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Cardiovascular magnetic resonance imaging (MRI) 
has been rapidly developing over the last decades by 

the improvement in imaging sequence, machine design, 
and image quality. As a result, cardiovascular MRI is ac-
cepted as a gold-standard, non-invasive imaging technique 

for measuring left and right ventricular volumes and ejec-
tion fraction. It is also approved as the best imaging tech-
nique to assess the location and severity of the myocardial 
scar formation and is being accepted as a gold-standard 
technique for the evaluation of myocardial viability [1–4].

ABSTRACT
OBJECTIVE: Cardiovascular magnetic resonance imaging (MRI) is a widely accepted reference imaging technique in 
routine cardiology clinics in many centers due to its advantages in providing preferable functional, morphologic informa-
tion. However, there is little information about national experience in clinical application and findings of cardiovascular 
MRI. The objective of this study was to demonstrate the clinical and demographic characteristics of patients admitted 
to our cardiac imaging department.

METHODS: A total of 500 cardiovascular MRI examinations performed between 2016 and 2019 were enrolled in this 
retrospective study. Clinical indications, demographic, and cardiovascular MRI findings of the patients were retrospec-
tively evaluated.

RESULTS: Five hundred patients (M/F=301/199) were included in this retrospective, single center study. The majority 
of the examinations were performed for the assessment of congenital heart disease (n=254, 50.8%). The other indi-
cations were for myocardial disease (n=160, 32%), cardiac mass (n=44, 8.8%), valvular heart disease (n=20, 4%), 
magnetic resonance angiography (n=12, 2.4% for aorta and pulmonary artery [n=9, 1.8%] and for coronary arteries 
[n=3, 0.6%]), and vasculitis (n=7, 1.7%), pericardial disease (n=3, 0.6%). Minor complication was seen during the 
contrast agent injection in three patients (0.06%).

CONCLUSION: Cardiovascular MRI is a reliable and accurate imaging tool in identifying the various cardiac pathology with 
widely accepted use in the clinical area. Our single-center experience of 500 cases demonstrates the varieties of clinical indi-
cations in daily practice that may contribute to the national data pool.
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Although the clinical use of cardiovascular MRI may 
vary among centers, it is widely used in routine clinical 
practice. The main clinical indications of cardiovas-
cular MRI are cardiomyopathy, myocarditis, ischemic 
heart disease, cardiac masses, valvular heart diseases, 
and vascular pathologies (aortic disease, coronary ar-
tery disease, etc.), pericardial pathology [5]. It has an 
essential clinical value in diagnosis and monitoring the 
response to the therapy of such various heart diseases. 
Another expanding patient group referred to cardiovas-
cular MRI is congenital heart disease (CHD) in either 
pediatric and adult ages. Cardiovascular MRI has the 
capability to become the reference imaging technique 
tool for clinical follow-up or surgical decisions with the 
advantage of its serial application. Assessment of de-
tailed morphologic and anatomic structure, managing 
post-operative complications, guidance to intervention-
al procedures are the most common indications for re-
ferrals of cardiovascular MRI in CHD [6–8].

Cardiovascular MRI is widely used in routine car-
diology practice and benefits from a multidisciplinary 
approach involving radiologists, radiographers, cardiolo-
gists, and cardiothoracic surgeons. Yet, national experi-
ence demonstrating clinical advantage, application, and 
findings of cardiovascular MRIs are sparse. The present 
study is designed to illustrate the demographic, clinical, 
and radiological characteristics of patients admitted to 
our cardiac imaging department with the largest patient 
cohort in the Turkish literature. We believe that demon-
stration of the findings and clinical application will en-
hance the use of cardiovascular MRI in daily routine.

MATERIALS AND METHODS

Ethical approval of this retrospective study was ob-
tained from the Istanbul Medeniyet University Clini-
cal Research Ethics Committee (No: 2018/0483). This 
study was conducted in accordance with principles for 
human experimentation as defined in the Declaration 
of Helsinki. Informed consent for cardiovascular MRI 
examination was obtained from all patients and parents 
under 18 years old before the examination.

Study Group
In this study, a total of 500 patients who underwent car-
diovascular MRI imaging between 2015 November and 
2018 December were retrospectively reviewed. Patient 
demographic data were obtained from the hospital in-

formation system. All the individuals had transthoracic 
two-dimensional echocardiography before the cardio-
vascular MRI examination. The echocardiography and 
cardiac catheter findings of the individuals were used 
only to determine the primary diagnosis and guide to the 
cardiovascular MRI.

All patients were evaluated for claustrophobia and the 
presence of contraindications, including MRI non-com-
patible implants, pacemakers, and excluded from the ex-
amination.

Cardiac MRI Technique and Protocol
All cardiovascular MRI examinations were performed 
using a 1.5-Tesla scanner (Signa HDx; GE Medical 
Systems, Milwaukee, WI, USA) with a 32-channel 
phased-array abdominal coil with electrocardiograph-
ic gating. Intravenous sedation was not administered 
during the examination. All the patients were trained 
how to take a breath before the examination. The 
weight and height of the patients were recorded before 
the examination to calculate body surface area to index 
ventricular volume.

All examinations were performed by two technol-
ogists and 10 years experienced radiologist trained in 
congenital cardiac imaging. After three plane localizers 
through thorax revealed by steady-state free precession 
sequence, cine-steady state free precession sequence of 
two-chambers, four-chambers, and short-axis views 
(Protocol 1) was revealed for all patients. Each set 
of images was acquired with retrospective gating and 
20 reconstructed cardiac phases. All the images were 
acquired during one or two breath-hold of 8 to 12 s 
duration depending on the heart rate during end-expi-
ratory breath-hold.

Highlight key points

• Cardiovascular MRI is a gold-standard, non-invasive imaging 
technique in quantitative assessment of ventricular volume 
and function, blood flow, and tissue characterization.

• The majority of the examinations were performed for the 
assessment of CHD (50.8%). The other indications were for 
myocardial disease, cardiac mass, valvular heart disease, 
vascular, and pericardial disease.

• Cardiovascular MRI has the capability to become the ref-
erence imaging technique tool for diagnosis, follow-up or 
surgical decision of various cardiac pathologies with the ad-
vantage of its serial application and guiding to interventional 
procedures.
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A 0.2 mmol/kg of gadolinium-based contrast agent 
was performed if the imaging protocol was required. 
Contrast agent material was used for magnetic reso-
nance angiography (MRA) for great vessels (Protocol 
3), myocardial late gadolinium enhancement (Protocol 
4), tissue characterization (Protocol 5), perfusion im-
aging (Perfusion 6), and vasculitis assessment (Protocol 
8). Contrast-enhanced MRA was used to prescribe the 
phase-contrast imaging of the pulmonary artery, aorta. 
The optimal velocity encoding value of the pulmonary 
artery was calculated by the calculation Bernoulli equa-
tion reported gradients in the echocardiography report. 
Late gadolinium enhancement sequences were revealed 
after 10 and 15 min of injection for the assessment of 
myocardial disease.

Protocols 1–4 were applied for the patients with the 
indication of CHD. Protocols 1, 3, and 4 were applied 
for the patients with the indication of myocardial disease, 
and Protocols 1 and 7 were applied for myocardial iron 
assessment. Protocols 1, 5, and 6 were applied for the pa-
tients with the indication of cardiac mass. Protocols 1, 
2, 3, and 4 were applied for valvular disease; protocols 
1, 2, 3, 4, and 5 were applied for pericarditis; protocols 1 
and 9 were applied for coronary artery assessment; and 
protocols 1 and 3 were applied for MRA of great vessels.

Our institutional standardized cardiovascular MRI 
protocol demonstrated with imaging parameters was 
performed (Table 1).

Cardiac MRI Evaluation
All cardiovascular MRI examinations were retrospec-
tively reviewed by a 10-year experienced radiologist 
trained in congenital cardiac imaging, with an experience 
of more than 1000 cardiovascular MRI examinations. 
All the images were reviewed using a commercially avail-
able software program (5.6i report card, GE Medical 
Systems, Milwaukee, WI, USA) on a workstation.

The endocardial layer of ventricles was contoured man-
ually on short-axis cine images by including the papillary 
muscles and the trabeculations through all slices on end-di-
astolic and end-systolic phases. Body surface area (with Mo-
steller’s formula), biventricular end-diastolic volume index, 
end-systolic volume index, stroke volume index, and ejection 
fraction were calculated automatically by the workstation.

In the flow analysis, the contour of the vascular struc-
tures was traced manually. Forward flow volume, regur-
gitant flow volume, and net flow volumes were calculated 
by a software program. Pulmonary regurgitation fraction 

(regurgitant flow volume/forward flow volume × 100 in 
%) and blood flow distribution of the right-to-left pul-
monary artery (net right pulmonary artery flow volume/
[right pulmonary artery+left pulmonary artery flow vol-
ume] × 100 in %) were also calculated. The presence of 
end-diastolic antegrade flow was also recorded from flow 
diagrams. The systemic-to-pulmonary flow ratio was cal-
culated to assess the degree of the left-to-right shunt. It 
was calculated as dividing the net flow volume of the pul-
monary artery to ascending aorta.

MRI of each patient with CHD was analyzed for 
morphological information such as chamber and valve 
anatomy, structure and integrity of septum, alignment, 
the caliber of outflow tracts, and atrioventricular connec-
tions. The functional information comprised quantifica-
tion of flow across valves, outflow tract, and defects. Cine 
imaging provided dynamic information of the cardiac 
size, valve morphology, leaflet mobility, wall thickness, 
chamber size, flow jets, outflow tracts, septum anatomy, 
defect morphology, and aortopulmonary connections. 
Stenosis or aneurysmatic dilatation of the great vessels 
was assessed on multiplanar reconstruction images and 
three-dimensional volume-rendered images of MRA.

During the radiologic assessment, extracardiac find-
ings were also recorded. All the cardiovascular MRI ex-
aminations were evaluated according to the criteria listed 
in the guidelines and recommendations [5, 8–17].

Statistical Analysis
The analysis of the obtained data was performed with 
SPSS version 20.0 software (IBM Corporation, Ar-
monk, NY, USA). The mean and standard deviation val-
ues (mean±SD) were used for the presentation of the 
descriptive values. Median values were also used for the 
body surface area and age of the patients.

RESULTS

Cardiovascular MRI of 500 patients (M/F=301/199) 
was performed in radiology department between 2016 
and 2019. The mean age of patients was 24.51±18.14 
years (median [IQR 25–75]; 17 [12–33]) and the mean 
body surface area was 1.58±0.49 m2 (median [IQR 25–
75]; 1.6 [1.3–1.8]).

The most common indication for cardiovascular MRI 
was CHD (n=254, 50.8%). The other indications for 
cardiovascular MRI were myocardial disease (known 
or suspected ischemic, hypertrophic, restrictive, infiltra-
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tive, arithmogenic right ventricular, and noncompaction 
cardiomyopathy) (n=160, 32%), cardiac mass (n=44, 
8.8%), valvular heart disease (n=20, 4%), MRA (n=12, 

2.4% for aorta and pulmonary artery [n=9, 1.8%] and for 
coronary arteries [n=3, 0.6%]), vasculitis (n=7, 1.7%), 
and pericardial disease (n=3, 0.6%) (Fig. 1).

Protocol Sequence Imaging plane Sequence parameters

Localiser

Protocol 1: 
Functional 
evaluation

Protocol 2: Blood 
flow assessment

Protocol 3: 
Contrast-enhanced 
angiography
Protocol 4:  
Late gadolinium 
enhancement

Protocol 5: 
Tissue 
characterization

Protocol 6: 
Perfusion

Protocol 7: 
Iron load 
assessment
Protocol 8: 
Vasculitis 
assessment

Protocol 9: 
Coronary artery 
angiography

FIESTA (Non-
cardiac gated)
Cine b-SSFP

Phase-contrast 
imaging

Tricks

PS-MDE

T1 DIR

T2 DIR

Time course

Multi-TE GRE T2*

T2 Black blood

T1 Black blood

3D b-SSFP whole 
Heart (respiratory 
navigated)

Axial-coronal-sagittal 
plane
2-CH view*
4-CH view**
SA view***
LVOT and RVOT*
AAO - level of RPA*
DAO- level of diaphragm*
MPA, RPA, and LPA*
Coronal plane

Scout- SA view*
SA view***
Axial plane**

SA view***
4-CH view**
SA view***
4-CH view**

SA view***
Axial

SA view***
4-CH view*

Coronal
(thorax and abdomen)

Coronal (thorax and 
abdomen) pre and post-
contrast
Axial

TR 3 ms; TE 1 ms; flip-angle 60°; bandwidth ±111 kHz; matrix 
224×224; FOV 350 mm; NEX 1; slice thickness 8 mm; gap 2 mm
TR 3.6 ms; TE 1.5 ms; flip-angle 60°; bandwidth ±90 kHz; matrix 
192×192; FOV 350 mm; NEX 1; slice thickness 8 mm; gap 0 mm

TR 5 ms; TE 3 ms; flip-angle 20°; bandwidth ±60 kHz; matrix 
192×160; FOV 350mm; NEX 1; slice thickness 8 mm; gap 0 mm

TR 4.2 ms; TE 1.4-11 ms; flip-angle 30°; bandwidth ±50 kHz; 
matrix 320×192; FOV 350 mm; NEX 1; slice thickness 8 mm; 
gap 0 mm
A cine IR scout sequence to select the optimal inversion time for 
optimal suppression of healthy myocard. 10 and 15 minutes post 
injection contrast agent TR 6.6 ms; TE 3.1 ms; flip-angle 25°; 
bandwidth ±62 kHz; matrix 192×192; FOV 350 mm; NEX 1; slice 
thickness 6 mm; gap 0 mm
Pre- and post-contrast, With and without fat saturation TR 
minimum; TE 35 ms; flip-angle 155°; bandwidth ±70 kHz; matrix 
224×224; FOV 350 mm; NEX 1; slice thickness 6 mm; gap 0 mm
TR minimum; TE 102 ms; flip-angle 155°; bandwidth ±83 kHz; 
matrix 224×224; FOV 350 mm; NEX 1; slice thickness 6 mm; 
gap 0 mm
First pass bolus of contrast agent TR 3 ms; TE minimum; flip-
angle 20°; bandwidth ±62.5 kHz; matrix 128x128; FOV 380 
mm; NEX 1; slice thickness 8 mm; gap 10 mm
TR 13.2 ms; TE 3, 7, 10, 14, 17, 20, 23, 26 and 29 ms; flip-angle 
20°; bandwidth ±83.33 kHz; matrix 128×256; FOV 350 mm; 
NEX 1; slice thickness 6 mm; gap 15 mm
TR minimum; TE 60 ms; flip-angle 55°; bandwidth ±62.5 kHz; 
matrix 224×224; FOV 350 mm; NEX 1; slice thickness 8 mm; 
gap 2 mm
TR minimum; TE 20 ms; flip-angle 155°; bandwidth ±50 kHz; 
matrix 224×224; FOV 350 mm; NEX 1; slice thickness 8 mm; 
gap 2 mm
TR/TE minimum; flip-angle 65°; bandwidth ±100 kHz; matrix 
224×224; FOV 350 mm; NEX 1; slice thickness 6 mm; overlap 
loc: 3, slap: 3

Table 1. Institutional protocol of cardiovascular MRI examination, and scan parameters

FIESTA: Fast imaging employing steady-state acquisition; 3D b-SSFP: Three dimensional balanced steady-state free precession; PS-MDE: Phase-sensitive myocardial 
delayed enhancement; IR: Inversion recovery; FOV: Field of view; CH: Chamber; SA: Short axis; RVOT: Right ventricular outflow tract; LVOT: Left ventricular outflow 
tract; AAO: Ascending aorta; DAO: Descending aorta; MPA: Main pulmonary artery; RPA: Right pulmonary artery; LPA: Left pulmonary artery.
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The examination included functional imaging of the 
left and right ventricles was performed in all patients 
(100%). Detailed morphologic imaging of the heart was 
performed in 274 (54.8%), contrast-enhanced angiogra-
phy of the great vessels was performed in 293 (58.6%), 
delayed-enhanced imaging for assessment for myocardial, 
pericardial disease, and vasculitis was performed in 208 
(41.6%), and three-dimensional whole heart coronary 
angiography was performed in three patients (0.6%).

The most common indication for cardiovascular 
MRI was CHD (n=254). The mean age of patients with 
CHD was 16.47±9.91 years (median [IQR 25–75]; 14 
[11–18]). In CHD group, the most common diagnosis 
was repaired tetralogy of Fallot (TOF) in 202 patients 
(500/202; 40.4%). Among the patients with repaired 
TOF, 11 studies were performed for follow-up control 
study, and 23 patients were performed after pulmonary 
valve replacement. Cardiac MRI was performed for the 
assessment of post-surgical follow-up for transposition 
of great arteries in 11 patients (2.2%; seven patients 
had arterial switch surgery and four patients had dou-
ble switch operation), Glenn procedure in seven patients 

(1.4%), and Fontan procedure in six patients (1.2%) (Fig. 
2). The other 28 patients (5.6%) with CHD had atrial 
septal defect (n=5), ventricular septal defect (n=5), par-
tially anomalous pulmonary vein (n=4), Ebstein’s anom-
aly (n=3), congenitally corrected transposition of great 
arteries (n=2), patent ductus arteriosus (n=1), apical 
band formation of left ventricle (n=1), Keutel syndrome 
(n=1), pulmonary lymphangiomatosis-congenital lobar 
emphysema (n=1), cor triatriatum (n=1), accessory tri-
cuspid valve (n=1), Uhl’s anomaly (n=1), isolated azygos 
continuation of inferior vena cava (n=1), patent ductus 
arteriosus (n=1), coarctation of aorta (n=1), and trun-
cus arteriosus (n=1).

The second most frequent (32%) indication for cardio-
vascular MRI was myocardial disease. Among all myo-
cardial disease (n=160), T2* sequence was performed 
to assess myocardial iron load without contrast agent 
injection in 35 patients (7%), and the mean T2* value 
was found to be 31.71±12.27 ms (median [IQR 25–75]; 
29 [22–40]). In the remaining 125 patients (25%), myo-
cardial delayed enhancement imaging was performed. 
The most frequent indication for myocardial delayed 
enhancement imaging was left ventricular noncompac-
tion cardiomyopathy (n=44, 8.8%) (Fig. 3); among these 
group, one patient had biventricular noncompaction car-
diomyopathy (Fig. 4). The other indications were for hy-
pertrophic cardiomyopathy in 38 patients (7.6%,) (Fig. 
5), arrhythmogenic right ventricular cardiomyopathy in 
13 patients (2.6%) (Fig. 6), dilated cardiomyopathy in 6 
patients (1.2%), myocarditis in eight patients (1.6%) (Fig. 
7), myocardial storage disease in 11 patients (2.2%), isch-
emia related scar in two patients (0.4%), athlete heart, 

Figure 1. Frequency of indications for examination in all 500 
cardiovascular MRIs. Myocardial assessment included isch-
emic and non-ischemic (hypertrophic, restrictive, infiltra-
tive, arrhythmogenic right ventricular, and noncompaction 
cardiomyopathy) myocardial disease. Magnetic resonance 
angiography was included for great vessels and coronary 
arteries assessment.

Congenital
heart disease

n=254, 50.8%Myocardial 
disease

n=160, 32%

Cardiac mass
n=44, 8.8%

Valvular disease
n=20, 4%

Magnetic 
resonance 

angiography
n=7, 1.4%

Vasculitis
n=7, 1.4%

Pericarditis
n=3, 0.6%

300

200
202

11
28

67

100

0
Reparied 

TOF
Reparied 

TGA
Glenn 

procedure
Fontan 

procedure
Others

Figure 2. Frequency of the diagnosis of congenital heart 
disease in all 500 cardiovascular MRIs.
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myocardial contusion, and Takotsubo cardiomyopathy 
in one patient for each (0.2%). Among these patients, the 
indication was consistent with cardiac MRI findings in 
84 patients (84/125, 67%). The characteristics of myo-
cardial assessment and cardiovascular MRI diagnosis are 
showed in Figure 8.

The third most frequent indication for cardiovascular 
MRI was the assessment of cardiac mass in 44 patients 
(8.8%). Five patients with myxoma had surgical resection 
and were pathologically proved (Fig. 9). One patient had 
local cardiac invasion of known lung carcinoma, one pa-

tient had a known surgical history of rhabdomyosarco-
ma, and one patient had a known history of ovarian leio-
myomatosis. The remaining 36 patients, including eight 
patients with thrombus, were followed up and no major 
complications or morbidity were reported clinically and 
radiologically. Typical features of the cases with cardiac 
masses in their radiologic presentation, clinical and sur-
gical features in our study cohort are reported in Table 2.

Three patients who underwent coronary artery as-
sessment with three-dimensional whole heart MRA 
were evaluated for coronary artery anatomy instead of ac-
quired coronary artery disease. Among nine patients who 
performed MRA for great vessels, five patients evaluated 
aortic diseases such as aneurysms or dissection. Aortic 
dimensions were assessed according to the criteria listed 
in multimodality imaging of diseases of the thoracic aor-
ta in adults: From the American Society of Echocardi-

Figure 3. A 62-year-old male left ventricular noncompac-
tion cardiomyopathy. Four chambers (A) and short-axis 
(B) bSSFP MRI in diastole shows increased subendocardial 
left ventricular trabeculation in the apical segment (arrow). 
The ratio of noncompacted (NC) to compacted [c] myocar-
dial thickness is 6.2 (the mean ratio is 2.3). The ejection 
fraction was 41%.

A

B

Figure 4. A 36-year-old female with biventricular noncom-
paction cardiomyopathy on four-chamber bSSFP MRI (ar-
rows, A). Three-chamber bSSFP MRI of left (left) and right 
(right) ventricles show increased hypertrabeculation and 
noncompaction of right and left ventricles (arrows, B). The 
ejection fraction was 60% for the left ventricle and 58% 
for the right ventricle.

A

B
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ography and the European Association of Cardiovascu-
lar Imaging: Endorsed by the Society of Cardiovascular 
Computed Tomography and Society for Cardiovascular 
Magnetic Resonance [18]. The remaining four patients 
were assessed for pulmonary artery pathology and were 
found to have pulmonary artery sling in one patient, left 

A

B

C

Figure 5. A 32-year-old male with a family history of sudden 
cardiac death. Three-chamber bSSFP MRI shows increased 
left ventricular wall thickness of more than 15 mm (line) 
on diastole (left), signal noise due to jet flow turbulence 
(arrow) in left ventricular outflow tract on systole, and sys-
tolic anterior motion of mitral valve (arrowhead) on systole 
(right) (A). Short-axis myocardial delayed enhancement 
MRI shows midwall patchy myocardial enhancement in in-
terventricular septum (arrows, B). Short-axis myocardial 
delayed enhancement MRI shows extensive midwall en-
hancement in a 42-year-old male patient (left) and midwall 
myocardial enhancement in the lateral wall of the left ven-
tricle (arrow) in a 24-year-old patient (right) (arrows, C).

Figure 6. A 28-year-old male with arrhythmogenic right 
ventricular cardiomyopathy. Four-chamber bSSFP MRI 
shows dyskinesia an “accordion sign” in basal free wall 
caused by dyssynchronous contraction in the end-dia-
stolic (arrow, left) and end-systolic (arrows, right) phase 
(A). Right ventricular outflow tract wall aneurysms in the 
short-axis bSSFP MRI (B, arrows). Late gadolinium en-
hancement MRI shows midwall myocardial enhancement 
in the septal wall (arrowhead) and mild enhancement of 
the right ventricular wall (C). The signal void in right ven-
tricle is caused by metallic susceptibility artifact of intrac-
ardiac device (arrowhead, C)

A

B

C
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pulmonary artery agenesis in one patient, and pulmo-
nary artery stenosis with Keutel syndrome in one patient. 
Twenty patients with valvular heart disease were assessed 
for aortic regurgitation. All the patients had bicuspid 
aotic valve (Fig. 10). In seven patients with the indication 
of vasculitis assessed for the segmental stenosis, mural ir-
regularity, and contrast enhancement of vessel wall. Five 
patients had Takayasu arteritis, and the patients had been 
found to have segmenter stenosis in branches of the aor-
tic arch, intimal irregularity, and contrast enhancement 
in the thoracal aorta. One patient had Behcet’s disease, 
and one patient had middle aortic syndrome. In three 
patients with the indication of pericarditis, two patients 
were found to have constrictive pericarditis.

Major complication was not observed during the 
cardiovascular MRI examination. Three patients 
(0.06%) had minor complications during the contrast 
agent injection; one patient had pruritis, one patient 
had nausea, and one patient vomited. All patients were 
treated with pheniramine-maleate and dexamethasone. 

Figure 7. A 9-year-old boy with a medical history of bone 
marrow transplantation and cytomegalovirus endomyocar-
ditis. Papillary muscles of the mitral valve show hypointensi-
ty on short-axis T1 weighted (arrow, A) and hyperintensity 
on short-axis T2 weighted (arrow, B) MRI. Myocardial de-
layed enhancement MRI shows patchy and multifocal sub-
endocardial enhancement (arrow, C) and papillary muscle 
enhancement on the basal short-axis view (arrowhead, C).

A

B

C

Clinical referral of myocardial disease (n=160)

Primary CMP 
(n=103)

Hypertrophic CMP 
(n=38)

LVNC CMP (n=44)
ARVD (n=13)

Dilated CMP (n=6)
Athlete hearth 

(n=1)
Takotsubo CMP 

(n=1)

Hypertrophic CMP 
(n=36)

LVNC CMP (n=34)
ARVD (n=1)

Dilated CMP (n=6)
Athlete hearth 

(n=1)
Takotsubo CMP 

(n=1)

Hypereosinophilia 
(n=1)

Storage disease 
(n=46)

Myocardial iron 
load (n=35)

Amyloidosis (n=5)
Sarcoidosis (n=2)
Coli forbes (n=1)
Lysosomal storage 

disease (n=1)
Muscular dystrophy 

(n=1)
Hypereosinophilia 

(n=1)

Others (n=11)

Myocarditis (n=8)
Ischaemic heart 
disease (n=2)

Contusion (n=1)

Myocarditis (n=1)
Ischaemic heart 
disease (n=2)

Contusion (n=1)

Cardiovascular MRI diagnosed myocardial disease (n=84, 67%)

Figure 8. The characteristics of myocardial assessment and 
cardiovascular MRI diagnosis.
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Figure 9. A 24-year-old female patient with myxoma. Sol-
itary, well-defined, trilobulated mass in the right atrium 
arising from the interatrial septum near the fossa ovalis. 
The mass is hypointense on bSSFP (A) and mild hyper-
intense at T2-weighted MRI (B) (arrow). The mass had 
heterogeneous enhancement on myocardial delayed en-
hancement MRI (C) (arrow).

A

B

C

A

B

Figure 10. A 57-year-old male with the bicuspid aorta. 
Three-chamber bSSFP MRI of the left ventricular outflow 
tract shows backward flow turbulence in diastole consistent 
with aortic regurgitation (arrow, right) and forward flow tur-
bulence in systole (arrow, left) consistent with aortic stenosis 
(A). Phase (left) and magnitude images (right) of phase-con-
trast MRI revealed at ascending aorta (B). Time-velocity 
curves of the ascending aorta (red curve) show regurgitant 
backward flow below the line. We calculated the aortic re-
gurgitation fraction by dividing the regurgitant backward 
volume to forward flow (C). The patient had a regurgitant 
fraction of 68% and an antegrade velocity of 1.8 m/s.

Fl
ow
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m

l/
s)

Time (msec)

Peak positive velocity (cm/s) 183.9
Peak negative velocity (cm/s) -111.9
Flow (ml/min) 4059
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Summary: Flow 1-AAO
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Bigemini extrasystole was recorded in two patients 
(0.04%). One patient with arrhythmogenic right ven-
tricular cardiomyopathy had intracardiac device on 
off-status during the examination and no complication 
was revealed.

Extra-cardiac findings occurred in roughly 9.2% 
(46/500) of the studies. 13 patients had double renal 
artery, nine patients had a gall bladder stone, seven pa-
tients had pleural effusion, two patients had atelectasis, 
one patient had surrenal gland mass, one patient had 
portal vein thrombosis, three patients had pericardial 
effusion, two patient had horseshoe kidney, one patient 
had a solitary kidney, one patient had pulmonary nod-
ule, one patient had a splenic cyst, two patients isolated 
right kidney, one patient was found to have a thyroidal 
nodule, one patient had liver hemangioma, and one pa-
tient had lung cyst.

The duration of examination changed between 35 
and 75 minutes depending on contrast agent injection.

DISCUSSION

In the last few decades, cardiovascular MRI has been in-
creasingly considered as a valuable modality for the as-
sessment of large ranges of heart disease changes from 
myocardial diseases to CHD [19]. This retrospective, 
single-center experience study provides the clinical indi-
cations of cardiovascular MRI, imaging findings of car-
diovascular disease, and institutional imaging protocols 
including CHD, myocardial disease, and cardiac masses.

In 2020, the indication of cardiovascular MRI with 
scanning techniques, clinical applicability, and adoption 
of cardiovascular MRI worldwide was updated and re-
vised in the Society for Cardiovascular Magnetic Reso-
nance consensus panel report by cardiologists and radiol-
ogists [5]. Our practice of cardiovascular MRI has been 
performed with the appropriateness of this consensus 
report. All of our patients were referred to our clinic by 
their cardiologist or cardiovascular surgeon before the 
cardiovascular MRI with the relevant indication.

Cardiac mass 
(n=27)

Location T2 weighted 
imaging

T1 weighted 
imaging

Contrast 
enhancement

Notes

Thrombus (n=8)

Fibroma (n=2)

Tuberculosis (n=3)

Epicardial cyst 
(n=1)
Epicardial 
lipomatosis (n=2)
Lipomatous 
hypertrophy (n=1)
Hemangioma (n=1)
Cyst hydatid (n=1)

Myxoma (n=5)
Leiomyomatosis 
(n=1)
Rhabdomyosarcoma 
(n=1)
Metastatic invasion 
(n=1)

Left auricle (n=7
Left ventricle (n=1)
Left ventricle mitral 
valve
Epi-pericardium

Epi-pericardium

Epi-pericardium

Interatrial septum

Left ventricle
Epi-pericardium

Left article
Left ovarian vein to 
left pulmonary artery 
Left ventricle

Adjacent to right 
atrium 

Hypo-isointense

Hypo-isointense

Hyper-isointense

Hyperintense

Hyperintense

Hyperintense

Hyperintense
Hyperintense

Hyperintense
Isointense 

Hyperintense

Hyperintense

Hypo-isointense

Hypo-isointense

Hypo-isointense

Hypointense

Hyperintense

Hyperintense

Hyperintense
Hypointense

Hypo-isointense
Isointense

Hypo-isointense

Hypo-isointense

–

Peripheral 

–

–

–

–

+
Peripheral

+
+

+

+

Resolved after anticoagulation therapy 
(confirmed by echocardiography)
Clinically followed-up

Amorph calcification on computed 
tomography, immunochemically proved
Clinically followed-up

Clinically followed-up

Clinically followed-up

Clinically followed-up
Hypointense germinal membrane 
(T2-weighted imaging), confirmed by 
immunochemical tests
Performed surgical resection
Primary left ovarian leiomyomatosis

Previous surgical resection

Primary lung carcinoma performed 
surgical resection

Table 2. Typical features of the cases with cardiac masses in their radiologic presentation, clinical and surgical features in our 
study cohort
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Cardiovascular MRI has several advantages over oth-
er non-invasive diagnostic imaging techniques in the 
diagnosis, treatment, and monitoring of various heart 
diseases. The main advantage is that it does not contain 
ionizing radiation and does not require an iodinated con-
trast agent, which makes it a preferable imaging tool for 
patients with CHD in need of serial examinations during 
life-long follow-up. Imaging techniques with ionizing ra-
diation have always posed a big challenge to clinicians in 
multiple, serial examinations either in the pre-operative 
and post-operative period. One of the most important 
roles of cardiovascular MRI is to establish a reference 
standard imaging tool with good reproducibility of right 
ventricular measurements for serial assessment, although 
retrosternal position and complex shape of the right ven-
tricle which is difficult to assess in 2D-transthoracic 
echocardiography [5, 20]. The other advantage of car-
diovascular MRI is blood flow analyses by phase-con-
trast imaging sequence. Phase-contrast imaging allows 
accurate, non-invasive, and radiation-free quantification 
of regurgitation fraction [21, 22] and pulmonary-to-sys-
temic flow (Qp:Qs) ratio [23]. Proper selection of pa-
tients undergoing percutaneous pulmonary valve im-
plantation such as TOF requires an accurate assessment 
of pulmonary regurgitation by contrast enhanced MRA 
[10]. Another important role of cardiovascular MRI in 
CHD is reliable visualization of vascular anatomy (aor-
ta, pulmonary artery and pulmonary, pulmonary veins, 
etc.) has been recognized in the recent guideline [10]. 
Three-dimensional and multiplanar reconstruction im-
aging capabilities and large field of view make cardiac 
MRA an appropriate technique for the visualization for 
site, severity, the extension of the aneurysms or stenosis, 
and presence of collateral circulation [24]. Cardiovascu-
lar MRI angiography also provides important informa-
tion in planning percutaneous or surgical intervention.

Although the technical difficulties (arrhythmia, the 
requirement of breath-holding, and need for anesthesia 
in infants) limit the application, all the major advantages 
make cardiovascular MRI an appropriate imaging tool in 
the assessment of CHD with the increasing use in spe-
cialized centers across the world. The European Society 
of Cardiology has suggested using cardiovascular MRI 
in patients with CHD for morphologic assessment of 
anomalies, evaluating thoracic aortic, conotruncal, and 
complex malformations, quantification of shunt lesions 
or regurgitation, and post-operative follow-up [25]. The 
main indication of cardiovascular MRI in our practice 
was CHD. Morphologic and anatomic structure of the 

heart and great vessels, ventricular volume and function, 
the severity of shunt lesions, and valvular regurgitation 
were evaluated for all patients with CHD.

The assessment of myocardial disease was the sec-
ond most frequent indication for cardiovascular MRI. 
Cardiovascular MRI is a well-established imaging tool 
in diagnosis and follow-up of myocardial diseases such 
as cardiomyopathies, myocarditis, and storage disease by 
providing accurate ventricular function and mass eval-
uation, non-invasive myocardial tissue characterization 
that can detect the presence and extend of myocardial 
edema and scarring. The pattern of contrast agent en-
hancement on late gadolinium enhancement sequences 
may point toward the etiology, prognosis, and severity of 
the cardiomyopathy [13, 26]. Cardiovascular MRI also 
can be used either in the acute phase and chronic myo-
carditis. In the acute phase of myocarditis, inflammatory 
changes can be evaluated by a T2-weighted imaging se-
quence [27]. And also, in chronic myocarditis, the trans-
formation of the inflammatory response to myocardial 
fibrosis by late gadolinium enhancement sequence [28]. 
CMR also plays a crucial role in imaging and managing 
the patients at high risk (those with T2* <10 ms) under-
gone repeated transfusions and assessing response the 
chelation therapy [17].

Cardiovascular MRI offers an accurate diagnostic val-
ue of left ventricular non-compaction cardiomyopathy in 
the visualization of ventricular anatomy and trabecula 
with an increased high spatial, temporal, and contrast 
resolution [5, 29]. In arrhythmogenic right ventricular 
cardiomyopathy, CMR-based criteria including regional 
wall motion abnormalities with increased right ventricu-
lar volume and impaired ejection fraction must be pres-
ent for the diagnosis [30].

The second most frequent indication for cardiovas-
cular MRI was myocardial disease during our experi-
ence. Myocardial delayed enhancement imaging was 
performed in almost 78% of the myocardial assessment. 
T2* sequence was performed to assess myocardial iron 
load without contrast agent injection in the remaining 
22% of patients. In 85% of the patients, the indication 
was consistent with cardiac MRI findings. We believe 
that cardiovascular MRI has the capability to answer the 
clinical questions including volume, function, viability, 
inflammatory response, and cardiomyopathy with excel-
lent image quality.

Cardiovascular MRI also is being increasingly con-
sidered an imaging tool for the assessment of morphol-
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ogy, tissue composition, localization, invasive growth, 
and metastatic spreading, and hemodynamic relevance 
of cardiac tumors that define the therapeutic manage-
ment [31, 32]. Serial cardiovascular MRI studies can 
be used to follow-up for suspected tumoral lesions or 
monitor response to chemotherapy or radiotherapy 
[33, 34]. Cardiac mass was the third most frequent 
indication during our clinic. Among these patients, 
eight patients had surgical resection and pathological-
ly proved. The remaining 36 patients (36/44, 81.8%), 
including eight patients with thrombus, were followed 
up clinically and radiologically no major complications 
or morbidity were reported. Merged imaging and clin-
ical findings can be used in tumor stratification and 
clinical decision in practice.

The other indications for cardiovascular MRI were 
valvular heart disease (n=20, 4%), MRA (n=12, 2.4% 
for aorta and pulmonary artery [n=9, 1.8%] and for 
coronary arteries [n=3, 0.6%]), vasculitis (n=7, 1.7%), 
and pericardial disease (n=3, 0.6%). In our study, the 
amount of the indication for vascular (aorta, pulmo-
nary artery, and coronary artery) pathologies, pericar-
ditis, and vasculitis was limited.

Coronary MRA has been rapidly developing over 
the past few years. The most crucial advantage of cor-
onary MRA is that it technically does not require con-
trast material and does not contain ionizing radiation. 
However, long acquisition time and metallic suscepti-
bility artifact by a stent, prosthetic valve, etc., are the 
main limitations of the technique [35]. The role of the 
coronary MRA is explained as assessment of the anom-
alous origin and proximal course and the presence of 
fistula or aneurysm by expert consensus [32]. All the 
patients were evaluated for coronary artery anatomy 
rather than atherosclerotic coronary artery disease.

Transthoracic echocardiography still remains the 
first choice technique in valvular heart diseases. Car-
diovascular MRI is recommended when echocardiog-
raphy provides unsufficient information. On cardio-
vascular MRI, valvular anatomy and function, stenosis 
in inflow and outflow tracts can be assessed by cine 
bSSFP sequence. However, the major advantage of 
cardiovascular MRI over echocardiography is quanti-
fying flow and regurgitation fraction [5]. In our study 
cohort, the patients examined for valvular disease had 
bicuspid aorta and assessed for aortic regurgitation. 
Besides that, all the patients with CHD assessed for 
valvular function, regurgitation, or stenosis.

The ability to null blood signal with post-contrast 
T1 weighted imaging provides important opportuni-
ties for identifying vasculitis and inflammatory chang-
es in the aorta and its branches [32, 36]. In our study 
group, seven patients with the indication of vasculitis 
were found to have segmental stenosis, mural irregu-
larity, and contrast enhancement of vessel wall. Since 
it was stated that MRA with fat-saturated T1-weight-
ed imaging could be used to evaluate activity and re-
sponse to treatment [37], we suggested post-treatment 
follow-up evaluation.

The average time-duration of the examination was 
between 35 and 75 min depending on contrast agent 
injection. A contrast agent was needed for MRA and 
myocardial delayed enhancement images; additional 
scanning time was approximately 15 min for both. In 
this large group of patients, a few minor complications 
occurred and were resolved without the need for hos-
pitalization.

Cardiac MRI has various study-independent limita-
tions such as long scanning times, patient noncoopera-
tion, claustrophobia, limited availability, and high cost. 
Advanced scanning techniques would be preferred to 
minimalize the artifacts secondary to arrhythmias and 
metallic objects. Cardiac devices are one of the main 
limitations of MRI examination. Although cardiac 
MRI is known contraindicated in the patients with a 
pacemaker or implantable cardio defibrillator because 
of the risk of device dysfunction and possible heating 
or voltage effects during scanning, it’s reported that 
no long-term clinically significant adverse events were 
reported during the scanning of 1509 patients with 
pacemaker or a legacy implantable cardioverter or de-
fibrillator system in a recent article [38]. One patient 
with cardiac device was scanned. However, we have 
not recorded that how many appointments were can-
celled because of claustrophobia and the intracardiac 
devices. Stress perfusion cardiovascular MRI with 
stress agents (dobutamine, adenosine, dipyridamole, 
etc.) has a widely accepted application in the evalua-
tion of suspected coronary artery disease and enables 
the evaluation of the perfusion difference between 
normal and hypoperfused myocardium and coronary 
artery reserve through delayed contrast wash-in eval-
uation [32, 39]. However, we did not perform stress 
perfusion cardiovascular MRI because of the techni-
cal difficulties. The main reason for this limitation is 
the complications (bronchoconstriction, arrhythmia, 
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myocardial ischemia or infarction, and nausea/vom-
iting) of stress agent requires the presence of a car-
diovascular imaging team includes a cardiologist and 
nurse. On the other hand, stress agents did not ap-
proved for use in radiology clinic in Turkiye. Majority 
of cardiac MRI is currently being performed on 1.5 
Tesla MRI systems. 3.0 Tesla, and in some centers 7.0 
Tesla MRI systems are now being used for clinical and 
research application by increased signal-to-noise ra-
tio and resolution with decreased examination time. 
In higher strength, MRI systems various technologies 
are performed to adapt the ECG changes and breath 
hold requirements. However, susceptibility artifacts 
remain the major limitation for cardiac MRI at higher 
strength MRI systems [40].

The most important limitation of this study is its 
retrospective, single-center design. The other limita-
tion is that the management of the study and examina-
tions performed by the observer trained in congenital 
cardiac imaging. This may have led to the referral of 
patients with predominantly CHD. Multicenter stud-
ies with larger patient cohorts combined adult and pe-
diatric ages will enhance the experience, clinical use, 
and impact of cardiovascular MRI. 

Conclusion
Cardiovascular MRI is a reliable and accurate imag-
ing tool in identifying the various cardiac pathology 
with widely accepted use in clinical areas. Our sin-
gle-center experience of 500 cases demonstrates the 
varieties of clinical indications in daily practice may 
contribute to the national data pool. We believe that 
increased collaboration between radiologists and cli-
nicians will enhance the clinical use of cardiovascular 
MRI, future development of imaging protocol and re-
porting systems.
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