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TIMING HYPERTENSIVE DISEASE
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Multifactorial origin of Essential Hypertension
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Hypertensive Heart Disease
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Increased blood pressure

Local physico-chemical factors
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Diez, Hypertension 2010



Hypertensive Heart Disease

Cardiomyocyte Cardiomyocyte Myocardial Alterations of the
apoplosis hypertrop fibrosis microcirculation
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Diez, Hypertension 2010



RAS & HEART

Paul, Physiol Rev 2006
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Angiotensin Il and the pathophysiology of LVH
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Angiotensin 1l levels correlate with LVM
IN hypertensive patients
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Schmieder et al. Circulation 1996;94:1304-1309



Role of nuclear unphosphorylated STAT3 in angiotensin Il
type 1 receptor-induced cardiac hypertrophy
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Left ventricular (LV) structure in normal, renovascular hypertension
(RVH)
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RAS inhibitors and LVM

LEFT VENTRICULAR MASS (INDEX)
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Fagard, Hypertension 2009
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Aldosterone and Heart

Aldosterone

( KIDNEY HEART VESSELS/BLOOD NERVOUS SYSTEM
T Na* and water retention T Hypertrophy/Fibrosis Vasoconstriction | Baroreceptor sensitivity
1 K* andMg?2* excretion Cardiac Remodeling Endothelial dysfunction T Sympathetic tone
T Microalbuminuria T Inflammation T Arterial stiffness L HR variability
1 Fibrosis Vascular damage 1T Vascular inflammation 1 Myocardial NE uptake
T Extracellular volume T Cardiac arrhythmias Cytokine activation | Sudden cardiac death
Edema T Ischemic events T PAI -1 .
ROS generation Thrombosis T Platelet activation
: i ‘ ROS generation ) ROS generation

Hypertension, heart failure, ischemic events, CKD, sudden cardiac death

Increased Mortality

Tamargo, Sem Nephrol 2014



Eplerenone enhances cardioprotective effects of
standard heart failure therapy through matricellular
proteins in hypertensive heart failure

{d) 25 -

1 Wistar M ST-SHHF &
B SHHF [ EpbesST-SHHF

Fibrosis cantant (%)

Age (months)

Munoz-Pacheco, J Hypertension 2013



SNC and LV

Hypertensive stimuli
(e.g.. High-fat
diet or chronic stress)
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de Kloet, Pharmacology & Therapeutics, 2013
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31-Adrenergic blockers exert antioxidant effects,
reduce matrix metalloproteinase activity, and LVH

Sham Sham+Meto Sham+Nebi

2K41C+Meto 2K1C+Nebi ——

Rizzi, Free Rad Biol Med, 2014



Hypertension is a major risk factor for LVH

Prevalence (%)

50 -
45
40
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<120 mmHg H120-129 mmHg

<110 mmHg H119-124 mmHg

130-139 mmHg N >146 mmHg 125-139 mmHg W >140 mmHg

Men

<40 40-49 50-59
Age (years)

Women

Prevalence (%)

<40 40-49 50-59 >60
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Levy et al. Ann Intern Med 1988;108:7-13



Prevalence of LVH

Prevalence of

LVH (%)

Author ECG LVH criteria ECHO LVH criteria ECG ECHO
Verdecchia [13] Wilson L\VMI =125 g/m? 0.6 27.2

LV strain LVMI =51 gm?*7 3.0 499

Romhilt-Estes 4.8

Gubner Ungerleider 7.1

Sokolow -Lyon 11.1

Cornell voltage 11.9

Perugia score 18.4
Salles [17] Sokolow -Lyon, or Cornell voltage LVM =294g (M); =198 g (F) 18.9 50.0
Verdecchia [18] Perugia score LVMI =49.2 gm? 7 (M); =46.7 gm*’ (F) 17.1 47.8
Martinez [19] Cornell voltage LVMI >134gm?® (M); >110gm? (F) 9.0 32.0
Schneider [21] Cornell voltage LVMI >134gm? (M); >110gm? (F) 5.0 37.0

Cornell voltage-duration product 9.5
Cuspidi [29] Sokolow-Lyon LVMI >125gm? (M); >110gm? (F) 10.4 365
Radulescu [32] Sokolow-Lyon or Cornell voltage-duration product LVMI =125 g/m? 40.0 414
Salles [38] Sokolow-Lyon LVMI >125gm?* (M) 20.5 757

Cornell voltage =110gm? i(F) 21.9

Cornell voltage-duration product 25.4

F, females; LVH, left ventricular hypertrophy; LVMI, left ventricular mass index; M, males.

EKG: 18 7% ECHO 32%

Cuspidi et al J of Hypertens ott 2012



Cox multivariable free-time events curves in relation to
target-organ damage (TOD) groups.
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Carpinella, Am J Hypertens 2014



Pts=5380
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De Simone, Hypertension 2010



Risk Reduction After Regression
of Echocardiographic Left Ventricular Hypertrophy

(3,149 patients) |
Total cardiovascular events

Study name Statistics for each study Hazard ratio and 95% Cl

Hazard  Lower  Upper
ratio limit imt  Zvalue  Pvalue

Verdecchia 1998 0180  0.049 0664 -2575  0.010 I( . l
Devereux 2004 0580 0386 0873 -2614  0.009
Muiesan 2007 0550 0322 0938 -219% 0028

Pierdomenico2008 0.360  0.190 0681 -3.141 0.002 I
Yasuno 2009 1210 0620 2361 0559 0.576 —_ -.— —
0542 0348 0844 -2.710 0.007
0.1 0.2 05 1 2 5 10
Favors LVH regression/persistent NLVM Favors LVH persistence/LVH development

Pierdomenico, Am J Hyperten 2010



Prevalence of LV hypertrophy, %

BP target and LVH

Without Established CV Disease Established CV Disease

Tightvs Standard BP control: OR = 0.60 (0.44-0.82); p=0.0014
With vs Without CV Disease atentry: OR = 1.03(0.75-1.41); p=0.86
P value for interaction=0.82
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@ TargetSystolic BP <140 mmHg % & Target Systolic BP <140 mmHg
0- o Target Systolic BP <130 mmHg & ol 1 Target Systolic BP <130 mmHg
Baseline 1 Year 2 Years Baseline 1 Year 2 Years
Follow-up Visit Follow-up Visit

Reboldi Hypertension 2014



Methods of assessing hypertensive cardiomiopathy

Sensitivity
Specificity
Cost
Availability
Complexity

Interpatient
reprod ucibility

ECG

Low
High
Low
High
Low

Moderate

M-mode 20 echocardiography
echocardiography

Moderate High

High High

Moderate Moderate

High High

Low Moderate

Moderate Moderate

3D echocardiography Cardiac MRI

High High
High High
Moderate High
Low Low
High Moderate
Low High

Ruilope Am J Hypert 2008



Search for asymptomatic organ damage,

cardiovascular disease

| Recommendations Class* | Level '[ Ret.=
|Hmm

I An ECG is recommended in all hypertensive patients to detect LVH, left airial dilatation, arrhythmias, 149, 150,
| or concomitant heart disease.

r

In all patients with a history or physical examination suggestive of major arrhythmias, long-term ECG
manitoring, and, in case of suspected exercise-induced arrhythmias, a stress ECG test should be considered.

An echocardiogram should be considered to refine CV risk, and confirm ECG diagnosis of LVH, left atrial
| dilatation or suspected concomitant heart disease, when these are suspected.

Whenever history suggests myocardial ischaemia, a stress ECG test is recommended, and, if positive or
ambiguous, an imaging stress test (stress echocardiography, stress cardiac magnetic resonance or nuclear
scintigraphy) is recommended.

Mancia et al.

151,154

156, 158,
160, 163,
164

ESH/ESC 2013




Cut-off values for parameters
of LV remodelling and diastolic function
INn hypertension

Parameter Abnormal if

LY mass index {g/m") =05 (women )
>115 (men)

Relative wall thickness (RWT) =042

Diastolic function:

Sepial &’ velocity {cmisec) <B

Lateral &' velocity (cmjsec) =10

LA volume index (mL/m?®) =34

LY Filling pressures
Efe’ [averaged) ratio 213

LA beft atrum; LY, left ventrcle: BT, redatse wiall thickness.

Mancia et al. ESH/ESC 2013



Markers of LVM regression

Marker of

Sensitivity

organ damage | for changes

LVH/ECG

Time to change

Prognostic value
of changes

LVH/echo

Moderate
(=6 months)

Moderate

LVH/cardiac
magnetic
resonance

Moderate
(=6 months)

Moderate

(>6 months) Mo data

ESH/ESC 2013 Guidelines



WORK-UP HYPERTENSIVE CARDIOPATHY

Abnormal L\ hypertrophy

|

> Echocardiogram -

Hypertension - Routine 12-lead ECG
Mo additicnal
CV disease | ;Iaanig
Marmal
Additional
C\V diszase

N

Marmal

. High additional

Abnormal CV risk

| |

¥

Refer to guidelines for phamacological treatment

Initiate or improve pharmacological treatment

SIIA,SIC,Ital Heart J . 2008



Staging Heart disease

At Risk for Heart Failure Heart Failure
STAGE A STAGE B STAGEC STAGED
At high risk for HF but Structural heart disease Structural heart disease Refractory HF
without structural heart but without signs or with prior or current
disease or symptoms of HF symptoms of HF symptoms of HF
e.g., Patients with:
» HTN
» Atherosclerotic disease ) .
. DM e.%r, P.atlenﬁlwnh. e.g., Patients with:
) « Previous e.g., Patients with:
Obesi o 0., atients With. ®Marked HF symptoms at
* ty Structural heart \| » LV remodeling including ~ DVvelopment of « Known structural heart disease and J symet
= Metabolic syndrome : symptoms of HF . at rest, despite rest
- disease LVH and low EF « HF signs and syrrp{ams GDMT R hospitaliza
: « Asymptomatic valvular © Rocurent hospitalizations
Patients ; despite GDMT
p A disease
» Using cardiotoxins
» With family history of
cardiomyopathy
{ } {} HFpEF | HFEF { }
THERAPY THERAPY THERAPY THERAPY THERAPY
Goals Goals Goals G%‘J : % o
» Heart healthy lifestyle * Prevent HF symptoms » Control symptoms " ponirl symploma : ln;f:w:;’;gg“cs
= Prevent vascular, * Prevent further cardiac » Improve HRQOL » Prevent hospitalization = Reduce hospital
coronary disease remodeling « Prevent hospitalization » Prevent mortality readmissions
» Prevent LV structural « Prevent mortality ) » Establish patient's end -
st Drugs Drugs for routine use ofife goals
« ACEl or ARB as Strateqi # Diuretics for fluid retention
ol e « ACEl or ARB Options
Drugs approprial « |dentification of « Beta blockers + Advanced care
« ACEl or ARB in * Beta blockers as comorbidities « Aldosterone antagonists measures
appropriate patients for appropriate « Heart transplant
i . Drugs for use in selected patients » Chronic inotropes
vast_:ular disease °_’ DM In selected patients T—reame',“ . = Hydralazine fisosorbide dinitrate * Temporary or permanent
o Stafins as appropriate e ICD « Diuresis to relieve ) » ACEl and ARB MCS
* Revascularization or symptoms of congestion » Digitalis « Experimental surgery or
valvular surgery as . Fol.lowlgmdelme driven ) drugs
appropriate indications for In selected patients » Palliative care and
comoarbidities, e.g., HTN, « CRT hospice
AF. CAD. DM » ICD * ICD deactivation
! ! » Revascularization or valvular
surgery as appropriate

Yancy Circulation 2013 HF Guidelines




Pathophysiologic schema of hypertension-induced HFpEF

Central aortic Time-varying Confocal microscopy Cardiac mechanics
waveform wall stress (T-tubule staining) (speckle-tracking echo)
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Oktay, Curr Cardiol Rep 2014



Hypertension treatment algorithm for patients with heart failure
and preserved ejection fraction (HFpEF)

smmmmmmmmmmmmmm—— o
+ 7]
I HFFEZ HTN | Regular monitoring of BF ]'l—
| BP > 140/90 mmHg? | == |
I YES
. | Age = 60 years? | |
l'l'EE
=S ] CKD or diabetes? |
lHIEI '
]
BF > 15000 MO :
mmHg &
+
Step 1: 4
Cantrol ""“i'h'-";“'a YES Consider enralliment
e with loop - in HFpEF climical
duratics and sodum . trial if available
ard TMukd reslricheemn i *
+ 1 YES .
Step 2 o Target BF -_._.i E
Mimimize hooge achiewed ¥ |
dauretic. acd L
chionhalicomnes™" Il e T
4 Chronotropic TES i
Stap 3- incompetanca™ |
Add spirconolasctone’ l;l'll:i
4‘ Sten Ga:  Step 6b: '
z Add carvadiled and Conskdar hydralacina’ :
Ackd AGE-IIARE and increase dose bo nitratas or mon- i
iNnCrease dose 1o achiowe largaet BP dihydropyridine CCB
acheawa tangat BF T and increase dose 1o
I ; achieve targel BP
i T
i

Oktay, Curr Cardiol Rep 2014



Mechanism of action of ARNI

Angiotensin Receptor

NEP activit
& i Neprilysin Inhihibitor (ARNi)

J RAS activation

\ 4 \ 4

MVasodilatation
M Natriuresis
I Diuresis

J,Vasoconstriction
' J,Sodium retention
J Fluid retention

J/Blood Pressure
Target organ protection

Judge P et al. Nephrol. Dial. Transplant. 2014



Angiotensinogen

Renin Anglobensin {Tiver secrepion) Waoconsnction
System Anglatensin | Elevated bood pressure
Increased syrmpathetic tonea
Angiatensin i AT, racaptor  Aldosterona alevation
Increased fibrasis
Wentriculas Frypertroghny
Valsartan x
Heart LCZ696
Failure
Sacubitril (AHU3TT)
LBOGST g'_g;_n
* Vasodilation
ANP BNP CHP Lower blood pressune
Matriuretic Peptide Adrenamedulib Mepalysin Reduced syrmpathetic tone
System fro-BNP “ﬁ‘r':'dt:':: \ Reduced aldosterone levels
AnginlEnsinm Natriures s/ Diuness
Cnhers e Insctve
/ 7 7 fragmanis
NT-pra BNP [not a substrate for neprilysing

Vardeny, JACC, 2014



Difference in mean sitting SBP and DBP at week 8 (mmHg)

Systolic BP Diastolic BP
= o0 Val320mg LCZ 400 mg Val320mg LCZ 400 mg
t n= 163 163
E
ey —

o
2
P S—
-]
g2 -4.15
E el
c
% 6.44
E e -6.85
£ _8
V]
.E
7]
b p=0.0055
8 -10
£
o
—
[+)]
@ —12
@
S
c -12.50
v -14
2
p<0.0001

Judge P et al. Nephrol. Dial. Transplant. 2014



TABLE 1 Clinical Trials of LCZ636

Sample Size and
First Author (Study) (Ret. )  Fatlent Population Study Medications Study Design Main Findings

Ruilope et al. (19 n=1328with  LCZ696 100, 200, and Randomized controlled dose-ranging  Significant reductions in systolic and diastalic BPs
hypartensian 400 mq vs. valsartan 80, study; primary end paint was with LCZ636 200 mg vs. valsartan 160 mq
160, and 320 mg vs. reduction i BP between qroups ~ and with LCZ696 400 mq vs. valsartan

AHLZTT 200 mg at 8 wesks 320 mg; sigificant reduction in ambulatory
BP with LCZ vs. valsartan
Kario et al. (20 n = 309 Asians with LCZ696 100, 200, and Randomized controlled dose-ranging  Significant reductions in systolic and diastalic BPs,
hypartension 400 mq vs. placebo shudy pulse pressure, and ambulatory pressure with
LCZ6%6
Soloman et al n = 300 with HFpEF LCZ696 200mgbidvs.  Randomized controlled trial; primary  Significant reduction in NT-proBNP at 12 wh with
(PARAMOUNT) (22) valsartan 160 mq bid end paint was reduction in LCZ606, 25 well 2 left atrial volume at 36 wk;
NT-proBMP at 12 weeks improvement in NYHA class in pabents
receiving LCZ606 vs. placebo
Mchurray et al. n=84dwith  LCZEO6200mgbdvs.  Randomized controlled trial; primary  Significant reductions in the primary outcome
(PARADIGM-HF} (26 HFrEF enalapril 10 mq bid putcome was cardiovascular (20%), cardiovascular death (20%), and
death or HF hospitalzation all-cause maortality (16%) with LCZ696 vs.
enalapri

Vardeny, JACC, 2014



Ecocardiographic abnormalities
& Hypertension

100% -
90% - -
80% 1 -
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----- - W+LAe
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Milan, J Human Hypert 2010



LAV index = 12.4+ 0.23*LVMi?7

] [ Ca) L oy =
h o h o h
1 1 1 1 1

LAV index (cc/m2)
o

R20.19; p<0.0001
+*

2ID 3;3 4;3 EID EID T;:I B;:l Q;ZI 16D1'il:l
LVM index (height 2.7)

Left atrium

394 pazienti

p <0.001 for trend
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I | I I
NORMAL CR EH CH

¥ p<0.0001 vs. CH and EH

#p 0.0004 vs CH and p=0.01vs. EH
T p<0.0001 vs Normal and p=0.01vs. CR
§ p<0.0001 vs Normal and p=0.0004 vs. CR

Milan, Journal of Human Hypertension 2009



Sensitivity

Does Information on Systolic and Diastolic Function
Improve Prediction of a Cardiovascular Event by Left
Ventricular Hypertrophy in Arterial Hypertension?

Giovanni de Simone, Raffaele Izzo, Marcello Chinali, Marina De Marco, Giuseppina Casalnuovo,
Francesco Rozza, Daniela Girfoglio, Gianni Luigi Iovino, Bruno Trimarco, Nicola De Luca

1.0 j
'l
0.81
0.61
0.41
Hazard Functions
—— Model with LV mass index
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De Simone Hypertension 2010
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Echocardiographic aortic root dilatation in
hypertensive patients: a systematic review and
meta-analysis

a

Michele Covella®*, Alberto Milan®*, Silvia Totaro?, Cesare Cuspidi®, Annalisa Re®, Franco Rabbia?,
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Aortic root
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Figure 20 95% confidence intervals for aortic root diameter at the sinuses of Valsalva based on body surface area in:
children and adolescents (A), adults aged 20—-39 years (B), and adults aged 40 years or more {C].112

Roman et al Am H J 1989

pBSA= 2.423+Age*0.009+BSA*0.461-0.267*Gender+0.261*1.96

Devereux et al. Am J of Cardiol 2012



Increasing by age
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Risk of complications

A Regression Analysis for the Ascending Aorta

Regression Analysis for the Descending Aorta
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Average Yearly Rate
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Prognosis of LVH and ARD

Aortic root diameter and risk of cardiovascular events
in a general population: data from the PAMELA

study
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Drugs to be preferred in specific conditions

Condition

Drug

Asymptomatic organ damage

LVH

ACE inhibitor, calcium antagonist, ARB

Asymptomatic atherosclerosis

Calcium antagonist, ACE inhibitor

Microalbuminuria

ACE inhibitor, ARB

Renal dysfunction

ACE inhibitor, ARB

Clinical CV event

Previous stroke

Any agent effectively lowering BP

Previous myocardial infarction

BB, ACE inhibitor, ARB

Angina pectoris

BB, calcium antagonist

Heart failure

Diuretic, BB, ACE inhibitor, ARB, mineralocorticoid receptor antagonists

Aortic aneurysm

BB

Atrial fibrillation, prevention

Consider ARB, ACE inhibitor, BB or mineralocorticoid receptor antagonist

Atrial fibrillation, ventricular rate control

BB, non-dihydropyridine calcium antagonist

ESRD/proteinuria

ACE inhibitor, ARB

Peripheral artery disease

ACE inhibitor, calcium antagonist

2013 ESH/ESC Hypertension Guidelines




Farmaci per ipertensione e scompenso, andamento
temporale del consumo (2005-2013)

Tabella 7.2.5b. Farmaci per l'ipertensione e lo scompenso, andamento regionale delle
DDOD/ 1000 abitanti die pesate: confronto 2005-2013

2005 2006 2007 2008 2009 2010 2011* 2012 2013 o
13-12
Fiemonte 2750 295,1 308,2 3239 3338 3430 3536 354,1 156,6 0,7
Walle d Aocsta 295,11 3104 3229 333,1 340,6 343.2 3529 3390 337.2 -0,5
Liguria 2968 3114 3240 3350 3403 3468 3497 3392 337 E -0.4
200 i
150 /
g L :
250
&
L
Ak
5 H¥
& 158
=]
1060
S0
]
2004 20005 PO0E AR HI el 2010 il b Foiile Al

- == =~ | lsanUEsC SErie siorica — ssaraio Trani
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Farmaci per
ipertensione e lo

Spesa Totale % suspesa  DDD totali
sLompenso {in milioni) 55N {milioni)

Angiotensina |l antagonisti e diuretici 503,50 b E76,5
Angiotensina |l antagonisti 434,00 21 12271
Calcio antaﬁnnisti IdlidrnEiridiniciI 288 10 15 1.200,0
ACE inibitari 274,40 14 19885
Beta boccanti 265,590 14 9068
ACE inibitari & diuretici 212,30 11 Ged,0
Alfa bloccanti periferici 76,00 04 170,9
Diuretici ad azione maggiore da soli oin

associazione a diuretinEEisp. di K+ W % .
ACE inibitari e calcio antaEnnisti 55,80 03 1084
Calcio antagonisti (nan didropiridinici 35,30 02 849
Beta boccanti e diuretici 33,00 02 126,2
Diuretici risp. di K+ 29,00 01 88,6
Tiazidici e simili [incluse associazioni) 18,20 01 1255
Altre sostanze ad azione sul sistema 1140 01 125

[ening - angl ptensina

OsMED-AIFA,2014



Experimental and Clinical Evidence-Based Effects
of Antihypertensive Agents in HHD

Pharmacological Class

Decrease of Blood Pressure

Regression of LVH Repair of Remodeling

Divretics

j3-Blockers

ce-Blockers

Calcium antagonisis

ACE inhibifors

Angiotensin recepior blockers
Aldosterone antaponists
Direct renin inhibitors

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Mild effect Prowven for torsemide
Mild-moderate efiect Apparently not
Mild effect Untesied
Marked efiect Apparently not
Marked efiect Yes
Marked efiect Yes
Mild-moderate effect Apparently yes
Marked efiect Untesied

Diez, Hypertension 2010
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