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ÅCardiac consequences of hypertension  

ÅAssessment of cardiac target organ damage (TOD)                    

ÅPrognostic value of the cardiac TOD in

hypertensive children

ÅIs cardiac TOD reversible by antihypert. therapy? 
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Clinical cardiovascular consequences 

of hypertension

Adults:

Hypertension is a strong risk factor for 

1. cardiovascularmorbidity (MI, stroke)  

and mortality in general population

2. progression of chronic kidney disease (CKD)



Children:

Hypertension is a proven risk factor for 

1. cardiovascularmortality only in patients with 

end-stage renal disease (ESRD)

2. progressionof chronic kidney disease(CKD)

3. stroke in adulthood 

(Wingen et al., Lancet, 1997, 349: 1117-1123)

(Mitsnefes et al., Pediatr Nephrol 2001,16:318-323

Groothoff et al., Kidney Int 2002 Feb 61(2):621-9)

(Leiba et al., Ped Neph 2016, 31: 485-492)
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Children without renal disease 

mortality and clinical events of hypertension-associated 

cardiovascular morbidity (stroke, myocard infarction)are 

very rare (no population based data similar to adults)

surrogate markersof cardiovascular morbidity 

= subclinical changesof the (mainly) heart 

induced byincreased BP 

= target organ damage (TOD)



Complications of Hypertension (adults):

Target Organ Damage

Chobanian AV, et al. JAMA . 2003 ;289:2560 - 2572 .
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LVH = left ventricular hypertrophy
CHD = coronary heart disease
CHF = congestive heart failure
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Target organsin children

1)Heart

2)Kidney

3)Small vessels 

4)Large vessels

5)Central nervous system

 



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

(Schilacci, Verdecchia et al., Hypertension 2000) (De Simone, Verdecchia et al., Hypertension 2002)

LVM (%)



Children

No mortality studies. 

Only association studies between BP and LV geometry 



Relationship between BP and LVM

Belsha et al., Am J Hypert 1998:

n=29 untreated adolescents with mild essential HT

Clinic BP + ABPM + ECHO 

Better correlation for 

Ambulatory SBP than for 

Clinic SBP (r=0.32)

The best correlation with 

LVMI for night-timeSBP 

(r=0.41)

No correlation between 

LVMI and ambulatory DBP

LVH: 34 % of children 

Children:



Sorof et al., Hypertension 2002: 

n=37 untreated children with essential HT

Clinic BP + ABPM + ECHO 

LVH: 27 % of children

The best correlation for       

24-hour SBP (r=0.43)

No correlation for Clinic SBP

No correlation between LVMI 

and ambulatory DBP



Left ventricular massin children         

with various forms of hypertension
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Children

When

to investigate a child                      
for the presence of LVH ? 



Children

ESH guidelines 2016



Children

How to assess left ventricular mass and dg. LVH? 

-echocardiographyfar better and more sensitive than ECG

by an experienced pediatriccardiologist!

left ventricular mass (LVM)

interventricular septum (IVS)

left ventricular posterior wall (LVPW)

left ventricular end-diastolic diameter (LVED)

LVM (g) = 0.8* [1.04 (IVS+LVPW+LVED)3ï(LVED)3] + 0.6 

left ventricular massindex (LVMI = LVM corrected for height): 

LVMI (g/m2.7)= 0.8* [1.04 (IVS+LVPW+LVED)3ï(LVED)3] + 0.6 : m2.7

=Devereux equation(Devereux et al., Am J Cardiol 1986, 57:450-8)





Definition of LVH in children

LVH = LVMI Ó95th percentile in children < 9 years

> 40g/m2.7 in girls > 9 years

> 45g/m2.7 in boys> 9 years

;

acc. ESH Guidelines, Lurbe et al. 2016



Assessment of left ventricular mass geometry 

= assessment of the type of LVH
Ŷ 1) LVMI

Ŷ 2) relative wall thickness (RWT)

RWT = (IVS+LVPW) / LVED (normal: adults <0.45, children <0.42)

Ÿ 4 patterns of LVgeometry: 

1) normal LV geometry

2) concentric remodelling

3) excentric LVH

4) concentric LVH



Assessment of left ventricular mass geometry 

= assessment of the type of LVH

relative wall thickness (RWT)

RWT = (IVS + LVPW) / LVED

4 patterns of LVgeometry: 

1)normal LV geometry

2)concentricremodelling

3)excentric LVH

4)concentric LVH

Norm.

Norm.

Incr.

Incr.



Macroscopic preparation



The typeof LVH

influences CV prognosisof the patients

(Ganau, Devereux et al., J Am Coll Cardiol 1992)



Systolicfunction 

Shortening fraction (SF)

Ejection fraction (EF) 



Systolicfunction 

Ejection fraction (EF): 

- decreased =  < 53%    = systolic dysfunction

Shortening fraction (SF)

- decreased = < 25%   = systolic dysfunction

Overbeek, Kapusta et al., Eur J 

Echocardio 2006



Prevalence of LVH in children

14 - 42 % of children with primaryHT

33 - 75 % of children with chronic kidney diseases, 

chronic renal failure and 

after renal transplantation

(Daniels et al., Circulation 1998

Matteucci et al., JASN 2006, 

Litwin Ped Neph 2018)



Can cardiac TOD be reversed by 

antihypertensive therapy ? 



Regressionof LVH

with antihypertensive therapy

ÅAdults:

ïmany studies proved regression of LVH with therapy 

= one of the main aims of the antihypertensive therapy

(ESH Guidelines 2013)



ÅChildren in severe CKD - predialysis:
n=49, before and after 30 months of antiHT therapy
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ÅChildren with end-stage renal disease-

hemodialysis:

n=17, at start and after 16 months of dialysis and antiHT ther.
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ÅChildren with end-stage renal disease- hemodialysis:

n=17, at start and after 16 months of dialysis and antiHT ther.

(Ulinski et al. Ped Neph 2006, 21:1171-8)



ÅChildren without ESRD:  

n=21, renal and primary HT, before and 6 months after ther.



Ramipril monotherapy-induced decrease of ambulatory BP
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Regression of LVH during therapy in Ĳ of patients
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Regression of LVH with antihypertensive therapy ispossible also in 

children without ESRF = one of the treatment targets



ÅChildren with primary HT:  
n=86, before and 12 months after pharma.+non-pharma.therapy


