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The natural history of hypertension 

Compensation Decompensation Failure 

Is HFPEF 

natural evolution 

of  hypertensive 

cardiomyopathy? 



The «overload cascade» 
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Right sided heart enlargement/dysfunction 
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The presence of  HMOD is unlikely to influence treatment, as these patients 

should already receive lifestyle interventions, BP-lowering medications, statins, 

and in some cases antiplatelet therapy, to reduce their risk 

 

The main advantage of  detecting HMOD is that it may reclassify a patient’s 

risk assessment from low to moderate or from moderate to high risk 

The ECG is not a particularly 

sensitive method of  detecting LVH 

and its sensitivity varies according 

to body weight 

Too late! 

Should we initiate treatment 

when BP is high-normal (130–

139/85–89 mmHg)? 



Diastolic dysfunction can be 

further evaluated by a 

combination of  transmitral 

flow and tissue Doppler 

studies. 



How can we quantify LV remodeling? 







Limits of LV mass assessment by echo 

Intraclass Correlation Coefficient (ICC):            LVDD  0.87 – 0.97 

                           IVST  0.50 – 0.85 

                           PWT  0.65 – 0.83 



Are increased LV mass and LV 

hypertrophy interchangeable concepts? 

Woman, age 70 yrs 

Weight 80 Kg - Height 155 cm 

BSA 1.79 m2 

 

EDD 49 mm – IVS 10 mm – PW 10 mm 

LV mass 175 g 

LV mass i 98 g/m2 

RWT 0.41 

Man, age 65 yrs 

Weight 70 Kg - Height 160 cm  

BSA 1.73 m2 

 

EDD 40 mm – IVS 14 mm – PW 13 mm 

LV mass 197 g 

LV mass i 113 g/m2 

RWT 0.70 Concentric remodeling 

Eccentric hypertrophy 

What about papillary muscles? LVMi 55 g/m2  

Concentric hyperthrophy  



LV mass assessment by CMR 

Slice thickness 8 mm – Interslice Gap 0 mm 

LV mass =  

LV total myocardial volume x 1.05 g 

LV geometry =  

LV mass / LV end-diastolic volume Intraclass Correlation Coefficient (ICC): 0.99 

Intrareader reproducibility 0.5 ± 11% 

Interscan average difference of  0.32 g ± 20 g 



Are Echo and CMR interchangeable in 

assessing LV mass? 



Why do we still use Echo to assess LV mass? 



New classification based on LV volumes! 

De Simone G, J Hypertension 2015 



Sex-related differences in hypertensive  

organ damage 

Muiesan ML, High Blood Pressure & Cardiovascular Prevention 2018 





Assessment of diastolic dysfunction: a long 

history with multiple changes 



Recommendations for the Evaluation of LV 

Diastolic Function by Echo (ASE 2009) 

Nagueh SF,  JASE 2009 



Recommendations for the Evaluation of LV 

Diastolic Function by Echo (ASE/EACVI 2016) 

Nagueh SF,  JASE 2016 



Reference ranges for normal cardiac Doppler 

data: results from the NORRE Study 

Caballero L, EHJ – Cardiovasc Im 2015 
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What is the exact relationship between hypertension, LVH and 

diastolic dysfunction?  

Are there novel echocardiographic indexes to diagnose 

subclinical dysfunction?  

What about HFPEF? Is it the natural evolution of hypertensive 

LVH?  



LV concentric geometry is associated with impaired 

relaxation in hypertension: the HyperGEN study 

De Simone G, EHJ 2005 

1384 pts with hypertension, obesity and type II diabetes 



Myocardial fibrosis and diastolic dysfunction in 

hypertension: results from the Swedish Irbesartan LV 

Hypertrophy Investigation versus Atenolol (SILVHIA) 

Muller-Brunotte, J Hypertension 2007 

114 subjects with HTN LVH, 38 subjects with HTN non-LVH, 38 normotensive controls 

In a multivariate 

model, these results 

for PICP levels were 

confirmed for SBP 

and DBP. The 

relationship with 

LVM index was 

attenuated.  

No relationship 

between PICP levels 

and LV geometry 

No relationship 

between PICP levels 

E wave, E/A, PW 

Doppler IVRT 

Treatment with irbesartan or atenolol reduced PICP levels, and the relative 

reductions in PICP were greater than the relative changes observed in LVM, 

suggesting that these changes are not mutually interrelated. 



CMR-derived T1 mapping for diffuse  

myocardial fibrosis / extracellular volume 



Kuruvilla S, JACC Cardiovasc Im 2015 

20 subjects with HTN LVH, 23 subjects with HTN non-LVH, 22 normotensive controls 

♀ ♂ 

Certain HTN LVH subjects with relatively lower LVMI had significantly higher levels of 

ECV (>0.30) 

Increased Extracellular Volume and Altered Mechanics Are 

Associated With LVH in Hypertensive Heart Disease, 

Not Hypertension Alone 



Myocardial interstitial fibrosis varies across 

hypertensive LV phenotypes with functional 

consequences. 

Rodrigues JCL, et al. Heart 2016 



Wang S, Eur Rad 2017 

134 subjects with HTN (40 with LGE, 94 without LGE) vs 97 normotensive controls 

Myocardial extracellular volume fraction quantified 

by CMR is increased in hypertension and associated with 

left ventricular remodeling 



The long way towards HF 

Myocardial fibrosis 

Myocardial mass 

LV volume 

Concentric hyperthrophy Eccentric hyperthrophy 



Novel echocardiographic indexes to early 

diagnose evolution towards HF 



Speckle Tracking Echo in hypertensive 

cardiomyopathy 

Smiseth OA,  Eur Heart J 2016 



Increased Extracellular Volume and Altered Mechanics Are 

Associated With LVH in Hypertensive Heart Disease, 

Not Hypertension Alone 

Kuruvilla S, JACC Cardiovasc Im 2015 



Prognostic Implications of LV Strain Risk Score in 

Asymptomatic Patients With Hypertensive Heart Disease 

Saito M, JACC Cardiovasc Imag 2016 



Prognostic Implications of LV Strain Risk Score in 

Asymptomatic Patients With Hypertensive Heart Disease 

Saito M, JACC Cardiovasc Imag 2016 

This score seemed to be more effective for predicting HF-

specific outcome, a finding that is concordant with the 

implied association between asymptomatic LV dysfunction 

and the onset of  HF. 



Not   

LA diameter! 

Not   

E/A ratio! 



Impact of the 2016 ASE/EACVI recommendations 

on the prevalence of diastolic dysfunction 

Almeida JG,  EHJ – Cardiovasc Im 2018 

Higher prevalence of  

LVH, hypertension and 

diabetes 



Guazzi M, Circulation 2014 



Unmasking HFpEF by stress test! 

Penicka et al, Heart 2014 



Isometric handgrip 

Dobutamine 

Preload changes 

Atrial pacing 

Supine bicycle 

Semi-supine bicycle 

Upright bicycle 

Treadmill 

Other 

5% 7% 

14% 

4% 

14% 
13% 

18% 

21% 

4% 

71% exercise stress test 

A systematic review of diastolic stress test in 

HFpEF 

Erdei T, Eur J Heart Failure 2014 



Value of exercise echocardiography in HFpEF:  

a substudy from the KaRen study 

Donal E, EHJ – Cardiovasc Im 2016 



GLS and ECV correctly stratify between normal, 

hypertensive and HFpEF patients 

Modified from Mordi IF, J Am Coll  Cardiol  Img 2018 
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Role of GLS in HFpEF 

Smiseth OA,  Eur Heart J 2016 



Extracellular Volume Fraction for Characterization 

of Patients With HFpEF 

Rommel, K.-P. et al.  
J Am Coll Cardiol. 2016 



GLS and ECV correctly stratify between normal, 

hypertensive and HFpEF patients 

Mordi IF, J Am Coll  Cardiol  Img 2018 

Controls HPN HFPEF 

GLS 

Native T1 values 

ECV % 

-22.1% -18.2% -15% 

24.9% 31.2% 36.3% 



GLS and ECV correctly stratify between normal, 

hypertensive and HFpEF patients 

Modified from Mordi IF, J Am Coll  Cardiol  Img 2018 
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Prognostic role of GLS and ECV in HFpEF 

Smiseth OA,  Eur Heart J 2016 Duca F, Circ Cardiovasc Imaging. 2016 



Progression of hypertension to LVH and HFpEF? 

Schwarzl M, Eur Heart J 2016 



The common soil hypothesis from microvascular angina 

and HFpEF: a paradigm shift 

Crea F, Eur Heart J 2016 



Pulmonary 

hypertension  

Longitudinal LV systolic dysfunction Abnormal ventricular-

arterial coupling 

Abnormal 

exercise-

induced 

vasodilation 

Extracardiac volume overload Chronotropic incompetence 

Take-home messages (3) 



HFpEF (“huffing-puffing” syndrome):  

a multi-organ syndrome with intolerance to exercise 

Take-home messages (4) 



The assessment of  left ventricular (LV) diastolic function should be an 
integral part of  a routine examination, particularly in patients presenting with 

dyspnea or  heart failure.  

Take-home messages 

ASE Recommendations for the Evaluation of  Left Ventricular Diastolic Function 

by Echocardiography, JASE 2009 

LV diastolic dysfunction can be detected in many hypertensive patients 
without LV concentric geometry and that increased E/e’ ratio is well  

correlated with MRI extent of  myocardial fibrosis in the absence of  evident 
LVH 

EACVI/ESH Consensus Paper on Non-invasive cardiovascular imaging for 

evaluating subclinical target organ damage in hypertensive patients, EHJ Cardiovasc Im 

2017 

Speckle-tracking echocardiography can offer functional markers of  
myocardial fibrosis, in hypertensive patients with normal EF 



We must remember to treat the patient and 

not the disease or the echocardiogram  

Grazie per l’attenzione 

 

Gabriella Locorotondo, MD PhD 

U.O. Diagnostica Cardiologica Non Invasiva 

gabriella.locorotondo@policlinicogemelli.it 

  

 



Courtesy of  Taylor AJ, Department of  Cardiovascular Medicine – Alfred Hospital, Melbourne, Australia 

Future role for CMR in HFpEF 



Dypiridamole stress echo in the early stage of HFpEF :  

results from MICRO-SCOPE study 

Locorotondo G, Crea F, in submission 

15 pts with early stage HFpEF vs 10 hypertensive pts (controls) 



Prognostic value of dipyridamole stress echo in 

hypertensive patients with LVH. 

Mondillo S, Nami R, Can J Cardiol 2001 

82 patients (48 men and 34 women; average age 65+/-7.2 years) 

LVH documented echocardiographically 

Resting ST segment shift of  0.1 mV 

Dypiridamole stress echo 

Positive 

30 (36.5%) pts 

Negative 

52 (63.5%) pts 

Cardiac events 

16 (53%) pts 

Cardiac events 

3 (5%) pts 

47% 2 year survival 

At multivariate analysis, positive 

response (p < 0.001), LVMi 

(P=0.028) and a family history 

of  CAD (P=0.037) were 

independent predictors 

95% 



A new work-up hypothesis 

Hypertensive 

Breathless  

patient 

Dypiridamole 

stress echo 
Hypertensive 

cardiomyopathy 
HFpEF 

CAD 



Spironolactone for HFpEF: TOPCAT trial 

Pitt P, NEJM 2014 



GLS and ECV correctly stratify between normal, 

hypertensive and HFpEF patients 

Modified from Mordi IF, J Am Coll  Cardiol  Img 2018 



GLS and ECV are independent diagnostic 

markers of HFpEF 

Mordi, JACC Cardiovasc Imaging. 2017 



Myocardial native T1 and extracellular volume with 

healthy ageing and gender  

Rosmini S, EHJ Cardiovasc Imaging 2018 



Determinants of E/E’ 

Impaired active relaxation 

Increased LV stiffness 

Increased LV filling pressure 



Circ Heart Failure 2016 



J Cardiac Failure 2017 



The chicken or the egg? 

Nelson MD, Eur Heart J 2018 
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