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MR Contrast Media in Neuroimaging:
A Critical Review of the Literature

Jonathan Breslau, Jeffrey G. Jarvik, David R. Haynor, W. T. Longstreth, Jr,
Daniel L. Kent, and Kenneth R. Maravilla

BACKGROUND AND PURPOSE: MR contrast media are commonly used but do not have
evidence-based guidelines for their application. This investigation seeks to define specific meth-
odological problems in the MR contrast media literature and to suggest guidelines for an
improved study design.

METHODS: To evaluate the reported clinical efficacy of MR contrast media in neuroimag-
ing, we performed a critical review of the literature. From 728 clinical studies retrieved via
MEDLINE, we identified 108 articles that evaluated contrast media efficacy for a minimum of
20 patients per study. The articles were randomly assigned to four readers (a fifth reader
reviewed all of the articles) who were blinded to article titles, authors, institutions, and journals
of publication. The readers applied objective, well-established methodological criteria to assign
each article a rating of A, B, C, or D.

RESULTS: One hundred one of 108 articles received a D rating, six received a C rating, and
one received a B rating. In general, the Methods sections of the evaluated articles did not
contain details that would allow the reader to calculate reliable measures of diagnostic accu-
racy, such as sensitivity and specificity. Specifically, a common problem was failure to establish
and uniformly apply an acceptable standard of reference. In addition, images were not always
interpreted independently from the reference standard. Radiologists and clinicians need to
determine the applicability of any published study to their own practices. Unfortunately, the
studies we reviewed commonly lacked clear descriptions of patient demographics, the spectrum
of symptomatology, and the procedure for assembling the study cohort. Finally, small sample
sizes with inadequate controls were presented in almost all of the articles.

CONCLUSION: Although MR contrast media are widely used and play an essential role in
lesion detection and confidence of interpretation, no rigorous studies exist to establish valid
sensitivity and specificity estimates for their application. On the basis of this review, we herein
describe basic methods to document improvements in technology. Such studies are essential to
devise measures of diagnostic accuracy, which can form the basis for further studies that will
assess diagnostic and therapeutic impact and, ultimately, patient outcomes.

Gadolinium-based MR contrast agents have been
widely applied since they were first available for
clinical use in 1988. By March 1993, more than
5.4 million doses had been administered (1). At an
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approximate hospital charge of $150 per dose, the
use of contrast material accounted for almost $1
billion during the first 6 years of its clinical appli-
cation. Most contrast material was used in neuroim-
aging, with an established role in lesion detection,
in characterization, and in improving radiologists’
confidence regarding interpretation.

In the current environment of cost containment,
an established role may not warrant continued gov-
ernment and corporate support for a specific tech-
nology. Increasingly, these financially involved en-
tities require evidence-based practice guidelines
and patient outcomes data based on rigorous tech-
nology assessment methodology. We sought to ap-
ply such criteria to the evidence for clinical effi-
cacy; that is, to the probability that a patient will
derive benefit, under optimum conditions, from
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contrast-enhanced MR neuroimaging. This analysis
could yield evidence-based guidelines for the use
of contrast material or serve as a demonstration of
what is lacking in the evidence at this time.

Methods

Article Selection

We undertook a comprehensive literature search using the
MEDLINE database, merging the subject headings ‘‘magnetic
resonance imaging’’ and ‘‘contrast media’’ and the key words
‘‘nervous’’ or ‘‘brain’’ or ‘‘spine.’’ Limiting our search to the
English literature until mid-1997, we found 728 clinical studies
reporting on the use of contrast-based MR contrast media in
neuroimaging. After excluding case reports, reviews, and ar-
ticles reporting on fewer than 20 patients, we found a total of
108 articles evaluating the efficacy of MR contrast media.
These 108 articles were randomly distributed among four read-
ers, who were blinded to the titles, authors, institutions of or-
igin, and journals of publication. A fifth blinded reader eval-
uated all the articles. Each qualifying article was thus rated
twice, with disagreements resolved by discussion and
consensus.

Rating Criteria

The articles were assigned a rating of high, intermediate,
or low for each of seven well-established criteria. The criteria
were previously published in technology assessment articles
(2).

The Technical Quality of the Index Test rates the technical
quality of the MR equipment and contrast dosage used in a
study. High-quality articles reported the administration of at
least a 0.1-mmol/kg dose of contrast agent with a magnet field
strength of at least 1.0 T and a section thickness of not greater
than 5 mm. Intermediate-quality articles had medium field
(.0.3 T) magnets or large or unspecified section thickness.
Low-quality articles had low-field magnets or did not specify
the index test quality.

The Technical Quality of the Reference Test addresses the
quality of the standard of reference applied in a study. High-
quality reference tests included pathologic proof, surgical find-
ings, or comprehensive clinical follow-up, with specific criteria
for establishing the particular diagnosis. A rating of interme-
diate was assigned if the diagnostic criteria were incompletely
defined. If the standard of reference was undefined, studies
were rated low. A low rating was also assigned if no tests
beyond the index test were applied.

The Application of the Reference Test evaluates the thor-
oughness with which the standard of reference was applied. A
study was considered to be of high quality if it used the same
reference test for all cases. Intermediate studies used different,
but all acceptable, reference tests. Low-quality studies did not
use an acceptable reference standard for all cases. If no stan-
dard of reference existed, articles were rated low for both ref-
erence test quality and application.

The Independence of Interpretation assesses the separation
maintained between interpretation of the index and reference
tests. If these two tests or standards were explicitly interpreted
independently of each other, a rating of high was assigned. If
either test review bias (lack of blinding to the final diagnosis
when interpreting the index test) or diagnosis review bias (in-
dex test result influencing final diagnosis) was present, the ar-
ticle was rated intermediate. If both biases were present or if
information was not available regarding independence of in-
terpretation, an article was rated low for this criterion.

The Clinical Description refers to the detail with which the
patients’ clinical presentations were described. High-quality
studies contained thorough clinical and demographic infor-
mation that included at least age, sex, and percentage of pa-

tients displaying major relevant signs and symptoms. Studies
with incomplete descriptions were considered to be of inter-
mediate quality. When the description was limited (eg, ‘‘sus-
pected intracranial pathology’’) or nonexistent, an article was
rated low.

The Cohort Assembly refers to the methods used to select
cases for a study. A quality rating of high for cohort assembly
required prospective enrollment from a primary care setting,
with a range of clinical presentations. A cohort assembled in
this fashion would have relatively little referral filtering. Al-
ternatively, investigations of diseases generally not encoun-
tered in the primary care setting, such as complex partial sei-
zures, could be rated high for cohort assembly as long as cases
were accrued prospectively without workup bias. If cases were
selected retrospectively from referral centers or if the fact of
testing was the criterion for enrollment, the study was consid-
ered to be of intermediate quality. Finally, cases with workup
bias (selection because of a positive index test result) or no
description of cohort assembly were rated low.

The Sample Size refers to the number of cases and control
subjects included. High-quality studies had at least 35 cases
and 35 control subjects. A sample size of 35 is the minimum
for which the lower bound of the 95% confidence interval for
a true sensitivity or specificity of 1.0 would exceed 0.9. If a
study contained either fewer than 35 patients or fewer than 35
control participants, it was rated intermediate. If a study had
both fewer than 35 patients and fewer than 35 control subjects,
it was rated low.

A summary rating was assigned to each article based on the
seven quality criteria (2, 3). An article was rated A if it was
at least intermediate in clinical description but high in all other
criteria. B articles were high in reference tests and indepen-
dence but could be intermediate in all other categories. C ar-
ticles could be low in clinical description but had to have at
least intermediate ratings in all other categories. Articles not
meeting C criteria received a D rating.

Results
Of a total of 756 ratings (seven criteria for 108

articles), there were 50 disagreements (7%). The
disagreements were most commonly regarding the
ratings of the reference test, cohort assembly, and
clinical description.

Of the 108 articles rated, one was rated B (4),
six were rated C, and 101 were rated D. The dis-
tribution of ratings among the seven quality criteria
is listed separately (see the table). Index test quality
received the highest ratings (61 of 108) because the
reporting institutions generally used state-of-the-art
equipment. The authors focused most of the atten-
tion on the quality of imaging. Reference test qual-
ity also frequently earned high or intermediate rat-
ings (33 of 108 high) because of the availability of
pathologic specimens or close surgical collabora-
tion. The availability of pathologic proof often was
the means of selection into a study. The difficulty
in uniformly applying an acceptable standard of
reference led to lower quality ratings in the appli-
cation of the reference test. Authors failed to apply
stringently the requirement that all analyzed cases
have the same reference standard. In some articles,
a few cases with no standard of reference could
have been eliminated while maintaining an ade-
quate sample size. Approximately one third of the
articles did not use a reference standard. These
shortcomings precluded the calculation of accuracy
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Distribution of quality ratings for each criterion (n 5 108)

Index test quality
High
Intermediate
Low

61
41
6

Reference test quality
High
Intermediate
Low

33
31
44

Application of reference test
High
Intermediate
Low

21
22
65

Independence of interpretation
High
Intermediate
Low

4
23
81

Clinical description
High
Intermediate
Low

11
37
60

Cohort assembly
High
Intermediate
Low

6
63
39

Sample size
High
Intermediate
Low

5
66
37

statistics because positivity and negativity of the
contrast-enhanced MR imaging could not be
assigned.

Regarding the next four criteria, very few high
ratings were assigned. Independence of interpreta-
tion, which rates the avoidance of review bias, is a
central concern in study design. In general, the
Methods section of articles did not document ex-
plicit separation between the interpretation of the
contrast-enhanced MR imaging findings and the
standard of reference. Intermediate articles usually
described interpretation of the contrast-enhanced
MR images without knowledge of the final diag-
nosis but did not describe the procedures used to
prevent the MR findings from affecting the final
diagnosis. The assessment of clinical description
yielded only 11 high ratings. In many articles, the
clinical description consisted only of summary
statements, such as ‘‘suspected intracranial pathol-
ogy.’’ It is likely that many studies could have been
improved by including reviews of medical record.
On the other hand, cohort assembly represents the
most difficult aspect of study design for radiolo-
gists, who may have little influence over the spec-
trum of disease they see. Correspondingly, only six
articles (5–10) were rated high for cohort assembly.
Unless they have close clinician collaboration from
the beginning of a study design, radiologists must
focus on retrospective case selection. In addition,
case accrual at a tertiary care center usually in-
cludes substantial referral filtering. Finally, almost
all articles presented sample sizes that were inad-

equate to yield robust statistics and did not present
control cases. Not one of the five articles with high
ratings for sample size (5, 11–14) applied reference
tests.

Discussion
This critical literature review, consisting of struc-

tured blinded ratings, was originally designed as a
metaanalysis, to derive pooled estimates of sensi-
tivity and specificity for the use of contrast material
in neuroimaging. The available studies, unfortu-
nately, did not themselves yield valid accuracy
measures, which precluded metaanalysis. One find-
ing of our study, therefore, is that no valid mea-
sures of sensitivity or specificity exist for the ap-
plication of MR contrast material in neuroimaging.

We did apply our study design to uncover sur-
prisingly prevalent methodological flaws. In a crit-
ical literature review evaluating diagnostic tests in
general during a 16-year period, Reid et al (15)
similarly found inadequate assessment of diagnos-
tic tests, although use of methodological standards
did increase during the study interval from 1978 to
1993. In their study, radiologic tests were the larg-
est single category of diagnostic test evaluated. Al-
though their results were described as particularly
disturbing, our results document a much lower
prevalence of acceptable methodological standards.
For example, Reid et al reported that 47% of ana-
lyzed articles avoided review bias during the inter-
val between 1990 and 1993, as compared with only
4% (four of 108) in our study.

The one article that was assigned a B rating con-
tains basic methodological elements that any study
of diagnostic accuracy should include. In 1992,
Wiebe et al (4) reported their study using craniospi-
nal MR imaging with contrast enhancement to se-
rially examine patients with multiple sclerosis
(MS). All patients underwent cranial and spinal
MR imaging on at least three occasions at 13-week
intervals, with additional imaging performed if
clinical relapses occurred during the study period.
The clinical judgment of a neurologist at a univer-
sity MS clinic with respect to presence or absence
of disease activity was used as the standard of ref-
erence. Patients with quiescent disease were in-
cluded in the study. The examining neurologists
were blinded to the MR findings, and the radiolo-
gists were blinded to the patients’ clinical status.
The article contains a table that clearly describes
the spectrum of disease evaluated. In this manner,
the authors were able to construct a standard two-
by-two table showing test positivity and negativity,
as well as the presence or absence of disease. The
Methods section presents details that allow the
reader to recognize the limitations in generalizing,
which include a somewhat narrow spectrum of dis-
ease and a small sample size.

The reported accuracy statistics in the article by
Wiebe et al (4), although favorable, were for the
use of MR imaging overall. Contrast enhancement
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for cranial imaging was used only in those cases in
which evidence of activity had already been noted
on unenhanced sequences. However, contrast en-
hancement was the sole evidence of disease activity
in 5% of all spinal cord images. These results par-
allel the clinical use of contrast material in the eval-
uation of patients with MS.

Because low-field MR systems are gaining ac-
ceptance, we undertook an informal analysis of our
data and assigned high ratings to all articles for
index test quality. We found that no article gained
a higher overall rating, because the rating system
values the presence and quality of a standard of
reference over other criteria.

Conclusion
We have shown that strong evidence-based

guidelines for the use of contrast material in neu-
roimaging cannot be derived from the current lit-
erature. In short, the clinical efficacy of contrast
material remains unproved. Future investigations
need to focus on constructing robust measures of
diagnostic accuracy. These studies will require
larger sources of funding to construct appropriate
randomized controlled trials, as demonstrated by
the highest rated article in our study. Researchers
in neuroradiology need to apply such methodolo-
gies, which have been used successfully in advanc-
ing other areas of medicine. Only when we rigor-
ously evaluate the ability of contrast material to aid
in the diagnosis and exclusion of disease can we
proceed to the evaluation of its diagnostic and ther-
apeutic impact.
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