DPTA. B–E. Images acquired at 3.0T with cumulative Gd-BOPTA doses of 0.025 mmol/kg, 0.05 mmol/
kg, 0.075 mmol/kg, and 0.1 mmol/kg, respectively. Compared with 1A, lesion enhancement is poor in 1B. However, enhancement in 1C is comparable 
with that in 1A. Improved lesion conspicuity is apparent in 1D, with even greater lesion conspicuity in 1E.

brain tumors (11). This rapidly growing incidence is 
likely due to the growing effectiveness of therapies 
for primary malignant tumors and improved detection 
with new CNS imaging modalities (12). The standard 

dose of contrast is 0.1 mmol/kg for detection of brain 
metastases on a 1.5T MR imaging system (1). Our 
study demonstrated that a lower dose (0.05 mmol/kg) of 
Gd-BOPTA at 3.0T can achieve higher CNR for 
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Fig. 2. Transverse T1-weighted SE MR images (500/12 ms) obtained in a 69-year-old man with primary lung cancer. A. Image acquired at 1.5T with 
0.1 mmol/kg Gd-DPTA. B–E. Images acquired at 3.0T with cumulative Gd-BOPTA doses of 0.025 mmol/kg, 0.05 mmol/kg, 0.075 mmol/kg, and 0.1 
mmol/kg, respectively. Note that a small enhancing lesion can be seen in the left frontal lobe in 2A, 2C, 2D, and 2E (arrowhead), but an additional 
small enhancing lesion can only be seen in 2E (arrow).

patients with brain metastases compared to an exami-
nation using 0.1 mmol/kg Gd-DTPA at 1.5T, with a 
median rCNR of 1.34 (P �0.01). A lower dose of con-
trast material can also be considered benefi cial in terms 
of patient acceptability, because a lower injection dose 

is likely to result in fewer side effects compared to a 
higher dose. 

Currently, several gadolinium-based MRI con-
trast agents are used to image the CNS, and there 
are several differences among these agents. Agents 
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For Gd-DPTA, the R1  relaxivity was 3.9 l·mmol-1·s-1 
for both 1.5T and 3.0T. The high R1 relaxivity for Gd-
BOPTA may be expected to lower the overall dose nec-
essary for scanning compared with the 0.1-mmol/kg dose 
commonly used with Gd-DTPA.

One of the main features of MRI at 3.0T is the general 
gain in SNR compared with that at lower fi eld strengths. 
Accordingly, signal intensity changes caused by con-
trast enhancement observable on T1-weighted images 
should generally be stronger at 3.0T than they are at 
1.5T (6, 7). In our study, a dose of 0.05 mmol/kg Gd-
BOPTA not only signifi cantly improved the sensitivity 
for lesion detection compared to unenhanced 3.0T MRI, 
but also can be considered equivalent to 0.01 mmol/kg 
Gd-DTPA at 1.5T in terms of contrast enhancement and 
diagnostic effi cacy. However, a dose of 0.1 mmol/kg of 
Gd-BOPTA at 3.0T could provide even greater improve-
ment in lesion detection, delineation, and conspicuity. 

With 1.5T MR imaging as a reference standard, 
KRAUTMACHER et al. (17) investigated the effect of 
different doses of Gd-DTPA on CNR at 3.0T in 
patients with primary and secondary brain tumors, 
and showed that CNR increased more than twofold 
at 3.0T compared with 1.5T imaging, with a median 
relative CNR of 2.8. Moreover, even with half the 
dose of contrast agent, the CNR at 3.0T was signifi -
cantly higher (ratio of change in CNR with half dose, 
median, 1.3 fold) compared with the same patient’s 
examination at 1.5T. The changes in CNR between 
1.5T and 3.0T were similar to those found by KRAUT-
MACHER et al., although KRAUTMACHER’s group used 
Gd-DTPA at both fi eld strengths. Compared with 
their study, no better CNR improvements were 
observed in our study. This may be explained by the 
fact that our study lesions were comprised only of 
brain metastases, whereas the patients in KRAUT-
MACHER’s group consisted of both primary and sec-
ondary brain tumors. It was confi rmed in a rat glioma 
study that Gd-BOPTA is superior to Gd-DTPA in 
neurologic imaging at 3.0T, and that Gd-BOPTA can 
provide signifi cantly higher CNR at 3.0T compared 
with 1.5T (18). Recently, a study was conducted to 
confi rm that qualitative and quantitative depiction 
of brain lesions at 3.0T was signifi cantly improved 
using 0.1 mmol/kg Gd-BOPTA compared to brain 
imaging with Gd-DTPA at equivalent doses (19). 

It was also demonstrated that studies performed at 1.5T 
with a cumulative contrast dose of 0.3 mmol/kg gadot-
eridol allowed detection of additional brain metastases in 
approximately 20% of patients. Although they detected 
highly signifi cant differences in small lesions, there was 
no difference in detection rate for lesions larger than 10 
mm (20, 21). Our data showed that using 0.05 mmol/
kg Gd-BOPTA at 3.0T produced results similar to those 

considered “fi rst generation” include Magnevist 
(Gd-DTPA; Bayer), ProHance (Gd-HP-DO3A, gadot-
eridol; Bracco), Omniscan (Gd-DTPA-BMA, gadodi-
amide; GE Healthcare), Optimark (Gd-DTPA-BMEA, 
gadover setamide; Tyco), Dotarem (Gd-DOTA, gadot-
erate meglumine; Guerbet), and Gadovist (Gd-DO3A-
butrol, gadobutrol; Bayer). These agents have similar T1 
relaxivity values, ranging between 4.3 and 5.6 l·mmol-1·s-1 
for 1.5T MRI systems (13). The “second-generation” 
gadolinium-based compound Gd-BOPTA has become 
commercially available for CNS imaging in recent 
years. Because of weak, transient protein binding, Gd-
BOPTA possesses enhanced R1 and R2 relaxivities and, 
therefore, faster transverse and longitudinal relaxation 
and recovery rates compared with the other gadolini-
um-based MRI contrast agents. These faster transverse 
and longitudinal relaxation and recovery rates result in 
signifi cantly increased contrast enhancement. BLEICHER 
et al. (14) demonstrated higher R1 and R2 relaxivities 
of Gd-BOPTA relative to other commercially available 
gadolinium contrast agents using a contrast phantom 
with serial dilutions of different contrast agents. These 
differences are present using both 1.5T and 3.0T units. 
ROHRER et al. (15) found that R1 relaxivities for Gd-
BOPTA were 6.3 l·mmol-1·s-1 at 1.5T and 5.5 l·mmol-1·s-1 
at 3.0T in plasma at 37°C. For Gd-DPTA, the R1 relax-
ivities were 4.1 l·mmol-1·s-1 at 1.5T and 3.7 l·mmol-1·s-1 at 
3.0T. However, according to PINTASKE et al. (16), the R1 
relaxivity of Gd-BOPTA was 7.9 l·mmol-1·s-1 at 1.5T and 
5.9 l·mmol-1·s-1 at 3.0T in human blood plasma (37°C). 

Table 1. The contrast-to-noise ratio (CNR) between enhancing lesions 
and cerebral white matter with cumulative doses of Gd-BOPTA at 3.0T

Measurements

Dose, mmol/kg Mean
Standard 
deviation Minimum Maximum

0.025  7.19  4.06  0.91 13.13
0.05 15.31  6.37  5.28 23.45
0.075 25.44 11.02  9.45 45.48
0.1 31.88 13.21 13.31 51.34

Table 2. The relative contrast-to-noise ratio (rCNR) at 3.0T using 
cumulative doses of Gd-BOPTA compared to the same patient’s CNR 
at 1.5T using contrast Gd-DTPA

Measurements

Dose, 
mmol/kg Mean

Standard 
deviation Minimum Maximum P value

0.025 0.58 0.31 0.11 1.14 �0.001
0.05 1.22 0.37 0.57 1.67 0.006
0.075 2.10 0.73 1.02 3.49 �0.001
0.1 2.60 0.76 1.44 3.70 �0.001

 at JOHNS HOPKINS UNIVERSITY on June 10, 2014acr.sagepub.comDownloaded from 

http://acr.sagepub.com/


B. Huang et al.84

Acta Radiol 2010 (1)

obtained using 0.1 mmol/kg Gd-DTPA at 1.5T. We did 
note that cumulative doses of 0.075 mmol/kg and 0.1 
mmol/kg improved lesion detection, but the lesions were 
always small with a diameter of less than 5 mm. 

One of the limitations of this study is that our 
lesions were comprised only of brain metastases, so 
we cannot know whether a low dose (0.05 mmol/kg) of 
Gd-BOPTA can achieve the same diagnostic effi cacy 
for other types of brain tumors at 3.0T. Further inves-
tigation with a larger group of patients with different 
primary tumors is necessary to answer this question. 
In addition, the number of patients in our study was 
small, making the sensitivity data less robust than the 
specifi city data. In the present study, the patients were 
fi rst screened at 1.5T, so the readers might have known 
which images were scanned at 1.5T using Gd-DTPA. 
The 1-min imaging delay after contrast administra-
tion that we used may be too short a time and may also 
represent a limitation of our study.

In conclusion, our data suggest that assessment 
of possible brain metastases using 0.05 mmol/kg 
Gd-BOPTA with a 3.0T MR imaging system is com-
parable to 0.1 mmol/kg Gd-DTPA at 1.5T. However, 
a dose of 0.1 mmol/kg at 3.0T improved lesion detec-
tion delineation and conspicuity, as compared to 0.1 
mmol/kg Gd-DTPA at 1.5T, leading to greater confi -
dence among our radiologists in their ability to detect 
or exclude metastatic lesions.

Declaration of interest: The authors report no confl icts 
of interest. The authors alone are responsible for the 
content and writing of the paper.
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