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Author Follow-up

(years)

Mortality with AN

(%)

Mortality without AN

(%)

Ewing et al., 1980 5 56 15

Navarro et al., 1990 7 40 14

Sampson et al., 1990 10 27 12

O'Brien et al., 1991 5 27 6

Rathman et al., 1993 8 23 3
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�� Distal sympathetic denervation with islands of Distal sympathetic denervation with islands of 
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��21 cases of sudden death over 15 year 21 cases of sudden death over 15 year 

follow upfollow up

�� In a multivariate analysis, predictors included In a multivariate analysis, predictors included 

EKG changes, nephropathy, QTc interval, EKG changes, nephropathy, QTc interval, 

autonomic scores, HDL cholesterolautonomic scores, HDL cholesterol

��Adjusting for nephropathy autonomic scores Adjusting for nephropathy autonomic scores 

no longer a significant predictorno longer a significant predictor

��Possible ANS acts as a transient risk factor Possible ANS acts as a transient risk factor 

conducive to the final eventconducive to the final event
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�� Steno study prospective assessment Steno study prospective assessment –– 10.1 years10.1 years

�� 197 type 1 diabetic patients with diabetic nephropathy 197 type 1 diabetic patients with diabetic nephropathy 

�� 191 patients with long191 patients with long--standing type 1 diabetes and standing type 1 diabetes and 
normoalbuminurianormoalbuminuria

�� Heart rate variability with deep breathingHeart rate variability with deep breathing

�� Endpoint Endpoint –– fatal and nonfatal and non--fatal cardiovascular diseasefatal cardiovascular disease

�� Hazard ratios in a patient with nephropathy and an Hazard ratios in a patient with nephropathy and an 
abnormal HRV abnormal HRV 
�� For reaching the primary end point  6.4 (95% CI 1.5For reaching the primary end point  6.4 (95% CI 1.5--26.3, P = 0.01)26.3, P = 0.01)

�� For dying 3.3 (95% CI 1.0For dying 3.3 (95% CI 1.0--10.7; P = 0.04)10.7; P = 0.04)

�� HRV is an independent risk factor predicting cardiovascular HRV is an independent risk factor predicting cardiovascular 
morbidity and mortality in type 1 diabetic patients with morbidity and mortality in type 1 diabetic patients with 
nephropathynephropathy
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�� AgeAge

�� HbA1cHbA1c

�� Feeling faint on standingFeeling faint on standing

�� HypertensionHypertension

�� Distal neuropathyDistal neuropathy

�� Other microvascular complications Other microvascular complications 

(nephropathy and retinopathy)(nephropathy and retinopathy)
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The association among autonomic nervous system function, incident 

diabetes, and intervention arm in the diabetes prevention program.
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Heart rate variability in response 
to:

� Respiration

� Valsalva manoeuvre
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SINUS ARRHYTHMIASINUS ARRHYTHMIA

�� Stimulus:  Stimulus:  Deep respirationDeep respiration

�� Six breaths per minuteSix breaths per minute

�� Afferent:  Afferent:  Vagus, central, baroreceptors Vagus, central, baroreceptors 
and local cardiacand local cardiac

�� Efferent:  Efferent:  Predominantly vagusPredominantly vagus

�� Response:  Response:  Inspiratory HR increaseInspiratory HR increase

Expiratory heart rate decreaseExpiratory heart rate decrease

�� Sensitive and specific measureSensitive and specific measure
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SINUS ARRHYTHMIASINUS ARRHYTHMIA

�� Respiratory frequency Respiratory frequency 

�� Respiratory amplitudeRespiratory amplitude

�� PositionPosition

�� AgeAge

�� Sympathetic activitySympathetic activity

�� Mean heart rateMean heart rate

�� HypocarbiaHypocarbia

�� MedicationsMedications
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Low et al.  Muscle and Nerve, 1997
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HRV with deep respiration:

Ave Max 86.8

Ave Min 60.1

E:I 1.45

Max-Min 27

SD HR 9.26

Respiration

Finapres BP

Pulse Rate EI_JC.WDQ
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HRV with deep respiration:

Ave Max 71.2

Ave Min 67.3

E:I 1.06

Max-Min 4

SD HR 1.71

Respiration

Finapres BP

Pulse Rate EI_CH.WDQ
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Slide 21 Time domain statistical measures of Time domain statistical measures of 

HRV with respirationHRV with respiration

�� Maximum minus minimum HR differenceMaximum minus minimum HR difference

�� Maximum minus minimum RR interval differenceMaximum minus minimum RR interval difference

�� Maximum / minimum HRMaximum / minimum HR

�� Maximum / minimum RR intervalMaximum / minimum RR interval

�� Standard deviation (SD) of RR intervalsStandard deviation (SD) of RR intervals

�� SD of the HRSD of the HR

�� Histogram displays of RR intervalsHistogram displays of RR intervals

�� Coefficient of variation of heart rateCoefficient of variation of heart rate

�� Coefficient of variation of RR intervalsCoefficient of variation of RR intervals

�� SDNN index SDNN index 

�� SDANN indexSDANN index

�� MSSD (Mean square successive difference)MSSD (Mean square successive difference)

�� rMSSDrMSSD (Root mean square successive difference)(Root mean square successive difference)

�� MSD (Mean successive difference)MSD (Mean successive difference)
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