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ABSTRACT
Purpose: We�evaluated�the�clinical�characteristics�of�patients�undergoing�cardiac�magnetic�
resonance�(CMR)�examinations�over�10�years�at�a�tertiary�referral�hospital.
Methods: This�retrospective�study�included�11,087�CMR�examinations�performed�between�
November�2009�and�September�2020.�The�number�of�adults�aged� ≥20�years�was�10,648�
(72.8%�males).�A�total�of�439�children�or�young�adults�aged� <20�years�underwent�CMR�
(66.5%�males).�Indications�for�CMR�examinations�were�classified�according�to�the�Consensus�
Panel�recommendations�of�the�Society�for�Cardiovascular�Magnetic�Resonance�(SCMR).�
Results: The�mean�age�was�55.9±12.4�years�for�adults.�Forty�percent�of�patients�were�obese.�
Leading�cardiovascular�risk�factors�were�hypertension,�dyslipidemia,�diabetes�mellitus,�and�
current�smoking�status�in�28.2%,�19.1%,�13.8%,�and�25.4%�of�patients,�respectively.�The�pro-
portion�of�stress�CMR�examinations�performed�was�57.2%.�For�children,�the�mean�age�was�
12.6±5.3�years.�Most�children�underwent�a�non-stress�CMR�test.�In�adults�without�congenital�
heart�disease,�indication�numbers�for�SCMR�classes�were�5,682�for�class�I�(49.4%),�772�for�class�
II�(6.7%),�313�for�class�III�(0.3%),�and�4,714�for�investigational�group�(41.1%).�In�pediatric�pa-
tients�and�adults�with�congenital�heart�disease,�indication�numbers�for�SCMR�classes�were�
539�for�class�I�(80.3%),�62�for�class�II�(9.2%),�and�70�for�the�investigational�group�(10.4%).
Conclusion: CMR�is�most�commonly�performed�in�men�in�their�50s�or�60s.�CMR�may�be�used�
as�the�first-line�imaging�technique�(SCMR�class�I)�in�around�a�half�of�adult�patients�and�in�
most�pediatric�patients.
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INTRODUCTION 

Cardiac�magnetic�resonance�(CMR)�imaging�has�facilitated�
the�diagnosis�of�various�heart�diseases�[1,2].�Recent�CMR�
techniques�enable�improved�myocardial�tissue�characteriza-
tion�and�quantification�of�flow�in�the�cardiovascular�system�
[3].�Deep-learning-based�image�reconstruction�and�analysis�
algorithms�facilitate�CMR�examination�and�interpretation�
with�high�reliability�[4].�However,�despite�the�versatility�of�the�
imaging�modality,�the�use�of�CMR�in�real-world�practice�has�
not�been�well�appreciated�[5].

Although�requests�for�the�use�of�CMR�in�clinical�practice�are�
increasing,�prompt�CMR�examination�and�diagnosis�may�not�
be�feasible�in�clinical�scenarios.�Therefore,�a�dedicated�CMR�
unit�is�necessary�to�meet�the�needs�of�CMR�examinations.�In�
this�study,�we�report�the�results�of�a�dedicated�CMR�imaging�
center�where�over�10,000�cases�of�CMR�were�performed�be-
tween�November�2009�and�September�2020.�In�this�study,�we�
aimed�to�evaluate�the�clinical�characteristics�of�patients�un-
dergoing�CMR�examinations�and�indications�of�CMR�for�the�
past�10�years�at�a�tertiary�referral�center.
 

METHODS

Study population
From�November�2009�to�September�2020,�11,087�CMR�imag-
ing�procedures�were�performed.�Among�them,�the�number�of�
adults�aged�20�years�and�over�was�10,648�(96%;�7:3=men:�
women).�Of�the�439�children�who�underwent�CMR,�two-thirds�
were�male.

General and clinical characteristics
The�magnetic�resonance�imaging�(MRI)�scanner�used�for�the�
cardiac�examinations�was�Siemens�MAGNETOM�Avanto1.5T�
(Siemens�Healthineers,�Erlangen,�Germany).�The�types�of�CMR�
examinations�were�classified�as�either�adenosine�stress�CMR�
or�non-stress�CMR.�In�adults,�age�was�categorized�as�20–29,�30–
39,�40–49,�50–59,�60–69,�and� ≥70�years.�And�age�was�infant�
(0–0.9�years),�toddler�(1–2.9�years),�preschooler�(3–5.9�years),�
schooler�(6–11.9�years),�and�adolescents�(12–19.9�years).�Body�
mass�index�(BMI)�was�calculated�as�the�weight�in�kilograms�di-
vided�by�the�square�of�the�height�in�meters.�Underweight�and�
healthy�weight�were�defined�as�a�BMI� <23.0;�overweight�was�
defined�as�a�23.0≤�BMI�<25.0;�obese�was�defined�as�a�25.0≤�
BMI.�We�measured�blood�pressure,�heart�rate,�and�serum�cre-
atinine�levels.�The�Chronic�Kidney�Disease�Epidemiology�Col-
laboration�(CKD-EPI)�equation�was�utilized�to�calculate�the�es-

timated�glomerular�filtration�rate�(eGFR)�using�as�an�indicator�
for�kidney�function.�The�equation�is�expressed�as�GFR=141×
min�(serum�Cr/κ,�1)α ×max�(serum�Cr/κ,�1)-1.209 ×0.993age ×
1.018�(if�female),�where�κ�represents�0.7�for�females�and�0.9��
for�males,�α�corresponds�to�–0.329�for�females�and�–0.411�for�
males.�The�term�‘min’�denotes�the�minimum�value�between�
serum�Cr/κ�or�1,�while�‘max’�indicates�the�maximum�value�be-
tween�serum�Cr/κ�or�1.�Chronic�kidney�disease�(CKD)�was�de-
fined�as�an�eGFR�below�60�mL/min/1.73�m2.

When�CMR�was�performed,�it�was�checked�whether�it�was�
an�outpatient�department,�in-patient�department,�emergen-
cy�room,�or�health�promotion�center.�We�checked�whether�
stress�or�non-stress�CMR�was�performed.�Indications�for�CMR�
examinations�were�classified�according�to�the�Consensus�
Panel�recommendations�of�the�Society�for�Cardiovascular�
Magnetic�Resonance�(SCMR)�(Supplementary�Table�1)�[1].

We�checked�cardiac�disease�history,�including�myocardial�
infarction�(MI),�angina,�cardiac�catheterization,�percutaneous�
transluminal�coronary�angioplasty�(PTCA),�PTCA�stented,�cor-
onary�artery�bypass�graft,�congestive�heart�failure,�atrial�fibril-
lation/flutter,�other�arrhythmia,�valvular�heart�disease,�synco-
pe,�non-ischemic�cardiomyopathy,�myocarditis,�congenital�
heart�disease,�congenital�heart�disease�surgery,�stress�test�in-
cluding�treadmill�test�and�stress�echocardiography,�stress�test�
results�(negative,�positive,�equivocal,�and�incomplete�exercise�
test),�echocardiography,�and�others.�Cardiovascular�disease�
risk�factors�included�hypertension,�hypertension�duration�
(years),�hypercholesterolemia,�family�history�of�MI,�family�his-
tory�of�sudden�death,�diabetes,�diabetes�duration�(years),�re-
nal�disease,�cerebrovascular�accident/transient�ischemic�at-
tack,�aortic�disease,�and�previous�surgery�or�intervention.�Pa-
tients�who�had�engaged�in�smoking�within�the�year�preceding�
the�study�were�classified�as�smokers.

Statistical methods
The�differences�in�characteristics�by�sex�or�stress�CMR�were�
analyzed�using�Student’s�t-test�for�continuous�variables�and�
the�chi-square�test�for�categorical�variables.�A�two-tailed�
P-value� <0.05�was�considered�statistically�significant�for�all�
comparisons.

Ethics statement
This�study�involving�human�participants�was�reviewed�and�
approved�by�the�Institutional�Review�Board�of�Samsung�Med-
ical�Center�(IRB�No.�2022-04-197).�Informed�consent�was�ex-
empted�because�this�study�does�not�exceed�the�minimum�
risk�for�the�subjects.�
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Table 1. Distribution of clinical features, reason for scan, and risk factors for cardiovascular disease among adults who underwent a CMR 
imaging test 

Variable
Total 

(n=10,648)
Male 

(n=7,761)
Female 

(n=2,887)
P-value

Non-stress  
CMR 

(n=4,554)

Stress  
CMR 

(n=6,094)
P-value

Age�(yr-old) �55.9±12.4 �����55.5±11.6 ���57.1±14.3 <0.001 ��55.1±15.0 ��56.5±10.0 <0.001
Age�group�(yr-old) <0.001
���20–29 3.78 3.21 5.37 <0.001 7.50 1.05
���30–39 6.12 5.39 8.11 10.30 3.05
���40–49 17.20 18.30 14.30 15.70 18.30
���50–59 36.80 40.80 26.30 25.20 45.60
���60–69 21.80 20.50 25.30 22.80 21.10
���≥70 14.20 11.70 20.60 18.50 10.90
Male�sex 72.80 100.00 0.00 <0.001 66.60 77.50 <0.001
Height�(cm) 166.3±8.87 ���170.0±6.40 156.2±6.38 <0.001 165.1±9.21 167.2±8.48 <0.001
Weight�(kg) �68.3±12.5 �����72.2±11.1 ���57.7±9.43 <0.001 ��66.1±13.5 ��69.9±10.0 <0.001
Body�mass�index�(kg/m2) �24.5±3.39� �����24.9±3.20 ���23.6±3.70 <0.001 ��24.1±3.77 24.9±3.03 <0.001
���<22.9 30.50 24.60 46.20 <0.001 38.30 24.60 <0.001
���23.0–24.9 27.00 28.80 22.10 24.20 29.10
���≥25.0 42.50 46.60 31.70 37.50 46.30
Systolic�blood�pressure�(mm�Hg) 125.1±15.7 126.3±5.3 121.8±16.2 <0.001 120.1±16.1 128.8±14.2 <0.001
Diastolic�blood�pressure�(mm�Hg) �71.7±10.5 ����73.0±10.4 ��68.1±10.2 <0.001 ��68.6±10.6 ��74.0±9.90 <0.001
Resting�heart�rate�(beat/min)� �71.5±11.6 �����71.0±11.5 ��72.9±11.8 <0.001 ��74.0±13.0 ��69.6±10.0 <0.001
Creatinine�(mg/dL) �0.92±0.28 ���0.98±.25 ��0.77±0.30 <0.001 ��0.92±0.36 ��0.92±0.20 0.954
Estimated�glomerular�filtration�rate�(mL/min/1.72�m2) �84.9±20.1 ������84.6±18.6 ��86.0±23.8 0.004 ��86.1±24.1 84.1±6.4 <0.001
Chronic�kidney�disease 8.70 7.32 12.50 <0.001 12.90 5.70 <0.001
Patient�status <0.001 <0.001
���Health�promotion�center 26.60 32.40 11.00 0.42 46.20
���Outpatient�department 38.90 35.30 48.00 37.40 40.00
���Emergency�room 0.70 0.50 1.00 1.08 0.20
���In-patient�department 33.80 31.80 40.00 61.10 13.60
CMR�examination�type
���Stress�CMR 57.20 60.90 47.30 <0.001 0.00 100 <0.001
Cardiac�history

MI� 8.12 9.44 4.57 <0.001 15.70 2.46 <0.001
Angina 2.81 2.92 2.49 0.231 3.12 2.58 0.094
Cardiac�catheterization� 20.70 21.30 19.10 0.011 35.40 9.80 <0.001
Percutaneous�transluminal�coronary�angioplasty� 9.80 11.20 5.85 <0.001 17.40 4.10 <0.001
PTCA�stented�(n=1,054) 94.00 94.40 91.70 0.167 94.20 93.20 0.555
Coronary�artery�bypass�graft 0.58 0.63 0.45 0.275 0.64 0.54 0.522
Congestive�heart�failure� 4.50 3.87 6.20 <0.001 8.21 1.72 <0.001
Atrial�fibrillation/flutter 5.57 5.46 5.85 0.434 10.00 2.20 <0.001
Other�arrhythmia� 11.62 1.52 1.91 0.162 3.14 0.49 <0.001
Valvular�heart�disease� 0.96 0.68 1.70 <0.001 0.94 0.97 0.900
Syncope 2.14 2.06 2.36 0.351 3.03 1.48 <0.001
Non-ischemic�cardiomyopathy� 8.78 9.28 7.45 0.003 7.60 9.67 <0.001
Myocarditis� 0.08 0.04 0.21 0.007 0.18 0.02 0.005
Congenital�heart�disease� 1.52 1.01 2.91 <0.001 3.40 0.11 <0.001
Congenital�heart�disease,�surgery� 1.46 0.94 2.84 <0.001 3.29 0.08 <0.001
Stress�test�(treadmill�ECG)� 40.50 46.10 25.40 <0.001 18.90 56.70 <0.001

(Continued�to�the�next�page)
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Variable
Total 

(n=10,648)
Male 

(n=7,761)
Female 

(n=2,887)
P-value

Non-stress  
CMR 

(n=4,554)

Stress  
CMR 

(n=6,094)
P-value

Stress�test�results�(n=4,312) <0.001 <0.001
������Negative 78.30 80.90 65.70 56.70 83.70
������Positive 8.54 7.96 11.30 14.00 7.16
���������Equivocal 3.99 3.92 4.30 5.90 3.52
������Incomplete�exercise�test 9.12 7.12 18.70 23.40 5.62

Echocardiography� 81.90 83.60 77.10 <0.001 82.90 81.10 0.015
Other� 34.60 40.60 18.20 <0.001 18.80 46.30 <0.001

Risk�factors�for�cardiovascular�disease
Hypertension 28.20 28.60 27.00 0.107 27.30 28.80 0.086
Hypertension,�duration�(yr)�(n=2,926) 9.35±7.06 8.91±6.71 10.6±7.83 <0.001 10.0±7.66 8.86±6.55 <0.001
Hypercholesterolemia 19.10 20.50 15.30 <0.001 11.70 24.60 <0.001
Family�history�of�MI 2.76 2.99 2.15 0.018 3.14 2.48 0.039
Family�history�of�sudden�death 2.68 2.62 2.84 0.523 3.16 2.31 0.007
Diabetes 13.80 14.30 12.40 0.012 15.40 12.60 <0.001
Diabetes,�duration�(yr)�(n=1,452) 9.82±7.78 9.29±7.43 11.4±8.60 <0.001 9.98±8.06 9.67±7.53 0.426
Renal�disease 0.22 0.22 0.21 0.911 0.42 0.07 <0.001
Cerebrovascular�accident/transient�ischemic�attack 2.42 2.55 2.08 0.158 3.21 1.84 <0.001
Aortic�disease 0.03 0.01 0.07 0.123 0.02 0.03 0.741
Previous�surgery�or�intervention� 12.80 10.50 18.60 <0.001 15.10 11.10 <0.001
Smoking <0.001 <0.001

������Never 37.40 16.20 94.60 43.40 33.00
������Ex- 37.20 50.10 2.43 31.00 41.80

������Current 25.40 33.70 2.97 25.60 25.20

Values�are�presented�as�mean±standard�deviation�or�percentage.�Student’s�t-test�or�chi-square�test.
CMR,�cardiac�magnetic�resonance;�MI,�myocardial�infarction;�PTCA,�percutaneous�transluminal�coronary�angioplasty;�ECG,�electrocardiogram.

Table 1. Continued

RESULTS

The�mean�age�of�adult�subjects�was�55.9±12.4�years;�55.5±
11.7�years�for�men�and�57.1±14.3�years�for�women�(P<0.05).�
Approximately�60%�of�all�adults�were�in�their�50s�and�60s�(Fig.�
1).�The�proportion�of�male�patients�was�72.8%.�The�distribution�
of�obesity�was�42.5%.�The�mean�systolic�and�diastolic�blood�
pressure�were�125.1±15.7�mm�Hg�in�systolic�and�71.7±15.7�
mm�Hg�in�diastolic�blood�pressure.�The�mean�heart�rate�was�
71.5±11.6�beats�per�minute.�The�proportion�of�CKD�was�
8.7%.�The�proportion�of�stress�CMR�examinations�performed�
was�57.2%.�The�proportion�of�cardiac�disease�history�was�
8.7%�for�non-ischemic�cardiac�myopathy,�8.1%�for�MI,�2.8%�
for�angina,�4.5%�for�heart�failure,�and�17.2%�for�arrhythmia,�
including�atrial�fibrillation�and�flutter.�The�proportions�of�car-
diovascular�risk�factors�were�28.2%,�19.1%,�13.8%,�and�25.4%�
for�hypertension,�dyslipidemia,�diabetes�mellitus,�and�current�

smoking�status,�respectively�(Table�1).�
Of�the�439�children�who�underwent�CMR,�two-thirds�were�

male.�Their�mean�age�was�12.6±5.28�years;�13.0±5.17�years�

Fig. 1. Distribution of 11,087 patients for cardiac magnetic resonance 
examination by sex and age group.
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738�in�2015,�and�858�in�2019�(Fig.�3).

DISCUSSION

This�study�confirmed�the�clinical�features�and�indications�for�
CMR�conducted�at�a�tertiary�medical�center�over�a�decade.�
Adult�men�were�tested�more�frequently,�and�most�were�in�
their�50s�or�60s.�Stress�CMR�was�performed�in�approximately�
60%�of�cases.�In�adults�without�congenital�heart�diseases,�the�
percentage�of�indications�for�each�SCMR�class�was�49.4%�for�
class�I�and�6.7%�for�class�II.�In�pediatric�patients�or�adults�with�
congenital�heart�diseases,�it�was�80.3%�for�class�I�and�9.2%�for�
class�II.

It�may�be�difficult�to�generalize�the�CMR�indications�in�this�
study�to�other�medical�centers�in�this�country�or�other�coun-

Table 2. Distribution of clinical features for cardiovascular disease among children who underwent a CMR imaging test 

Variable Total (n=439) Male (n=292) Female (n=147) P-value

Age�(yr-old) 12.6±5.28 13.0±5.17 11.8±5.42 0.012
Age�group�(yr-old)
���0–0.9,�Infant 3.42 3.12 4.12 0.314
���1–2.9,�Toddler 3.42 2.44 5.48
���3–5.9,�Preschooler 5.76 5.14 6.80
���6–11.9,�Schooler 25.50 24.60 27.20
���12–19.9,�Adolescents 61.90 64.70 56.40
Male�sex 66.50 100 0.00 <0.001
Height�(cm) 145.8±29.1 149.4±28.9 138.9±28.4 <0.001
Weight�(kg) 45.7±21.7 49.1±22.4 39.0±18.4 <0.001
Body�mass�index�(kg/m2) 19.9±4.51 20.6±4.68 18.6±3.86 <0.001
���<22.9 77.50 73.00 86.40 0.021
���23.0–24.9 9.40 10.70 6.80
���≥25.0 13.10 16.30 6.80
Systolic�blood�pressure�(mm�Hg) 111.1±12.5 107.5±11.4 112.9±12.7 <0.001
Diastolic�blood�pressure�(mm�Hg) 61.7±37.4 57.8±8.35 63.6±45.3 0.039
Resting�heart�rate�(beat/min)� 85.0±18.0 87.3±19.5 83.8±17.1 0.060
Creatinine�(mg/dL) 0.61±0.24 0.52±0.19 0.65±0.25 <0.001
Estimated�glomerular�filtration�rate�(mL/min/1.72�m2) 116.5±28.9 115.1±27.3 117.2±29.7 0.534
Chronic�kidney�disease 0.29 0.43 0.00 0.486
Patient�status 0.584
���Outpatient�department 53.00 54.80 49.70
���Emergency�room 1.20 1.10 1.40
���In-patient�department 45.80 44.10 48.90
CMR�examination�type
���Stress�CMR 1.82 1.37 2.72 0.317

Values�are�presented�as�mean±standard�deviation�or�percentage.�Student’s�t-test�or�chi-square�test.
CMR,�cardiac�magnetic�resonance.

in�boys�and�11.8±5.42�years�in�girls�(P<0.05).�Approximately�
90%�of�all�children�were�6�to�19.9�years�old.�Most�patients�un-
derwent�non-stress�CMR�tests�(Table�2).�

In�adults�without�congenital�heart�disease,�the�number�of�
indications�for�each�SCMR�class�was�5,682�for�class�I�(49.4%),�
772�for�class�II�(6.7%),�313�for�class�III�(0.3%),�and�4,714�for�the�
investigational�(41.1%)�(Table�3,�Fig.�2).�In�pediatric�patients�
and�adults�with�congenital�heart�disease,�the�number�of�indi-
cations�for�each�SCMR�class�was�539�for�class�I�(80.3%),�62�for�
class�II�(9.2%),�and�70�for�the�investigational�group�(10.4%)�
(Table�4,�Supplementary�Fig.�1).

The�number�of�yearly�CMR�examinations�showed�a�de-
creasing�tendency,�probably�because�of�the�recent�outbreak�
of�epidemic�infection�with�the�Middle�East�respiratory�syn-
drome�virus�in�2015.�There�were�1,346�in�2010,�1,154�in�2013,�
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tries.�The�CMR�test�is�relatively�expensive,�costing�approxi-
mately�$700�to�900�in�Korea.�In�United�States,�stress�CMR�can�
be�a�cost-effective�gatekeeping�modality�in�patients�at�risk�for�
obstructive�coronary�artery�disease�(CAD)�[6].�In�a�retrospec-
tive�multicenter�study�of�2,340�patients,�patients�with�chest�
pain�syndrome�without�CMR�ischemia�or�late�gadolinium�en-
hancement�(LGE)�experienced�low�annual�rates�of�cardiac�
events�(<1%)�and�coronary�revascularization�(1%�to�3%)�and�
low�spending�on�subsequent�ischemia�testing�[7].�However,�
patients�with�ischemia�and/or�LGE�experienced�a� >4-fold�
higher�annual�primary�outcome�rate�and�a� >10-fold�higher�
rate�of�coronary�revascularization�during�the�first�year�after�
CMR�[7].�In�Australia,�stress�CMR�is�the�most�cost-effective�for�
the�diagnosis�of�significant�CAD,�if�exercise�electrocardiogram�
stress�testing�is�inconclusive�or�positive�[8].�In�the�Stress�Cardi-
ac�Magnetic�Resonance�Versus�Computed�Tomography�Coro-
nary�Angiography�for�the�Management�of�Symptomatic�Re-
vascularized�Patients�(STRATEGY)�study�comparing�coronary�
computed�tomography�angiography�(CCTA)�and�stress�CMR,�
CCTA�was�associated�with�a�higher�rate�of�subsequent�nonin-

vasive�tests�(28%�vs.�17%,�P<0.001),�invasive�coronary�angi-
ography�(31%�vs.�20%,�P<0.001),�and�revascularization�proce-
dures�(24%�vs.�16%,�P=0.007)�and�patients�undergoing�stress�
CMR�showed�a�lower�rate�of�major�adverse�cardiac�events�(5%�
vs.�10%,�P<0.010)�and�cost-effectiveness�ratio�(119.98±
250.92�Euro/year�vs.�218.12±298.45�Euro/year,�P<0.001)�[9].�
In�an�outcome-based�study,�CMR�results�helped�avoid�invasive�
procedures�in�11%�(38/361)�of�patients�and�prevented�addi-
tional�diagnostic�studies�in�7%�(26/361)�with�per�patient�cost�
savings�of�$2,308�[10].�

The�use�of�CMR�in�health�check-ups�may�be�unique�to�this�
study.�A�randomized�clinical�trial�showed�that�routine�screen-
ing�for�CAD�using�coronary�computed�tomography�angiogra-
phy�(CCTA)�in�patients�with�type�1�or�type�2�diabetes�did�not�
reduce�the�composite�rate�of�all-cause�mortality,�nonfatal�MI,�
or�unstable�angina�requiring�hospitalization�at�4�years�[11].�A�
recent�Danish�trial�also�showed�that�population-based�com-
prehensive�cardiovascular�screening�using�coronary�artery�
calcium�scores,�ankle-brachial�blood�pressure�measure-
ments,�and�blood�samples�did�not�significantly�reduce�the�in-

Fig. 2. Acute myocarditis in a 36-year-old male. (A, B) Cardiac magnetic resonance shows a mild degree of myocardial enhancement (late 
gadolinium enhancement [LGE], arrows) in the mid-to-apical interventricular septum and lateral wall and focal enhancement in the inferior 
wall on LGE images. (C) Pre-contrast and (D) post-contrast (E) T1 mapping and T2 mapping in the middle myocardial segments showed 
abnormal values in the whole myocardium, including the lateral walls, which did not show remarkable LGE. The extracellular volume fraction 
was also abnormal (35.1%). An endomyocardial biopsy revealed interstitial lymphohistiocytic infiltration with some eosinophils and ill-
defined granulomas, consistent with myocarditis.
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Table 3. Indications and classifications of CMR in adult patients in specific disease categories among 10,648 patients

Categories Indications Class Cases of diseases (%) (n=11,481)

Acquired�disease�of�the�vasculature Vasculitis II 53�(0.46)
Carotid�plaque�analysis II 7�(0.06)
Marfan�syndrome I 14�(0.12)
Coarctation�of�aorta I 12�(0.10)
Pulse�wave�velocity�assessment Inv 38�(0.33)
Diagnosis�of�aortic�aneurysm�and�dissection I 20�(0.17)

Coronary�artery�disease Chronic�coronary�artery�disease I 1,017�(8.86)
Coronary�artery�anomalies II 19�(0.17)
Acute�coronary�syndrome/myocardial�infarction I 585�(5.10)

Myocarditis�and�cardiomyopathies Dilated�cardiomyopathy I 755�(6.58)
Myocarditis I 206�(1.79)
Hypertrophic�cardiomyopathy I 1,678�(14.61)
Arrhythmogenic�CMP I 101�(0.88)
Amyloidosis I 342�(2.98)
LV�noncompaction I 171�(1.49)
Sarcoidosis I 99�(0.86)
Stress-induced�cardiomyopathy I 26�(0.23)
Endomyocardial�fibrosis I 15�(0.13)
Restrictive�CMP II 30�(0.26)
Chemotherapy-induced�CMP II 24�(0.21)
Churg–Strauss�syndrome II 30�(0.26)
Left�ventricle�hypertrophy�work-up Inv 203�(1.77)
Cardiac�arrest�work-up Inv 203�(1.77)
LV�myocardial�fibrosis�in�patients�with�AS Inv 214�(1.86)
RV�myocardial�fibrosis�in�patients�with�TR Inv 124�(1.08)
Hypertensive�CMP II 33�(0.29)
CMP,�unspecified II 213�(1.86)
Pulmonary�hypertension II 39�(0.34)

Pericardial�disease Pericarditis I 43�(0.37)
Pericardial�constriction I 82�(0.71)
Pericardial�effusion III 232�(2.02)
Other�pericardial�diseases III 81�(0.71)

Cardiac�masses�and�thrombus Suspected�cardiac�mass I 188�(1.64)
Differentiation�between�malignant�and�benign�tumors I 141�(1.23)
Diagnosis�of�cardiac�thrombus I 161�(1.40)
Follow-up�of�cardiac�tumors I 7�(0.06)

Valvular�heart�disease Aortic�stenosis II 77�(0.67)
Aortic�regurgitation II 172�(1.50)
Pulmonary�regurgitation I 19�(0.17)
Tricuspid�regurgitation II 75�(0.65)

Screening Inv 2,626�(22.87)
Research Inv 1,278�(11.13)
Others Inv 28�(0.24)

CMR,�cardiac�magnetic�resonance;�CMP,�cardiomyopathy;�Inv,�investigational;�LV,�left�ventricle;�AS,�aortic�stenosis;�RV,�right�ventricle;�TR,�tricuspid�
regurgitation.
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cidence�of�death�from�any�cause�among�men�aged�65�to�74�
years�of�age�[12].�However,�a�systematic�review�and�me-
ta-analysis�revealed�that�qualitative�stress�perfusion�CMR�has�
high�accuracy�for�the�diagnosis�of�CAD,�irrespective�of�the�ref-
erence�standard�and�magnet�strength�[13]�and�the�value�of�
CMR�in�screening�CAD�with�the�capability�of�detecting�physio-
logically�significant�CAD�and�MI�has�not�been�evaluated�by�
randomized�clinical�trials.�According�to�a�CMR�study�in�asymp-
tomatic�subjects,�a�combination�of�coronary�magnetic�reso-
nance�angiography�(CMRA)�with�stress�perfusion�and�de-
layed-enhancement�MRI�as�a�screening�tool�for�the�detection�

of�CAD�detected�significant�CADs�in�13�(3.8%)�of�341�subjects�
[14].�Among�them,�11�subjects�(3.2%)�had�both�coronary�ar-
tery�stenosis�(≥50%�by�diameter)�on�CMRA�and�stress�perfu-
sion�defects�in�the�corresponding�areas.�Five�(1.5%)�patients�
showed�evidence�of�an�old�MI�on�LGE�MRI.�Three�subjects�
(0.9%)�underwent�percutaneous�coronary�intervention�after�
CAD�had�been�detected�on�CMR.�Normal�stress�perfusion�and�
LGE�MRI�lead�to�excellent�outcomes�in�predicting�future�cardi-
ac�events�in�asymptomatic�subjects.�Although�CMR�screening�
may�be�life-saving�in�a�small�number�of�asymptomatic�pa-
tients,�its�application�remains�to�be�investigated.�

Table 4. Indications and classifications of CMR in patients in specific diseases categories among 439 children

Categories Indications Class Cases of diseases (%) (n=671)

Pediatrics/congenital�heart�diseases RV�function�and�pulmonary�valve�regurgitation�in�repaired�TOF I 292�(43.5)

Kawasaki�disease I 15�(2.2)

Coarctation�of�aorta II 15�(2.2)

Coronary�anomalies II 9�(1.3)

Cardiomyopathy I 108�(16.1)

Takayasu’s�arteritis II 12�(1.9)

Ebstein’s�anomaly II 26�(3.9)

Unroofed�coronary�sinus I 2�(0.3)

Fontan�state I 13�(1.9)

Anomalous�pulmonary�venous�connection I 2�(0.3)

Corrected�transposition�of�great�arteries I 17�(2.5)

Single�ventricle I 4�(0.6)

Grown-up�congenital�heart�diseases,�unspecified I 86�(12.8)

Research Inv 68�(10.1)

Others Inv 2�(0.3)

CMR,�cardiac�magnetic�resonance;�RV,�right�ventricle;�TOF,�tetralogy�of�Fallot;�Inv,�investigational.

Fig. 3. Distribution of patients with cardiac magnetic resonance examination from year 2010 to 2019.
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In�the�United�Kingdom�(UK),�there�was�a�5-fold�increase�in�
the�number�of�CMR�examinations�over�the�last�10�years,�with�
a�15%�annual�increase.�However,�access�to�CMR�varies�greatly�
across�regions�[5,15].�A�recent�UK�survey�[5]�identified�multi-
ple�indications�for�CMR,�including�cardiomyopathy�(27%),�
stress�perfusion�(24%),�function�and�viability�(22%),�heart�fail-
ure�(21%),�myocarditis�and/or�pericardial�disease�(10%),�pe-
diatric�and/or�congenital�heart�disease�(10%),�acquired�vascu-
lar�disease�(6%),�valvular�heart�disease�(5%),�cardiac�masses�
(3%),�cardiac�transplantation�(0.4%),�and�others,�with�some�
overlap�between�indications.�Another�study�conducted�in�a�
single�center�found�that�the�most�frequent�indication�for�CMR�
was�the�assessment�of�myocarditis�in�25.0%�(650/2598)�of�
cases,�followed�by�adenosine�stress�perfusion�(17.4%),�as-
sessment�of�impaired�left�ventricle�(LV)�function�(14.2%),�via-
bility�(6.6%),�and�aortic�stenosis�(4.3%)�[16].�A�report�on�the�
EuroCMR�registry,�which�enrolled�27,000�consecutive�pa-
tients,�showed�that�the�most�common�indications�for�CMR�
were�risk�stratification�in�suspected�CAD�and/or�ischemia�
(34.2%),�work-up�of�myocarditis�and/or�cardiomyopathies�
(32.2%),�and�assessment�of�viability�(14.6%)�[17].�In�the�Euro-
CMR�registry,�CMR�results�led�to�a�change�in�management�in�
nearly�8.7%�of�cases�[17].

For�children,�CMR�is�indicated�for�the�assessment�of�aortic�
arch�anomalies,�pulmonary�arteries,�pulmonary�veins,�shunt�
lesions,�tetralogy�of�Fallot,�complex�congenital�heart�diseases,�
single�ventricle�with�palliative�treatment,�cardiac�tumors,�car-
diomyopathies,�coronary�artery�evaluation�and�myocardial�
perfusion�[18].�Disease-specific�protocols�are�used�to�evaluate�
congenital�heart�diseases�[19].�The�frequency�of�pediatric�
CMR�use�may�vary�across�countries�[20].�In�Brazil,�52%�of�142�
sites�rarely�or�never�used�CMR,�and�the�main�barriers�to�more�
frequent�use�of�CMR�were�its�high�cost�(65%),�the�need�for�se-
dation�(60%),�and�an�insufficient�number�of�qualified�profes-
sionals�(55%)�[20].�

In�Korea,�the�Ministry�of�Health�and�Welfare�began�to�cover�
the�fees�in�part�for�CMR�examinations�in�patients�with�cardio-
myopathy,�complex�congenital�heart�diseases,�and�anomalies�
of�the�great�vessels�in�November�2019,�which�seemed�to�alle-
viate�the�burden�of�patients�paying�the�cost�for�CMR�examina-
tions�and�increase�patients’�opportunities�for�them.�The�avail-
ability�of�CMR�scanners,�due�to�the�disparity�between�the�
needs�of�CMR�scanning�and�the�number�of�MRI�equipment,�
also�limits�access�to�CMR�scanning.�In�the�UK,�a�country�with�
high�CMR�activity�levels�and�long�waiting�times�(25�days�in�
London�and�180�days�in�Northern�Ireland),�it�may�be�of�clini-
cal�concern�[5].�Considering�the�urgency�of�cardiovascular�

disease,�dedicated�CMR�suites�with�a�sufficient�number�of�
magnetic�resonance�scanners�are�highly�desirable.

Recent�technologies�have�broadened�the�diagnostic�capa-
bilities�and�indications�of�CMR,�and�in�vivo�depiction�of�myo-
cardial�tissue�characteristics�is�feasible�[21].�Fast�CMR�tech-
niques�such�as�compressed�sensing�(CS),�optimized�3-dimen-
sional�cine�and�4-dimensional�flow,�and�fast�strain-encoding�
imaging�allow�for�rapid�CMR�examinations�to�improve�patient�
workflow�and�reducing�costs�[22,23].�CS�enables�single-
breath-hold�real-time�cine�imaging�in�daily�practice�and�re-
duces�scan�duration�20�times�without�loss�of�clinical�informa-
tion�[23].�In�the�CMR�assessment�of�myocarditis,�T1�and�T2�
quantifications�are�now�recommended�over�T1-�weighted�
and�T2-weighted�imaging,�while�LGE�in�a�non-ischemic�pat-
tern�remains�in�the�updates�of�the�2009�Lake�Louise�criteria�
[24].�In�coronavirus�disease�2019�(COVID-19)�patients,�native�
T1,�T2,�post-contrast�T1,�and�extracellular�volume�fraction�cal-
culation�are�desirable�[25],�as�the�common�CMR�findings�of�
cardiac�involvement�in�COVID-19�are�mapping�abnormalities�
and�myocardial�edema�on�T2-weighted�images�followed�by�
LGE�[26].�CMR�feature-tracking�techniques�allow�quantifica-
tion�of�ventricular�and�atrial�strain�values�from�routine�cine�
images�and�provide�prognostic�information�in�patients�with�
various�myocardial�diseases�[27].�Deep�learning-based�algo-
rithms�enable�fully�automated�analysis�of�left�ventricular�
function�[28].�Machine�learning�impacts�all�aspects�of�CMR,�
including�patient�scheduling,�data�acquisition,�image�recon-
struction,�image�quality�improvement,�image�segmentation,�
quantification,�and�CMR�reporting�[4].�Radiomics�may�pro-
vide�additional�information�on�myocardial�features�compared�
with�conventional�techniques,�and�its�benefits�are�still�under�
investigation�[29].�The�recently�developed�four-dimensional�
flow�technique�can�provide�advanced�hemodynamic�mea-
surements�such�as�vorticity�and�helicity,�wall�shear�stress,�
flow�displacement,�pressure�gradients,�viscous�energy�loss,�
and�turbulent�kinetic�energy�and�will�help�in�understanding�
the�pathophysiological�mechanisms�of�cardiovascular�diseas-
es�[30].�Thus,�continuing�technical�and�clinical�advances�in�
CMR�will�change�the�classes�of�indications�[1].

CMR�was�commonly�performed�in�men�in�their�50s�to�60s�in�
this�study.�This�finding�might�be�explained�by�the�fact�that�
some�diseases�such�as�CAD�and�cardiomyopathy�are�more�
prevalent�in�men�than�in�women�[31-33].�It�is�also�partly�due�
to�inclusion�of�stress�CMR�in�the�health�promotion�programs�
in�our�Health�Promotion�Center�and�in�that�case�CMR�was�
mostly�performed�in�men�aged�50�to�60�years.�

Stress�CMR�was�less�commonly�performed�in�patients�with�
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CAD�than�non-stress�CMR,�because�most�of�them�are�diag-
nosed�with�stress�echocardiography,�coronary�computed�to-
mography,�or�cardiac�catheterization.�In�patients�with�acute�
or�chronic�MI,�myocardial�viability�and�LV�function�were�as-
sessed�with�non-stress�CMR.�As�our�study�was�conducted�in�a�
single�tertiary�hospital�in�Korea,�the�findings�from�this�study�
may�not�be�generalized�to�other�populations�and�clinical�set-
tings.�

In�conclusions,�over�the�past�decade,�10,648�adults�under-
went�CMR,�with�73%�of�them�being�men.�The�proportion�of�
stress�CMRs�was�60%.�CMR�may�be�used�as�the�first-line�imag-
ing�technique�(SCMR�class�I)�in�approximately�half�of�adult�pa-
tients�and�most�pediatric�patients.
�
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