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HEART RATE TURBULENCE AS A MORTALITY PREDICTOR IN LONG-TERM STUDY IN PATIENTS

WITH CORONARY HEART DISEASE

Gareeva D.', Zagidullin N.', Lakman 1.%, Islamova R.%, Zagidullin Sh.'

Pathological heart rate turbulence (HRT) after premature ventricular complexes
(PVCs) in patients with coronary heart disease (CHD) and myocardial infarction (MI)
may predict higher mortality rate.

Aim. To estimate the predictive power HRT in 5 year observational study in patients
with CHD.

Material and methods. 173 patients with CHD and in whom HRT was possible to
record, were analyzed from 2010-2011 until 2015 with survival rate and turbulence
slope (TS) and turbulence onset (TO) estimation.

Results. Pathological TO showed no correlation with survival rate (p>0,05) but
pathological TS in 5 years period (p=0,00026) correlated with survival rate with
post-MI patients. Moreover, it had a predictive power also with non-MI patients
(p=0,0032). The survival (Kaplan-Mayer) curves between normal and pathological
TS started to divide from the 36 months of observation. Presence of nTS in post Ml
patients increased mortality rate in 5,14 times (p=0,00002) and in non-M| — in
4,99 times (p=0,00002).

Conclusions. HRT slope parameter showed to be highly effective in mortality risk
prediction in patients with CHD.
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TYPBYJIEHTHOCTb CEPAEYHOIO PUTMA KAK NPEAUKTOP CMEPTHOCTU B AOJITOCPO4YHOM
WCCNEQOBAHUMN Y NALIMEHTOB C ULLEMWUYECKOW BOJIE3HbIO CEPALA

Gareeva D.1, Zagidullin N.1, Lakman I.2, Islamova R.z, Zagidullin Sh.1

MaTonorvyeckas TypOyneHTHOCTb cepaeuHoro putma (HRT) nocne npexnespe-
MEHHBbIX XeNyA04KOBbIX KOMMNEKCOB (PVCS) y 6OMbHbIX MLLIEMMUYECKOW 6ONE3HbIO
cepaua (MBC) n nHdapkTom Muokapaa (MIM) MoxeT nporHoanposatb 6oee Bbico-
Kyl0 CMEPTHOCTb.

Llenb. ns oueHkv npeackasatensHoit cunbl HRT y 5-neTHero obcepBaLmMoHHOro
nccnenosanus y naumeHTos ¢ VIBC.

Marepuan u metogbl. 173 nauneHTos ¢ MBC, y koTopbix HRT yaanock 3anucats,
6blnn npoaHanuauposaHbl ¢ 2010-2011 0o 2015 roaa Ha BbIXUBAEMOCTb Y HAKNOH
Typ6yneHTHoCTH (TS) 1 Havano TypoyneHTHocTH (TO).

Pesynbrathl. Matonornyeckve TO He nokasanu HUKAKON KOPPENsaLMn ¢ Koadp-
duumeHTom Bbixusaemoctun (p>0,05), Ho natonormyeckue TS B TeyeHue 5 net
(p=0,00026) koppenupyloT C 4acTOTOW BbKMBaHMA Yy nocT-UM naumeHToB.
Kpome TOro, oHW MMEIOT npefckasatenbHylo cuny Takxe y He-UM nauneHToB
(p=0,0032). Kpusble BbixuBaemocTu (KannaH-Maiiep) Mexzay HOpMasnbHOM

In the last decades, cardiovascular morbidity and mor-
tality from diseases are on the leading positions in the
Russian Federation. According to the World Health
Organization, more than 16.5 million people a year die
from cardiovascular diseases, including CHD — more
than 7 million, accounting for 29.3 and 12.6% of the total
mortality accordingly. Mortality from myocardial infarc-
tion (MI) in the post-MI period remains also high so is the
incidence of sudden cardiac death [1], which determines
the need of diagnostic and preventive measures. New
parameter “heart rate turbulence” (HRT) which reflects
the short-term regression of the heart rhythm with subse-
quent acceleration after premature ventricular construc-
tion (PVCs) was scientifically proved in 1999 [2]. It was

1 natonorunyeckoin TS Hayanu penutb oT 36 Mecsues Habnoaerns. nTS y 60b-
HbiX M yBenuuunocb cMepTHOCTb B 5,14 pasa (p=0,00002), ay He-IM — B 4,99
pasa (p=0,00002).

3aknioyenue. MNapameTtp HRT nokasan BICOKYI0 3hHEKTUBHOCTb B MPOrHO3MPO-
BaHUM pucka CMEPTHOCTU y nauyveHToB ¢ UBC.
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KnioueBble cnoBa: TypOyNeHTHOCTb CEPAEYHOrO puTMa, 0obLas CMEPTHOCTb,
MHGAPKT M1okapaa.
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shown that in patients with postMI period the pathological
is observed, which reflects high cardiovascular risk in the
patients. [3, 4]. However, it is still not clear whether the
HRT reflects the high cardiovascular risk in patients with-
out MI in the past.

The aim of the study was to improve the diagnostics of
coronary heart disease in patients with HRT as a cardio-
vascular risk factor.

Material and methods
More than 3.00024h electrocardiographic (ECG) record
in patients with CHD were analyzed, that were treated in the
department of cardiology in 2010-2011 in clinical hospital
Ne21 Ufa, and 205 patients meeting the criteria for inclusion

190



DIAGNOSTIC METHODS

Table 1

Inclusion and exclusion criteria in the study

Inclusion criteria
Established diagnosis of coronary artery disease in accordance with the European
Society of Cardiology criteria (2008);
Presence of ventricular premature construction (PVCs) according 24h ECG meet
the following criteria [5]:
*RR intervals <2000 and> 300 ms,
+PVCs with difference between the preceding sinus intervals <200 ms
+ PVCs with difference <20% of the average of 5 consecutive sinus intervals
+PVCs prematurity index >20% and postectopic interval longer than the average
RR on 20% or more;
Patients should receive permanent anti-anginal therapy at the time of the study;
Absence of exclusion criteria;
Age <75 years [5]

were selected for the experimental group. Inclusion and
exclusion criteria are presented in Table 1.

The primary endpoint in the study was overall mortality
during the 4-5 year follow-up after the initial determina-
tion of HRT.

Heart rate turbulence can be determined by standard
24-hour ECG monitoring (Figure 1) [3, 6]. Two phases of
HRT, the early sinus rate acceleration and late decelera-
tion, are quantified by 2 parameters termed as turbulence
onset (TO) and turbulence slope (TS). TO is calculated as:
TO = (RR+RR) — (RR_+RR ) (RR _+RR )x100,
where RR_, and RR_ are the 2 R-Rintervals immediately
preceding the PVCs coupling interval, and RR1 and RR2
are 2 R-R intervals immediately following the compensa-
tory pause. TS is defined as the maximum positive regres-
sion slope assessed over any 5 consecutive sinus rhythm
R-R intervals within the first 15 sinus rhythm R-R inter-
vals after the PVCs. Normally, there is an acceleration of
sinus rhythm after PVCs, which is reflected in the negative
TO value with a subsequent slowdown with positive TS.

Patients with HRT are usually stratified into three cate-
gories: 1) HRT category 0 means TO and TS are normal
(nTO and nTS accordingly); 2) HRT category 1 means 1
of TO or TS is abnormal (pTO and aTS accordingly); and
3) HRT category 2 means both TO and TS are abnormal.

24-hour ECG monitoring was performed by”Kardio-
tekhnika-04-8 (M)” (“INKART”, St. Petersburg) 24h
monitoring with hardware, allows to record and analyze
forms of ventricular complexes in accordance with HRT
analysis. HRT analysis was performed in 2010-2011 in
time of patients' hospitalization, and later in 2011-2015
the follow up telephone contacts was performed annually
to monitor the primary endpoint.

Group analysis is presented in mean values (M) and
standard deviation (m). Statistical analysis was performed
using survival tables and Kaplan-Meier survival regression
models, particularly the proportional hazards model (Cox
model). Model coefficients estimation was obtained by max-
imum likelihood. Statistical analysis was performed using
“Statistica 10.0”program (module “Survival analysis”).

Exclusion criteria

Pacemaker installed;

Chronic heart failure NYHA 1I-1V;

Permanent / persistent form of atrial fibrillation and flutter;

Atria-ventricular block of 2-3 degree;

Sick sinus syndrome;

The complete bundle-branch block;

Heart rate >80 beats/min;

Severe valvular heart disease, cardiomyopathy;

Renal and hepatic failure;

Alcohol abuse, drug addiction, the pathology of the central nervous system
(cancer, metabolic, infectious, mental and others disease, brain injury, depression,
epilepsy, dementia, transient ischemic attack, cerebrovascular accident in the
acute stage)
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Figure 1. Estimation of HRT by 24-hour ECG:HRT smoothed curve (red curve)
after averaging the signal from single tachograms (gray lines). The arrow indicates
the start of turbulence (turbulence onset) and turbulence slope (turbulence slope)

Table 2

Characteristics of the investigated contingent
Parameters Values, n=173
Age, years 67,06+0,79
Gender (m/f), 106/67
Height, cm 169,6+1,8
Weight, kg 84,6£3,0
BMI, kg/m’ 29,40,89
Coronary / coronary artery bypass grafting/ stenting, n 23
History of myocardial infarction, n 137
Arterial hypertension, n 130
Stroke, n 10
Diabetes mellitus, n 21
Cholesterol, mmol/I 4,78+0,08
Ejection fraction, % 54,0+1,06

Results
The main part of patients with HRT was defined by
ECG 24h records analysis in 2010-2011. The survival sta-
tus was estimated by follow up telephone contact and by
medical events registration in state medical statistical pro-
gram “Promed” providing survival data during next 5
years. 32 patients retired from the study because of contact
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Table 3
Characteristics of heart rate turbulence
Parameters HRT (n=173)
PVCs number/day 176,9+18,8
Heart rate, beats/min 68,1+0,57
T0, % -0,96+0,25
TS, ms/RR 6,14+0,38
LS Estimates of Probability Density
Model: Linear Hazard
Note: Weights: 1=1., 2=1./V, 3=N(1)*H(1)
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Figure 2. Mortality risk over 5 years period in patients with aTS (X axis — months,
and Y-mortality risk).
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Figure 3. Mortality risk in 5 years in patients with aTS (x axis — months, y axis
mortality risk).

lost and 173 patients remained available for analysis and
long-term results. Table 2 shows the characteristics of
patients in the study. The average age of the patients was
67.06£0.79 years, 67 women, and 106 men. Patient’s
height was 169,9+1,8 cm, weight — 84,6%3,0 kg, body
mass index (BMI) — 29,4%0,89 kg/mz. The number of
post-MI patients was 137, patients with coronary angio-
graphy / coronary stenting / or coronary artery bypass
grafting — 23, after stroke — 10, with arterial hyperten-
sion — 130, diabetes mellitus — 21. Some other cardiovas-
cular parameters: blood cholesterol — 4,78+0,08 mmol/I,
and left ventricular ejection fraction — 54,0+1,06% were
also identified.

In Table 3 the electrophysiological characteristics of
VPC and HRT are presented.

The number of PVCs was 176,9+18,8/day, and average
heart rate — 68,1%£0,57 beats/min. HRT parameter TO
was 0,96%+0,25%, and TS — 6,14%£0,38 ms/RR.

As described above, we investigated 2 HRT parame-
ters, which have predictive power for patients prognosis:
TS and TO [3, 6]. TO was not significant for survival
models, and we analyzed relationship of mortality and
HRT in survival analysis with TS parameter only.
Abnormal TS (aTS) is <2,5 ms/RR, and normal (nTS) —
>2,5 [3,6]. Table 4 shows the mortality in the group
based on TS.

Survival in the 5-year interval depending on heart rate
turbulence

In first phase, the overall mortality over the 5-year
period was evaluated. For calculation of mortality and
survival graphs for the 5-year period the 2 groups of
patients: with nTS and aTS were compared with each
other.

The mortality risk in patients with HRT. Figure 2 pre-
sents mortality risk assessment within 5 years in patients
with CHD and nTS. The graph was constructed by sub-
tracting of given interval from the value of the survival
function values of the next interval and then dividing by
the “width” of the corresponding interval.

Mortality risk was minimal for the first 20 months
after the initial HRT, it gradually increased later and the
achieved the maximal probability in 30-45 months
range.

Mortality risk in patients with aTS. In patients with
CHD and aT'S The following mathematical model of mor-
tality during the observed period was used:

Mortality in long-term period in patients with HRT

Parameters n 12 months 24 months
nTS 135 2 6

ars 38 8 5

Al 173 10 1

Table 4
36 months 48 months 60 months
8 5 3
1 6 1
9 11 4
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7\,i (tl Xi)=>\,0 (t) % el.él*TSLD.’
(L ifts<2.4
whereTS D —{0’ if s > 2.4)

Testing of the model showed its significance: an esti-
mated value of y * 2- statistics 16,8, which exceeded the
tabular value of 5,992, determined in 2 degrees of freedom
and a significance level of p<0,05. Cox model parameters
was statistically significant: presence of aI'S influenced
mortality risk over five year period — the presence of aI'S
in CHD patients compared to nTS enhanced mortality
likelihood in 4,99 times. Considering the confidence level
of 95% the mortality risk in the five-year period in com-
pare with nTS increased into 2,37-10,51 times.

Figure 3 shows graph of mortality in 5-year time inter-
val for patients with aT'S. The function was constructed
similarly as for patients with nTS (see above). In patients
with aT'S the mortality risk was minimal during the first 15
months after the start of monitoring, upraised from 20 to
30 months, and achieved maximum between 45 and 60
months.

Figure 4 shows both nTS and aT'S mortality curves. The
divergence of the curves starts from 24 months, and inten-
sifies with years.

Analysis of mortality depending on TS and myocardial
infarction

According to most of published data, pathological
HRT has predictive power only in post-IM patients [7-9],
so we compared Kaplan-Meier survival curves based on
MI in the past and on nTS/aTS (Table 5).

While analyzing the data for five years 2 survival models
depending on TS parameters and presence of MI in the
past were created. In the first model, we compared survival
curves in post-MI patients and nTS/aT'S, and the second —
in non-MI.

Survival curves in post-MI patients and nTS/aTS. For a
more detailed analysis of difference in survival rates
post-MI patients with nTS (n=106) and aTS (n=30) are
investigated. Based on Kaplan-Meier survival graph (Fig-
ure 5), according to Gehan’s-Wilcoxon criteria, the sur-
vival rate in post-MI patients with nTS was considerably
higher than with aT'S (p=0,00026).

The survival rate in non MI patients with nTS/aTS. In
this model, the compare of survival rates in non-MI
patients with nTS (n = 30) and aT'S (n=7) was performed.
In Kaplan-Meier survival graphs (Figure 6) the survival
rate of patients without MI and with nTS were signifi-
cantly higher than with aT'S (p=0.00318).

Wortality rate
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Figure 4. Mortality within 5 years in patients with CHD with nTS/aTS.
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Figure 5. 5-year survival Kaplan-Mayer curves in post-MI patients with nTS (blue)
and aT$S (red).
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Figure 6. Survival graphs in non-MI patients with nTS (blue) and aTS (red).
Table 5
36 month 48 month 60 month
5 5 4
0 5 1
2 0 0
1 2 0
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Discussion

Populational cardiology based mostly on the success of
evidence-based medicine. One of the modern achieve-
ments are cardiovascular risk scales, for example in patients
with PVC in whom it is possible to estimate HRT [3]. We
analyzed 173 patients with CHD, in whom was possible to
estimate HRT. The 5-year observation was done to deter-
mine the primary end point — general mortality. Two HRT
parameters were previously shown to have predictive
power: TS and TO [3]. In our study TO didn't show impact
on long-term survival of patients, only TS was analyzed. In
the first step, we analyzed the 5-year survival rate depend-
ing on normal and abnormal TS (nTS/aTS). Presence of
aTl'S in patients with CHD increased the death likelihood
for 5.1 times in compare with nTS. The maximal mortality
risk after HRT record was in 45-60 weeks range, and the
divergence of survival curves started from the second year.
On the second step, we compared the survival curves of
patients with previous MI and with nTS and aTS. Exist-
ence of aT'S significantly increased mortality in compare
with nTS (p=0,00026). The role of HRT, a significant risk
factor in patients with CHD with previous MI, has been
proved in several large-scale retrospective and prospective
studies [3, 8, 9]. All HRT studies, except of CAST (Car-
diac Arrhythmia Suppression Trial), used the same refer-
ence values of TO and TS parameters, that is, 0%, and 2.5
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