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Clinical Correlates in the Community Longitudinal  
Tracking of Left Atrial Diameter Over the Adult Life Course 

 
 

McManus DD et al. Circulation 2010;121;667-674 

1. Low risk group : BMI of  25 kg/m2 with normal BP (defined as having a median BP of  
113/73) 
 

2. Intermediate risk group: BMI of  27.5 kg/m2 and pre-hypertension (defined as having 
a median BP of  133/86) not receiving anti-hypertensive medications 
 

3. High risk group : BMI of  30 kg/m2 and hypertension (defined as having a median BP 
of  146/91 ). 



LIFE Echo: Higher Time-Varying Left Atrial 
Diameter Associated with More CV Events* 
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*HR = 1.98 per cm/m,  
independent of 
Framingham risk 
score, ethnicity, echo 
LVH, AF, CHF and 
Losartan-based 
therapy 



(Toh, Hypertension 2010) 
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Prevalent atrial expression of myocardial fibrosis. 
The Culprit AT II   

• Regional distribution of forming ATII in the Heart 
  - ACE levels are highest  in the atria 
  - Kymase are highest in the ventricles 
 1. Urata H et al J Clin Invest 1993;91:1269-81 
 

• Pressure independents effect of ATII on hypertensive myocardial 
fibrosis (ARB candesartan, at sub-depressor dose prevented MCP-
1- mediated inflammatory process)  

 2. Tokuda K et al Hypertension 2004;43;499-503 

 
• Regional differences exist in  structural remodeling vulnerability  

with the atria more prone to fibrosis 
 

 3. Cardin S, Leung TK, Nattel S. Differences in atrial versus ventricular remodeling in dogs with 
ventricular tachypacing-induced congestive heart failure. Cardiovasc. Res 2004;63:236–44.  

 

 



Heart Rate Recovery (HRR) in CKD 
Kcsoi I et al. Nephrol Dial Transplant 2009 

eGFR  
ml/min 102±18 74±9 34±17 116±18 



REDUCTION OF SYMPATHETIC HYPERACTIVITY BY 
ENALAPRIL IN PATIENTS 

WITH CHRONIC RENAL FAILURE 
 

LIGTENBERG G et al. N Engl J Med 1999;340:1321-8 
 
 

ENALAPRIL 
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Cardiac PRESSURE/VOLUME regulation: ANP, BNP 
production in Chamber Stretching Response 

[2] Guyton AC Hypertension 1990;16:725-730 (modified)  

Renal 
Cortex 

Renal 
Medulla 

[1] Linden RJ AmJ Cardiol 1979;44:879-83 

Rapid ⁭ Diuresis 

•C Type NP,  
•Dendroaspis NP 

 
 

 Frank Starling 
 Mechanism 

⁭ Atrium 
stretching 

ANP release  
under  
Vagal Domain 

BNP 
Increased 
Left Heart 
Filling Volume 
 



Human Kidneys 

Χ CORTEX 

MEDULLA 

Glomerular 
Hyperfiltration 

(Loutzenisher R. 

Circ Res.2002) 

Hypertrophic 
Glomerulus, 

Compensating 
for Obsolete 

Ones 



Verma et al. JACC, 2007;50:1238–45 

Lan CSP et al Circulation. 2007;115:1982-1990 

eGFR          74.4+14.1      74.7+37.0     64.32+8.1*† 
( ml/min/1.73 m2) 

CON              HTN             HFpEF 
(n617)          (n719)            (n244) 

Gender ♀%     84   78  p  0.28 
Age yrs  65 ±10   67 ± 10  p  0.61 
Creat.(mg/dl)     1,4±0,7            1,0±0,3  p<0,01 

Melenovsky V. et al. JACC 2007;49:198–207 
 
 



Verma et al. JACC, 2007;50:1238–45 

Relation between heart damage and chronic kidney disease 



Before (CVF = 8.65 %)
  

Before (CVF = 8.05 %)
  

Losartan: myocardial fibrosis in 
hypertensive patients 

 Diez J. et al, Circulation 2002 

CVF=  % of Collagen Volume Fraction 

After (CVF = 3.52 %) 

After (CVF = 3.29 %) 
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Biomarkers of left atrial volume 
in ESRD 

Tripepi G et al Hypertension 2009;54:818-24 



Kim SJ Am Soc Echocardiogr 2012;25:421-7 
 

Patel RK et al Am J Kidney Dis 2012  



 



 



 



 



 





RDN HF Prevention - Management 

Brandt M et al, JACC 2012 



RDN, IMPACT on DIASTOLE 

Brandt M et al, JACC 2012 

E/E’  
E, peak early diastolic filling velocity 
E’, lateral mitral annulus velocity 



Adopted from  Zile M et al Circulation. 2011;124:2491-2501 

Left Atrial Size 

Normal  
(34%) 

Mild LA 
dilation 
(15%) 

Moderate- 
Severe  

LA dilation 
(51%) 

61% 

HFpEF 
Functional and Structural Changes  

 
( I-PRESERVE Study - ECHO assessment # 745 pts) 

L&V Concentric 
Remodeling 

Normal  
(41%) 

Concentric 
Remodelling 
(30%) 

LV 
Hypertrophy 

(29%) 

59% 

GRADE 3  
RESTRICTIVE (4%) 

GRADE 2  
PSEUDONORMAL  
(36%) 

Impaired  
RELAXATION 

(29%) 

Normal  
(31%) 40% 

  HFpEF Cohort - Normal range 
E/E’ lateral      10,0 ± 4,2            4,5-11,5 



Electrophysiological effects of renal denervation (RDN) on atrial fibrillation (AF).  

Linz D et al. Hypertension 2013;61:225-231 



Cause of death in HF population 

 

Henkle DM et al. Circ Heart Fail. 2008 July 1; 1(2): 91–97  



I  PRESERVE (#4128 pts) - Baseline Characteristics of Patients Who Died of  
Non CV Versus CV Causes  

and Sudden Death Versus HF Mortality (I)  

Non-CV 
(n268) 

CV (n532) 
 

P SD (n231)  HF (n125)  P 
 

Mean age 
y 

75±8 74±7 0.036 74±7  76±7 
 

0.028 
 

Anemia, 
n (%) 

66 (26) 96 (18) 0.019 48 (21) 24 (20) 0.89 

Diastolic 
Pressure 

mmHg 

77±10 78±9 0.106 78±8 75±9 0.008 

NT-proBNP, 
pg/mL 
Median 

787 986 0.016 
 

924 1244 
 

0.071 

Ziles M et al Circulation 2010;121:1393-1405 



I  PRESERVE (#4128 pts)  - Baseline Characteristics of Patients Who Died of  
Non CV Versus CV Causes  

and Sudden Death Versus HF Mortality (II)  

Non-CV 
(n268) 

CV (n532) 
 

P SD (n231)  HF (n125)  P 
 

History of 
A Fib 

(%) 

105 (39) 221 (42) 0.543 86 (37) 63 (50) 0.018 

A Fib/Fl 
(%) 

63 (24) 131 (25) 0.793 48 (21) 44 (35) 0.004 

eGFR  
<60  

mL min 1.73 m2 

63±23 
129 (50) 

67±23 
214 (41) 

0.033 
0.018 

 

70±24 
81 (35) 

62±22 
67 (55) 

0.002 
0.001 

 

Ziles M et al Circulation 2010;121:1393-1405 



Conclusion 
• By reviewed data it’s possible to argue that : 

  
1.Atrial function is physiologically related to heart rythm and perfomance, as 
well as to circulatory volume control via neural (simpathetic and vagal)  and 
neuro-hormonal  (ANP) connections with kidney.  
2.Kidney is a source and a target of neural activation mediated by atrial 
connection. 
3.Atrial size and kidney function are tightly related to cardiovascular prognosis. 
4.By tapering cardiovascular sympathetic  tone, renal denervation can 
effectively  decrease atrial propensity to arrhythmia reducing myocardium 
damage and heart rate when atrial fibrillation occurs.  
5.This mechanistic effect may translate in clinical benefit for long term 
prognosis. 

 
 

 



 Zile M et al Circulation. 2011;124:2491-2501 

Prevalenza e Significato delle Alterazioni Strutturali  e Funzionali Presenti nel Cuore 
dei Soggetti con HFpEF  

 
(valutazione ecocardiografica  in 745 paz. dello studio I-PRESERVE) 

Diastolic Function 
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E/E’  
E, peak early diastolic filling velocity 
E’, lateral mitral annulus velocity 

  HFpEF Cohort   Normal range 
E/E’ lateral       10,0±4,5     4,5-11,5 
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Effect of Age on Left Ventricular Myocyte Volume 
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Effect of Age on the Number of Left 
Ventricular Myocytes . JACC 1995; 26: 
1073 
 

Decline in GFR with age in genders  
Nephrol Dial Transplant (2006) 21:  
2577–2582) 
 



Effect of Age on Filtration Fraction and on Left Ventricular Myocyte Volume 
Men 

Age, years 
5 20 30 40 50 60 70 80 90 100 

M
ea

n 
C

el
l V

ol
um

e 
pe

r 
nu

lc
eu

s, 
µm

3 

10000 

20000 

30000 

40000 

50000 y=19,406+158x; r =0.45; p=0.001 

Women 

Age, years 
5 20 30 40 50 60 70 80 90 100 

10000 

15000 

20000 

25000 

30000 y=19,718+0.5x; r =0.0049; p=0.97 



ATRIAL HISTOLOGY IN HF + AF 

BASE CHF 

W5 RECOVERY 

Shinagawa, Circulation 2002 



* n= number of patients in each group at baseline, 2 and 4 years of LIFE 

New Onset of AF According to the Presence or Absence of 
ECG LVH by Time-Varying Cornell Voltage-Duration Product  
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Adapted from Okin et al.:  
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LIFE Atrial Fibrillation: Prevalent or New Onset AF 
Associated with 3.5-fold higher CV Death 
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Prevalent or 
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AF: 
 
Present 
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Log rank 141.9 
P<0.00001 
HR = 3.52 
95% CI 2.82-4.39 

Devereux 
et al. 2006 



LIFE Echo: Losartan-Based Treatment Reduces 
Left Atrial Size Independently of Covariates 
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Gerdts et al: Hypertension 2007. 

P<0.001, independent of baseline LA diameter, ethnicity, and time-varying LV mass, LV ejection fraction,  
systolic blood pressure and heart rate, and new-onset atrial fibrillation and mitral regurgitation. 
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Sympathetic Overactivity in Chronic Renal Failure 
 

Rump LC - J Clin Basic Cardiol 2001; 4: 180 



Handke M et al.J Am Soc Echocardiogr 2005;18:1366-1372 
 
 

JACC 1995; 26: 1073 
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Nephrol Dial Transplant (2006) 21:  
2577–2582 



Effect of renal denervation (RDN) and sham operation on atrial refractoriness 
and on atrial tachypacing-induced atrial effective refractory period (AERP) 

shortening.  

Linz D et al. Hypertension 2013;61:225-231 
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