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Abstract 

Background Cardiac magnetic resonance (CMR) is a powerful and robust imaging modality with the capability for 
tissue characterisation by quantifying the intrinsic magnetic properties of tissues. The current international consensus 
recommendation is to determine the local normal T1 mapping value. Recent advancement suggests pooled data or 
benchmarking of CMR mapping reference values. We present the adult myocardial native T1 mapping value of a com-
mon MR acquisition in healthy Malaysians who are predominantly brown skin Asians.

Methods This is a prospective, cross-sectional study in a single centre. CMR was performed on a 1.5 T MR using 5(3s)3 
MOLLI sequence with motion correction, TE = 1.31 ms, TR = 2.78 ms. The analysis of the mid-septal T1 value was done 
using third-party software (CVi42) and the OsiriX software by two blinded cardiac radiologists.

Results A total of 51 eligible adults were recruited of which 1 was excluded due to incidental finding of moder-
ate mitral regurgitation. The mean age was 30 years ± 7.0, the majority (64%) was female, the median heart rate was 
72 ± 20 bpm and mean the BSA was 1.6 ± 0.1  m2. The ethnicity distribution is Malay 76%, Indian 12%, Chinese 8% and 
Sabahan 4%. The normal range for mid-septum myocardial T1 using CVi42 was 1012 ± 33 ms and using OsiriX was 
1018 ± 37 ms. There is no correlation observed against gender, ethnicity and heart rate. The moderate correlation 
observed with age is not gender specified. The interobserver reliability was good (coefficient 0.813).

Conclusions For T1 mapping to be applied clinically, it is imperative to determine the local normal value as recom-
mended by international consensus. The first-ever database on native T1 mapping for 1.5 T CMR reference value for 
Malaysians who are predominantly brown skin Asians is provided in this pilot study.
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Background
Cardiac magnetic resonance (CMR) is a powerful and 
robust imaging modality with superior capability for tis-
sue characterisation. The T1 mapping, derived from T1 
relaxometry (spin–lattice relaxation time) can quantify 
the intrinsic magnetic properties of human body tissues. 
It is useful to quantify diffuse myocardial processes such 
as fibrosis, oedema, storage disorders, or hemochroma-
tosis [1–3].
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The native (referring to non-contrast) T1 mapping is 
increased in chronic pathologies in which the myocar-
dium has an expanded interstitial space where free water 
can accumulate, such as in areas of chronic diffuse or 
replacement fibrosis, water (oedema) or infiltration by 
amyloidosis [3, 4]. An increase in T1 mapping value has 
also been shown to be sensitive in myocarditis [5]. On the 
other hand, native T1 values are lowered by iron or fat 
content within the myocardium, which makes it useful to 
detect myocardial siderosis and Anderson-Fabry disease 
[6, 7].

In theory, cardiac T1 mapping has great potential as a 
biomarker [8] in cardiomyopathies against the current 
standard of endomyocardial biopsy, which carries sig-
nificant procedural risk. Native T1 mapping is acquired 
without any contrast administration which is a great 
advantage. Apart from the normal minimal MRI risk, 
there is no other added risk to the native T1 mapping 
scan.

The normal native T1 values of 1.5 Tesla CMR system 
in adult has been documented at 943  ms [9] to 976  ms 
[9–12] and in children between 990–1042  ms  [13]. 
Another study documented a higher adult T1 native 
value of 1027ms [14]. The previous study has shown that 
the normal native T1 values are heterogeneous within 
even healthy subjects [11]. A more recent review paper 
quoted the value ranging between 960–989 ms for 1.5 T 
MRI [15]. These data were pooled from various studies, 
predominantly from Western countries with mainly Cau-
casian subjects. Previous work has also suggested that 
partial volume artefact, heart rate compensation [16] 

and age/gender matching as confounders that affect the 
native T1 values. While the potential benefit of T1 map-
ping in cardiac tissue characterisation is both novel and 
revolutionary, standardisation of the T1 normal value 
is challenging as it may be affected by gender, technical 
scan sequences [17] and magnet field strength [18]. This 
hampers the ability for maximum clinical application 
across different centres.

Fortunately, there are ongoing, strong concerted ini-
tiatives worldwide to find a solution for the standardi-
sation of T1 mapping, such as the use of phantoms [19, 
20], three-dimensional heart MR mapping fingerprints 
[21, 22] and z- score application [23]. Even recently, there 
has also been a group working on structured clustering 
[24] in yet another attempt for T1 mapping normal value 
standardisation. The evolution of open-source standard-
ised tools, such as the total mapping toolbox (TOMATO) 
[25], may help to investigate sources of T1 mapping 
variability. There is also a validation study on artificial 
intelligence and machine learning approach of T1 radi-
omics analysis [26] to facilitate the application of native 
T1 mapping in the mainstream clinical setting. Figure 1 
illustrates the roadmap of the CMR mapping timeline, 
from the early work till the current application. All in all, 
native T1 mapping warrants its rightful place in routine 
clinical practice as recommended by expert consensus 
[5]. The challenge in standardisation should not stop its 
novel potential application. Currently, for the technique 
to be applied clinically, it is imperative to determine the 
normal T1 mapping value in local healthy subjects as rec-
ommended by international consensus [5].

Fig. 1 Roadmap of the CMR mapping timeline
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Though the studies in other continents did not report 
significant ethnicity variation; these study samples were 
performed in Europe, presumed predominantly Cauca-
sian. This may have underrepresented the non-Caucasian 
population. Furthermore, apart from a Singaporean Chi-
nese [27] and a small Japanese [28] cohort study, to our 
knowledge there is no cardiac T1 map healthy population 
data on brown skin of the Asians, which is the main pop-
ulation in South East Asia. Table 1 demonstrates a sum-
mary of previous studies.

In Malaysia, there are a few emerging centres with 
similar capabilities to perform T1 mapping. We aim to 
provide cornerstone data for the reference value of adult 
myocardial native T1 mapping of a common MR acqui-
sition in Malaysian healthy volunteers. The study also 
explores if any, the correlation of native T1 value in the 
healthy population against gender, age, body surface area 
and heart rate. We hope this pilot study will provide the 
native T1 normal value for the clinical application of 
CMR in our centre and the application of our national 
structured cluster benchmarking.

Methods
This is a prospective, cross-sectional, observational study 
in a single centre. The study obtained the local ethics 
(MREC) and national medical research registry (NMRR) 
approval. Purposive and quota sampling from the hospi-
tal’s occupational health and safety department (OSHA) 
non-communicable disease (NCD) database. Those with 
normal BMI, normotensive and normal sugar (FBS)/lipid 
profile (FLP) were contacted via WhatsApp application 
after agreement with the head of respective departments.

Sample size calculation was done using the population 
mean formulae [29]. Prior data [10] indicated that the 
mean of native T1 (ms) was 972 (standard deviation = 43, 
from the difference of the minimum value of 885 ms and 
maximum values of 1059 ms of the native T1 range. If the 
Type I error probability and precision are 0.05 and 0.05.s

From reference study [11]; mean T1 value = 972 ms, σ

SD 
= 43, max 1059, min 885, Δ = 50% of SD = 21.5.

Inclusion criteria

1. Adult, 18-year-old and above

2. No known medical illness and absent of any cardiovascular symptoms 
(normotensive, normal FLP, normal FBS)

3. Body mass index (BMI) less than 25; according to the WHO classifica-
tion

Exclusion criteria

1. Contraindication to MRI (as listed from the departmental MRI checklist)

2. Pregnancy

3. Current/active smokers (including vaper)

4. Images with incidental findings of congenital heart defect and cardiac/
pericardial mass

Data was collected from March 2021 until Dec 2021 
and recorded in a data collection sheet. Relevant infor-
mation was obtained from subject’s history, physical 

n =

Z 1− α
t

× σ

�

2

n = 15.3664(with 20% dropout rates) = 19.208 = 20 samples

Table 1 Normal average septal native T1 map normal values in previous studies

First author Year Country Subjects ethnicity T1 value (ms) 
mean/male

T1 value female Study 
population 
size

Median/
mean age

Sequences

Piechnik [9] 2013 UK Not specified 953/943 964 342 38 ShMOLLI

White [38] 2013 UK Not specified 968 NA 50 48 ShMOLLI

Dabir [10] 2014 UK Not specified 950 NA 34 41 MOLLI

Pica [34] 2014 UK Not specified 968 NA 63 47 MOLLI and ShMOLLI

Ferreira [39] 2014 UK Not specified 946 NA 50 41 ShMOLLI

Sado [40] 2015 UK Not specified 968 NA 67 46 ShMOLLII

Treibel [41] 2015 UK 82% whites 955 NA 50 44 ShMOLLI

Goebel [42] 2016 Germany Not specified 955 NA 54 48 MOLLI

Luetkens [43] 2016 Germany Not specified 967 NA 50 39 MOLLI

Bulluck [27] 2017 Singapore Chinese 1001 1025 101 48 MOLLI

Nickander [14] 2017 Sweden Not specified 1027 NA 77 49 MOLLI

Matsumoto [28] 2019 Japan Japanese 1015/983 1047 24 28 MOLLI

Meloni [31] 2021 Italy Caucasians 998 1034 100 45 MOLLI
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examination, blood profiles and medical records within 
1 year of the MRI study. Subjects were physically exam-
ined. Weight and height measured. A baseline ECG was 
performed, and the subjects’ ECG will be performed and 
interpreted by the cardiologist.

Description of CMR image acquisition
Non-contrast CMR was performed on the 1.5  T Amira 
MR (Siemens Healthcare, Germany) using a 32‐chan-
nel phased‐array cardiac coil and retrospective cardiac 
gating by ECG. Cine steady‐state free‐precession (SSFP) 
images were acquired in the long‐axis plane and a stack 
of 10–13 adjacent short‐axis slices through both ventri-
cles from the cardiac base to the apex, with a slice thick-
ness of 8  mm and gap of 0–2  mm, in end‐expiratory 
breath‐holding, for assessing biventricular volumes and 
ejection fractions.

Images using a MOLLI sequence T1 mapping with 
motion correction were acquired in basal, mid‐ventricu-
lar, and apical short-axis planes, in end‐expiratory breath‐
holding. The MOLLI images were acquired with a 5(3s)3 
sequence, acquiring 8 images in 11 heartbeats (five in 
subsequent heartbeats, followed by a pause of 3 s, again 
three in subsequent heartbeats). These 8 images were 
acquired using end‐diastolic triggering, echo time (TE) 
1.31  ms, repetition time (TR) 2.78  ms, inversion time 
(TI) 190  ms, trigger delay (TD) 194–434  ms, flip angle 
35°, bandwidth 108.5  kHz, matrix 160 × 148, number of 
excitations 1, FOV 320–340 mm, FOV in phase direction 
100%, slice thickness 8 mm. This yielded a spatial resolu-
tion of 1.9 to 2.1 mm × 2 to 2.3 mm.

Image analysis
The analysis was performed by two cardiac radiologists 
using firstly using the CVi42software/ CVI (Circle Car-
diovascular Imaging Inc. Calgary, Canada and then the 

OsiriX software. The reason for using these two software 
applications is simply due to the fact that all the centres 
in our country with CMR mapping capability have OsiriX 
and a couple of centres have Cvi42. The septal T1 value 
for each slice (basal, mid, and apical) was generated using 
the T1 maps (using the MOLLI sequences described 
above) by drawing a free-hand crescent shape ROI [30]. 
See Fig.  2. Special care was taken to exclude areas of 
artefacts or where multiple phases did not contain the 
respective myocardial segment within the prescribed 
ROI due to cardiac motion between readouts. Examples 
of artefacts include motion artefacts or inappropriate 
inclusion of pericardium, lung, or blood in areas of thin 
myocardium.

Heart rates, FOV, TI and TR were recorded from T1 
mapping images. Interobserver variability was assessed 
from a subset of measurements by the two independent 
investigators blinded to each other’s results.

Data analysis
The data analyses will be performed using IBM SPSS 
Statistics for Windows Version 22.0. First, the data will 
be manually entered into the software. The data clean-
ing was conducted to detect any errors that could affect 
the accuracy of the results. After that, the actual analy-
sis was carried out. In this study, descriptive statistics is 
employed for selected variables. The findings are pre-
sented based on the types and distribution of the data. 
Categorical data (age, gender, ethnicity) will be pre-
sented as frequencies and percentages, while numerical 
data (body surface index) will be presented as means and 
standard deviations (if normally distributed), or as medi-
ans and interquartile ranges (if not normally distributed). 
To study the correlation between two sets of numeri-
cal data, Pearson’s product-moment correlation will be 
used if homoscedasticity is assumed, while Spearman’s 

Fig. 2 Free-hand crescent shape ROI at the mid-inferoseptum for analysis in the CVI and OsiriX software
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rank-order correlation will be used if heteroscedasticity 
is assumed. To study the association between categorical 
data (gender and ethnicity) with numerical data (T1 map-
ping value), the independent T test for independence will 
be used, while the Mann–Whitney test will be used if the 
assumptions for the independent T test for independence 
are violated. The intraclass correlation coefficient is used 
to study how closely two readers are agreeing with each 
other on the T1 mapping value. A value of at least 0.75 
generally means good agreement. All probability values 
are two-sided, and a level of significance of less than 0.5 
(p value < 0.05) will be considered statistically significant.

Results
A total of 85 volunteers were screened initially; only 51 
eligible, healthy adults were included in the study. Out 
of these, 1 was excluded due to an incidental finding of 
asymptomatic moderate mitral regurgitation. About 
two third of the volunteers are female and the mean age 
was 30 ± 7.0 years old. The majority of the population is 
brown-skinned. The overall population demographics, 
heart rate, scan parameters and cardiac volume measure-
ments are summarised in Table 2.

The normal range for mid-septum myocardial native 
T1 of the entire cohort for using CVI was 1012 ± 33 ms 
and using the OsiriX 1018 ± 37  ms. The T1 map values 
of the rest of the basal and apical septum are shown in 
Table  3. It is interesting but surprising to observe that 
the mid-septum native T1 map value has the narrowest 
standard deviation as described in other studies.

The result shows no statistically significant correlation 
between the native T1 map value with gender, ethnic-
ity and, heart rate (Table 4). There is, however, a corre-
lation with age  and  negative but weak correlation with 
BSA From the whole population scatterplot diagram 
(Fig. 3), there is a moderate positive correlation between 
the T1 mapping and age, r = 0.361, N = 50, p = 0.005. Fur-
ther, in the gender-specific scatterplot diagram (Fig.  3), 
in males there was a significant strong positive correla-
tion between the T1 mapping and age, r = 0.539, N = 18, 
p = 0.021, whereas in females there was a weak positive 
correlation between the T1 mapping and age, r = 0.297, 
N = 32; however, the relationship was not significant 
(p = 0.099).

Though there is no statistically significant correla-
tion between the T1 map value with gender, our cohort 
documented that the mean T1 value in female is higher 
T1 than in the male group. Additionally, the T1 map 
value is higher in older age group with exemption for the 
41–50 years old which the T1 map value is lower than the 
prior age group. See Table 5.

Our result shows good agreement with the meas-
urement done using CVI software. There is a mod-
erate correlation using the OsiriX software. See 
Table 6.

Table 2 Demographics, CMR and MR acquisition characteristics 
of healthy volunteers

LV left ventricle, RV right ventricle, EDV(i) end diastolic volume (indexed), ESV(i) 
end systolic volume (indexed), SV(i) stroke volume (indexed), RA right atrium, 
LA left atrium, TE echo time, TR repetition time, FOV field of view, SD standard 
deviation

Characteristics Total subjects, n = 50

Age Mean, years ± SD 30 ± 7.0

Age group

18–30 n (%) 32 (64%)

31–40 n (%) 11 (22%)

41–50 n (%) 6 (12%)

50–60 n (%) 1 (2%)

Sex Male, n (%) 18 (36%)

Female, n (%) 32 (64%)

Height Mean, cm ± SD 160.8 ± 8.6

Weight Mean, kg ± SD 57.2 ± 7.4

BMI Mean, kg/m2 ± SD 22.1 ± 2.0

Ethnicity Malay, n (%) 38 (76%)

Chinese, n (%) 4 (8%)

Indian, n (%) 6 (12%)

Sabah, n (%) 2 (4%)

Body surface area Mean, kg/m2 ± SD 1.6 ± 0.1

LA volume Mean, ml ± SD 46.5 ± 13.5

LA area Mean,  cm2 ± SD 18.6 ± 3.7

LA index area Mean,  cm2/m2 ± SD 11.7 ± 2.3

RA volume Mean,  cm2 ± SD 47.5 ± 13.2

RA area Mean ± SD 16.2 ± 3.3

RA index area Mean ± SD 10.1 ± 1.9

LVEF Mean, % ± SD 64.3 ± 6.5

LV EDV Mean, ml ± SD 105.9 ± 17.9

LV ESV Mean, ml ± SD 38.0 ± 10.3

LV SV Mean, ml ± SD 68 ± 12.9

LV EDVi Mean, ml/m2 ± SD 65.6 ± 10.9

LV ESVi Mean, ml/m2 ± SD 23.9 ± 6.0

LV SVi Mean, ml/m2 ± SD 43.0 ± 7.5

LV mass Mean, g/m2 ± SD 53.3 ± 9.5

RVEF Mean, % ± SD 55.3 ± 5.7

RV EDV Mean, ml ± SD 122.7 ± 21.7

RV ESV Mean, ml ± SD 55.9 ± 14.1

RV SV Mean, ml ± SD 67.5 ± 12.4

RV EDV Mean, ml/m2 ± SD 76.8 ± 11.0

RV ESV Mean, ml/m2 ± SD 34.9 ± 8.0

RV SVI Mean, ml/m2 ± SD 42.9 ± 6.9
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Discussion
We provide the first-ever reference values for a native T1 
map of a common mapping sequence in 1.5 T magnetic 
field strength in healthy human myocardium of South-
east Asian population with predominantly brown skin. 
Despite the apparent small sample size of this study, 
from our literature review, only 3 out of the 12 pub-
lished data on normal T1 map values have a sample size 
more than our study. The rest has either a similar or less 
sample size. Our value is higher than the values given 
in a previous review analysis [18] but similar to a more 
recent study [31].

The important scanning parameters (TR = 2.78  ms, 
TE = 1.31  ms and FA = 35°) are specified in this study 
which will facilitate clustered benchmarking by other 
centres in our country as suggested by Popescu et al. [24].

Native T1 mapping has been shown to be robust with a 
narrow and stable normal value range [9]. Its application 
in daily clinical practice has been supported by a study 
previously which showed significantly elevated native T1 
value in myocarditis, acute myocardial infarction, dilated 
and hypertrophic cardiomyopathy and amyloidosis [32].

Amongst the different MR sequences, the MOLLI 
scheme acquisition is very flexible and has high preci-
sion [17]. The development of the MOLLI 5(3)3 scheme 
has improved heart rate sensitivity [33]. As most of our 
country’s cardiac centres are equipped with mapping 

Table 3 Native T1 map values for basal, mid and apical, analysed 
using CVI and OsiriX

T1 map value (ms)

Basal cvi 1011.5 ± 49.5

Basal OsiriX 1015.5 ± 35

Mid cvi 1012.4 ± 33.3

Mid OsiriX 1018.7 ± 36.5

Apical cvi 1012.7 ± 78

Apical OsiriX 1040.7 ± 58.6

Table 4 Correlation analysis for the mid T1 map value against 
gender, age, BSA and HR

Correlation Mid T1 map

Coefficient P value

Gender (Mann–Whitney test)  − 1.86 0.063

Age (Spearman test) 0.361 0.01

BSA (Spearman test)  − 0.412 0.003

HR (Spearman test)  − 0.035 0.83

 r=0.539 
p=0.021 
T1=953+1.69*Ag
e 

 r=0.297 
p=0.099 
T1=989+0.91*A
ge 

 r=0.361 
p=0.005 
T1=974+1.26*A
ge 

Fig. 3 Scatterplot of native T1 mapping of the whole population as well as according to age and gender

Table 5 Mid-native T1 map values according to age group and 
gender

Age categories Cvi (ms, SD) OsiriX (ms, SD)

18–30 1002.7 ± 29.9 1008.3 ± 33.7

31–40 1042.4 ± 29.6 1047.4 ± 28.3

41–50 1006 ± 28.9 1008.7 ± 34.3

51–60 1032 ± 35 1072 ± 20

Gender

Male 999.5 ± 29.3 1013.3 ± 30.7

Female 1017.6 ± 35.4 1021.5 ± 39.3

Table 6 Interobserver reliability

Correlation 
coefficient

95% 
confidence 
interval (CI)

Interobserver reliability (CVI) 0.813 0.637–0.899

Interobserver reliability (OsiriX) 0.638 0.368–0.794
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capability using the MOLLI scheme, it is only reasonable 
to obtain a national benchmark normal value of this spe-
cific mapping scheme. An example of another sequence, 
ShMOLLI (shortened MOLLI) is also used elsewhere 
and has been shown to be comparable to MOLLI [34]. 
We believe that using the native T1 mapping in a clinical 
context along with clustered benchmarking will reduce 
the dilemma of mapping standardisation. Soon, radiom-
ics will be relevant, readily available and can be used for 
clinical application of the native T1 map values. A valida-
tion study [26] has already taken place which will inevita-
bly pave its application in real-life clinical settings.

We found that the mid-cavity MOLLI native T1 map 
value using the readily available OsiriX software is 
1018 ms (SD ± 37 ms) which is similar to another study 
[35]. As most centres with T1 mapping capability in this 
country use OsiriX, we believe that currently this is the 
best measurement tool for clinical practice in centres 
embarking into this technology. In addition to that, our 
data show moderate agreement between the two soft-
ware applications. This shows that for clinical applica-
tions, either software is acceptable to be used for the 
mapping analysis. The simple crescent shape ROI advo-
cated by advanced centres is both practical and repro-
ducible [6, 30]. The smaller SD for the mid cavity value 
in both CVI and OsiriX software supports that the best 
representative native T1 measurement is at the mid-sep-
tum as recommended by international society [36]. This 
was also advocated by the same group from their study of 
more than 700 subjects with non-ischaemic cardiomyo-
pathy which conclude that the mid-native T1 map can 
inform the presence of abnormal myocardium [30]. We 
advocate that this be routinely measured and reported in 
all CMR performed.

Nonetheless, the interobserver result from this study 
shows that dedicated cardiac software will improve read-
ers’ variability. Thus, it would be efficient to equip cardiac 
imaging centres with dedicated cardiac software.

The correlation between native T1 value and age is still 
a debate. Some studies showed no correlation [35], some 
increasing with age [37] while others decreasing with age 
only in females [9]. Our result shows a positive moderate 
correlation between the native T1 map with age similar 
to other studies [27]. There is little definitive and conclu-
sive evidence, and some studies put forward contradict-
ing hypothesis. Such as an increase in myocyte size and 
volume fraction which will result in a decrease in the rel-
ative amount of interstitium. Though there is a moderate 
correlation between the mapping value with age for our 
population sampling, there is no significance when gen-
der is specified. This, of course, is affected by the sample 
size and gender/age distribution. Though in this study, 
T1 map data of the older (more than 50) population was 

not sampled; it is important to note that cardiomyopa-
thies (such as Fabry’s or iron overload that employs the 
T1map values are prevalent in the younger age group. 
Further, the T1 map value is significantly high in diseased 
patients. Thus, if the imaging were done in the elderly 
group, the T1 map value will be significantly high, such 
that it superseded the expected reference value for that 
age group.

Our data showed no significant statistical correla-
tion with gender, contradicting most literature such as 
a neighbouring country study [27] and larger cohort 
elsewhere [31, 37]. The relationship between T1 map-
ping and gender has been studied and it is known that 
the T1 mapping is higher in female as compared to male 
which is consistent in our study. These studies showed 
the native T1 values to be higher in women. There is one 
study that showed no gender correlation with the native 
T1 value [10]. It is possible that gender correlation with 
native T1 values may not be a profound feature in healthy 
ageing as hypothesised by Dabir et al. However, the num-
bers of our female subjects were more than male which 
may have affected the analysis. Nonetheless, interesting 
to note that the mean T1map value in our study is docu-
mented higher in females in our study.

Limitations of the study
This was a single-centre study, the sample size is small, 
and the unequal gender distribution inevitably affects 
the correlation test. Furthermore, this sample’s age group 
is skewed to the younger age group in view of the strict 
selection criteria of healthy individuals, hence excluding 
most of the older population in Malaysia which mostly 
has some form of non-communicable diseases, i.e. dia-
betes, hypertension, dyslipidaemia or high BMI. In future 
work, values from different groups with non-communi-
cable diseases will be important.

Conclusions
A Malaysian reference for the native T1 value of the 
common CMR sequence has been established in this 
pilot study. This will be a reference value for clustered 
benchmarking by other centres in the country which 
will facilitate a practical, readily available solution for the 
current dilemma of T1 map normal value standardisa-
tion. In turn, the usage of the novel native T1 map could 
be deployed to pave its way as a biomarker for diffuse 
cardiomyopathies.

Abbreviations
CMR  Cardiac magnetic resonance
MRI  Magnetic resonance imaging
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MREC  Medical Research and Ethics Committee



Page 8 of 9Abdullah et al. Egypt J Radiol Nucl Med           (2023) 54:98 

SSFP  Steady‐state free‐precession
MOLLI  Modified Look-Locker inversion recovery
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FLP  Fasting lipid profile
FBS  Fasting blood sugar
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