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Purpose: To assess the diagnostic performance of respiratory self-
navigation for whole-heart coronary magnetic resonance 
(MR) angiography in a patient cohort referred for diag-
nostic cardiac MR imaging.

Materials and 
Methods:

Written informed consent was obtained from all partici-
pants for this institutional review board–approved study. 
Self-navigated coronary MR angiography was performed 
after administration of a contrast agent in 78 patients 
(mean age, 48.5 years 6 20.7 [standard deviation]; 53 
male patients) referred for cardiac MR imaging because 
of coronary artery disease (n = 40), cardiomyopathy (n 
= 14), congenital anomaly (n = 17), or “other” (n = 7). 
Examination duration was recorded, and the image qual-
ity for each coronary segment was assessed with consen-
sus reading. Vessel sharpness, length, and diameter were 
measured. Quantitative values in proximal, middle, and 
distal segments were compared by using analysis of var-
iance and t tests. A double-blinded comparison with the 
results of x-ray angiography was performed when such 
results were available.

Results: When patients with different indications for cardiac MR 
imaging were examined with self-navigated postcontrast 
coronary MR angiography, whole-heart data sets with 
1.15-mm isotropic spatial resolution were acquired in an 
average of 7.38 minutes 6 1.85. The main and proximal 
coronary segments could be visualized in 92.3% of cases, 
while the middle and distal segments could be visualized in 
84.0% and 55.8% of cases, respectively. Subjective scores 
and vessel sharpness were significantly higher in the prox-
imal segments than in the middle and distal segments (P 
, .05). Anomalies of the coronary arteries could be con-
firmed or excluded in all cases. Per-vessel sensitivity and 
specificity for stenosis detection were 64.7% and 85.0%, 
respectively, in the 31 patients for whom reference stan-
dard x-ray coronary angiography results were available.

Conclusion: The self-navigated coronary MR angiography sequence 
shows promise for coronary imaging. However, technical 
improvements are needed to improve image quality, espe-
cially in the more distal coronary segments.

q RSNA, 2013
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assess the diagnostic performance of 
respiratory self-navigation for whole-
heart coronary MR angiography in a 
patient cohort referred for diagnostic 
cardiac MR imaging.

Materials and Methods

One of the authors (D.P.) is an em-
ployee of Siemens Healthcare (Laus-
anne, Switzerland), while two authors 
(A.L. and M.O.Z.) are employees of 
Siemens Healthcare (Erlangen, Germa-
ny). Authors who were not employees 
of or consultants for Siemens had con-
trol of inclusion of any data and infor-
mation that might present a conflict of 
interest for the authors who are indus-
try employees.

Study Population
A total of 78 patients with a mean age 
of 48.5 years 6 20.7 (standard devia-
tion) and an age range of 8–82 years 
(53 male patients [mean age, 50.0 years 
6 19.3; range, 14–82 years] and 25 fe-
male patients [mean age, 45.4 years 6 
23.4; range, 8–79 years]) were exam-
ined. There was no significant differ-
ence in age between the male and the 
female patients (P = .371, two-sample 

preclude more widespread use of this 
technique. First, user-dependent navi-
gator placement and irregular patient 
breathing patterns lead to variable and 
unpredictable imaging times (1) and 
sometimes even failure to complete an 
examination (7). Second, respiratory 
displacement measured at the level of 
the diaphragm is only indirectly linked 
with that of the heart, this relationship 
may change during an examination, and 
both hysteretic effects (12) and tempo-
ral delays (13) have been reported as 
additional complications. In response, 
respiratory self-navigation has recently 
been introduced (14) for coronary MR 
angiography. With this technique, re-
spiratory motion data are directly ex-
tracted at the level of the heart and 
from the k-space data acquired for 
coronary imaging. This avoids an in-
direct measurement and makes the 
technique theoretically less vulnerable 
to changes in breathing patterns, while 
adverse effects related to hysteresis or 
temporal delays can be avoided. Simul-
taneously, navigator placement is no 
longer needed, imaging time depends 
only on the heart rate of the patient, 
and, by using a three-dimensional (3D) 
radial approach, isotropic spatial res-
olution is achieved without “foldover” 
artifacts. While the first in vivo human 
results in small cohorts of healthy adult 
volunteers have been reported earlier 
(14–17), the diagnostic performance of 
this approach in patients suspected of 
having CAD has not been ascertained 
previously, to our knowledge. There-
fore, the purpose of this study was to 

Whole-heart coronary magnetic 
resonance (MR) angiography 
has become an appealing al-

ternative to x-ray or computed tomo-
graphic (CT) coronary angiography, 
as it is noninvasive and safe, can be 
easily repeated, and operates without 
ionizing radiation (1). Considering that 
a substantial minority of patients who 
undergo invasive x-ray coronary angiog-
raphy are found to have no clinically im-
portant luminal coronary artery disease 
(CAD) (2,3), coronary MR angiography 
may play an important role in patient 
care.

Coronary MR angiography is usually 
electrocardiographically triggered to 
avoid image artifacts caused by the per-
iodic contraction and relaxation of the 
heart. Image data are typically acquired 
over a large number of heartbeats and 
during a short time window in the car-
diac cycle. To account for respiratory 
motion, a navigator (4) is commonly 
placed at the dome of the right hemidia-
phragm and is used for both gating and 
real-time tracking of the imaged volume 
position. Although major improvements 
have been reported in recent years 
(5–8), and selected single-center stud-
ies have demonstrated that the sensi-
tivity and specificity of this technique 
approach that of CT (9–11), a number 
of rate-limiting steps still exist and 

Implications for Patient Care

 n The self-navigated three-dimen-
sional radial pulse sequence sig-
nificantly improves the ease of 
use of coronary MR imaging in a 
patient setting, because no navi-
gators are needed and “foldover” 
is not a concern.

 n Because the acquisition time is 
known a priori and does not 
depend on the breathing pattern, 
this sequence can be introduced 
within a routine clinical cardiac 
protocol.

Advances in Knowledge

 n Respiratory self-navigation can be 
successfully applied for whole-
heart coronary MR imaging in a 
nonselected patient cohort.

 n Image quality is satisfactory for 
the routine visualization of the 
main and proximal coronary seg-
ments, although technical im-
provements are needed to 
improve image quality in the 
distal segments.

 n The quality of the coronary 
images is sufficient to enable dis-
crimination between normal and 
anomalous coronary arteries; 
however, the sensitivity (64.7%) 
for detecting proximal coronary 
artery stenoses still needs to be 
improved.
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with 18 years of experience in cardiac 
MR imaging; P.M., with 4 years of ex-
perience; G.V., with 5 years of experi-
ence; or T.R., with 3 years of experi-
ence) by using visual inspection of the 
most quiescent middiastolic period on 
a midventricular short-axis cine image 
series acquired before the injection of 
the contrast agent. The heart rate of all 
patients was recorded during the rou-
tine two-dimensional cine acquisitions 
before contrast agent injection and was 
used to compute the expected dura-
tion of the self-navigated whole-heart 
acquisition. The actual duration of the 
whole-heart acquisition was assessed 
for comparison.

Coronary Arteries and Image Quality
The proximal, middle, and distal seg-
ments of the right coronary artery 
(RCA), the left anterior descending 
(LAD) artery, and the left main stem 
and the proximal segment of the left 
circumflex (LCX) artery were identi-
fied and classified following the guide-
lines of the American Heart Associa-
tion (21). All segments were graded on 
a five-point scale for image quality by 
two experts (M.S., with 17 years of ex-
perience in coronary MR angiography, 
and D.P., with 5 years of experience). 
The five-point scale was adapted from 
that used by McConnell et al (22) by 
using consensus reading, as proposed 
by Kim and colleagues (23). The scale 

weight was administered. Specifically, 
the dose was injected as a single bolus 
of 0.2 mmol/kg for viability assessment 
(n = 27) or for angiography of the great 
vessels (n = 11); as a single bolus of 0.1 
mmol/kg each for viability assessment 
and angiography (n = 10); or as a bolus 
of 0.1 mmol/kg for first-pass myocardial 
perfusion assessment during adenosine 
stress, followed by a bolus of 0.1 mmol/
kg at rest (n = 30). Immediately after 
administration of the total dose, stacks 
of axial, sagittal, and coronal volume 
interpolated breath-hold examination 
images were acquired for assessment 
of the thoracic anatomy. After the ac-
quisition of these anatomic images (ie, 
approximately 4 minutes after the last 
injection), the 3D self-navigated imag-
ing was performed with the following 
parameters: repetition time msec/echo 
time msec, 3.1/1.56; field of view, 220 
3 220 3 200 mm; matrix, 192 3 192 
3 192; acquired voxel size, 1.15 3 1.15 
3 1.15 mm; radiofrequency excitation 
angle, 115°; and receiver bandwidth, 
900 Hz/pixel. A total of approximately 
15 000 radial readouts were acquired 
in 377 heartbeats (acquisition window, 
100 msec) or in 610 heartbeats (acqui-
sition window, 75 msec), depending on 
the individual heart rate of each patient 
(20), and with an overall sampling ratio 
of 20% of the Nyquist limit. The trig-
ger delay was set by the cardiologist 
operating the MR imaging unit (J.S., 

two-tailed Student t test). The average 
body mass index was 24.3 kg/m2 6 4.6. 
Patients were referred for cardiac MR 
imaging because they were known to 
have or were suspected of having CAD 
(n = 40), for evaluation of congenital 
coronary anomalies (n = 17), for evalu-
ation of cardiomyopathy (n = 14), and 
for other reasons (n = 7). All patient 
indications are reported in Table 1. In 
the current study, no specific exclusion 
criteria were applied, and the MR an-
giography data sets in all 78 patients 
were included in the final quantitative 
analyses. This study was approved by 
the local ethics committee at the Uni-
versity Hospital in Lausanne (Commis-
sion cantonale d’éthique de la recher-
che sur l’être humain).

Coronary MR Angiography Data 
Acquisition
All examinations were performed with 
a 1.5-T clinical MR imaging unit (MAG-
NETOM Aera; Siemens, Erlangen, Ger-
many). Thirty elements of the anterior 
and posterior phased-array coils were 
activated for signal reception. Data 
acquisition was performed by using a 
3D radial trajectory with a spiral phyl-
lotaxis pattern (18) (Fig E1a [online]), 
adapted for self-navigation as described 
in (15) (Fig E1b and E1c [online]). The 
self-navigated study did not require any 
extra localizer, and the planning of the 
whole-heart acquisition included only 
the placement of the cubic field of view 
around the heart as seen on the very 
first scout image used for cardiac imag-
ing. A saturation slab at the level of the 
anterior chest wall was also localized on 
this scout image. Motion detection and 
correction and image reconstruction 
were performed automatically and in 
real time on the console of the system. 
All measurements were performed by 
using k-space segmentation and electro-
cardiographic triggering. For the acqui-
sition of each k-space segment, both T2 
preparation (echo time, 40 msec) (19) 
and fat saturation were added prior to 
balanced steady-state free precession 
image data acquisition. In all patients, 
a total dose of 0.2 mmol gadobutrol 
(Gadovist; Bayer Schering Pharma, Zu-
rich, Switzerland) per kilogram of body 

Table 1

Indications for Cardiac MR Imaging for 78 Patients

Indication Stress Perfusion MR Angiography
Late Gadolinium 
Enhancement

X-Ray 
Angiography

Suspected CAD (n = 18) 18/18 2/18 18/18 2/18
Confirmed CAD–ischemia (n = 11) 11/11 0/11 11/11 9/11
Confirmed CAD–viability (n = 11) 0/11 0/11 11/11 10/11
Cardiomyopathy (n = 14) 0/14 1/14 14/14 5/14
Congenital anomaly (n = 16) 1/16 15/16 7/16 1/16
Coronary abnormality (n = 1) 0/1 0/1 1/1 1/1
Other (n = 7) 0/7 3/7 5/7 3/7
 Total (n = 78) 30/78 21/78 67/78 31/78

Note.—The patient cohort was subdivided into seven categories of common indications for cardiac MR imaging. The 
examinations were the specific examinations performed for diagnosis in the specific patients, although they were not the only 
examinations undergone by the patients. In all patients, standard localizers were obtained and two-dimensional cine imaging for 
ejection fraction calculation was performed. “Other” = for example, work-up of valvular disease or right ventricular assessment 
in pulmonary hypertension.
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family history of CAD, and 15.4% [n 
= 12] were smokers). In all patients, 
coronary MR angiography data acqui-
sition was successfully completed. The 
average predicted acquisition time, 
based on the heart rate measured dur-
ing the cine acquisitions, was 7.38 mi-
nutes 6 1.85, and the measured time 
for the 3D whole-heart self-navigated 
protocol was 7.84 minutes 6 1.88. A 
high linear correlation and an almost 
unitary slope (R2 = 0.88, slope = 0.95) 
were found between the expected and 
the measured imaging times for all pa-
tients, as shown on the scatterplot in 
Figure E2 (online).

Coronary Arteries and Image Quality
The number of visualized coronary seg-
ments, the average quality grades, ves-
sel sharpness, vessel length, and vessel 
diameter for all coronary segments are 
reported in Table 2. The quality grades 
and the vessel sharpness of the left main 
stem, the proximal LAD artery, and the 
proximal and middle RCA were, on aver-
age, higher than those of the respective 
distal segments. The image quality in the 
proximal and middle segments allowed 
assessment or exclusion of the anoma-
lous origin and course of the coronary 
arteries, with respect to the anatomy 
of the heart and the great vessels, in all 
of the cases of coronary anomaly. Ex-
amples are displayed in Figure 1 and in 
Figure E3 (online). Finally, one of the 
patients had a saphenous vein graft to 
the distal LCX artery that was well re-
formatted and visualized in the 3D self-
navigated data set and could be directly 
compared with the findings on the cor-
responding x-ray angiogram, as shown 
in Figure E4 (online).

Diagnostic Performance for Detection  
of CAD
After unblinding, it was found that x-
ray coronary angiograms were avail-
able for 31 of the 78 patients. Two data 
sets were excluded from the analysis 
because of the low image quality of the 
MR angiograms (quality grade = 0), on 
which the coronary arteries could not 
be visualized. For the remaining 29 pa-
tients, the majority of the x-ray angio-
grams were obtained before (n = 22) 

segments, all segments were sorted into 
one of three groups: proximal (includ-
ing the left main stem and the proximal 
RCA, LCX artery, and LAD artery), 
middle (including the middle RCA and 
LAD artery), and distal (including the 
distal RCA and LAD artery).

Quality grades and percentages 
of vessel sharpness were compared 
among the three groups as follows: 
First, a one-way analysis of variance 
was used to test whether an effect was 
present among the means of the three 
groups. P , .05 was considered to indi-
cate a statistically significant difference. 
When an effect was found, multiple 
paired two-tailed Student t tests were 
performed, with a P , .017 considered 
to indicate a significant difference af-
ter Bonferroni adjustment for multiple 
comparisons (.05/3), as described by 
Tello and Crewson (25).

As for vessel visualization (grade 
. 0), the odds of being visualized or 
nonvisualized were computed for each 
group. Odds ratios (ORs) and their 
95% confidence intervals (CIs) were 
then computed among the three groups, 
as described previously (26). All sta-
tistical analyses were performed with 
Excel 2007 (Microsoft, Bothell, Wash), 
except for the analysis of variance tests, 
which were performed in Matlab v7.13 
(Mathworks, Natick, Mass). Sensitivity 
and specificity values were calculated 
by using Excel 2007.

Results

In the patient population studied, the 
prevalence of cardiovascular risk fac-
tors was in line with that of a popu-
lation known to have or suspected of 
having CAD, with 30.8% (n = 24) of 
patients having systemic arterial hyper-
tension (50.0% [n = 39] of patients did 
not have it, and in 19.2% [n = 15], hy-
pertensive status was unknown), 25.7% 
(n = 20) of patients having hypercholes-
terolemia (53.8% [n = 42] of patients 
did not have it, and in 20.5% [n = 16], 
hypercholesterolemic status was un-
known). There was a somewhat lower 
prevalence of other risk factors (eg, 
10.3% [n = 8] of patients had diabetes 
mellitus, 14.1% [n = 11] had a positive 

grades border definition of the coro-
nary arteries as follows: A score of 0 
indicates not visible; a score of 1, mark-
edly blurred; a score of 2, moderately 
blurred; a score of 3, mildly blurred; 
and a score of 4, sharply defined. Any 
segment with a grade higher than 0 was 
considered to be visualized. The two 
experts were blinded completely to pa-
tient indications and clinical conditions. 
The percentage vessel sharpness was 
then also computed for all the visualized 
coronary segments (by S.C., G.B., and 
R.B.v.H., all with 3 years of experience 
in coronary MR angiography) by using 
an approach similar to that described by 
Etienne et al (24). Visual vessel length 
was measured (by D.P., with 5 years 
of experience in coronary MR angiog-
raphy) for both the right and the left 
coronary systems by using CoronaViz (a 
work-in-progress software by Siemens 
Corporate Research, Princeton, NJ). 
Vessel diameter was computed for all 
visualized coronary segments.

Diagnostic Performance for Detection of 
CAD
On the MR images, a double-blinded 
evaluation for the detection of significant 
luminal coronary disease in the left main 
stem, the RCA, the LAD artery, and the 
proximal LCX artery was performed for 
all patients by consensus reading. The 
observers (M.S. and D.P.) did not know 
whether an x-ray coronary angiogram 
would be available for comparison in a 
given patient, nor did they know the spe-
cific indication for cardiac MR imaging. 
The stenoses on x-ray angiograms were 
independently identified and graded (a 
stenosis . 50% of the vessel diameter 
was considered to be significant) by an 
experienced cardiologist (C.S., with 10 
years of experience in x-ray coronary 
angiography). After unblinding, sen-
sitivity and specificity were computed 
for the proximal and middle segments 
of the coronary vessels that were avail-
able for analysis with both modalities. 
Results of per-patient, per-vessel, and 
per-segment analyses are reported.

Statistical Analysis
To assess any significant difference 
in image quality between coronary 
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the MR angiography examination (n = 
2 on the same day, n = 5 MR angiogra-
phy first). Among these patients, three 
had a time gap of more than 90 days 
with respect to the MR angiography 
examination, while the average time 
between the two examinations was 45 
days. The left main stem and the RCA 
were assessed on all 29 x-ray angio-
grams, while angiograms of the LAD 
and LCX arteries were available for 
28 patients. The double-blinded com-
parison of self-navigated whole-heart 

Table 2

Quantitative Results for Image Quality of the Coronary Arteries in 78 Patients

Parameter Left Main Stem* Proximal LCX Artery†

LAD Artery‡ RCA§

Proximal Middle Distal Proximal Middle Distal

No. of patients in whom segments 
could be visualized

76/78 65/78 71/78 61/78 44/78 76/78 70/78 43/78

Grade 2.0 6 0.9 1.2 6 0.8 1.8 6 1.1 1.3 6 0.9 0.7 6 0.7 1.8 6 1.0 1.5 6 1.0 0.7 6 0.5
Sharpness (%) 42.0 6 11.6 39.2 6 8.9 39.5 6 10.2 35.2 6 10.3 37.2 6 10.0 37.5 6 12.8 36.6 6 11.8 24.2 6 7.5
Diameter (mm) 3.5 6 0.6 3.1 6 0.5 2.9 6 0.5 3.0 6 0.5 2.9 6 0.6 3.0 6 0.8 2.8 6 0.6 2.9 6 0.7

Note.—Data are means 6 standard deviations.

* Average total sampled length = 16.6 mm 6 4.5.
† Average total sampled length = 31.0 mm 6 21.9.
‡ Average total sampled length = 68.6 mm 6 33.4.
§ Average total sampled length = 82.0 mm 6 41.1.

Figure 1

Figure 1: A–C, Examples of multiplanar reformats in the coronary arteries obtained offline from the whole-heart self-navigated MR angiography data sets. 
These reformats robustly depict the coronary arteries in relation to the neighboring anatomy. A, Normal coronary arteries in a case of transposition of the 
great arteries. The aorta is connected to the morphologic right ventricle. B, Reformat in a surgically reconstructed left main stem in a case of a syndrome of 
abnormal left coronary artery arising from the pulmonary artery. C, Abnormal left coronary artery arising from the noncoronary sinus and running between 
the aorta and the left atrium. Ao = aorta, LA = left atrium, LC = left coronary cusp, LM = left main stem, NC = noncoronary cusp, RA = right atrium, RV = 
right ventricle, RVOT = right ventricular outflow tract, SVC = superior vena cava.

coronary MR angiography with x-ray 
angiography resulted in an overall per-
patient sensitivity and specificity of 
71.4% (15 of 21) and 62.5% (five of 
eight), respectively, for the detection 
of significant CAD in the proximal and 
middle segments. The total per-vessel 
sensitivity and specificity in the proxi-
mal and middle segments of the coro-
nary vessels were 64.7% (22 of 34) 
and 85.0% (68 of 80), respectively, 
for the total of 114 coronary vessels 
examined. The values for each vessel 

are reported separately in Table 3.  
Considering the proximal and middle 
segments of each coronary artery 
separately, sensitivity and specificity 
reached an overall per-segment value 
of 46.2% and 82.6%, respectively. In 
Figure 2, example reformats of the left 
and right coronary systems obtained 
with the 3D self-navigated approach 
(Fig 2, A, C, E) in patients with CAD 
at x-ray angiography are displayed. The 
corresponding x-ray coronary angio-
grams are shown in Figure 2, B, D, F.
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While discussing the average 
grades for each coronary segment ob-
tained in this study, some important as-
pects should be considered. First, the 
grading performed by the two experts 
was completely blinded with respect to 
the specific patient indication for im-
aging and medical condition. In other 
words, low grades for specific coronary 
segments were given regardless of the 
underlying reason for the suboptimal 
visualization (eg, suboptimal perfor-
mance of the self-navigated sequence, 
presence of a stent, presence of disease 
or calcifications). Second, the patient 
group was varied and representative of 
an unselected cohort of patients that 
may routinely be referred for cardiac 
MR imaging. All age, weight, and size 
categories were included, no exclusion 
criteria (eg, extrasystole, irregular 
breathing) were applied, and the acqui-
sition was planned by several different 
operators with training in general car-
diac MR imaging but no special train-
ing on the use of the self-navigated 
sequence. Although image quality was, 
on average, satisfactory for the visuali-
zation of the proximal segments of the 
coronary tree, the method still needs 
to be improved for better visualization 
of more distal parts. Residual, unsup-
pressed cardiac motion and residual 
3D respiratory displacement are likely 
causes of image quality degradation. 
In particular, we have exploited respi-
ratory motion correction in only the 
superior-inferior direction. However, it 
is has been documented (27) that this 
motion is more complex and individu-
ally dependent. Therefore, future de-
velopments should be directed toward 
3D motion correction. Because the 3D 
radial k-space sampling scheme en-
ables respiratory motion correction in 
any direction, an expansion to 3D mo-
tion correction seems straightforward 
and holds promise for further improve-
ments in image quality (17). Moving 
forward, a combination of compressed 
sensing (28) and either navigator gat-
ing or self-navigation may have advan-
tages in terms of image quality and ac-
quisition time.

Streaking artifacts due to radial un-
dersampling are mainly caused by bright, 

Table 3

Sensitivity and Specificity of Proposed Technique for Detection of CAD as Compared 
with X-Ray Angiography

Comparison Basis Sensitivity (%) Specificity (%)

Per patient 71.4 (15/21) 62.5 (5/8)
Per vessel (total) 64.7 (22/34) 85.0 (68/80)
Left main stem 50.0 (1/2) 96.3 (26/27)
LAD artery (proximal plus middle segments) 66.7 (10/15) 92.3 (12/13)
LCX (proximal plus middle segments) 33.3 (1/3) 88.0 (22/25)
RCA (proximal plus middle segments) 71.4 (10/14) 53.3 (8/15)
Per segment 46.2 (18/39) 82.6 (109/132)

Note.—Data in parentheses are raw data.

Statistical Analysis
The mean grades for the proximal, 
middle, and distal segment groups were 
1.7 6 1.0, 1.4 6 1.0, and 0.7 6 0.8, re-
spectively. The average percentage ves-
sel sharpness values for the proximal, 
middle, and distal segment groups were 
39.5 6 11.2, 35.9 6 11.1, and 29.1 6 
10.6, respectively. In both cases, the 
analysis of variance test revealed a sig-
nificant effect (P < .0001). At t testing, 
a statistical difference was found among 
all three groups for both quality grades 
and vessel sharpness (P , .017).

A proximal coronary segment was 
found to be 2.3 times more likely to 
be visualized when compared with the 
middle segments (OR = 2.3; 95% CI: 
1.3, 4.2). A middle coronary segment 
was 4.2 times more likely to be visu-
alized with respect to a distal segment 
(OR = 4.2; 95% CI: 2.4, 7.1), while the 
visualization ratio between proximal 
and distal segments was 9.5 (OR = 9.5; 
95% CI: 5.6, 16.1). All of these values 
were found to be statistically signifi-
cant, according to the observations of 
Medina and Zurakowski (26).

Discussion

In the present study, the respiratory 
self-navigated sequence resulted in a 
per-vessel specificity that was compa-
rable to the values reported in the lit-
erature for conventional navigator-gat-
ed coronary MR angiography (85%), 
while the sensitivity (64.7%) was still 
lower. Main and proximal coronary 

segments could be visualized signifi-
cantly more often than middle and dis-
tal segments (in 92.3% vs 84.0% and 
55.8% of patients, respectively). The 
subjective scores and vessel sharpness 
were also significantly higher (P , .05) 
in the main and proximal segments 
with respect to their distal counter-
parts, and anomalies of the coronary 
arteries could be confirmed or ex-
cluded in all cases. Data acquisition 
was successful in all patients, while 
the total imaging time showed a high 
correlation with that predicted using 
the heart rate of the patients. While 
changes in the respiratory pattern or 
diaphragmatic drift have been a rea-
son for termination of the examination 
or inability to reconstruct an image 
in navigator-gated acquisitions in the 
past (7), this no longer applies for self-
navigated coronary MR angiography. 
Because the only determinant of acqui-
sition duration is the heart rate of the 
patient, the imaging duration is known 
a priori, which is most useful for pro-
tocol definition. Data accepted for 
reconstruction originate from a large 
range of respiratory displacements, 
and thus, a change in the orientation 
or shape of the heart between respi-
ratory phases is more likely. However, 
the current reconstruction algorithm 
does not account for these effects. For 
these reasons, an image reconstruction 
technique that excludes image data ac-
quired during outlier respiratory posi-
tions, may lead to an improvement in 
image quality.
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selected for MR imaging. This leads 
to a certain selection bias that was not 
present in our study, because all 78 pa-
tients that were referred to cardiac MR 
imaging underwent a double-blinded 
analysis of the MR angiography data 
sets for detection of CAD. However, a 
certain bias was intrinsically unavoid-
able in the subset of patients whose 
data were used for the computation of 
sensitivity and specificity (because x-
ray angiography was performed only in 
the setting of suspected or confirmed 
CAD). Nevertheless, only after unblind-
ing did we learn about the specific car-
diac MR imaging indications of each 
of the patients and which of them did 

(8,23,31–35), resulting in sensitivities 
ranging from 73% to 97% and speci-
ficities ranging from 68% to 96%. In 
particular, the most recent multicenter 
trial (1) reported a per-vessel sensi-
tivity and specificity of 83% and 90%, 
respectively. The current assessment of 
the performance of the self-navigated 
coronary MR angiography acquisition 
demonstrated a per-vessel specificity 
close to previously reported values, 
while the sensitivity was still subopti-
mal. However, in the majority of the 
above-mentioned studies, only patients 
who were scheduled to undergo or who 
had undergone x-ray coronary angi-
ography for diagnostic purposes were 

unsuppressed fat signal outside the field 
of view. An improved fat saturation strat-
egy for radial sampling is therefore de-
sirable. However, for radial approaches, 
fat saturation is more challenging, as 
each signal readout goes through the or-
igin of k-space. Alternatively, the utility 
of spectral spatial pulses (29) remains 
to be investigated, but a prolonged rep-
etition time may be expected. Finally, 
our study was performed at 1.5 T and 
without the administration of isosorbide 
dinitrate (30) or b-blockers.

The diagnostic accuracy of coro-
nary MR angiography for the detection 
of CAD has been investigated in several 
single-center studies in recent years 

Figure 2

Figure 2: A–F, Examples of the comparison between multiplanar reformats of the whole-heart self-navigated coronary MR angiography data sets (top row) and the 
corresponding x-ray coronary angiograms (bottom row) in three patients. The lesion in the proximal LAD artery and just distal to the take-off of a diagonal branch can 
clearly be identified in the first patient in, A, while this is confirmed on the x-ray angiogram in, B. While the luminal narrowing of the proximal RCA in the second pa-
tient on, C, can clearly be identified, the further course of this artery is obscured in the region of a stent. The same interstent restenoses can be identified in, D. In the 
third patient in, E, significant disease is identified in the proximal LAD artery at MR angiography and is confirmed on, F, the corresponding x-ray coronary angiogram. 
Arrows = stenoses.
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