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Myocardial T1-mapping and Extracellular Volume Quantification in  
Patients and Putative Carriers of Muscular Dystrophy: Early Experience
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To assess myocardial fibrosis associated with muscular dystrophy, T1-mapping and extracellular volume 
fraction (ECV) quantification was prospectively performed using cardiovascular MR (CMR) imaging in 6 
male patients with muscular dystrophy and 5 female putative carriers of Duchenne or Becker muscular dys-
trophy. Five patients and all putative carriers had an elevated ECV (>29.5% for men and >35.2% for women), 
suggesting that ECV has a potential to detect diffuse fibrotic changes in patients and putative carriers of 
muscular dystrophy.
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Introduction
Muscular dystrophy is characterized by progressive wasting 
and weakness of skeletal muscles that result from mutations 
in many genes affecting striated muscle. For many muscular 
dystrophies, cardiac complications are a major cause of mor-
bidity and mortality.1 The most common form of cardiac 
involvement in muscular dystrophy is dilated cardiomyo-
pathy,2 presenting as an age-related progression of left ven-
tricular (LV) dysfunction and myocardial fibrosis detected by 
late gadolinium enhancement (LGE) cardiovascular MR 
(CMR) imaging.3 Accurate evaluation of myocardial fibrosis 
could be useful for risk stratification4 and determining early 
initiation of cardioprotective treatment in patients with mus-
cular dystrophy.5,6 Cardiomyopathy associated with mus-
cular dystrophy has also been reported in female carriers of 
Duchenne and Becker muscular dystrophy.7,8 These female 
carriers are basically asymptomatic, and their myocardial 

fibrosis are likely to precede the development of LV dysfunc-
tion.8 Although LGE is well established for detecting myo-
cardial fibrosis, LGE cannot detect diffuse fibrotic changes in 
the myocardium. The image contrast in LGE strongly 
depends on the difference in post- contrast signal intensity 
between diseased and normal myocardium, which is attenu-
ated by diffuse myocardial fibrosis.9 Previous studies sug-
gested that native T1 values and extracellular volume fraction 
(ECV) mapping using CMR might be more suitable for 
detecting diffuse myocardial fibrosis.10 Therefore, this study 
aimed to detect diffuse myocardial fibrosis in patients and 
putative carriers of muscular dystrophy by myocardial 
T1-mapping CMR.

Materials and Methods
Patients with muscular dystrophy and female putative car-
riers of Duchenne or Becker muscular dystrophy were pro-
spectively recruited at Hokkaido University Hospital, Japan, 
between August 2019 and March 2020. Inclusion criteria in 
the patient group were: (1) patients diagnosed with muscular 
dystrophy based on a clinical examination, dystrophin gene 
analysis, muscle biopsy, or family history of muscular dys-
trophy; (2) ≥6 years of age; and (3) referred for clinically 
indicated CMR. Inclusion criteria in the putative carrier 
group were women ≥20 years of age who had a first-degree 
male relative with a confirmed diagnosis of Duchenne or 
Becker muscular dystrophy. Exclusion criteria were partici-
pants with renal insufficiency (estimated glomerular filtra-
tion rate <30 mL/min/1.73 m2), contraindications to CMR, or 
limited life expectancy. The study was approved by the Insti-
tutional Review Board of Hokkaido University Hospital 
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(IRB No. 018-0287) and registered with the University 
Hospital Medical Information Network clinical trials registry 
(UMIN000037608; http://www.umin.ac.jp/ctr/index.htm). 
All participants ≥18 years of age gave their written informed 
consent. For participants younger than 18 years, written 
informed consent was obtained from a parent or guardian of 
each participant, and an age-appropriate assent form was 
obtained from the participant.

CMR was performed using a 3T whole-body scanner 
(Achieva TX; Philips Medical Systems, Best, the Nether-
lands) with a 32-channel phased-array receiver torso-car-
diac coil, including cine, pre- and post-contrast T1-mapping 
for ECV quantification, and phase sensitive inversion 
recovery (PSIR) LGE. LV short-axis cine images were 
obtained using a retrospectively electrocardiogram-gated, 
balanced steady-state free precession pulse sequence as pre-
viously described.11 For T1-mapping, basal, midventricular, 
and apical short-axis images were obtained using a modified 
Look-Locker inversion recovery sequence. LGE and post-
contrast T1-mapping were obtained 10–15 min after admin-
istration of 0.1 mmol/kg of gadobutrol (Gadovist; Bayer 
Yakuhin, Osaka, Japan). CMR images were analyzed using 
Ziostation2 (Ziosoft, Tokyo, Japan). LV volume, mass, and 
ejection fraction were measured semiautomatically from 
short-axis cine images.11 The LGE images were visually 
assessed with consensus reading by an expert radiologist 
(N.O-M. with 20 years of experience in cardiovascular 
imaging) and a cardiologist (K.K. with 3 years of experi-
ence in cardiovascular imaging).12 Both readers were 
blinded to clinical information. The extent of LGE was 
expressed as a percentage of LV mass using a 5-standard 
deviation (SD) threshold above the mean of normal myocar-
dium3 because the extent of LGE on PSIR sequence quanti-
fied using the “n”-SD method has been reported to be 
comparable to that on inversion-recovery balanced steady-
state free precession sequence in both ischemic and non-
ischemic cardiomyopathies.13 Global ECV was calculated 
using pre- and post-contrast T1 values of myocardium and 
blood pool (T1 myo pre, T1 myo post, T1 blood pre, and  
T1 blood post, respectively) as follows: ECV (%) = (1 − hema-
tocrit) × (1/T1 myo post − 1/T1 myo pre)/(1/T1 blood post − 1/T1 blood 

pre).14 Venous blood samples for hematocrit and cardiac bio-
markers were taken just prior to the CMR study. Given the 
fact that ECV mapping requires the administration of 
gadolinium- based contrast material, it was ethically and 
practically difficult to obtain the reference value of ECV in 
healthy children.15 For this reason, the cut-off values of 
ECV for men and women were derived from the previous 
study in healthy volunteers using 3T CMR,16 in which 
women (mean ± SD of age, 55 ± 17 years) had a higher ECV 
as compared to age-matched men (mean ± SD; 28.4 ± 3.4% 
vs. 25.1 ± 2.2%, P < 0.001). ECV higher than the mean + 
2SD of the reference values (>29.5% for men and >35.2% 
for women) was considered elevated.

Results
Six patients with muscular dystrophy and five female puta-
tive carriers of Duchenne or Becker muscular dystrophy par-
ticipated in this study. Characteristics of study participants 
are shown in Table 1. All 6 patients were male with a  
median age of 16 (range, 8.6–34.4) years, while the median 
age of 5 putative carriers was 46 (range, 43.0–51.7) years. 
The patient group was included patients with Duchenne mus-
cular dystrophy (n = 2), Becker muscular dystrophy (n = 3), 
and myotonic dystrophy (n = 1). Four patients were being 
treated with angiotensin-converting enzyme inhibitor, and  
2 of these 4 patients were also treated with β-blocker. All 
putative carriers were mothers of confirmed male patients 
with Duchenne or Becker muscular dystrophy without any 
symptoms and known comorbidities, and all of them had 
normal levels of cardiac biomarkers including NT-proBNP 
and troponin T. Of the 11 participants, Case 3 was the brother 
of Case 4, and Case 9 was the mother of Case 2. Four of the 
patients and 1 of the putative carriers had a reduced LV ejec-
tion fraction (<55%).

Representative CMR images are shown in Fig. 1. Four 
patients and 2 putative carriers showed visually detected 
LGE. The median LGE extent was 6.2% (range, 5.3–14.6%) 
of LV mass in the patient group. Five patients and all putative 
carriers had an elevated ECV. The median values of ECV in 
the patient and putative carrier groups were 34.8% (range, 
27.6 – 43.8%) and 37.4% (range, 36.1–39.8%), respectively. 
When comparing CMR findings between patients and puta-
tive carriers in the same family, a similar distribution of LGE 
was observed in both families: Case 3 and 4 (brothers with 
Becker muscular dystrophy) showed subepicardial hyperen-
hancement in the lateral wall; Case 2 and 9 (mother and son 
with Duchenne muscular dystrophy) showed midwall hyper-
enhancement in the septal and lateral walls (Fig. 1).

Discussion
This study showed that diffuse myocardial fibrosis detected 
by elevated ECV was observed both in patients with mus-
cular dystrophy and female putative carriers. Previous studies 
have shown the utility of myocardial T1 values and ECV for 
detecting myocardial fibrosis in patients with Duchenne and 
Becker muscular dystrophy.10,15,17,18 In the present study, 
elevated ECV was observed even in female putative carriers 
without LGE. Furthermore, mild diffuse fibrosis detected 
ECV appears to precede the development of LV dysfunction 
or substantial LGE, suggesting that myocardial tissue char-
acterization by T1-mapping and ECV may be more sensitive 
to detect cardiac involvement in muscular dystrophy com-
pared to conventional CMR techniques.

The similarity of LGE findings between female carriers of 
Duchenne or Becker muscular dystrophy and their male rela-
tives was in agreement with previous studies.7 Although 
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further studies are still needed to confirm this observation, 
CMR screening should be considered in putative female car-
riers who had male relatives with muscular dystrophy-related 
cardiomyopathy. Since the number of participants is small in 
this early experience, large-scale studies and long-term follow-
up are needed to substantiate clinical utility of myocardial 
T1-mapping, to adjust genetic background including the 
parent–child relationship, and to evaluate the long-term effects 
of myocardial ECV on changes in LV ejection fraction and out-
comes in patients and putative carriers of muscular dystrophy.
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