
Introduction

The first images of the coronary arteries
with the magnetic resonance (MR) tech-
niques were obtained in 1987, using a conven-
tional spin-echo technique1. The magnetic
resonance coronary angiography (MRCA)
was applied as a non invasive technique in
the examination of coronary artery disease2-6

since the early 1990s, but the conventional
coronary angiography (CA) is still the inva-
sive method used to detect significant intralu-
minal narrowings, even if it may cause rare
but dangerous vassal, cardiac and cerebral
complications5,7. The existing highly accurate
non invasive assessment of small vessels in
various regions of the body by MR angiogra-
phy suggested the use of this technique as a
reliable diagnostic tool in imaging coronary
arteries8-9, although there were technical diffi-
culties related to cardiac and respiratory mo-
tion, small diameter, tortuous and non-linear
course of the coronary arteries10. In previous
studies, MRCA was used to detect anom-
alous coronary arteries, coronary artery
aneurisms or bypass graft patency11-13. The
good quality of the images in those initial
MRCA studies encouraged a more extensive
clinical application in coronary anatomy and
pathophysiology. In the study of ischemic dis-
ease MR may provide diagnostic clues not
only on coronary lesions, but also on flow ve-
locity and tissue characterization of the ather-
osclerotic plaques “in vivo”14. This would

European Review for Medical and Pharmacological Sciences

121

Abstract. – Purpose: To detect coronary
artery stenoses, we compare breath-hold mag-
netic resonance coronary angiography (MR-
CA) to conventional coronary angiography
(CA).

Materials and Methods: Sixty-five patients
with suspected coronary artery disease under-
went MRCA and CA within one week. MRCA ex-
amination was performed by using the two-di-
mensional (2D) breath-hold technique with a
fast spoil gradient-echo sequence/spiral. Each
imaging sequence was obtained within one
breath-hold in expiration (14 seconds of ap-
noea). The assessment of coronary artery
stenoses on magnetic resonance (MR) an-
giograms was independently performed by two
blinded readers and compared to conventional
CA images. 

Results: Three hundred and ninety segments
were evaluated by the two imaging techniques.
MRCA correctly detected 76 of 88 (86%)
stenoses, and recognized 242 of 302 (80%) not
affected segments. The Pearson correlation co-
efficient between MRCA and CA in assessing
coronary narrowings was very high: r = 0.85.
Despite this the mean difference was 4.5 with a
standard error of estimate of 0.21, indicating
that MRCA slightly overestimates the degree of
stenoses.

Conclusions: Our study showed that 2D
breath-hold MRCA is an accurate technique in
displaying and quantifying the most significant
stenoses in the proximal and middle segments
of the coronary arteries.
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make MRCA a powerful tool to screen pa-
tients at risk for future acute coronary syn-
dromes.

The MRCA acquisition techniques can be
distinguished into three generations. The first
used single-slice 2D breath-hold sequences3,15.
The second one allowed 3D data sets during
free breathing in multiple-slice acquisitions,
using a respiratory belt16-17 or the navigator
technique with triggering or gating on the di-
aphragm motion18-20. Many disadvantages
were overcome. The effects of cardiac and
respiratory motion were abolished by 3D
free-breath navigator-echo18. The third gen-
eration acquired volume data sets within sin-
gle or multiple breath-holds, using multislice
2D2,21 or 3D sequences16,22-23. The poor signal
suppression of epicardial fat and myocardium
or the low contrast-to-noise ratio were mini-
mized by new intravascular contrast agents24.
On the other hand, there were some limita-
tions to depict the coronary artery tree, due
to a low signal in the distal segment of the ar-
teries and to a still long examination time.
However, new techniques decrease the exam-
ination time and allow the imaging of the en-
tire coronary artery tree.

The aim of our study was to compare the
multislice 2D breath-hold MRCA to CA in
detecting and quantifying hemodinamically
significant coronary artery stenoses in pa-
tients with ischemic heart disease.

Materials and Methods

Subjects
Sixty-five consecutive patients (48 men and

17 women) with clinically suspected ischemic
heart disease underwent to MRCA and CA
within one week. The mean age was 59.9
years (range 36 to 78 years). Patients with
contraindications to MR examination (cardiac
pacemakers, ferromagnetic implants), or with
unstable angina, arrhythmias or claustropho-
bia were excluded. The conventional invasive
CA was performed by different investigators
unaware of MRCA data. A written informed
consent was given by each patient.

MRCA Technique
All patients were examined in supine posi-

tion with a 1.5 Tesla cardiac-dedicated scan-

ner (G.E. Genesis Signa Gemsow). Data ac-
quisition was triggered by the electrocardio-
gram and each imaging sequence was per-
formed within one breath-hold in expiration
(12-18 seconds of apnoea, mean: 14 seconds).
The first step was to determine the position
of the heart, using scout images. An oblique
coronal image (where the atrio-ventricular
groove with the proximal and distal segments
of the right coronary artery – RCA – were
shown) was required to image the entire
course of the RCA. A sagittal scan (where
the roots of the left coronary artery – LCA –
and the RCA were shown) was than obtained
for assessing the left anterior descending
coronary artery (LAD) and a coronal localiz-
er slice about the root of the aorta (where the
left main coronary artery – LM – was im-
aged) was needed to acquire a scan plane
which included the LM, the proximal left cir-
cumflex coronary artery (LCx) and the proxi-
mal LAD. The next step was to obtain sever-
al slices with the images of the maximum
length of the coronary arteries, by using a
“fast spoil gradient-echo sequence/spiral”
(TR = 800-860; TE = 5,4; FOV = 24 × 24 cm). 

Using this technique it was possible to dis-
play quickly 16 or more sections in many
phases of the cardiac cycle, because of the
short TE used in imaging the blood, rapidly
moving, that produces a high intensity and
bright signal. The “spiral” gradient-echo se-
quence allowed a good spatial resolution in a
reasonable short time, providing immediate
feed-back to the imaging operator.

Conventional Coronary 
Angiography Technique

The coronary X-ray angiography was done
by the transfemoral approach (Judkins tech-
nique). The angiograms, documented in cine-
film, were examined and evaluated separately
by two cardiologist who were not the MRCA
investigators. Stenoses exceeding 50% of the
luminal diameter were considered significant.
In case of disagreement, a joint reading was
needed.

Data Evaluation
The following segments were evaluated:

LM (segment 5 according to the system of the
American Heart Association)25, the proximal
and middle segments of LAD (segments 6
and 7 and the first half of segment 8, respec-

C. Gaudio, G. Tanzilli, A. Vittore, M. Arca, F. Barillà, S. Di Michele, G. Minardi, et al.



tively), of LCX (segments 11 and 13) and of
RCA (segments 1 and 2). The following clas-
sification was used for visual assessment: sig-
nificant stenoses or occlusion, absence of sig-
nificant stenoses or occlusion, impossibility to
evaluate. According to previous studies19-26

side branches and distal segments were not
included in the evaluation and a segmental
reduction or signal loss in the MRCA image
was considered to represent a coronary artery
stenoses or occlusion. 

Statistical Analysis
The assessment of coronary artery stenoses

on the MR angiograms was independently
performed by two experienced investigators,
blinded to the findings of the CA examina-
tions.

The length of the depicted coronary arter-
ies was measured and was expressed as mean
± SD. The sensitivity, the specificity, the posi-
tive predicted value (PPV) and the negative
predicted value (NPV) were calculated by
standard methods.

The mean values of MRCA and CA coro-
nary narrowings assessed by the two ob-
servers were considered for the analysis. The
interobserver variability was evaluated by the
method described by Bland and Altman27.

The Pearson correlation coefficient and the
linear regression analysis were used to compare
MRCA-versus CA-detected coronary stenoses,
by including all segments and by analysing sep-
arately proximal and middle tracts.

Furthermore, agreement between the data
obtained by means of the two techniques was
assessed by the method of Bland and Altman.

The plot of differences against their mean al-
so allows to investigate any possible relation-
ship between the measurement error and the
true value. A “p” value less than 0.01 was
considered significant.

Results

No patient experienced adverse events re-
lated to the MRCA technique. The average
time of the examination, including the patient
setting, was 25 ± 5 minutes.

Coronary Vessel Length
The length of the coronary arteries was

evaluated per reader, per examined patients.
The mean interobserver lengths were: 66.2 ±
5.5 mm for the combined LM and LAD coro-
nary arteries; 25.3 ± 10.1 mm for the LCx;
109.7 ± 25.2 mm for the RCA.

Coronary Artery Stenoses
Out of the 65 patients studied, 52 had one

or more coronary stenoses. Eighty eight he-
modinamically significant stenoses were as-
sessed by using the conventional CA: 48 out
of 88 stenoses were localized in the proximal
segments of the LAD, LCx, RCA or LM, 40
in the middle segments. Five patient had left
main disease. MRCA adequately assessed
390 coronary artery segments and correctly
detected 76 out of 88 (86%) significant coro-
nary artery stenoses, while excluded coronary
disease in 242 out of 302 (80%) not affected
segments (Figures 1 and 2).
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Magnetic resonance coronary angiography

Figure 1. A, Magnetic resonance coronary angiography of a 65 year-old female patient, showing a significant steno-
sis of the left anterior descending coronary artery (arrows). B, The corresponding stenosis of the left anterior de-
scending coronary artery as displayed by conventional angiography.
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The agreement between the readers in
evaluating MRCA-detected coronary
stenoses was very high (r = 0.90). The inter-
observer variability values were: mean differ-
ence = 0.26; standard deviation = 17.5 with
standard error of estimates = 0.30. The sensi-
tivity, specificity, PPV and NPV of MRCA in
evaluating coronary stenoses compared to
CA are summarized in Table I. In particular,
we found the higher values regarding the LM
tract and the proximal and middle segments
of LAD and RCA, the lower values were cal-
culated regarding the Lcx, particularly for the
middle tract. The Pearson correlation coeffi-
cient between the coronary narrowings de-
tected in all segments, calculated by using the
two techniques was high: r = 0.85, p < 0.01
(Figure 3). The linear regression equation
was calculated as y = mx + b, by considering
MRCA the dependent variable. It showed an
intercept value of 6.0 and a slope value of

0.92. The mean difference was 4.5, indicating
that MRCA slightly underestimates the de-
gree of coronary stenoses. The standard error
of estimates was 0.21. The 95% confidence
interval for the bias was 41.3 to –32.3. The
95% confidence interval for upper and lower
limits of agreement was 40.6 to 42.0 and –31.6
to –33.0, respectively. We observed a disper-
sion of data over the upper limits of agree-
ment due to the lower concordance of the
two technique in assessing coronary stenoses
in the middle tract of epicardial vessels, most-
ly regarding LCx. Despite that, the observed
limits of agreement were small enough to be
confident (Figure 4).

Only considering the estimate of proximal
lesions, we obtained a high correlation value: r
= 0.86 (p < 0.001 ). The intercept value was 5.7
and the slope value was 0.91. Thus, MRCA
tends to give a slight overestimation of the de-
gree of coronary stenoses. We calculated a
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Figure 2. A, Magnetic resonance coronary angiography of a 58 year-old male patient showing three stenoses on dif-
ferent segments of the right coronary artery (arrows). B, Conventional coronary angiogram shows the corresponding
stenoses. 

Segments Sensitivity % Specificity % PPV % NPV %

LM 100 100 100 100
LAD prox 97 93 86 97
LAD med 89 91 81 95
LAD 92 92 72 96
LCx prox 75 67 50 86
LCx med 63 65 20 92
LCx 71 65 36 89
RCA prox 100 93 90 100
RCA med 92 92 75 98
RCA 95 92 72 99
Overall 86 83 60 95

Table I. Overall MRCA data in the evaluation of coronary stenoses, compared to CA.



mean difference of 3.9 with a standard error of
estimate of 0.30. The 95% confidence interval
for the bias was 40.2 to –32.4. The 95% confi-
dence interval for upper and lower limits of
agreement was 39.2 to 41.0 and –31.4 to –33.4,
respectively. A correlation coefficient of 0.84

(p < 0.001 ) was calculated by comparing the
degree of stenoses in the middle segments of
coronary arteries. An intercept value of 6.3
and a slope value of 0.93 were determined. A
higher estimation of degree of coronary nar-
rowings was observed in evaluating middle
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Magnetic resonance coronary angiography

Figure 3. Correlation between magnetic resonance coronary angiography (MRCA) and conventional coronary an-
giography (CA) in evaluating the degree of stenoses.
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segments. We calculated a mean difference of
5.0 and a standard error of estimate of 0.31.
The 95% confidence interval for the bias was
42.2 to –32.2. The 95% confidence interval for
upper and lower limits of agreement was 41.2
to 43.3 and –31.2 to –33.3, respectively.

Discussion

The emerging role of MRCA in detecting
coronary stenoses in comparison with con-
ventional CA has been recently reported in
literature17,28.

In our study we used the MR multislice
2D breath-hold sequence (spiral) to depict
epicardial coronary segments and to detect
intraluminal narrowings. According to our
data, this technique has been shown to com-
pare favourably with conventional CA for the
detection of significant stenoses.

Unlike previous 2D technique, that ac-
quired a single slice per breath-hold, the mul-
tislice technique offers the option of acquir-
ing multiple contiguous 2D slices in the same
time frame, decreasing the difficulty of imag-
ing the vessels and improving the skill of
quantifying the severity of narrowing.
Moreover, the multislice 2D technique pro-
vides higher intravascular signal intensity
than 3D methods. On the other side, a 12 to
18 seconds breath-hold is required and this
could be difficult for some patients, especially
for those with severe cardiac or pulmonary
dyspnoea. 

We found a good sensitivity and specificity
in detecting significant coronary stenoses and
the resolution achieved by this technique al-
lowed us to differentiate between non-signifi-
cant and significant (> 50%) coronary
stenoses, as provided by conventional CA, al-
though MRCA gave us a slight overestima-
tion of luminal narrowing. 

Extensive segments of the epicardial coro-
nary arteries were consistently imaged in the
angiograms of the all enrolled patients, even
if branch vessels with smaller diameters and
distal coronary structures were not well dis-
played and so were excluded from the evalu-
ation. In our study the reproducibility of MR-
CA in reading epicardial coronary lesions
was very high, providing a consistency of im-
age interpretation in all consecutive sessions.

The review of the literature showed some
differences between our data, using the mul-
tislice 2D technique, and previous reports.
Sandstede et al.28 reported a sensitivity of
70% and a specificity of 90% for the detec-
tion of coronary stenoses. More recently,
Watanabe et al.29, by using in 12 patients a
high-resolution selective three-dimensional
technique, reported a sensitivity of 80% and
a specificity of 85%. The present study the
sensitivity was slight higher (86%) and the
specificity was 83%, with increased values as
compared to Nikolaou et al19. The good sensi-
tivity and specificity of our study, similar to
that reported by Watanabe et al.29, could be
explained considering that all the distal seg-
ments were excluded because of their re-
duced image quality. It could produce false
positive results and the real stenoses could be
hidden. Although the multislice acquisition
allowed to image the entire course of the
coronary tree, we limited the assessment of
stenoses only to proximal and middle seg-
ments of the vessels to avoid the unaccept-
able increase of false positive result19,26. As
reported in previous studies2,5,16,20,29-36, the
false positive results were mainly due to small
vessel sizes because of partial volume effects
of the neighbouring tissues. On the other side
in the clinical setting, the imaging of distal
segments and side branches may be useful in
assessing the patency of revascularization
procedures33. Poor image quality occurred if
patients were unable to hold their breath un-
til the end of the measurement leading to
considerable image blurring. Moreover, the
main drawback of MRCA was that several
coronary segments were not evaluated for in-
adequate image quality, particularly of the
LCx, which moves more rapidly in diastole
than the LAD coronary artery. This might re-
ally contribute to the higher percentage of in-
adequate image quality and false positive re-
sults occurring in the imaging of this vessel. 

We did not use contrast agents in our study
because the bright-blood effect produced a
good contrast-to-noise ratio within all the
coronary artery tree. However, MRCA im-
age contrast may be improved by the use of
contrast agents. The usefulness of conven-
tional extra cellular contrast agents has been
demonstrated in breath-hold MRCA26,37. New
intravascular contrast agents have been de-
veloped and some of them are currently un-
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dergoing Food and Drug Administration tri-
als. These intravascular agents with a high re-
laxivity remain within the vessels longer than
extra cellular ones and they are likely to ben-
efit the breath-hold technique38.

Conclusions

Although MRCA should not be consid-
ered applicable for the detection of all coro-
nary artery stenoses, because spatial and tem-
poral resolutions are still limited, its current
clinical role could be crucial in ruling out the
atherosclerotic involvement of major epicar-
dial coronary arteries in patients at-risk for
myocardial ischemia. The possibility to quan-
tify flow within coronary arteries, as recently
reported31, combined with morphological and
perfusion studies, will considerably increase
the clinical usefulness of this non-invasive
technique. Thus, MRCA would be more ef-
fective in detecting coronary artery diseases
and so its clinical role will be more definite in
the future years.
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