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ORIGINAL RESEARCH
ADULT BRAIN

Cumulative Dose of Macrocyclic Gadolinium-Based Contrast
Agent Improves Detection of Enhancing Lesions in Patients

with Multiple Sclerosis
X A. Rovira, X C. Auger, X E. Huerga, X J.F. Corral, X R. Mitjana, X J. Sastre-Garriga, X M. Tintoré, and X X. Montalban

ABSTRACT

BACKGROUND AND PURPOSE: Gadolinium-enhanced MR imaging is currently the reference standard for detecting active inflammatory
lesions in patients with multiple sclerosis. The sensitivity of MR imaging for this purpose may vary according to the physicochemical
characteristics of the contrast agent used and the acquisition strategy. The purpose of this study was to compare detection of gadolinium-
enhancing lesions or active disease following a single or cumulative dose of a macrocyclic gadolinium-based contrast agent with different
image acquisition delays in patients with clinically isolated syndrome or relapsing multiple sclerosis.

MATERIALS AND METHODS: All patients received a first dose (0.1 mmol/kg) of gadobutrol and, 20 minutes later, a second dose (0.1
mmol/kg), with a cumulative dose of 0.2 mmol/kg. Two contrast-enhanced T1-weighted sequences were performed at 5 and 15 minutes
after the first contrast administration, and 2 additional T1-weighted sequences at 5 and 15 minutes after the second contrast administration
with a 3T magnet.

RESULTS: One hundred fifteen patients were considered evaluable. A significantly larger number of lesions were detected in scans
obtained at 5 and 15 minutes after the second contrast injection compared with scans obtained at 5 and 15 minutes after the first injection
(P � .001). The number of patients with active lesions on MR imaging was significantly higher after the second dose administration (52.0%,
first dose versus 59.2%, second dose; P � .001).

CONCLUSIONS: Cumulative dosing of a macrocyclic gadolinium-based contrast agent increases detection of enhancing lesions and
patients with active lesions. These data could be considered in the design of MR imaging protocols aimed at detecting active
multiple sclerosis lesions.

ABBREVIATIONS: CIS � clinically isolated syndrome; GBCA � gadolinium-based contrast agent; GRE � gradient recalled-echo

Gadolinium-enhanced MR imaging is currently the reference

standard for detecting inflammatory demyelinating lesions

associated with increased permeability of the blood-brain barrier

in patients with multiple sclerosis, and is commonly used as a

marker of acute focal inflammatory activity.1,2 The sensitivity of

the technique for this purpose may vary according to the physi-

cochemical characteristics of the contrast agent used and the

acquisition strategy (eg, delay between injection and image acqui-

sition, contrast dose, field strength, and parameters of the postin-

jection T1-weighted sequence).3-12 A large body of evidence has

indicated that various approaches can increase the visibility of

contrast-enhancing lesions and lead to a notable improvement in

sensitivity.3,4,8,9,12-15 One potential strategy that has not yet been

explored is the combination of an increased contrast dose and a lon-

ger delay time at 3T MR imaging with a 2D gradient recalled-echo

(GRE) T1-weighted sequence. To examine this option, we designed

the present open-label, prospective study to assess the advantages of

combining a high-field-strength MR imaging magnet (3T) and a cu-

mulative gadolinium dose (0.1 mmol/kg � 0.1 mmol/kg) at different

delay times compared with a single dose (0.1 mmol/kg) to detect

active lesions in patients with clinically isolated syndrome (CIS) or

relapsing MS. The hypothesis was that the combined advantages of a

cumulative gadolinium dose and a longer delay time would signifi-

cantly increase the detection rate of active lesions and the percentage

of patients showing disease activity, measures that have a strong im-

pact for the diagnosis of the disease, therapy optimization, and pre-

dicting disease course and treatment response.1,2,16
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MATERIALS AND METHODS
Patients
From January 2010 to December 2011, a prospective, single-cen-

ter, open-label experimental phase IV study was performed at Vall

d’Hebron University Hospital. The study compared a single dose

and cumulative double dose of a macrocyclic gadolinium-based

contrast agent (GBCA) (gadobutrol, Gadovist; Bayer Schering

Pharma, Berlin, Germany) administration with different delay

times at 3T to detect enhancing lesions in patients with CIS and

relapsing MS using blinded, centralized MR imaging assessment.

Patients 18 –50 years of age with CIS suggestive of central ner-

vous system demyelination not attributable to other diseases and

those with a diagnosis of relapsing MS based on the McDonald

2010 criteria17 showing at least 2 brain T2 lesions of the type seen

in MS were eligible for inclusion in the study.

The exclusion criteria were as follows: pregnant or nursing

women, patients having a pacemaker or any other factor that

would preclude proximity to a strong magnetic field, those with

severe claustrophobia or a known allergy to GBCAs, previous par-

ticipants in a clinical trial of an investigational drug within 30 days

before MR imaging, those with any medical condition that might

decrease the chance of obtaining reliable data, and patients with

known impaired renal function (glomerular filtration rate, �60

mL/min/1.73 m2).

The study protocol and consent documents were approved

by the Clinical Research Ethics Committee of Hospital Vall

d’Hebron, and the procedures were in accordance with the ethical

standards of the Declaration of Helsinki, as revised in 2000. The

blinded read was conducted in compliance with the International

Conference on Harmonization of Good Clinical Practice guide-

lines and all applicable regulatory requirements. Before participa-

tion, eligible patients were informed of all aspects of the study and

provided written informed consent.

Study Design and MR Imaging Protocol
Two visits took place before MR imaging acquisition. During the

initial visit, consecutive patients with CIS (demonstrating on a

previous MR imaging at least 2 focal brain lesions suggestive of

MS) or relapsing MS were identified. All these patients were re-

ferred to the MR imaging unit as part of the diagnostic work-up in

patients with CIS and of the monitoring process in patients with

relapsing MS with suspected disease activity or progression.

A total of 122 patients were initially identified, though 7 (6%)

were excluded because 5 did not have either CIS or relapsing MS

and 2 had exclusion criteria. Ultimately, 115 patients were in-

cluded in the study and analyzed; approximately one-quarter had

CIS and three-quarters had relapsing MS.

During the second visit (visit 0), a pregnancy test was per-

formed within 24 hours before MR imaging acquisition in women

with childbearing potential, and demographic and clinical data

were recorded. These included the patient’s medical history, CIS

or relapsing MS diagnosis, current medication, and neurologic

examination results, including the Expanded Disability Status

Scale score.

During visit 1, the MR imaging acquisition visit, all patients

were examined on a 3T MR imaging scanner equipped with a

12-channel phased array head coil. The imaging protocol in-

cluded the following sequences: 1) transverse proton density and

T2-weighted fast spin-echo (TR, 2500 ms; TE, 16 –91 ms; NEX, 1);

and 2) transverse fast T2-FLAIR (TR, 9000 ms; TE, 100 ms; TI,

2500 ms; NEX, 2; flip angle, 120°). Both sequences were acquired

with an FOV of 250 mm, and contiguous, 3-mm sections covering

the whole brain (voxel size, 0.78 � 0.78 � 3.0 mm).

In patients in whom the previous sequences confirmed the

presence of at least 2 T2 lesions, an unenhanced 2D GRE T1-

weighted sequence was performed before the first GBCA dose,

which was manually administered as an intravenous bolus at a

rate of 1 mL/s. This first 0.1-mmol/kg dose (equivalent to 0.1

mL/kg) was followed by a 20-mL saline flush, and a first contrast-

enhanced 2D GRE T1-weighted sequence was performed 5 min-

utes after contrast administration (scan A), and a second contrast-

enhanced 2D GRE T1-weighted sequence was performed 10

minutes after scan A (scan B). Twenty minutes after the start of

the first contrast administration, a second dose of GBCA (0.1

mmol/kg) was administered, followed by another saline flush,

resulting in a cumulative dose of 0.2 mmol/kg (0.2 mL/kg). A

third contrast-enhanced 2D GRE T1-weighted sequence was per-

formed 5 minutes later (scan C), and a fourth contrast-enhanced

2D GRE T1-weighted sequence, 10 minutes after scan C (scan D).

The following parameters were used in all the 2D GRE T1-

weighted sequences: TR, 297 ms; TE, 2.46 ms; NEX, 3; flip angle,

70°; FOV, 250 mm, acquiring contiguous 3-mm sections covering

the whole brain (voxel size, 0.78 � 0.78 � 3.0 mm3).

Image Analysis
To determine the number of enhancing lesions, we independently

evaluated each of the 4 sets of contrast-enhanced 2D GRE T1-

weighted images in a random fashion. Three neuroradiologists

with �10 years of experience (not affiliated with the center where

the scans were obtained) read the images, blinded to the time

point at which the enhanced T1-weighted sequences had been

obtained and using proton density/T2, T2-FLAIR, and unen-

hanced T1-weighted sequences as references.

The 3 readers independently recorded the number and topog-

raphy of enhancing lesions in each contrast-enhanced T1-

weighted scan. The number of lesions per patient was restricted to

a maximum of 20 lesions for each scan. Patients with MR imag-

ing–active lesions were defined as those showing at least 1 enhanc-

ing lesion in any of the contrast-enhanced T1-weighted se-

quences. In addition, the readers graded the quality of the images

in 3 groups, good, average, or poor, and expressed their level of

confidence in the detection of each enhancing lesion in each scan

as very confident, confident, or not confident.

Efficacy Analysis: End Points
The end points of the study were the number of enhancing lesions

and the number of patients with MR imaging–active lesions de-

tected with a cumulative dose of a macrocyclic GBCA versus a

single dose obtained at different time delays.

Adverse Events
Adverse events were recorded and classified into mild, moderate,

or severe. The observation period for recording adverse events ran
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from the start of administration of the first gadolinium dose up to

24 hours after administration of the second dose.

Sample Size Calculation
To assess differences in active lesion detection in the 2 types of

patients following administration of a single or cumulative con-

trast dose, we would have to include a minimum of 115 patients in

the study. The sample size was determined on the basis of an

expected mean of 2.1 enhancing lesions detected with a single

dose of gadolinium (1.5 lesions in CIS and 2.7 in relapsing

MS)18,19 and a 15% minimum increase in the number of lesions

detected after the second dose,12,20 considering that 15% of pa-

tients initially included in the study would be excluded from the

final analysis.

Statistical Analysis
Descriptive analyses (mean, median, SD, minimum, and maxi-

mum) were performed for the quantitative variables, and fre-

quency counts by category were calculated for the qualitative vari-

ables. Confidence intervals, given when appropriate, were 2-sided

in each case and provided 95% confidence.

The total number of enhancing lesions per patient between

each time point was compared with Poisson regression based

on generalized estimations. The number of patients with active

lesions at each time point was compared using a �2 test. Statis-

tical significance was set at a P value of �.05. � coefficients

were calculated to assess the agreement among the readers’

assessments in pair-wise comparisons. Statistical analyses were

performed with SAS, Version 9.3 (SAS Institute, Cary, North

Carolina).

RESULTS
Baseline demographic and clinical characteristics were homoge-

neous between the groups, with more women than men in both

the CIS and relapsing MS groups (Table 1). Six (5.2%) patients

had �8 T2 lesions, whereas 109 patients (94.8%) had �8 T2 le-

sions. Three (11.5%) patients with CIS and 47 (52.8%) with re-

lapsing MS were under a disease-modifying treatment at the time

of the study. There was 1 mild adverse event (nausea after the first

contrast injection), which did not require any treatment other

than observation.

Contrast-Enhancing Lesions
All 115 evaluable patients received the first and second gadolin-

ium injections. The mean time interval between the first and sec-

ond injections was 20.3 � 1.7 minutes (19.8 � 1.0 in CIS and

20.4 � 1.8 in relapsing MS). After the first gadolinium dose, the

2D GRE T1-weighted scans were obtained at a mean postinjection

time of 5.0 � 0.2 minutes (scan A) and 15.1 � 0.7 minutes (scan

B). After the second dose, the scans were obtained at a mean

postinjection time of 5.0 � 0.0 minutes (scan C) and 15.1 � 0.8

minutes (scan D).

The number of enhancing lesions detected on each MR imag-

ing scan did not significantly differ among the 3 readers (Table 2).

The total number of enhancing lesions was similar in images ob-

tained at 5 (scan A) and 15 minutes (scan B) after the first contrast

injection (276 versus 301) and at 5 (scan C) and 15 (scan D)

minutes after the second dose (397 versus 424) (Fig 1). However,

a significantly larger number of lesions were detected in scans

obtained at 5 (mean, 5.8) and 15 minutes (mean, 6.2) after the

second contrast injection than at 5 (mean, 4.5) and 15 minutes

after the first injection (mean, 4.9) (P � .001). The increase in

total lesion count between the single-dose scan obtained at 5 min-

utes and the cumulative scan at 15 minutes was 58% (Table 3).

This increase was only 8.7% between the 5- and 15-minute single-

dose scans, and 6.6% between the 5- and 15-minute cumulative-

dose scans, but an increase of 27.3% was seen between the 15-

minute single-dose scan and the 5-minute cumulative-dose scan.

Examples of lesion detection on images obtained at different time

points are shown in Figs 2– 4.

The number of patients showing at least 1 gadolinium-en-

hancing lesion (MR imaging–active) increased from 52% in the

single-dose scans to 58.9%–59.2% in the 2 cumulative-dose scans

(P � .001) (Fig 5).

As to reproducibility in the assessment of patients with active

lesions, agreement between readers 1 and 2 was highest for scan D

Table 1: Baseline characteristics
Patients with
CIS (n = 26)

Patients with
MS (n = 89)

Total
(n = 115)

Sex (No.) (%)
Female 17 (65.4) 66 (74.2) 83 (72.2)
Male 9 (34.6) 23 (25.8) 32 (27.8)

Age (yr)
Mean (SD) 32.9 (7.1) 36.0 (6.5) 35.3 (6.7)
Median 31.0 36.0 35.0
Min, max (25.0, 47.0) (23.0, 50.0) (23.0, 50.0)

EDSS score
Mean (SD) 1.6 (1.1) 3.0 (1.7) 2.7 (1.7)
Median 1.5 3 2.5
Min, max (0.0, 4.0) (0.0, 7.5) (0.0, 7.5)

Note:—EDSS indicates Expanded Disability Status Scale; Min, minimum; max, maxi-
mum.

Table 2: Enhancing lesion count per scan and readera

Scanb Lesion No.
Reader 1

A 243
B 238
C 362
D 379

Reader 2
A 260
B 308
C 373
D 402

Reader 3
A 325
B 358
C 455
D 490

Total lesion No. (mean)
A 828 (2.4)
B 904 (2.6)
C 1190 (3.5)
D 1271 (3.7)

a The number of enhancing lesions detected in each MRI scan did not significantly
differ among the 3 readers (P � .4280).
b A, early single dose; B, delayed single dose; C, early cumulative dose; D, delayed
cumulative dose.
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(Table 4). Agreement between reader 3 and the other 2 readers did

not show a high level of concordance for either the cumulative or

delay scans.

Postcontrast Image Quality
Image quality was rated as good for most images in all 4 scans

obtained: reader 1, 93.97%; reader 2, 84.95%; and reader 3,

97.20% of the total. The readers showed no differences in their

rating of image quality among the 4 scans. No scan was rated as

poor; therefore, all images obtained were included in the analysis.

Readers expressed a higher percentage of very confident assess-

ments for scans performed after the second injection and 15 min-

utes’ delay (reader 1, P � .022; reader 2, P � .004; and reader 3,

P � .005) (Table 3). Also across readers, significant differences

were found between the image sets and the readers’ assessment

(P � .001), but not for the interaction between image set and

reader.

The mean percentages of enhancing lesions in the 4 sets of

images for which the observers rated identification as very con-

fident were 41%, 45%, 54%, and 54% (A, B, C, and D, respec-

tively), with higher values in the sets

with longer delay times and higher

doses (P � .001).

DISCUSSION
This study shows that a cumulative dose

(0.2 mmol/kg) of a macrocyclic GBCA

resulted in a significant increase in the

sensitivity of contrast-enhanced 3T MR

imaging for detecting active lesions in

patients with CIS or relapsing MS, com-

pared with a single contrast dose. Fur-

thermore, this approach led to a higher

percentage of patients with active le-

sions—that is, showing at least 1 gado-

linium-enhancing lesion, which is an es-

sential feature in the initial evaluation of patients suspected of

having MS and a highly relevant prognostic marker, particularly

in patients with MS under disease-modifying treatments.21,22 The

readers found no differences in the quality of image sets obtained

under different conditions of contrast dose and delay, whereas

they conveyed higher confidence for detecting contrast-enhanc-

ing lesions with the cumulative-dose delayed scan. Moreover, a

higher concordance in identifying patients with active lesions was

observed between the first and second readers with the cumula-

tive-dose delayed scan, but not between the third reader and the

other 2, with a low level of concordance observed in all 4 scans.

These discrepant results are because reader 3 detected a larger

number of active lesions in each scan compared with readers 1

and 2, though this difference did not reach significance.

The results of our study are in line with those in previous

studies, in which greater lesion detection was found with the use

of higher gadolinium doses or time delays on 2D spin-echo se-

quences at 1.5T.3,6,7,12,14,20 However, this study is the first to dem-

onstrate this effect with 2D GRE sequences at 3T, a common

scanning strategy used in clinical practice. In the present study, we

selected a 2D GRE sequence because it reduces the flow artifacts

seen with 2D spin-echo sequences, which are more problematic at

3T,23 leading to a decrease in background noise and better lesion

detection.

Gadolinium-enhanced brain MR imaging is the most sensitive

tool for detecting focal inflammatory activity in MS and is essen-

tial for establishing an early MS diagnosis and for predicting the

disease course.17 Furthermore, the existence and degree of in-

flammatory activity are often used as an outcome measure in clin-

ical trials, to select patients for initiation of disease-modifying

treatment, to predict the risk of disability progression,24 and to

monitor and predict treatment effect.25-28 In fact, several studies

have attempted to define criteria and models for the early identi-

fication of incomplete response in individual patients via a com-

bination of clinical and MR imaging measures during the first

6 –12 months after treatment initiation, which are partially or

completely based on the detection of disease activity.28-33 All these

data support the pivotal role of the presence and number of gad-

olinium-enhancing lesions to assess radiologic disease activity,

which is used, in turn, for diagnosing and guiding therapeutic

strategies and as a surrogate marker to evaluate treatment efficacy

FIG 1. Total number of enhancing lesions per scan obtained and reader.

Table 3: Number of enhancing lesions in patients with active
lesions by scan and readera

Reader,
Scanb No.c Total

Median
(mean) Minimum Maximumd

1
A 56 243 2.5 (4.3) 1.000 20.000
B 54 238 2.0 (4.4) 1.000 20.000
C 61 362 3.0 (5.9) 1.000 20.000
D 63 379 3.0 (6.0) 1.000 20.000

2
A 58 260 2.0 (4.5) 1.000 20.000
B 61 308 3.0 (5.0) 1.000 20.000
C 68 373 3.0 (5.5) 1.000 20.000
D 64 402 3.0 (6.3) 1.000 20.000

3
A 69 325 2.0 (4.7) 1.000 20.000
B 67 358 3.0 (5.3) 1.000 20.000
C 76 455 3.0 (6.0) 1.000 20.000
D 79 490 3.0 (6.2) 1.000 20.000

a A higher number of enhancing lesions was detected for cumulative-versus-single
dose scans (P � .001).
b A, early single dose; B, delayed single dose; C, early cumulative dose; D, delayed
cumulative dose.
c No., number of patients with active lesions.
d The number of lesions was restricted to a maximum of 20 per patient.
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in clinical trials. Thus, reliable detection of enhancing lesions is an

important clinical and research goal in patients with CIS and MS,

and considerable effort is required to optimize the parameters

used in standard techniques to maximize the sensitivity of MR

imaging for this purpose.

One strategy to increase the sensitivity of enhanced MR imag-

ing for detecting active brain lesions in patients with MS is the use

of high doses of contrast agent.3,6,8 Our findings indicate that this

factor is the main driver of the improved sensitivity found. In our

patients with CIS and MS, the sensitivity increase was mainly due

to cumulative contrast dosing, whereas the influence of time was

much weaker: Significant differences were detected between scans

performed with single and cumulative doses, but not between the

different delay times (5 and 15 minutes) used in each of the dosing

regimens.

In a previous study, use of 1.0 mol/L (0.2 mmol/kg) of GBCA

allowed detection of a larger number of enhancing lesions and

patients with active disease than the use of 0.5 mol/L at the same

dose, but the number of enhancing lesions did not differ signifi-

cantly between images obtained 5 and 10 minutes after the injec-

FIG 2. A 26-year-old woman with active relapsing-remitting multiple sclerosis. A small juxtacortical peri-Rolandic lesion located in the left brain
hemisphere is identified on the 4 contrast-enhanced T1-weighted scans (arrows). Observe the increase in lesion size in the delayed single-dose
scan (B) and cumulative-dose scans (C and D) compared with the early single-dose scan (A). Nonetheless, lesion detection is comparable in all 4
scan conditions.

FIG 3. A 26-year-old man presenting with clinically isolated syndrome. A small enhancing lesion located in the right temporal subcortical white
matter is seen on the 2 cumulative-dose contrast-enhanced T1-weighted scans (arrows in C and D) but is initially missed on the 2 single-dose
scans. Mild enhancement is seen in the early and delayed single-dose scans (arrows in A and B) only in retrospect.

FIG 4. A 25-year-old woman presenting with clinically isolated syndrome. A nodular enhancing lesion located in the right cerebellar hemisphere
is seen on the 2 cumulative-dose contrast-enhanced T1-weighted scans (arrows in C and D) but was not identified on the early and delayed
single-dose scans (A and B). The intensity of lesion enhancement is higher on the delayed cumulative-dose scan (D).
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tion.8 In contrast to that study, in which a single dose was followed

by a double dose administered 24 – 48 hours later, we used 2 con-

secutive doses of GBCA, resulting in a cumulative dose of 0.2

mmol/kg. Our data support the results of other authors reporting

that the combination of high contrast doses with other strategies,

such as delayed acquisition, can increase the sensitivity of lesion

detection compared with standard approaches.3,8 In addition, the

contrast administration schedule we used was not associated with

severe adverse effects in the population studied.

The design used in this study would be very difficult to imple-

ment in clinical practice (2 consecutive injections of gadolinium

to achieve the cumulative double dose). However, on the basis of

the results of the present study that show a significant increase in

the detection of active lesions and scans showing active lesions

after the second injection of contrast, we may suggest the use of a

single injection of a double dose of gadolinium and a minimum

delay of 5 minutes before the acquisition of the T1-weighted se-

quence. This “dead” time can be used to perform the T2-FLAIR

sequences, so that the total acquisition time is not lengthened.21

This suggestion can facilitate the use of this strategy in clinical

practice.

We also have to consider recent literature showing that with

repeat contrast administration, gadolinium accumulates in the

brain despite an intact blood-brain barrier and normal renal func-

tion, producing an increase in signal intensity in certain areas,

such as the dentate nucleus and globus pallidus.34 This effect,

which has not been associated with histopathologic findings,35,36

has mainly been detected with linear GBCAs.37-39 Only 1 study

has shown signal changes in the dentate nucleus and globus pal-

lidus after several administrations of a

macrocyclic GBCA.40 However, in this

study, signal changes could not be de-

tected visually (only quantitatively), and

the design of the study could not control

for or exclude the use of other GBCAs,

including linear agents. Moreover, the

results of this study contradict other

clinical studies that could not find sig-

nal-intensity changes in patients receiv-

ing several doses of the same macrocy-

clic GBCA used in our study.41-46 All

these data have been recently analyzed in

a systematic review article based on the

analysis of 25 original publications,39

showing that the signal changes in cer-

tain central nervous system structures

identified with MR imaging correlated

positively with the exposure to linear agents but negatively

with the stability of contrast agents, which is higher with mac-

rocyclic agents. Nonclinical studies have indicated that all

types of gadolinium can be deposited in different tissues,

though the detected residual gadolinium concentration in the

brain is approximately 1- to 15-fold higher for linear than for

macrocyclic GBCAs.36,47

Although no symptoms or diseases linked to brain gadolinium

deposition have been reported,35 data on long-term effects are

still limited.

This study has limitations. First, the design did not enable us to

establish the relative influences of cumulative dose and delayed

scanning on the increase in sensitivity, though the results ob-

tained indicate that the differences were mainly driven by the

cumulative gadolinium dose. Second, the high variability in the

detection of active lesions by one of the readers limits the inter-

pretation of the higher concordance observed in cumulative and

delayed scans compared with single-dose early scans between the

2 other readers.

CONCLUSIONS
The results of this study indicate that a cumulative dose (0.2

mmol/kg) of macrocyclic GBCA administered as an intravenous

bolus in 2 injections of 0.1 � 0.1 mmol/kg is a safe procedure that

significantly increases the detection rate of gadolinium-en-

hancing lesions in patients with CIS or relapsing MS. Further-

more, this approach enables identification of a larger number

of patients with active lesions and provides higher confidence

in lesion detection. On the basis of these results, the use of a

single injection of a double dose of macrocyclic gadolinium-

based contrast and a delay time of 5 minutes could be consid-

ered in brain MR imaging studies aimed at detecting active MS

lesions whenever this purpose could have relevant therapeutic

implications. However, on the basis of the limited data on the

long-term effects of gadolinium deposition in the brain, which

could also occur with macrocyclic GBCAs, the use of this strat-

egy in all routine MR imaging examinations of patients with

MS is not recommended.

FIG 5. Percentage of patients with active lesions per scan performed and reader.

Table 4: � coefficients of the interreader agreement for the
number of patients with active lesions

Postgadolinium
T1-Weighted

Scana

� (95% CI)

Reader 1 vs
Reader 2

Reader 1 vs
Reader 3

Reader 2 vs
Reader 3

A 0.79 (0.68–0.90) 0.71 (0.58–0.83) 0.67 (0.54–0.80)
B 0.85 (0.75–0.94) 0.71 (0.59–0.83) 0.83 (0.72–0.93)
C 0.81 (0.70–0.92) 0.70 (0.58–0.83) 0.78 (0.67–0.90)
D 0.95 (0.89–1.00) 0.68 (0.55–0.81) 0.70 (0.57–0.82)

a A, early single dose; B, delayed single dose; C, early cumulative dose; D, delayed
cumulative dose.
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