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PURPOSE: To assess the efficacy and safety profile of high-dose (0.3 mmol/kg cumulative dose) 
gadoteridol in patients with suspected central nervous system metastatic disease. METHODS: We 
studied 67 patients using an incremental-dose technique. Patient monitoring included a medical 
history, physical examination, vital signs, and extensive laboratory tests within 24 hours before 
and after the MR examination. Precontrast T1- and T2-weighted spin-echo studies were performed, 
followed by intravenous injection of 0.1 mmol/kg of gadoteridol. T1-weighted images were 
acquired immediately after and at 10 and 20 minutes after injection. At 30 minutes an additional 
0 .2 mmol/kg of gadoteridol was administered (0.3-mmol/kg cumulative dose), and T1-weighted 
images were acquired. Cases demonstrating abnormal MR findings were assessed for efficacy by 
unblinded and blinded reviewers and were analyzed quantitatively. RESULTS: Three adverse 
effects in two patients were considered to be related to gadoteridol administration. No adverse 
effects were serious; all self-resolved. Forty-nine cases showed abnormal MR findings and were 
included in the efficacy analysis. A significantly greater number of lesions was seen on the high
dose as opposed to the standard-dose images. Blinded and unblinded readers identified 5 and 8 
patients, respectively, with solitary lesions on standard-dose examination and multiple lesions on 
high-dose examination. Two patients who had normal standard-dose findings had lesions identified 
on high-dose studies. Quantitative analysis of 133 lesions in 45 patients demonstrated significant 
increases in lesion signal intensity on high-dose studies when compared with standard-dose studies. 
CONCLUSION: Gadoteridol can be safely administered up to a cumulative dose of 0.3 mmol/kg. 
High-dose contrast studies provide improved lesion detectability and additional diagnostic infor
mation over studies performed in the same patients with a 0.1-mmol/kg dose and aid in patient 
diagnosis and treatment. High-dose gadoteridol study may facilitate the care of patients with 
suspected central nervous system metastasis. 

Index terms: Brain neoplasms, magnetic resonance; Brain neoplasms, metastatic; Contrast media, 
nonionic; Efficacy studies; Magnetic resonance, contrast enhancement, Magnetic resonance, in 
treatment planning 

AJNR Am J Neuroradiol 15: 1037-1051, Jun 1994 

Received December 22, 1992; accepted pending revsion February 16, 
1993; revision received July 14. 

This work was supported in part by grants to each participating 

institution from Squibb Diagnostics. 

From Department of Radiology, The University of Iowa College of 

Medicine, Iowa City (W.T.C.Y. , D.J .F . N.A.f/1.); Department of Radiology , 

The University of Kentucky Medical Center, Lexington (V.M.R.); Depart

ment of Radiology, University of Pennsylvania, Philadelphia (S.W.A., 

J.E.M.); Department of Radiology , Baylor University Medical Center, 

Dallas, Tex (S.E.H .); Department of Radiology, The University of Wash

ington, Seattle (K .R.M.); and Department of Radiology, Albany Medical 

Center (A.C.P.). 

Address reprint requests to William T . C. Yuh , MD, MSEE, Department 

of Radiology, The University of Iowa, Hospitals and Clinics, Iowa City , lA 

52242. 

AJNR 15:1037-1051, Jun 1994 0195-6108/94/ 1506-1037 
© American Society of Neuroradiology 

Since the introduction of magnetic resonance 
(MR) contrast agents, primarily gadopentetate di
meglumine (Magnevist, Berlex Laboratories, 
Wayne, NJ), the evaluation of central nervous 
system pathologic processes has been greatly 
facilitated ( 1-19) (Haustein J, Bauer W, Hilbertz 
T, et al, Dosing of Gd-DTPA in MR Imaging of 
Intracranial Tumors: a Randomized Double-Blind 
Multicenter Study in 90 Cases, presented at the 
9th Annual Meeting of the Society of Magnetic 

Resonance in Medicine, New York, 1990). Signif
icant improvement in intracranial lesion detecta

bility and conspicuity (lesion contrast, lesion size, 
and border definition) has been reported with the 

1037 



1038 YUH 

use of gadopentetate dimeglumine at a dose of 
0. 1 mmol/kg. 

Recently , the MR contrast agent gadoteridol 
(gadolinium 1 ,4, 7- tris-( carboxymethyl)-1 0-(2 ' 
hydroxypropyl)-1 ,4, 7 ,1 0-tetraazacyclododecane; 
ProHance; Squibb Diagnostics, Princeton, NJ) has 
been studied in phase II and Ill clinical trails. 
Gadoteridol is nonionic (neutral) and has lower 
osmolality and greater in vitro chelate stability 
than gadopentetate dimeglumine (20-22). Phase 
II trials and preliminary results from phase Ill trials 
have shown that gadoteridol can be administered 
safely at doses up to 0.3 mmol/kg and that 
increased lesion contrast, delineation , and detec
tion can be obtained at higher doses without 
increased adverse effects (20, 22-26). In this 
paper we report the cumulative results of the 
multicenter phase Ill trials of gadoteridol in the 
MR evaluation of brain metastases. 

The purpose of this study was to evaluate the 
safety profile and clinical efficacy of high-dose 
gadoteridol. The specific study goals were to: (a) 
expand the safety profile and patient tolerance 
profile of gadoteridol at the 0.3-mmol/kg dose; 
(b) determine whether high-dose gadoteridol (0.3-
mmol/kg cumulative dose) can improve lesion 
detectability, provide additional diagnostic infor
mation , and aid in patient diagnosis and treat
ment; and (c) evaluate quantitatively differences 
between precontrast, standard-dose, standard
dose delayed, and high-dose studies. 

Materials and Methods 

This study was a phase Ill , open-label pilot study con
ducted at five investigational sites (Baylor University, Uni
versity of Washington , Albany Medical Center, University 
of Kentucky, and The University of Iowa). Patients with 
radiologic evidence (angiography, computed tomography 
[CT] , and MR studies) and/or clinical suspicion of brain 
metastases were recruited into this study. Patients excluded 
from the study included patients younger than 18 or older 
thM 76 years of age, pregnant or lactating women, patients 
who had undergone contrast-enhanced MR procedures 
within the previous 48 hours, patients with histories of 
sensitivity to MR contrast media, and patients normally 
excluded from MR studies because of pacemaker implants, 
aneurysm cl ips, any other condi t ion that would preclude 
proximity to a strong magnetic field, or severe claustro
phobia. All patients involved in this study gave informed 
consent and were studied in compliance with a protocol 
approved by the institutional review board at each partici
pating site. 

Imaging was performed with either medium-field (0.5-
T) or high-field ( 1.5-T) units. Precontrast examinations 
included at least one spin-echo axial T1-weighted and one 
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spin-echo axial T2-weighted study. T1-weighted images 
were acquired at 10-22/350-600/1-2 (repetition time/ 
echo time/excitations). T2-weighted images were 90-100/ 
2000- 4000/0.5-2. All imaging was performed using a 22-
to 24-cm field of view and a 256 X 192 to 256 X 256 
matrix size. A section thickness of 5 mm (1.5 T) or 10 mm 
(0.5 T) was used. 

After the precontrast examinations, each patient re
ceived an initial bolus injection of 0.1 mmol/kg (standard 
dose) of gadoteridol. T1-weighted images were obtained 
immediately and at 10 and 20 minutes after the initial 
injection. At 30 minutes, an additional bolus injection of 
0.2 mmol/kg of gadoteridol was administered (cumulative 
dose of 0.3 mmol/kg), and high-dose Tl-weighted images 
were obtained immediately after injection. All postcontrast 
MR examinations were performed using scanning protocols 
identical with those of the T1-weighted precontrast studies, 
including the same section plane, spacing, and thickness. 

Safety Monitoring 

Patient monitoring included history, physical examina
tion, vital signs, and extensive laboratory tests within 24 
hours before the MR examinations. Blood analysis con
sisted of a complete blood count (hemoglobin level, hem
atocrit, mean corpuscular volume, and total leukocyte 
count, including differential and platelet count), blood 
chemistry (glucose, creatinine, urea nitrogen, calcium, 
phosphorus, uric acid, total cholesterol , total protein, al
bumin, total bilirubin, alkaline phosphatase, serum glu
tamic oxaloacetic transaminase, lactic dehydrogenase, 
serum glutamic pyruvic transaminase, and )'-glutamyl 
transpeptidase), electrolytes (sodium, potassium, and chlo
ride), a clotting function panel (prothrombin time and partial 
thromboplastin time) , and an iron metabolism panel (serum 
iron and iron binding capacity). Urinalysis included evalu
ation of pH, specific gravity, protein, glucose, blood, and 
ketones and microscopic examination of sediment. The 
patients' vital signs were checked immediately before the 
precontrast MR studies, immediately after the completion 
of all MR examinations, and 2 hours after the administration 
of gadoteridol. Twenty-four hours after the administration 
of gadoteridol, patient monitoring, including a physical 
examination, vital signs, and all laboratory tests, was re
peated. Vital-sign changes after the dose were considered 
abnormal if blood pressure changed by more than 10% 
from baseline, respiration changed more than 20%, or 
temperature changed more than 1 oc. Laboratory results 
from each postinjection sample were compared directly 
with preinjection results to identify any abnormal change. 

Visual Assessment 

The study of high-dose gadoteridol efficacy included 
visual assessment of lesion detection as well as assessment 
of any additional information provided by high-dose gado
teridol studies and the influence of that information on 
patient diagnosis and management. Images were assessed 
visually using both an unblinded and blinded evaluation 
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method. The unblinded radiologists at each of the five 
clinical trial sites evaluated precontrast and postcontrast 
images to determine whether the patient had MR findings 
consistent with metastatic disease. The unblinded radiolo
gists had full access to patient information and were allowed 
to evaluate all the examinations at the same time, including 
the precontrast Tl- and T2-weighted studies, standard
dose studies, and high-dose studies. In each of the exami
nations, diagnostic quality was assessed, and evidence of 
cerebral metastases was described. The unblinded review
ers counted the number of lesions present in each of these 
three studies. A lesion was defined as an area with abnormal 
signal or abnormal parenchymal enhancement that did not 
appear as a thin linear structure in contiguous sections 
(blood vessel). 

The blinded efficacy assessment was performed by a 
neuroradiologist (S.W .A.) and a neurooncologist (J.E.M.). 
Neither physician had any affiliation with the study sites or 
any other connection with the clinical study. The blinded 
neuroradiologist was unaware of the patients' identities, 
doses of gadoteridol, clinical and laboratory results, and 
the identities of the sites that produced the images. Pre
contrast Tl- and T2-weighted images were evaluated and 
compared with the standard-dose and high-dose studies in 
a manner similar to the unblinded evaluation. Image sets, 
however, were randomized by both clinical site and gado
teridol dose. The neuroradiologist read the film sets in 
random pairs: precontrast versus standard-dose, precon
trast versus high-dose, and standard-dose versus high-dose 
studies. The neuroradiologist also determined the number 
of lesions present in each study, but did so for each random 
pair of imaging studies. The blinded reviewer, therefore, 
assessed each study twice. These data were evaluated 
statistically using the same methods applied to the un
blinded lesion-count data. 

Lesion detectability at different doses of gadoteridol was 
evaluated statistically using the lesion-count data for each 
of the precontrast, standard-dose, and high-dose studies. 
The Wilcoxson Signed-Ranks Test, a paired-data nonpar
ametric statistic, was used to compare studies. P < .05 
was considered significant. 

Both the unblinded and blinded radiologists compared 
the degree of lesion enhancement on postcontrast studies 
and determined whether additional diagnostic information 
was provided relative to the precontrast images. The fol
lowing factors were specifically graded: (a) number of 
lesions (lesion detection), (b) improved visualization, (c) 
disease classification, (d) determination of recurrent tumor, 
(e) distinction of edema, and (f) definition of tumor border. 
Comparisons were made between precontrast and stand
ard-dose studies and between standard-dose and high-dose 
studies. 

Both the unblinded and blinded reviewers also deter
mined whether the additional diagnostic information pro
vided by the contrast-enhanced MR examinations would 
assist or change the patient's diagnosis or treatment. Spe
cifically , these data were categorized into one of four 
groups: (a) assist in diagnosis, (b) change of diagnosis, (c) 
assist in therapy, and (d) change of treatment. Unblinded 
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evaluation was performed by a radiologist at each of the 
five clinical sites. Blinded evaluation was performed by a 
single neurooncologist who reviewed only those study pairs 
that the blinded neuroradiologist judged to contain addi
tional information on the postcontrast studies. The neu
rooncologist was aware of the patients ' medical histories 
but was blinded to the doses of gadoteridol administered. 

Quantitative Analysis 

Quantitative image analysis was performed on each Tl
weighted study obtained at the five different time points 
(precontrast , standard-dose, 10- and 20-minute delayed, 
and high-dose studies). Image data from the five clinical 
sites were analyzed by a core image-processing facility . 
Lesion borders were defined by using an automatic edge
detection algorithm on lesions detected on high-dose stud
ies. A maximum of nine lesions was analyzed for each 
patient. In patients with more than nine lesions, the largest 
lesions were selected for analysis. The automatically de
tected lesion border defined the perimeter of a region of 
interest. Regions of interest for the precontrast, standard
dose, and delayed studies were generated by duplicating 
region-of-interest locations from the corresponding high
dose study. Image statistics were computed for each region 
of interest. 

For each image containing a region of interest to be 
analyzed, an additional region of interest delineating the 
normal brain parenchyma was defined manually. Areas 
containing lesions were not included in the normal brain 
parenchyma regions of interest. A normalized lesion-con
trast estimate was calculated for each lesion using the 
lesion mean intensity and the normal brain parenchyma 
region-of-interest statistics. A normal distribution model 
was used. Lesion contrast was expressed in terms of the 
number of standard deviations that the mean lesion con
trast deviated from the mean brain parenchyma intensity . 
This analysis allowed linear-scale factors to be canceled 
and compensated partially for scan-dependent variations 
beyond experimental control. Additionally , for each lesion 
studied, lesion-to-background ratios were computed using 
the mean signal intensities from the lesion and background 
regions of interest. A paired, two-tailed Student's t test was 
performed between each of the studies. P < .05 was 
considered significant. 

Results 

A total of 68 patients with suspected intracra
nial metastatic lesions were enrolled in the study . 
Thirty-eight of these patient~ had either prior 
radiologic or pathologic evidence of metastatic 
disease. In 32 patients , evidence of metastatic 
disease was present on prior MR or CT studies. 
Six patients included in the study had prior path
ologically proved metastatic disease demon
strated by either biopsy or resection . Of the 68 
patients enrolled in the study, 67 patients re-
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ceived gadoteridol and were included in the safety 
analysis (37 men and 30 women). The age range 
of these 67 patients was 21 to 76 years (mean, 
57 ± 11 years). One of these 67 patients was 
excluded from the efficacy evaluation because of 
extravasation of the initial dose of gadoteridol; 
however, this patient was included in the safety 
analysis. Sixteen of the 66 patients who received 
cumulative 0.3-mmol/kg doses of gadoteridol 
showed no evidence of metastatic disease on 
either standard- or high-dose MR studies. Each 
of the 50 remaining patients had at least one 
lesion demonstrated by MR. Forty-six of these 50 
patients had neurologic symptoms. Because of a 
scanner equipment failure, imaging was not com
pleted in 1 patient with metastatic disease; there
fore, 49 patients were included in the unblinded 
efficacy analysis. 

All 49 image sets included in the efficacy 
analysis portion of the study were judged by the 
unblinded investigators to be of acceptable diag
nostic quality. The blinded reviewer, however, 
judged one image set in the high-dose to stand
ard-dose randomized comparison inadequate for 
diagnostic evaluation because of motion artifact 
in the high-dose study. Summary data, therefore, 
vary between the unblinded and blinded data with 
respect to the total number of patients studied. 

Safety Monitoring 

Four of the 67 patients who received gadoter
idol experienced a total of six adverse events 
after gadoteridol administration. Two of the pa
tients reported adverse events that were consid
ered by the investigators to be only remotely 
related to gadoteridol injection. One of the pa
tients reported dizziness and a Joss of arm coor
dination after gadoteridol administration; both 
complaints resolved without intervention. This 
patient had a left parietal lobe cortical lesion that 
had caused similar symptoms before administra
tion . A second patient experienced a decline in 
mental status the day after gadoteridol adminis
tration. The patient's serum sodium level was 
abnormally low at 127 mEq/L in the 24 hours 
before imaging. As part of the patient's ongoing 
therapy, additional parenteral hydration was 
given after the imaging was completed, resulting 
in a further decrease in the serum sodium level 
to 121 mEq/L. The decline in mental status was 
considered by the site investigator to be related 
to this electrolyte imbalance. 
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Three adverse events in another two patients 
were considered probably related to gadoteridol 
administration by the investigators. One patient 
experienced nausea and hypotension. This pa
tient's blood pressure was 145/90 mm Hg and 
heart rate was 96 beats per minute immediately 
before entering the magnet. The patient's blood 
pressure had decreased to 100/45 mm Hg and 
heart rate had decreased to 72 beats per minute 
2 hours after gadoteridol administration. The pa
tient's nausea and hypotension resolved without 
treatment, and no sequelae were noted. Another 
patient reported a metallic taste in the mouth. 

In the 67 patients studied, there were no sig
nificant differences between the results of the 
physical examination performed 24 hours after 
gadoteridol administration and those of the phys
ical examination performed before dosing except 
in 1 patient who was recovering after surgery at 
the time of the second examination. Changes in 
vital signs (heart rate, temperature, blood pres
sure, and respiration rate) were considered unre
markable except in the 1 patient who had expe
rienced nausea and hypotension. There were no 
clinically significant changes between predose 
and postdose blood chemistry, hematology, or 
urinalysis laboratory results and no postdose 
changes that were considered to be related to 
gadoteridol administration. 

Visual Assessment 

The visual evaluation data for both unblinded 
and blinded reviewers are summarized in Tables 
1 through 4. There was general agreement be
tween the unblinded and blinded reviewers that 
the high-dose studies provided improved diag
nostic confidence (Figs 1 and 2), lesion detection 
(Figs 2-5), and additional diagnostic information 
over the standard-dose studies despite an in
crease in flow-related artifact (Fig 5). Similar 
results were also found in standard-dose studies 
compared with precontrast studies. 

Lesion Detection. Both the unblinded (Table 1) 
and blinded (Table 2) reviewers noted that the 
high-dose studies allowed detection of a greater 
number of lesions than did the standard-dose 
studies (51 % and 32% increases, respectively) 
(Figs 1-5), and that the standard-dose studies 
allowed detection of more lesions than did the 
precontrast studies (81 % and 88% increases, 
respectively) (Figs 3 and 5). When comparing 
high-dose with precontrast studies, both un
blinded and blinded reviewers noted a dramatic 
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A B c 
Fig. 1. Improved diagnostic confidence and lesion detection. 
A, Axial T2-weighted (2350/90) image shows no significant abnormality. 
B, Axial T1-weighted (350/15) initial-dose study demonstrates mild pulsation artifact and a small focal area (arrow) with faint 

enhancement thought to be a possible lesion. 
C, The high-dose study shows further enhancement and border delineation of this small lesion (approximately 1.9 mm). There is a 

possible additional lesion in the right cerebellar hemisphere. 

A B c 
Fig. 2. Increased diagnostic confidence and lesion detection. 
A, Axial T2-weighted (2000/1 00) image shows multiple areas with abnormal signal. 
B, Axial T1-weighted (583/20) initial-dose study shows three enhancing lesions and one possible lesion (arrow). 
C, High-dose study demonstrates greater enhancement and increased apparent size of these lesions. An additional lesion (arrow) in 

the right temporal lobe was also detected. The questionable lesion noted in the standard-dose study (8, arrow) did not show further 
enhancement on the high-dose study. High-dose study yielded improved diagnostic confidence and the exclusion of this lesion. 

increase in the number of detectable lesions 
(173% and 170%, respectively) (Figs 1-5). Be
cause of the large number of metastatic lesions 
detected in three patients by both unblinded and 
blinded reviewers, the distribution of the number 
of lesions in all patients studied with high-dose 

gadoteridol had a large variance and was non
gaussian (Fig 6). Because the paired-difference 
distributions had similar characteristics, the Wil
coxon Signed-Ranks Test was used in the analy
sis of the lesion-count data. The differences in 
the number of lesions detected in the precontrast 



A 

B 

c 
Fig. 3. Improved diagnostic confidence and increased lesion 

conspicuity and detection in a postoperative patient. 
A, Axial T2-weighted (spin-echo, 2000/ 100) image shows 

postoperative changes in the left parietal region . 
8 , Axial Tl-weighted (spin-echo, 583/ 20) initial-dose study 

shows abnormal enhancement in the region of the surgical site 
(arrow). This focal area of faint enhancement suggested a tumor, 
but postoperative changes could not be completely excluded. 

C, High-dose examination demonstrates increased enhance
ment and border delineation of th is left parietal lesion. An addi
tional lesion in the left occipital lobe is also demonstrated. 

versus standard-dose, the precontrast versus 
high-dose , and the standard-dose versus high
dose comparisons were all found to be statistically 
significant (range, P< .0001 toP< .038) in both 
the unblinded and blinded image evaluations 
(Tables 1 and 2). 

Both interobserver and intraobserver variability 
is present in the lesion-count data (Tables 1 and 
2). These differences are caused primarily by. 
difficulties in counting lesions in the three patients 
with extensive metastatic disease. One patient 
was judged by the blinded reviewer to have 111 
lesions on the high-dose images when comparing 
standard-dose with high-dose studies, but the 
unblinded reviewer counted only 7 4 lesions. In 
this same patient 's standard-dose images, the 
blinded reviewer reported 85 lesions when com
paring standard-dose with precontrast studies, 
but only 7 4 lesions when comparing standard
dose with high-dose studies. Similar difficulties 
were encountered in two additional patients with 
extensive cerebral metastases. The statistical 
analysis remained relatively unaffected by these 
discrepancies, however, because the Wilcoxson 
Signed-Ranks Test bases its estimate of signifi
cance on relative rank rather than absolute num
ber (Tables 1 and 2). 

Additional Information. In those patients in 
whom increases in diagnostic information were 
noted, the unblinded and blinded reviewers also 
classified the type of information provided (Table 
3). Despite interobserver and intraobserver vari
ability, both unblinded and blinded reviewers 
found that, when comparing precontrast with 
standard-dose studies, lesion visualization, border 
definition , lesion number, disease classification, 
and distinction of edema improved with the ad
ministration of 0. 1 mmol/kg of gadoteridol. When 
comparing the high-dose to standard-dose stud
ies, both unblinded and blinded reviewers noted 
further improvement in lesion visualization, bor
der definition, and lesion number, although dis
ease classification and distinction of edema were 
not found to be greatly improved by the high
dose studies. A comparison of the extent 
(amount) of edema, however, was not made be
tween the studies. The unblinded and blinded 
reviewers found that neither standard-dose nor 
high-dose studies allowed determination of recur
rent tumor. 

There is some variation between the findings 
of the unblinded and blinded reviewers, predom
inantly between the precontrast and standard
dose comparisons (Table 3). Many of the stand-
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A B 

Fig. 4. Increased lesion conspicuity and detection. 
A, Axial T2-weighted (2000/1 00) image shows an area with abnormal signal in the left frontal lobe and a subarachnoid cyst (asterisk) 

near the temporal lobe. 
B, Axial Tl-weighted (583/20) initial-dose study demonstrates an enhancing left frontal lobe mass and the nonenhancing subarachnoid 

cyst. 
C, High-dose examination shows slightly greater enhancement and improved border definition of the left frontal lobe mass. An 

additional lesion (arrow) was also detected in the right occipital lobe. 

A B c 
Fig. 5. Improved diagnostic confidence and increased lesion visualization and detection. 
A, Axial T2-weighted (2350/ 90) image shows no significant abnormalities. 
B, Axial Tl-weighted (350/20) initial-dose study shows pulsation artifact and a possible ring-enhancing lesion in the right cerebellar 

hemisphere (arrow). However, partial-volume effect from the enhancing transverse sinus cannot be completely excluded. 
C, High-dose examination clearly defines this area as a metastasis and demonstrates an additional smaller lesion (arrow), despite a 

worsening pulsation artifact. 

ard-dose studies, when compared with the pre
contrast studies, were judged by the unblinded 
reviewers to have increased visualization (78% ). 
The blinded reviewer noted fewer improved stud
ies ( 41 % ). This difference between the unblinded 

and blinded reviewers' assessments of improved 
lesion visualization represents 18 of the 49 pa
tients studied (37%) and accounts for the differ
ence in the total percentage of patients judged to 
have additional information provided (92% versus 
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TABLE 1: Unblinded reviewers' detection of lesions in 49 patients 

Number of Lesions 

Precontrast 0.1 mmol/kg 0.3 mmol/kg 

Number of lesions 

Pvalue 

113 204 

• Wilcoxson Signed-Ranks Test considered significant at P < .05. 

TABLE 2: Blinded reviewers' detection of lesions 

Number of Lesions 

309 

0.1 mmol/kg versus 

Precontrast 

91 
. 0384 . 
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Difference 

0.3 mmol/kg versus 

Precontrast 

196 
.0001 • 

Difference 

0.3 versus 

0.1 mmol/kg 

105 
.0001. 

Precontrast versus Precontrast versus 0.1 versus Precontrast versus Precontrast versus 0.1 versus 

0.3 mmol/kg 

(48 Patients) 

0.1 mmol/kg 0.3 mmol/kg 0.3 mmol/kg 0.1 mmol/kg 0.3 mmol/kg 
(49 Patients) (49 Patients) (48 Patients) (49 Patients) (49 Patients) 

Number of lesions 

Pvalue 

129 versus 243 116 versus 313 238 versus 315 114 197 77 
0.0001. 

• Wilcoxson Signed-Rank Test considered significant at P < .05. 

25 

20 J n = 309 lesions in 49 patients J 

15 
No. of 

Patients 

10 

0 10 20 30 40 50 60 70 80 
No. of lesions per Patient 

Fig. 6. Distribution of lesion numbers in all patients detected 
in the high-dose studies by the unblinded reviewers. Many of the 
lesions included in the lesion detection data came from a small 
percentage of the total patients studied. For this reason, nonpar
ametric statistics were used to evaluate the lesion-detection data, 
and a maximum of 10 lesions per patient were included in the 
quantitative image analysis. 

55%). The single blinded reviewer reported a 
greater increase in distinction of edema over that 
of the unblinded reviewers when comparing pre
contrast with standard-dose studies (41 % versus 
29%, 6 additional patients) but reported 4 fewer 
patients with increased numbers of lesions than 
did the unblinded reviewers. When comparing the 
high-dose with standard-dose studies, however, 
there was far less variation between the findings 
of the unblinded and blinded reviewers. Although 
there was general agreement between the read
ings, the blinded reviewer noted less improve
ment in lesion visualization (65% versus 73%) 

o.ooo9• 0.0001 . 

and greater improvement in disease classification 
(13 % versus 4%). 

Effect on Patient Diagnosis and Treatment. 
The impact of the additional information provided 
by the contrast-enhanced studies on patient di
agnosis and treatment was assessed by both 
unblinded and blinded reviewers (Table 4). With
out considering the overall extent of systemic 
disease present in the patients, but considering 
only the radiologic findings of the brain, the 
unblinded reviewers found that standard-dose 
studies changed or assisted in diagnosis or patient 
treatment in 84% of the patients when compared 
with precontrast studies. When comparing high
dose with standard-dose studies, unblinded read
ers judged that 57% of patients demonstrated 
lesion enhancement that changed or assisted di
agnosis or patient treatment. 

The blinded neurooncologist evaluated only the 
group of studies that the blinded neuroradiologist 
had indicated as having revealed additional infor
mation on the contrast-enhanced images and 
evaluated studies in random pairs. A total of 27 
of 49 precontrast with standard-dose compari
sons and 31 of 48 standard-dose with high-dose 
comparisons were reviewed by the neurooncolo
gist. The blinded neurooncologist was given the 
patients' histories and was able to consider the 
overall extent of systemic disease in judging the 
influence of contrast-enhanced examinations on 
patient treatment and the additional information 
provided by the high-dose studies. Therefore, the 
blinded reviewer generally noted fewer patients 
who benefited in diagnosis or treatment. In 3 of 
31 patients (10%) reviewed by the blinded neu-
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TABLE 3: Visual evaluation by blinded and unblinded reviewers 

Unblinded Reviewer Blinded Reviewer 

0.1 mmol/kg versus 0.3 versus 0.1 mmol/kg versus 0.3 mmol/kg versus 0.3 versus 

0.1 mmol/kg, 
48 Patients(%) 

Precontrast, 0. I mmol/kg, Precontrast , Precontrast, 

49 Patients(%) 49 Patients(%) 49 Patients(%) 49 Patients(%) 

Type of additional informa-

tion 
Improved visualization 38 (78) 36 (73) 20 (41) 24 (49) 31 (65) 
Definition of lesion borders 40 (82) 22 (45) 25 (51) 28 (57) 25 (52) 
Number of lesions 21 (43) 24 (49) 17 (35) 23 (47) 21 (44) 
Disease classification 13 (27) 2 (4) 13 (27) 15 (31) 6 (13) 

Determination of recurrent 2 (4) I (2) 0 (0) 0 (0) 0 (0) 
tumor 

Distinction of edema 14 (29) 0 (0) 20 (41) 21 (43) I (2) 

Total patients with additional 45 (92) 38 (78) 27 (55) 32 (65) 31 (65) 
diagnostic information pro-

vided 

TABLE 4: Aid in patient diagnosis and treatment 

Unblinded Reviewer Blinded Reviewer 

0.1 mmol/kg versus 0 .3 versus 0.1 mmol/kg versus 0.3 versus 

Precontrast, 0.1 mmol/kg, Precontrast, 0. I mmol/kg, 

49 Patients(%) 49 Patients (%) 27 Patients(%) 31 Patients(%) 

Type 

Assist in diagnosis 26 (53) 
Change in diagnosis 3 (6) 

Assist in treatment 33 (67) 

Change in treatment 6 (12) 

Total patients with any 41 (84) 

change or assist 

rooncologist, the high-dose images, when com
pared with the standard-dose images, provided 
information that assisted or changed patient di
agnosis or treatment. The first patient was a 61-
year-old woman with a history of breast cancer 
30 years previously. She had been recently di
agnosed with a right hilar mass and had a 2-
month history of headaches. The blinded stand
ard-dose study revealed one cerebral lesion, 
whereas the blinded high-dose study revealed two 
lesions. The neurooncologist judged that for a 
single lesion she would recommend a biopsy to 
identify primary versus metastatic disease. Find
ing two lesions on the high-dose study assisted 
her diagnosis of metastatic disease and changed 
her recommended treatment. (The blinded re
viewer would not recommend a biopsy of the two 
cerebral lesions.) 

The second patient was a 69-year-old woman 
in whom small-cell carcinoma of the lung was 
diagnosed 2 years previously. A recent CT scan 
revealing a suspicious brain mass was markedly 
different from a previous CT scan done at the 

II (22) 5 (19) 2 (6) 

3 (6) 3 (II} I (3) 

28 (57) 5 (19) 2 (6) 

10 (20) 5 (19) 2 (6) 

28 (57) 8 (30) 3 (10) 

time of her prophylactic brain radiotherapy (30 
Gy). The patient recently had developed poor 
balance, dysarthria, and headaches. The blinded 
reading of the standard-dose study revealed no 
cerebral metastases. The high-dose study re
vealed a single metastatic lesion. The neuroon
cologist judged that this information would have 
assisted and changed her diagnosis and assisted 
her in the patient 's treatment. Based on this 
additional information, she would recommend 
resection of the isolated lesion. 

The third patient was a 56-year-old man who 
underwent a right nephrectomy for renal-cell car
cinoma 1 year previously. At the time of this 
study, he presented with a 3-day history of right
leg weakness and right-hand clumsiness. The 
standard-dose study revealed a single cerebral 
lesion, whereas the high-dose study revealed two 
lesions. The neurooncologist judged that this in
formation assisted and changed her treatment of 
the patient. In this case, the presence of two 
lesions suggested cerebral metastatic disease and 
precluded recommending surgery for the patient. 
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In four additional patients, the number of met
astatic lesions detected by the blinded reviewer 
increased from zero to one (one patient) and one 
to multiple (three patients) when standard- and 
high-dose studies were compared. Although in 
these cases the high-dose studies provided essen
tial information that could have resulted in a 
major change in patient treatment, no alteration 
of therapy was suggested by the blinded neu
rooncologist because of widely disseminated met
astatic disease outside the brain. In these cases, 
MR studies of the brain generally would not have 
been indicated, because the management of these 
patients would not be changed by MR findings . 
The unblinded reviewers noted two patients with 
lesion-number changes from zero to one or more 
and eight patients with changes from one to 
multiple . The unblinded reviewers ranked each of 
these patients as having an assist or change in 
treatment as a result of information provided by 
the high-dose examination. 

Quantitative Analysis 

The magnitude of contrast enhancement was 
evaluated using quantitative image analysis in 45 
of the 49 patient-image sets. Three sets of images 
were excluded from analysis because of patient 
motion between images. One set was excluded 
because the archive tape was unreadable. Mean 
normalized lesion contrast and 95% confidence 
intervals were plotted for each of the MR study 
types (precontrast, standard-dose, 10- and 20-
minute delayed, and high-dose studies). Quanti
tative analysis was performed on 133 lesions in 
45 patients with metastatic disease (Fig 7). Both 
the mean normalized lesion contrast and the 
lesion-to-background ratio increased significantly 
between each of the five groups, including the 
delayed imaging studies (P < .05 considered 
significant). The mean normalized lesion contrast 
of the high-dose studies increased dramatically 
from 1.11 to 2.11 SD greater than the mean brain 
parenchyma intensity when compared with the 
initial-dose studies (P < .0001). The 10- and 20-
minute delayed studies demonstrated a slight but 
statistically significant increase in mean normal
ized lesion contrast (1 .30 and 1.36, respectively) 
when compared with the immediate initial-dose 
studies (P < .0001) and also were themselves 
significantly different from one another (P < .02). 
Lesion-to-background ratios followed similar 
trends. 
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Fig. 7. Quantitative analysis. Mean normalized lesion contrast 
and 95% confidence intervals are plotted for a total of 133 lesions 
identified in 45 patients. The normalized lesion contrast increased 
significantly (P < .0001) between precontrast studies and initial
dose studies and also between initial-dose studies and high-dose 
studies. Both the 10- and 20-minute delayed examinations dem
onstrated slight but significant increases in mean normalized lesion 
contrast when compared with the immediate initial-dose studies 
(P< .005). 

Discussion 

Intracranial metastases occur in approximately 
25% of patients with cancer and account for up 
to 40% of all adult brain neoplasms (27, 28). 
Lung carcinomas, breast carcinomas, and mela
nomas (in decreasing order) are the most com
mon primary neoplasms that metastasize to the 
brain (28). Lung carcinomas account for 50% of 
all primary tumors in patients with intracranial 
metastatic disease detected by CT (28, 29). The 
remaining primary tumors include breast carci
nomas in 15%, melanomas in 10.5%, pelvic
abdominal carcinomas in 9.5%, other cancers in 
4%, and those of unknown origin in 11% (29). 
Immediately before death, in approximately 72% 
of patients with melanomas and in 34% of those 
with lung carcinomas, intracranial metastases de
veloped (27, 30). In a large autopsy series of 
patients with breast carcinomas, 30% of patients 
had evidence of intracranial metastases (31 ). 
Radiologic examination of the central nervous 
system during or after diagnosis of primary tu
mors (especially lung carcinomas, breast carci
nomas, and melanomas) is particularly needed 
for the optimal treatment of the patient. 

The period between primary tumor diagnosis 
and diagnosis of intracranial metastases is usually 
short. Intracranial metastases are diagnosed be
fore or at the same time as the primary tumors 
in approximately 20% of patients with cancer 
(32). Approximately 50% occur within the first 
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year after diagnosis of the primary tumors, and 
only 7% occur after 5 years (32). This suggests 
that many of the lesions may have metastasized 
to the brain but were too small to be detected by 
conventional radiologic means at the time of 
primary-tumor diagnosis. In addition, 50% of all 
patients with intracerebral metastases will have 
only single lesions demonstrated on CT or MR 
(27-29, 33). In these 50%, the detection of ad
ditional occult lesions that were not evident on 
routine radiologic examinations (including CT and 
standard-dose contrast-enhanced MR) or the re
confirmation of the diagnoses of single metas
tases by high-dose study may be essential for 
optimal treatment. Results of this multicenter trial 
suggest that high-dose MR examination has the 
potential to provide this information. 

Patients with brain metastases, especially in 
those with small or early lesions, may not present 
with symptoms. Five percent of patients with 
carcinomas of the lung who had no neurologic 
signs or symptoms and who were considered 
surgical candidates showed evidence of cerebral 
metastatic disease on CT (34) . With improve
ments in the diagnostic sensitivity in radiology , 
the true incidence of asymptomatic brain metas
tasis from lung cancer may be found to be even 
greater than 5% . The application of high-dose 
MR studies may increase further the detection of 
early or small metastases and provide essential 
information in the subset of patients who show 
no lesions or only solitary lesions on initial stand
ard-dose MR studies (35, 36). Therefore, a brain
screening technique with improved sensitivity not 
only may save at least 5% of patients with lung 
cancer from unnecessary radical operations for 
primary tumors or presumed solitary brain le
sions, but also may be cost-effective (34) . 

Early studies reported that noncontrast MR 
detects more lesions than contrast-enhanced CT 
(37, 38). In cases in which CT was superior to 
noncontrast MR, the advantage was always re
lated to contrast enhancement on the CT image 
(37). After the introduction of gadopentetate di
meglumine, contrast-enhanced MR was proved 
superior to noncontrast MR or contrast CT in 
detection of cerebral metastases (14, 15, 39) and, 
therefore, became an essential part of the evalu
ation of patients with clinically suspected brain 
metastases. 

Although 0. 1 mmol/kg of gadopentetate di
meglumine is generally considered the standard 
dose for contrast-enhanced MR examinations, the 
optimal dose of gadolinium may vary by proce-
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dure (22, 23). Several studies have shown that 
gadoteridol and gadopentetate dimeglumine dem
onstrate nearly identical enhancement effects 
when administered in equal doses (23 , 25, 40). 
Recent clinical studies have compared different 
doses of gadoteridol (0 .05 to 0.3 mmol/kg) with 
0.1 mmol/kg of gadopentetate dimeglumine. 
These studies have demonstrated that higher 
doses of gadoteridol (0 .2 and 0.3 mmol/kg) pro
vide increased lesion enhancement, tissue con
trast, border definition , and lesion detection when 
compared with examinations using 0.1 mmol/kg 
of gadopentetate dimeglumine (22, 23). Prior 
study also has shown that 0.1 mmol/kg of ga
dopentetate dimeglumine had the same advan
tages over a half-dose (0.05 mmol/kg) of gado
teridol (23). These previous reports support the 
findings of this study that higher-dose MR study 
is often more efficacious than lower-dose study. 

Safety monitoring during this multicenter 
phase Ill trial reinforces earlier findings that ga
doteridol has a lower incidence of adverse effects 
than conventional radiographic contrast agents 
(22-24, 41). Previous studies investigating the 
safety and efficacy of gadopentetate dimeglu
mine have shown that the dose of 0.1 mmol/kg 
is a well-tolerated, safe, and efficacious dose for 
imaging intracranial pathologic processes ( 1, 3-
6, 14-16, 19, 42) (Haustein J, Bauer W, Hilbertz 
T, et al, Dosing of Gd-DTPA in MR Imaging of 
Intracranial Tumors: a Randomized Double-Blind 
Multicenter Study in 90 Cases, presented at the 
Meeting of the Society of Magnetic Resonance in 
Medicine, 1990). Adverse effects from radio
graphic contrast media have been reported to 
occur much less frequently with the application 
of lower-osmolality and nonionic agents (41, 43-
45). Gadoteridol is a low-osmolality agent with 
nonionic properties and, therefore, adverse ef
fects might not be expected to increase even at 
a higher dose. This hypothesis is supported by 
our data and by previous reports (22-24) , which 
showed no increase in adverse effects with ga
doteridol at doses up to 0.3 mmol/kg. 

The qualitative (Tables 1-3) and quantitative 
(Fig 7) findings of this multicenter high-dose clin
ical trial of gadoteridol are consistent with the 
findings of previous studies (20, 22-26). High
dose gadoteridol causes a proportional increase 
in the lesion-to-background signal-intensity ratio 
(Fig 7). Earlier studies raised concern that higher 
doses of gadolinium may cause a decrease in 
lesion enhancement because of T2 shortening 
effects ( 16-18). Our data and other recent studies 
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with gadoteridol, however, demonstrate an in
crease in lesion enhancement with increasing 
doses up to 0.3 mmol/kg without apparent T2 
shortening effects (8, 22-24). Quantitative analy
sis performed on 133 lesions in 45 patients dem
onstrated that mean normalized lesion contrast 
increased by approximately an entire standard 
deviation between initial-dose and high-dose 
studies, relative to the signal intensity of the 
overall brain parenchyma (Fig 7). The increased 
lesion contrast on high-dose studies is almost 
certainly responsible for improved diagnostic 
confidence (Figs 1 and 2) and lesion detection 
(Figs 2-5) relative to standard-dose studies. 

An incremental-dose technique similar to that 
used by Niendorf et al ( 1) was applied in this 
study. This method results in improved data com
parability and reliability. The enhancement effect 
is influenced predominately by the contrast dose 
and, to a much lesser degree, by the effects of 
delayed gadolinium uptake (Fig 7). When the 
incremental-dose technique is applied, differ
ences between the initial-dose and high-dose ex
aminations can be considered primarily attribut
able to the tissue concentration of gadolinium 
and not to disease progression, interventional 
therapy, or variations in the image-acquisition 
process. Quantitative image analysis revealed 
that lesions in the 10- and 20-minute delayed 
studies showed slightly increased contrast than 
the same lesions in the immediate initial-dose 
studies (Fig 7). This increased contrast, however, 
was clinically insignificant compared with the 
dramatic increase in contrast seen on high-dose 
studies. Other investigators have demonstrated 
that the small increases in lesion contrast pro
duced by delayed postcontrast imaging may not 
always be visually detectable (16, 22, 46). 

The relationship between lesion contrast and 
lesion detectability has been studied previously 
using phantoms (23, 47, 48). Previous study has 
shown that lesion detection increases with in
creasing lesion signal intensity. Smaller lesions 
are detectable only if the lesion-to-background 
ratio (lesion contrast) is sufficiently high , yet 
larger lesions can be detected with relatively low 
lesion contrast (1). Additionally , increases in le
sion contrast not only improve lesion detectability 
but also improve lesion delineation, resulting in 
improved diagnostic confidence (Fig 1 ). Apparent 
lesion size tends to decrease as the lesion-to
background ratio (lesion contrast) decreases. This 
results in a loss of signal primarily from the 
periphery of the lesion, because of a loss of 
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peripheral pixel signal intensity caused by partial 
volume effects (from the low-signal background). 
This effect is most noticeable in smaller lesions, 
because they have a higher percentage of periph
eral pixels (23). These previous observations are 
supported by our findings of increased lesion 
detection with increasing contrast dose, particu
larly detection of small or early metastases. 

Both unblinded and blinded visual evaluation 
revealed that lesion detection increased signifi
cantly (Tables 1 and 2) with increasing doses of 
gadoteridol up to a cumulative dose of 0.3 mmol/ 
kg. Most importantly, we have seen patients with 
additional lesions demonstrated by high-dose 
studies who showed no lesions (two patients) or 
only solitary lesions (five patients by blinded and 
eight patients by unblinded reviewers) in stand
ard-dose studies. Although pulsatile artifacts in
creased in several patients, especially in the pos
terior fossa, when a higher dose of gadolinium 
was used, the high-dose studies still provided 
superior lesion conspicuity and detection in the 
posterior fossa when compared with the stand
ard-dose studies (Fig 5). 

Because of the nature of the enrollment criteria, 
this study was biased toward patients with clinical 
or radiologic evidence of extensive metastatic 
disease (24.2% of the patients had normal find
ings in this series). Clinically asymptomatic pa
tients were not included in these studies. Many 
patients enrolled in the study already had evi
dence of multiple metastatic lesions (Fig 2) dem
onstrated by other imaging modalities; many le
sions were large. In these patients, particularly 
those with large lesions, metastases were readily 
demonstrated on standard-dose and precontrast 
MR studies (Figs 2 and 4). Neither the standard
dose nor the high-dose studies tended to impact 
significantly on diagnosis or management in these 
patients, because these large lesions were likely 
to be apparent on precontrast T1- or T2-weighted 
studies (1) (Yuh WTC, Tali ET, Nguyen H, et al, 
Application of Delayed Imaging and Dose Incre
ment in the Evaluation of Central Nervous Sys
tem Metastatic Disease, presented at the 30th 
Annual Meeting of the American Society of Neu
roradiology , St. Louis , Mo 1992). However, many 
of the lesions demonstrated by the high-dose 
studies but not by the standard-dose studies were 
small (Figs 2 and 5), most less than 5 mm. This 
study, therefore, establishes the fact that high
dose study has the potential to improve lesion 
detection of small and/ or early metastases. Be
cause metastases have an exponential rate of 
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growth (50), early metastases may remain small 
and asymptomatic for some time and can be 
difficult to detect by routine imaging techniques, 
including standard-dose MR. As demonstrated by 
both phantom and previous high-dose studies of 
patients with extensive metastatic disease, 
smaller lesions are detectable only if they have 
increased lesion-to-background ratios (lesion con
trast) (23, 24). High-dose studies, therefore, may 
be particularly valuable in the evaluation of 
patients with new diagnoses of a primary cancer 
or patients with either no lesions or solitary lesions 
demonstrated by conventional radiologic exami
nation, because it is in these patients that central 
nervous system metastases are likely to be early 
or small lesions and to impact greatly on patient 
treatment. 

Although the unblinded and blinded reviewers 
generally agreed that the high-dose studies were 
superior to standard-dose studies in providing 
better lesion detection (Tables 1 and 2), additional 
diagnostic information (Table 3), and assistance 
in patient diagnosis and treatment (Table 4), there 
were variations between unblinded and blinded 
readings with regard to the findings of precontrast 
versus standard-dose, precontrast versus high
dose, and standard-dose versus high-dose stud
ies. These disparities between unblinded and 
blinded reviewers are possibly the result of differ
ences in the assessment of impact of the contrast
enhanced examinations. The protocols used by 
the unblinded reviewers to review the images 
were not exactly the same as those used by the 
blinded reviewer, as were the number of patients 
reviewed, the number of reviewers, and treatment 
approaches of the reviewers. 

Several possible factors may have contributed 
to variations in lesion detection between the un
blinded and blinded reviewers (Tables 1 and 2). 
The blinded reviewer analyzed fewer cases be
cause one image set (standard-dose versus high
dose studies) was judged to be of poor diagnostic 
quality. lntraobserver variability was particularly 
prominent in three cases in which extensive met
astatic disease made the counting of small lesions 
prone to error. When these three cases are ex
cluded, intraobserver variability in the blinded 
reviewer data is minimal. Because only a single 
blinded reviewer was used in the study, differ
ences between this single reviewer and the mul
tiple unblinded reviewers also may be exagger
ated. Despite the presence of many factors that 
potentially promote variation, statistical analysis 
of both unblinded and blinded data showed sig-
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nificant increases in lesion detection with increas
ing contrast doses (Tables 1 and 2). 

There was also variation between the unblinded 
and blinded reviewers in the assessment of the 
nature of the additional information provided by 
standard-dose and high-dose studies (Table 3). 
This variation was higher in the precontrast ver
sus standard-dose compared with the standard
dose versus high-dose comparison and was most 
marked in the "improved visualization" and "lesion 
border definition" categories. Discrepancies be
tween the findings of the unblinded and blinded 
reviewers were much less, however, in the stand
ard-dose with high-dose comparisons in the same 
categories. This suggests that high-dose studies 
further improved the confidence of both un
blinded and blinded reviewers. 

In the assessment of additional information 
(Table 3), discrepancies between the findings of 
the unblinded and blinded reviewers in determin
ing "distinction of edema" may have resulted from 
differences in how the image-evaluation protocol 
was interpreted. In evaluating the images, only 
the presence or absence of differentiation of tu
mor from edema was assessed; some reviewers 
also may have attempted to characterize the 
degree of improvement. Both unblinded ( 4%) and 
blinded ( 13%) reviewers noted few cases in which 
disease classification was improved by high-dose 
studies. The "disease classification" category was 
primarily influenced by cases in which there was 
an improved confidence in the diagnosis of met
astatic disease. This finding again may be related 
to the bias of the enrollment criteria. Even with 
additional lesions demonstrated by the high-dose 
study, the disease classification of these patients 
with known multiple metastases was unlikely to 
be altered by high-dose study. Despite these 
variations, the findings of both unblinded and 
blinded reviewers indicate that high-dose MR 
study provides additional diagnostic information 
over standard-dose MR study, including improved 
lesion visualization, improved lesion border delin
eation, and increased lesion detection. Unblinded 
and blinded reviewers agreed that neither precon
trast, standard-dose, nor high-dose studies al
lowed the determination of recurrent tumor. This 
finding is expected, because neither set of review
ers was allowed to view prior studies. 

In the assessment of the effect of contrast 
administration on patient diagnosis and treat
ment, discrepancies were also noted between the 
unblinded and blinded reviewers (Table 4). The 
variation in the categories "assist in diagnosis" 
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and "assist in treatment" may be related to differ
ences in the interpretation of additional diagnostic 
information and also to differences in the number 
of patients evaluated by the reviewers. The single 
blinded neurooncologist evaluated only those pa
tients identified by the blinded neuroradiologist 
as having demonstrated additional information on 
contrast-enhanced studies, whereas unblinded re
viewers evaluated all patients with radiologic evi
dence of disease. The potential benefit of im
proved confidence was not assessed by the 
blinded reviewer. The absence of a demonstrable 
lesion on a high-dose examination can provide 
reassurance that a questionable area of increased 
signal intensity on the standard-dose study may 
be disregarded. By comparison, the unblinded 
reviewers found that the high-dose studies often 
reassured them that a lesion was not present (Fig 
2); such studies were considered helpful in patient 
treatment, despite the absence of additional find
ings. 

The difference in determination of change in 
treatment by the high-dose study (20% unblinded 
versus 6 % blinded) may be related to differences 
in the review protocol. There was a difference in 
treatment approach between the unblinded and 
blinded reviewers. In four of the seven patients in 
whom the blinded neuroradiologist identified ad
ditional lesions on the high-dose studies (changed 
from zero lesions to one lesion in one patient and 
changed from one lesion to multiple lesions in 
three patients), the blinded neurooncologist did 
not consider the additional information to assist 
in treatment. In these four patients, the neuroon
cologist thought that the patients' terminal con
ditions precluded alteration of treatment, despite 
the fact that useful information was provided by 
the high-dose studies. Radiologic brain examina
tion in these patients would have been considered 
unnecessary by the blinded oncologist. Therefore, 
the lack of change in the treatment of these 
patients by the blinded neurooncologist may not 
reflect the actual benefit of the high-dose study. 
The unblinded neuroradiologists, however, as
sumed that the MR studies were a part of patient 
management and judged the value of the high
dose studies based purely on the central nervous 
system findings without regard to systemic in
volvement. Taking into consideration the varia
tions mentioned above in all categories of treat
ment , the number of patients demonstrating a 
changes or assistance in treatment varied greatly 
between the five unblinded reviewers and the 
single blinded reviewer (57 % and 10%, respec-
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tively). These variations might be minimized in 
future studies by using a stricter review protocol, 
increasing the number of blinded reviewers, and 
selecting a more representative patient popula
tion. Nevertheless, both unblinded and blinded 
reviewers agreed that high-dose studies improved 
patient diagnosis and treatment, and four patients 
did have documented changes in treatment plans 
based on the additional information obtained 
from the high-dose study. 

In summary, lesion signal intensity increased 
significantly with increasing doses of gadoteridol 
up to a cumulative 0.3-mmol/kg dose without 
evidence of T2-shortening effect or increase of 
adverse effects. High-dose MR study with gado
teridol can result in improved lesion detection and 
provide additional diagnostic information that can 
aid in patient treatment. Although many patients 
studied had radiologic evidence of multiple me
tastases, additional lesions identified only on high
dose studies tended to be small, suggesting pos
sible advantages to the use of higher doses of 
gadoteridol in the detection of early or small brain 
metastases in those patients with newly diag
nosed primary cancer and in patients with no 
lesions or single lesions demonstrated by conven
tional radiologic examinations. 
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