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Measurement of HRV 



Time domain : statistical measures 
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 SDNN (ms) : Standard deviation of all NN intervals. 
 SDANN (ms) :Standard deviation of the averages of NN intervals in all 

5 min segments of the entire recording. 
 RMSSD (ms) : The square root of the mean of the sum of the squares 

of differences between adjacent NN intervals. 
 SDNN index (ms) : Mean of the standard deviations of all NN intervals 

for all 5 min segments of the entire recording. 
 SDSD (ms) : Standard deviation of differences between adjacent NN 

intervals. 
 NN50 count  : Number of pairs of adjacent NN intervals differing by 

more than 50 ms in the entire recording. 
 pNN50 (% ) : NN50 count divided by the total number of all NN 

interval 

 



RMSSD 
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Time domain : statistical measures 
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Time domain : Geometric domain measures 
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Geometrical measures on the NN interval histogram 
: the sample density distribution D is constructed which assigns the 
number of equally long NN intervals to each value of their lengths. The 
most frequent NN interval length X is established, that is Y=D(X) is the 
maximum of the sample density distribution(D) 

HRV index=(total number of all NN intervals)/Y. 
The HRV triangular index  : dividing the area integral of D by the 
maximum Y 



Time domain : Geometric domain measures 
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 HRV triangular index  : Total number of all NN intervals divided by the 
height of the histogram of all NN intervals measured on a discrete 
scale with bins of 7·8125 ms (1/128 s) 

 TINN (ms) : Baseline width of the minimum square difference 
triangular interpolation of the highest peak of the histogram of all NN 
intervals  

 Differential index (ms) : Difference between the widths of the 
histogram of differences between adjacent NN intervals measured at 
selected heights (e.g. at the levels of 1000 and 10 000 samples) 

 Logarithmic index  : Coefficient ö of the negative exponential curve k · 
e"öt which is the best approximation of the histogram of absolute 
differences between adjacent NN intervals. 



Frequency domain : spectral analysis 
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Frequency domain 
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Frequency domain 
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Frequency domain 
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Arrhythmia & Electrophysiology Review 2018;7(3):193–8 



Frequency domain 
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Fractal analysis 
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Fractal analysis : DFA alpha1 
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Physiologic correlation 



ANS system  
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ANS system – cardiac communication 
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Autonomic function : HR spectral analysis 
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Clinical utilization  



Survival predictor after AMI 
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Risk factor of VT after AMI 
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Europace (2011) 13, 1604–1611 



Risk factor of VT after AMI 
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Europace (2011) 13, 1604–1611 



EMIAT data 
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Circulation. 2004; 110:1183-1190 



Prevalent low frequency oscillation 
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Circulation. 2004; 110:1183-1190 
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Background 
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Am J Cardiol 2000;85:815–820 

Temporal changes of HRV parameters after reperfusion 



Method : study subjects 

51 patients (male 82.4%, mean age 59.7±12.0) with acute 
myocardial infarction associated with significant LV 
dysfunction (LVEF<45%) 
 
All enrolled patients were underwent standard 
reperfusion therapy and medical treatment according to 
AHA/ACC guideline 

 

Wonkwang university school of medicine and hospital 



Method : data analysis 

Collected data (baseline and 1 month follow up ) 
 clinical characteristics 
 laboratory findings 
 echocardiographic data  
 flow mediated dilatation (FMD)  
 24 hour Holter parameters.  

 
Enrolled patients were divided into two groups 
according to improvement of HRV ( increased 
SDNN >20%) and various parameters were assessed 
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Result : HRV parameters – baseline ad 1Mo 
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Result : HRV parameters – baseline ad 1Mo 

Wonkwang university school of medicine and hospital 

Baseline 1Mo FU P value 
SDNN 79.8±26.5 110.0±41.2 <0.05 
SDANN 63.5±20.8 96.3±37.6 <0.05 
ASDNN 43.1±18.0 45.0±17.6 <0.05 
Max TWA 38.7±24.9 52.0±43.3 0.14 



Result : Baseline characteristics 
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Improved HRV 
(n=36) 

Unimproved HRV 
(n=15) 

P value 

Age(yrs) 61.8±11.6 56.5±10.5 0.78 
Gender(male%) 32(88.9%) 13(86.7%) 1.00 
HTN 18(50.0%) 6(40.0%) 0.55 
DM 6(16.7%) 4(26.7%) 0.45 
Smoking 22(61.1%) 7(46.7%) 0.26 
FHx 2(5.6%) 1(6.7%) 0.65 
Old CVA 2(5.5%) 0(0%) 1.00 
ESRD 1(2.8%) 0(0.0%) 1.00 
Preivious PCI 3(8.3%) 0(0.0%) 0.54 



Result : Laboratory data 
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Improved HRV 
(n=36) 

Unimproved HRV 
(n=15) 

P value 

Hgb 14.8±1.6 14.6±2.4 0.735 
Creatinine 1.0±0.3 0.9±0.3 0.351 
CRP 6.7±20.9 24.8±81.0 0.212 
Na 140.2±137.4 137.4±4.2 0.056 
K 4.1±0.5 4.1±0.4 0.962 
Mg 2.1±0.2 1.8±0.3 0.037 
LDL 112.8±38.6 137.5±55.6 0.078 
Peak TnT 10.1±8.5 11.2±9.5 0.680 
BNP 172.2±282.7 254.8±334.6 0.407 



Result : Angiographic result 
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Improved HRV 
(n=36) 

Unimproved HRV 
(n=15) 

P value 

LAD culprit 25(69.4%) 12(80.0%) 0.653 
Multivessel ds 14(38.9%) 5(33.3%) 0.840 
Pre-TIMI 0 27(75.0%) 13(86.7%) 0.510 
Post-TIMI 3 35(97.2%) 15(100%) 0.514 
Complete-revasc 28(77.8%) 13(86.7%) 0.466 



Result : Medical Tx 
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Improved HRV 
(n=36) 

Unimproved HRV 
(n=15) 

P value 

Aspirin 35(97.2%) 15(100%) 1.00 
P2Y12 inhibitor 36(100%) 15(100%) n/a 
Cilostazol 3(8.3%) 1(6.7%) 1.00 
Beta blocker 31(86.7%) 12(80.0%) 0.679 
ACE inhibitor 19(52.8%) 3(20.0%) 0.031 
ARB 13(36.1%) 10(43.5%) 0.056 
Spironolactone 11(30.6%) 5(33.3%) 0.846 
Statin 36(100%) 15(100%) n/a 



Result : Echocardiographic parameters 
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Improved HRV 
(n=36) 

Unimproved HRV 
(n=15) 

P value 

LVEF 40.5±5.2 39.3±3.6 0.426 
LVEDD 54.3±4.6 52.7±3.6 0.233 
E/E’ 11.9±4.1 13.7±8.5 0.313 
LVEF(1Mo) 46.4±7.3 45.6±10.8 0.774 
LVEDD(1Mo) 54.0±4.5 53.8±7.6 0.892 
E/E’(1Mo) 11.9±4.1 13.7±8.5 0.036 



Result : ECG parameters 
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Improved HRV 
(n=36) 

Unimproved HRV 
(n=15) 

P value 

QRSd 98.3±17.0 102.2±29.4 0.547 
QRSd1Mo 99.6±9.8 99.4±22.8 0.200 
QTc 458.3±45.1 474.6±64.4 0.305 
QTc 1Mo 465.1±28.5 460.7±32.4 0.629 
QTd 399.1±56.4 397.0±50.6 0.904 
QTd 1Mo 425.5±35.3 405.5±49.3 0.108 



Result : FMD 
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Improved HRV 
(n=36) 

Unimproved HRV 
(n=15) 

P value 

FMD% 6.2±4.9 4.9±7.1 0.035 
FMD% 1Mo 5.9±4.5 5.8±4.0 0.968 



Fractal analysis in CHF patients 
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Am J Cardiol 2001;87:178–182 



Autonomic marker in CHF (GISSI-HF) 
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European Journal of Heart Failure (2012) 14, 1410–1419 

Cardiovascular death 



Autonomic marker in CHF (GISSI-HF) 
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European Journal of Heart Failure (2012) 14, 1410–1419 

Arrhythmic event 



SCD predictor in elderly subjects 
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SCD predictor in elderly subjects 
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omega-3 Fatty Acid Consumption and 
Heart Rate Variability in Adults 
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Circulation. 2008;117:1130-1137 
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omega-3 Fatty Acid Consumption and 
Heart Rate Variability in Adults 
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Circulation. 2008;117:1130-1137 



 Reduced HRV was associated with impaired 
exercise capacity in AF 

 Miwa et al, Circ J 2004; 68: 294 –296 

HRV in AF patients 



HRV in AF patients 

 BNP level reversely correlated with SDNN 

P<0.05, R=-0.034 



Take home massage 

HRV is useful tool for assessing variation of autonomic 

nervous system. 

HRV has potential to predict adverse event in patients 

with cardiovascular disease 

Large prospective longitudinal studies are needed to 

determine the sensitivity, specificity, and predictive 

value of HRV in the identification of individuals at risk 

for subsequent morbid and mortality 
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