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LVH diagnosis: sensitivity and specificity
of ECG and Echo

(autoptic LV mass as reference)

Woythaler JN et al. JACC 1983; 2: 305



Prognostic significance of LVH



Independent determinants of LV mass in untreated, 
non-diabetic hypertensive patients

Verdecchia P. et al. Circulation 1999; 100: 182



LV mass by Echo predicts CV events

Levy D et al., NEJM 1990; 322: 1561-66
Schillaci G et al., Hypertension 2000; 35: 580-86



LVH at ECG or echo predicts stroke in essential
hypertensive patients

The PIUMA Study

Verdecchia P et al. Circulation 2001; 104: 2039-44



Prognostic significance of LVH 
regression



LVH regression by ECG predicts CV mortality
The Framingham study

Levy D et al., Circulation 1994; 90:1786-93





LVH regression is related to antihypertensive
drug class used

Klingbeil AU et al., Am J Med 2003; 115: 41-46

Meta-analysis of 80 RCTs, 4113 hypertensive patients
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AER (Albumin excretion rate)

overnight o 24 ore

20-200 ug/min
cioè

30-300 mg/24 ore

ACR
(Albumin/creatinine ratio)

2.5-25 mg/mmol

Albuminuria spot 20-150 mg/L

No need of 24hr urine collection for
albuminuria evaluation !



Prognostic significance of renal
damage



Currently, only kidney damage is perceived by physicians to be 
associated with microalbuminuria − excluding damage to other 
important organs

The ESH survey: With which type of organ damage 
is Microalbuminuria associated? 
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Haller H, et al. J Hypertens. 2010;28:2204-9.



If an hypertensive patients has a slight increase in serum
creatinine (or a decrease in estimated GFR) or
microalbuminuria, does it mean that the patient has an
increased risk to develop renal disease?

NO

It means that the patient has an increased risk of
cardiovascular events.

In hypertensive patients, the kidney is a “sensitive” and
“affordable” marker of cardiovascular risk!



RR, relative risk; CI, 95% confidence interval, adjusted for all other risk factors except the one 
compared.

Zanchetti A et al. J Hypertens 2001

Incidence of cardiovascular mortality in patients with 
or without additional risk factors in the HOT study



Urinary albumin-to-creatinine ratio

LIFE study; Watchell K, Arch Int Med 2003
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GFR & UAE

Gubbio Population Study; Cirillo M, Arch Intern Med 2008



Risk of cardiovascular events according to
renal or coronary artery disease

Renal insufficiency

Microalbuminuria

Renal insufficiency and 
microalbuminuria

Coronary artery disease

R.R. (95 % C.I.)

1 1.25 1.5 2.0 2.50.5

Increased risk

The predictive value of renal insufficiency and microalbuminuria is comparable
to that of pre-existing coronary artery disease and is even superior when they
are present together

Mann JF, Yusuf S et al., Ann Int Med, 2001



Prognostic significance of renal
damage regression



Modified from Ibsen H et al., Hypertension 2005
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Reduced albuminuria is associated with reduced 
CV events in patients with HTN

“ […] changes in albuminuria translate
to changes in risk.”



Change in microalbuminuria as a predictor of CV and renal
outcomes in  patients with vascular disease

The ONTARGET/TRANSCEND study programme

0 1 2

Adjusted HR* (95 CI%) of changes in UACR
from baseline to 2 year visit

0.140

Analyses were adjusted for age, gender, BMI, smoking, alcohol consumption, eGFR, plasma glucose,  
BP and HR at baseline, BP change within 2 years and for baseline albuminuria.

A) CV death

decrease >50% vs minor change

minor change

increase >100% vs minor change

B) Composite CV endpoint

decrease >50% vs minor change

minor change

increase >100% vs minor change

C) Combined renal endpoint

decrease >50% vs minor change

minor change

increase >100% vs minor change

<0.0001

0.032

<0.0001

0.019

0.005

The risk of CV and renal outcomes is increased significantly if 
albuminuria is increased and is decreased if albuminuria is reduced 

Schmieder RE, et al. JASN 2011



Target BP for nephroprotection in patients with renal
dysfunction: < 130/80 mmHg

1. The JNC 7 2003

2. The 2007 ESH/ESC Guidelines and REAPPRAISAL of ESH Task Force 2009

3. K/DOQI Guidelines 2009

 Diabetic nephropathy: no randomised controlled study for BP reduction, but
only retrospective and subgroup analyses

 Non diabetic nephropathy: 3 randomised controlled studies with
contrasting results



Renal Outcomes

Pohl MA et al JASN 2005

Total Mortality

CV Mortality

CHF

Berl T et al JASN 2005

Does the J-curve exists? Relative risk for renal and CV 
outcomes based on current level of systolic blood pressure 

in the IDNT study



ROADMAP

NEJM 2011



Patients with renal damage should be
treated with a RAS blocker



Effect of ACEi or ARBs on renal outcomes: systematic
review and meta-analysis

Casas P et al. Lancet 2005; 366: 2026-2033

Degree of change of SBP and proteinuria reduction
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Casas P et al. Lancet 2005; 366: 2026-2033

Degree of change of SBP and RR for ESRD

Mean difference

(95%CI)

ACEi / ARB Other drugs RR (95% CI)

0.74 (0.59-0.92)
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Effect of ACEi or ARBs on renal outcomes: systematic
review and meta-analysis
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Some comparisons of TODs
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Estabilished Subclinical Organ Damage



Why endothelial function measurement is
not included among markers of target organ
damage in hypertension in ESH/ESC
Guidelines?



Endothelial function

• Can be assessed by an unique method?

• Can be used to better stratify CV risk?

• Can be used to better establish the efficacy of treatment?
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FLOW MEDIATED DILATION
the physiological testing of endothelial function

Endothelium-independent response:
 diameter of the brachial artery after GTN (s.l.)

High Resolution 
Ultrasound

ischemia (200 mmHg, 5 minutes) to
induce post-ischemic reactive hyperemia 
in the microcirculation and flow increase
in the brachial artery

Endothelium-dependent response (FMD):  
 diameter of the brachial artery induced by shear stress



Experimental Model

Gemignani V et al. Ultrasound Med & Biol
2008

Ghiadoni L al. Curr Pharm Des  2008



Coefficients of variation (mean values and 95%
intervals) for flow-mediated dilation in the different
Centers.

Overall, coefficients of variation were 9.9±8.4% and 12.9±11.6% 
for the intra and inter-session FMD measures, respectively.

The inter-session coefficient of variation of GTN response between
assessments obtained at day 1a and day 30 was 19.7±16.8%

Ghiadoni L et al. J Hypertens 2012



Endothelial function

• Can be assessed by an unique method?

• Can be used to better stratify CV risk?

• Can be used to better establish the efficacy of treatment?



Cardiovascular
Risk Factors

Endothelial
Dysfunction

Presence of
Oxidative Stress

Stromg association among CV risk factors, oxidative
stress and endothelial dysfunction



Clinical Correlates and Heritability of Flow-Mediated Dilation
in the Community

The Framingham Heart Study

Benjamin EJ et al. Circulation 2004

2883 subjects (1526 women, 1357 men)



r = - 0.48

p<0.001

Slope change at around 8
events in 10 years/ 100 

individuals

r=-0.84

P<0.005

Total Cardiovascular Risk
(Number of events/100 individuals in 10 yeras)
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Relationship between vasodilation to
acetylcholine and total cardiovascular risk



Endothelial function

Multi-Ethnic Study of Atherosclerosis (MESA); Yeboah, J. et al. Circulation 2009

Receiver operating characteristic curves for FRS (AUC=0.74), brachial FMD 
(AUC=0.65), and FRS+FMD (AUC=0.74) to predict incident CVD events



The direct relationship between endothelium-
dependent relaxation and global CV risk makes

unesefull the determination of endothelial function



Endothelial Function Assessed by Vascular Reactivity and 
Cardiac Events

Lerman A & Zeiher A Circulation 2005

Multivariant analysis of hazard ratio of present studies reporting association
between coronary or peripheral endothelial function and cardiovascular events



Association of endothelial dysfunction with CV risk profile

Endothelial dysfunction as independent prognostic

marker of CV clinical events

Demonstrated in untreated patients with CV risk factors

Demonstrated in high risk patients with CV disease and 

pharmacological treatment
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p < 0.0001

Modena MG et al. JACC 2002

Treatment of Endothelial Function and Prognosis
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Effect of pharmacological treatment on 
endothelial dysfunction



Why endothelial function measurement is
not included among markers of target organ
damage in hypertension in ESH/ESC
Guidelines?



Some comparisons of TODs
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Why endothelial function measurement is
not included among markers of target organ
damage in hypertension in ESH/ESC
Guidelines?

Because no one endothelial guy is involved in
the Guidelines Task Force!!!


