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Abstract: Heart rate variability, expression of balance between sympathetic and parasympathetic tonus, is frequently reduced
in patients with heart failure due to sympathetic hyperactivity. Its use in predicting mortality risk in patients with heart failure
has been studied previously, proved to be a useful non/invasive method for risk stratification. Aim - To evaluate the usefulness
and prognostic value of heart rate variability (HRV) parameters in patients with dilated cardiomyopathy (DCM). Methods:
Fifty-one patients (76.5% men) with dilated cardiomyopathy of various etiologies were included in the study. Time-domain
heart rate variability parameters from the 24h ECG recordings were analyzed. Patients were followed clinically, ECG, echocar-
diography for a mean of 47.4 months (range 6-90 months); 22 deaths were observed during study period. Statistical analysis
was performed with MedCalc 12.3.0.0 (Medcalc Software BVBA, Belgium). Results — 24h ECG recordings was indicated in
71% of patients as a class I indication and in 29% of patients and class IIb indication. There were no significant differences
between HRV parameters between different DCM etiologies. Patients were divided in tertiles according to the HRV para-
meters. Death risk shows, without reaching statistical significance, a progressive decrease with rMSSD increase, for all other
parameters U-shape curves were observed in the study group tertiles. Kaplan-Meier survival curves showed no survival diffe-
rence between tertiles or between low or normal HRV, except rMSSD where survival was better in patients with reduced HRV.
Conclusions - Our data are useful primarily to a better parameters definition of values considered to be discriminatory for
patients with “low variability”. There were no statistically significant differences in HRV parameters between different causes of
DCM. Statistical analysis failed to show a significant survival difference according to HRV parameters. Probably it is necessary
to consider these parameters together with other factors that influence the evolution of patients with DCM and heart failure.
Keywords: heart rate variability, dilated cardiomyopathy, heart failure

Rezumat: Variabilitatea ritmului cardiac, expresie a balantei intre sistemul autonom simpatic si parasimpatic, este frecvent
redusa in cazul pacientilor cu insuficientd cardiaca datorita hiperactivitatii simpatice. Utilizarea acesteia in predictia riscului
de mortalitate la pacientii cu insuficienta cardiaca a fost studiatd anterior, dovedindu-se a fi 0 metoda neinvaziva utila in
stratificarea riscului de moarte subita. Scopul lucrarii a fost evaluarea utilitatii metodei si a valorii prognostice a parametrilor
variabilitétii ritmului cardiac rezultati din inregistrarea ambulatorie a electocardiogramei la pacientii cu cardiomiopatie dila-
tativa. Material si metoda - Studiul a inclus 51 de pacienti (76,5% bérbati) cu cardiomiopatie dilatativa de diferite etiologii,
in ritm sinusal, la care au fost analizati parametrii de variabilitate ritmului cardiac in domeniul timp rezultati din inregistrarea
ECG pe 24 ore. Pacientii au fost urmadriti clinic, ECG, ecocardiografic pe o perioadd medie de 47,4 luni (intre 6-90 luni),
fiind observate 22 decese. Analiza statistica s-a facut cu programul MedCalc 12.3.0.0 (Medcalc Software BVBA, Belgia). Re-
zultate - Examenul Holter ECG a fost indicat la 71% din pacienti ca indicatie de clasa I si la 29% ca indicatie de clasa IIb. Nu
am inregistrat diferente semnificative statistic intre valorile parametrilor de variabilitate intre diferitele etiologii ale CMD.
Pacientii au fost impartiti in functie de valorile parametrilor de variabilitate in tertile, riscul de deces la pacientii studiati ard-
tand, fara a atinge semnificatia statistica, o scddere progresivd a acestui risc cu cresterea rMSSD, pentru toti ceilalti parametri
observandu-se curbe de tip ,,U” intre cele 3 tertile obtinute din lotul studiat. Curbele Kaplan-Meier nu au arétat diferente de
supravietuire intre pacientii din cele 3 tertile si nici intre categoriile de variabilitate redusa sau normald, cu exceptia rMSSD la
care supravietuirea a fost mai bund la pacientii cu variabilitate redusd. Concluzii - Datele obtinute sunt utile in primul rand
pentru o definire mai bund a acestor parametri si a valorilor considerate a fi discriminatorii pentru incadrarea pacientilor in
categoria ,variabilitate scazutd”. Nu am constatat diferente ale parametrilor HRV semnificative statistic intre diferitele etiologii
ale CMD. Analiza statisticd nu a reusit sa evidentieze o diferentd semnificativé in privinta supravietuirii in functie de valoarea
parametrilor de variabilitate, probabil fiind necesara considerarea acestor parametri impreuna cu alti factori care influenteaza
evolutia pacientilor cu CMD si insuficienta cardiaca.

Cuvinte-cheie: variabilitatea ritmului cardiac, cardiomiopatie dilatativa, insuficienta cardiaca
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INTRODUCTION

Dilated cardiomyopathy (DCM), a myocardial tissue
disease clinically manifested by signs and symptoms of
heart failure (HF), is burdened by an increased risk of
morbidity and mortality, especially due to ventricular
arrhythmias, a third to half of patients presenting sud-
den death during disease progression or resuscitation
after cardiac arrest or sustained ventricular tachycar-
dia (VT)" In the era of the implantable cardiac defi-
brillator, selection of patients with maximum of benefit
from this type of treatment is a challenge in terms of
cost-effectiveness, related to the still increased costs of
cardiac devices.

Heart rate variability (HRV), an expression of balan-
ce between sympathetic and parasympathetic autono-
mic system, is frequently affected in patients with heart
failure due to sympathetic hyperactivity often found in
this category of patients®. Using heart rate variability in
prediction of mortality risk in patients with heart fail-
ure has been studied previously, proved to be a useful
noninvasive method for sudden death risk stratifica-
tion**. Compared with electrophysiological studies
(EPS), an invasive method with high cost as the main
disadvantage, which proved useful for risk stratificati-
on in patients with ischemic cardiomyopathy, but not
in those with idiopathic DCM (less than 5% of patients
with inducible VT during EPS1), HRV has the advanta-
ge of being relatively easy to measure through a long-
term ECG recording and its analysis by a dedicated
software. Methods, recording techniques and analysis,
data interpretation, as well as their interpretation have
been extensively described in the European Society of
Cardiology guidelines’.

Arrived into common use in recent years, implanta-
ble devices used in heart failure patients treatment (im-
plantable cardiac defibrillator or cardiac resynchroniz-
ation devices) incorporated technology for acquisition,
analysis and transmission (via telemetry or query in
the specialized departments) of data related to heart ra-
te variability, data which can be used in context to early
detect the need for hospital care®.

Actual data needs to be studied, especially in con-
nection with HRV analysis in a particular subset of pa-
tients with heart failure, those with dilated cardiomyo-
pathy.

OBJECTIVES

The study objective was to evaluate the usefulness of
the method and the prognostic value of parameters de-
rived from heart rate variability analysis from 24 hours
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ambulatory ECG recordings (Holter ECG) in patients
with dilated cardiomyopathy of various etiologies.

MATERIAL AND METHODS

Patients in our study were selected from the database of
patients with dilated cardiomyopathy which were hos-
pitalized in the Emergency Institute for Cardiovascular
Disease “Prof. Dr. C.C. Iliescu” in Bucharest between
Jan 2003 and Dec 2007. Of the 562 patients in the data-
base, 118 patients (21% of total) were referred for Hol-
ter ECG examination at the attending physician indica-
tion. We select only those in sinus rhythm (73 patients)
and HRV was interpreted only in 51 patients. Patients
with poor technical quality recordings and those where
the presence of a large number of supraventricular or
ventricular arrhythmias did not permit HRV analysis
were excluded from the analysis. The study group con-
sisted of 51 patients, 76.5% men, with mean age of 55.4
* 14.1 years. Considering the etiology of DCM, pati-
ents in the study group were diagnosed as having idio-
pathic DCM (49.0%), ischemic DCM (33.3%), alcoho-
lic DCM (9.8%), and other etiologies (7.9%).

Clinical parameters (NYHA class, 6 minutes walk
test), traditional cardiovascular risk factors (hyperten-
sion, diabetes mellitus, smoking, and dyslipidemia),
electrocardiographic parameters (QRS duration, pre-
sence of conduction disturbances), echocardiographic
parameters (LV ejection fraction, LV and LA dimensi-
ons, presence and degree of diastolic dysfunction) and
treatment (drug classes) were noted at baseline.

Twenty-four hours Holter ECG was recorded with
a digital portable MT-100 device and recorded ECG
signal analysis was performed with MT-200 software
(Schiller AG, Switzerland) with a sampling rate of 128
ms (RR intervals were measured with incremental ran-
ge of 8 ms). Heart rate variability was assessed only in
time domain with the dedicated module of the above
mentioned software, using parameters determined by
statistical and geometric methods as were recommen-
ded by the European Society of Cardiology Guidelines®.
Normal values for some of these parameters are pres-
ented in Table 1. Statistical parameters were calculated

Table 1. Normal values of HRV parameters®

Normal
Variable values Significance
(mean + SD)
SDNN (ms) 141+39  High SDNN = High HRV
Low SDNN = Low HRV
rMSSD (ms) 27 +12 High rMSSD = High HRV
Low rMSSD = Low HRV
HRV index 37+ 15 High HRV index = High HRV

Low HRV index = Low HRV
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for the of day-time and night-time period as well as for
whole duration of the recording.

Patients were followed for an average of 47.4 + 20.7
months (range 6-90 months), their final status (death/
survival) and follow-up duration being determined by
the DCM patients follow-up algorithm described in
detail previously®. When available, the same data recor-
ded at baseline were tracked at the end of follow-up.

The database was statistically analyzed using Med-
Calc 12.3.0.0 (Medcalc Software BVBA, Belgium).
Continuous variables were expressed as mean +* stan-
dard deviation. Comparison between groups was per-
formed with Mann-Whitney test or Chi-square test.
Univariate regression analysis was performed by Cox
proportional-hazards regression. Cut-oft values for
HRV parameters were determined using Receiver Ope-
rator Characteristics (ROC) curves and sensitivity (St),
specificity (Sp), positive predictive value (PPV) and ne-
gative predictive value (NPV) were calculated. Survival
differences between selected categories were presented
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by Kaplan-Meier survival curves. A p value <0.05 was
considered statistically significant.

RESULTS

The main characteristics of the study group, global and
by dominant etiologies above mentioned are shown in
Table 2 (clinical data and echocardiography parame-
ters) and Table 3 (blood samples and treatment). There
were no significant differences of prevalence of coro-
nary heart disease risk factors between different etio-
logies of DCM, even on therapeutic classes used in
the treatment or changes of the factors associated with
unfavorable outcome (anemia, chronic kidney disease,
hyponatremia).

Twenty-four ambulatory ECG recording was indica-
ted in 71% of patients as a class I indication according
to ACC/AHA guidelines’” (79% in idiopathic DCM,
72% in the ischemic DCM, 40% in the alcoholic DCM).
The remaining recordings were a class IIb indication,
falling within the category of arrhythmic risk evalua-

Table 2. The main clinical and echo characteristics of study group (at baseline)

Characteristic Study group Idiopathic DCM Ischemic DCM Alcoholic DCM p
(n=51) (n=25) (n=17) (n=5)

Age (years) 55.4 + 14.1 54.2 +£15.0 60.4 +12.6 42.0+11.1 ns
Male gender (%) 76.5 56.0 100 100 0.0047*
Diabetes mellitus (%) 11.8 4.0 29.4 0 ns
HTN (%) 45.1 60.0 52.3 20.0 ns
NYHA class (%)

Class IT 23.5 28.0 17.6 20.0 ns

Class ITI 66.7 60.0 76.5 60.0 ns

Class IV 9.8 12.0 5.9 20.0 ns
Echo parameters

Mean LVEF (%) 31.7+7.6 29.6+7.5 36.7+5.8 26.0 £ 5.5 < 0.005$

Mean LVEDD (mm) 67.7+7.7 674+ 8.0 67.4£6.6 71.0+7.0 ns

Mean LVESD (mm) 554+ 8.3 56.2 £ 8.0 52.1+6.8 59.6+7.8 <0.05$

Mean LA diameter (mm) 45.0 £ 6.5 440+ 6.4 44.1+54 48.6 +10.0 ns

* between idiopathic DCM and ischemic DCM; § between ischemic DCM and the other two categories.

DCM - dilated cardiomyopathy, HTN - arterial hypertension, NYHA - New York Heart Association, LVEF - left ventricular ejection fraction, LVEDD - left ventricular end-diastolic diameter, LVESD —

left ventricular end-systolic diameter, LA - left atrium (antero-posterior diameter).

Table 3. Blood samples results and therapeutic classes used

Characteristic Study group Idiopathic DCM Ischemic DCM Alcoholic DCM p
(n=51) (n=25) (n=17) (n=5)

Anemia* (%) 15,7 16,0 17,6 20,0 ns

Na+ <134mmol/l (%) 11,8 16,0 5,6 20,0 ns

K+ < 3,5mmol/l (%) 2,0 0 5,6 0 ns
Treatment

ACE inhibitors (%) 92,2 100 82,3 100 ns

Beta-blockers (%) 90,2 88,0 100 100 ns

Furosemide (%) 80,4 80,0 82,3 100 ns

Digoxin (%) 54,9 44,0 58,8 80,0 ns

Spironolactone (%) 80,4 76,0 76,5 100 ns

* defined as a hemoglobin value below 12g/dl in women and 13g/dl in men.
DCM - dilated cardiomyopathy, ACE - angiotensin II converting enzyme
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tion in patients with heart failure without symptoms
attributable to arrhythmias.

Data from Holter ECG recordings are summarized
in Table 4. We observed an average of maximum heart
rates during Holter recording higher in patients with al-
coholic DCM (116.0+16 b/min) than in ischemic DCM
(95.9£16 b/min) or idiopathic DCM (104.1+20 b/min)
with statistically significant difference between the first
two categories (p <0.05). There were no statistically sig-
nificant differences in the percentage of patients with
wide QRS complex (>120 ms) in each subgroup and
between HRV parameter values in each subgroup. The
values considered “normal” for HRV parameters esta-
blished by ESC Guidelines® are presented in Table 1.

For each of the HRV parameters studied the patients
in the study group were divided into tertiles and the
prognostic value of these parameters for death risk was
followed in every subgroup (Table 5).

There are few data in literature about the values con-
sidered “normal” for heart rate variability parameters,
and even fewer data about “cut-oft” values of the vari-
ous parameters that quantify variability to define “low
HRV patients”. Therefore, based on consideration of
a value of SDNN <80 ms as a unfavorable prognostic
indicator in patients with DCM, as Karcz et al. shown
in their article®, we defined patients with low HRV as

Table 4. Parameters from Holter ECG recordings analysis
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those patients who meet this criterion. Based on this
classification of patients we studied other parameters
of variability in terms of “cut-oft” values used to assert
low HRV values. Sensitivity, specificity and predictive
values for each of these “cut-oft” values are shown in
Table 6.

Death prediction by HRV parameters was studied by
Cox proportional-hazard regression. Only rMSSD
(daytime rMSSD: HR = 0.37, 95% CI = 0.16 to 0.86,
p <0.05; night-time rMSSD: HR = 0.35, 95% CI = 0.14
to 0.87, p <0.05; overall rMSSD: 0.31, 95% CI = 0.13
to 0.71, p <0.01) proved to be statistically significant.
Kaplan-Meier survival curves are showed in Figure 1
(normal vs. low variability) and Figure 2 (1* tertile —
low variability- vs. 2™ tertile —intermediate variability—
vs. 3" tertile — increased variability-).

From the data obtained we see that, except rMSSD,
the studied parameters of HRV showed no significant
value to differentiate DCM patients with increased
mortality risk. rMSSD, the only parameter that reached
statistical significance, showed a better outcome in pa-
tients with lower variability than those with normal or
increased variability, data which is somehow incon-
sistent with data from existing literature>’. We have to
note that the relatively small number of patients did
not allow statistical analysis within different etiologi-

Characteristic Study group Idiopathic DCM Ischemic DCM Alcoholic DCM P
(n=51) (n=25) (n=17) (n=5)

QRS duration >120ms (%) 43,1 48,0 35,3 40,0 ns
Min HR (b/min) 46,3+ 18 44,9 + 19 46,2 £ 17 53,8+ 19 ns
Max HR (b/min) 102,1 £ 19 104,1 + 20 95,9 + 16 116,0 + 16 <0,05*
Mean HR (b/min) 64,3 £ 10 62,7 £19 64,2 19 74,6 £ 16 <0,05#
Mean NN (ms)

Day-time 909 + 140 913 + 147 928 £ 131 788 + 141 ns

Night-time 1022 + 166 1020 £ 190 1029 + 145 962 + 224 ns
SDNN (ms)

Day-time 107 + 36 114 + 45 99 + 25 104 + 26 ns

Night-time 101 + 37 101 + 37 109 + 41 80+13 ns
rMSSD (ms)

Day-time 54 + 45 65 £ 59 46 £ 22 34+23 ns

Night-time 58 + 42 64 + 41 62 +49 27 +48 ns
PNN50 (%)

Day-time 95+£9 13,0 £ 11 7,0+ 15 43+5 ns

Night-time 12,3 +£12 14,4 £ 12 12,6 £ 14 4,1+4 ns
pNN100 (%)

Day-time 35+44 4,8 +5,5 2,4+1,9 2,4+4,4 ns

Night-time 4,2+5,7 4,6 £4,7 52+75 0,3+0,3 ns
HRV index 19,6 £ 6,4 20,7+£7,2 19,2+6,1 18,8 £4,9 ns

Continuous variables are expressed as mean + standard deviation
* Between ischemic DCM and alcoholic DCM; # between alcoholic DCM and idiopathic DCM

DCM - dilated cardiomyopathy, HR - heart rate, NN - interval between two normal beats, SDNN - standard deviation of all NN intervals, rMSSD - square root of the mean of the sum of the squares
of differences between adjacent NN intervals, pPNN50 - Number of pairs of adjacent NN intervals differing by more than 50 ms in the entire recording divided by the total number of all NN intervals,
PNN100 - Number of pairs of adjacent NN intervals differing by more than 50 ms in the entire recording divided by the total number of all NN intervals, HRV index - heart rate variability index (see the

appendix)
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Table 5. The relative risk for death associated with HRV parameters

Death relative risk (95% CI)
Parameter Tertiles*

Study group Idiopathic DCM Ischemic DCM
(n=51) (n=25) (n=17)
Death number (%) 22 (43%) 7 (28%) 11 (65%)
Mean heart rate 1 1 1 1
2 1,11 (0,37 - 3,72) 0,78 (0,07 - 5,48) 0,84 (0,13 - 4,32)
3 1,27 (0,42 - 4,25) 0,39 (0,01 - 3,97) 0,84 (0,13 - 4,32)
SDNN** 1 1,28 (0,40 — 4,13) 2,33 (0,18 — 122,5) 1,87 (0,31 - 12,7)
2 1 1 1
3 1,27 (0,38 - 4,23) 2,33 (0,18 - 122,5) 1,87 (0,31 - 12,7)
rMMSD** 1 0,74 (0,18 - 2,91) 1,50 (0,03 — 28.8) 0,37 (0,05 - 2,80)
2 1 1 1
3 1,72 (0,58 - 5,68) 2,67 (0,38 - 29,5) 0,83 (0,16 - 5,36)
PNN50* 1 0,27 (0,05 - 1,03)§ 0,31 (0,01 - 6,00) 0,32 (0,01 - 2,50)
2 1 1 1
3 0,72 (0,25 - 1,98) 0,83 (0,12 - 9,20) 0,96 (0,16 — 4,22)
PNN100** 1 0,30 (0,05 - 1,16) 0,9 (0,02 - 17,3) 0,17 (0,01 - 1,37)
2 1 1 1
3 0,90 (0,32 - 2,46) 1,64 (0,23 - 18,1) 0,80 (0,16 - 3,37)
HRV index 1 1,42 (0,41 - 5,52) 0,87 (0,01 - 68,7) 1,42 (0,23 - 15,0)
2 1 1 1
3 1,69 (0,51 - 6,43) 3,5 (0,39 - 165,0) 1,33 (0,19 - 14,7)

Relative incidence rates were calculated by Poisson regression. Rates are relative to the intermediate HRV categories and the low heart rate category.

CI - confidence interval

*Categories are based on the tertiles cut points of the distribution of subjects in the study group. The cut points were 60 and 67 b/min for heart rate, 89 and 109 ms for SDNN, 37 and 58 ms for rMSSD,
3.9% and 11.8% for pNN50, 0.9% and 3.4% for pPNN100 and 16.4 and 22 for HRV index.

** Parameters from overall analysis of 24-hours recordings.

§ p <0.05

Table 6. Cut-off values for HRV parameters in DCM patients

Variable Cut-off value AUC St (95% CI) Sp (95% CI) PPV (95% CI) NPV (95% CI)
SDANN (ms) <64* 0,96 88% (52 - 99) 93% (81 - 99) 73% (37 - 94) 97% (87 - 99)
Day-time <73* 0,93 89% (52 - 99) 81% (66 — 91) 50% (25 - 75) 97% (85 - 99)
Night-time <57+ 0,85 87% (47 - 99) 79% (63 - 90) 47% (21 - 73) 97% (83 - 99)
rMMSD (ms) <50 0,62 89% (52 - 99) 44% (28 - 60) 26% (12 - 44) 95% (74 - 99)
Day-time <57 0,56 89% (52 - 99) 399% (24 - 55) 24% (11 - 42) 94% (71 - 99)
Night-time <52 0,73 87% (47 - 99) 51% (34 - 68) 28% (12 - 49) 95% (74 - 99)
PNNS50 (%) <12,1 0,59 89% (52 - 99) 36% (22 - 52) 23% (10 - 40) 94% (70 - 99)
Day-time <12,9 0,56 89% (52 - 99) 28% (15 - 45) 21% (10 - 37) 92% (62 - 99)
Night-time <11,9%* 0,67 88% (47 - 99) 42% (26 - 59) 24% (10 - 43) 94% (71 - 99)
pNN100 (%) <30 0,56 89% (52 - 99) 40% (26 - 57) 24% (11 - 42) 94% (73 - 99)
Day-time <3,0 0,51 89% (52 - 99) 40% (26 - 57) 24% (11 - 42) 94% (73 - 99)
Night-time <35 0,65 88% (47 - 99) 399% (24 - 57) 23% (10 - 42) 94% (70 - 99)
HRYV index <13%* 0,78 67% (30 - 93) 98% (87 - 99) 86% (42 - 99) 93% (81 - 99)
*p <0.0001
“p <0.05

AUC - area under curve; CI - confidence interval; St - sensitivity; Sp - specificity; PPV - positive predictive value, NPV - negative predictive value; SDANN - Standard deviation of the averages of NN
intervals in all 5 min segments of the entire recording, rMSSD - square root of the mean of the sum of the squares of differences between adjacent NN intervals, pNN50 — Number of pairs of adjacent NN
intervals differing by more than 50ms in the entire recording divided by the total number of all NN intervals, pNN100 - Number of pairs of adjacent NN intervals differing by more than 50ms in the entire
recording divided by the total number of all NN intervals, HRV index - heart rate variability index (see the appendix).
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cal subgroups (idiopathic DCM vs. ischemic DCM vs.
alcoholic DCM).

Assessment of risk of death in patients studied show-
ed, but without reaching statistical significance, a pro-
gressive increase in risk with average heart rate during
24-hours Holter ECG recording and a progressive de-
crease in risk with increasing rMSSD. For all other pa-
rameters “U” shaped are observed between the three
tertiles of the study group (Figure 3). Possible explana-
tions of these results will be commented in detail below.

During follow-up, 5 patients (10% of total) received
cardiac pacemaker as cardiac resynchronization the-
rapy indication and permanent atrial fibrillation was
found in 4 patients (9% of patients), all fits in 2" and
3t tertiles of HRV parameters).

DISCUSSION

Mortality in dilated cardiomyopathy, as well as in heart
failure, remains high despite advances in pharmacolo-
gical therapy. Device therapy in heart failure (cardiac
resynchronization therapy and implantable cardiac de-
fibrillator) brings a new hope for this category of pati-
ents. For DCM patients risk stratification, more objec-
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tive methods, invasive or noninvasive, for prognostic
determination of individual mortality risk is one of the
major concerns in this area. Despite previous attempts,
prediction of the risk of overall mortality and sudden
death remains a challenge, especially due to complex
interactions between different factors.

The clinical importance of HRV, expression of sym-
pathetic and parasympathetic balance, was studied sin-
ce the late 1980s, when it was demonstrated that HRV
is a strong and independent predictor of mortality af-
ter acute myocardial infarction'™'’. Later studies have
shown potential usefulness of HRV for risk stratificati-
on in various other physiological or pathological con-
ditions, heart failure being one of these entities.

Should also be noted that, although the existing data
in literature shows that low HRV represents a high risk
of mortality associated to increased sympathetic to-
ne, there is no data to support that high HRV, given
by a parasympathetic dominance, is a good prognos-
tic marker. For example, Bettoni and Zimmermann'
showed significant changes in HRV on Holter ECG
recordings before the onset of an episode of paroxistic
atrial fibrillation (PAF) in terms of a primary increase
adrenergic tone 20 minutes before PAF, followed by a
rapid switch to vagal dominance immediately before
the onset of PAE It was also demonstrated that vagal
stimulation shortens the atrial refractory period and
facilitates atrial reentry, this effect being used to induce
or maintain AF in experimental models.

On the other hand, in multivariate analysis, HRV did
not prove to be a significant predictor of arrhythmic
events as shown Iacoviello et al. in a study of idiopathic
DCM patients”. In their study, QRS duration, QTc
interval duration and heart rate variability were not
predictive of arrhythmic events. Therefore, a risk str-
atification algorithm based on a combination of three
parameters — ejection fraction, presence of TV unsub-
stantiated slope QT / RR - each reflecting different me-
chanisms that could lead to arrhythmic events it is pro-
posed™.

Our data, although apparently seem to be in contra-
diction with the existing literature about prognostic po-
tential of HRV parameters, deserves some comments.

First, given the context of multifactorial determinan-
ts of mortality risk in DCM, it is difficult to believe that
a single parameter that characterizes the “heart rate va-
riability” can provide a clear dichotomy between the
categories of high and low risk patient. The difficulty
is even greater since, even for values defining “normal’,
there is no generally accepted consensus. Moreover,



Romanian Journal of Cardiology
Vol. 22, No. 3, 2012

the definition of reference values in certain situations
(i.e. heart failure) can mean different values than those
accepted in normal subjects. That is why our attempt to
determine the cut-off values of the other HRV parame-
ters starting from a previously determined value of
SDNN may be questionable in terms of initially selec-
ted reference marker.

The second reason that could explain the data obtai-
ned in the present study is that study group was with
patients with DCM only, with different degrees of heart
failure. The presence of a comparison group with sub-
jects without heart failure might have been useful in
determining more accurate cut-off values for HRV pa-
rameters, something which we will follow in a future
study.

The structure of study group could explain also the
data obtained. The presence of high percentage of pa-
tients with beta-blocker medication (90%), class of
drugs known to modulate sympathetic tone usually
increased in patients with heart failure, and ACE in-
hibitors (92.2%), also demonstrated to increases heart
rate variability’>'¢, can explain the results not similar
with literature data (La Rovere et al. study had only
6% of patients in the determination group and 31%
of patients in the validation group with beta-blockers
therapy®). High number of deaths observed during
follow-up (43% in the whole group, 28% in the patients
with idiopathic DCM, 65% in patients with ischemic
DCM) may have prevented accurate determination of
“cut-off” value of the HRV parameters (in the afore-
mentioned study, after three years of follow-up, overall
mortality was 37% in the determination group and 22%
in the validation group, of which sudden deaths were
9.4% and 8%, respectively?).

Finally, methodology of heart rate variability study
(time domain analysis with parameters determined by
statistical or geometrical methods vs. frequency doma-
in analysis with parameters measured by parametric or
non-parametric methods?) can explain the different re-
sults obtained in different studies. Most studies in the
literature used frequency domain analysis parameters
to classify HRV in the groups studied (low variability
vs. normal). Therefore, comparing the data obtained by
different methods can lead to such conflicting data.

Study limitations were related to number of patients
in each etiology of DCM that did not allow statistical
analysis between different categories of patients with
DCM. Dominance of class I indication (symptomatic
arrhythmia detection — 71%) over class IIb indication
(arrhythmic risk assessment in patients with heart fai-
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lure without signs and symptoms of arrhythmia - 29%)
for Holter ECG monitoring in patients studied may
contribute to conflicting results with data existing in
literature. Also, because no information about patient’s
death mechanism (arrhythmic vs. non-arrhythmic),
most of the deaths occurring at home, we were unable
to correlate HRV parameters with the arrhythmic dea-
th risk.

CONCLUSIONS

Data from the analysis of various parameters of heart
rate variability are useful primarily for a better defini-
tion of these parameters and for establishing the value
considered to be discriminatory for patient classifica-
tion in the “low variability” category which it is consi-
dered, based on existing data literature, to have a wor-
se prognosis. In the present research we did not find
statistically significant differences in HRV parameters
between different DCM etiologies. Statistical analysis
failed to show a significant survival difference depen-
ding on heart rate variability parameters. Probably it is
necessary to consider these parameters together with
other factors that influence the clinical evolution cour-
se of patients with DCM and heart failure.

Appendix

Example of HRV index calculation: the value is obtai-
ned by dividing the total number of recorded NN inter-
vals to the number of the most frequently observed NN
interval during recording®. The most frequent number
of NN interval it is measured as it is showed in Figure
4, i.e.5.8% of total NN intervals.

HRV index= 100%: 5.8%= 17.24

Abbreviations

ACEI  angiotensin II converting enzyme inhibitors
AF atrial fibrillation

b/min  beats per minute

CI confidence interval

NN Distribution [% of number of beats]
w /

1 L
ot R
T P T 1o ol b

[% deviation of MeanNN]

Figure 4. Gaussian distribution around the average of NN interval value
on Holter ECG recording. The highest frequency observed (black arrow)
is 5.8%.
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DCM  dilated cardiomyopathy

EPS electrophysiologic study

HF heart failure

HR heart rate

HRV heart rate variability

HTN arterial hypertension

LA left atrium

LV left ventricle

NN normal-to-normal beats interval

PAF paroxistic atrial fibrillation

pNN100 number of pairs of adjacent NN intervals
differing by more than 50ms in the entire
recording divided by the total number of all
NN intervals

pPNN50 number of pairs of adjacent NN intervals
differing by more than 50ms in the entire
recording divided by the total number of all
NN intervals

rMSSD  square root of the mean of the sum of the
squares of differences between adjacent NN
intervals

SDANN standard deviation of the averages of NN
intervals in all 5 min segments of the entire
recording

SDNN  standard deviation of all NN intervals

VT ventricular tachycardia
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