
Vol.:(0123456789)1 3

Heart Failure Reviews (2023) 28:1189–1199 
https://doi.org/10.1007/s10741-023-10321-6

Feature tracking cardiac magnetic resonance imaging to assess 
cardiac manifestations of systemic diseases

Parmida Sadat Pezeshki1 · Seyyed Mojtaba Ghorashi2 · Golnaz Houshmand3 · Mojdeh Ganjparvar4 · 
Hamidreza Pouraliakbar5 · Kiara rezaei‑kalantari5 · Amir Fazeli2 · Negar Omidi6

Accepted: 7 May 2023 / Published online: 16 May 2023 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2023

Abstract
Feature-tracking cardiac magnetic resonance (FT-CMR), with the ability to quantify myocardial deformation, has a unique 
role in the evaluation of subclinical myocardial abnormalities. This review aimed to evaluate the clinical use of cardiac FT-
CMR-based myocardial strain in patients with various systemic diseases with cardiac involvement, such as hypertension, 
diabetes, cancer-therapy-related toxicities, amyloidosis, systemic scleroderma, myopathies, rheumatoid arthritis, thalassemia 
major, and coronavirus disease 2019 (COVID-19). We concluded that FT-CMR-derived strain can improve the accuracy of 
risk stratification and predict cardiac outcomes in patients with systemic diseases prior to symptomatic cardiac dysfunction. 
Furthermore, FT-CMR is particularly useful for patients with diseases or conditions which are associated with subtle myo-
cardial dysfunction that may not be accurately detected with traditional methods. Compared to patients with cardiovascular 
diseases, patients with systemic diseases are less likely to undergo regular cardiovascular imaging to detect cardiac defects, 
whereas cardiac involvement in these patients can lead to major adverse outcomes; hence, the importance of cardiac imag-
ing modalities might be underestimated in this group of patients. In this review, we gathered currently available data on the 
newly introduced role of FT-CMR in the diagnosis and prognosis of various systemic conditions. Further research is needed 
to define reference values and establish the role of this sensitive imaging modality, as a robust marker in predicting outcomes 
across a wide spectrum of patients.
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Introduction

Cardiovascular magnetic resonance (CMR) enables the 
accurate, noninvasive, and comprehensive characteri-
zation of cardiac tissue structure and function [1]. Fea-
ture tracking CMR (FT-CMR) imaging is a novel post-
processing technique used to assess global and regional 
strains as parameters of myocardial deformation which 
can be encoded from routinely-acquired CMR cine images 
[2]. As a gage of local and overall ventricular function, 
strain is defined as local or global myocardial shortening, 
thickening, and lengthening. Longitudinal (LS) and cir-
cumferential strain (CS) are indicated by negative numbers 
representing the myocardial shortening in their respective 
orientation, while radial strain (RS) is reported as a positive 
number reflecting the myocardial thickening [3].

The advantage of using strain parameters over ejec-
tion fraction (EF) is that EF is not significantly reduced 
only after irreparable impairments at late stages of cardiac 
involvements and cannot demonstrate regional deforma-
tions. In ischemic heart diseases, FT-CMR integration as 
a diagnostic and prognostic modality has been extensively 
studied. This is the case for some of the non-ischemic 
heart diseases, such as myocarditis and cardiomyopathies 
as well [4].

Systemic diseases, as diseases that impact the body 
entirely instead of a specific organ or tissue, are occa-
sionally accompanying cardiac involvements that can 
lead to adverse outcomes. The early diagnosis of these 
cardiac involvements can therefore improve their clinical 
outcomes. Cardiac inspections using sensitive imaging 
modalities can investigate the effect of different therapeu-
tic agents administered in these patients on the cardiac tis-
sue, as well. Current heart failure guidelines suggest CMR 
in infiltrative diseases, Fabry disease (FD), and myocardi-
tis in order to investigate the myocardial tissue lesions [5]. 
However, still less is known on the effectiveness of FT-
CMR implementation in the management of patients with 
systemic diseases who are prone to developing cardiac 
impairments as a result of their disease. In this review, we 
aimed to comprehensively review the available literature 
on the role of FT-CMR in systemic diseases, where its 
performance in cardiovascular diagnostics and outcome 
evaluation, was studied.

Hypertension

CMR-encoded parameters have been studied to evaluate 
cardiovascular risk, especially in high-risk individuals 
with underlying comorbidities such as hypertension and 
diabetes. In a study investigating the heart structural and 

functional differences between healthy and hypertensive 
participants, the feature-tracking-derived LS and CS were 
both significantly lower in the latter despite the controlled 
blood pressure in both groups of participants [6]. However, 
LS and CS were unable to depict a significant difference 
between hypertensive patients with or without coronary 
artery disease (CAD). LS and CS were also significantly 
lower in another study comparing a group of patients with 
both hypertension and diabetes to only hypertension and 
the control groups [7].

FT-CMR can also be implemented to evaluate the car-
diac functional response to anti-hypertensive medications 
in a shorter period after receiving the treatment compared to 
echocardiography. For instance, a cohort study demonstrated 
a significant reduction in radial strain (RS) after 18 weeks 
of treatment. Not only this period was shorter than the earli-
est structural and functional changes detected by echocar-
diography (24 weeks), but FT-CMR was also able to detect 
significant RS (short axis) and CS changes, in agreement 
with reduced LVEDV and LV radial thickness as a conse-
quent of reduced LVH [8]. Global LS (GLS) along with 
CMR-obtained lateral mitral annular plane systolic excursion 
(MAPSE) have been identified as independent predictors of 
mortality in patients with hypertension [9].

Detecting and treating left ventricular hypertrophy (LVH) 
in hypertension is critical for lowering cardiovascular risk. 
In a Spanish study, nearly one-quarter of hypertensive 
patients who visited outpatient clinics had LVH [10]. This 
number adds up to more than 30% in countries like India  
or Nigeria [11, 12]. Given the clinical significance of LVH 
in hypertensive patients, this constitutes a significant pro-
portion of the population of hypertensive patients. Myocar-
dial strain can trace cardiac tissue damage early and can be 
conveniently utilized for preventive strategies. FT-CMR in 
hypertensive patients may detect LA reservoir and conduit 
dysfunction early, even prior to the emergence of LVH [13,  
14]. As a result, it appears that parameters of LA function, 
particularly conduit and reservoir function, are more pow-
erful predictors of LA impairment in hypertension than LA  
structural indicators. Moreover, even before the drop in EF, 
GLS, global RS (GRS), and global CS (GCS) have been 
shown to be significantly worse and independently asso-
ciated with mean arterial pressure and LV mass index in 
hypertensive patients with LVH [15–17]. Mirmojarabian 
et al. also introduced TRAFF2 as a marker of GLS, myo-
cardial mass, and diameter prior to irreversible fibrosis [15].

Strain parameters as indicators of LV function can also 
be implemented to evaluate the cardiac response to anti-
hypertensive medications in a shorter period of time after 
receiving the treatment compared to echocardiography. 
Furthermore, they are claimed to be subclinical markers 
of LVH, a critical condition associated with a high cardio-
vascular risk, in hypertension. Myocardial strain can trace 
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cardiac tissue damage early and may detect LA dysfunc-
tion before LVH development and irreversible damage.

Diabetes

In type 2 diabetes mellitus, (DM) patients with subclinical 
right ventricle (RV) EF reduction, FT-CMR strains can 
quantify right ventricular deformation, with GLPS being 
the most accurate indicator of RV dysfunction [18], regard-
less of accompanying hypertension [19]. GLS has also 
been demonstrated to be the most affected strain by DM in 
heart failure patients with reduced EF (HFrEF) [20]. The 
reduction in the left atrium (LA) global strains has been 
also reported in diabetic patients compared to the controls, 
even before the appearance of the LV strain impairments. 
LA strain defects could be a result of LA remodeling and 
attenuated compliance following chronic inflammation and 
fibrosis. In a group of patients with both hypertension and 
diabetes, the LA strain, compared to the diabetes group, 
was significantly improved. This finding was either attrib-
uted to the compensatory effect of hypertension itself or 
the anti-hypertensive drugs [19]. Interestingly, higher BMI 
is reported to independently affect LA strains of reservoir 
and conduit [21]. This demonstrates the higher cardiovas-
cular risk of cardiac dysfunction in type 2 DM patients 
with obesity.

In addition, LA GCS, as a parameter of systolic sub-
epicardial contractability, was negatively correlated with 
microalbuminuria in type 2 diabetic patients [19]. Similar 
to hypertensive patients, LA reservoir and conduit strains, 
along with GLS, were reported to be early markers of major 
adverse cardiovascular events (MACE) in diabetic patients 
undergoing acute myocardial infarction (AMI), prior to a 
significant reduction in EF [22]. Increased HbA1c levels 
were also related to lower global circumferential and longi-
tudinal peak diastolic strain rate (PDSR) in pre-diabetic and 
diabetic patients. Global circumferential and global longi-
tudinal PDSR have been suggested to differentiate patients 
with diabetes from pre-diabetic patients, and the latter from 
the healthy controls [23].

As a chronic disease accompanying constant elevated 
inflammation, diabetes has been demonstrated to be associ-
ated with some major changes in functional cardiac param-
eters early in LA and eventually LV and RV. FT-CMR can 
be used as a helpful tool to stratify the cardiovascular risk 
or to monitor the treatment-related risk of adverse cardiac 
remodeling [24]. CMR-encoded strains along with late gado-
linium enhancement (LGE) have also been used as a novel 
screening tool for the detection of silent MI in type 2 diabe-
tes, outperforming ECG criteria in terms of accuracy [25].

Cancer therapy‑related cardiotoxicity

Attempts to minimize cancer-therapy-related cardiac dys-
function (CTRCD) are focused on the early detection and 
treatment of LV dysfunction. Evidence implies that imag-
ing modalities, such as novel echocardiography techniques 
or CMR, might be more efficient for the early diagnosis of 
CTRCD. Mostly because subclinical myocardial dysfunc-
tion can barely be indicated by LVEF reduction. Moreover, 
recovery of CTRCD necessitates early diagnosis and its 
possibility progressively declines after the establishment 
of myocardial damage and LV dysfunction [26]. Echocar-
diography might provide additional tools to assess cardio-
toxic effects beyond left ventricular ejection fraction [27]. 
However, CMR-assessed strain as a rapid and more repro-
ducible method of LV function monitoring can facilitate 
and improve the accuracy in the detection of cardiotoxici-
ties in cancer patients receiving chemotherapies, namely 
anthracyclines, and trastuzumab, in a dose-dependent and 
non-dose-dependent manner, respectively [28]. Utilization 
as a routine part of cancer patients’ or survivors’ moni-
toring is under investigation, and only used in cases of 
discrepancies [27]. One of the most investigated CMR 
strain applications is in the early detection of trastuzumab-
related cardiotoxicities in breast cancer.

Of 42 patients with human epidermal growth factor 
receptor 2 (HER2 +) breast cancer, 10 patients experienced 
trastuzumab-mediated cardiomyopathy within 2 years of 
follow-up. Although cardiac biomarkers’ levels such as 
troponin T, C-reactive protein, and brain natriuretic pep-
tide were intact in patients experiencing cardiotoxicity, lat-
eral S’ obtained by tissue velocity, and peak GLS and RS 
measured by FT-CMR were significantly changed within 
3 months. LVEF decreased only after 6 months of follow-
up in all patients with cardiomyopathy [29]. Although the 
results of this study recommend tissue velocity and CMR 
strain as subclinical markers of cardiotoxicity develop-
ment, the need for further studies with more enrolled sub-
jects and a longer period of follow-up were still unmet. 
In a later study, 125 patients with HER2 + early breast 
cancer receiving a sequential regimen of anthracycline/
trastuzumab, and the association of two-dimensional echo-
cardiography (2DE) and CMR-derived parameters with 
anticancer-related cardiotoxicities was evaluated. The 
patients were monitored before and during the treatment. 
During the follow-up period 28% of patients by CMR and 
22% according to 2DE evaluation, developed cardiotox-
icities. The odds ratio (OR) for cardiotoxicity develop-
ment was the highest for 2DE-GLS (133% odds for a 15% 
reduction in 2DE-GLS), then for FT-CMR GCS (87%), 
and tagged-CMR GLS and GCS (47% and 50%, respec-
tively), suggesting the 2DE-GLS as the optimal parameter 
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and the superiority of 2DE-GLS compared to FT-CMR for 
early diagnosis of cardiotoxicity [30]. However, given the 
higher reproducibility and its ability to detect subclinical 
changes more accurately, FT-CMR is suggested to be used 
as a confirmatory modality in the diagnosis of CTRCD.

Ong et al. reported the correlation of temporal changes 
in LVEF with 6 months and 12 months of therapy with tras-
tuzumab and FT-CMR-encoded GLS (r = −0.60, P < 0.001) 
and GCS (r = −0.75, P < 0.001). The changes in GLS and 
GCS were subsequent to the reduction in LVEF within 6 and 
12 months after the initiation of the treatment. Six months 
after termination of the therapy, no significant change in 
LVEF, as well as GLS and GCS, was detected. The study 
was the first one to investigate temporal changes in FT-
CMR-encoded parameters. The small size of the cohort, 
absence of patients with cardiovascular risk factors, and 
severe cardiotoxicities were the limitations of the study [31]. 
It seems that systolic strain rates by FT-CMR are likely more 
relevant than diastolic strain rates for tracking subclinical 
trastuzumab-related myocardial impairment, because, in a 
study on trastuzumab-treated cancer patients diastolic strain 
rates remained stable for 18 months following therapy begin-
ning [32]. However, global diastolic strain rates measured 
with FT-CMR were found to be diminished late after anthra-
cycline treatment as indicators of systolic dysfunction in a 
dose-dependent manner [33].

Amyloidosis

Amyloidosis is a heterogeneous systemic condition that 
results from the extracellular accumulation of insoluble pro-
tein in several organs [34]. Intra-myocardial amyloid infiltra-
tion leading to cardiac amyloidosis usually has a progressive 
course and is one of the primary reasons for mortality in 
affected patients [35]. The gold standard method to diagnose 
cardiac amyloidosis is the histopathological evaluation on an 
endo-myocardial biopsy, which is an invasive method and 
in some cases, impractical. Hence, CMR as a noninvasive 
imaging modality with adequate accuracy to depict func-
tional and structural cardiac changes could be an optimal 
option for the diagnosis of cardiac amyloidosis, particularly 
with LGE imaging [36]. The application of FT in the diag-
nosis and risk association of cardiac amyloidosis has been 
studied as well.

To evaluate FT-CMR utilization to detect changes in 
myocardial amyloidosis, Pandey et al. studied 28 patients 
with a history of myocardial amyloidosis and 35 controls. 
They observed substantial reductions in longitudinal, cir-
cumferential, and radial stresses in cardiac amyloidosis 
patients and demonstrated that FT-CMR-encoded strains, 
for instance, RS, can differentiate patients with cardiac 
amyloidosis with high sensitivity (82.5%) and specificity 

(82.9%). The peak radial and circumferential strains are 
particularly affected at the basal layer due to the notewor-
thy changes in regional and global strain characteristics 
caused by myocardial amyloidosis [37]. Accordingly, the 
radial and circumferential strain ratio of apex to base can 
be utilized to differentiate cardiac amyloidosis from hyper-
trophic cardiomyopathy with a similar diagnostic accuracy 
compared to LGE [38].

In another study, Oda et al. evaluated 61 patients with 
systemic amyloidosis of whom 48 were LGE-positive 
and 13 were LGE-negative. They found out that the peak 
CS was significantly higher in the LGE-positive than in 
the LGE-negative patients (−13.3 ± 1.4% vs. −9.5 ± 2.3, 
P < 0.01). In contrast, the LGE-positive patients’ vari-
ability in the peak CS time was considerably higher 
than that of the LGE-negative patients’ (46.1 ± 24.5 vs. 
21.2 ± 20.1 ms, P < 0.01). The diagnostic model incorpo-
rating CS variables has a sensitivity of 93.8%, a specificity 
of 76.9%, and an accuracy of 90.2% for detecting LGE-
positive amyloidosis. Finally, they indicated that myocar-
dial CMR strain was boosted to identify amyloidosis with 
LGE positivity without the use of a contrast agent. For 
the early identification of myocardial amyloid deposition, 
the peak CS and variation in the peak CS time may be 
more sensitive than LGE imaging, correlating with the 
severity of cardiac amyloid deposition in amyloidosis [39]. 
Another study from China assessed the feasibility of the 
FT-CMR algorithm to evaluate LV myocardial deforma-
tion in amyloid light-chain cardiac amyloidosis (AL-CA). 
Patients with AL-CA had significantly reduced global 
peak strain (PS) (longitudinal, circumferential, and radial) 
(P 0.05), while individuals with normal LVEF exhibited 
preserved longitudinal PS at the apical and significantly 
diminished longitudinal PS at the mid and basal segments 
[40]. Global strains were also reported to be predictors of 
all-cause mortality when integrated with a staging system 
based on cardiac biomarker levels, such as cardiac tro-
ponin T and N-terminal pro-brain natriuretic peptide [41]. 
As LA remodeling and dysfunction are widespread cardiac 
tissue changes in cardiac amyloidosis, LA reservoir strain 
has also been reported to be correlated with mortality in 
these patients [42].

FT-CMR could detect aberrant LV myocardial deforma-
tion in patients with cardiac amyloidosis, even in those with 
intact LVEF or negative LGE with acceptable diagnostic 
accuracy. Myocardial CMR strain can be applied to dif-
ferentiate LGE-positive amyloidosis without the necessity 
for contrast medium injection. Moreover, significant reduc-
tions in GLS can differentiate CA patients in comparison 
to patients with other causes of LVH [43]. FT strains have 
been also investigated as markers of prognosis. Studies with 
a longer follow-up period can determine the prognostic role 
of FT-CMR-obtained strain in cardiac amyloidosis.
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Rheumatic diseases

Rheumatoid arthritis (RA)

Increased inflammation in rheumatoid arthritis is linked 
with an increased cardiovascular risk [44]. Special initia-
tives should therefore be performed to detect and moni-
tor myocardial deformities and functional defects in these 
patients. In addition to the diagnosis of subclinical cardiac 
functional defects, FT-CMR can be utilized to inspect the 
effect of different treatments on subclinical cardiac dys-
function in rheumatoid arthritis [45].

In subjects with no clinically manifested cardiac dam-
age, rheumatoid arthritis is associated with an impaired 
LV systolic function according to the FT-CMR assessed 
LV strains, namely peak GLS and GCS in patients with no 
symptomatic cardiac disease. The interventricular septum 
and left ventricular lateral wall segments had significantly 
lower strains in rheumatoid arthritis patients compared to 
controls, demonstrating segmental strain impairments as 
well as global impairments. Interestingly, the administra-
tion of steroids might have protective cardiac effects in 
rheumatoid arthritis patients, as the peak GCS was signifi-
cantly higher in patients using steroids than in patients who 
do not [46] biological disease-modifying anti-rheumatic 
drugs (DMARDs) have been reported to ameliorate the 
asymptomatic cardiac dysfunction, manifested by a signifi-
cantly higher GCS in patients receiving such agents [45].

Due to the accuracy of FT-CMR in identifying the early 
cardiac manifestations of rheumatic diseases, its applica-
tion has rarely been investigated in other chronic rheumatic 
diseases, such as Sjögren’s disease, as well [47]. Further 
studies could be of benefit to provide a comprehensive 
view of the strain changes and determine the clinical appli-
cation of FT-CMR, especially in chronic conditions such 
as systemic lupus erythematosus which can lead to vari-
able and heterogeneous manifestations, cardiac manifesta-
tions included [48].

Systemic scleroderma (SSc)

Systemic scleroderma (SSc) is a rare connective tissue dis-
ease characterized by skin and internal organ fibrosis. The 
heart is frequently involved in SSc. Although most of the 
affected patients are initially asymptomatic, myocardial 
deformations such as fibrosis and ventricular dysfunction 
can be detected in these patients, before the clinical mani-
festations appear. CMR-assessed parameters of diffuse 
tissue fibrosis (i.e., native T1 and extra-cellular volume) 
seem to be more capable in early detection of subclinical 
myocardial involvement in SSc patients than strain param-
eters or even indicators of focal fibrosis (i.e., LGE) [49, 

50]. FT-CMR-obtained strains, as parameters of subclini-
cal cardiac dysfunction, along with other parameters of 
cardiac remodeling can be implemented to identify serum 
markers of cardiac involvement, such as galectin 3, growth 
differentiation factor 15 (GDF-15), and N-terminal pro-
brain natriuretic peptide, in SSc patients [51].

Cardiac involvement is identified as the leading cause of 
death in patients with SSc [52], of which pulmonary arte-
rial hypertension (PAH) is a leading cause with a very poor 
prognosis [53]. Echocardiography is widely used in the 
clinic to screen and detect SSc patients for cardiac complica-
tions [54]. PAH is defined by a mean pulmonary artery pres-
sure > 25 mm Hg at rest. Although right heart catheterization 
has remained the standard approach for PH diagnosis, there 
is still an unmet need for noninvasive methods to recognize 
subclinical patients, and also investigate the presence of left 
heart disease in this group of patients [55]. Novel imaging 
methods such as CMR can play an essential role in detecting 
subclinical cardiac involvements, but their clinical value in 
this group of patients is still under scrutiny [56].

To evaluate the clinical relevance of FT-CMR in detect-
ing the cardiac implications of SS, 44 SSc patients with 
no cardiac symptoms, a median of 3.6 years after their 
diagnosis, were compared with a group of 21 age- and 
gender-matched controls. SSc patients had a higher LVEF 
(62 ± 6% vs 59 ± 5%, P = 0.01), and heart rate than con-
trols. 40 patients underwent LGE assessment, of which 8% 
showed evidence of subendocardial infarction and 18% had 
RV insertion fibrosis. LV longitudinal strain was signifi-
cantly worse in patients with insertion fibrosis (−18.0 ± 2.3) 
and infarction (−19.6 ± 3.3) compared to LGE-patients 
(−20.3 ± 3.2, P = 0.04). Other than RV longitudinal strain 
(SS: −27.0 ± 4.0% vs control: −28.2 ± 2.0, P = 0.01), SSc 
patients demonstrated no difference in radial, circumfer-
ential, or longitudinal indices in comparison with healthy 
controls [57]. Taken together, the results of this study sug-
gest that FT-CMR, namely LV LS can be used in detecting 
cardiac involvements such as infarction and fibrosis in SSc 
patients in the absence of a reduction in EF.

LV and RV free wall GLS can non-invasively be uti-
lized to differentiate SSc patients with PAH from other 
SSc patients with promising accuracy (area under the curve 
(AUC): 0.73 and 0.86 respectively) [58]. However, a later 
study claimed that not RV LS, but right atrium conduit strain 
is a reassuring prognostic marker of mortality in SSc patients 
and is significantly correlated with the pulmonary arterial 
pressure and diffusing capacity of the lungs for carbon mon-
oxide [59]. LA reservoir strain has been also reported to be 
an independent determinant of all-cause mortality and New 
York Heart Association (NYHA) class II-IV heart failure 
symptoms [60].

There are discrepancies in the literature on whether 
different strain values encoded by FT-CMR can identify 
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subclinical cardiac involvement in SSc patients [49, 58, 61]. 
This could be a result of different strain parameters assess-
ment or different recruited populations of patients. Data 
support the promising role of FT-CMR, especially atrial 
strains, in determining the prognosis in this challenging and 
high-risk group of patients. Consequently, FT-CMR can be 
rendered as a reliable, noninvasive method to assess the risk 
of mortality or PAH development in SSc patients so that they 
can receive adequate care. Moreover, FT-CMR can be uti-
lized to monitor the improvements in cardiac function after 
the administration of therapeutic regimens [62].

Myopathies

Duchenne muscular dystrophy

Patients with Duchenne muscular dystrophy (DMD) require 
regular imaging to monitor heart function and the likelihood 
of DMD-associated cardiomyopathy (DMDAC). Poor image 
windows may restrict echocardiography’s diagnostic value. 
When the optimal techniques of LV function evaluation 
by echocardiography, namely two-dimensional fractional 
shortening and 5/6 area-length LVEF are not assessable or 
when the detection of more subtle myocardial alterations is 
required, CMR should be regarded as the optimal technique 
of LV function measurement [63, 64]. FT-CMR may detect 
early changes in the myocardial tissue without a need for 
gadolinium contrast. Furthermore, compared to the healthy 
subjects, FT-CMR could detect cardiac abnormalities in 
areas where speckle-tracking echocardiography did not [65].

Hor et al. enrolled 77 DMD patients and 16 age-matched 
controls and assessed their CMR strain determined by 
HARP analysis. They demonstrated a declination trend in 
LV CS calculated by HARP in DMD patients by advanc-
ing age and reduction in LVEF [66]. Hor et al. conducted a 
further study with a larger population of patients (N = 191) 
and control subjects (N = 42). They sought to compare the 
accuracy of FT-CMR LV CS with CS derived from HARP-
tagged image analysis, as a gold standard method. The LV 
CS determined by two methods demonstrated no significant 
difference within all 5 groups of DMD patients with dif-
ferent ages and EF, and within the control group and all 
DMD patients. They concluded that FT-CMR-encoded strain 
can be used as a rapid, accurate, and reproducible method 
of cardiac risk stratification in DMD patients [67]. CMR 
strain parameters can also be helpful to identify patients 
with DMDAC before its clinical development. In a study, 
30 patients with DMDAC were diagnosed within a period 
of 3 years and were compared to 30 DMD patients without 
cardiomyopathy. The results suggest that GRS and GCS 
were both lower in the DMDAC group, with GCS having 
the best predictive value for identifying the patients who 

developed DMDAC within 3 years before symptomatic car-
diac dysfunction [68]. GCS was also able to identify DMD 
patients with even preserved LV EF and the absence of LGE 
from controls, whereas GLS and GRS were able to do so in 
patients with positive LGE [69].

FT-derived strains can detect early myocardial abnormali-
ties even without using a contrast agent or, at the very least, 
minimize the frequency of exposure to gadolinium-based 
contrast agents in DMD patients. Additionally, this modality 
requires reduced medical costs and shorter scan duration. 
Above that, CMR overcomes echocardiography’s normal 
imaging limitations regarding diagnostic accuracy in DMD 
patients. These strain measures could also be employed as 
sensitive biomarkers for the early initiation of DMDAC.

Fabry disease

FD is a progressive disease that affects multiple organs, spe-
cifically the kidneys, heart, and brain. The disease manifests 
primarily in hemizygous males, but heterozygous females 
may also develop disease-related complications, albeit with 
a delayed onset. Its cardiac manifestation mostly includes 
left ventricular hypertrophy [70].

CMR-obtained values can be used to evaluate cardiomyo-
pathies in FD as well. Among 18 patients with FD, patients 
with LV hypertrophy had significantly higher CS compared 
to other patients (−13.5 ±5.0% vs −18.7 ± 2.7%, P = 0.042). 
The small sample size of the study limits its statistical power 
[71]. Base-to-apex CS gradient has also been reported to 
help identify FD patients before the development of LVH 
and LGE [72]. LA reservoir strain and LV GLS can also be 
implemented to detect early myocardial remodeling before 
symptomatic LVH [73–75].

Idiopathic inflammatory myopathy

Patients with idiopathic inflammatory myopathy (IIM) are 
at a high risk of developing mortal cardiac dysfunction 
[76]. Accordingly, detecting cardiac involvement in these 
patients can be of considerable benefit and is therefore nec-
essary if patients at risk are to be identified prior to the 
appearance of cardiac symptoms. Global strain parameters 
make it plausible to detect high-risk IIM patients before 
the incidence of cardiac events, namely LVEF reduction, 
or tissue remodeling and fibrosis. LV and RV GLS and LA 
strains of reservoir and conduct could differentiate between 
IIM patients with or without LGE [77, 78]. In a follow-up 
period of about 8 months, besides the LVEF, all the global 
strain values were reduced significantly [77]. Consequently, 
this depicts the relatively rapid deterioration of myocardial 
deformation in IIM which further emphasizes the need for 
consistent screening for cardiac complications.
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Thalassemia

Thalassemia is characterized by decreased or missing pro-
duction of one of the globin chains in hemoglobin protein. 
Functional impairments in the myocardial tissue might be 
induced as a result of increased iron accumulation in the 
myocardial tissue even before alterations in the EF. Strain 
levels may manifest the deficiencies and help in the early 
recognition of the myocardial dysfunction to improve sur-
vival and prevent additional problems. Biventricular and RV 
GLS could distinguish thalassemia major patients in regards 
to the presence of myocardial iron overload and intermedi-
ately to highly probable pulmonary hypertension [79, 80]. 
CMR obtained T2 mapping is the gold standard parameter 
to assess the myocardial iron overload. Although there is 
inconsistency on which FT-CMR strains are best correlated 
with T2, RVGLS [79, 81], LV GLS and LV GCS [79, 82], 
and LV GRS [83, 84] have been reported to best correlate 
with T2 as a parameter of iron overload. These findings sug-
gest that FT-CMR strains can accompany T2 assessment 
and provide an additional functional myocardial evaluation 
of thalassemia patients. Hence, strain parameters of cardiac 
deformation cannot replace T2 mapping, but they allow a 
more accurate estimation of cardiac function than param-
eters like LVEF, as they were reported to have a stronger 
correlation with T2 [82]. This applies to the prognostic role 
of strains in predicting the outcome, as well. Although the 

RV GLS could be a fair predictor of adverse cardiac events 
and mortality with 52.94% and 71.43% sensitivity and 90% 
specificity, RVEF provided the best prognostic accuracy in a 
median of 36 months of follow-up [85]. A longer follow-up 
period could albeit provide a more precise estimate of the 
prognostic accuracy of strains, as indicators of subclinical 
defects, compared to the EF, as it may take longer for events 
to happen in patients with subclinical deformations.

COVID‑19

SARS-CoV-2 infection can lead to a wide range of systemic 
symptoms similar to those found in inflammatory or auto-
immune diseases [86]. Cardiac involvement and an existent 
myocardial inflammation were reported to be detectable in 
78% and 60% of patients who recovered from COVID-19, 
respectively [87]. Hence, there were concerns about cardiac 
involvement as a result of elongated coronavirus disease 
2019 (COVID-19) systemic inflammation with myocarditis-
like signs and symptoms or post-vaccination myocarditis. 
Most of the investigations were focused on CMR-assessed 
parameters of fibrosis and edema, demonstrating the emer-
gent fibrotic lesions that mostly resolve in mid-term fol-
low-up [88, 89]. Strains as indicators of the dynamics of 
the myocardium have been investigated as well. FT strains 
were only significantly altered in limited groups of patients. 

Table 1   FT-CMR strain parameters are used to diagnose cardiac manifestations in systemic diseases

Although many further studies are needed to define reference strain values, these preliminary studies demonstrate primary data on the efficacy of 
FT-CMR for early diagnosing cardiac manifestations of systemic diseases
CA cardiac amyloidosis, T2DM type 2 diabetic mellitus, DMD duchene muscular dystrophy, GCS global circumferential strain, GLS global lon-
gitudinal strain, GLS global peak longitudinal strain, HTN hypertension, LA εe left atrium conduit strain, LVEF left ventricle ejection fraction, 
SARB strain ratio of apex to base, SSc systemic scleroderma, RV right ventricle, RVFW RV free wall, TM Thalassemia major
*Not statistically significant

Disease Significantly diagnostic 
strain parameter

Cut off Diagnosis AUC​ sensitivity specificity Reference

T2DM GLPS −5.14% RV dysfunction between 
T2DM and controls

0.72 57.1% 79.3% Hu et al. [18]

CA SARBr 1.3 CA and HCM 0.90 85.0% 87.0% Jung et al. [38]
SARBc 1.3 CA and HCM 0.88 92.5% 77.8% Jung et al. [38]

SSc LV GLS −20.0% PAH in SSc 0.73 84.0% 57.0% Lindholm et al. [58]
RVFW GLS −26.2% PAH in SSc 0.86 84.0% 77.0% Lindholm et al. [58]

HTN LA conduit strain NA HTN 0.82 80.8% 72.4% Li et al. [13]
LA conduit strain NA Non-LVH HTN 0.76 75.0% 72.4% Li et al. [13]

DMD GCS −17.0% DMD-AC 0.80 65.0% 91.0% Siddiqui et al. [68]
Cardiotoxicity GLS + Base line risk fac-

tors + LVEF
NA Cardiotoxicity 0.73 NA NA Houbois et al. [30]

TM RVGLS + LVEF + 
Hemoglobin

NA myocardial iron overload 
in TM

0.78 72.0% 76.0% Das et al. [81]

RVGLS −20.68% myocardial iron overload 
in TM

0.62* 67.5% 58.0% Das et al. [81]

Fabry disease LA reservoir strain 35.9% Asymptomatic fabry disease 0.88 89.0% 75.0% Halfmann et al. [73, 75]
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For instance, only in patients undergoing CMR less than 
8 weeks after their COVID-19 infection compared to those 
who underwent 8 or more weeks after infection [90], or in 
LGE-positive patients [91, 92].

Altogether, it seems that strains are not identified as help-
ful monitoring tools in all COVID-19 patients with cardiac 
involvements, as the strain deformations seem to resolve 
in a relatively short period compared to fibrotic or edem-
atic lesions. However, in LGE-positive patients with more 
extensive myocardial damage, the strains can detect impair-
ments in the myocardial dynamics which might help with 
the understanding of the pathophysiology of the damage or 
management decisions.

Conclusion

The clinical application of FT-CMR can get wide-range not 
only in cardiology practice but also in the management of 
systemic diseases with susceptibility to cardiac involvements. 
In summary, FT-CMR has been used in studies to diagnose 
the myocardium’s subclinical and asymptomatic structural 
damage, identify high-risk patients, assess the cardiac impact 
of novel therapeutic agents, and elaborate on the pathophys-
iology of the cardiac manifestations in systemic diseases. 
More investigations are required to identify reference strain 
values, while these preliminary findings show that FT-CMR 
can be used to detect early cardiac manifestations of systemic 
diseases (Table 1). Moreover, strain-based parameters have 
been proposed as potential predictors of prognosis in patients 
with systemic diseases and are believed to be associated with 
the risk of future cardiovascular events (Table 2). The prac-
ticality of FT-CMR in decision-making will determine its 
definitive debut in clinical practice guidelines for systemic 

diseases. It has been widely accepted in the reviewed lit-
erature that the significant benefit of FT-CMR is its ability 
to detect early functional defects before symptomatic dys-
function or irreversible tissue damage in the heart with an 
outstanding spatial resolution. However, the precision and 
extent of the information provided would not be determina-
tors for everyday clinical use. The demonstration that the 
additional time and cost put into the strain assessment from 
cine CMR is worth the additionally provided information 
compared to conventional modalities is necessary and needs 
further investigations.
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Table 2   Strain parameters as 
predictors of events in systemic 
diseases

CS circumferential strain, DM diabetic mellitus, LS longitudinal strain, LVGLS left ventricle global longi-
tudinal strain, MACE major adverse cardiac event, RA right atrium, RS radial strain, RV right ventricle, SSc 
systemic scleroderma, TM Thalassemia major

Patients Event Significantly 
correlated strain 
parameter

HR (95%CI) Reference

DM MACE LVGLS 1.11 (1.03–1.20) Backhaus et al. [22]
Amyloidosis All-cause mortality RS 0.96 (0.92–0.99) Illman et al. [41]

CS 1.09 (1.01–1.17)
LS 1.07 (1.00–1.13)

SSc All-cause mortality RA reservoir 0.95 (0.91–0.99) Vos et al. [59]
RA conduit 0.93 (0.88–0.98)

TM Adverse cardiac events RVGLS 0.81 (0.740–0.902) Asadian et al. [85]
mortality 0.81(0.719–0.933)
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