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Abstract  
   Background: Myocardial tissue characterization is crucial in diagnosing and treating cardiovascular diseases (CVDs) such 
as myocardial infarction (MI), myocarditis, and cardiomyopathies. Dark-blood MRI sequences nulling the signal of the blood 
pool enhance visualization of myocardial tissue for the detection of subtle pathology. Such sequences, such as double-inversion 
recovery (DIR) and flow-independent dark-blood delayed enhancement (FIDDLE), generate superior contrast for the detection 
of subendocardial scars, edema, and fibrosis than bright-blood techniques. 
Objective: The purpose of this review is to summarize the literature on dark blood MRI sequences for myocardial tissue 
characterization, considering their technical principles, diagnostic accuracy, clinical utilization, and limitations, and present 
future research directions. 
Methods: A Systematic search of PubMed, Scopus, and Embase for research from January 2010 to March 2024 on dark blood 
MRI sequences for myocardial tissue characterization was conducted. Random controlled trials, observational trials, and 
preclinical animal or human model trials were included based on pre-defined inclusion criteria. Diagnostic performance, 
contrast-to-noise ratio (CNR), specificity, sensitivity, and clinical use were some of the outcomes. Data were synthesised 
narratively, and a table summarised the study's main findings. 
Results: Overall, 2,456 articles were screened and 57 were included, consisting of 32 clinical studies, 15 preclinical, and 10 
technical validation studies. DIR and FIDDLE dark blood sequences were found to be more sensitive (up to 96%) and specific 
(up to 95%) for subendocardial MI detection than bright blood late gadolinium enhancement. T2-weighted dark blood sequences 
were found to improve edema detection in acute MI by a mean of 167% over standard practice. Motion artifacts, inconsistent 
blood suppression in slow flow conditions, and the nonavailability of sophisticated sequences for clinical practice are some of 
the disadvantages. 
Conclusion: Dark blood MRI sequences significantly enhance myocardial tissue characterization by enhancing detection of 
subendocardial scars, edema, and diffuse fibrosis. Their application in clinical practice is promising but should be further 
optimized to overcome some technical challenges and enhance availability. Future research should focus on standardizing 
protocols, enhancing motion correction, and exploring artificial intelligence-based analysis to further enhance clinical 
applications. 
 
Keywords: Dark Blood MRI, Myocardial Tissue Characterization, Cardiovascular MRI, Late Gadolinium Enhancement, 
Myocardial Infarction. 
 
 

Introduction 
Cardiovascular diseases (CVDs) remain a leading 

cause of morbidity and mortality in the world, with 
myocardial infarction (MI), myocarditis, and 
cardiomyopathies being prominent contributors to the 

disease burden [1]. Precise characterization of the 
myocardium is essential for diagnosis, prognosis, and the 
direction of therapy in these conditions [2]. Cardiac 
magnetic resonance imaging (CMR) has emerged as the gold 
standard for non-invasive evaluation of myocardial function, 
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perfusion, and tissue properties due to its superb soft tissue 
contrast and lack of ionizing radiation [3]. Dark blood MRI 
sequences that suppress blood pool signals to enhance the 
contrast of the myocardium have become valuable among 
CMR sequences since they can define subtle pathologic 
processes such as subendocardial scars and myocardial 
edema [4]. 

Dark-blood sequences like double-inversion 
recovery (DIR), short-tau inversion recovery (STIR), and 
flow-independent dark-blood delayed enhancement 
(FIDDLE) possess certain advantages over classical bright-
blood techniques like late gadolinium enhancement (LGE) 
[5]. By nullifying the signal of the blood pool, these 
sequences increase conspicuity of myocardial defects and 
make it easy to delineate infarction and viable myocardial 
and blood pool [6]. Particularly helpful is visualization of 
subendocardial infarcts because bright-blood LGE hides 
defects beneath the same signal intensity of enhanced scar 
and the blood pool [7]. Tissue quantification by T1 and T2 
mapping is also feasible with dark-blood sequences and is 
applied in the diagnosis of diffuse fibrosis, edema, and iron 
overload [8]. 

This review attempts to offer a comprehensive 
assessment of dark blood MRI sequences in myocardial 
tissue characterization, their technical basis, diagnostic use, 
clinical application, and limitations. Through the integration 
of evidence from recent literature, we aspire to inform 
clinical practice, determine areas of knowledge gaps, and 
recommend directions for ongoing optimization of these 
techniques. 
Methods 

A systematic literature review was conducted to 
identify studies measuring dark blood MRI sequences for 
myocardial tissue characterization. Search databases used 
were Embase, Scopus, and PubMed, between January 2010 
and March 2025. Keywords searched were “myocardial 
infarction,” “double inversion recovery,” “late gadolinium 
enhancement,” “cardiac MRI,” “myocardial tissue 
characterization,” and “dark blood MRI." Selected were 
randomized controlled trials (RCTs), observational studies, 
and preclinical studies with human or animal models with 
myocardial tissue characterization as a primary or secondary 
outcome or end point. Nonquantitative outcome studies and 
case reports were excluded. 

Data extraction was performed for sample size, 
MRI sequence parameters, diagnostic performance 
measures (sensitivity, specificity, accuracy), contrast-to-
noise ratios (CNR), and clinical outcomes. Quality 
assessment was conducted by using the QUADAS-2 tool for 
clinical studies and SYRCLE's tool for assessing risk of bias 
for preclinical studies [9, 10]. Narrative synthesis was 
employed owing to heterogeneity in study designs and 
outcomes. A summary table of the main results of recent 
studies (2020–2025) was constructed to provide an 
understanding of advances in dark blood technology. 
Technical Mechanisms of Dark Blood MRI Sequences 

Dark blood magnetic resonance imaging (MRI) 
sequences are a class of advanced techniques intended to 

null the signal of flowing blood in the cardiac chambers and 
vasculature to enhance the visualization of myocardial tissue 
and surrounding structures [11]. Signal nulling of the blood 
pool enhances the contrast between myocardium and blood 
pool and allows for the detection of minor pathological 
processes like subendocardial scars, myocardial edema, and 
diffuse fibrosis. The sequences are very valuable in 
cardiovascular MRI (CMR) because of their ability in 
discriminating tissue properties crucial for the diagnosis of 
pathologies like myocardial infarction (MI), myocarditis, 
and cardiomyopathies. The principal dark blood sequences 
are Double Inversion Recovery (DIR), Flow-Independent 
Dark-Blood Delayed Enhancement (FIDDLE), T2-weighted 
dark blood imaging, and quantitative T1 and T2 mapping 
methods combined with dark blood preparations. In this 
article, we offer a comprehensive review of technical 
principles, applications, and limitations of these sequences, 
keeping in view their usefulness in myocardial tissue 
characterization. 
Double Inversion Recovery (DIR) 

Double Inversion Recovery (DIR) is an easy dark 
blood technique based on pseudocontinuous administration 
of a two-pulse approach to cancel the blood pool signal and 
enhance myocardial visualization [12]. The DIR sequence 
begins with a non-selective 180° inversion pulse inverting 
magnetization of the whole imaging volume, both 
myocardial and blood pool magnetization. A slice-selective 
180° inversion pulse is used to recover magnetization in the 
imaging plane of interest, but with magnetization of the 
adjacent blood remaining inverted. TI is set so that it 
coincides exactly with the time when the blood pool 
magnetization is zero (the null point), resulting in a dark pool 
of blood against enhanced myocardium [13]. TI is set at 
around 500–700 ms, depending on the patient's hematocrit 
and 1.5T or 3T magnetic field strengths [14]. 

DIR is generally combined with fast spin-echo 
readouts to produce T1- or T2-weighted images. T2-
weighted DIR, similar to Short-Tau Inversion Recovery 
(STIR), is extremely beneficial for the detection of acute MI 
and myocardial edema in myocarditis because it depicts 
areas of elevated water content in a form of hyperintense 
lesions against a suppressed pool of blood [14]. For example, 
one 2020 publication reported T2-weighted DIR offered 
92% detection of edema in acute MI with contrast-to-noise 
ratio (CNR) 120% higher than standard T2-weighted 
imaging [15]. T1-weighted DIR, often combined with late 
gadolinium enhancement (LGE), enhances detection of 
myocardial scars by enhancing infarcted myocardium to 
blood pool contrast [16]. 

While precise, DIR is not without its flaws. DIR is 
excessively responsive to heart and lungs motion, inducing 
misregistration of inversion pulses and resulting in motion 
artifacts or suboptimal blood suppression [17]. Low blood 
flow, as in heart failure or low cardiac output patients, can 
also lead to residual blood pool signals, producing 
equivalent pathological hyperintensity, particularly on T2-
weighted imaging [18]. More advanced methods, including 
navigator gating or electrocardiogram (ECG)-triggered 
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acquisitions, have been used to minimize motion artifacts at 
the cost of scan time and complexity [19]. DIR also requires 
careful TI optimization, which may vary from patient to 
patient and scanner to scanner, and needs operator 
experience to provide reproducible results [20]. 
Flow-Independent Dark-Blood Delayed Enhancement 
(FIDDLE) 

Flow-Independent Dark-Blood Delayed 
Enhancement (FIDDLE) represents a new sequence 
established in recent years to overcome the limitations of 
such flow-dependent techniques as DIR [4]. FIDDLE 
utilizes magnetization transfer (MT) preparation and phase-
sensitive inversion recovery (PSIR) to produce strong blood 
suppression independent of blood flow kinematics. The MT 
preparation pulse selectively nulls the signal of the blood 
pool by exploiting the difference in magnetization transfer 
properties between blood and myocardial tissue, and PSIR 
enhances contrast of gadolinium-enhanced scar tissue by 
correcting inversion recovery phase errors [21]. The 
inversion time is adjusted to null blood magnetization 
(typically 600–800 ms at 1.5T), while infarcted tissue 
hyperenhancement is maintained, producing high scar-to-
blood CNR [22]. 

There is evidence to suggest that FIDDLE is better 
than standard bright blood LGE for diagnosis, particularly of 
subendocardial infarcts. A 2021 study in MI subjects (n = 
53) proved that FIDDLE had 96% and 95% sensitivity and 
specificity for subendocardial MI detection against 85% and 
87% for standard LGE [4]. There was also 167% 
improvement in scar-to-blood contrast-to-noise ratio (CNR) 
and this significantly increased conspicuity of ill-defined or 
faint scars [4]. Independence of flow of FIDDLE makes it 
particularly effective in conditions of suboptimal or stagnant 
flow like in heart failure or ventricular aneurysms where 
standard DIR is not effective in producing full suppression 
of blood [23]. A preclinical validation of FIDDLE in a dog 
model in 2023 based on histopathology proved it to be 
accurate for infarct sizing with a bias of only -0.03% (P = 
0.75) against -1.57% for standard LGE (p = 0.03) [24]. 

Despite advantages, FIDDLE requires 
sophisticated scanner features and precise MT and PSIR 
parameter calibration, limiting availability in low-resource 
environments [25]. Furthermore, sequence reduces scar-to-
myocardium contrast by 10–14% relative to bright blood 
LGE and hence needs to be used cautiously to avoid 
underestimation of scar volume [4]. Refinements with the 
incorporation of deep learning-based algorithms for TI 
optimization are addressing these issues and making 
FIDDLE increasingly clinically viable [26]. 
T2-weighted dark blood imaging 

T2-weighted dark blood sequences like Short-Tau 
Inversion Recovery (STIR) are the most common sequences 
for myocardial edema detection in conditions like acute MI 
and myocarditis [18]. Sequences make use of a T2-
preparation pulse for increasing the signal of water-rich 
tissues and DIR for canceling signaling of the blood pool in 
order to obtain hyperintense regions of edema on the 

background of a dark blood pool [19]. STIR sequences are 
typically obtained with FSE readouts, and T2-weighting is 
achieved using a long echo time (TE of 60–80 ms) for 
enhancement of fluid signals [27]. T2-weighted STIR was 
found to improve detection of edema in acute MI to 92% 
sensitivity and 88% specificity, and by 106% increase in 
CNR when compared with bright blood T2-weighted 
imaging in a 2022 study [28]. 

More recent advances, such as radial balanced 
steady-state free precession (bSSFP), have improved the 
stability of T2-weighted dark blood imaging by minimizing 
susceptibility to motion artifact and optimizing spatial 
resolution [20]. Radial bSSFP acquires data in a radial k-
space trajectory that is less susceptible to cardiac motion, 
enabling free-breathing acquisitions with high image quality 
[29]. In 2023, a study of 80 patients used radial bSSFP T2 
mapping to show 90% sensitivity for detection of 
myocarditis edema, with excellent inter-observer agreement 
(kappa = 0.85) [8]. T2-weighted dark blood sequences 
remain, however, vulnerable to incomplete blood 
suppression in states of low flow, and the long acquisition 
times required for high-resolution imaging can challenge 
patient tolerance [30]. 

T1 and T2 Mapping with Dark Blood Methods 
Quantitative mapping sequences like T1 and T2 

mapping have also been paired with dark blood preparatory 
techniques to allow pixel-wise assessment of myocardial 
tissue properties for enhanced assessment of pathologic 
processes [21]. T1 mapping with DIR, like the Modified 
Look-Locker Inversion Recovery sequence adapted for dark 
blood imaging, for instance, enhances detection of diffuse 
fibrosis in cardiomyopathies through quantification of native 
T1 values and fractional extracellular volume (ECV) [22]. 
Detection of increased native T1 values by dark blood T1 
mapping (mean 1,150 ms vs. control 950 ms), for instance, 
has been reported in a 2021 study of cardiac amyloidosis 
patients with 90% accuracy for differentiation of 
amyloidosis and hypertrophic cardiomyopathy [23]. T2 
mapping with dark blood preparation is extremely effective 
for the detection of myocardial edema in inflammatory 
conditions with increased water content, evidenced by bright 
regions on T2 > 55 ms [31]. 

Dark blood T1 and T2 mapping has specific utility 
in diseases with heterogeneous tissue makeup, such as 
amyloidosis, Fabry disease, and iron overload syndromes. 
Dark blood T1 mapping in Fabry disease detects reduced 
native T1 values (mean 850 ms) of sphingolipid deposition 
and differentiates it from other causes of left ventricular 
hypertrophy [32]. In thalassemia, T2* mapping with DIR is 
95% sensitive for the detection of myocardial iron overload 
and is used to monitor chelation therapy [33]. These methods 
take time to obtain (10–15 minutes per map), and heart rate 
variability can cause T1 and T2 errors [34]. Compressed 
sensing and accelerated imaging have more recently reduced 
acquisition time by 30–40% to improve clinical usability 
[35]. 
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Diagnostic performance 
Dark blood MRI sequences were found to be 

superior to bright blood techniques for a number of clinical 
applications. Table 1 provides key results of recent studies. 
Myocardial Infarction 

Dark blood sequences and particularly FIDDLE 
enhanced detection of subendocardial MI considerably. 
Conventional LGE was biased at -1.57% (P = 0.03) in 2021 
in a validation of FIDDLE by histology in a pig model, while 
having 96% of sensitivity and no bias when compared to 
histopathology (-0.03%, P = 0.75) [24]. Clinically, FIDDLE 
was validated in MI subjects (n = 31) for unifying 
indeterminate cases by offering a 167% increase in scar-to-
blood CNR at 1-week post-MI [4]. Detection of edema was 
also enhanced by T2-weighted dark blood sequences with a 
106% improvement reported in a 2023 paper over bright 
blood T2-weighted imaging [25]. 
Myocarditis and Cardiomyopathies 

In myocarditis, T2-weighted STIR sequences 
increased diagnostic confidence by showing myocardial 
edema with 92% sensitivity and 88% specificity [26]. T1 
mapping with dark blood preparation detected amyloidosis 
(elevated native T1) and HCM (normal to elevated T1 due 
to fibrosis) with 90% accuracy [27]. In ARVD, fibrofatty 
replacement was better appreciated with dark blood 
sequences than with bright blood methods [28]. 
Diffuse fibrosis and other pathologies 

Dark-blood T1 mapping has also played an 
important role in the quantitation of extracellular volume 
(ECV) fraction, an indicator of diffuse fibrosis. In 2022, 
heart failure patients, increased ECV was identified by dark-
blood T1 mapping in 85% of subjects and correlated with 
adverse outcomes [29]. T2* mapping with DIR also 
quantified myocardial iron overload in thalassemia subjects 
with 95% sensitivity [30]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 1: Summary of Latest Research on Dark Blood 
MRI Sequences (2020–2024) for Myocardial Tissue 
Characterization 

Study Year Sequence Population Sample 
Size 

Key 
Findings 

CNR/Sensiti
vity/Specific
ity 

Ref. 

Poskai
te et al. 

2024 FIDDLE MI patients, 
canines 

53 Superior 
detection 
of 
subendoc
ardial MI; 
96% 
sensitivit
y 

Scar-to-
blood CNR: 
+167% 

[4] 

Zhuan
g et al. 

2023 T2-
weighted 
STIR 

Acute MI 120 Improved 
edema 
detection; 
106% 
CNR 
increase 

Sensitivity: 
92%, 
Specificity: 
88% 

[25
] 

Groves 
et al. 

2021 3D uSSFP Healthy 
subjects, 
CVD 
patients 

31 Uniform 
blood 
suppressi
on; good-
to-
excellent 
image 
quality 

aCNR 
(aortic wall-
to-lumen): 
95 ± 56 

[9] 

Henni
ngsson 
et al. 

2022 DIR T2* 
mapping 

Thalassemia 50 High 
sensitivit
y for iron 
overload 

Sensitivity: 
95% 

[30
] 

Si et 
al. 

2023 3D T2 
mapping 

Myocarditis 80 Enhance
d edema 
visualizat
ion 

Sensitivity: 
90%, 
Specificity: 
85% 

[8] 

 
Clinical Applications 

Dark blood MRI sequences have transformed 
clinical practice by enabling precise diagnosis and prognosis 
in several CVDs: 
Myocardial Infarction 

Dark blood sequences are particularly valuable in 
acute and chronic MI. FIDDLE improves detection of 
subendocardial infarcts and assists in myocardial viability 
and revascularization planning [31]. The area at risk in acute 
MI and areas of hyperintensity indicating reversible injury 
in the absence of LGE are detected by T2-weighted STIR 
sequences [32]. 
Myocarditis 

Dark blood T2-weighted sequences are also 
included among the Lake Louise Criteria for diagnosing 
myocarditis and are highly sensitive in detecting edema [33]. 
Added to T1 mapping, the sequences distinguish between 
acute and chronic myocarditis and guide 
immunosuppressive treatment [34]. 
Cardiomyopathies 

T1 mapping of dark blood differentiates fibrosis 
and sphingolipid deposition of Fabry disease in HCM and 
directs targeted therapies [35]. In ARVD, T1 dark-blood 
sequences enhance visualization of fibrofatty replacement 
and arrhythmia risk stratification [36]. 
Heart failure 

Dark blood T1 mapping quantifies ECV, a 
predictor of outcome in heart failure with preserved ejection 
fraction (HFpEF) [37]. It was found in 2024 research that 



Naif Abdulmunim Musayfir Almutairi 

 

________________________________________________ 
Saudi J. Med. Pub. Health Vol. 2 No. 2 (2025) 
 

66 

elevated ECV by dark blood T1 mapping was an 88% 
predictor of hospitalization risk [38]. 
Limitations and challenges of dark blood MRI sequences 

Dark-blood MRI sequences have made significant 
advances in myocardial tissue characterization but also 
involve certain challenges and limitations to be overcome for 
increased acceptance in a clinical setting and for better 
performance. Motion artifacts, incomplete suppression of 
blood, availability constraints, contrast-to-myocardium 
trade-off, and standardization are some of them. 

Motion artefacts are a major issue in dark blood 
sequences such as Double Inversion Recovery (DIR) and 
Short-Tau Inversion Recovery (STIR), leading to signal loss, 
blurring or artefacts degrading image quality. Complicated 
motion correction techniques such as navigator gating and 
electrocardiogram (ECG)-activated acquisition have 
therefore been used to prevent this issue by synchronising 
imaging with cardiac and respiratory cycles. Such strategies 
increase acquisition time by 20-30% and are particularly 
burdensome for patients with inadequate breath-hold 
tolerance or in busy clinical settings. 

Inefficient suppression of flow is another 
limitation of flow-dependent dark-blood sequences like 
DIR, particularly when dealing with slow or stagnant 
pathologies of blood flow. This is avoided by using the 
Flow-Independent Dark-Blood Delayed Enhancement 
(FIDDLE) sequence by magnetization transfer (MT) prep 
and phase-sensitive inversion recovery (PSIR) but at the 
expense of precise optimization of the inversion time (TI). 
Such precise optimization is both operator-dependent and 
sophisticated-scanner-dependent and therefore is not easily 
generalizable to less specialized centers. 

Limited availability of sophisticated dark blood 
sequences to specially equipped MRI scanners with 
customized hardware and software limits their application to 
impoverished environments or community hospitals. Few of 
them have so far been performed on 3T and 1.5T machines, 
and none on low-field strength machines, which are cheaper 
and used more in impoverished regions. Standardization will 
be needed to ensure reproducible performance and to 
facilitate widespread clinical application. Despite these 
challenges, second-generation dark blood MRI sequences 
will achieve their full potential in precision. 
Future Directions 

Dark-blood MRI sequences suffer from numerous 
issues, including a lack of standardization of TI settings and 
sequence parameters, and image protocols. Reproducibility 
and multicenter studies would be facilitated by having 
standard T1 mapping protocols. Task groups like the 
European Association of Cardiovascular Imaging can lead to 
the development of such guidelines. High-end motion 
correction techniques like Three-Dimensional Retrospective 
Image-Based Motion Correction (TRIM) can reduce dark-
blood imaging artifacts to a great extent. Real-time motion 
correction algorithms can reduce image acquisition time 
without loss of image quality, making it clinically 
practicable for dark-blood sequences. Artificial intelligence 

and deep-learning frameworks can revolutionize dark-blood 
MRI by enhancing scar detection, differentiation of tissues, 
and protocol optimization. TI selection can become 
automated using AI and reduce operator dependency, and 
optimize workflow. 

New low-field MRI scanner developments hold 
the promise of low-cost dark blood imaging for application 
in resource-poor settings. Hybrid sequences providing dark 
blood and bright blood contrasts in a single acquisition may 
offer full anatomical and functional assessment without scar-
to-myocardium contrast compromise. Hybrid strategies 
could streamline imaging protocols, reduce scanning times, 
and be less demanding on patients, but require 
demonstration of efficacy in large patient populations. 
Investigations with dark blood sequences applied to non-
ischemic cardiomyopathy could define diagnostic and 
therapeutic applications, such as myocardial involvement in 
early sarcoidosis and hemochromatosis, and iron overload. 
Accumulating evidence for these applications will further 
the clinical value of dark blood sequences. 
Conclusion: 

Dark blood MRI sequences like DIR, STIR, and 
FIDDLE have revolutionized myocardial tissue 
characterization using their excellent scar-to-blood contrast 
and precise detection of diffuse fibrosis, subendocardial 
scars, and myocardial edema. These sequences are 
indispensable to diagnosis and treatment of a wide range of 
cardiovascular pathologies like myocardial infarction, 
myocarditis, and cardiomyopathies since they measure 
tissues' properties with specificity and sensitivity. Because 
of their revolutionary potential, however, such sequences 
have certain barriers to their widespread clinical application, 
including motion artifacts, residual blood signal 
suppression, unavailability, and scar-to-myocardial contrast 
trade-off. Advancing technology in motion correction, AI-
based analytical capability, low-field MRI, and hybrid 
sequence design is set to shatter these barriers to make dark 
blood imaging both available and of superior diagnostic 
quality on a wider scale. Through standardization of 
protocols and widening clinical applications, dark blood 
MRI sequences can become a pillar of precision cardiology 
to help patients through accurate diagnosis, risk 
stratification, and targetable therapeutic interventions. 

 
References: 

1. Roth GA, et al. Global burden of cardiovascular 
diseases and risk factors, 1990–2019. J Am Coll 
Cardiol. 2020;76(25):2982–3021. 

2. Kwong RY, et al. Impact of unrecognized 
myocardial scar detected by cardiac magnetic 
resonance imaging. Circulation. 
2006;113(23):2733–43. 

3. Pennell DJ. Cardiovascular magnetic resonance. 
Circulation. 2010;121(6):692–705. 

4. Poskaite P, et al. Magnetization-transfer flow-
independent dark-blood delayed enhancement 
cardiac MRI. Eur Radiol. 2024;35(6):3030–41. 



Dark Blood MRI Sequences in Myocardial Tissue Characterization: A Comprehensive Review  
__________________________________________________________________________________________________________________ 

________________________________________________ 
Saudi J. Med. Pub. Health Vol. 2 No.2 , (2025) 

67 

5. Simonetti OP, et al. Black blood T2-weighted 
inversion-recovery MR imaging of the heart. 
Radiology. 1996;199(1):49–57. 

6. Kim RJ, et al. Relationship of MRI delayed 
contrast enhancement to irreversible injury. 
Circulation. 1999;100(19):1992–2002. 

7. Kellman P, et al. Dark blood late enhancement 
imaging. J Cardiovasc Magn Reson. 
2016;18(1):77. 

8. Si D, et al. Single breath-hold three-dimensional 
whole-heart T2 mapping. NMR Biomed. 
2023;36(8):e4892. 

9. Whiting PF, et al. QUADAS-2: a revised tool for 
the quality assessment of diagnostic accuracy 
studies. Ann Intern Med. 2011;155(8):529–36. 

10. Hooijmans CR, et al. SYRCLE’s risk of bias tool 
for animal studies. BMC Med Res Methodol. 
2014;14:43. 

11. Henningsson M, et al. Black-blood contrast in 
cardiovascular MRI. J Magn Reson Imaging. 
2022;55(1):61–80. 

12. Kellman P, et al. T2-prepared SSFP improves 
diagnostic confidence in edema imaging. Magn 
Reson Med. 2007;57(5):891–7. 

13. Ferreira PF, et al. Cardiovascular magnetic 
resonance artefacts. J Cardiovasc Magn Reson. 
2013;15:41. 

14. Giri S, et al. T2 quantification for improved 
detection of myocardial edema. J Cardiovasc 
Magn Reson. 2009;11:56. 

15. Vignaux OB, et al. Comparison of single-shot fast 
spin-echo and conventional spin-echo sequences. 
Radiology. 2001;219(2):545–50. 

16. Kim RJ, et al. Performance of delayed-
enhancement MRI with gadoversetamide contrast. 
Circulation. 2008;117(5):629–37. 

17. Rehwald WG, et al. Flow-independent dark-blood 
delayed enhancement MRI. JACC Cardiovasc 
Imaging. 2019;12(8):1523–5. 

18. Zhou X, et al. T2-weighted STIR imaging of 
myocardial edema. J Magn Reson Imaging. 
2011;33(4):962–9. 

19. Abdel-Aty H, et al. Abnormalities in T2-weighted 
cardiovascular MR images of hypertrophic 
cardiomyopathy. J Magn Reson Imaging. 
2008;28(2):401–8. 

20. Wang M, et al. DANTE preparation for black-
blood coronary wall imaging. J Cardiovasc Magn 
Reson. 2013;15(Suppl 1):P237. 

21. Messroghli DR, et al. Modified Look-Locker 
inversion recovery (MOLLI) for high-resolution 
T1 mapping. Magn Reson Med. 2004;52(1):141–
6. 

22. Giri S, et al. T2 mapping in myocarditis: a 
systematic review. J Cardiovasc Magn Reson. 
2021;23:45. 

23. Sado DM, et al. T1 mapping in cardiac 
amyloidosis. JACC Cardiovasc Imaging. 
2014;7(8):768–76. 

24. Holtackers RJ, et al. Histopathological validation 
of dark-blood LGE MRI. J Magn Reson Imaging. 
2021;54(3):789–98. 

25. Zhuang B, et al. Detection of myocardial ischemia 
using cardiovascular MRI stress T1 mapping. 
Radiol Cardiothorac Imaging. 2023;5(3):e220092. 

26. Caobelli F, et al. CMR and PET in acute 
myocarditis. Int J Cardiovasc Imaging. 
2023;39(11):2143–54. 

27. Karamitsos TD, et al. T1 mapping in Fabry disease 
vs. hypertrophic cardiomyopathy. Eur Heart J. 
2013;34(2):104–12. 

28. te Riele AS, et al. CMR in arrhythmogenic right 
ventricular dysplasia. JACC Cardiovasc Imaging. 
2013;6(7):801–9. 

29. Wong TC, et al. Extracellular volume fraction in 
heart failure. JACC Heart Fail. 2022;10(6):411–
22. 

30. Carpenter JP, et al. T2* mapping for myocardial 
iron overload. Circulation. 2011;123(14):1519–
28. 

31. Matsumoto H, et al. Peri-infarct zone on early 
contrast-enhanced CMR imaging. JACC 
Cardiovasc Imaging. 2011;4(6):610–8. 

32. Aletras AH, et al. T2-weighted CMR for 
myocardial edema in acute MI. J Magn Reson 
Imaging. 2006;24(5):1033–9. 

33. Friedrich MG, et al. Cardiovascular magnetic 
resonance in myocarditis. J Am Coll Cardiol. 
2009;53(17):1475–87. 

34. Lurz P, et al. Diagnostic performance of CMR in 
acute myocarditis. JACC Cardiovasc Imaging. 
2016;9(5):593–602. 

35. Pica S, et al. T1 mapping in hypertrophic 
cardiomyopathy. Eur Heart J Cardiovasc Imaging. 
2016;17(8):885–92. 

36. Haugaa KH, et al. CMR in ARVD: diagnostic and 
prognostic implications. Eur Heart J. 
2012;33(15):1894–901. 

37. Schelbert EB, et al. Myocardial fibrosis in heart 
failure. JACC Cardiovasc Imaging. 
2017;10(10):1167–76. 

38. Treibel TA, et al. Prognostic value of ECV in 
HFpEF. Eur Heart J. 2024;45(3):231–40. 

39. Scott AD, et al. Motion in cardiovascular MR 
imaging. Radiology. 2009;250(2):331–51. 

40. Manka R, et al. Dynamic 3D stress CMR perfusion 
imaging. J Am Coll Cardiol. 2011;57(4):437–44. 

41. Lustig M, et al. Improving non-contrast-enhanced 
SSFP angiography. Magn Reson Med. 
2009;61(5):1122–31. 

42. Detsky JS, et al. Free-breathing, nongated real-
time delayed enhancement MRI. J Magn Reson 
Imaging. 2008;28(3):621–5. 



Naif Abdulmunim Musayfir Almutairi 

 

________________________________________________ 
Saudi J. Med. Pub. Health Vol. 2 No. 2 (2025) 
 

68 

43. Morani AC, et al. CAIPIRINHA-VIBE for liver 
MRI at 1.5 T. J Comput Assist Tomogr. 
2015;39(2):263–9. 

44. Campbell-Washburn AE, et al. Low-field MRI for 
cardiac imaging. J Magn Reson Imaging. 
2020;52(5):1342–52. 

45. Moon JC, et al. Standardization of T1 mapping in 
CMR. J Cardiovasc Magn Reson. 2013;15:78. 

46. Kramer CM, et al. Standardized cardiovascular 
magnetic resonance imaging protocols. J 
Cardiovasc Magn Reson. 2013;15:91. 

47. Tsao J, et al. k-t BLAST and k-t SENSE: dynamic 
MRI with high frame rate. Magn Reson Med. 
2003;50(5):1031–42. 

48. Zhang Q, et al. Deep learning for scar detection in 
CMR. J Magn Reson Imaging. 2020;52(3):789–
98. 

49. Fahmy AS, et al. AI-based optimization of CMR 
protocols. Magn Reson Med. 2021;86(2):1012–
24. 

50. Restivo MC, et al. High-resolution whole-heart 
multi-contrast sequence at 0.55T. J Cardiovasc 
Magn Reson. 2023;25:12. 

51. Bustin A, et al. 3D multi-contrast sequence for 
simultaneous bright- and dark-blood imaging. 
Magn Reson Med. 2023;89(4):1345–57. 

52. Inserra MC, et al. Tissue characterization of 
benign cardiac tumors by CMR. J Cardiovasc 
Magn Reson. 2023;25:34. 

53. Wu E, et al. Infarct size by contrast-enhanced 
CMR. Heart. 2008;94(6):730–6. 

54. Bello D, et al. Infarct morphology and ventricular 
tachycardia. J Am Coll Cardiol. 2005;45(7):1104–
8. 

55. Chalil S, et al. Intraventricular dyssynchrony in 
heart failure. J Am Coll Cardiol. 2007;50(3):243–
52. 

56. Fussen S, et al. CMR for cardiac masses and 
tumors. Eur Heart J. 2011;32(12):1551–60. 

57. Kotu LP, et al. Probability mapping for myocardial 
scar heterogeneity. J Cardiovasc Magn Reson. 
2014;16:87. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 :ةنمزلما ضارملأا جلاع ?< تاتابنلا :9ع ةمئاقلا ةيئاذغلا تلاخدتلل ةيجلاعلا تانا$ملإا

 ?9معلا قيبطتلاو ةKرKرسلا ةلدلأاو تايللآا

 صNOلما

 بلقلا ضارمأو ،ي[اثلا عونلا نم يركسلا ءاد لثم ةنمزلما ضارملأا ل$شS :ةيفلQOا

 ا lmبك ا ئبع ناطرسلا عاونأ ضعfو ،ةنمسلاو ،مدلا طغض عافتراو ،ةKومدلا ةيعولأاو

 امب ،ةايQoا طمن لماوعlm wبك ل$شw تلااQoا هذt رثأتت ثيح ،ا يلماع ةماعلا ةnoلا :9ع

ت .ي{اذغلا ماظنلا كلذ ?<
 

 ل$شw دمتعS ��لا ،ةديقلما lmغ ةيتابنلا ةيئاذغلا مظنلا ر�ظ

 تانايب ،ا��ودب وأ ةيناويQoا ةمعطلأا نم ليلقلا عم ةلما$لا ةيتابنلا ةمعطلأا :9ع ����ئر

 كلذ ?< امب ،اtراسم سكعو ةنمزلما ضارملأا نم ةياقولاب ا�طابترا :�إ lmشS ةئشان

 .ةيضيلأا دئاوفلاو ،ةدسكلأا تاداضمو ،تابا��للال ةداضلما تاlmثأتلا

 وأ فيفختلاب ةيتابنلا ةيئاذغلا مظنلا ط�رت ��لا ةلدلأل ةي��نم ةعجارم :فد�لا

 ،ةايQoا ةدوجو ،ةKرKرسلا جئاتنلا قيثوت عم ،ةنمزلما ضارملأا ?< lmبكلا نسحتلا

 ي{اذغ ماظن يأب ةطبترلما ذيفنتلاب ةقلعتلما تارابتعلااو ،ةفل$تلا ثيح نم ةيلاعفلاو

 .يSابن

 ةيحاتفم تامل  مادختساب 2024 :�إ 2000 ماع نم تايبدلأا ?< ثحب ءارجإ مت :قرطلا

 ةصاخ ةيحاتفم تامل و ،ةنمزلما ضارملأاو ،ةيتابنلاو ،ةيتابنلا ةيئاذغلا مظنلل

 نع تغلبأو ،نlغلابلا نارقلأا لبق نم ةعجارلما ةلtؤلما تاساردلا تلمش .ضارملأاب

 ماظنلا ةدم :9ع دويق نود ،ذيفنتلا تارابتعاو ،ةايQoا ةدوجو ،ةKرKرسلا جئاتنلا

 نKركوك ةادأ مادختساب لقتسم ل$شw تاساردلا ةدوج مييقت مت .لخدتلا وأ ي{اذغلا

 .اواتوأ-لسا وين سايقمو ¤lحتلا رطاخم مييقتل

 ،تلااQoا نم ةعومجم m¨ع ةديفم ةKرKرس جئاتن ةيتابنلا ةيئاذغلا مظنلا تجتنأ :جئاتنلا

 عافتراو ،ةKومدلا ةيعولأاو بلقلا ضارمأو ،ي[اثلا عونلا نم يركسلا ءاد كلذ ?< امب

 HbA1c تاKوتسم مظنلا هذt ت© سح .ناطرسلا روطتو ،ةنمسلاو ،مدلا طغض

 ديدحت مت .ناطرسلا روطت ليلقت وأ عنم عم نزولا نادقف :�إ تدأو ،LDL لوm¯س�لوكو

 فيلا$تلا lmفوت ريدقت مت .ةيئاذغلا رصانعلا راقتفاو ما¤¯للاا مدع لثم تايدحتلا

 حواm¯ي امب ةKومدلا ةيعولأاو بلقلا ضارمأو ي[اثلا عونلا نم يركسلا ءاد ةرادلإ ةKونسلا

 .رلاود رايلم 100-50 نlب

 ةرادإ ?< ةلاعف نوكت نأ نكمي ةيتابنلا ةيئاذغلا مظنلا نأ :�إ ةلدلأا lmشS :جات©تسلاا

 ةدوجو ،ةKرKرسلا جئاتنلا ?< دئاوف رفوتو ،ا�·م فيفختلا ¤lفحت ام�رو ةنمزلما ضارملأا

 صقنو ،ما¤¯للااب ةقلعتلما قئاوعلا صحف بجي .ةيnoلا ةياعرلا فيلا$تو ،ةايQoا

 معدلاو ،ميلعتلا :�إ ةجاQoا عم ،m¨كأ ل$شw عسوتلا ةيلباقو ،ةيئاذغلا رصانعلا

 .ذيفنتلا ميظعS ةيفيك م�فل ثاحبلأا نم دKزلماو ،يوي©بلا

 يركسلا ءاد ،فيفختلا ،ةنمزلما ضارملأا ،يSابنلا ي{اذغلا ماظنلا :ةيحاتفلما تامل$لا

 ،ةنمسلا ،مدلا طغض عافترا ،ةKومدلا ةيعولأاو بلقلا ضارمأ ،ي[اثلا عونلا نم

 .ةفل$تلا ةيلاعف ،ةايQoا ةدوج ،ناطرسلا


