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A Cardiac consequences of hypertension
A Assessment o€ardiac target organ damage (TOD)

A Prognostic value of thecardiac TOD in
hypertensive children

A Is cardiac TOD reversible by antihypert. therapy?
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Clinical cardiovascularconsequences
of hypertension

Hypertension is a strong risk factor for -
1. cardiovascular morbidity (MI, stroke} \@ @
% and mortality in general population A

2. progression of chronkidney diseas€CKD) Nate




Children:

Hypertension is a proven risk factor for

1. cardiovascular mortality only in patients with %
endstage renalliseas@ESRD)witsnefes et al., Pediatr Neph001,16:318323

Groothoff et al., Kidney InR002Feb61(2):621-9)

2. progressionof chronickidney diseasé€CKD) _ -

(Wingen et al., Lancef,997 349 147

3. stroke in adulthood

(Leiba et al., Ped Nept016 31: 485492



Causes of deathin children with ESRD

Dutch Cohort Study (n=249)

£
Cardiovascular complication of
41% therapy
8%
____ refusal further
therapy
‘ 11%
other
_ 9%
Infection Malignancies
21% 10%
Dial = Tx

Groothoff et al., Kidney Int 2002, 61:621-629



Children withoutrenal disease

mortality and clinical events of hypertenstassociated
cardiovascular morbiditgstroke, myocard infarctiorgre
VEIY rar€no population based data similar to adults)

surrogate markersf cardiovascular morbidity
= subclinical changesf the (mainly) heart
Induced byincreased BP

= target organ damage (TOD)



Complications of Hypertensidadults:
Target Organ Damage

Q < I Hypertension
Hemorrhage,
Stroke

Peripheral
Vascular ~
| Disease Albuminuria
Retinopathy Proteinuria

LVH = left ventricular hypertrophy Renal Fallure

CHD = coronary heart disease
CHF = congestive heart failure



Target organ children

/ﬁ
1)Heart \@

2)Kidney

3)Small vessels @

4)Large vessels&
5)Central nervous systenq




Cardiactarget organ damage

1) Heart:left ventricular hypertrophy (LVH €

=the most prominent and the most
thoroughly documented form of TOD
caused by hypertension in children



Adults
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Left ventricular mass index (quintiles)

Figures 6A and 6B. Progressive increase in cardiovascular morbidity (A) and

all-cause mortality (B) rates from first to fifth quintile of distribution of left ven-

tricular mass index (reprinted with permission from [13)).

(Schilacci, Verdecchia et al., HypertensRH00

Event-free survival

LVM (%)

e SR
1 Up 10 93%

e T, 9107%
107-121%

121-140%

0

Time to event in months

(De Simone, Verdecchia et al., Hypertens2002




Children

No mortality studies.

Only association studies between BP and LV geomet



Relationship between BP and LVM

Children:

Belsha et al.am J Hypert1998

n=29 untreated adolescents with mild essential HT
Clinic BP + ABPM + ECHO

LVH: 34 % of children

¢ =041 (p=0.001) Bettercorrelation for
Ambulatory SBP than for
Clinic SBP (r9.32

The best correlation with
LVMI for nighttime SBP
(r=0.41)
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Sorof et al., Hypertensiaz002
n=37 untreated children with essential HT

Clinic BP + ABPM + ECHO
LVH: 27 % of children

The best correlation for
24-hour SBP (r8.43

No correlation for Clinic SBF
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No correlation between LV
and ambulator{pBP
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Sumigiiabcey GEF |nifes

Relationship betweaen ambulatory SBP indew and LVMI in Fyper-
tensiva children. Ambulatory SBP index=average 24-hour SBFY
ambulatory pediatric 95th poroantile for 24-hour SEP,




Left ventricular mass children
with various forms of hypertension

pP<0.05
LVMI 397
(g/me-)
30,
25-
@ Normotensives
201 B White-coat HT
151 B Masked HT
[ Hypertensives

0

5_

Z

(Stabouli et al., Pediatr Nephr2005 20:11515)
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Children

When

to investigate a child
for the presence of LVH ?



Children

Lurbe et al. ESH guidelines 2016

TABLE 15. Laboratory investigation and imaging studies
Laboratory tests

Routine laboratory tests to be performed i all children with hypertension
Plasma creatinine, urea, electrolytes and uri¢-acid

Fasting plasma glucose

Plasma cholesterol (total, HDL and LDL) and triglycerides

Urinalysis and culture

Quantification of albuminuria (albumin : creatinine ratio) proteinuria
(proteir : creatinine ratio)

Echocardiography

Renal -uftraseriography




Children

HOW to asseskeft ventricular mass and dg. LV

-echocardiographyfar better and more sensitive tha@G
\ by an experiencepgediatriccardiologist!
left ventricular mass (LVM)
«— Interventricular septum (IVS)
+ left ventricular posterior wall (LVPW)
—left ventricular enedliastolic diameter (LVED)
LVM (g) =0.8[1.04(IVS+LVPW+LVED}i (LVEDY] + 0.6

left ventricular massgidex (LvMI = LVM corrected for height):
LVMI (g/m27)= 0.8[1.04(IVS+LVPW+LVEDYi (LVEDY] + 0.6: m?”7

=Devereux equatiofDevereux et al., Am J Cardi®@P86 57:4508)



METHODS

The ASE-recommended
formula for estimation of
LV mass from 2D linear
LV measurements

Diastole . RV

LV mass = 0.8 x {1.04[(LVIDd +
PWTd + SWTd)3- (LVIDd)]}

+0.69
_ I

LV mass was indexed to
body surface area

Devereux RB, Alonso DR, Lutas EM, et al. Echocardiographic assessment of left ventricular hypertrophy:
comparisonto necropsy findings. AmJ Cardiol 1986;57:450-8



Definition of LVH In children acc. EsH Guidelines, Lurbe et 2016

LVH = LVMI  O95" percentile in children < 9 years

g/m=7in > 9 years
g/m=7in > 9 years
; ECHOCARDIOGRAPHIC REFERENCE VALUES IN CHILDREN AND ADULTS

{J Am Soc Echocardiogr 2009;22:709-714.)

Age-Specific Reference Intervals for Indexed Left

Ventricular Mass in Children

Philip R. Khoury, MS, Mark Mitsncfes, MD, MS, Stephen R, Daniels, MD, PhD,
and Thomas R. Kimball, MD, FASE, Cincinnari, Olio; and Denver, Colorado




Assessment déft ventricular masgeometry
= assessment of thgpe of LVH
Y 1) LVMI
Y 2) relative wall thickness (RWT)
RWT = (IVS+LVPW) / LVED (normal: adults<0.45 children <0.42)

Y 4 patterns of LVgeometry
1) normal LV geometry
2) concentric remodelling
3)



Assessment déft ventricular masgeometry
= assessment of thgpe of LVH

Concentric remodelling Concentric LVH

0.42
Normal pattern Eccentric LVH

Norm. LV mass Index Incr.
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1. Normal Pattern 3. Concentric LVH
normal LV mass + RWT < 0.42 Increased LV mass + RWT > 0.42

2. Concentric remodelling 4. Eccentric LVH
normal LV mass + RWT > 0.42 Increased LV mass + RWT < 0.42




Macroscopic preparation



The type of LVH
Influences CV prognosiof the patients
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Systolicfunction

Shortening fraction (S

Ejection fraction (EF) bF

Ejection Fraction

Amount of blood
pumped out of
the ventncle

S

Total amount
of blood
in ventricle

Systole Diastole

Ventricles

contracting relaxing

= Ejection
Fraction (%)

Ventricles
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Clindcal Pracuice Guideline tox

Screcoening and anazpcinaent

Of Fligeh Blood Pressuaro in

Children aand dolescent
S t I . I t. .b

Ejection fraction (EF):
- decreased <x53% =

NORMAL SYSTOLIC
DYSFUNCTION

e ventricles fill The enlarged ventricles
normally with blood fill with blood

Shortening fraction (SF)
- decreased = 25% =

Overbeek, Kapusta et al., Eur
Echocardia2006



Prevalence of LVH In children

14 - 42 % of children withprimaryHT

33- 759% of children withchronic kidney diseasge
chronic renal failure and

after renal transplantation

(Daniels et al., Circulatior1998

Matteucci et al., JASIK00G
Litwin Ped Nepl2018



Can cardiac TOD be reversed by
antinypertensive therapy ?



Regressionof LVH
with antinypertensive therapy

A Adults:

I many studies proved regression of LVH with therapy

= one of the main aims of the antihypertensive therapy

(ESH Guidelines 2013)



A Children in severe CKD - predialysis:
n=49, before anafter30 monthsof antiHT therapy

(% of
children
with
LVH)

90-
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@ after therapy
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11N

(Borzych+Zurowska Gd a Rs k , 2005andPolikhe



A Children with end-stage renal disease-
hemodialysis:

N=1/, at start ancfter 16 monthsof dialysis and antiHT ther.

(% of 90

children /
with <10
LVH)  70-

60+
50+
40-

0¢)
N

O before therapy

11N
|.A

30 | after therapy
20+
10-

o LT

(Ulinski et al. Ped NepB00§G 21:11718)



A Children with end-stage renal disease- hemodial

Fig. 1 a Left ventricular mass
in 17 hemodialyzed children at
onset and at the end of hemo-
dialysis. Paired data are given
for each patient and mean+
standard error. Patients were
observed over a mean duration
of 16.3+3.0 months. The level
of the 99th percentile (dashed
line) of LVMLI, defined as severe
LVH, is given. b—e Time course
of left ventricular mass

(b); systolic (shp), diastolic
(dbp) and mean (mbp) arterial
blood pressure index (c¢); hemo-
globin level (d): plasma total
protein level at onset (pp/) and
end (ptp2) of hemodialysis ses-
sion (e). Patients were observed
within 1 month following the
onset of hemodialysis (zero
point; #=17), then after at 6.3+
0.5 (n=16), 10.6:0.5 (7=12) and
17.320.7 (#=7) months. Dura-
tion and parameters are ex-
pressed as mean and standard
error. *P<0.05, **P<0.01,
F¥EEP<0.001
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A Children without ESRD:

n=21, renal and primary HT, before aBanonths after ther.

AJH 2007; 20:990-996

Heart

Regression of Left-Ventricular Hypertrophy in

Children and Adolescents With Hypertension
During Ramipril Monotherapy

Tomasé Seeman, Jii Gilik, Karel Vondrak, Eva Simkova, Hana Fldgelova,



Ramipril monotherapynduced decrease of ambulatory BP

(mm HQg)
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433, p<0.001

<0.01

Daytime SBP
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(Seeman et al.,, Amer J Hyp&@07, 20:9906)




Regressionof (VW ur i ng t her ap)

(% of
children
with
LVH)

50,

40-

30+

20-

10-

pP<0.05

I
N

@ before therapy

NN NN

O_

@ after therapy
(6 months
Ramipril)

- Regression of LVHwith antihypertensive therapy ispossible also in
children without ESRF = one of the treatment targets

(Seeman et al.,, Amer J Hyp&@07, 20:9906)



A Children with primary HT:

n=86, before and.2 months after pharma.+ngharma.therapy



