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Background
The European Society of Cardiology recognizes different
hypertensive heart disease (HHD) phenotypes. HHD can
be classified into 4 left ventricular (LV) phenotypes by
indexed LV mass, mass to volume ratio (M:V) and indexed
end diastolic volume (EDV) (Table 1). All remodeling/
hypertrophy phenotypes carry adverse cardiovascular
prognosis, but the underlying mechanisms are incomple-
tely understood. We investigated differences in intra/extra-
cellular myocardial structure and function between
phenotypes with T1 mapping and myocardial strain
analysis.

Methods
88 treated hypertensive patients (49 ± 14years, 57% male,
SBP: 167 ± 30 mmHg, DBP: 96 ± 14 mmHg) underwent
1.5T CMR and were compared with 29 age- and sex-
matched normotensive controls (47 ± 14years, 59% male,
SBP: 128 ± 12 mmHg, DBP: 79 ± 10 mmHg).
Native and post-contrast T1 myocardial values were

measured with a modified look-locker inversion-recovery
sequence. Extracellular volume (ECV) and myocardial cell
volume fractions were calculated. Circumferential strain
values were estimated by voxel-tracking.

Results
There was a gradient of increasing LV mass from nor-
mal, to remodeling, concentric LVH and eccentric LVH
(70 ± 9 g/m2 vs 75 ± 10 g/m2 vs 108 ± 24 g/m2 vs 122

± 30 g/m2, p < 0.05 respectively). This was due to step-
wise increases in both: 1) indexed myocardial cell
volume (eccentric LVH: 82 ± 20 ml/m2 vs concentric
LVH: 77 ± 16 ml/m2 vs remodeling: 57 ± 9 ml/m2 vs
normal: 51 ± 7 ml/m2, p < 0.05 respectively) and
indexed interstitial volume (eccentric LVH: 33 ± 10 ml/
m2 vs concentric LVH: 30 ± 10 ml/m2 vs remodeling:
19 ± 2 ml/m2 vs normal: 18 ± 3 ml/m2, p < 0.05
respectively).
Eccentric LVH had significantly impaired peak circum-

ferential strain (-13 ± 5% vs concentric LVH: -16 ± 3% vs
remodeling: -17 ± 3% vs normal: -18 ± 3% vs controls: -17
± 3%, p < 0.05 respectively), with evidence of both peak
systolic (-70 ± 20%/sec vs concentric LVH: -98 ± 20%/sec
vs remodeling: -115 ± 38%/sec vs normal: -107 ± 28%/sec
vs controls: -101 ± 13%/sec, p < 0.05 respectively) and
peak diastolic strain rate impairment (65 ± 21%/sec vs
concentric LVH: 82 ± 23%/sec vs remodeling: 90 ± 24%/
sec vs normal: 102 ± 26%/sec vs controls: 101 ± 26%/sec,
p < 0.05 respectively).
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Table 1 CMR definitions of patterns of hypertensive
heart disease

Indexed LV mass (g/
m2)

Indexed EDV (ml/
m2)

M/V (g/
ml)

Normal LV ↔ ↔ ↔

LV
remodeling

↔ ↓ ↑

Concentric
LVH

↑ ↔ ↑

Eccentric LVH ↑ ↑ ↔

LV mass = left ventricular mass, EDV = end-diastolic volume, M/V = mass :
volume ratio, LVH = left ventricular hypertrophy. LVM and EDV are indexed to
body-surface area
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Despite similar BP severity as LVH, LV remodeling was
associated with neither significant intracellular/interstitial
expansion (native T1 1029 ± 45 ms vs 1024 ± 41 ms,
P=0.67), nor myocardial dysfunction compared to normo-
tensive controls.

Conclusions
We comprehensively characterize, at the intra/extracellu-
lar myocardial level, structural differences between hyper-
tensive phenotypes that are associated with functional
consequences. We show that:
1) LVH, in particular eccentric LVH, is associated with

significantly elevated myocardial cell volume, interstitial
volume as well as myocardial systolic and diastolic strain
impairment.
2) LV remodeling is associated with both normal myo-

cardial structure and function.
Our results may help explain why eccentric LVH has

poor prognosis. Our findings may have implications for
future anti-hypertensive treatments.
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Figure 1 * P < 0.05, Eccentric LVH vs all subgroups. † P < 0.05, Concentric LVH vs LV remodeling vs normal LV vs controls. § P < 0.05,
Concentric LVH vs LV remodeling. # P < 0.05, Eccentric LVH vs LV remodeling. ‡ P < 0.05, Eccentric LVH vs LV remodeling vs normal LV vs
controls
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