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Objectives 
  To review the mechanisms of sleep apnea in 

ESRD 
  To outline clinical implications of sympathetic 

over-activity 
  To review the interactions between salt/

volume overload and sympathetic over-
activity 

  To determine potential management 
implications in the ESRD patient population  

 



Sleep Apnea 
  ESRD patients – but prevalence is highly variable 

  General population (2-4%) 
  ESRD (up to 50%  dependent on the “methods 

of ascertainment”) 
  Over-representation of obstructive and central 

sleep apnea  
  SNS over-activity  classical/important contributor of 

cardiovascular morbid events 
  Salt + volume overload  critical pathogenetic 

element of sleep apnea in ESRD 



Unruh – JASN 2007 



       “Classical Model” - Sleep Apnea  

Repetitive cycles of apnea,  
hypoxia, hypercapnia and arousal  

Abrupt generation of negative  
intra-thoracic pressure 

Sudden and profound changes  
in cardiac loading conditions 

Trigger of central sympathetic  
outflow to heart and periphery  

Sleep  
Fragmentation 

Gas exchange 
 abnormalities 

Nocturnal  
Hypoxemia 

Sympathetic Hyperactivity 

Coronary artery 
calcification  

oxidative stress 

Left Ventricular 
Hypertrophy / Hypertension 

Impaired 
quality of life 



SNS over-activity   
Hypertension 

Cardiac Failure 
Sudden Cardiac Death 



Mechanisms of SNS over-
activity 
  Renal (Inc. production) 

 Sympathetic nerve traffic is increased 
 BUT  renal transplantation does not 

correct elevated MSNA 
  Renal (Dec. elimination) 

 Dec. clearance 
 Recall – t1/2 is short  
 Simply increasing clearance will not be 

sufficient 



Sympathetic over-activity in ESRD 

Converse et al, NEJM 1993 



Adrenergic modulation  
cardiac apoptosis 



Zoccali et al – JASN 2002 





Pathophysiologic Explanations of 
SA in ESRD 



Kalantar-Zadeh et al – Circ 2009 



Are there other stimuli for SNS 
over-activity in uremia? 
 YES!  Salt / Volume overload 
 Cardiac 

 Changes in cardiac dimensions will 
lead to impairments in SNS/vagal 
balance 

 Rapid ultrafiltration  SNS 
overactivity 

 Sleep Apnea 



Mechanical Stretch: HRV alterations 

Horner et al – Circ 1996 



Power spectral analysis of 
heart rate variability 

 Non-invasive measurement 
 Capable of assessing dynamic changes 

in the autonomic control of heart rate 
  Identification of superimposed 

oscillations which contribute to 
variations in heart rate 



Heart rate variability in normal 
animals and humans 
 
  Interpretation of PSA of HRV: 

 LF  (0.05 – 0.15 Hz) : SNS 
 HF (> 0.15 Hz) : PNS 

  Administration of atropine or other agents 
  virtually abolished the HF component of HRV 

  In dogs, an increase in LF power was observed during 
baroreceptor unloading with NTG and was prevented by 
prior bilateral stellectomy 

 

 



Horner et al – Circ 1996 



Horner et al – Circ 1996 



Implications 

 Recurrent Stretch / Increase in left 
atrium: 
 Volume / Salt overload 
 May lead to sustained SNS 

overactivity 





Bradley et al – Am J Resp Crit Care Med 2009 



Correction of Sleep Apnea with NHD  
 

The first 14 patients of the Nocturnal Hemodialysis project in 
Toronto.  8 patients had sleep apnea (AHI>15/hr)  

AHI decreased from 46±19 to 9±9 p=0.006 
Minimum O2 sat increased from 89.2±1.8 to 94.1±1.6 

p=0.005 
Hanly P, Pierratos A. NEJM 2001 



Why would NHD correct sleep 
apnea? 

ECF volume vs. Uremia or Both? 



ECF volume overload:  
upper airway edema? 

        Normal Subject                        Sleep Apnea 



NHD  Increases 
In pharyngeal size 
 
3.17 ± 0.68 to 3.86 ± 0.67 cm2 

Beecroft et al – NDT 2008 



The Impact of Nocturnal 
Hemodialysis on Sleep Apnea is 
Dose-dependent  

Beecroft J et al ATS 2006 



Effects of NHD on HRV during sleep 
Patients  
(n=9) 

Normal 
Subjects 
(n=10) 

Variables CHD1 CHD2 NHD Control 

TST (hours) 5.4 ± 0.2 5.5 ± 0.2 5.3 ± 0.2 5.8 ± 0.2 

AHI  (per hour) 29.2 ± 9.93 30.2 ± 9.83 7.2 ± 3.31,2 4.6 ± 1.8 

%TST SaO2 < 90% 15.4 ± 7.23 12.5 ± 7.53 3.5 ± 3.41,2 0.2 ± 0.2 

RR intervals (ms) 829 ± 353 795 ± 293 912 ± 481,2 978 ± 35 

LF 202 ± 94 85 ± 36 356 ± 151 4788 ± 2648 

HF 100 ± 443 48 ± 153 712 ± 2561,2 6726 ± 4555 

LF/LF+HF 0.60 ± 0.08 0.59 ± 0.10 0.39 ± 0.06 0.42 ± 0.04 

HF/LF+HF 0.14 ± 0.023 0.17 ± 0.053 0.32 ± 0.071,2 0.42 ± 0.05 

LF/HF 2.17 ± 0.543 3.57 ± 1.813 0.75 ± 0.221 0.71 ± 0.11 

1 p<0.05 compared with CHD1, 2 p<0.05 compared with CHD2, 3p<0.05 compared with normal 

Chan et al – KI 2005 



Short term vascular effects of NHD  
 

Chan et al Hypertension 2003 



Tang et al CJASN 2009 





Summary 

Incr. 
SNS  

Incr. CVS events 
Incr. mortality 
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