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Objectives:Objectives:

To assess the relationship between parameters 

of HRV and traditional clinical markers of 

unfavorable prognosis with total mortality and 

mode of death in pts with heart failure and LV 

dysfunction in beta-blocking era. 

To assess the relationship between parameters To assess the relationship between parameters 

of HRV and traditional clinical markers of of HRV and traditional clinical markers of 

unfavorable prognosis with total mortality and unfavorable prognosis with total mortality and 

mode of death in pts with heart failure and LV mode of death in pts with heart failure and LV 

dysfunction in betadysfunction in beta--blocking era. blocking era. 



Inclusion criteriaInclusion criteriaInclusion criteria
Symptomatic heart failureSymptomatic heart failure ((NYHA IINYHA II--IVIV))

Sinus rhythmSinus rhythm

Left ventricle systolic dysfunctionLeft ventricle systolic dysfunction ((LVEFLVEF ≤≤ 40%40%))

Stable clinical conditionStable clinical condition



Exclusion criteriaExclusion criteriaExclusion criteria

nonnon--sinus rhythmsinus rhythm
myocardial infarctionmyocardial infarction ((< 3 months< 3 months))
diabetes mellitusdiabetes mellitus
SA and AVSA and AV--blockblock
renal failurerenal failure
severe nonsevere non--cardiac diseases (with poor prognosis)cardiac diseases (with poor prognosis)



Study designStudy designStudy design
Prospective observational studyProspective observational study



End pointsEnd pointsEnd points

Primary endpointPrimary endpoint –– allall--cause mortalitycause mortality

Secondary endpointsSecondary endpoints ––
pump failure death (PFD)pump failure death (PFD)
sudden death (SD)sudden death (SD)



Statistical analysisStatistical analysisStatistical analysis

Multivariable modelMultivariable model Multivariable modelMultivariable model

Final prognostic model based on forward stepwise 
Cox proportional hazard regression

Final prognostic model based on forward stepwise Final prognostic model based on forward stepwise 
Cox proportional hazard regressionCox proportional hazard regression

INDEPENDENT PREDICTORSINDEPENDENT PREDICTORS

UnivariableUnivariable modelmodel UnivariableUnivariable modelmodel
p<0.1p<0.1 p<0.1p<0.1

p<0.05p<0.05 p<0.05p<0.05

p<0.05p<0.05

(stepwise regression analysis)(stepwise regression analysis)

Clinical variablesClinical variables HRV variablesHRV variables



Baseline patients clinical characteristicsBaseline patients clinical characteristicsBaseline patients clinical characteristics

30.1 ± 6.7 30.1 ± 6.7 LVEFLVEF, % , % 
91/43 (68%/32%) 91/43 (68%/32%) EtiologyEtiology ((ischisch//nonischnonisch) ) 

111/23 (82%/17%) 111/23 (82%/17%) GenderGender ((mm//ff) ) 
52.4 ± 11.952.4 ± 11.9Age, yrsAge, yrs

Total (n=135)Total (n=135)CharacteristicsCharacteristics

219 (34 219 (34 --817)*817)*VPCsVPCs (24h)(24h)
57 (57 (35%35%))NSVT (n)NSVT (n)

2424 ((1818%)%)••NYHA IVNYHA IV
5555 ((4040%)%)••NYHA IIINYHA III
5566 ((4242%)%)••NYHA IINYHA II
2.9 ± 0.8 2.9 ± 0.8 NYHANYHA

* Presented as median with  25th  and 75th  percentiles



Baseline treatmentBaseline treatmentBaseline treatment

11.1%11.1%NitratesNitrates

%%TreatmentTreatment

5.6%5.6%WarfarinWarfarin
14.8%14.8%AmiodaroneAmiodarone

76.4%76.4%AspirinAspirin
68.6%68.6%SpironolactoneSpironolactone
45.1%45.1%DigoxinDigoxin
7799.4%.4%BetaBeta--blockersblockers
89.1%89.1%ACE InhibitorsACE Inhibitors
9090.3%.3%Diuretics Diuretics 



Heart Rate VariabilityHeart Rate Variability
in Heart Failurein Heart Failure



HRV measuresHRV measuresHRV measures
ValueValueMeasuresMeasures

3.9 3.9 ±± 7.47.4pNN50pNN50, %, %
28.9 28.9 ±± 14.814.8RMSDDRMSDD, , msms
38.1 38.1 ±± 18.318.3SDSD, , msms
90.2 90.2 ±± 29.129.1SDANNSDANN, , msms
110707 ±± 4444.2.2SDNNSDNN, , msms

9.8 9.8 ±± 1.61.6ULF,  ULF,  lnln msms 22

7.7.9 9 ±± 11.4.4VLF, VLF, lnln msms 22

2.02.0 ±± 11..44LFLF//HFHF
55.6 .6 ±± 11.4.4HF, HF, lnln msms 22

55..99 ±± 1.21.2LF, LF, lnln msms 22

9.9.55 ±± 2,52,5TPTP, , lnln msms 22
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TOTAL  MORTALITYTOTAL  MORTALITY



135 patients135 patients

~~2.4 2.4 yearsyears

PUMP FAILURE PUMP FAILURE 
DEATHDEATH

SUDDEN DEATHSUDDEN DEATH

36 36 ptspts
(57%) (57%) 

21 21 ptspts
(33%)(33%)

6363 patients diedpatients died

Myocardial InfarctionMyocardial Infarction

3 3 ptspts
(5%)(5%)

FollowFollow--upup

NonNon--
cardiaccardiac

3 3 ptspts
(5%)(5%)



95% 95% CICIppRRRRVariableVariable
((cutcut--off valueoff value))

0.8 0.8 –– 1.71.70.030.031.51.5LVEFLVEF ≤≤ 30 %30 %

0.2 0.2 –– 3.43.40.040.041.11.1NSVTNSVT

1.2 1.2 -- 4.254.250.00.0003333..55NYHA, IIINYHA, III--IVIV

Univariable predictors of total mortality 
among clinical variables

UnivariableUnivariable predictors of total mortality predictors of total mortality 
among clinical variablesamong clinical variables



Univariable predictors of total mortality 
among HRV measures

UnivariableUnivariable predictors of total mortality predictors of total mortality 
among HRV measuresamong HRV measures

0.90.9--1.91.90.010.011.51.5RR RR ≤≤ 746 746 msms

95% 95% CICIppRRRRVariableVariable
((cutcut--off value)off value)

0.8 0.8 –– 1.61.60.0020.00211..22ULF ULF lnln < 8.1< 8.1 msms22

0.9 0.9 –– 2.12.10.040.0411..33VLF VLF lnln < 6.35< 6.35 msms22

1.1 1.1 –– 2.32.30.0050.0051.1.66LF LF lnln < 5.1 < 5.1 msms22

1.1.11 –– 2.2.550.00.002021.1.77TP TP lnln < 9.05 < 9.05 msms22

0.9 0.9 –– 2.02.00.006 0.006 1.51.5SDANN SDANN < 70 < 70 msms

1.3 1.3 –– 4.24.20.00030.00033.03.0SDNN SDNN < 90 < 90 msms



Clinical variablesClinical variables

1.1.00 -- 33..330.00.02222..00NYHA, IIINYHA, III--IVIV

95% 95% CICIppRRRRVariableVariable
(cut(cut--off value)off value)

Multivariable predictors of total mortalityMultivariable predictors of total mortality

HRV measuresHRV measures
95% 95% CICIppRRRRVariableVariable

(cut(cut--off value)off value)
00..66 -- 11..880.00.0020211..55SDNN SDNN ≤≤ 90 90 мсмс



Final prognostic multivariable model for 
total mortality

(forward stepwise Cox proportional hazard 
regression)

Final prognostic multivariable model for Final prognostic multivariable model for 
total mortalitytotal mortality

(forward stepwise Cox proportional hazard (forward stepwise Cox proportional hazard 
regression)regression)

00..77 -- 22..880.00.0010111..88NYHA, IIINYHA, III--IVIV

95% 95% CICIppRRRRVariableVariable
(cut(cut--off value)off value)

00..22 -- 11..990.00.0020211..22SDNN SDNN ≤≤ 90 ms90 ms



Cumulative Proportion Surviving (Kaplan-Meier)
Complete  Censored
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Cumulative Proportion Surviving (Kaplan-Meier)
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PUMP  FAILURE  DEATHPUMP  FAILURE  DEATHPUMP  FAILURE  DEATH



Univariable predictors of pump failure deathUnivariableUnivariable predictors of pump failure deathpredictors of pump failure death

Clinical variablesClinical variables
95% 95% CICIppRRRRVariableVariable

(cut(cut--off value)off value)

0.8 0.8 –– 22..440.00.0221.1.66LVEFLVEF ≤≤ 2828 %%

0.0.33 –– 33..550.00.003031.1.33NSVTNSVT

22..99 -- 1616..880.00.000003399..55NYHA, IIINYHA, III--IVIV

HRV measuresHRV measures

11..22--33..330.00.000400422..33RR RR ≤≤ 770505 мсмс (85(85’’))

95% 95% CICIppRRRRVariableVariable
(cut(cut--off value)off value)

00..77 –– 22.2.20.030.0311..33SDNN SDNN ≤≤ 85 85 msms



Multivariable predictors of pump failure deathMultivariable predictors of pump failure deathMultivariable predictors of pump failure death

Clinical variablesClinical variables

22..33 -- 1515..770.00.0010188..11NYHA, IIINYHA, III--IVIV

95% 95% CICIppRRRRVariableVariable
(cut(cut--off value)off value)

HRV measuresHRV measures

11..11--33..000.0.00100122..00RR RR ≤≤ 770505 msms (85(85’’))

95% 95% CICIppRRRRVariableVariable
(cut(cut--off value)off value)



95% 95% CICIppRRRRVariableVariable
(cut(cut--off value)off value)

0.0.66 –– 33..880.00.002021.1.55RR RR ≤≤ 770505 msms (85(85’’))

22..11 -- 1414..880.00.0010188..00NYHA, IIINYHA, III--IVIV

Final prognostic multivariable model for 
pump failure death

(forward stepwise Cox proportional hazard 
regression)

Final prognostic multivariable model for Final prognostic multivariable model for 
pump failure deathpump failure death

(forward stepwise Cox proportional hazard (forward stepwise Cox proportional hazard 
regression)regression)
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Cumulative Proportion Surviving (Kaplan-Meier)
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Kaplan-Meier Survival in 2 independent risk factor model
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SUDDEN  DEATHSUDDEN  DEATH



Univariable predictors of sudden cardiac 
death

UnivariableUnivariable predictors of sudden cardiac predictors of sudden cardiac 
deathdeath

Clinical variablesClinical variables
95% 95% CICIppRRRRVariableVariable

(cut(cut--off value)off value)

1.1 1.1 –– 3.63.60.0040.0042.42.4LVEFLVEF ≤≤ 26 %26 %
2.4 2.4 –– 9.59.50.00020.00026.56.5NYHANYHA, , IIII

HRV measuresHRV measures

1.45 1.45 –– 4.494.490.0010.0013.53.5LFLF//HF HF < 1.5< 1.5
0.9 0.9 –– 5.55.50.0060.0062.12.1LFLF< 4.5, < 4.5, lnln msms22

95% 95% CICIppRRRRVariableVariable
(cut(cut--off value)off value)



Multivariable predictors of
sudden cardiac death

Multivariable predictors ofMultivariable predictors of
sudden cardiac deathsudden cardiac death

Clinical variablesClinical variables

0.2 0.2 –– 4.64.60,040,0411..11LVEFLVEF ≤≤ 26 %26 %

1.1.00 -- 33..330.00.0020222..00NYHA, IINYHA, II

95% 95% CICIppRRRRVariableVariable
(cut(cut--off value)off value)



HRV measuresHRV measures

1.45 1.45 –– 4.494.490.0010.0013.53.5LFLF//HF HF < 1.5< 1.5

95% 95% CICIppRRRRVariableVariable
(cut(cut--off value)off value)

Multivariable predictors of
sudden cardiac death

Multivariable predictors ofMultivariable predictors of
sudden cardiac deathsudden cardiac death



00..55 –– 22..990.0010.00111.5.5LFLF//HF HF < 1.5< 1.5

0.4 0.4 –– 3.03.00,040,0411.4.4LVEFLVEF ≤≤ 26 %26 %

95% 95% CICIppRRRRVariableVariable
(cut(cut--off value)off value)

2.2.00 –– 9.59.50.0030.00333.5.5NYHANYHA, , IIII

Final prognostic multivariable model for 
sudden cardiac death

(forward stepwise Cox proportional hazard 
regression)

Final prognostic multivariable model for Final prognostic multivariable model for 
sudden cardiac deathsudden cardiac death

(forward stepwise Cox proportional hazard (forward stepwise Cox proportional hazard 
regression)regression)
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ConclusionsConclusionsConclusions

1.1. The main HRV indices (both timeThe main HRV indices (both time-- and frequency and frequency 
domain) are domain) are depresseddepressed in heart failure which relates to in heart failure which relates to 
the severity of heart failurethe severity of heart failure

2.2. IIIIII--IV NYHAIV NYHA andand SDNN SDNN ≤≤ 90 ms90 ms are independent are independent 
predictors predictors of allof all--cause mortality. cause mortality. 

3.3. IIIIII--IV NYHAIV NYHA and meanand mean RR ≤ 705 msRR ≤ 705 ms ((HRHR≥≥8585’)’) are are 
independent predictors of death from progressive independent predictors of death from progressive 
pump failure. Their combination singles out pts at the pump failure. Their combination singles out pts at the 
most increased risk of pump failure death. most increased risk of pump failure death. 



5.5. Patients inPatients in II NYHAII NYHA, , depresseddepressed LVEFLVEF ≤≤ 26%, 26%, and and 
decreaseddecreased LF/HFLF/HF ≤≤ 1.51.5 are independent predictors of are independent predictors of 
sudden death. Their combination singles out patients sudden death. Their combination singles out patients 
with heart failure at the most increased risk of sudden with heart failure at the most increased risk of sudden 
death. death. 

6.6. HRV measures are HRV measures are advantageousadvantageous over traditional over traditional 
markers of unfavorable prognosis (markers of unfavorable prognosis (VPCsVPCs, NSVT) in , NSVT) in 
identifying patients with heart failure at increased risk identifying patients with heart failure at increased risk 
of sudden death.of sudden death.

Conclusions (continued)Conclusions Conclusions ((continuedcontinued))


