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The natural history of hypertension
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Diabetes 7"~
/ dysfunction
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Vasan RS, Levy D. Arch Intern Med. 1996;56:1789-1796.



The «overload cascade»

Systemic Arterial Hypertension

Concentric Concentric Eccentric
Remodeling  Hypertrophy  Hypertrophy

I
Impaired LV relaxation

I\ HFPEF
(HFREF)

Left atrial enlargement

1

Right sided heart enlargement/dysfunction
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European Society of Cardiology (ESC) and the European Society of
Hypertension (ESH)

Table 4 Factors influencing cardiovascular risk in patients with hypertension

Demographic characteristics and laboratory parameters

Sex* (men >women)

a

Age

Smoking (current or past history)*

Total cholesterol* and HDL-C

Uric acid

Asymptomatic HMOD

Arterial stiffening:
Pulse pressure (in older people) =60 mmHg
Carotid—femoral PWY =10 m/s

Diabetes™

Overweight or obesity

Family history of premature CVD (men aged <55 years and women aged <

Family or parental history of early-onset hypertension

ECG LVH (Sokolow—Lyon index =35 mm, or Rin a¥L =11 mm; Comell voltage duration product >2440 mm.ms, or Comell voltage =28 mm in
men or =20 mm in women)

Echocardiographic LVH [LV mass indes men >50 g/m™’; women >47 g/m™ (height in m™”); indexation for BSA may be used in normalweight
patients; LV mase/BSA g/m® >115 (men) and >95 (women)]

Microalbuminuria (30-300 mg24 h), or elevated albumin-creatinine ratio (30300 mg/g: 3.4-34 mg/mmol) (preferentially on moming spot urine)®

Early-onset menopause

Moderate CKD with eGFR >30-59 mLimin/1.73 m? (B5A) or severe CKD ¢GFR <30 mUmin/1.73 m? =

Sedentary lifestyle

Psychosocial and socioeconomic factors

Heart rate (resting values >80 beats/min)

Ankle-brachialindex <09

Advanced retinopathy: haemorrhages or exudates, papiloedema

Established CV or renal disease

Cerebrovascular disease: ischaemic stroke, cerebral haesmorrhage, TIA

CAD: myocardial infarction, angina, myocardial revascularization

Presence of atheromatous plague on imaging

Heart failure, including HFpEF

Peripheral artery disease

Atrial fibrillation

BESC/ESH 208




@ESC European Heart Journal (2018) 39, 3021 3104 ESC/ESH GUIDELINES

European Society doi:10.1093/eurheartj/ehy339
of Cardiology

2018 ESC/ESH Guidelines for the management
of arterial hypertension

Table 5 Ten year cardiovascular risk categories (Systematic COronary Risk Evaluation system)

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
[ |

Echocardiography:

e |s recommended in hypertensive patients when there are ECG abnormalities or signs or symptoms of LV
dysfunction,*-13*

® May be considered when the detection of LVH m.y influence treatment decisions.**"**

I rlfoderate CKD eGFR 30-5% mL/imin/1.73 m1]

The ECG is not a particularly — } Too late!
sensitive method of detecting LVH 1<«
and its sensitivity varies according i co s cacegor
to body weight

Should we initiate treatment
when BP is high-normal (130-
<1% 139/85-89 mmHg)?
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Table |17 Echocardiographic definitions of left ventric-
ular hypertrophy, concentric geometry, left ventricular
chamber size, and left atrial dilatation

Parameter Abnormality
threshold

LV masstheight>” (g/m>’) Diastolic dysfunction can be
further evaluated by a
combination of transmitral

=47 (women)

LV mass/BSA {:g.fm'l_j >115 (men)

_ flow and tissue Doppler

studies.
LY concentric

geometry

LV chamber size | LV end-diastolic =34 (men

- ':I
diameter/height (cm/m) >33 )
= women)
nen)

Left atrial size Left atrial volu rnv.':_."l"n.':igl"l‘c'l =185 (n

(elliptical) (mLf rnl_',l -
. | >16.5 (women)

@®ESC/ESH 2018



Relative Wall Thickness

Concentric Concentric
Remodeling Hypertrophy

Eccentric
Geometry i Hypertrophy

<95(9) >95(9)
<115(d) > 115 (d)
Left Ventricular Mass Index (gm/m?2)

Concentric
hypertrophy

Eccentric
hypertrophy




Echocardiographic Determination
of Left Ventricular Mass in Man

Anatomic Validation of the Method

CIRCULATION
VoL 55, No 4, ApriL 1977

RicHARD B. DevEREUX, M.D., AND NATHANIEL REICHEK, M.D.

With the technical assiztance of Patricia J. Klunder

TaBLE 1. Comparison of Echocardiographic Estimates of Left Ventricular Mass with Actual Postmortem
Ventricular Weight

Convention Geometry MMT Regression equation 8D

Cube (PWT + IVST)/2 LVM, = 07 LVMg 4+ 24g  422¢g

Standard Cube PWT LVM, = 0.67 LVMg + 22.0g  54.8g
R (PWT + IVST)/2 LVM, = 068 LVMg + 31.8g  43.7¢

R PWT LVMa = 0.65 LVMg + 49.4g  55.1¢g

Cube (PWT + IVST)/2 LVM, = 0.95LVMg — 136 ¢ 29.1 ¢

Cube PWT LVM, = 0.95LVMg — 0.7g  37.8¢g

(PWT + IVST)/2 LVM4 = 091 LVMg + 193g  3l5¢g

R PWT LVM, = 091 LVMg + 30.0g  39.7¢g

T

Anatomic LVM = 1.04 ([LVID, + PWT, + IVST,} —
[LVID,J) — 136 g.

¢1rc'

v/
Geomatry: Cube
Measurement: Penn
MMT = (PWT ¢+ IVST)/ 2
Lvl.l‘a 095 LVME- 13.69
r= 096
s.d= 29I1¢g

200 300 400 500




GUIDELINES AND STANDARDS

Recommendations for Cardiac Chamber
Quantification by Echocardiography in Adults:
An Update from the American Society
of Echocardiography and the European Association

Of CardlovaSCL”ar I maglng Journal of the American Society of Echocardiography
January 2015

LV Mass and LV Mass Index

Calculate

Height i [{IVS

V5d
¥

Weight

/ _ M —LVID? | + 0.6
Gender LVEDD

i Table 6 Normal ranges for LV mass indices
Result }\
EG

LV Mass e Women
LV Mass Index T

Linear method

T e LV mass (g) 67-162 88-224
Reoaklis o LV mass/BSA (g/n7’) 43-95 49-115
V i\J Relative wall thickness (cm) 0.22-0.42 0.24-0.42
-. Septal thickness (cm) 0.6-0.9 0.6-1.0
o SN s Posterior wall thickness (cm) 0.6-0.9 0.6-1.0
eometry pertrophy |

Female Male <095(9) >95(%9) 2D method

=Ns5Eh >1N56)

Left Ventricular Mass Index (gm/mi) LV mass {g) 66_1 50 96_200
LV mass/BSA (g/m?) 44-88 50-102

»0.42

LCANTCE]|

Reference Ranges & Partition Values for LV Mass Indexed To BSA
(g/m?)

=042

Relative Wall Thickness

Reference Range 43-95 48-115

Mildly Abnormal 96-108 116-131

Moderately Abnermal 108-121 132-148 I

Severely Abnormal =122 =149

LV Mass and LV Mass Index

Left veniricular mass and left ventricular mass indexed to body surface area estimated
by LV cavity dimension and wall thickness at end-diastole.

Relafive wall thickness (RWT) allows further classification of LV mass increase as either
conceniric hypertrophy (RWT =0.42) or eccentric hypertrophy (RWT =0.42).

LV Mass (g) = 0.8{1.04[{[LVEDD + IVSd <PWd]® - LVEDD?J} + 0.6

2*PWd

brs LVEDD




Limits of LV mass assessment by echo

LVM + 0.8 x [1.05(IVST+LVID + PWT)E - (u.fu:r)3 |+08g

N A TN . s - '._‘ s
S R AT -y .
- ?:_-’,: v ' 5 ~
_ — > : N
< <

Intraclass Correlation Coefficient (ICC): LVDD 0.87 —0.97
IVST 0.50 — 0.85
PWT 0.65-0.83

i



Are increased LV mass and LV
hypertrophy interchangeable concepts?

Man, age 65 yrs -‘ _
Weight 70 Kg - Height 160 cm e
BSA 1.73 m2

EDD 40 mm - IVS 14 mm — PW 13 mm
LV mass 197 g

L
R Concentric remodeling

LVMi 55 g/m?2
Concentric hyperthrophy

Woman, age 70 yrs
Weight 80 Kg - Height 155 cm
BSA 1.79 m2

EDD 49 mm - 1IVS 10 mm — PW 10 mm

LV mass 175 g

LV
RW Eccentric hypertrophy
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Intraclass Correlation Coeffiment (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?

Magnetic resonance imaging compared to
echocardiography to assess left ventricular mass in

the hypertensive patient
Peter B. Bottini, Albert A. Carr 24, L. Michael Prisant, Fred W. Flickinger, Jerry D. Allison,
John S. Gottdiener

American Journal of Hypertension, Volume 8, Issue 3, 1 March 1995, Pages 221-228,
https://doi.org/10.1016/0895-7061(94)00178-E
Published: 01 March 1995  Article history ~

MRI LVM estimates were within 17.5 g (95% CI) of the true LVM. The linear
agreement between MRI and ECHO estimates of LVM could be described by the
equation MRI = 0.61 x ECHO + 49.57 (r = 0.63, P < .01). The precision of LVM by
MRI (11 g) was over twice that observed with ECHO (26 g). The reliability of MRI
LVM estimates was more consistent (+8 g) than that for ECHO (+49 g).

MRI appears to be a more precise and reliable method for measuring LVM, and
would be more suitable than ECHO for the clinical evaluation of the individual
patient.




Why do we still use Echo to assess LV mass?

Table 18 Sensitivity to detect treatment-induced changes, reproducibility and operator independence, time to
changes, and prognostic value of changes provided by markers of hypertension-mediated organ damage

Reproducibility and Prognostic value of the
operator independence change

. Moderate

LVH by Moderate
echocardiogram Moderate Moderate (=6 months) Yes

Marker of HMOD Sensitivity to changes Time to changes

Moderate
LVH by CMR High High (>6 months) No data

. Very slow
eGFR Moderate High Yes

Urinary protein Fast
excretion High Moderate (weeks to months) Moderate

PWV High Low (weeks t 0 rn onths) Limited data

Ankle-brachial Slow

BESC/ESH 2018




New classification based on LLV volumes!

Left Ventricular Mass/BSA (g/m?)
<116 >116

& Concentric  Concentric
= Non-dilated Dilated
£ LVH LVH

20

=

S

=

L8]

b= Eccentric Eccentric
3 Non-dilated  Dilated

LVH LVH

<76 276
LV EDV/BSA (ml/m?2)

-
=
L]
]
o

=
@
>

et
o
S
E
S
o

Results: Independent of confounders, eccentric dilated
LVH, concentric nondilated LVH and concentric dilated LVH
were associated with higher cardiovascular risk (hazard
ratios between 2 and 9, all P 0.01), mostly depending on

the magnitude of LVM index. A volume load was present
especially in dilated forms of LVH, the extent of which was
important in the determination of harmful types of left
ventricular geometry.

60 80 120
Time of follow-up (months)

De Simone G, ] Hypertension 2015



Sex-related differences in hypertensive

organ damage

TOD Women

Cardiac
LV hypertrophy —
Regression more difficult
Concentric geometry ++
Ejection fraction higher values
Diastolic dysfunction +
Left atrial enlargment +

Renal

Glomerular filtration rate Slower decrease with aging Higher prevalence of reduced eGFR
in postmenopausal women

Albuminuria prevalence Higher Lower

Vascular
Carotid plaques Increased prevalence — (more positive remodeling?)
Carotid distensibility Reduced Reduced in postmenopausal women
Aortic stiffness PWV Increased Lower values in women
Augmentation index Increased Higher increase

Small arteries (subcutaneous tis-  ++ +++, after adjusting for confounders
sue) media to lumen (M/L) ratio

Retinal vessels + 1+
Increased W/L ratio

Muiesan ML, High Blood Pressure & Cardiovascular Prevention 2018



scular Imaging (2017) 18, 945-960 EACVI/ESH
CONSENSUS PAPER

Non-invasive cardiovascular imaging for
evaluating subclinical target organ damage
in hypertensive patients

A consensus paper from the European Association of Cardiovascular
Imaging (EACVI), the European Society of Cardiology Council on
Hypertension, and the European Society of Hypertension (ESH)

Pasquale Perrone-Filardi‘*, Antonio Cocaz, Maurizio Galder’isi‘, Stefania Paolill03,
Francisco Alpendurada’, Giovanni de Simone®, Erwan Donal®, Thomas Kahan’,
Giuseppe Mancia®, Josep Redon’, Roland Schmieder'®, Bryan Williams'', and
Enrico Agabiti-Rosei?

Table 2 Echocardiographic parameters (and their
cut-off values of abnormalcy) of cardiac damage in
arterial hypertension

Peak Systolic Strain
Echo parameter Type of cardiac damage Abnormal if
LVM/height ) LVH > 47 - N
LVM/BSA (g/m") LVH '

RwWTd LV concentric geometry

Pulsed Tissue Doppler of septal mitral annulus

Septal annular e’ VDD <7 NN ‘ /
velocity (cm/s)

Lateral annular & LvDD

velocity (cm/s)

\ E/e’ average ratio Elevated LVFP

"
\. - ' ) ‘* '/ \" . X
‘\.' '\‘ ' ) “"“ / ' W LAV (mL/m”) Elevated LVFP
T GLS LY systolic dysfunction

Pulsed Tissue Doppler of lateral mitral annulus



Impaired Relaxation Pseudonormal Restrictive
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Recommendations for the Evaluation of LV
Diastolic Function by Echo (ASE 2009)

Septal e’
Lateral e’
/ LA volume
V. '

Septale’ =8 Septale’ =8 Septale’ <8

Lateral e’ =10 Laterale’ =10 Lateral e’ < 10

LA <34 mli/m2 LA = 34 ml/m2 LA = 34 ml/m2

|

E/A < 0.8 E/A 0.8-1.5 E/A =2
DT > 200 ms DT 160-200 ms | DT < 160 ms
Av.E/le’' <8 Av. E/e’ 9-12 Av. Ele’ = 13
Ar-A <0 ms Ar-A =30 ms Ar-A =30 ms

Val AE/A <05 ValAE/A =05 | ValAE/A=0.5

Normal. Normal function,
function Athlete’s heart, or Grade | Grade |l Grade I
constriction

Nagueh SE, JASE 2009



Recommendations for the Evaluation of LV
Diastolic Function by Echo (ASE/EACVI 2016)

Diagnosis of Diastolic Dysfunction in Patients with Normal LV EF
I"p"_
Average Efe’ > 14 h

Septal e’ velocity < 7 cm/s or
Lateral e’ velocity = 10 cm/s

TR velocity = 2.8 m/s
LA volume index = 34ml/m?
o 4( _/
0 or 1 positive 2 positive

MNormal Diastolic Function Indeterminate Diastolic Dysfunction

Nagueh SE, JASE 2016



Reference ranges for normal cardiac Doppler
data: results from the NORRE Study

Table 3 Left ventricular diastolic parameters according to age and gender

Parameters 20-40 years 40-60 years =60 years
Toul ........ Toul ShE R s M al ..3 ......... Fem al.e ...... Toul ........ Toul ........ M .a [ ..‘_ ......... Fe .r.n.a.l; ...... Tou[ ........ Tom[ ........ M .a l,e ......... Fema[e ......
Mean+ SD 95% Cl Mean + SD Mean + SD Mean + SD 95% CI Mean+ 5D Mean+ SD Meant+SD 95%ClI Mean + SD Mean + SD

Pulse Doppler at the mitral valve
Ewavevelocity 082+ 016  053-122 079 + 014 084 + 017 075 + 017 0.46-1.13 072+ 016 077 £ 017 070 + 016  0.39-103 0.67 +015 072+ 017

(cm/s)

A wave velocity 050+ 0.13 030-087 050 + 013 051 + 012 062 + 0415 0.37-097 061 +0.15 0.63 +0.14 074 + 016 0.40-104 073+016 076 +016
(cmis)

E wave 1782 + 431 1052-2690 179.8 + 464 1767 + 401 187.6 +455 1146-2881 1866+ 528 1882 +398 2089 +627 1140-3859 2175 +697 2015+ 557
deceleration
time (ms)

E/A ratio 171+ 0.52 089-318 169 + 052 172+ 052 124 + 039 071-227 122 + 0.31 1.26 +0.43 098 +0.29 053-1.80 0.96 +0.27 099 + 031

E/Ea ratic

Septal Efe’ 69 + 16 44-106 69+ 17 69 +16 81+23 43-132 78+124 82+22 97+ 28 50-169 98+30 97+ 26
Lateral Efe’ 51 +13 sk 50+13 52+13 6.3+ 22 R 61+ 2.2 65+23 7a+22 Sl 76 +21 79+22

Awverage septal 58+13 36-91 58+ 14 59 +13 7.0+ 21 42-11.5 67 + 21 72420 85+22 46-135 844+22 B&6+22
and lateral Efe’

Awverage £/’ 56 +11 37-79 56+12 55+1.0 68+ 18 40-116 67+ 18 69 +19 83+ 22 44-148 81+23 B6&+122

Caballero L, EH] — Cardiovasc Im 2015



@ E s C _ European Heart Journal - Cardiovascular Imaging (2017) 18, 945960 EACVI/ESH
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Non-invasive cardiovascular imaging for

evaluating subclinical target organ damage
in hypertensive patients

STEP 2

Mitral inflow assessment
Grading of LV diastolic dysfunction

/ E/A 0.8 and E >S50 cm/sec or \

E/A>0.8- <2

|

Measure:
/e’ >14*
LAVI >34 mi/m’
Peak Tr velocity > 2.8 m/sec

~ |

E/A 0.8 and
E s 50 cm/sec

Only 1 or none positive

v / 2/3 or 3 positive

Grade | Grade Il
diastolic dysfunction diastolic dysfunction
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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
I relaxation in hypertension: the HyperGEN study

Concentric
LVH

Early (E) and late (A) transmitral peak velocities Eccentric
LvH

Concentric

remodeling

Maormal
geometry

Concentric

E/A ratio 0.99+0.25 0.92+0.17 0.99+0.25 0.90+0.20 LVH

Normal Concentric Eccentric Concentric .
(NG) (CR) (eLVH) (cLVH) Eccentric g
LVH

No LVH LVH

Concentric
remodeling

Mormal
geometry |

40

&0
mL/beat

De Simone G, EHJ 2005



Myocatrdial fibrosis and diastolic dysfunction in
hypertension: results from the Swedish Itbesartan LV
Hypertrophy Investigation versus Atenolol (SILVHIA)

] In a multivariate
v model, these results
for PICP levels were
confirmed for SBP
and DBP. The
relationship with
80 120 160 LVM index was
PICP () attenuated.

LVM index (g/m?)

No relationship
between PICP levels
and LV geometry

100 . No relationship

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

Circ 2012

Gadolinium
Contrast
Administered

(Green borders denote
regions of interest)

A

Radiology. 2012;265:724-732



Increased Extracellular Volume and Altered Mechanics Are
Associated With LVH in Hypertensive Heart Disease,
Not Hzpertension Alone

a0 120
LVMI (g/m?)

4+ HTN LVH @O Controls A HTHN Mon-LVH

Certain HTIN LVH subjects with relatively lower LVMI had significantly higher levels of
ECV (>0.30)

Kuruvilla S, JACC Cardiovasc Im 2015



Myocardial interstitial fibrosis varies across
hypertensive LV phenotypes with functional

consequences.

Table 4 T1-mapping, myocardial strain and aortic function data corrected for covariates® for hypertensive subjects

Hypertensive subjects (n=88)
Normal indexed LVM (n=56) Elevated indexed LVM (n=32)

Normal LV (n=41) Concentric remodelling (n=15) Concentric LVH (n=24) Eccentric LVH (n=8)

T1-mapping
Native T1 (ms) 10316 1025+10 10548 106741577
Extracellular volume fraction (9G) 27+1 261 29+1%3 30+1%4
Circumferential myocardial function
Peak strain (%) ~16.9+0.5 ~174+0.8 ~16.1+0.6 —142+1.1*5
Peak systolic strain rate (%/s) ~104+4 12047 —G94 5% ~76+10%"
Peak diastolic strain rate (%/s) 95+4 9746 8545 808
Aortic fundion
Compliance (mm/mm Hg) 1.61+0.19 093+0.28** 1.73+0.23 1.47+0.40
Distersibility (mm?*mm Hg =107 2.2740.26 1.05+0.39"° 2.04:+0.30 157+0.55

“Multiple linear regression accounting for the covariates of age, gender, body mass index, diabetes, office systolic blood pressure and diastolic blood pressure and number of
antihypertensive medications. Data are presented as mean+SE.
w [ v v

Normotensive controls ' Normal LV LV remodelling [ Concentric LVH 7
{47%, n = 41) _ (M%n=15) | | (27%,n=24)

Rodrigues JCL, et al. Heart 2016



Myocardial extracellular volume fraction quantified

by CMR is increased in hypertension and associated with
left ventricular remodeling

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

Clinical Control (n=97) Total (n=134) vZ LGE- in=94) LGE+(n=40) t P

Age (v) 50.1+163 53.5+13.8 -1.717 51.6+14.2 581118 —-2550 0.012
Sex, M (%) 69 (71.1) 124 (92.5) 18.755 87 (92.6) 37(92.5) 0.011 0.992
BMI 23.43+3.7 2646+4.28 —5614 26.41+4.11 26.60+4.68 —0241 0810
Body area (m”) 1.73+0.17 1.92+0.18 —8460 1.93+0.17 1.90+0.19 1.172 0.243
Max SBP (mmHg) 114+12 167+13 —30.593 159+9 183 +5 —19.875 <0.001
Max DBP (mmHg) T6+9 102+7 —24.740 99+ 4 110+3 —17.228 <0.001
SImoKer, n (%) 1IiLLa) ELEPECR Y] —3.ULI0 29 (304) L0 I50) —oal a4y
Diabetes, n (%) 16(16.5) 39(29.1) -2216 28 (29.8) 11 (27.5) 0266 0.79
Dyslipidaemia, n (%) 24 (24.7) 49 (36.6) —1.904 i9(41.5) 11 (27.5) —-1.807 0.071
Current medication
Mo cardiovascular medication, n (%) a7 5(3.7) 4(4.3) 1(2.5)
Beta-blocker, n (%) 122 (91.0) 85(90.4) 37(92.5)
Calcium channel blocker, n (%) 21 (15.7) 15 (16.0) 6i15.0)
44 (32.8) 31(33.0) 11 (27.5)
ACE inhibitor, n (%) 69 (51.5) 48 (51.1) 21(52.5)
49 (
13 (

Angiotensin II receptor blocker, n (%)

Diuretic, n (%)
Other, n (%)

36.6) 14(14.9) 35(87.5)
9.7) 5(5.3) 8(20.0)

Wang S, Eur Rad 2017
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EDITORIAL COMMENT

Beyond Ejection Fraction

Adding Strain to the Armamentarium*

Theodore J. Kolias, MD,* Thor Edvardsen, MD, PuD"

LV volume
Myocardial mass

o
; §
E

Progressing LV
dysfunction

Lower
magnitude

Concentric hyperthrophy Eccentric hyperthrophy




Novel echocardiographic indexes to early
diagnose evolution towards HF

-
al
-
e
o

Progressing LV
dysfunction

Longitudinal performance:
StrainJ.




Speckle Tracking Echo in hypertensive
cardiomyopathy

Controls
(n =50)

B | ongitudinal

B Circumferential

Smiseth OA, Eur Heart ] 2016



Increased Extracellular Volume and Altered Mechanics Are
Associated With LVH in Hypertensive Heart Disease,
Not Hypertension Alone

>

ECV
0.25 0.30 0.35

Peak Circumferential Strain

Ece (Unitless)

0 10 20 30 40 &0 60 7O 80 90 100
% of Cardiac Cycle

— Control HTM LVH

Ave e’SR

Kuruvilla S, JACC Cardiovasc Im 2015



Prognostic Implications of LV Strain Risk Score in
Asymptomatic Patients With Hypertensive Heart Disease

TABLE 3 Characteristics Independently Associated With MACE

(Multivariable Cox Regression)

Clinical Model Echo Model

(Model Chi-5quare, 45.1; (Model Chi-5quare, 31.9;
C Statistic, 0.68) C Statistic, 0.64)
HR (95% Cl1), p Value HR (95% CI), p Value

Age, yrs 1.03 (1.01-1.05), p < 0.0 1.04 (1.01-1.06), p < 0.01
Male 1.01(0.62-1.64),p= 096  1.05 (0.64-1.73), p = 0.83
Heart rate, beats/min 1.00 (0.99-1.01),p= 050 1.01(1.00-1.02), p=0.2
Systolic blood pressure, mm Hg  0.99 (0.97-1.00), p = 0.02

Atrial fibrillation 1.82 (1.05-3.15), p = 0.03

fi-blockers 158 (0.93-2.70), p = 0.09

Concentric hypertrophy 1.75(1.08-2.84), p = 0.02
LA volume index, ml/m? 1.00 (0.99-1.02), p = 0.79
Efe 1.03 (0.98-1.08), p = 0.20
LV global longitudinal strain, % 1.08 (1.00-1.16), p = 0.045 1.08 (1.01-1.17), p = 0.04

Saito M, JACC Cardiovasc Imag 2016



Prognostic Implications of LV Strain Risk Score in
Asymptomatic Patients With Hypertensive Heart Disease

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.

Clinical
+ CH
+ GLS

Clinical
+ CH

()
L=
]
=]
=3
7]

L

=

o

C-statistics

Saito M, JACC Cardiovasc Imag 2016



@ Europsan Heart Journal (2016) 37, 21292200 ESC GUIDELINES

doi:10.1093/eurheartj/ehw128

2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

The Task Force for the diagnosis and treatment of acute and chronic
heart failure of the European Society of Cardiology (ESC)

TYPeofHF  |WFEF  |WPmEF  |Weef
n Symptoms % Signs* Symptoms * Signs* Symptoms % Signs®

ﬂ LVEF <40% LVEF 40-49% LVEF 250%

|. Elevated levels of natriuretic peptides®; |. Elevated levels of natriuretic peptides®;

2. At least one additional criterion: 2. At least one additional criterion:
a. relevant structural heart disease (LVH and/or LAE), a. relevant structural heart disease (LYH and/or LAE),
b. diastolic dysfunction (for details see Section 4.3.2). b. diastolic dysfunction (for details see Section 4.3.2).

CRITERIA

Not

- : LA diameter!
cause for the clinical presentation. Key structuralakterations are a

left atrial volume index {LAVI] >34 mUmf or a left ventricular
mass mdex [LV ) > :

€172 ey functional alterations arg an Ele’ >13 andfa
I, 567T0TIETB

males.”

mean e’ septal and lateral wall <9 cmls

Not
E/A ratio!



Impact of the 2016 ASE /EACVI recommendations
on the prevalence of diastolic dysfunction

Higher prevalence of
LVH, hypertension and
diabetes

15. 2%
65%
1A% =1

2016 Recommendations 2009 Recommendations

B Normal W Diastolic Dysfunction Windetermined

Almeida JG, EHJ - Cardiovasc Im 2018



EXERCISE INDUCED PULMONARY HYPERTENSION
DIASTOLIC DYSFUNCTION RV FAILURE
Phenotype A Phenotype B Phenotype C
v v v
n ong-standing HTF\ HTN, CAD s/p CABG * HTN, DM2, CKD, obese
E NYHA II NYHA IlI * NYHAIlI
W |+ Exerc Severe DOE * Severe SOB, DOE
2 | * Minimal fluid retention 2+ LE edema * 3+edema, ascites
: * No HF hospitalizations Recent HF hospitalization * Frequent HF hospitalizations
: * LVEF 70%, 2+ LAE LVEF 50%, 3+ LAE * LVEF 65%, 4+ LAE
- Grade l-ILDD Grade Il DD * Grade VDD
< PASP 10-25 mmHg at rest PASP 45 mmHg at rest « PASP 60 mmHg at rest
Exercise E/e’ >14/ 2+ MR, 2+AR * RVH + RV dysfunction
Clinical
w course \P
= o
™ >
o e
o a
= 3
[




Unmasking HFpEF by stress test!

Diastolic stress echocardiography Diastolic stress echocardiography

. Reduced LV relaxation reserve
Normal LV relaxation reserve REST EXERCISE

EXERCISE it E 130 cmis
e b ] "' ‘ y :. T 5
8 'E 91 cmis v A ' ’ ! 'r »ﬂm

E 45 cmis

e’4 cm/s

Penicka et al, Heart 2014



A systematic review of diastolic stress test in
HFpEF

Isometric handgrip
Dobutamine

Preload changes

Atrial pacing

13% Supine bicycle
Semi-supine bicycle
Upright bicycle
. Treadmill

71% exercise stress test Other

Erdei T, Eur J Heart Failure 2014



Value of exercise echocardiography in HFpEF:
a substudy from the KaRen study

e e S | |
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Days from index date to last follow-up/outcome
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TRmaxVz2.8m/s
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Donal E, EH] — Cardiovasc Im 2016



GLS and ECV correctly stratify between normal,
hypertensive and HFpEF patients
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Modified from Mordi IE, ] Am Coll Cardiol Img 2018



Role of GLS in HFpEF

| HFpEF

Contraols HHD HFpEF overall
(n =50) (n=44) (n=1219) LVEF 45-50%  LVEF 50-55%  LVEF »55%

I
-
2

Strain (%)
N
=]

B Longitudinal ™ Circumferential

Smiseth OA, Eur Heart ] 2016



Extracellular Volume Fraction for Characterization
of Patients With HFpEF

p<0.01

M

p=0.05 p < 0.01
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Extracellular Volume Fraction (%)

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



GLS and ECV correctly stratify between normal,
hypertensive and HFpEF patients

Controls HPN HFPEF

GLS
l 2000ms
wam 1500
Native T1 values | -"- -3 s
ECV %

Mordi IF, ] Am Coll Cardiol Img 2018



GLS and ECV correctly stratify between normal,
hypertensive and HFpEF patients

p < 0.001
40
& 30
2 20
ea
10
0

Controls HPN  HFPEF

LV

Mative Ty, ms
ECV, %

Modified from Mordi IF, ] Am Coll Cardiol Img 2018



Prognostic role of GLS and ECV in HFpEF

P <0.0001

Log-rank test
p=0.028
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MOLLI-ECV <28.9%
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Event-free survival (%)
o
=

[
=

475470 466 466 465 425 380 329 120 36
373361 352 349 345 215 262 203 95 25

24 36
Time to event (months)

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



Progression of hypertension to LVH and HFpEF?

< Hypertensive

N .
i Table 3 Multivariable linear regression for
‘ stiffness-coefficient  in participants without heart

failure

Beta (95% conficence interval)  Pwalue
Age (years) 0,002 (0.002-0.003) <0001
Fermale gender (%) 0.018 (0.011-0.024) <0001
Hypertonsion (#%) 0016 (0.009-0.023) <0001
Dryslipidaemia (%) 0.001 (—0.008-0.007) 0.80
Diabetes (%) 0036 (0.023-0.049) <0001
Orbesity (%) 0.018 (0.010-0.026) <0001
Current smoking (%) 0.007 (—0.001-0016) 0076
eGFR (mbU/kg/min) 000017 ( —0.0004, 0.0002) 0597

Schwarzl M, Eur Heart ]| 2016



The common soil hypothesis from microvascular angina
and HFpEF: a paradigm shift

Traditional risk factors, Chronic inflammation,
Aging, Female sex

* Endothelial dysfunction

* VSMCs hyperreactivity
Coronary * Arteriolar remodelling

microvascular i A = 3 ‘ * Interstitial fibrosis

dysfunction 58 * Vascular rarefaction
e |+ Increased extravascular

pressure

Crea F Eur Heart ] 2016



Take-home messages (3)

Longitudinal LV systolic dysfunction

DD

Pathophysiologic
condition: impaired
relaxation, 1LV
filling pressures,

ycompliance

DHF

Normal LVEF plus
sign/symptoms of
HF due to DD

Chronotropic incompetence

Abnormal ventricular-
arterial coupling

S~

Pulmonary
H F p E F hypertension
Normal LVEF plus
signs/symptoms of
HF (excluding severe
valve disease, prior Abnormal
| LVEF, constriction) ST
induced
vasodilation

Extracardiac volume overload



Take-home messages (4)

. S i > S e T 8 G

] Ventricular Dysfunctlon /Lung Diseas

- Impaired relaxation ’] p=
. impaired filing |

. 0

 Atrlal dystuncﬂon | Renal Dysfunction
' — Volume Overload

| Autonomic m— Heart Failure
cmomm:anm ; with > [Aging & J

LDecondmonlng

Preserved EF

Vucular dysfunction \ Obesity & ]
Vascul stiffening Sarco
Voutrt:c:lo-uwrhl coupllng \ l ‘ PORe

y
Elevaleﬂ Blood  Psychiatric Disorders | !
'~ Inadequte BP response to exercise l xOomion :
m Mpon-mm »

- - Hypemuion

Valvular | )Ros Production‘
l Dynamiclnnnl regurgitation

HFpEF (“huffing-puffing” syndrome):
a multi-organ syndrome with intolerance to exercise




Take-home messages

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.

ASE Recommendations for the Evaluation of Left Ventricular Diastolic Function
by Echocardiography, JASE 2009

LYV 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

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

EACVI/ESH Consensus Paper on Non-invasive cardiovascular imaging for
evaluating subclinical target organ damage in hypertensive patients, EH] Cardiovasc Im
2017



Geemelli

Fondazione Policlinico Universitario A. Gemelli
Universita Cattolica del Sacro Cuore

We must remember to treat the patient and
not the disease or the echocardiogram

Grazie per I’attenzione

Gabriella Locorotondo, MD PhD
U.O. Diagnostica Cardiologica Non Invasiva
gabriella.locorotondo@policlinicogemelli.it



* Improved assessment of cardiac morphology
LVH
LA size

* Quantification of diffuse fibrosis

Possible role in diagnosis
Additional mechanistic and prognostic information

* Guiding treatment
—>Identification of substrate for anti-fibrotic therapy



Dypiridamole stress echo in the early stage of HFpEF :
results from MICRO-SCOPE study

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

(mmHg)

g

ocardial Performance Index

PulmonaryArtery Systolic Pressure

Locorotondo G, Crea F, in submission



Prognostic value of dipyridamole stress echo in
hypertensive patients with LVH.

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 | Negative

30 (36.5%) pts ” 52 (63.5%) pts
i At multivariate analysis, positive \L
response (p < 0.001), LVMi
Cardiac events (P=0.028) and a family history Cardiac events

16 (53%) pts of CAD (P=0.037) were 3 (5%) pts
independent predictors

47% 2 year survival 95%

Mondillo S, Nami R, Can J Cardiol 2001



A new work-up hypothesis

Hypertensive
cardiomyopathy

«

Hypertensive
Breathless
patient

|

Dypiridamole

stress echo

|

CAD

B

HFpEF




with Primary End Point
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Placebo

Spironolactone

Hazard ratio, 0.89 (95% Cl, 0.77-1.04)
P=0.14 by log-rank test

No. at Risk
Spironolactone 1722

I | |
36 48 60

Meonths

1502 1163 870 614

Estimated Cumulative Proportion of Patients
Hospitalized for Heart Failure

No. at Risk
Spironolactone

0.00-4

Spironolactone

0

Hazard ratio, 0.83 (95% CI, 0.69-0.99)
P=0.04 by log-rank test
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GLS and ECV correctly stratify between normal,
hypertensive and HFpEF patients

0.0
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

— ECV GLS ---- Reference Line

Modified from Mordi IF, ] Am Coll Cardiol Img 2018



TAELE 3 CMR Data

LVEF, %
LWVEDWI
LVESVi

Sensitivity

HFpEF Hypertensive Control
Patients Patients

(n — 62) (n - 22)

66.7 + 9.3 65.6 + 6.7

67.8 £ 175 64.8 &= .7 60.6 + 233
23.2 £121 17.5+77 231+ Nn.e
70.8 + 20.2¢ 107.2 + 23.711 69.2 + 232¢%

12718 + 78 N85 + 58 194 + 29
359 + 5.0¢ 31.9 + 5.21 27.0 + 4.3%1

0.4 0.6 0.8
1 - Speaficity

GLS Reference Line
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R* Linear = 0.131 R- Linear = 0.033

. 12507 _
P <0.0001 P=0.083

i

(ms)

MOLLI native myocardial T1 (my)

ShMOLLI native myocardial T1 (ms)
SASHA native myocardial T1

T T
@ %

Age (years) Age (years) Age (years)

R~ Lmecar = 0.001 R~ Lmear = 0.003 2 R- Linear = 0.003

P=0.733 ‘ P=0.582 P=0615

SHA (%)

ECV SASMOLLI (%)

MOLLI ECV MAP (%)
ECV by SA

Age (years) Age (years) Age (years)




Determinants of E/E’

Impaired active relaxation
Increased LV stiffness

} Increased LV filling pressure

LV stiffness-coefficient fi

w
o

— NO HF (n=14 511)
—— HFpEF (n=21§) : >

s HFrEF (n=T79) : T

No HF HFpEF HFrEF

N
(&)

N
o

LV EDVIL,, (mLU/m?)

“l

LV EDP (mmHg)
S o

0
LV EDVI (mL/m?) No HF HFpEF HFrEF



Original Article

Reduced Myocardial Flow in Heart Failure Patients With
Preserved Ejection Fraction

Kajenny Srivaratharajah, MD; Thais Coutinho, MD: Robert deKemp, PhD; Peter Liu, MD;
Haissam Haddad, MD; Ellamae Stadnick, MD; Ross A. Davies, MD; Sharon Chih, MD;
Girish Dwivedi, MD; Ann Guo, MSc; George A. Wells, MD: Jordan Bernick, MSc;
Robert Beanlands, MD#*; Lisa M. Mielniczuk, MD#*

Echocardiographic Parameters HFpEF (n=42) Hypertensive Normotensive

Control
(n=46)

Control
(n=27)

LV septal thickness [mm]

10.6£2.0

9.8£2.1

9.6£2.0

LV posterior wall thickness [mm]

10.2£2.5

9.8+£2.0

0.2+1.8

PCWP [mmHg]

20.5£3.7

18.5£2.3

17.8+£2.1

Tissue Doppler septal E” velocity [m/s]

0.06=0.02

0.07+0.02

0.08+0.02

Tissue Doppler lateral E” velocity [m/s]

0.07+0.02

0.09+0.02

0.11+0.03

Medial E/e” ratio

Circ Heart Failure 2016

14.7£5 .8

11.5+£3.1

10.2+3.1




Clinical Investigation

Reduced Myocardial Flow Reserve Is Associated With Diastolic
Dysfunction and Decreased Left Atrial Strain in Patients With

Normal Ejection Fraction and Epicardial Perfusion

MATTHEW C. KONERMAN, MD,' JOSHUA C. GREENBERG, MD,” THEODORE J. KOLIAS, MD,! JAMES R. CORBETT, MD,'
RAVI V. SHAH. MD.? VENKATESH L. MURTHY, MD, PhD."* AND SCOTT L. HUMMEL, MD, M5"*

Ann Arbor and Detroit, Michigan, and Boston, Massochusetis

O‘ > f\ Y Mean Flow (ml/min/g)
- T 1 - Region Sy Rat Sty Rst
81 % % 215 1.60

D A D e p < 0.001 for trend

Str Time Activity Curves

ardial flow reserve

= - =
g =
Frame Index
R Activity Curves
Reserve-Stats
Frame I
-] 4 Global o
/] a -]

J Cardiac Failure 2017



The chicken or the egg?

Knowiedge

Gap Gap

Knowledge

Myocardial TG

Potential treatments:
Secondary Prevention
IHD Strategies?

Ventricular Strategies?

Sympatheatic
nernvous system
activation,
endothelial
dysfunction,
vascular smooth

muscle activation,

Fibrosis?

Remodelled
thick walled
small ventricle
and HFpEF

G

Concentric
hypertrophy

Subdclinical
myocardia
infarctions

Subendocardial
ischemia

Diastolic and
systolic dysfunction?

Potential treatments:
Metabolic, Anti-fbrotic
and Anti-inflammatory

P O
L Y . .
T WS s

Myocardial
Steatosis?

Pressure
load
Hypertension
Obesity

Arteriolar
remodeling

spasm Is Coronary Microvascular Dysfunction causal for ventricular remodeling

or is remodeling causal for Coronary Microvascular Dysfunction?

Nelson MD, Eur Heart ] 2018



Take-home messages (2)

Breathless

Risk Factors patient
Age Rule out other causes

Hypertension * Anaemia

Diabetes mellitus * Heart valve disease
Obesity ‘ * Coronary artery disease !
Sedentary lifestyle * Chronic obstructive
Normal pulmonary disease !
“Red flag” indicators LVEF?

* LV hypertrophy ]
* Reduced LV long-axis * High BNP or NT-proBNP °

function® ‘ » Low VO,max / 6MWT *
* |mpaired relaxation® L

. Enlarlgflle; I;ﬂ: atri;:m Diastolic
* Atrial fibrillation . Other findings during stress?
stress Ethﬂ LV outflow tract obstruction
Diagnostic criteria '® Dynamic mitral regurgitation
Reduced suction reserve New regional wall motion
Reduced stroke volume / abnormalities / ischaemia
cardiac output reserve Chronotropicincompetence
High LV filling pressures
Pulmonary hypertension




Take-home messages (5)

echoresearch D Modin et al. Echo and heart failure 5:2 R65-R79
% and practice

REVIEW

Echo and heart failure: when do people need
an echo, and when do they need natriuretic

peptides?

Daniel Modin MB, Ditte Madsen
Department of Cardiology, Herlev & Gento
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Comprehensive Echocardiographic and ()
Cardiac Magnetic Resonance Evaluation
Differentiates Among Heart Failure

With Preserved Ejection Fraction Patients,
Hypertensive Patients, and Healthy

Control Subjects

Ify R. Mordi, MD,* Satnam Singh, MBBS,” Amelia Rudd, HND," Janaki Srinivasan, RCDS,” Michael Frenneaux, PuD,"
Nikolaos Tzemos, MD,® Dana K. Dawson, DM, DPum”




