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Rationale and Objectives: To evaluate the diagnostic accuracy of a prototype noncontrast, free-
breathing, self-navigated 3D (SN3D) MR angiography (MRA) technique for the assessment of coronary
artery anatomy in children with known or suspected coronary anomalies, using CT angiography (CTA)
as the reference standard.

Materials and Methods: Twenty-one children (15 male, 12.3 § 2.6 years) were prospectively enrolled
between July 2014 and August 2016 in this IRB-approved, HIPAA-compliant study. Patients underwent
same-day unenhanced SN3D-MRA and contrast-enhanced CTA. Two observers rated the visualization
of coronary artery segments and diagnostic confidence on a 3-point scale and assessed coronary arter-
ies for anomalous origin, as well as interarterial and intramural course. Sensitivity, specificity, positive
(PPV) and negative predictive values (NPV) of SN3D-MRA for the detection of coronary artery abnormal-
ities were calculated. Interobserver agreement was assessed using Intraclass Correlation Coefficients
(ICC).

Results: Fourteen children showed coronary artery abnormalities on CTA. The visualization of coronary
segments was rated significantly higher for CTA compared to MRA (p <0.015), except for the left main
coronary artery (p = 0.301), with good to excellent interobserver agreement (ICC = 0.62�0.94). Diagnos-
tic confidence was higher for CTA (p = 0.046). Sensitivity, specificity, PPV, and NPV of MRA were 92%,
92%, 96%, and 87% for the detection of coronary artery anomalies, 85%, 85%, 74%, and 92% for high
origin, 71%, 92%, 82%, and 87% for interarterial, and 41%, 96%, 87%, and 80% for intramural course.
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TR
Time of repetition

TE
Time of echo

HU
Hounsfield units

DLP
Dose-length-product

MPRs
Multi-planar reformat

MIP
Minimum-intensity projection

CA
Coronary artery

RCA
Right CA

LM
Left main CA

LAD
Left anterior descending CA

LCX
Left circumflex CA

D1
First diagonal CA

PDA
Posterior descending CA

ICC
Intraclass correlation

coefficients

PPV
Positive predictive value

NPV
Negative predictive value

BMI
Body-mass-index

ALARA
“As Low As Reasonably
Achievable”- principle
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Conclusions: Noncontrast SN3D-MRA is highly accurate for the detection of coronary artery anomalies
in pediatric patients while diagnostic confidence and coronary artery visualization remain superior with
CTA.

Key Words: Magnetic Resonance Angiography; Computed Tomography Angiography; Pediatric Car-
diac Imaging; Coronary Angiography; Free-breathing Self-navigated MRA; Noncontrast MRA.
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INTRODUCTION

C ross-sectional imaging modalities, such as coronary
computed tomography angiography (CTA) and
magnetic resonance angiography (MRA) are

increasingly used in children (1�3). To date, CTA is consid-
ered the noninvasive reference standard for imaging of the
coronary arteries, both in adults (4) and children (5), enabling
higher spatial resolution and faster image acquisition com-
pared to MRA. However, there remain concerns over the
cumulative radiation exposure associated with CTA (6,7),
especially in pediatric patients with congenital heart disease
who require serial imaging follow-up (8,9) either with repeat
CTA, invasive catheterization, or other image-guided proce-
dures. Therefore, any available radiation reduction strategies
should be implemented in this population. Furthermore,
there are rare but notable risks associated with the intravenous
administration of contrast material both for CT (10,11) and
MR (12,13) examinations. Accordingly, noncontrast imaging
tests without ionizing radiation are appealing for pediatric
patients, particularly those who are subject to repeat imaging
(14,15).

Coronary MRA is not associated with ionizing radiation;
however, prior MRA approaches have been limited by user-
dependent navigator placement and unpredictable imaging
times due to irregular breathing patterns (16,17). Recently, a
free-breathing self-navigated 3D (SN3D) radial whole heart
MRA technique was introduced, which has greater scan effi-
ciency and a reduced image acquisition time compared to tra-
ditional respiratory-navigated MRA approaches (16,18). A
prior study suggests that this SN3D-MRA approach with
contrast material administration provides good image quality
in children with congenital heart disease (19); however, there
is a lack of data regarding the diagnostic accuracy of this
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technique for the detection of congenital coronary artery
anomalies. Moreover, evidence is scarce regarding the robust-
ness of SN3D-MRA when employed without contrast media
administration. We hypothesized that the diagnostic accuracy
of noncontrast SN3D-MRA is similar to CTA for the detec-
tion of coronary artery anomalies. Furthermore, we aimed to
quantify the diagnostic performance of SN3D-MRA in the
characterization of more subtle anatomical detail such as
interarterial and intramural coronary artery course.
Thus, the purpose of this study was to evaluate the diag-

nostic accuracy of a prototype noncontrast, free-breathing
coronary SN3D-MRA technique for the assessment of coro-
nary artery anatomy in children with known or suspected
coronary anomalies, using CTA as the reference standard.
TABLE 1. Patient Characteristics and Findings. Diagnostic Accu-
racy of Noncontrast SN3D-MRAwas Analyzed for the Criteria Enu-
merated in Italics Using Contrast-Enhanced CTA as the Reference
Standard. S/P Refers to Status-Post Surgical Repair of Transposi-
tion of the Great Arteries. Note that Some Patients Had More than
One Anomaly. [CA� Coronary Artery, RCA� Right CA, LM� Left
Main CA, LAD� Left Anterior Descending, LCX� Left Circumflex,
LCA Left Coronary Artery]

CA Anomaly* RCA n = 10 (3 S/P)
MATERIALS ANDMETHODS

Patients

Our local Institutional Review Board approved this prospec-
tive, HIPAA-compliant study and written informed consent
was obtained from each participant’s guardian. From July 2014
to August 2016, 21 pediatric patients were included (15 male,
mean age: 12.3 § 2.6 years, range: 8�7 years) who required
additional coronary artery imaging because of inconclusive
echocardiography, and each underwent a CTA and MRA on
the same day. Notably, in the routine clinical practice of our
institution, patients always have to go echocardiography first
before a potential CTA is performed subsequently. The group
included 15 patients with known or suspected congenital cor-
onary anomalies and 6 individuals with repaired transposition
of the great arteries who had reimplatation of their coronary
origins as part of their surgical repair. Subjects with an
implanted cardiac device and/or arrhythmias were not
included. Table 1 summarizes patient characteristics.
LM n = 8 (3 S/P)
LAD n = 3 (2 S/P)
LCX n = 6 (5 S/P)
RCA and LM n = 6 (2 S/P)
RCA and LAD n = 1 (2 S/P)
RCA and LCX n = 3 (2 S/P)

High CA Origin RCA n = 6 (2 S/P)
LCA n = 4 (2 S/P)
RCA and LCA n = 3 (2 S/P)

Interarterial
Course

RCA n = 5 (2 S/P)
LCA n = 2 (2 S/P)

Intramural
Course

RCA n = 5 (2 S/P)
LCA n = 1 (2 S/P)

RCA originates from left coronary
sinus

n = 4 (2 S/P)

originates from noncoronary
sinus

n = 1 (2 S/P)

LCA originates from right coronary
sinus

n = 4 (2 S/P)

originates from RCA n = 4 (2 S/P)
independent origin of LAD and
LCX

n = 1 (2 S/P)
MR Angiography

MR image acquisition was performed using a 1.5 T system
(Magnetom Avanto, Siemens Healthineers, Erlangen, Ger-
many). No contrast media was administered and examina-
tions were performed without anesthesia or sedation. Patients
were scanned head-first in the supine position and scans were
electrocardiographically (ECG)-gated. A 24-element multi-
channel phased-array receiver coil was integrated in the
patient table and a six-element coil was placed on the anterior
side of the patient for signal reception. Following the scout
images, a four-chamber steady-state free-precession cine
image set was acquired in a free-breathing fashion, with four
averages to compensate for respiratory motion. The follow-
ing typical pulse sequence parameters: field of view
(FOV) = 220�340 mm2, repetition time/echo time (TR/
TE) = 2.7/1.1 ms, number of segments = 13, reconstructed
phases = 25, temporal resolution = 35 ms, flip angle = 56°,
number of signal averages = 3, matrix = 192£ 100, and
bandwidth = 930 Hz/pixel. Parallel imaging with an
acceleration factor of two was employed (Grappa, Siemens).
The cine image set was retrospectively analyzed to determine
the best mid-diastolic resting phase during the cardiac cycle
for ECG-based synchronization of the MRA scan (20,21).
Next, a coronal slab was defined, including the heart and the
great vessels, to perform the prototype SN3D-MRA acquisi-
tion using the following settings: TR/TE = 3.1/1.5 ms,
FOV = (220 mm)3, isotropic voxel size = 1.15 mm3, flip
angle = 115°, receiver bandwidth = 898 Hz/pixel,
matrix = 1923, and radial k-space readout with a total of
12064 radial views acquired over 377 heartbeats. Additional
technical details of the SN3D-MRA technique have been
described previously (16,22,23). Notably, this free-breathing
and respiratory motion-corrected approach allows for 100%
scan efficiency; it does not require user-dependent diaphragm
navigator placement or breathing commands and enables the
prediction of scan duration prior to the acquisition (16),
unlike former 3D MRA techniques (2). Imaging time
required for the SN3D-MRA acquisition was recorded.
CT Angiography

CTA images were acquired using a second-generation dual-
source CT system (Somatom Flash, Siemens Healthcare, For-
chheim, Germany) with a low tube voltage of 70�100
1311
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kilovolt peak (kVp). Image acquisition was performed using
the sequential (axial) mode with prospective ECG triggering at
70% of the R-R interval if the heart rate was <70 bpm or
40% if the heart rate was >70 bpm. Automated tube current
modulation (CareDose, Siemens) was utilized, with a reference
tube current time product of 256 mAs per rotation, gantry
rotation time = 280 ms, and collimation = 64£ 2£ 0.6 mm.

Iodinated contrast material (Iohexol; 350 mg of organic
iodine/mL, Omnipaque 350, GE Healthcare, Little Chalfont,
Buckinghamshire, UK) was administered at a flow rate of
4 mL/s via an 18-gauge intravenous cannula in a vein of the
antecubital fossa. The standard contrast media dose of 60 mL
could be adjusted according to patient's body weight to a
maximum of 80 mL and was followed by a 40 mL saline
chaser bolus. Image acquisition was automatically initiated
2 seconds after a threshold of 100 Hounsfield units (HU) was
reached in a region of interest placed in the descending aorta.

CT raw data were reconstructed using a standard medium-
sharp (I26f) reconstruction algorithm and sonogram affirmed
iterative reconstruction (Safire, strength level 3, Siemens).
Images were reconstructed with 0.75 mm slice thickness at
0.3 mm increments. The effective dose of each CTA exami-
nation was calculated by multiplying the dose-length-prod-
uct (DLP) with conversion factors based on gender and age,
as previously described (24).
Image Analysis

SN3D-MRA and CTA datasets were independently
reviewed by two observers with 7 and 4 years of experience
in cardiac imaging, respectively. Readers were blinded to
clinical information and in particular, potential prior proce-
dures. Interpretations were performed on 3D multi-modality
workstations (TeraRecon, Aquarius iNtuition Viewer, ver-
sion 4.4.12, TeraRecon Inc., Foster City, CA). The exami-
nations were assessed in randomized order and CTA and
MRA images were evaluated separately. Readers started with
the MRA analysis and observed a minimum one-week time
interval between analyses of CTA examinations in order to
minimize potential recall bias. Transverse, coronal, and sagit-
tal multi-planar reformats (MPRs) were evaluated and image
orientation could be freely adjusted. Preset window settings
could be modified to optimize image contrast according to
reader preference. In addition, reviewers were permitted to
switch from MPR to maximum-intensity projection (MIP)
series as necessary. Readers were blinded to clinical indica-
tion, patient age and gender.

First, the quality of coronary artery visualization was rated
both for SN3D-MRA and CTA for the right (RCA), left
main (LM), left anterior descending (LAD), left circumflex
(LCX), first diagonal (D1), and posterior descending (PDA)
coronary arteries using the following 3-point scale: 1 = insuffi-
cient visualization, 2 = adequate visualization, and 3 = excel-
lent visualization. Diagnostic confidence was scored overall, as
well as for the assessment of coronary artery anomalies:
1312
1 = insufficient diagnostic confidence, 2 = adequate diagnostic
confidence, and 3 = excellent diagnostic confidence.

Second, the two readers rated the presence of coronary
artery anomalies using SN3D-MRA images for the RCA,
LM, LAD, and LCX dichotomously as present or absent.
Any abnormality in the location of the coronary artery origin
was considered anomalous, resulting from either a congenital
coronary abnormality or a postsurgical condition (e.g., coro-
nary reimplantation during repair of transposition of the great
arteries), recognizing that some patients may have both con-
genital and postsurgical anomalies. A high coronary origin,
also known as origin from the ascending aorta distal to the
aortic sinuses as well as the criteria of interarterial and intra-
mural coronary artery course were included as anomalies.
However, clinically insignificant abnormalities such as an
eccentric origin from the appropriate sinus were not included
as an anomaly for the purposes of this study. Furthermore,
the following descriptors of coronary artery course were rated
dichotomously as present or absent for the RCA, LM, LAD,
and LCX: high origin, interarterial course, and intramural
course within the aortic wall.

The radiological CTA reports from clinical routine served
as the reference standard for the particular analysis of SN3D-
MRA diagnostic accuracy. The original CTA reports were
reconfirmed by an investigator with 10 years of experience in
cardiac imaging, who reviewed the CTA examinations and
did not participate in the actual rating sessions.
Statistical Evaluation

Dedicated software was used for statistical analysis (MedCalc Sta-
tistical Software Version 12.7.2, MedCalc Software bvba,
Ostend, Belgium). Data were expressed as medians and arithme-
tic means. The Kolmogorov-Smirnov test was used to assess the
normality of data distribution. Normally distributed data were
assessed using a Student t test. Data showing no Gaussian distri-
bution were analyzed with the Wilcoxon matched-pairs test.
Interobserver agreement for the ratings was assessed by means of
Intraclass Correlation Coefficients (ICC) and interpreted as
follows: <0.2 = poor, 0.2�0.4 = acceptable, 0.41�0.6 =
moderate, 0.61�0.8 = good, and>0.8 = excellent agreement.

Sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) were calculated on both a
per-patient and per-vessel basis for the respective coronary
artery segments.

Results below the a = 0.05 threshold were considered
statistically significant and 2-sided p-values (P) were reported.
RESULTS

No complications occurred during the CTA or SN3D-MRA
examinations. Patients mean BMI was 21.3 § 6.1 kg/m2,
range: 12�32 kg/m2. CTA images were acquired with a
tube voltage of 79.0 § 8.3 kVp (70 kVp in 6, 80 kVp in 13,
and 100 kVp in 2 patients. These tube potential settings
resulted in a mean DLP of 57.5 § 40.8 and an average age /
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gender adjusted effective radiation dose equivalent of 0.9 §
0.5 mSv (24). On average, 62 § 16 mL of contrast media was
administered for CTA image acquisitions. The time required
for the SN3D-MRA acquisition was 5.3 § 1.7 minutes on
average.
Coronary Arteries

Evaluation of CTA images revealed coronary artery abnor-
malities in 14 of 21 children (66.6%), which are characterized
in detail in Table 1. Representative examples of CA anoma-
lies visualized by means of CTA and SN3D-cMRA are
shown in Fig. 1 and 2.
Figure 2. This 10-year-old girl had multiple recent episodes of
Visualization of Coronary Arteries

Scores for visualization of all coronary artery segments were
significantly higher (p < 0.015) for CTA compared to
SN3D-MRA images, with the exception of the LM coronary
artery (p = 0.301). Among CTA and MRA imaging modali-
ties, scores differed more distinctly (all with p < 0.001) for
the visualization of distal coronary artery segments (PDA and
Figure 1. Noncontrast self-navigated 3D coronary magnetic reso-
nance angiography (SN3D-MRA, A and B) with corresponding coro-
nary computed tomographic angiography (CTA) (C and D) acquired
in a 14-year-old boy status-post surgical correction of transposition
of the great arteries. Both imaging tests reveal a high origin of the re-
implanted right (RCA) and left main coronary artery (LM). Both MRA
and CTA visualize the atypical origin of the left circumflex coronary
(LCX) from the RCA (arrowhead). Furthermore, the LM is slightly
compressed between ascending aorta and main pulmonary artery
(arrow). Thus, the relevant diagnostic information regarding proximal
CA anatomy is provided by MRA without ionizing radiation or the
need for contrast-media administration. However, image quality was
rated higher for CTA.

chest pain. Echocardiography was inconclusive regarding a possible
coronary anomaly. Both SN3D -MRA (A, B) and CTA (C, D) showed
an anomalous origin of the RCA (arrows) from the “noncoronary”
sinus.
D1; mean scores, CTA = 2.6 and MRA= 1.7), than proximal
coronary arteries (RCA, LM, LAD, and LCX; mean scores,
CTA = 2.8 and MRA= 2.4). Cumulative interobserver
agreement was good for CTA (ICC = 0.79) and excellent for
MRA (ICC = 0.90) evaluation. Scores for visualization of
coronary artery segments and interobserver agreement are
summarized in Table 2 and presented in Fig 3.
Diagnostic Confidence

Reader confidence regarding all criteria (assessment of coro-
nary artery anomalies, high origin, interarterial course, and
intramural course) was significantly higher (p < 0.046) for
CTA compared to MRA images. The difference between
CTA and MRA scores was greatest for intramural course (dif-
ference between the median score = 1 and mean score = 0.5,
Fig 4). Overall diagnostic confidence was greater (P= 0.007)
for the evaluation of CTA (mean score = 2.9, ICC= 0.89) in
comparison to MRA datasets (mean score = 2.6, ICC= 0.89).
Additional data are presented in Table 3 and Fig 5.
Diagnostic Accuracy

The overall patient-based diagnostic accuracy in coronary
artery anomaly detection of SN3D-MRA images with CTA
as the reference standard was 92.8% with excellent agreement
(ICC = 0.94). Diagnostic accuracy was 85.7% for both high
coronary artery origin and interarterial course detection with
excellent (ICC = 0.89) and good agreement (ICC = 0.71),
1313



TABLE 2. Analysis of CA Visualization. Average Qualitative Scores of Both Observers Indicate that Each Coronary Segment was
Better Visualized Using CTA. Interobserver Agreement Ranged FromModerate to Excellent. pwas <0.05 for All ICC Values

Analysis of Coronary Segment Visualization RCA LM LAD LCX D1 PDA

Median [Range] (Mean) CTA 3.0 3.0 3.0 3.0 3.0 3.0
[2�3] [2�3] [2�3] [2�3] [2�3] [1�3]
(2.83) (2.81) (2.88) (2.83) (2.64) (2.59)

MRA 3.0 3.0 3.0 2.0 1.5 2.0
[2�3] [2�3] [2�3] [1�3] [1�3] [1�3]
(2.54) (2.73) (2.38) (2.09) (1.59) (1.88)
p = 0.015 p = 0.301 P <0.001 P <0.001 P <0.001 P <0.001

ICC [95% CI] CTA 0.91 0.87 0.87 0.70 0.78 0.62
[0.78�0.96] [0.69�0.95] [0.69�0.95] [0.26�0.87] [0.45�0.91] [0.06�0.84]

MRA 0.94 0.93 0.88 0.87 0.91 0.87
[0.87�0.97] [0.84�0.97] [0.72�0.95] [0.68�0.94] [0.78�0.96] [0.69�0.95]
P <0.001 P <0.001 P <0.001 P <0.001 P <0.001 P <0.001

Abbrebiations: CA, coronary artery; CI, confidence interval; CTA, coronary CT angiography; MRA, coronary MR angiography; ICC, intraclass
correlation coefficient.
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respectively. The lowest diagnostic accuracy was found for
intramural course, at 80.9%, with moderate agreement
(ICC = 0.39).

Additional data for sensitivity, specificity, PPV and NPV,
particularly regarding segment-based accuracy for coronary
artery anomaly detection, are provided in Table 4.
DISCUSSION

The aim of this study was to evaluate the image quality, diag-
nostic confidence, and diagnostic accuracy of noncontrast
SN3D-MRA for the detection of coronary artery anomalies
in pediatric patients, using CTA as the reference standard.

Although the quality of coronary artery visualization and
diagnostic confidence was rated lower using MRA compared
Figure 3. While the ratings for LM coronary artery visualization were co
significantly higher for CTA (p <0.015). Notably, the difference between C
than proximal coronary artery segments. [CTA� CT angiography, MRA�M
rior descending, LCX� left circumflex, D1� first diagonal branch, PDA� p
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to CTA, we demonstrated that MRA allows for excellent
diagnostic accuracy in the detection of coronary artery anom-
alies, with sensitivity, specificity, PPV, and NPV ranging
from 87%� 96%. Furthermore, in our prospective patient
cohort, MRA ruled out an interarterial course and a high ori-
gin of coronary arteries with reasonable reliability, given its
specificity and NPV greater than 85%. Considering the “As
Low As Reasonably Achievable” (ALARA) principle (6),
which stresses the importance of minimizing radiation expo-
sure in children, our results suggest that SN3D-MRA pro-
vides a clinically viable alternative, dose-saving approach in
pediatric patients with suspected coronary artery malforma-
tions and anomalies. However, our data also indicate that
MRA has limited value in subtle characterization of coronary
artery anomalies, such as intramural course, due to its
mparable (p = 0.301), visualization of the other segments was scored
TA and MRA scores was greater for distal CA segments (PDA and D1)
R angiography, CA� coronary artery, LM� left main, LAD� left ante-
osterior descending artery].



Figure 4. This 11-year-old boy showed an anomalous origin of the
RCA from the left sinus of Valsalva with a short, proximal intramural
segment using MRA (A) and CTA (B) images. The intramural segment
is best visualized in CTA images (arrow). Furthermore, the RCA has
an interarterial course between the aorta/right ventricular outflow
tract and the main pulmonary artery, which is evident in both MRA
and CTA images.
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insufficient sensitivity. In this context, our results may also
suggest that a potential concomitant slit-like coronary ostium
may not be appropriately visualized on SN3D-MRA.
Several previous studies have shown the technical feasibil-

ity of the free-breathing SN3D-MRA approach (16,18)
although a direct comparison with coronary CTA had not
been performed to date. These prior experiences demon-
strated higher success rates, artifact reduction, and shorter
imaging times in comparison to previous MRA techniques
which utilize user-dependent navigator placement (25). In
addition, our results show that SN3D-MRA exams allow for
acceptable visualization of the RCA, LM, LAD, and LCX,
compared to CTA. In more distal branches, scores for the
visualization of coronary artery segments were substantially
lower for SN3D-MRA in comparison to CTA. This obser-
vation is in accordance with the findings of other investiga-
tors, who suggested that MRA should be preferably chosen
for the evaluation of proximal coronary artery segments (26).
Therefore, our results suggest that CTA should be preferred
over SN3D-MRA in cases of suspected pathology in the dis-
tal coronary arteries or intramural coronary course.
Notably, observer diagnostic confidence for MRA was

lower than CTA both for the evaluation of different coronary
TABLE 3. Diagnostic Confidence. Mean Qualitative Ratings for Di
Interobserver Agreement Ranged FromModerate to Excellent. pwa

Diagnostic Confidence CA Anomaly High Origin

Median [Range] (Mean) CTA 3.0 3.0
[3] [2�3]
(2.97) (2.95)

MRA 3.0 3.0
[2�3] [2�3]
(2.61) (2.73)
p = 0.006 p = 0.046

ICC [95% CI] CTA 0.89 0.81
[0.73�0.95] [0.54�0.92]

MRA 0.80 0.80
[0.51�0.92] [0.52�0.92]
p <0.001 p <0.001
arteries and overall. However, since diagnostic accuracy was
not negatively affected, our data supports SN3D-MRA as a
substitute for, or gate-keeper examination to CTA, as well as
a potential screening test in a priori healthy subjects with sus-
pected coronary artery anomalies.

In accordance with the high diagnostic accuracy reported
in our study, Tangcharoen et al found high sensitivity and
specificity for coronary artery anomaly detection using con-
trast-enhanced free-breathing MRA in a study including 58
pediatric patients with 4 subjects positive for coronary artery
anomalies (27). Post et al also found sensitivity and specificity
of 100% using contrast MRA in a cohort of 38 patients that
included 19 patients with an anomalous coronary course
(26). Our data goes further, suggesting that a high sensitivity
and specificity of 92.8% for the detection of anomalous coro-
nary artery course can be achieved without the use of contrast
media using the SN3D-MRA technique. Notably, another
investigation has also demonstrated the usefulness of noncon-
trast MRA for the evaluation of coronary artery anomalies
and variants in adults; however, the study lacked a reliable
reference standard such as CTA and definitive diagnostic
accuracy parameters (28).

Furthermore, several studies with smaller patient cohorts
focused on the accuracy of contrast-enhanced CTA for coro-
nary artery anomaly detection and found sensitivity values of
up to 100% (29,30). Our result for the detection of coronary
artery anomalies suggests that the diagnostic accuracy of MRA
closely approaches that of CTA, the current noninvasive refer-
ence standard imaging test for coronary artery imaging (31).

A recent study by He et al investigated the diagnostic per-
formance of the SN3D-MRA technique, using invasive cath-
eterization as a reference standard in adults and showed high
diagnostic accuracy, even for coronary artery stenosis detec-
tion (15). Although our study population was pediatric, we
believe our results should prompt further investigation into
the feasibility of using the SN3D-MRA technique for coro-
nary artery characterization in adults.

Both iodinated (32,33) and gadolinium-based contrast
media (13) are associated with rare but potentially harmful
agnostic Confidence were Higher for CTA vs MRA Evaluation.
s<0.05 for All ICC Values

Interarterial Course Intramural Course Overall

3.0 3.0 3.0
[2�3] [2�3] [2�3]
(2.95) (2.88) (2.97)
3.0 2.0 3.0
[2�3] [1�3] [2�3]
(2.73) (2.35) (2.66)
p = 0.039 p = 0.001 p = 0.007
0.94 0.87 0.89
[0.87�0.97] [0.69�0.95] [0.73�0.95]
0.87 0.73 0.89
[0.70�0.95] [0.34�0.89] [0.73�0.95]
p <0.001 p <0.001 p <0.001
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Figure 5. The difference in diagnostic confidence between CTA and MRA was greatest for the assessment of intramural course of coronary
arteries. [CA � coronary arteries].
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adverse events. More recently, concerns have also been raised
about cerebral gadolinium retention, especially after serial
MR imaging procedures in pediatric patients (12). Our pro-
posed approach has the potential to mitigate contrast-related
risks in these patients, as our data demonstrates the feasibility
and accuracy of the SN3D-MRA technique while avoiding
contrast agents entirely.

The following limitations must be considered when inter-
preting our results. Firstly, our patient cohort was small.
Although acquiring comparative, successive CTA and MRA
data in children is challenging, future large-scale studies
would be beneficial to confirm or extend our results. In addi-
tion, although same-day CTA and MRA data were acquired
for each patient and compared regarding observer confidence
and coronary artery visualization, the ultimate diagnostic
TABLE 4. Diagnostic Accuracy of SN3D-MRA. Values Refer to CA A
Criteria (All Per-Patient). Interobserver Agreement Ranged From A
Square Brackets. pwas< 0.05 for All ICC Values

Diagnostic Accuracy of MRA Sensitivity Specifi

CA Anomaly 92.8% 92.8
per-patient
CA Anomaly 90.0% 90.9
RCA
CA Anomaly 93.8% 96.2
LM
CA Anomaly 83.3% 97.2
LAD
CA Anomaly 83.3% 96.4
LCX
High CA Origin 85.7% 85.7

Interarterial 71.4% 92.9
Course
Intramural 41.7% 96.7
Course

1316
accuracy of CTA could not be assessed since no additional
independent reference standard was available. Furthermore,
our results may only apply to pediatric patients older than
8 years and additional sedation or anesthesia may be required
when acquiring SN3D-MRA images in younger individuals.
It is also important to mention that a remaining recall bias
regarding the MRA and CTA evaluations cannot be
completely excluded. Moreover, a dedicated analysis of diag-
nostic accuracy for the detection of coronary slit-like ostium
could not be performed, due to a low prevalence in our rela-
tively small patient cohort. Another potential limitation of
our study is the fact that patients with both congenital and
postsurgical coronary abnormalities were included. The
authors recognize that the clinical indications and significance
of coronary abnormalities differs between these two
nomalies (Both Per-Patient And Per-Vessel) and Malignant CA
cceptable to Excellent. The 95% CI of ICC Values are Given in

city PPV NPV ICC

% 96.1% 87.5% 0.81
[0.55�0.92]

% 89.8% 91.6% 0.90
[0.76�0.96]

% 93.8% 96.1% 0.88
[0.72�0.95]

% 83.3% 97.2% 0.75
[0.40�0.90]

% 90.0% 93.3% 0.77
[0.45�0.90]

% 74.6% 92.8% 0.89
[0.74�0.95]

% 82.9% 87.1% 0.71
[0.28�0.88]

% 87.5% 80.7% 0.39
[-0.49�0.75]
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populations. However, the intent of this study was to docu-
ment the diagnostic utility and accuracy of noncontrast
SN3D-MRA in visualizing these anomalies whenever clini-
cally necessary.
CONCLUSIONS

We demonstrated that non-contrast SN3D-MRA studies
provide considerable diagnostic accuracy regarding the detec-
tion of anomalies, high origin, and inter-arterial course of the
coronary arteries. In children with suspected coronary artery
malformations, this may enable a reduction in ionizing radia-
tion and contrast media volume. However, contrast-
enhanced CTA remains the superior imaging technique cur-
rently in terms of diagnostic confidence and visualization of
more distal coronary artery branches and characterization of
subtle anatomical detail such as intramural coronary course.
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