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Abstract

Chronic heart failure (CHF) alters heart rate and blood pressure variability (HRV, BPV). Additional prospective studies are needed to
clarify their role in cardiac risk stratification. The aim of this study was to prove the value of BPV analysis for risk stratification in CHF
compared to HRV. In 88 patients with CHF high-resolution ECG (22 bit resolution, 1600 Hz sampling frequency) and continuous
non-invasive blood pressure (NIBP, 22 bit, 500 Hz) were recorded over 30 minutes. Based on volume clamp method the peripheral
arterial blood pressure was measured via finger cuff. From the ECG recordings, time series of beat-to-beat intervals were extracted to
analyze HRV and from the NIBP recordings, time series of systolic as well as diastolic blood pressure values were extracted to analyze
BPV. To get ‘normal-to-normal’ beat time series (NN), ventricular premature beats and artefacts within the time series were detected
and replaced by interpolated normal heartbeats. Standard HRV and systolic as well as diastolic BPV parameters were evaluated for
patients with ejection fraction above and below 40% (EF+ and EF-) and for 5-year follow up (cardiac death and worsening of NYHA
class). Only one HRV parameter (MEAN NN) but six BPV indices separated EF+ from EF-. In the 5-year follow up systolic BPV but
not ejection fraction and HRV predicted worsening of NYHA class with 15% positive and 91.2% negative predictive value. Cardiac
death was predicted in 81.8% by using the two best diastolic BPV parameters (dLF/HF and dSDNN). We conclude BPV analysis may
be useful in medium range risk stratification in patients with CHF. The analysis of autonomic control should focus more on blood
pressure regulation.
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Introduction

Outcomes related to chronic heart failure (CHF) remains very
poor: mortality is related to its severity ranging from 5 to 10%
in patients with mild to 30-40% in severe cases [1,2]. The main
cause of death in CHF is related to arrhythmic events and these
patients are also at risk for sudden cardiac death. Evidence
suggests that implantable cardioverter defibrillators (ICD)
reduce total mortality in CHF but may be cost-effective in some
subgroups of patients at high risk [3]. So far, recommendation
for ICD implantation is primary based on the left ventricular
ejection fraction (EF). Further research is needed for risk
stratification of patients in whom ICD are most likely to be
clinically and cost-effective.
Clinical importance of autonomic control became apparent
since the late 1980s when it was confirmed that HRV was
a strong and independent predictor of mortality following
an acute myocardial infarction. With the availability of high
frequency 24-h multi-channel electrocardiographic recorders,
HRV has the potential to provide additional valuable insight
into physiological and pathological conditions and to enhance
risk stratification in different cardiac diseases [4]. Whereas
most of the studies on autonomic control were performed

by HRV analysis, less is known about the role of BPV. Beat to
beat registration of systolic and diastolic blood pressure was
evaluated in different cardiac diseases. There is a significant
correlation to baroreflex sensitivity in patients with hypertension
independent to their age and systolic blood pressure [5] and
there are also data about the increase of BPV in early stage
of hypertension [6]. Additional to ischemic cardiomyopathy,
hypertensive heart disease and dilated cardiomyopathy [7-10],
the BPV analysis has prognostic value in other diseases like
stroke [11,12], diabetes [13], chronic renal failure [14] or cognitive
decline [15]. Thus is reflecting clinical relevance of BPV in
cardiology with respect of autonomic control physiology and
cardiac risk stratification [16].
According to the AHA/ACC Guidelines for prevention of sudden
cardiac death both HRV and baroreflex sensitivity (BRS) analyses
are promising methods for risk stratification. Additional studies
are needed to further clarify the role of combining these
methods in assessing risk in CHF.

Methods

88 cardiac patients of the Clinic of Internal Medicine I of the
University Hospital of Jena, Germany (27 females, mean 66years
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and 61 males, mean 61years) with different degree of CHF (23
NYHA I, 53 NYHA II, 11 NYHA III, 1 NYHA IV) were included. The
group consist of 58 patients with ischemic and 30 patients
with none ischemic heart disease/cardiomyopathy. All
patients had a history of at least one episode of acute heart
failure and patients with preserved left ventricular ejection
fraction had evidence of diastolic impairment assessed by
echocardiography. High-resolution ECG (22 bit resolution,
1600 Hz sampling frequency) and continuous non-invasive
blood pressure (NIBP, 22 bit, 500 Hz) were recorded over
30 minutes under resting conditions using the Portapres
non-invasive blood pressure monitor (TNO Biomedical
Instrumentation, Netherlands). Based on volume clamp method
the peripheral arterial blood pressure was measured via finger
cuff [17]. Exclusion criteria were acute heart failure and known
confounders of HRV analysis such as diabetes, atrial fibrillation,
digitoxine and peripheral polyneuropathy as well as paced
rhythm. Patients with a rate of arrhythmic beats over 10%
were excluded from the study. From the ECG recordings, time
series of beat-to-beat intervals were extracted to analyze HRV
and from the NIBP recordings, time series of systolic as well as
diastolic blood pressure values were extracted to analyze BPV.
To get ‘normal-to-normal’ beat time series (NN), ventricular
premature beats and artefacts within the time series were
detected and replaced by interpolated heartbeats. Patients
were divided in two groups: with left ventricular function
above and below 40% (EF+ and EF-). For statistical analyses
SPSS 14 was used: descriptive statistics (mean value, standard
deviation), Pearson bivariate logistic correlation test, as well as
the Mann-Whitney U test for the groups EF+ and EF- for clinical
parameters (age, gender, BMI, medical treatment with ACE
inhibitors, Beta blockers, LVEDD-left ventricular end diastolic
diameter; LVEDP–left ventricular end diastolic pressure, QRS
duration and NYHA class (I/II/III/IV) and standard (3) HRV (MEAN
NN, SDNN, RMSSD, LF, HF, LF/HF, pNN50), diastolic and systolic
BPV parameters (dMEAN NN, dSDNN, dLF, dHF, dLF/HF and
sMEAN NN, sSDNN, sLF, sHF, sLF/HF) as well as bradyslope
and tachyslope for BRS. The diagnostic power of BPV, HRV
and BRS to separate the two groups was evaluated by using
discrimination analyses. Additional discrimination analyses
were applied to analyze 5-year follow up (cardiac death and
worsening of NYHA class) for EF (echocardiography) and
standard BPV and HRV parameters.
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presented in Table 1. There are no significant differences
in the clinical parameters age, gender, BMI and medical
treatment and significant differences in NYHA class, LVEDD,
LVEDP and QRS duration. Bivariate logistic correlation (Table 2)
between the clinical parameters EF, NYHA class, LVEDD,
LVEDP, QRS duration and BPV parameters showed significant
results, but not between the HRV or BRS parameters. In
Table 3, descriptive statistics and univariate significances for
the HRV and BPV parameters are presented. From the HRV
parameters only one (MEAN NN) but diastolic and systolic BPV
parameters (dLF, dHF, dLF/HF and sLF, sHF, sLF/HF) separate
EF+ and EF-. In addition, none of the BRS parameters could
separate the groups.
Table 1. Descriptive statistic and univariate significance of the
clinical data of all patients and of subgroups with EF>40% (EF+)
and with EF<40% (EF-); N–number of patients; mv–mean value;
sd–standard deviation; BMI–body mass index; LVEDD–left
ventricular end diastolic diameter; LVEDP–left ventricular end
diastolic pressure; ACE–ACE inhibitors; BETA–Beta blockers.
Clinical parameters of the study groups EF+(>40%) and EF- (< 40%)
Clinical
parameters

All
patients
(N=88)

EF+
(N=68)

EF(N=20)

Age (mv±sd)
[years]

63±12

62±49

63±15

0.91

Gender
(male/female)

62/26

46/22

16/4

0.29

BMI (mv±sd)
[kg/cm2]

27.9±4.2

28.6±4.6

27.6±4.1

0,23

EF (mv±sd) [%]

54±17

60.4±10.8

31.9±7.9

**

<0.001

LVEDD [mm]

53.8±9.7

51.3±8.1

61.4±10.5

**

<0.001

P value

LVEDP [mmHg]

13.7±6.8

16.7±8.2

12.9±6.2

**

<0.001

QRS duration [ms]

101.9±24.9

96.4±22.8

120.7±23.3

**

<0.001

NYHA class
(I/II/III/IV)

23/ 53/11/1

23/ 43/ 2

0/10/9/1

**

<0.001

ACE
(N, percentage)

62 (70%)

44 (65%)

18 (90%)

0.48

BETA
(N, percentage)

60 (68%)

42 (62%)

18 (90%)

0.44

univariate significance at the 0.05 level (*) and at the 0.01 level (**).

In total, 16 patients died in the 5 year follow up period of acute
heart failure or arrhythmic events. 5-year follow up showed
Results and discussion
significant results to predict cardiac death or worsening of
According to the American Society of Echocardiography, NYHA class only with BPV parameters (Table 4). Combination
an EF 30-44% is defined as medium range reduction of left of two systolic BPV parameters (sLF and sSDNN) could predict
ventricular function [18]. Up to now, the lower limit of normal the worsening of NYHA class in 73.9% of the patients (positive
in clinical practice has usually been set at 40% [19]. Therefore, predictive value 15%, negative predictive value 91.2%). Cardiac
we separated our CHF patients in two groups: a group with death was predicted in 81.8% of the patients using two diastolic
low EF (EF-) when the EF cut-off value was below 40% and BPV parameters (dLF/HF and dSDNN) resulting in a positive
a group with preserved EF (EF+) when the cut-off value was predictive value 12.5% and a negative predictive value of
equal or higher than 40%. Descriptive statistics and univariate 97.2%. The left ventricular EF, QRS-duration as well as standard
significances for the clinical parameters of EF+ and EF- are HRV and BRS parameters had no significant prognostic value.
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Table 2. Pearsons correlation between the clinical parameters (QRS duration, LVEDD, LVEDP, NYHA class, EF) and BPV parameters
(sMEAN NN, sSDNN, sLF, sHF, sLF/HF and dMEAN NN, dSDNN, dLF, dHF, dLF/HF).
Correlation between the clinical parameters and BPV parameters
Parameter
QRS-duration
LVEDD
LVEDP
NYHA
EF

sMEAN
NN

sSDNN

sLF/HF

sLF

sHF

dMEAN
NN

dSDNN

dLF/HF

dLF

dHF

Pearson Correlation

0.003

0.081

0.179

0.235(*)

0.235(*)

0.005

0.084

0.201

0.221(*)

0.221(*)

Sig. (2-tailed)

0.975

0.450

0.094

0.027

0.027

0.960

0.437

0.060

0.038

0.038

Pearson Correlation

<0.001

0.155

0.230(*)

0.264(*)

0.264(*)

0.006

0.020

0.252(*)

0.267(*)

0.267(*)

Sig. (2-tailed)

0.997

0.158

0.034

0.014

0.014

0.960

0.858

0.020

0. 014

0.014

Pearson Correlation

0.043

0.010

0.248(*)

0.170

0.170

0.100

0.137

0.225

0.322(**)

0.322(**)

Sig. (2-tailed)

0.732

0.938

0.043

0.169

0.169

0.422

0.268

0.067

0.008

0.008

Pearson Correlation

0.220(*)

0.123

0.271(*)

0.261(*)

0.261(*)

0.191

0.009

0.311(**)

0.284(**)

0.284(**)

Sig. (2-tailed)

0.039

0.253

0.011

0.014

0.014

0.074

0.931

0.003

0.007

0.007

Pearson Correlation

0.087

0.152

0.320(**)

0.343(**)

0.343(**)

0.044

0.056

0.300(**)

0.350(**)

0.350(**)

Sig. (2-tailed)

0.423

0.161

0.003

0.001

0.001

0.686

0.605

0.005

0.001

0.001

*Correlation is significant at the 0.05 level (2-tailed), **Correlation is significant at the 0.01 level (2-tailed).
Table 3. Descriptive statistic and univariate significance of HRV and systolic and diastolic BPV
parameters for the comparison of subgroups EF-(EF<40%) and EF+(EF>40%); mv–mean value;
sd–standard deviation.
HRV- and BPV parameters of the study groups EF+ (>40%) and EF- (40%)
Parameters

all patients

EF+
mv±sd

EFmv±sd

p value

MEAN NN [ms]

843±104

927±158

855±128

**

SDNN [ms]

38.8±18.2

38.8±18.2

35.4±20.3

HRV
0.008
0.32

Systolic BPV
sMEAN NN [mmHg]

115±22

115±22

113±28

0.83

sSDNN [mmHg]

0.9±0.3

8.8±2.9

0.8±03

0.35

sLF [mmHg2]

6.3±1.4

6.5±1.3

5.3±1.4

**

< 0.001

sHF [mmHg ]

3.7±1.4

3.4±1.3

4.6±1.4

**

< 0.001

sLF/HF [-]

2.0±1.1

2.2±1.0

1.5±1.2

**

< 0.001

54±13

54±0.12

52±1.6

2

Diastolic BPV
dMEAN NN [mmHg]

0.55

dSDNN [mmHg]

3.8±1.4

3.8±1.4

3.7±1.5

dLF [mmHg2]

7.4±1.3

7.6±1.1

6.6±1.4

**

0.005

0.85

dHF [mmHg2]

2.6±1.3

2.4±1.1

3.4±1.4

**

0.005

dLF/HF [-]

3.7±2.2

4.0±2.1

2.6±2.0

**

0.005

univariate significance at the 0.05 level (*) and at the 0.01 level (**).

In Table 5 correlation between HRV and BPV parameters pathophysiology of CHF. Beside restriction of physical ability,
were shown. Only two BPV parameters showed a significant disturbed orthostatic blood pressure regulation with cerebral
correlation with HRV indices (dMEAN NN and MEAN NN, perfusion deficiency and dizziness is an early symptom of CHF.
dLF/HF and SDNN). All other BPV parameters included no In this study, impaired HRV seen as reduced MEAN NN, could
significant correlated information to the chosen standard be demonstrated in the subgroup EF-. Reduced sympathetic
HRV parameters MEAN NN and SDNN.
(dLF) and elevated vagal (dHF) components of diastolic blood
Altered blood pressure regulation plays a central role in the pressure regulation were typical for patients with advanced
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Table 4. Chi-Square test between BPV parameters (dMEAN NN, dSDNN, dLF, dHF, dLF/HF and sMEAN NN, sSDNN,
sLF, sHF, sLF/HF) and surviver vs. cardiac death after 5 years (left) and worsening vs. no worsening of NYHA class after
5 years (right).
BPV parameters and 5 year follow up (cardiac death and worsening of NYHA class)
Parameters

Survivor
n=72
mv±sd

Cardiac Death
n=16
mv±sd

p value

No worsening of NYHA
class
n=68
mv±sd

Worsening of NYHA class
n=20
mv±sd

p value

Systolic BPV
sMEAN NN [ms]

115.7±22.3

110.3±21.7

sSDNN

9.0±2.9

7.8±2.4

sLF [mmHg2]

6.3±1.3

5.7±1.1

sHF [mmHg2]

3.6±1.4

4.3±1.1

sLF/HF [-]

2.2.±1.1

1.5±0.7

*

55.8±12.8

48±11.8

*

*

0.374

113.7±23.7

118±15.9

0.018

8.4±2.8

10.1±2.6

*

0.449
0.014

0.056

6.1±1.5

6.9±0.7

**

0.010

0.056

3.9±1.5

3.1±0.7

**

0.010

0.023

1.9.±1.1

2.5±0.8

*

0.041

0.028

53.8±13.5

56.2±10.7

Diastolic BPV
dMEAN NN [ms]

0.475

dSDNN

4.0±1.5

3.2±0.9

*

0.048

10.8±3.7

4.1.±1.0

dLF [mmHg2]

7.5±1.2

6.6±1.3

**

0.009

7.2±1.3

7.8±1.1

*

0.041

0.389

dHF [mmHg2]

2.4±1.2

3.4±1.3

**

0.009

2.8±1.3

2.1±1.1

*

0.041

dLF/HF [-]

4.0±2.3

2.4±1.1

**

0.006

3.4±2.1

4.8±2.4

*

0.027

univariate significance at the 0.05 level (*) and at the 0.01 level (**).
Table 5. Pearsons correlation between the HRV- (MEAN NN,
SDNN) and BPV parameters (sMEAN NN, sSDNN, sLF, sHF,
sLF/HF and dMEAN NN, dSDNN, dLF, dHF, dLF/HF), n=88.
Correlation between HRV- and BPV parameters
sMEAN NN
sSDNN

MEAN NN

SDNN

Pearson Correlation

-0.203

-0.030

Sig. (2-tailed)

0.119

0.779

Pearson Correlation

0.005

0.089

Sig. (2-tailed)

0.971

0.408

dMEAN NN

Pearson Correlation

-0.431(**)

-0.095

Sig. (2-tailed)

0.001

0.380

dSDNN

Pearson Correlation

0.100

0.081

Sig. (2-tailed)

0.445

0.455

sLF/HF

Pearson Correlation

-0.002

0.044

Sig. (2-tailed)

0.987

0.684

sLF

Pearson Correlation

-0.017

0.023

Sig. (2-tailed)

0.897

0.831

sHF

Pearson Correlation

0.017

-0.023

Sig. (2-tailed)

0.897

0.831

Pearson Correlation

0.157

0.234(*)

Sig. (2-tailed)

0.230

0.028

Pearson Correlation

0.154

0.187

Sig. (2-tailed)

0.240

0.081

Pearson Correlation

-0.154

-0.187

Sig. (2-tailed)

0.240

0.081

dLF/HF
dLF
dHF

** Correlation is significant at the 0.01 level (2-tailed).
Correlation is significant at the 0.05 level (2-tailed).

heart failure. The diastolic blood pressure regulation is more
sensitive to impaired autonomic control as systolic blood
pressure regulation, which is stronger affected by other factors
like vascular elasticity and diameter or peripheral resistance.
In this study, we used non-invasive continuous blood pressure
analysis at resting conditions performed during daytime. Thus
offers the possibility to compare beat to beat HRV and BPV
directly. Current studies showed hour to hour and even visit
to visit blood pressure variability as predictors of incident
cardiovascular events [20].
In 2010 Hansen et al., on behalf of the International Database
on Ambulatory Blood Pressure in Relation to Cardiovascular
Outcomes Investigators showed diastolic (dSDNN) but
not systolic blood pressure variability alone predictive for
cardiovascular events combined with fatal plus nonfatal stroke
[22]. Recently also a large community-based cross-sectional
study among Japanese men and women suggested that HRV
reflects diastolic blood pressure better than systolic blood
pressure levels for both sexes [21].
Extreme short time variations of arterial blood pressure are
counter-regulated by the baroreflex, stabilizing the pressure
within upper and lower limits. HRV and BPV are directly linked
over BRS: reduced HRV is combined with reduced BRS and
leads to increased BPV. All three are reflecting the condition
of autonomic control.
The diagnostic power of the HRV analysis was not high
enough to separate CHF patients with EF+ and EF-. Beside
MEAN NN, none of the calculated HRV parameters showed
significant results in separation of the groups, also none of
the BRS parameters. In contrast, systolic and diastolic BPV
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parameters could contribute a high significant separation
between EF+ and EF-. Moreover, BPV parameters predict the
5-year prognoses of cardiac death and worsening of NYHA
class in CHF. HRV and BRS analysis showed no significant
result in 5-year risk stratification.
Whereas impaired EF is the main risk factor in CHF and is
correlated to BPV parameters in this study, the 5-year prognosis
could not be predicted by EF alone neither by QRS duration.
Thus is also indicating an advantaged diagnostic power of
BPV analysis in CHF.
Our data could confirm the value of BPV in risk stratification
of heart failure patients. Dynamics of blood pressure
regulation were shown before significantly changed in
dilated cardiomyopathy (DCM) comparing continuous noninvasive blood pressure and high-resolution electrocardiogram
from 91 DCM patients during a median follow-up period of
28 months (8). Diastolic BPV indexes, especially those from
symbolic dynamics, appear to be useful for risk stratification of
sudden cardiac death in patients with DCM. As well, linear HRV
and BPV analysis, short-term nonlinear methods as symbolic
dynamics (STSD), detrended fluctuation (DFA), and Poincare
plot analysis (PPA) were compared. Measures from BPV analysis,
DFA, and PPA revealed highly significant differences (p<0.0011)
discriminating DCM and healthy subjects. It could be shown
that parameters from BPV analysis enhanced risk stratification
in DCM patients even better than standard HRV parameters.
For risk stratification in DCM patients, four parameters from
BPV analysis, STSD, and PPA revealed significant differences
between low and high risk (maximum sensitivity: 90%,
specificity: 90%) [23].

Conclusion

Our results suggest that the analysis of autonomic control
should focus more on blood pressure regulation. BPV analysis
can be as easily performed as HRV from 24-hour Holter ECG
recordings. Continuous analysis of arterial blood pressure by
finapres and portapres systems-a non-invasive and easy to
perform technique-is a promising method open for the clinical
routine in cardiac event risk stratification. BPV parameters
may be useful in medium range risk stratification in patients
with chronic cardiac diseases such as CHF.
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