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Summary: Heart rate variability (HRV) has become a popu- 
lar method for the studies of physiologic mechanisms respon- 
sible for the control of heart rate fluctuations. in  which the au- 
tonomic nervous system appears to play a primary role. 
Depression o f  HRV has been observed in many clinical sce- 
narios. including autonomic neuropathy. heart transplanta- 
tion, congestive heart failure, myocardial infarction (MI), and 
othct cardiac and noncardiac diseases. However, it is impor- 
tant to realize that clinical implication of HRV analysis has 
been clearly recognized in only two clinical conditions: ( 1  ) a s  
a ptcdictor of risk of arrhythniic events or sudden cardiac 
death after acute MI, and ( 2 )  as a clinical marker of evolving 
diabetic neuropathy. Recently, its role in evaluation and nian- 
agenient of heart failure has also been recognized. I t  is perti- 
nenl to recognize the limitations of HRV ;IS far as its clinical 
utility at present is concerned. The methodology of HRV had 
remoined poorly standardized unt i l  the recent publication of 
the Special Repon of the Task Force of ESC/NASPE. and 
thus has been presenting difficulty in comparing earlier exist- 
ing data. Also, determination o f  the exact sensitivity. sp- 
ecificity, and predictive value of HRV, as well as the normal 
values of standard measures in the general population, still re- 
quire further investigation before better standards can be set 
for existing and future clinical applications. This article re- 
view\ the major concepts of HRV measurements. their clini- 
cal relevance, and the recent advances in  this field. 
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Introduction 

The fact that the beat of I healthy heart is not absolutely 
regular was noted by Albrecht von Haller in the eighteenth 
century,’ but it is only within the last three decades that the 
clinical significance of heart rate variability (HRV) has been 
mentioned in the medical literature. In 1965, Hon and Lee’ re- 
ported that the beat-to-beat interval changes are the first noted 
alteration before fetal distress occurs, even preceding any 
change in heart rate itself. Since then, the existence ofphysio- 
logic rhythms within the oscillations of the interval between 
consecutive and instantaneous heart rates has been recog- 
nized, and at present the term “heart rate variability” has be- 
come generally accepted to describe the above variations.3 
Numerous studies have demonstrated that HRV measure- 
ments can prove useful in assessing the function of the auto- 
nomic nervous system with regard to cardiac function and can 
be reliable predictors in clinical medicine, as in the case of car- 
diac related morbidity and m~r ta l i ty .~’  This article reviews 
the major concepts of HRV measurements. their clinicul rele- 
vance. and the recent advances in this field. 

Measurement Techniques 

I n  the evaluation of HRV, several methods can be applied 
which can be grouped into either the time domain or the fre- 
quency domain analysis. 

Time domain analysis calculates a number of variables that 
describe either the heart rate at any time or determine the inter- 
vals between successive noimal complexes. In a continuous 
electrocardiographic (ECG) recording. each QRS complex is 
detected and the normal-to-normal (N-N) intervals (intervals 
between consecutive QRS complexes originating from the si- 
nus node) or the instantaneous heart rate are detennined. Some 
simple calculated time domain variables include the mean N- 
N interval, the mean heart rate, the difference between the 
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shortcst and the longest N-N interval, the difference between 
clay and night heart rate, as well as the variations in instanta- 
neous heart rate secondary to respirations, tilt, Valsalva ma- 
neuver. or phenylephrine infusion. From the above values, 
more complex statistical time domain measures can be calcu- 
lated. They can be derived directly from measurements or 
from the ditferences of N-N intervals. The variety of time do- 
main nie;isures of HRV is summarized in Table I. 

Considering the large number of different measures and the 
lict that many of these measures correlate closely with each 
other, the Task Force of the European Society of Cardiology 
and North American Society of Pacing and Electrophysiology 
(ESC/NASPE) has narrowed the number of necessary paran- 
rters for time domain HRV analysis to the following: ( I )  stan- 
dard deviation of N-N intervals (SDNN) (estimate of overall 
HRV). (2) HRV triangular index (estimate of overall HRV), 
(3)  standard deviation of averages of N-N intervals (SDANN) 
(estimate of long-term components of HRV), and (4) square 
root of  the nieui (RMSSD) (estimate of short-tenn compo- 
nents o ~ H R V ) . ~  

Frequency domain iuialysis examines the periodic oscilla- 
tions of ii given heart rate at various frequencies. Power spec- 
tral density (PSD) analysis, one ofthe many spectral methods, 
provides the basic information of how power (variance) dis- 
tributes as it function of frequency. Three main spectral com- 
ponents are distinguished in a spectrum calculated from short- 
~eiiii recordings (2-5 min): very low frequency (VLF), low 
frequency (LF), and high frequency (HF). Spectral analysis 
may also be used to analyze the sequence of beat-to-beat inter- 
vals of the entire 24-h period, providing the fourth spectral 
component, the ultra low frequency (ULF) (Table n). 

To standardize physiologic and clinical studies, two types 
o f  recordings are recommended by ESC/NASPE: ( I )  short- 

I ~ L E  I Selected time tlomain measures of heart rate variability' 

term recordings of 5 niin made under physiologically stablc 
conditions processed by frequency domain methods. mi/ 
or (2) nominal 24-h recordings processed by time-domain 
methods. The data obtained with both methods appear to cor- 
relate well, but as the time domain analysis is technically sim- 
pler and less prone to interference, it is more applicable for 
clinical routine.3 

Physiologic Correlates 

Under nomal conditions, heart rate and rhythm are the rc- 
sult of intrinsic cardiac automaticity aid the modulating intlu- 
ence on the autonomic nervous system. Vasomotor and respi- 
ratory centers (central oscillators) and arterial blood pressure 
fluctuations with respiratory-related heniodynamic chnnges 
(peripheral oscillators) provide further modulating liwtors. 
This modulation results in short- and long-term heart beat-to- 
beat interval and rate periodic The aniilysis of 
HRV permits deductions on the state itnd function of thc m i -  
tral oscillators, autonomic efferent activity (both the sympa- 
thetic and the vagal components), humoral factors, and the si- 
nus node. It provides us with a useful tool for detecting and 
assessing individual components of the autonomic control ol' 
the heart. 

Spectral analysis of HRV has been especially useful in  pro- 
viding information on sympathovagal balance and its mod- 
ulatory effect on the heart period. The efferent vagal activity 
appears to be a major contributor to the HF component, iis ev- 
idenced by changes in the HF spectrum component in re- 
sponse to autonomic maneuvers such as electrical vagal stim- 
ulation, muscarinic receptor blockade, and vagotomy.x - l o  

Interpretation of the LF component is more controversial. 

ViI1.iablc Units Description 
~ 

Statistid ineastires 
SDNN 
SDANN 
KMSSD 
W N N  indcx 
SDSD 
NNSOcount 

pNN5O 

IiKV rriangulw index 
<;eonlclrlc mea\Llre\ 

TINN 

Ditliicntial index 

Logni-iiliniic index 

Ms 
Ms 
Ms 
Ms 
Ms 

Ms 

Ms 

Standarddeviation ofall N-N inteivals 
Standard deviation of the averages of N-N intervals in all 5 niin segments ofthe entire recording 
The square root ofthe mean ofthe sum ofthe squares of differences between iidjacent N-N intcivals 
Mean ofthe standard deviations of all N-N intervals for all 5 min segments ofthe entire recording 
Slandard deviation of differences between adjacent N-N intervals 
Number of pairs of adjacent N-N intervals differing by >SO nis in the entire recording: three variants 
are possible, counting all such N-N interval pairs in which the fist or the second interval is longer 

N-NS0 count divided by the total number of all N-N intervals 

Total number ofall N-N intervals divided by the height ofthe histoglnms ofall N-N inteivals 

Baseline width of the minimum square difference triangular interpolation ol'the highest peak ol'llie 

Difference between the widths ofthe histogram of differences between adjacent N-N inteivals 

Coefficient cp of the negative exponential cuive ke-'+', which is the best approxiinntion ofthe 

rneasuredonadiscretescale with binsof7.8125ms(I/I2Xs) 

histogram of all N-N intervals 

measured at selected heights 

histogram of absolute differences between adjacent N-N intervals 

ilhhr.c.i.i~rtio,r; HRV =heart rate variability. 
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TAW: I I  Selected frequency domain nieasun's of heart rate vnriability' 

Variahlr linits Description Frequency range 

Aiialysis ofshoil-teiiii recordings ( 5  min) 
S Min total power Ms' The variance of N-N intervals over the =<0.4 Hz 

V I J  Ms' Power in VLF range <O.(M Hz 

LF iioiiii N U  LF power in noimalired units 

HI; Ms' Power in HF range 
HI: iiomi N U  HF power in nomialized units 

teml)oral segment 

LF Ms' Power in LF range O.(W). I5 H z  

LF/( total power ~ VLF) X I00 

HF/(total power- VLF) X 100 
LF/I i I .' 
Analysis of entire 24 h 

Ratio LFIms?]/HF[ms21 

TotA power Ms' Variance ol'oll N N  intervnls =<0.4 Hz 
u 1.r.' Ms' Power i n  ULF range < 0.003 Hz 
VLP Ms' Power in VLF range 0.0034.04 Hz 

Ht: Ma' Power in HF range 0.154.4 Hz 
a Slope of the linear interpolation oftlie = <(lo4 Hz 

L t  Ms' Power in LF range 0.040. I S  Hz 

spectrum in a log-log scale 

Ah/J/.(,i,inrio,i.\... VLF = very low frequency. LF = low frequency. HF = high frequency. ULF = ultra low frccquency. NU = noiinalizetl units. 

Some authors consider LF as a marker of sympathetic modu- 
lation. while others consider it to be a parameter that includes 
both sympathetic and vagal influences."". I ' - I 3  In long-teiin 
recordings, the HF and LF components account for only ap- 
proximately S% oftotal power. Although the ULF and VLF 
components account for the remaining 95%' of total power, 
their physiologic correlates are still unknown.3 

I n  noiniiil subjects, spectral analysis of24-h recordings re- 
veals that LF and HF expressed in nornialized units exhibit a 
circadian patteni md reciprocal fluctuations, with higher val- 
ues oILF in the daytime a id  of HF at night.x, I* Low and high 
frequency can increase under different conditions. An increase 
in LF is observed during 90" tilt, stiuntling. mental stress, and 
mot1er;rte exercise in healthy subjects. aid during moderate 
hypotension. physical activity, and occlusion of a coronary 
artery o r  common carotid arteries in conscious dogs. Coiiver- 
sely. an increase iii HF is induced by controlled respiration, 
cold stiinulation of the face. and rotational stiniuli.3 

Clinical Relevance 

The apparently easy derivation of HRV has provided car- 
diologists with a seemingly simple noninvasive tool for both 
research and clinical studies. However, the significance and 
meaning ot' the many dit'ferent measures of HRV are much 
more complex than generally appreciated, as is pointed out in 
the Special Report of the Task Force of ESC/NASPE.? Ac- 
cordingly. even though the number of studies that employ 
HRV has increased dramatically and novel HRV measures 
havc recently been introduced, it is important to recognize that 

the clinical relevance of HRV has been clearly demonstrated in  
only two clinical conditions: ( I )  Impaired HRV can be used 
alone or in a combination with other factors to predict risk of 
mhythmic events after myociudial infarction (MI), and ( 2 )  tle- 
crease in HRV is a useful clinical marker for evolving dia-bet- 
ic neuropathy.3. I s  Recently, utility of HRV analysis has 
been increasingly recognized in predicting an increased risk of 
cardiac death in patients with left ventricular dysfunction. 

Heart Rate Variability as Risk Stratifier after Acute 
Myocardial Infarction 

In survivors of MI, HRV decreases early after acute infarc- 
tion and starts to recover within a few weeks.Ih The mecha- 
nism for this transient reduction in HRV is not yet clearly de- 
fined. but the derangements in neural activity of cardiac origin 
seem to be involved. I t  is suggested that the changes in the ge- 
ometry of a beating heart due to necrotic and noncontracting 
segments may abnormally increase the firing of sympathetic 
afferent fibers by mechanical distortion of the sensory end- 
ings.'" l 7  This sympathetic excitation attenuates the activity of 
vagal fibers directed to the sinus node. Accordingly, in patients 
after an acute MI, a predominance of the sympathetic activity 
and a reduction in parasympathetic tone have been demon- 
strated.*. '. IX It is the sympathetic activation that predisposes to 
ventricular fibrillation, while increased vagal tone appears to 
be protective against malignant ventricular tachyarrhythmias. 
Thus, patients after acute MI are more prone to ventricular ar- 
rhythmias. It is of interest to note that not only are beta block- 
ers reported to attenuate the proarrhythmic increase of sympa- 
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tlietic activity after acute MI, but there alsoappears tobe aien- 
hnncement of the parasympathetic tone evidenced by the in- 
c r e w  iii HRV. I t  is speculated that both mechanisms con- 
tribute to the protective role of beta blockers in those patients. 
These effects of beta blockers are also thought to be responsi- 
ble for their protective role in patients with heart 

The degree of respiratory sinus arrhythmia shows a linear 
relation with parasympathetic control and its assessment may 
be considered as a prognostic tool in patients who have suf- 
icred trom MI.X. I h  The investigators in the Gtuppo ltaliano per 
lo Studio della Sopravvivenza nell'lnfarto Miocardico trial 
(GlSSI-2) have shown HRV to be affected in  a similar niainer 
in  patients treated with tibrinolysis during ai acute MI.23 This 
observation is pertinent since most of the earlier studies were 
conducted before the introduction of fibrinolysis. 

St. Gcorge's group in London has demonstrated that HRV 
is as powerful a s  ejection fraction for predicting total cardiac 
nioi<ality after MI, whereas it is superior for predicting sudden 
ricath and sustained ventricular tachycardia.23 Even though the 
independence ofthe predictive value of HRV from other tradi- 
tional risk markers has been shown, the positive predictive val- 
tic of HRV analysis used a s  a single factor is low, and thus 
combined analysis of HRV and other well-known risk param- 
eters should be The combination of impaired HRV 
and late potentials, for instance, has been shown to have a 
much higher sensitivity, a better positive predictive value, and 
;i higher relative risk for arrhythmic events, and was superior 
t o  those incorporating left ventricular function, exercise ECG, 
and frequency of ventricular premature beats.'h.'4 However, 
it remains to he detennined which other stratification parani- 
eiers ;ire the most practical and most feasible to be combined 
with HRV for  inultifactorial risk stratification.', I h  Currently, 
i t  is reconiniencied by the ESC/NASPE Task Force that HRV 
should be detennined 7 to IOdays post infarct from 24-h Hol- 
ler recordings for the purpose of predicting mortality and ar- 
rhythmic complications in postinfarction survivors. 

Currently, data are also available to support the predictive 
poweI 01' HRV for arrhythmic events aid death in unselected 
patient populations, documenting a 4.1 -fold higher risk for 
sudden cardiac death in patients with depressed than with pre- 
served HRV. 

Other Clinical Situations 

The denervated hearts of patients after cardiac traisplanta- 
tion provide a unique model for understanding cardiac auto- 
nomic innervation. As a result ofthe lack of innervation, there 
is a greatly reduced total spectral power and there are no dis- 
tinct spectral peaks of HRV in the hearts of these patients. 
After an interval of more than a year, predominantly low-fre- 
quency spectral components might appear that are thought to 
reflect possible cardiac reinnervation. The most important ob- 
servalion for clinical practice seems to be the potential of HRV 
10 detect rejection episodes in the transplanted heart. In this 
setting, the total power was found to be increased because of 
overall chaotic irregularities without the presence of periodic 

compoiients; however, the value of these observations iis iin 

early sign of allograft rejection still requires confitiiiatioti.'(1.17 

with the activation of the sympathetic nervous system, and 
correspondingly depressed HRV, including suppressed diur- 
nal heart rate variations.'x As mentioned earlier, as is the case 
in  patients post acute MI, beta blockers appear to exert a sig- 
nificant protective eft'ect also in patients with heart failure by 
attenuating the increased sympathetic tone and restoring the 
diminished parasympathetic tone. Several studies huve shown 
a significant relationship between depressed HRV and Ncw 
York Heart Association functional class, which implies that 
HRV can be used for the purpose of fo l low- t~p .~~ I t  is also 01' 
interest that successful treatment of cardiac tiilure i n  generd, 
for example, with aiigiotensin-converting enzyme inhibitors, 
may result in restoration of HRV.'". 7o 

Attempts have been made to establish the role of HRV ;trial- 
ysis in  patients with cardioneurogenic syncope. Autonomic 
withdrawal has been shown in these patients. either in both 
sympathetic and parasympathetic components without chittig- 
ing the sympathovagal balance, or in purely parasympathetic 
coniponents.3 I 

The assessment of HRV may also be a useful tool for pre- 
dicting the progression in aortic valvular disease and the nc- 
cessity for surgery. Patients with either aortic stenosis c)r re- 
gurgitation, who required cardiac surgery. have been found to  
have decreased time and frequency domain indices?. 33 

Impaired HRV is a widely accepted marker of diabetic au- 
tonomic neuropathy, which appears to support the assumption 
that impaired cardiac autonomic innervation is part of a more 
widespread autonomic neuropathy alYecting small nerve ti- 
bers in all organs. A reduction in the time-domain parameters 
of HRV, which are easy to analyze, appears to detect tieuropa- 
thy before its clinical expression. Power spectral analysis of 
HRV demonstrates a reduction in absolute power of both LF 
and HF components and is an even more accurate test. At pre- 
sent, HRV analysis has become a fully established clinical test 
for risk stratification and subsequent management ofdiabetic 
patients.lh3 j4 

The significance of decreased HRV in patients with major 
depressivedisorder is still not fully uncicrstood. These ~x~tients 
have ii higher risk of cardiovascular mortality, which corre- 
lates with the decrease in HRV. There appears to be ;in ussoci- 
ation ofincreased HRV with successful treatment ofthis disor- 
der, which may reflect improved autonomic function. aid thus 
it is speculated that this could decrease the risk ofcarcliovaacu- 
Iar mortality.". 3h 

Other postulated applications of HRV analysis include its 
usefulness in the monitoring of patients with significant brain 
damage, where a comelation between decreased HRV and se- 
vere brain ddnage has been made? 3x 

Congestive heart failure has been found to be 

Conclusion 

Heart rate variability has become a popular method for the 
studies of physiologic mechanisms responsible for the control 



A. and T. Stys: Clinical applications of HRV 723 

oftiearl rate fluctuations, in which the autonomic nervous sys- 
tem appears to play a primary role. Depression of HRV has 
been observed in many clinical scenarios. including autonom- 
ic neuropnthy, heart tnuisplantation, congestive heart failure, 
MI, and other cardiac and noticardiac diseases. However, it is 
important to realize that clinical implication of HRV analysis 
has been clearly recognized in only two clinical conditions: ( 1 ) 
as a predictor of risk of arrhythmic events or sudden cardiac 
death after acute MI, aid (2) as a clinical marker of evolving 
diabetic neuropathy. Recently, its role in the evaluation and 
managetiient of heart failure has also been recognized. 

11 is pertinent to realize the limitations of HRV a. far as its 
clinical utility at present is concerned. The methodology ot' 
HRV had remained poorly stlindiu-dizetl until  the recent publi- 
cation ofthe Special Report of the Task Force ofESC/NASPE. 
resulting in the difficulty of comparison of the earlier existing 
d;ltii. Also, deteniiitiation of the exact sensitivity, specificity. 
and predictive value of HRV, ;is well as the nomial valucs of 
standard measures in the general population, still requires fur- 
ther investigation before better standards can be set forexisting 
aid tuture clinical applications. The nieasurement ol'HRV ap- 
pear5 to be a well established research tool and is useful in the 
assewient of the function of central arid peripheral modulators 
involved in the control ofthe heart's beat-to-beat variability. Its 
clinical applicability still remains limited because of the cotii- 
plex methodology and lack ofstand~dization. 

Acknowledgment 

The authors deeply appreciate the thoughtful insight and 
guidance of  Dr. Stephen Vlay in the preparation of the manu- 
script. 

References 

I .  Voii Haller A: ElCwccrrr\ P/r\.,~ir~/r~,y.ic.cr.p. 330. Lnusluine: T. I I  Lit. V. 
I760 

2. H o n  EH. Lee S T  Electronic evaluationsofihe fetal heart rate pat- 
terns preceding fetal death: Further observations. A m  J Ohsrcv 
( I \ . / / C ~ C ~ O /  196S:X7:8 14-826 

3. Aiionynious: Special report of the Tash Force of the European 
Stciety olCardiology and North American Society oiPucing iiiid 

Electropliysiology. Heart rate variability. Standards of iiieawre- 
iiiciit, physiological interpretation. iind clinical use. Cir.c.it/utio/r 
l')')h:93: 104-1065 

4. Loun B. Verrier RL: Neural activity untl vsiitricular tihrillation. 
I 'V / ; / / ,~ / . /M~Y/  1976:194:I IOS-I 170 
ScIiwLi1ti PJ: N l w d  M d / ( i / / i . \ / / / . \  / / /  C'eiriliiic. A / ~ / / ~ / / / / / r e c i , \ .  NCW 
Yorh: Raven Press Publishers. I97X 

6. Corr PB. Yiiiiiada KA: Mechanisms controlling cardiuc autoiiomic 
Iui icf ioi i  and their relation to arrliythmopenesis. In 7 / r c ~ H c ~ e i r /  uird 
( ' t i / r / i ~ ~ ~ ~ c c . \ ( . i c / c t r .  Sysicrv. 13. 1343- 1104. Neu York: Raven Press. 

I O X 6  
7. Scl iwart~ PJ. La Rovere MT, Vanoli E: Autononiic iicivous systcm 

m i  widen cardiac death. Cinn/u/rwr l991:XS(suppl 1):1-77-14 I 
8. Malliani A. Pagani M. Lombarcli F. Cerutti S: Cardiovaxcular lieu- 

ra1 regulaiion csplored in ihc frequcncy ilomain. Cin riltirirrrr I 9c) I : 
x1: 14x2- I192 

9. Akselrod S. Gordon D. Ulxl  FA. Shannon DC'. Berger AC. Cohcii 
RJ: I3ower spectrum analysis of heart rate fluctuations: A quiiiitit;i- 

5. 

tive probe of beat to beat cardiovascullu.contn,l. S(.ic,/ic,c, 19X I ; 2  13: 
22&'?2 

10. PomeranL M, Macaulay RJB. Ponieranz B. Macauhy RJ, Cnudill 
MA. K U ~ L  I ,  Adam D. Gordon D, Kilborn KM, Bai-ger AC, Shan- 
non DC. Coheii KJ: Assessrnent of autonomic function by heart 
rate spectral luialysis.Awr.IP/r~.sio/ l9X4;248:H IS I-HIS3 

I I .  Kamath MV, Fallen EL: Power spectral iuialysis ofhenrt rate vari- 
ability: A noninvasive s ip i ture  ofcardi utonomic function. Crir 

12. Montano N. Ruscone TG. Poila A, Lombardi F, P;ig;iiii M. 
Malliani A: Power spectrum analysis of heart rate variability to as- 
sess changes in sympathovagal balaice during griided orthostatic 
tilt. C i i . ~ ~ t / i i ~ i ~ i i  1 Y94:90: I X26-I 83 I 

13. Appel ML. Bergel RD. Saul JP. Smith JM, Cohen RJ: Beat 10 beat 
variability 111 cardiovascular variables: Noise or  music'!./ Am CON 

4. Furliin R, Guzetti S. Saul JP. Smith JM. Cohen RJ: Continuous 24- 
hour assessnient ol thc neural regulation of systemic arterial pres- 
sure and RR variabilities in ambulant sub,jccts. C/widu//orr IYW: 
x 1537-547 

4. Anonymous: Heal-t rate variability for risk stratification of lifc- 
threatening arrhythmias (American College of Cardiology Cardio- 
vascular Technology Assessment Cornniittee). .I Am Co// Cur~e/io/ 
1993;22:948-950 

KC'l'BicJw/l'c/G/l: 1993:'I :245-3 1 I 

C ' U / ' L / i ( J /  I 9x9: 1 139- I 148 

16. Hohnloser SH, Klingenherben T, Zabrl M, Li YG: Heiirt rate vari- 
ability used as an arrhythmia risk stratifier after mytrardial infarc- 
tion. PACE 1997:20(FT. 11):25Y4-260 1 

17. Malliani A. Recordati G. Schwartz PJ: Neivous activity of atfereiit 
cardiac sympathetic tibers with atrial and ventricular endings. .I 
/'/tysio/ I973:229( 2):447469 

I X. Rothschild M, Rothwhild A. Heifer M: Temporal decrcasc in para- 
sympathetic tone after acute inyocardid infiirction. /INI ./ C'crr.c/io/ 
I 9XX:62( 9):637439 

19. Pousset F, Copie X. Lechat P, Jaillon P. 
Fillette F. Reiiime W. Cuke  L. Le Heuzey J 
o n  heart rate variability in heart failure. Am./ Cur.r/io/ IOY6:77(X): 
612-617 

20. Lurje L. Wennerblom B. Tygesen H. Karlssori T. Hjalmarson A: 
Heart rate variabillity after acute myocardial infarction in patients 
treated with atenolol and metoprolol. / / i t  .I CurdI'd IYY7:60(2): 
157-164 

2 I. Sandronc G, Mortara A. TorLillo D. La Rovere MT, Malliarii A, 
Lombardi F: Effects of bets blockers (atenolol or metoprolol) o n  
heart rate variability after acute myocardial infarction. Anr .I Cur- 
d o /  l 994:74(4):34&344 

22. Barion H. Lesh M: Autonomic iiervous system and sudden cardiac 
deith..lAt/r C ~ l l  CUIZ//O/  IY96:27(S): 1053-1060 

23. Zuanctti G. Neilson JM. Latini R, Santoro E, Maggioni AP. Ewing 
DJ. oii behalf of GISSI-2 Investigators. Prognostic significiince 
of hea t  rate variability iii post-myocardial inhirction patients in  
the tibrinolytic era. The GISSI-2 results. Circ,rtluriorc I996:94(3): 
132436 

24. Brigger JT Jr: Spectriil analysis of R-R variability to evaluate auto- 
noniic physiology and phaniiacology and to predict cardiovascular 
OUtcollleS Ill humans. 111 cct~[~/lrt'E/C'c'//'fJ/'//y.~/rJ/[~,~~. p. I I 4 I- I 170. 
Philatlelphiii: W.B. Sauiiders Co, I994 

25. Malih M. Camm AJ: Heart rate variability a id  clinical cardiology. 
HI. Hew/././ I994:7 134 

26. Knutzner J ,  Calniii AJ: Clinical relevance of heart rate variability. 
( ' / / / I  C ~ d i n l  1997:20: 162-168 

27. Halpeit I .  Goldberg AD. Levine AB, Levine TB. Kornberg R, 
Kelly C. Lcsch M: Reinnervation 01' the transplanted hurnan hcart 
wideiiced from heait rate variability studies. Arrr ./ Cui.c/id IOY6: 
7 7 : I X ( k I X 3  

2X. Casolo GC. Balli E. Faii A. Gori C. Freni A, Gcnsini G: Twenty 
four  hour spectriil analysis 0 1  heait rate variability iii congcstivc 
hean failure secondary to coronary artery disease. Arn .I Ceu.~/io/ 
1091:67:1 144-1 1 %  



714 Clin. Cardiol. Vol. 21, October 1998 

29. 

30. 

31. 

3'. 

33. 

C'asolo GC. Strotler P. Stroder P. Sulla A, Chelucci A. Freni A, 
%cruuwhch M: Hem rate variability and fiinctionul severity ofcon- 
gcqtive hc;ii-I failure secondnry tu coronary artery tlisense. Brr 
/ / P ( / I I . /  lwl; 16:360-367 
Hinklcy 1'1. Hnas GJ. Starling RC. Nunziata E, Hatton PA, Leier 
CV. Cody KJ: Sustained ;lugmenlation of parasympathetic tone 
with ;infiotensin-convrning eniynie inhihititin in patients with 
congerlive heai l  hilure. ./ A/?/  C'o// C(irz/io/ I %3;2 1 :h55-661 
I'ui CIi. Hti WH. Wring KY. Ting CT Mensurrments of  heart rate 
viiriahility in pntients with unexplained syncope. Chi// Mcd.1  199.5: 

Juiig J. Heisel A.Tschol1 D, But/ B,  Fries R, Schafers HJ, Scliieffer 
f .1: Factors inl'lucncing heart rate variability iii patients wilh severe 
aoil ic \,;iIvc disease. C'lirr C'imliol 1997;20(4):34 1-34 
Freed LA. Stein KM. Borer JS. Hochreiter C. Supino P. Devereux 
RB, Koniaii MJ, Kliglieltl P: Relation ofultni-low frequency heart 
rate v;iriiibilily to the c1iiiic;d course of chronic aortic regurgitation. 

.%(5):?1)2-?97 

dt/T,/c'[//'(/;O/ 1997:70( I 1):  1482-1487 

34. I'aagani M. Malfatto G. Pierini S,  +t i  K. M:isii AM, Poli M. 
Gurzetti S, Lombardi F. Cerutti S. Malliaii A: Spectrnl nnnlysi\ t i t '  

heait rate variability in the assessment 0 1  autonoiiiic diahet Ic iicii- 

rop;ithy../ Rirror! No.\.Sys/ 1988;13: 153-153 
35. Balogh S, Fiizpatrick DF. Hendrichs SE. P;iigc SR: Incrcnse 

in heart rate variability with successful treatment in patients with 
nia,ior depressive disoriler. P.\:\'c./roj/i//co.n/trt.i,/ H i t / /  IC)93;?'J(?): 
201-2Oh 

36. Carney KM, Saunders RD. Frcetllantl KE. Stein P. Rich MW. Jal'l'c 
AS: Associution of tlepr ion with hear1 r;ite varinhility in coro- 
nary :iitery diserise. An/ . /  //diO/ 1995;76(8):5h2-5h4 

37. Lacquiniti LC, Irone M. Burbacini S. Merlo F. Demo P. Pellcprin 
C, Dm M: Heail rue variability and sevc'rc hraiii clani;lge: Pre- 
liminary data. / / I / . /  Clirr Mouit Co/rrpu/ 1903: 1 O( 3): I X 1 -I  XS 

38. Freitiis J .  Puig J ,  Rocha AP, Lago P.Teixeia1 J, ('nrv:alho MJ. Cosla 
0. de Freitas AF: Heart rate variability iii brain rlcalh. c'//ir ;h /o t /  
l t v s  1996;6(3): 14 I - 1  46 


