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ABSTRACT

Purpose: The current literature reports a wide range of diagnostic accuracy of non-contrast magnetic resonance
coronary angiography (NC-MRCA) for the assessment of coronary artery disease (CAD). We aimed to compare the
clinical effectiveness of NC-MRCA with that of invasive coronary angiography (ICA) in patients with suspected
CAD using a systematic review and meta-analysis.

Methods: Two investigators independently extracted 36 published manuscripts between 2010 and 2019. Databases
including Medline, Web of Knowledge, Google Scholar, Scopus, and Cochrane were searched using pre-
established keywords. Analysis of the data followed the PRISMA statement for reporting systematic reviews
and meta-analyses and primary analysis followed the Mantel-Hansel methodology. Correctness of classification
for detecting coronary artery stenosis >50% (CAS) was measured using ICA as the gold standard.

Results: A total of five studies met inclusion criteria, with a total of 417 patients and 2883 coronary segments. The
pooled per patient sensitivity and specificity of NC-MRCA for CAS in suspected patients was 90.3% (95% CI
85.6-95.1%) and 77.9% (95% CI 69.5-86.3%). Pooled per vessel assessment of NC- MRCA revealed a sensitivity
of 83.7% (95%CI 79.7-87.8%) and specificity of 90.0% (95%CI 86.7-93.4%). Per-segment assessment of NC-
MRCA showed a pooled sensitivity of 81.6% (95% CI 76.8-86.4) and specificity of 97.0% (95% CI 95.5-98.5).
Mild to moderate heterogeneity was noted in most diagnostic parameters with larger heterogeneity noted in the
per-segment analyses. There was less heterogeneity in sensitivity and NPV than specificity and PPV.

Conclusion: According to this meta-analysis, non-contrast coronary MRA resulted in adequate screening in patients
with suspected CAD with high sensitivity and specificity. This result was true for per-patient, per-vessel, and per-
segment assessment.

1. Introduction

Another benefit of NC-MRA is improved safety among pregnant
women and children as well as decreased costs compared to contrast-

Magnetic resonance angiography (MRA) is a noninvasive and accu-
rate tool commonly used for vascular assessment. The main advantages of
this technique include detailed anatomic assessment without % radi-
ation, superior soft tissue characterization, high spatial resolution, and is less costly than
catheter angiography [1, 2]. Non-contrast MRA (NC-MRA) is increasingly
used to assess blood vessels, which allows for broader application,
especially in patients with reduced kidney function or prior reaction to
gadolinium, and also prevents potential contrast side effects such as
nephrogenic systemic fibrosis [3].
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based imaging [4, 5]. Challenges of NC-MRA include longer acquisition
time, image quality limitations, and concerns about technique robustness
[61.

Cardiovascular MRI is a commonly used imaging tool, offering one-
stop quantitative structural and functional assessment, as well as
luminal assessment of the coronary arteries [7, 8]. Non-contrast

MR coronary angiography (NC-MRCA) is particularly appealing, with
potential applications for assessment of acquired coronary artery disease
(CAD) as well as congenital coronary artery anomalies in a variety of

Received 18 November 2020; Received in revised form 28 December 2020; Accepted 24 February 2021
2405-8440/© 2021 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:burtje@musc.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2021.e06386&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2021.e06386
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2021.e06386

A. Zahergivar et al.

patient groups [9, 10, 11, 12, 13]. As compared to digital subtraction
angiography, NC-MRA using coronary imaging protocols demonstrates
high sensitivity and specificity for the detection of hemodynamically
significant peripheral vascular disease in the lower extremities, with
sensitivity and specificity well over 90% and high interobserver agree-
ment [14]. This level of accuracy remains constant even in high risk
subgroups such as those with renal insufficiency or diabetics [15]. Hence,
the application of NC-MRA has expanded to assess coronary, pulmonary,
extracranial carotid, and intracranial arteries. However, with respect to coronary
assessment, a wide range of diagnostic accuracy has been reported, suggesting the
need for a comprehensive evaluation of its accuracy [16].

The purpose of this analysis was to systematically review and analyze
the current literature to determine the diagnostic accuracy of NC-MRCA

for detecting >50% coronary stenosis in patients with Suspected coronary
artery disease as compared to invasive coronary angiography (ICA).

2. Materials and methods
2.1. Search strategy

This study was performed according to established methods and in
compliance with PRISMA (Preferred Reporting Items for Systematic re-
view and Meta-Analysis) Protocols [17]. Two investigators searched the
manuscript databases including Medline, Web of Knowledge, Google
Scholar, Scopus, and Cochrane for all eligible studies in accordance with
the considered keywords including: "non-contrast magnetic resonance
angiography," "coronary angiography," "coronary artery disease," and
"accuracy." The studies were restricted to the English language and were
published between January 2010 and December 2019. Studies before
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2010 were excluded in order to use the latest coronary MR protocols and
devices. We also searched the references of retrieved articles. Inclusion
criteria included: prospective study design; use of intra-arterial digital
subtraction angiography as the reference standard; study included at
least 10 patients with suspected or known CAD; application of homoge-
nous imaging techniques for all the patients in each study including 1.5
vs 3 T, and the number of channels and slices; and sufficient data
available to construct 2 x 2 or 3 x 3 contingency tables for each coronary
segment. All studies assessing the diagnostic value of contrast-enhanced
MRCA were excluded. All articles evaluating non-contrast magnetic
resonance angiography of arteries other than the coronaries were
excluded. Additional exclusion criteria included: 1) a lack of clear and
reproducible results, 2) lack of access to the full text of the manuscript,
and 3) case reports, cast series and review papers (Figure 1).

2.2. Data abstraction and validity assessment

Data abstraction was independently performed by two un-blinded
reviewers on structured collection forms without divergence in data
collection. Any disagreements were resolved by consensus. Study quality
was evaluated based on the following criteria: I) the systematic review
and meta-analysis were based on the questions primarily described and
formulated; 2) inclusion and exclusion criteria were pre defined in the
studies as eligibility criteria; 3) searching the literature was performed on
a systematic and comprehensive approach; 4) to minimize bias, the Poll
texts of the articles were dually reviewed; 5) the quality of included
studies were rated independently by the reviewers for appraising internal
validity; 6) studies characteristics and findings were comprehensively
listed; 7) the publication and risk of bias were listed; and 8) heterogeneity

Records identified through database
searching (n= 36)

Additional records identified through
other sources (n=0)

Records after duplicates removed
(n=36)

Records

screened

(n=36) (n=1)

Records excluded

L

Full-text articles assessed for
eligibility (n=35)

Full-text articles excluded
(n=130)

L

Studies included in
qualitative synthesis (n=5)

L

Studies included in
quantitative synthesis
(n=5)

Figure 1. PRISMA flow diagram of the search strategy.
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was assessed [18]. The primary endpoint of our study was pooled
sensitivity and specificity of NC-MRCA to detect >50% coronary artery
stenosis. Along with this endpoint, the year of publication, number of
patients included, and method of design were also evaluated.

2.3. Statistical analysis

Contingency tables were collected from each of the analyzed articles.
Pooled statistics for each parameter were generated using a random ef-
fects model by inverse variance method with untransformed proportions
and Clopper-Pearson method for calculation of 95% confidence intervals.
Cochrane's Q statistic was calculated for which a p-value is reported.
Heterogeneity was principally reported as F. Publication bias was
assessed using Egger's regression test for which a p-value is reported
using the metafor package (Viechtbauer, W. (2010). Meta-analysis was
conducted using R with the metafor package. Journal of Statistical
Software, 36(3), 1-48. URL: https://www jstatsoft.org/v36,/i03/). Forest
plots were created using R version 3.6.3 (R Core Team (2020): R: A
language and environment for statistical computing. R foundation for
Statistical Computing, Vienna, Austria. URL https://www.R-project.org/
) using the meta package (Balduzzi S, Rucker G, Schwarzer G (2019),
How to perform a meta-analysis with R: a practical tutorial, Evidence-
Based Mental Health) and following the guidelines in Shim ct al [19].
Funnel plots were created using a random effects model with contour
added at 95% and 99% confidence levels using the mctaviz package
(Michael Kossmcicr, Ulrich S. Tran and Martin Voracek (2020). metaviz:
Forest Plots, Funnel Plots, and Visual Funnel Plot Inference for
Meta-Analysis. R package version 0.3.1. https://CRAN.R-project.org/pac
kage=metaviz).

3. Results

Initially, 36 studies met broad inclusion criteria based on matching
keywords, and five met all inclusion criteria in the final analysis [9, 20,
21, 22, 23]. During the screening process, one study was excluded
because it was in German. The five studies comprise 417 patients sus-
pected of having CAD (mean age of 60 years, range 43-69 years, 286 men
and 131 women) (Table 1). The prevalence of CAD in our pooled pop-
ulation who underwent coronary angiography was 55.8%. All patients
were imaged using 1.5-T MR scanners with 5,8, and 32 coils except
Mohammadzadeh et al study in which 3T MR was used.

The per-patient and per-vessel diagnostic value of NC-MRCA as
compared to invasive angiography in each study is summarized
(Table 2). The pooled per-patient sensitivity, specificity, PPV, and NPV of
NC-MRCA for detecting coronary artery stenosis >50% was 90.3% (95%
CI: 85.6%-95.1%), 77.9% (95%CIL: 69.5%-86.3%), 82.0% (95%CIL:
74.7%-89.4%), and 86.9% (95%CIL: 81.7%-92%), respectively (Table 3
and Figure 2).
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Per-vessel diagnostic performance of NC-MRCA revealed a pooled
sensitivity of 83.7% (95%CI: 79.7%-87.8%), specificity of 90.9% (95%
CL: 86.7%-93.4%), PPV of 76.1% (95%Cl: 68.7%-83.5%), and NPV of
93.9% (95%CIL: 92.0%-95.8%) (Table 3 and Figure 3).

Per-segment diagnostic data of NC-MRCA was available for 4 out of
the 5 available papers, with a pooled sensitivity of 81.6% (95%CI
76.8-86.4), specificity of 97.0% (95%CI 95.5-98.5), PPV of 74.4% (95%
CI 66.9-81.8), and NPV of 98.1% (95%CI 97.2-99) (Figure 4).

Statistical heterogeneity was observed in assessing sensitivity in per-
patient, per-vessel, and per-segment assessment (Table 3). Mild to
moderate heterogeneity was noted in the majority of diagnostic param-
eters with larger heterogeneity noted in the per-segment analyses. There
was less heterogeneity in sensitivity and NPV than specificity and PPV.

Funnel plots were generated for assessment of publication bias using
Egger's regression test. Due to our study sample size our power for
detecting publication bias was low. On per-patient analysis, more pub-
lication bias was observed in specificity and PPV (p = 0.62 and 0.46,
respectively) (Figure 5). Per-vessel analysis again suggested more pub-
lication bias in specificity and PPV (p = 0.56 and 0.02, respectively)
(Figure 6) while per-segment analysis suggested publication bias only in
PPV (p = 0.58) (Figure 7). Summary p-values for the funnel plots are
illustrated in Table 4.

4. Discussion

This systematic review and meta-analysis showed a high level of
diagnostic accuracy of NCMRCA for detecting >50% stenosis in patients
with suspected CAD in comparison to invasive coronary angiography.
NC-MRCA was particularly useful in ruling out stenosis on a per-segment
and per-vessel basis with negative predictive values of 98% and 90.4%,
respectively. However, positive predictive values were only moderate
using this method. This shows that false negative results are minimal in
the application of NC-MRCA though the false positive results seem to be
moderate.

4.1. Conventional methods

Conventional coronary angiography has been traditionally preferred
for diagnosis due to a higher spatial resolution as well as a higher ac-
curacy and specificity, especially for the assessment of distal coronary
artery branches [24]. However, its invasive nature, potential for hospital
admission, requirement of iodinated contrast, and overall increased cost
make it a more expensive and risk-fraught undertaking. In addition, there
remains controversy over the need for intervention in distal branch
coronary artery stenosis.

Historically, the accuracy of CT angiography has been shown to be
higher as compared to MRCA and thus CT angiography has been
preferred over MRCA for streamlined CAD diagnosis [22, 23]. However,

Table 1. Details of studies evaluated in our meta-analysis.

Author, year Number Mean age M/F Target population Technique type Standard NC-MRCA Time
Kato et al, 2010 [9] 138 67 £9 95/43 suspected CAD 1.5-T MR, free- Invasive coronary Mean imaging time of 9.5 + 3.5
breathing steady- angiography min
state free precession
whole MRCA
Hamdan et al, 2011 [17] 120 65+ 8 77/43 suspected CAD 3.0-T MRI with 32- Invasive coronary Mean imaging time of 17 + 4.7
channel and 64-slice angiography min
CT angiography
Nagata et al, 2011 [18] 67 69 +13 49/18 suspected CAD 1.5-T MRI with 5, 32- Invasive coronary Mean imaging time of 6.2min
channel coils angiography +2.8 (range, 1.2-16.2)
Yonezawa et al, 2014 [19] 62 69 + 13 46/16 suspected CAD 1.5-T MRI with 32- Invasive coronary Mean imaging time of 6.8min
channel coils angiography +2.6 (range, 3.2-12.1)
Mohammadzadeh et al, 2017 [20] 30 43 +10 19/11 suspected CAD 1.5 T MRI with 8- Invasive coronary Mean imaging time of 3.5-5 min

channel body coil angiography
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Table 2. Diagnostic value of MRCA as compared to invasive angiography in different papers.

Author, year

Sensitivity

Specificity

PPV

NPV

Accuracy

AUC

Kato et al, 2010

Hamdan et al, 2011

Nagata et al, 2011

Yonezawa et al, 2014

Mohammadzadeh et al, 2017

Per patient: 88%
Per vessel: 83%
Per patient: 87%
Per vessel: 81%
Per patient: 87%
Per vessel: 86%
Per patient: 91%
Per vessel: 84%
Per patient: 100%
Per vessel: 89%

Per patient: 72%
Per vessel: 90%
Per patient: 77%
Per vessel: 84%
Per paient: 86%
Per vessel: 93%
Per patient: 86%
Per vessel: 93%
Per patient: 50%
Per vessel: 89%

Per patient: 71%
Per vessel: 67%
Per patient: 83%
Per vessel: 70%
Per patient: 89%
Per vessel: 86%
Per patient: 88%
Per vessel: 80%
Per patient: 72%
Per vessel: 78%

Per patient: 88%
Per vessel: 96%
Per patient: 82%
Per vessel: 90%
Per patient: 83%
Per vessel: 93%
Per patient: 89%
Per vessel: 94%
Per patient: 100%
Per vessel: 95%

Per patient: 79%
Per vessel: 89%
Per patient: 83%
Per vessel: 83%
Per patient: 87%
Per vessel: 91%
Per patient: 88%
Per vessel: 92%
Per patient: 78%
Per vessel: 84%

0.91

0.82

0.90

0.92

Table 3. Pooled statistics and heterogeneity of studies included in the meta-analysis. Pooled diagnostics were calculated using random effects models and confidence
intervals generated using the Clopper-Pearson method. 12 represents the residual heterogeneity of the samples. Best-performing metrics are highlighted in bold. Per-
patient analysis was most sensitive with highest PPV, while per-segment analysis was most specific with the highest NPV. There is a moderate amount of heteroge-

neity present within many of the diagnostic metrics.

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Per-Patient 0.903 (0.856-0.951) 22 0.779 (0.695-0.863) 47 0.820 (0.747-0.894) 53 0.869 (0.817-0.921) 0
Per-Vessel 0.837 (0.797-0.878) 0 0.909 (0.867-0.934) 63 0.761 (0.687-0.835) 63 0.939 (0.920-0.958) 21
Per-Segment 0.816 (0.768-0.864) 0 0.970 (0.955-0.985) 79 0.744 (0.669-0.818) 53 0.981 (0.972-0.991) 59

recent advancements in the technology have significantly improved
MRCA image quality and decreased scan times [25, 26]. A previous
meta-analysis study done by Di Leo and colleagues revealed a pooled
sensitivity and specificity of 89% and 72%, respectively [27]. Their study
differed from ours in that they didn't perform a per-vessel analysis,
included contrast enhanced studies, and included older studies.

4.2. The benefits of non-contrast MR coronary angiography

Compared with CTA, MRCA allows a more global assessment of the
heart in addition to detailed assessment of the coronary vessels and is
effective for the assessment of coronary anomalies and aneurysms,
interrogation of coronary bypass grafts, soft tissue characterization,

viability assessment, coronary vein imaging, and identification of arterial
wall abnormalities [28]. In previous studies, particularly in the assess-
ment of the proximal segments of the coronary arteries, high agreement
has been demonstrated between the results of MRCA and invasive
angiography [29, 30]. However, some questions have remained unan-
swered such as the comparative performance of non-contrast or
contrast-enhanced MRCA for CAD diagnosis or diagnostic accuracy of
MRCA in patients who have contraindications for invasive coronary
assessment. Furthermore, some studies have shown significantly low
specificity of non-contrast MRCA in assessment of CAD in suspected
patients [9].

As demonstrated in our meta-analysis, non-contrast coronary MRCA
has a high sensitivity and specificity as well as a high negative predictive

A Study Events Total Proportion 95%-Cl Study Events Total Proportion 95%-Cl
Kato etal 2010 49 56 ——Wi— 0875 (0.759;0.948) Kato etal 2010 51 71 o 0.718 [0.599;0.819)
Hamdan et al. 2011 54 62 ———E——— 0871 [0.761;0.943) Hamdan et al. 2011 37 48 _— 0771 [0.627;0.880)
Nagata etal 2011 ¥ Y9—=+— 0872 [0.726;0.957) Nagata etal 2011 24 28 — 0.857 [0.673;0.960]
Yonezawa et al. 2014 0 B —— 0909 [0.757;0.981) Yonezawa etal. 2014 25 29 ——— 0.862 [0.683;0.961)
Mohammadzadehetal 2017 13 13 1 1.000 (0.753; 1.000) Mohammadzadeh et al 2017 5 10——s—+F 0500 [0.187,0.813)
Random effects model 203 — 0.903 [0.856; 0.951)] Random effects model 186 e 0.779 [0.695; 0.863)
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Figure 2. Forest plots for analysis of per-patient detection of >50% stenosis. Heterogeneity is reported as I? and Cochran's Q statistic, for which a p-value is reported
(o = 0.05). 95% Confidence intervals were calculated using the Clopper-Pearson method for each study and the pooled statistics. A. Per-patient sensitivity = 0.903
(0.856-0.951); ?= 22%, p = 0.27. B. Per-patient specificity = 0.779 (0.695-0.863); ? = 47%, p = 0.11. C. Per-patient PPV = 0.820 (0.747-0.894); ?= 53%, p =
0.08. D. Per-patient NPV = 0.869 (0.817-0.921); I2 = 0%, p = 0.63. Sensitivity, specificity, and PPV show moderate heterogeneity while NPV has little heterogeneity.
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Figure 3. Forest plots for analysis of per-vessel detection of >50% stenosis. Heterogeneity is reported as I and Cochran's Q statistic, for which a p-value is reported.
95% Confidence intervals were calculated using the Clopper-Pearson method for each study and the pooled statistics. A. Per-vessel sensitivity = 0.837 (0.797-0.878);
2 = 0%, p = 0.77. B. Per-vessel specificity = 0.900 (0.867-0.934); I? = 63%, p = 0.03. C. Per-vessel PPV = 0.761 (0.687-0.835); I? = 63%, p = 0.03. D. Per-vessel
NPV = 0.939 (0.920-0.958); I> = 21%, p = 0.28. Sensitivity and NPV show weak heterogeneity while specificity and PPV have significant heterogeneity.
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Figure 4. Forest plots for analysis of per-segment detection of >50%. Heterogeneity is reported as I> and Cochran's Q statistic, for which a p-value is reported. 95%
Confidence intervals were calculated using the Clopper-Pearson method for each study and the pooled statistics. A. Per-segment sensitivity = 0.816 (0.768-0.864); I2
= 0%, p = 0.93. B. Per-segment specificity = 0.970 (0.955-0.985); 12 = 79%, p < 0.01. C. Per-segment PPV = 0.744 (0.669-0.818); 12 = 53%, p = 0.10. D. Per-
segment NPV = 0.981 (0.972-0.991); I? = 59%, p = 0.06. Specificity shows weak heterogeneity while sensitivity, PPV, and NPV have significant heterogeneity.

value for CAD in per-patient, per-vessel, and per-segment assessment.
Per-patient analysis has high sensitivity and PPV, which is beneficial for
detecting any evidence of coronary artery disease in a patient (90.3
sensitivity and 82.0% PPV). Overall, per-vessel analysis was intermediate
between per-patient and per-segment parameters. However, the NPV of
the per-vessel analysis was better than the per-patient NPV (98.1% versus
86.9%). The per-segment analysis had the highest specificity and NPV
(97.0% and 98.1%, respectively), meaning this analysis was effective in
ruling out stenosis of >50% in the specific segment. With the advent of
new MRCA techniques, high-quality studies with excellent spatial reso-
lution can be achieved in shorter scan times (around 10 min or less)
without the need for contrast agents. Despite the higher likelihood of

motion artifacts in NC-MRCA as compared to contrast-enhanced MRCA,
the former may be more favorable due to lowering the risk for contrast-
related complications [31, 32, 33].

Considering these advantages, along with its high per-patient and per-
vessel accuracy revealed in our analysis, this tool may be considered for
CAD diagnosis in a variety of clinical settings, potentially leading to a
higher satisfaction level in both physicians and patients. Other benefits of
NC-MRCA include avoidance of blooming artifact from heavily calcified
coronary artery segments, lack of ionizing radiation, and opportunities for
vascular flow imaging with phase contrast techniques, native T1 and T2
quantification and detailed cardiac functional assessment [34, 35]. Limits
of NC-MRCA include sensitivity to field inhomogeneity, poor quality and
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Figure 5. Per-patient funnel plots with con-
tour for assessment of publication bias in
diagnostic parameters (A, sensitivity; B,
specificity; C, positive predictive value
(PPV); and D, negative predictive value
(NPV)). Areas in white, orange, and red
represent <90%, 95-99%, and >99% confi-
dence levels for publication bias. P-values are
derived from Egger's regression (¢ = 0.05)
and represent the likelihood of a study result
at least this large given the null hypothesis to
be true (Hy = No publication bias).
Mohammadzadeh et al. is the lone study
identified as likely to have publication bias.

Figure 6. Per-vessel funnel plots with con-
tour for assessment of publication bias in
diagnostic parameters (A, sensitivity; B,
specificity; C, positive predictive value
(PPV); and D, negative predictive value
(NPV)). Areas in white, orange, and red
represent <90%, 95-99%, and >99% confi-
dence levels for publication bias. P-values are
derived from Egger's regression (a = 0.05)
and represent the likelihood of a study result
at least this large given the null hypothesis to
be true (Hy = No publication bias). PPV is
likely subject to publication bias (P = 0.02).
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Table 4. Egger's regression p-values for assessment of publication bias of diagnostic metrics. Per-vessel PPV is likely subject to publication bias (P = 0.02). Given the
small sample size of available studies, a lack of publication bias cannot be asserted. Funnel-plot figures are highly suggestive that Mohammadzadeh et al. carries at least
some publication bias into the meta-analysis. Hamdan et al. 2011 was omitted from per-segment analysis due to lack of contingency tables for segment data.

Sensitivity Specificity PPV NPV
Per-Patient 0.56 0.62 0.46 0.52
Per-Vessel 0.48 0.56 0.02 0.87
Per-Segment 0.82 0.25 0.58 0.53

Bold value indicates significant p-value.

long acquisition times in cases with irregular respiratory rate or heart rate,
poor visualization of vessels <1.5mm diameter (same for CCTA) and ar-
tifacts from stents. These limitations can be minimized by optimization of
NC-MRCA by utilization of new techniques being developed to reduce
scanning times and improve vessel lumen resolution [26].

4.3. Publication bias

Publication bias in medical journals refers to the publication of more
articles that contain positive conclusions or significant statistical results.
Studies at the apex of the produced funnel plots have lower standard
errors and contribute more to the assessment of publication bias. Overall,
the rate of publication bias in these studies was low. Most publication
bias stemmed from the study performed by Mohammadzadeh et al [23].
Factors contributing to this assessment include the low sample size of 23
patients, the high margin of error, and the high risk of selection bias with
48% of initial study enrollees dropping out.

Factors that may affect heterogeneity of per-patient, per-vessel, and
per-segment sensitivity in this study could be explained by different MRI
machines and coils (i.e. 3T vs 1.5T, number of channels, parallel imaging
factor) as well as employing different sample sizes; however, there were
not enough studies that could be included to control for these factors
adequately.

4.4. Limitations

The principle limitation of this meta-analysis was the small sample size
of noncontrast-MRCA studies that were eligible to be included. The use of
different channel body coils, field strengths, MR scanners, and scan pro-
tocols may induce a confounding bias to the study though the promising
results in advanced CMR imaging techniques [24] empowers the necessity
of more adequately concrete studies to identify the differences in imaging
acquisitions and magnet strengths. The inclusion of contrasted-MRCA
would possibly offset the small sample size and the publication bias.
However, such a study would negate the ability to assess the accuracy of
NC-MRA for patients who are unable to receive gadolinium contrast for
various masons. Lastly, our sample size is unpowered to detect all instances
of publication bias; however, there are adequate patients and segments in
the pooled analysis to make conclusions about diagnostic parameters.

5. Conclusion

This meta-analysis showed a high level of diagnostic accuracy of
noncontrast coronary MRCA for detecting >50% stenosis in patients with
suspected CAD in comparison to conventional coronary angiography.
Though there is no evidence of the superiority of non-contrast CMR to
CCTA in the detection of CAD it seems that it may be a helpful modality in
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particular cases of low to intermediate risk of ACS patients including those
suspected with myocarditis and patients with ESRD. This imaging method
is particularly useful in ruling out stenosis on a per-patient, per-vessel
basis, and per-segment, but has only moderate positive predictive values.
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