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Aims Patients with hypertrophic cardiomyopathy (HCM) histo-
logically have myocyte hypertrophy and disarray, small vessel
disease and fibrosis. The links and sequencing of these abnor-
malities in phenotype development is unclear. We implemented
in-line perfusion mapping in HCM undergoing stress cardio-
vascular resonance (CMR) and measured pixel by pixel flow
at stress and rest, in order to exactly quantify the microvascu-
lar dysfunction.
Methods 30 HCM patients and 10 controls, age and gender-
matched, referred for stress CMR due to atypical chest pain
and having normal findings, underwent adenosine stress perfu-
sion CMR using in-line perfusion mapping in Gadgetron to
deliver pixel-by-pixel myocardial blood flow (MBF, mls/g/min)
for three short axis views (± an additional long axis) at stress
and rest. Transmural (tmMBF), endocardial (endoMBF) and
epicardial (epiMBF) were calculated for each LV segment Fig-
ure). MBF was correlated with segmental wall thickness (WT)
and late gadolinium enhancement (LGE), quantified by the 5
SD method.
Results Stress MBF was lower in HCM (2.23±0.74 vs 3.49
±0.82 mL/g/min, p 0.008 for tmMBF). This was most marked
for endoMBF. The reductions were associated with increasing

wall thickness (endoMBF R: –0.43, p<0.001) and the amount
of segmental LGE (endoMBP R: –0.27, p<0.001). MBF could
actually fall with stress compared to rest – a myocardial per-
fusion reserve less than one – this was more common with
increasing hypertrophy. Rest MBF was the same in HCM and
controls. Apparently normal HCM segments (no LVH, no
LGE) had significantly lower stress MBF compared to controls
(tmMBF p=0.001, endoMBF p=0.0002, epiMBF p=0.071).
Conclusion Perfusion mapping confirms that HCM patients
have reduced MPR that is linked to wall thickness and scar.
Stress flow can be lower than rest in hypertrophied segments.
Apparently normal segments (no LVH, no LGE) have abnor-
mal MBF suggesting this may be an early marker of the
HCM phenotype. Further studies are needed (e.g. in carriers).
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Background Dilated cardiomyopathy (DCM) has a 20% 5 year
mortality. Cardiac MR (CMR) is an established outcome pre-
dictor. We evaluate the additive role of novel genetic and cir-
culating biomarkers.
Purpose Perform an integrated assessment to evaluate the
prognostic importance of CMR parameters in DCM in the
context of clinical, genetic and biomarker data.
Methods Prospectively recruited DCM patients underwent
comprehensive clinical evaluation, CMR with late-gadolinium
enhancement (LGE), sequencing for rare variants in major
DCM genes (titin-TTNtv, myosin heavy chain-MYH7, troponin
T2-TNNT2, lamin-LMNA), biomarker assessment of BNP,

Abstract 004 Figure 1 Perfusion map in apical HCM. Long axis (far left) and basal-mid-apical short axis slices (to the right) at stress (upper panel)
and rest (lower panel). There is a circumferential endocardial perfusion defect in the apical segments at stress. Each pixel represents myocardial blood
flow (MBF). MBF falls in the apical segments during stress.
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troponin I (hsTnI), Galectin 3 and ST2, and follow up for
clinical events. Cox proportional hazard modelling evaluated
the primary composite endpoint of cardiovascular death, major
arrhythmic events (aborted sudden cardiac death, appropriate
ICD activation, sustained ventricular tachycardia, ventricular
fibrillation) and major heart failure events (heart transplant,
left ventricular assist device, unplanned heart failure
hospitalisation).
Results In total, 423 patients with DCM (mean age 53.6
±14.1 years, 67% male) were followed up for a median of
4.0 years (IQR 2.1–5.8). Mean left ventricular ejection frac-
tion (LVEF) was 40%±12.5%. One third of patients had mid-
wall fibrosis (MWF-LGE) (n=137, 32%). Mean indexed left
atrial volume (LAVi) was 61±27.6 mls.

On genetic analysis, 53 patients (12.5%) had TTNtv, 14
patients (3.3%) had non-truncating variants in MYH7, 5
patients (1.2%) had non-truncating variants in TNNT2 and 5
patients (1.2%) had LMNA variants.

In total, 44 patients (10.4%) met the primary endpoint. On
multivariable analysis, an optimal model predicting the pri-
mary endpoint was built without genetic or biomarker data
(Table 1). This consisted of LVEF, LAVi, and MWF-LGE
(Table 2).

On univariable analysis, BNP, Galectin 3 and hsTnI were
associated with the primary endpoint (Table 2). When the
novel variables were added to the optimised model, Galectin
3 and LMNA variants were predictive of the primary endpoint
(Table 3). In the final adjusted model, CMR parameters
remained predictive of the primary endpoint. Of these, MWF-
LGE was the strongest predictor (adjusted HR 2.12 (1.06–
4.02), p=0.02).
Conclusion On integrated multi-modality risk stratification in
DCM, while circulating and genetic biomarkers improve risk
stratification, CMR parameters remain strong independent pre-
dictors of outcome.
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Abstract 005 Table 1 Variables evaluated in building baseline
Cox proportional hazard model predicting primary endpoint

Variables evaluated Retained

Clinical Age, Gender, Ethnicity, NYHA class*, a family history of DCM*, a

family history of sudden cardiac death, a history of sustained* or

non sustained* ventricular tachycardia, a history of atrial

fibrillation, diabetes, hypertension*, left bundle branch block,

resting heart rate, beta blocker use, aldosterone antagonist use,

diuretic use*, ACE inhibitor use

CMR LVEF*, RVEF*, LAVi*, indexed LV end diastolic volume*, indexed

LV end systolic volume*, indexed left ventricular mass*, indexed

RV end diastolic volume, indexed RV end systolic volume*, MWF-

LGE*

LVEF, LAVi,

LGE

* = Significant on univariable analysis

Abstract 005 Table 2 Results of baseline Cox proportional
hazard modelling predicting primary endpoint

Unadjusted analysis Adjusted analysis

Variable Hazard ratio

(95% confidence

intervals)

P value Hazard ratio

(95% confidence

intervals)

P value

LVEF (per 10%) 0.62 (0.50–0.78) <0.0001 0.65 (0.51–0.83) 0.001

MWF-LGE

present

1.99 (1.10–3.60) 0.03 2.12 (1.14–3.92 0.017

LAVi (per

10 mls)

1.12 (1.07–1.17) <0.0001 1.12 (1.06–1.18) <0.0001

LVEF- left ventricular ejection fraction, MWF-LGE – mid-wall fibrosis detected on late gado-
linium enhancement imaging, LAVi – indexed left atrial volume

Abstract 005 Table 3 Results of evaluation of biomarkers and
genetic variants using Cox proportional hazard modelling predicting
primary endpoint

Unadjusted analysis Adjusted analysis*

Variable Hazard ratio

(95% confidence

intervals)

P value Hazard ratio

(95% confidence

intervals)

P

value

BNP (NPX) 1.42 (1.22–1.65) <0.0001 1.20 (0.99–1.47) 0.06

Galectin-3 (per

1 ng/ml)

1.03 (1.01–1.06) 0.016 1.04 (1.01–1.07) 0.015^

Troponin I (per pg/

ml)

1.01 (1.01–1.02) 0.0003 1.01 (0.99–1.02) 0.19

ST2 (NPX) 0.97 (0.70–1.33) 0.84 0.76 (0.54–1.07) 0.12

TTNtv present 0.90 (0.38–2.15) 0.81 0.88 (0.36–2.11) 0.77

MYH7ms present 0.67 (0.09–4.84) 0.69 1.37 (0.18 to 10.27) 0.76

LMNAvar present 2.84 (0.68–11.78) 0.15 5.73 (1.29–25.46) 0.02^

LVEF- left ventricular ejection fraction, MWF-LGE – mid-wall fibrosis detected on late gado-
linium enhancement imaging, LAVi – indexed left atrial volume, BNP- brain natriuretic pep-
tide, NPX – normalised protein expression value, TTNtv- truncating variant in titin gene,
MYH7ms- non-truncating variant in myosin heavy chain gene, LMNAvar- variant in lamin
gene. No patients with TNNT2ms (non truncating variant in troponin T2 gene) variants met
the primary composite endpoint.
*Adjusted for LVEF, LGE, LAVi
^ Significant p<0.05

Abstract 005 Table 4 Results of final adjusted Cox proportional
hazard model predicting primary endpoint

Hazard ratio 95% confidence interval P value

LVEF (per 10%) 0.64 (0.5–0.83) 0.001

MWF-LGE present 2.12 (1.12–4.02) 0.021

LAVi (per 10 mls) 1.12 (1.06–1.18) <0.0001

LMNAvar present 6.48 (1.44–29.15) 0.015

Galectin-3 (per 1 ng/ml) 1.04 (1.01–1.07) 0.008

LVEF- left ventricular ejection fraction, MWF-LGE – mid-wall fibrosis detected on late gado-
linium enhancement imaging, LAVi – indexed left atrial volume, LMNAvar- variant in lamin
gene
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