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LETTER TO THE EDITOR

spread of resting BOLD segmental values as deﬁned
by a rest BOLD index (interquartile range of myocardial segment SIs/median segmental SI). Rest BOLD

Detection of Coronary Stenosis at

index was greater in subjects with CAD than in vol-

Rest Using BOLD-CMR

unteers (22.6%; 95% conﬁdence interval [CI]: 17.0% to
28.3% vs. 15.4%; 95% CI: 11.1% to 19.7%; p ¼ 0.038)
and ROC curve analysis deﬁned a 16.1% threshold for

In the clinical evaluation of coronary artery disease

identifying subjects with ischemia (area under the

(CAD), a desirable goal is to identify functionally

curve: 0.72  0.08; p ¼ 0.0078; 72% sensitivity and

signiﬁcant disease without recourse to physical

78% speciﬁcity). Applying this threshold in the vali-

or pharmacological stress. Previous studies using

dation group identiﬁed patients with functionally

myocardial contrast echocardiography have demon-

signiﬁcant CAD with sensitivity 88% (95% CI: 80% to

strated microvascular dilation at rest in post-stenotic

97%), speciﬁcity 58% (95% CI: 45% to 71%), and

myocardium

level–dependent

diagnostic accuracy 75% (95% CI: 64% to 86%), and

(BOLD) cardiac magnetic resonance is a technique

for anatomically signiﬁcant CAD, sensitivity 82%

that can detect myocardial ischemia (2). The transi-

(95% CI: 72% to 92%), speciﬁcity 61% (95% CI: 48% to

tion from diamagnetic oxyhemoglobin to para-

74%), and diagnostic accuracy 75% (95% CI: 64% to

magnetic

86%). Nine patients had infarction in the BOLD

(1).

Blood

oxygen

deoxyhemoglobin

induces

T2

or

T2*

differences, thereby generating oxygen-dependent

imaging slice (mean transmurality 48  20%): CAD

magnetic resonance contrast. In diseased myocar-

was correctly identiﬁed by rest BOLD in 7 of 9

dium, BOLD signal differences relative to normal

patients (78%).

myocardium may reﬂect not only differences of blood

Data from both study arms were pooled to compare

oxygenation, but also of vascular volume. Increased

the discriminatory abilities of hyperemic MBF, resting

microvascular volume, with concomitant increase in

MBF, and stress and rest BOLD indexes (Figure 1).

the absolute quantity of hemoglobin, is expected to

Using quantitative coronary angiography as the

alter BOLD signal. We postulated that BOLD imaging

reference standard, hyperemic MBF had the highest

at rest could be exploited to detect functionally sig-

discriminatory ability, and resting MBF had the

niﬁcant CAD without stress.

lowest; stress and rest BOLD performed comparably

In a previously published study, we determined the

(area under the curve: 0.80  0.05 vs. 0.74  0.05,

diagnostic performance of stress BOLD imaging in

respectively; p ¼ 0.34). Using hyperemic MBF as the

identifying signiﬁcant CAD (3). For the present anal-

reference standard, both BOLD indexes performed

ysis, resting BOLD data from this earlier study were

comparably (area under the curve: 0.80  0.04 vs.

examined. Patient selection and study protocol are as

0.73  0.05; p ¼ 0.24).

previously described, involving BOLD and ﬁrst-pass

These data indicate that BOLD imaging detects

perfusion imaging at 3-T (3). Resting BOLD signal

anatomically

intensity (SI) was ﬁrst evaluated in a derivation group

without the need for physiological or pharmacolog-

and

functionally

comprising 20 normal volunteers and 25 patients with

ical stress. Our ﬁndings are pertinent to alternative

known CAD (single-/2-vessel disease), and then tested

imaging modalities with the potential to identify

in a separate validation group (57 patients with sus-

microvascular

pected CAD referred for diagnostic coronary angiog-

concept of a functional assessment of CAD being

heterogeneity,

signiﬁcant

and

advance

CAD

the

raphy). Anatomically signiﬁcant CAD was deﬁned

performed at rest. The inability of resting MBF to

as $50% coronary stenosis, and functionally signiﬁ-

discriminate the presence of CAD indicates that the

cant CAD, as $1 myocardial segment with hyperemic

favorable diagnostic performance of resting BOLD

myocardial blood ﬂow (MBF) #1.6 ml/min/g (4).

assessment is not dependent on changes in resting

Baseline characteristics for the study participants

MBF. Although the observed change in resting BOLD

are as previously described (3). Because of marked

SI is likely to reﬂect microvascular expansion, the

interindividual variation in absolute segmental BOLD

underlying pathophysiological mechanism was not

SI, segment-based analysis of BOLD SI failed to

determined in our study: other factors may contribute

identify hypoperfused segments (area under the

to heterogeneous BOLD SI, including transit time

curve: 0.52  0.04; p ¼ 0.71). We next evaluated

heterogeneity, unequal hematocrit partition at bi-

whole-slice BOLD SIs by measuring the within-subject

furcations or myocardial hypertrophy leading to
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F I G U R E 1 Receiver-Operating Characteristic Curves for BOLD

and Perfusion Imaging Using Quantitative Coronary

using absolute quantiﬁcation of T2* and cardiac phase
resolved imaging. Further study of resting microvascular function and oxygenation may offer valuable

Angiography as the Reference Standard

insights into the pathophysiology and pharmacotherapy of CAD.

100

J. Ranjit Arnold, BMBCh, MA, DPhil*
Michael Jerosch-Herold, PhD
Theodoros D. Karamitsos, MD, PhD
Jane M. Francis, DCRR, DNM
Paul Bhamra-Ariza, MBBS, BSc, MD
Rizwan Sarwar, BMBCh, PhD
Robin Choudhury, DM
Joseph B. Selvanayagam, MBBS, DPhil
Stefan Neubauer, MD

80

Sensitivity

2

60

40

*University of Oxford Centre for Clinical Magnetic

20

Resonance Research
John Radcliffe Hospital
0

Headley Way
0

20

40

60

80

100

100-Specificity
AUC

Headington
Oxford OX3 9DU

CI

p-value

Stress MBF

0.91 ± 0.03

0.84-0.96

< 0.001

Stress BOLD

0.80 ± 0.04

0.71-0.87

< 0.001

Rest BOLD

0.74 ± 0.05

0.64-0.82

< 0.001

Rest MBF

0.57 ± 0.06

0.47-0.67

0.23

AUC ¼ area under the curve; BOLD ¼ blood oxygen
level–dependent; CI ¼ conﬁdence interval; MBF ¼ myocardial
blood ﬂow.
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