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PURPOSE: To evaluate the effect of MR contrast dose versus delayed imaging time on the
detection of metastatic brain lesions based on lesion size. METHODS: Contrast MR examinations
with gadoteridol were obtained in 45 patients with brain metastases. The patients were divided into
two groups: 16 received cumulative standard dose (0.1 mmol/kg) and 29 received cumulative
triple dose (0.3 mmol/kg). Both groups were evaluated at two dose levels (lower dose and higher
dose) with two separate injections. Each patient received an initial bolus injection of either 0.05
(cumulative standard dose) or 0.1 (cumulative triple dose) mmol/kg of gadoteridol to reach the
lower-dose level and underwent imaging immediately and 10 and 20 minutes later. Thirty minutes
after injection, an additional bolus injection of 0.05 (cumulative standard dose) or 0.2 (cumulative
triple dose) mmol/kg was administered to reach the cumulative higher-dose level (cumulative
standard dose, 0.1 mmol/kg; cumulative triple dose, 0.3 mmol). Images were acquired immedi-
ately. RESULTS: There was no difference in the detection rate for lesions larger than 10mm among
T2-weighted, lower-dose immediate and delayed, or immediate higher-dose images in both study
groups. Lesions smaller than 10 mm had improved detection with delayed imaging in both study
groups; however, the immediate higher-dose studies still had the highest detection rate. CONCLU-
SION: In the evaluation of small central nervous system metastases, either delayed imaging after
the injection of standard contrast dose or higher contrast dose may improve their detection, and
therefore affect clinical management. Higher contrast dose (cumulative triple dose) studies appear
to be more effective than delayed imaging with standard dose.
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The detection of brain metastases requires
reasonably high lesion contrast, which depends
on the signal of a lesion in relation to the sur-
rounding background (1, 2). Several investiga-
tors, using gadopentetate dimeglumine at a
dose of 0.1 mmol/kg, reported that the signal
intensity or lesion contrast of primary and sec-
ondary central nervous system lesions in-
creased with delayed imaging time (1–6). Im-
provement in lesion contrast has also been
demonstrated with higher doses of gadolinium
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(1, 2, 4, 7–11). Lesion contrast or lesion-to-
background ratio, therefore, can be improved
by using either a higher dose of contrast agent
or a lower dose with delayed imaging time. We
hypothesized that higher lesion contrast is nec-
essary for the detection of small metastatic le-
sions (,10 mm) and that immediate high-dose
imaging is superior to delayed imaging at stan-
dard dose.

Materials and Methods
Contrast magnetic resonance (MR) examinations with

various doses of gadoteridol and imaging times (immedi-
ate versus delayed) were obtained in 45 patients with
clinically suspected brain metastases with an incremental
dose technique during the phase II and III multicenter,
open-label, dose-ranging, safety and efficacy trials of
the nonionic contrast agent gadoteridol (Gd-HPDO3A,
ProHance, Squibb Diagnostics, Princeton, NJ). All patients
involved in this study gave informed consent and were
3
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TABLE 1: Cumulative standard dose group

Size of
Lesion, cm

Number of Lesions Detected (n 5 16 patients)

Immediate Initial
Dose (0.05
mmol/kg)

10-Minute
Delayed

Initial Dose

20-Minute
Delayed

Initial Dose

Immediate
Standard Dose
(0.1 mmol/kg)

T2-Weighted
Images

,0.5 34 (37.7%) 44 (48.8%) 78 (86.7%) 90 (100%) 0 (0%)
0.5–1.0 23 (63.8%) 23 (63.8%) 33 (91.6%) 36 (100%) 17 (47.2%)
1.0–1.5 8 (100%) 8 (100%) 8 (100%) 8 (100%) 8 (100%)
1.5–2.0 4 (100%) 4 (100%) 4 (100%) 4 (100%) 4 (100%)
.2.0 14 (100%) 14 (100%) 14 (100%) 14 (100%) 14 (100%)
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studied in compliance with a protocol approved by our
institution’s Human Subjects Research Committee. Exten-
sive laboratory tests as well as monitoring protocols were
performed according to the Food and Drug Administration
guidelines.

Based on the total amount of contrast agent received
(initial injection plus additional injection), these 45 pa-
tients were divided into two groups: 16 patients received a
cumulative standard dose (0.1 mmol/kg) and 29 patients
received a cumulative triple dose (0.3 mmol/kg). Each
patient received an initial injection (lower dose) of 0.05
(cumulative standard dose) or 0.1 (cumulative triple dose)
mmol/kg of gadoteridol to reach the lower-dose level and
was imaged immediately (immediate lower-dose study)
and at 10 and 20 minutes (delayed lower-dose study) after
injection. At 30 minutes, an additional bolus injection
(higher dose) of either 0.05 (cumulative standard dose) or
0.2 (cumulative triple dose) mmol/kg was administered to
achieve a cumulative dose (higher-dose level) of either 0.1
(cumulative standard dose) or 0.3 (cumulative triple dose)
mmol/kg, respectively. Images were acquired immedi-
ately after the injection of the additional dose (immediate
higher-dose study).

Imaging was performed using either a 0.5-T or 1.5-T
superconductive scanner. Precontrast examinations in-
cluded both axial T1-weighted (350-583/15-20/1-2 [rep-
etition time/echo time/excitations]) and T2-weighted
(2000-2500/90-100/1-2) images. Postcontrast imaging
was performed at two dose levels in all patients in both
groups. Postcontrast T1-weighted images (same parame-
ters as the precontrast study) at lower-dose levels were
obtained immediately (immediate lower-dose study) and
at 10 and 20 minutes (delayed lower-dose study) after the
initial lower-dose injection in both groups. Immediately
after the second bolus injection of additional contrast
(higher-dose level), T1-weighted examinations were ob-
tained (immediate higher-dose study). Each patient’s MR
examinations were performed on the same MR scanner
using scanning protocols identical to those of the precon-
trast T1-weighted images. For all imaging sequences, the
field of view was 24 cm with a 192 3 256 matrix size. The
section thickness was constant for each patient’s images
(5 mm with 50% gap for the 1.5-T system and 10-mm
contiguous section thickness for the 0.5-T system).

A randomized, independent, retrospective blinded re-
view by four radiologists was done after the precontrast
and postcontrast MR examinations of all patients. The
reviewers had no knowledge of the contrast dose used or
the image acquisition time (immediate or delayed) and
had no access to other image sets within each study. For
each cumulative standard dose or cumulative triple dose
MR examination, the reviewers were asked to document
the number of lesions on five separate studies: T2-
weighted studies, immediate and delayed (10 minute and
20 minute) low-dose studies, and immediate higher-dose
studies. Each lesion in each study was measured, num-
bered, and drawn on a chart that included six stylized brain
sections in the transverse plane. Each lesion was mea-
sured and classified according to its largest measurement
in any imaging plane as less than 5 mm, 5 to 10 mm, 11
to 15 mm, 16 to 20 mm, or larger than 20 mm.

A lesion was defined as an abnormal focal parenchymal
enhancement with a signal intensity higher than the nor-
mal brain parenchyma that does not appear as a thin linear
structure (blood vessel) in contiguous sections in any or-
thogonal plane. The criteria for deciding whether a lesion
was present were as follows: each of the four radiologists
independently identified the lesions as present and cases
of disagreement (only two or three reviewers identified a
lesion) were resolved in conference (11 lesions) by con-
sensus. Information including the contrast dose, imaging
time, and other image sets was not available to the readers
in conference. If no consensus was reached, the entire
image series was evaluated (2 of 11 lesions required this
step). The distribution of the number of lesions in all pa-
tients studied had large variance and was nongaussian,
thus Wilcoxon’s signed ranked test was used in the anal-
ysis of lesion count data.

Results

There were no reported adverse effects in
these 45 patients for doses up to 0.3 mmol/kg.
No changes in laboratory values were related to
the contrast injection. The lesion detection rates
with different contrast doses, imaging times,
and lesion size are summarized in Table 1 (cu-
mulative standard dose) and Table 2 (cumula-
tive triple dose). Because the higher-dose stud-
ies showed the highest detection rates (Figs
1–3), they were used as a reference for compar-



TABLE 2: Cumulative triple dose group

Size of
Lesion, cm

Number of Lesions Detected (n 5 29 patients)

Immediate
Initial Dose

(0.1 mmol/kg)

10-Minute
Delayed

Initial Dose

20-Minute
Delayed

Initial Dose

Immediate
High Dose

(0.3 mmol/kg)

T2-Weighted
Images

,0.5 11 (34.4%) 13 (40.6%) 24 (75.0%) 32 (100%) 3 (9.4%)
0.5–1.0 36 (90.0%) 36 (90.0%) 38 (95.0%) 40 (100%) 25 (62.5%)
1.0–1.5 5 (100%) 5 (100%) 5 (100%) 5 (100%) 5 (100%)
1.5–2.0 3 (100%) 3 (100%) 3 (100%) 3 (100%) 3 (100%)
.2.0 cm 15 (100%) 15 (100%) 15 (100%) 15 (100%) 15 (100%)
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ison with the lower-dose studies (Tables 1 and
2). The agreement between the reviewers was
greater than 96%; the disagreements were re-
lated to lesions smaller than 5 mm.

Large Lesions

There was no difference (P . .18) in the de-
tection rate of lesions larger than 10 mm among
the T2-weighted, immediate or delayed lower-
dose studies, and immediate higher-dose stud-
ies in either the cumulative standard dose (Ta-
ble 1) or cumulative triple dose group (Table 2).
Because large lesions were frequently associ-
ated with vasogenic edema and/or mass effect,
T2-weighted images readily demonstrated the
associated abnormalities of these lesions and
therefore showed the same detection rate as the
contrast studies for lesions more than 10 mm
(Figs 1 and 3). Although lesion delineation was
poor on the long-repetition-time images be-
cause of surrounding vasogenic edema, there
were no instances in which two lesions adjacent
to each other were misinterpreted as a single
lesion by T2-weighted imaging in our patient
population.

Small Lesions

Lesions 5 to 10 mm. The detection rate of
lesions of this size was lowest on T2-weighted
images. Those lesions missed by T2-weighted
images and demonstrated by contrast studies
were usually associated with limited mass effect
and/or vasogenic edema. For lesions in the 5 to
10-mm range, progressive improvement in the
detection rate was seen with increasing delay in
imaging time after the initial dose in both groups
(Tables 1 and 2) (Figs 1 and 3). However, de-
layed imaging at lower-dose levels still detected
fewer lesions (P 5 .0431) than the immediate
higher-dose studies in both cumulative stan-
dard dose (Table 1) and cumulative triple dose
(Table 2) groups (Figs 1 and 3).
Lesions less than 5 mm. In lesions smaller

than 5 mm, the detection rate improved mark-
edly with a higher dose and, to a lesser extent,
with delayed imaging (Figs 1 and 2). Thus,
improved lesion contrast influenced the detec-
tion rate more effectively in smaller lesions (,5
mm) than in larger lesions (5 to 10mm) (Tables
1 and 2). T2-weighted images again demon-
strated the lowest detection rate for lesions
smaller than 5 mm, in part related to the ab-
sence of vasogenic edema and mass effect
(Figs 1 and 2). Compared with larger lesions,
the detection rate of lesions smaller than 5 mm
improved more dramatically with the initial con-
trast injection at lower-dose levels and further
improved with delayed imaging time (P 5
.0418) in both the cumulative standard dose
(Table 1) and cumulative triple dose (Table 2)
groups. Immediate higher-dose studies again
showed the highest detection rate compared
(P 5 .0431) with that of the delayed studies at
lower-dose levels in both cumulative standard
dose and cumulative triple dose groups.

Discussion

Intracranial metastases occur in approxi-
mately 25% of patients with cancer and account
for up to 40% of all adult brain neoplasms (12,
13). Lung carcinomas, breast carcinomas, and
melanomas (in decreasing order) are the most
common primary neoplasms that metastasize
to the brain (13). Large brain metastases are
frequently associated with marked mass effect
and a large amount of vasogenic edema and,
therefore, can be readily detected on MR or CT
examinations with or without contrast material.
However, early and small metastases, fre-
quently located near the corticomedullary junc-
tion, may not be associated with vasogenic



Fig 1. Cumulative triple dose (0.3
mmol/kg) study of medium and small le-
sions: improved detection rate of small le-
sions with delayed imaging and higher con-
trast dose.

A, Axial T2-weighted image (2000/
100/1) shows two lesions (left temporal lobe
and left occipital lobe). No apparent signal
abnormality was noted elsewhere in the
brain (note particularly the frontal lobes).

B, Immediate postcontrast (contrast
dose, 0.1 mmol/kg) axial T1-weighted im-
age demonstrates one extra lesion (curved
arrow) in the right frontal lobe in addition to
the two lesions previously demonstrated on
the T2-weighted image. A “possible” lesion
is noted in the left frontal lobe (large arrow)
in addition to the enhancement of a small
vessel (small arrow). The border of the two
lesions demonstrated on the T2-weighted
image is much better delineated on the con-
trast study.

C, Ten-minute delayed postcontrast (contrast dose, 0.1 mmol/kg) axial T1-weighted image shows the same findings and detection
rate as the immediate postcontrast study (B).

D, Twenty-minute delayed postcontrast (contrast dose, 0.1 mmol/kg) axial T1-weighted image shows similar findings to those in the
immediate (B) and 10-minute (C) studies. In addition, there is another possible lesion (arrow) in the left frontal lobe.

E, Immediate higher-dose (contrast dose, 0.3 mmol/kg) axial T1-weighted image shows both left frontal lobe lesions that were
considered possible lesions on the standard-dose studies (immediate, 10- or 20-minute delayed) now judged by the reviewer as definite
lesions. Additionally, a new possible lesion is noted in the right frontal lobe (arrow).
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edema or mass effect and therefore may not be
readily detected (3).
Intracranial metastases are diagnosed before

or at the same time as the primary tumor in
approximately 20% of patients with cancer
(14). Metastases have an exponential growth
rate and may remain small for years (15). This
suggests that many lesions may have been
present in the brain at the time of primary tumor
diagnosis but were too small to be detected by
conventional radiologic means. In addition, up
to 50% of all patients with intracerebral metas-
tases will have only a single lesion demon-
strated by CT or MR (12, 13, 16, 17). In this
group of patients, the detection of additional
occult lesions that were not evident on routine
radiologic examinations (including CT and
standard-dose contrast-enhanced MR) is essen-
tial for optimal patient treatment. Detecting
these metastases with a high-dose MR exami-



Fig 2. Cumulative triple dose (0.3
mmol/kg) study of small lesion: im-
proved detection rate with delayed imag-
ing and higher contrast dose.

A, Axial T2-weighted image (2000/
100/1) demonstrates no apparent abnor-
mality in the cerebellum.

B, Immediate postcontrast (contrast
dose, 0.1 mmol/kg) axial T1-weighted
image shows two possible lesions (ar-
rows) in the left cerebellar hemisphere.

C, Ten-minute delayed postcontrast
(contrast dose, 0.1 mmol/kg) axial T1-
weighted image shows similar findings to
those in B (immediate study).

D, Twenty-minute delayed postcon-
trast (contrast dose, 0.1 mmol/kg) axial
T1-weighted image shows one lesion (ar-
row) that was reclassified by the reviewer
from “possible” in the previous studies to
“definite” here, whereas the other lesion
remained “possible.”

E, Immediate higher-dose (contrast
dose, 0.3 mmol/kg) axial T1-weighted
image shows two definite lesions.
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nation becomes important particularly after the
initial diagnosis of those primary tumors with a
propensity for early metastases to the brain.
Early diagnosis of brain involvement and de-

termination of the number of metastases are
important not only for cost effectiveness but
also for the quality of life (18). Treatment is the
factor that determines survival in brain metas-
tases (18). Untreated patients with brain metas-
tases have a median survival of fewer than 3
months. Patients with multiple central nervous
system metastases are usually treated with ra-
diation or chemotherapy without surgical resec-
tion of the primary tumor or brain metastases.
Those with solitary lesions, in the absence of
significant systemic disease, can be treated with
surgical resection and radiation treatment (13,
19). It has been reported that patients with sol-
itary metastases who undergo resection have
an increased survival time and an improved
quality of life compared with patients with soli-
tary metastases who undergo chemotherapy
alone (18). Recently, radiosurgery has been re-
ported to be useful in the treatment of patients
with central nervous system metastases (20–
22). Again, the application of such techniques
depends on the number of brain metastases
detected by radiologic means. Thus, it is critical



Fig 3. Cumulative standard dose (0.1
mmol/kg) study of large and small lesions:
improved detection rate of small lesion
with delayed imaging and higher contrast
dose.

A, Axial T2-weighted image (2000/
100/1) shows a large lesion in the left oc-
cipital lobe with marked mass effect and
vasogenic edema. No apparent abnormal-
ity is seen in the rest of the brain paren-
chyma (note particularly the right tempo-
ral lobe).

B, Immediate postcontrast (contrast
dose, 0.05 mmol/kg) axial T1-weighted
image shows intense enhancement and
better delineation of the large lesion shown
on the T2-weighted image. Note the rela-
tive absence of enhancement in the central
portion of the lesion presumably repre-
senting necrosis. Because this lesion is
large and associated with marked vaso-
genic edema, T2 weighting can readily de-
tect such an abnormality despite poor le-
sion delineation.

C, Ten-minute delayed postcontrast (contrast dose, 0.05 mmol/kg) axial T1-weighted image exhibits the same detection rate of a
single lesion as in B with progressive enhancement of the central portion of the lesion.

D, Twenty-minute delayed postcontrast (contrast dose, 0.05 mmol/kg) axial T1-weighted image demonstrates the same detection
rates as in B and C, but the lesion is now enhanced homogeneously. In addition, possible lesions (arrows) are identified by the reviewers
in the right temporal lobe.

E, Immediate higher-dose (contrast dose, 0.1 mmol/kg) axial T1-weighted image again shows the large lesion in the left occipital lobe
but now with further enhancement. The previously noted central necrosis is again demonstrated as the result of the marked enhancement
of the viable tumor tissue achieved with the high-dose study. Only one of the two possible lesions noted in the 20-minute delayed image
(D) is now judged by the reviewer to be a definite lesion.
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to make this distinction (zero, solitary, or mul-
tiple brain metastases) in patients with a clinical
suspicion of intracranial metastatic disease, es-
pecially those with a newly diagnosed primary
tumor (ie, lung, breast, and others).
An understanding of the principles involved

in lesion detection may help explain our results.
Lesion detection is dependent on both lesion
size and lesion contrast (1, 8, 9). Enhancing
lesions with high lesion/background ratios have
a better chance of being detected as demon-
strated by phantom studies (1, 8, 9). Large
and/or high-contrast lesions have an increased
likelihood of being detected over small and/
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or low-contrast lesions (low lesion/background
ratio). However, the minimal requirement for
lesion detectability may not depend solely on
either size or high lesion/background ratio
alone, but on the combined effects of these two
as demonstrated by the phantom studies (1).
In the past, lesion size has not been consid-

ered an important parameter in the lesion de-
tection rate of brain metastases with various
contrast agents, different doses, and delayed
imaging times (3–6, 19, 23–31). Whether de-
layed imaging improves the detection rate has
been controversial (4, 6, 12, 33). There are
reports that delayed imaging (20 to 30 minutes)
at a dose of 0.1 mmol/kg offers no advantage
over immediate postcontrast studies (5, 11,
32). Many of the lesions in these reports were
fairly large. Based on the findings of the phan-
tom studies, it is expected that delayed imaging
would not have helped in the detection of those
large lesions. Conversely, Healy et al (3)
showed that delayed imaging did improve le-
sion detection. Most of the lesions in their study
were 5 mm or smaller. Our results agree with
those of previous reports, if lesion size is con-
sidered one of the parameters influencing lesion
detection.
Our results also suggest that a lesion size of

10 mm is the critical value in lesion detection.
Lesions larger than 10 mm were readily de-
tected by almost all methods including noncon-
trast T2-weighted imaging. We think that this
was in part because vasogenic edema was as-
sociated with the larger metastases. Healy et al
(3) reported that metastatic lesions measuring
smaller than 10 mm typically are not accompa-
nied by abnormal signal on T2-weighted images
(ie, vasogenic edema).
For lesions smaller than 10 mm, any method

to improve lesion contrast becomes essential
for detection. Methods such as delayed imaging
and/or high-dose examinations, used to im-
prove lesion contrast, will help in the detection
of smaller lesions (less than 10 mm). Our re-
sults from both cumulative triple dose and cu-
mulative standard dose study groups clearly
show that delayed imaging improves the detec-
tion of lesions smaller than 10 mm.
It has been recommended that image acqui-

sition be delayed from 5 to 35 minutes after the
administration of contrast material at a dose of
0.1 mmol/kg to ensure optimal detection (3, 5,
11, 32). Using region-of-interest techniques,
Schörner et al (6) showed that the optimal sig-
nal intensity occurred between 8.5 and 38.5
minutes after the injection of the contrast agent
(0.1 mmol/kg). In our study, 20 minutes was
the optimal delayed time as compared with the
10-minute or immediate images in either the
cumulative triple dose or cumulative standard
dose group in the detection of small lesions
(less than 10 mm). We did not perform delayed
images of more than 20 minutes and therefore
cannot judge the effect of longer delayed imag-
ing times.
Our results demonstrated improved detection

rates with delayed imaging at lower-dose levels
(after initial injection) in both cumulative stan-
dard dose and cumulative triple dose groups,
but higher-dose studies still had better detection
rates for small lesions. This is likely related to
the fact that further improvement in lesion con-
trast was achieved with a higher contrast dose
than with the lower-dose delayed imaging (2).
Furthermore, lesion detection rate is predictably
higher in triple-dose studies than in delayed
standard-dose studies, which may affect patient
treatment.
In the cumulative triple dose group of 29 pa-

tients, comparing lesion detection between the
immediate and delayed standard dose imaging
with the triple dose, 10 patients had potential
altered treatment based on the information pro-
vided by the high-dose studies. Eight of these
patients had a solitary metastasis detected in
the immediate and delayed standard-dose stud-
ies, whereas the triple-dose studies revealed
multiple lesions in 7 of the 8 patients, preclud-
ing possible surgical resection and high-dose
radiation boost in addition to the whole-brain
radiation. Two patients had no lesion detected
on the standard-dose study but showed a soli-
tary parenchymal lesion after receiving the cu-
mulative triple dose.
In summary, our study showed that the de-

tection rate of small lesions, measuring less
than 10 mm, improved with both higher con-
trast doses and delayed imaging times. Al-
though imaging improved the detection rate,
higher-dose immediate studies still remained
superior to delayed studies in detecting small
lesions. However, for lesions larger than 10mm,
there is no apparent advantage in using delayed
imaging or higher-contrast doses, because usu-
ally these lesions have already been detected on
the noncontrast or lower-dose studies. Thus,
our results suggest that higher doses appear to
be more efficacious than delayed images in the



detection of small and/or early metastatic le-
sions in patients with negative findings or single
lesions demonstrated on noncontrast or lower-
dose studies. Delayed imaging and higher
doses are not necessary if multiple metastases
have been demonstrated on the noncontrast
and/or lower-dose studies. The efficacy of
higher-dose delayed studies remains to be
determined.
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