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Heart rate turbulence assessed through ergometry after 
myocardial infarction: a feasibility study
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INTRODUCTION
Coronary artery disease is a condition characterized by increased atherosclerotic plaque in 
the epicardial arteries and is associated with high morbidity and mortality. Coronary artery 
disease accounts for nearly 360,000 events per year1 in the United States, among which 
most occur in the hospital setting, and many events evolve to death before the patients are 
transported to the emergency room.1 In the first six months of 2019, 137,713 hospitaliza-
tions due to coronary artery disease were recorded in Brazil, and 5.8% culminated in in-
hospital death.2

Some clinical factors and complementary test markers help in the prognostic evaluation of 
coronary artery disease. Among these, the following can be highlighted: advanced age, male gen-
der, systemic arterial hypertension, diabetes mellitus, dyslipidemia, smoking and myocardial dys-
function.3,4 However, the impairment of cardiac vagal activity over the first year after a diagnosis 
of myocardial infarction has been made is also a good indicator for identifying the development 
of heart disease and sudden death over the short and medium term.5-7

Analysis on the behavior of heart rate turbulence (HRT), obtained through 24-hour Holter 
monitoring, is one of the easiest and most efficient means for assessing cardiac autonomic dys-
function.8 Sade et al.8 found that HRT was similar to the ejection fraction in an assessment of the 
prognosis of 128 individuals post-infarction. On the other hand, the Innovative Stratification of 
Arrythmic Risk - Heart Rate Turbulence (ISAR-HRT)9 study showed that altered HRT param-
eters increased the risk of death almost sixfold, in a prospective analysis on 1,500 survivors of 
myocardial infarction analyzed over a 22-month period. This risk exceeded the risks attributed 
to severe ventricular dysfunction, diabetes mellitus and age over 65 years.
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ABSTRACT
BACKGROUND: Coronary artery disease is an important cause of morbidity and mortality. The impact of 
ventricular arrhythmias with impaired cardiac vagal activity is one of the most recently studied prognostic 
factors. However, there are no studies evaluating the phenomenon of heart rate turbulence (HRT) during 
physical exertion. 
OBJECTIVE: To study the behavior of HRT during exercise testing, among individuals after myocardial infarction.
DESIGN AND SETTING: Feasibility study conducted in a university hospital among individuals 4-6 weeks 
after myocardial infarction.
METHODS: All subjects underwent 24-hour Holter monitoring and ergometric stress testing. We consid-
ered that abnormal HRT was present if the turbulence onset was ≥ 0% or turbulence slope was ≤ 2.5 mm/
relative risk interval.
RESULTS: All 32 subjects were asymptomatic. Their median age was 58 years (interquartile range 12.8) 
and 70% were male. Abnormal HRT was associated with ventricular dysfunction in this population. We 
found no differences regarding the behavior of HRT, in relation to age, gender, smoking, systemic arterial 
hypertension, diabetes mellitus or dyslipidemia. Ergometric stress testing detected premature ventricular 
beats (PVB) in approximately 44% of the examinations, and these occurred both during the active phase 
of effort and in the recovery period. The low occurrence of several isolated PVB in beta-blocked subjects 
made it difficult to perform statistical analysis to correlate HRT between ergometric and Holter testing.
CONCLUSION: The data obtained in this study do not support performing HRT through ergometric stress 
testing among patients who remain on beta-blockers post-myocardial infarction, for the purpose of as-
sessing cardiac vagal activity.
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The low clinical use of HRT as a risk predictor, which was first 
put forward by Schmidt et al.,5 may be related to the low sensitiv-
ity that it has been perceived to have in some studies.8 It may also 
be because 24-hour Holter monitoring is not routinely indicated 
after myocardial infarction, considering that HRT is determined 
and analyzed in Holter monitoring.10

Ergometric stress testing assists in risk assessments on cor-
onary events through analysis on clinical, electrocardiographic 
and hemodynamic parameters. Modulation of autonomous tonus 
takes place during physical exertion, which gives rise to increased 
sympathetic activity during the active phase of effort, while car-
diac vagal activity increases in the recovery period.11 Thus, vagal 
activity may increase during physical exercise. Hence, ergomet-
ric stress testing is already incorporated in regular monitoring for 
patients with coronary artery disease. 

OBJECTIVE
The aim of our study was to evaluate the behavior of post-myo-
cardial infarction HRT during ergometric stress testing.

METHODS
This was an observational, prospective study using primary data 
to estimate changes in HRT during ergometric stress testing 
among individuals who had recently had a myocardial infarction 
episode. The study was conducted in the “Professor Luiz Tavares” 
Cardiological Emergency Service (Pronto Socorro Cardiológico 
Universitário de Pernambuco Professor Luiz Tavares), which is 
affiliated with the University of Pernambuco, between 2018 and 
2019. All the patients met the criteria for myocardial infarction, 
in accordance with the fourth universal definition of myocar-
dial infarction.12 We excluded individuals with a history of pre-
vious events relating to coronary disease, those who could not 
undergo the ergometric stress testing (due to orthopedic/neuro-
logical problems, balance deficits or peripheral vascular altera-
tions) and those who presented factors that precluded the possi-
bility of HRT (atrial fibrillation, cardiac pacemaker and artifacts 
in the examination recordings).

All of the individuals included in this study had become asymp-
tomatic by the time that they reached four to eight weeks after the 
ischemic event and they were continuing to use of beta-block-
ers regularly. All of them underwent 24-hour Holter monitoring 
(CardioLight 3-channel recorder; Cardios, São Paulo, Brazil) and 
ergometric stress testing using the Naughton protocol (KT 10200 
AT multi-programmable treadmill; Inbramed, Porto Alegre, Brazil). 
Turbulence onset (TO) ≥ 0% or turbulence slope (TS) ≤ 2.5 mm/
relative risk interval in 24-hour Holter monitoring was considered 
to be the gold standard for abnormal HRT.

The analysis on the HRT parameters was standardized in accor-
dance with the study by Bauer et al.11 In order to eliminate errors 

in the analysis, we excluded the following: interpolated premature 
ventricular beats (PVBs); PVB with prematurity less than 20%; 
PVB with compensation pause below 120% of the average of the 
last five previous relative risk (​​RR) or PVB values; and very short 
(< 300 ms) or very long (> 2000 ms) PVB tachograms.

TO was calculated based on the last two sinus RR intervals 
immediately before the PVB-coupling interval, and the two sinus 
RR intervals immediately after the compensatory pause. TO (as a 
percentage) has negative values for patients with low cardiovascular 
risk since there is an immediate heart rate acceleration after PVB.

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 =  
(𝑅𝑅𝑅𝑅1 + 𝑅𝑅𝑅𝑅2) − (𝑅𝑅𝑅𝑅−1 +  𝑅𝑅𝑅𝑅−2)

(𝑅𝑅𝑅𝑅2 +  𝑅𝑅𝑅𝑅1) × 100 (%) 

 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =  𝑌𝑌5 − 𝑌𝑌1
𝑋𝑋5 − 𝑋𝑋1 

 

 

Where RR = R-to-R wave interval in electrocardiogram 

On the other hand, TS was calculated using the slope of the line 
formed by five RR intervals after the PVB, which were obtained 
from among the first 15 sinus RR intervals that followed the PVB. 
TS is expressed in milliseconds per RR interval, and the heart rate 
of patients with a low cardiovascular risk is decreased by up to 8 
beats/min following the initial acceleration caused by the PVB. 
Thus, the reference value is > 2.5 ms/RR, which translates as the 
maximum variation in sinus RR intervals (ms) among the five 
sinus RR intervals to be analyzed. 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 =  
(𝑅𝑅𝑅𝑅1 + 𝑅𝑅𝑅𝑅2) − (𝑅𝑅𝑅𝑅−1 +  𝑅𝑅𝑅𝑅−2)

(𝑅𝑅𝑅𝑅2 +  𝑅𝑅𝑅𝑅1) × 100 (%) 

 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =  𝑌𝑌5 − 𝑌𝑌1
𝑋𝑋5 − 𝑋𝑋1 

 

 
Where Y = maximum positive regression slope assessed after the 
PVB; and X = five consecutive sinus rhythm R-R intervals after PVB. 

The choice between parametric and nonparametric tests was 
made according to the presence or absence of normal distribution 
of the data, as shown in the Kolmogorov-Smirnov test. Parametric 
continuous variables were expressed as the mean ± standard devia-
tion, and nonparametric variables as the median and interquartile 
range. The Mann-Whitney or Student t test was used, as indicated. 
Strategic variables were calculated as relative and absolute frequen-
cies. A significance level of P < 0.05 and a statistical power of 80% 
were adopted for all tests. The IBM SPSS version 21.0 software (IBM, 
Chicago, Illinois, United States) was used for the statistical analysis.

This study was approved by the Research Ethics Committee 
of the Hospital Universitário Oswaldo Cruz - Pronto-Socorro 
Cardiológico Universitário de Pernambuco (HUOC-PROCAPE), 
under registration number 2.681.495 of May 29, 2018.

RESULTS
The population had a median age of 58 years (interquartile range, 
IQR 12.8) and about two-thirds were male. Among the 32 indi-
viduals evaluated for the presence of HRT, 24 presented normal 
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TO and TS parameters and eight individuals presented abnor-
mal TO and/or TS. We did not find any differences between the 
normal and abnormal HRT groups regarding cardiovascular risk 
factors (presence of hypertension, diabetes mellitus, dyslipid-
emia or smoking), ischemic presentation (ST-segment-elevation 
or non-ST-segment-elevation infarction), infarct wall affected 
(anterior or inferior) or ventricular depolarization (QRS) com-
plex duration. The parameters of heart rate variability were simi-
lar in the groups that presented normal HRT and abnormal HRT. 

The individuals with abnormal HRT showed an association 
with lower left ventricular ejection fraction, compared with those with 
normal HRT (46.6% versus 58.6%; P = 0.004). The demographic and 
baseline characteristics of the patients are summarized in Table 1.

All ergometric stress testing was stopped when fatigue was 
reached or upon reaching the submaximal heart rate. The mean 
baseline heart rate was 66.5 ± 13.2 beats per minute (bpm) and the 
mean peak heart rate was 123.2 ± 21.2 bpm. The patients achieved 

an estimated metabolic equivalent performance of 5.94 ± 2.27 met-
abolic equivalents (MET). The hemodynamic changes in pressure 
levels were compatible with the degree of exertion performed. 
Ventricular extrasystoles were detected in approximately 44% 
of the examinations and occurred both during the active phase of 
effort and in the recovery period (Table 2). 

Only three individuals had more than five isolated PVBs during 
the ergometric stress testing (minimum number required to per-
form the HRT parameter calculations, according to Bauer et al.).11 
This extremely low number did not allow us to undertake any sta-
tistical treatment of associations of HRT parameters between the 
ergometric test and 24-hour Holter test. 

DISCUSSION
In our study, it was not possible to adequately perform analysis 
on HRT using ergometric stress testing due to the low density of 
ventricular arrhythmia. All the individuals analyzed were making 

Table 1. Demographic and cardiovascular profile of the study population

Variable
Total

(n = 32)
Normal HRT

(n = 24)
Abnormal HRT

(n = 8)
P

Age, median (IQR), years 58.0 (12.8) 58.0 (11.5) 59.0 (20.5) 0.535
Gender

Male, n (%) 22 (68.8%) 15 (68.2%) 7 (31.8%)
0.186

Female, n (%) 10 (31.2%) 9 (90%) 1 (10%)
Smoking

Yes, n (%) 3 (9.4%) 2 (66.7%) 1 (33.3%)
0.726

No, n (%) 29 (90.6%) 22 (75.9%) 7 (24.1%)
Systemic arterial hypertension

Yes, n (%) 22 (68.8%) 18 (81.8%) 4 (18.2%)
0.186

No, n (%) 10 (31.2%) 6 (60%) 4 (40%)
Diabetes mellitus

Yes, n (%) 9 (28.1%) 8 (88.9%) 1 (11.1%)
0.256

No, n (%) 23 (71.9%) 16 (69.6%) 7 (30.4%)
Dyslipidemia

Yes, n (%) 15 (46.9%) 11 (73.3%) 4 (26.7%)
0.838

No, n (%) 17 (53.1%) 13 (76.5%) 4 (23.5%)
LVEF 55.7 ± 11.1 58.6 ± 9.03 46.6 ± 10.6 0.004
QRS complex length (ms) 89.5 ± 16.8 89.0 ± 13.6 96.0 ± 31.7 0.448
Heart rate variability
SDNN (ms), mean ± SD% 119.7 ± 40.7 118.5 ± 39.1 107.3 ± 39.2 0.491
RMSSD (ms), mean ± SD 39.3 ± 35.1 41.4 ± 36.4 25.7 ± 12.9 0.247
pNN50 (%), mean ± SD 7.8 ± 7.0 7.6 ± 7.2 5.0 ± 5.2 0.363
Myocardial infarction type
STEMI (%), mean ± SD 26 (81.3%) 20 (76.9%)  6 (23.1%) 0.601
NSTEMI (%), mean ± SD 6 (18.8%) 4 (66.7%) 2 (33.3%)
Damaged myocardial wall
Previous (%), mean ± SD 14 (53.8%) 9 (64.3%) 5 (35.7%) 0.240
Inferior (%), mean ± SD 12 (46.2%) 11 (91.7%) 1 (8.3%)

IQR = interquartile range; LVEF = left ventricle ejection fraction; QRS = ventricular depolarization; SDNN = mean of the standard deviations of all normal sinus 
RR intervals for all 5-min segments; RMSSD = root mean square of successive differences between normal heartbeats; pNN50 = proportion of NN50 divided by 
the total number of NN (R-R) intervals.; STEMI = ST-segment-elevation myocardial infarction; NSTEMI = non-ST-segment-elevation myocardial infarction; SD = 
standard deviation; HRT = heart rate turbulence. 
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regular use of beta-blockers, and this medication is known to sig-
nificantly decrease the occurrence of PVBs.

The physiological mechanism of HRT involves patency of 
baroreceptors and the autonomic nervous system. Thus, a PVB is 
expected to promote a transient hemodynamic change, initially 
manifested as a decrease in the systolic volume perceived in the 
baroreceptors. Since blood pressure is the product of ejected 
systolic volume, heart rate and peripheral vascular resistance, 
the immediate response is inhibition of vagal stimuli with a 
consequent increase in blood pressure levels. Therefore, there 
should be an accelerated heart rate and increased peripheral 
vascular resistance after a PVB10 in individuals without car-
diac dysautonomia. 

This first response is usually ephemeral, since baroreceptors 
will also detect an elevation in blood pressure and consequently 
recruit the vagal stimulus that is responsible for heart rate decel-
eration.10 Later on, they will return to the hemodynamic situation 
prior to PVBs.

Several studies have demonstrated the prognostic importance 
of HRT, post-myocardial infarction. Hoshida et al. analyzed 313 
patients after myocardial infarction, over a mean follow-up of 
three years, and showed that HRT parameters were strong pre-
dictors of cardiac mortality (heart rate, HR 5.7; 95% confidence 
interval, CI 2.1-15.9; P = 0.0008).13 Huikuri et al. followed up 310 
patients who had suffered myocardial infarction two years earlier 
and found that TS was associated with ventricular arrhythmia (HR 
2.8; 95% CI 1.1-7.2; P = 0.038).14

In the ISAR-HRT study, 1,500 survivors of acute myocardial 
infarction were assessed. It was found that combination of abnor-
mal TO and TS was the strongest predictor of mortality (odds ratio 
5.9; 95% CI 2.9-12.2). Another important finding of that study 
was that HRT was able to provide information on mortality risk 
in a more relevant way than that obtained using the left ventricle 
ejection fraction (LVEF).9

In the REFINE study, on 320 patients with acute myocardial 
infarction and LVEF of < 40%, HRT proved to be a good predic-
tor of cardiac death or resuscitated cardiac arrest (HR 2.91; 95% 
CI 1.13-7.48; P = 0.026) when at least one of the HRT parame-
ters was altered.15

The few studies16,17 that have attempted to analyze the behavior 
of HRT over short periods failed to show good accuracy because 
they were conducted at rest and expected the individuals to spon-
taneously present an isolated PVB. For example, the Multicenter 
Automatic Defibrillator Implantation Trial II (MADIT II) study 
evaluated the behavior of HRT among approximately 900 patients 
after recent myocardial infarction and found that there was no 
statistically significant association between HRT parameters and 
mortality, from at-rest records over 10 minutes of recording.

Some efforts have been made to spread the concept of the 
prognostic value of HRT through faster recordings. Thus, physical 
exertion could be used as an alternative for obtaining this param-
eter by inducing ventricular arrhythmia in the active phase and 
increasing cardiac vagal activity in recovery. Ergometric stress 
testing is already envisaged in the follow-up of coronary artery 
disease patients and, thus, if it is possible to analyze the param-
eters of HRT during ergometric stress testing, this might form a 
valuable piece of information for these individuals.

In our study, heart rate variability parameters were unchanged 
in both the normal and the abnormal HRT groups. Suspension of 
the patients’ use of beta-blockers could have sensitized the exam-
ination, thereby providing an increase in the occurrence of ventric-
ular arrhythmia and enabling detection of changes in cardiac vagal 
tone. However, for ethical reasons, suspension of this medication 
was not authorized, even if it would have only been temporary.

The major limitation of our study was the fact that the small 
sample size precluded observation of any statistical difference 
regarding the behavior of HRT involving demographic data and 
cardiovascular risk factors. Likewise, this did not enable assess-
ment of the possible association of the HRT parameters obtained 
through ergometry with the gold standard obtained through the 
24-hour Holter monitoring.

CONCLUSION
The data obtained in this study do not support assessment of 
HRT through ergometric stress testing in patients who remain 
on beta-blockers post-myocardial infarction, for the purpose 
of assessing cardiac vagal activity, as a replacement for 24-hour 
Holter monitoring. 

Table 2. Ergometric parameters of the study population

Variable
Total

(n = 32)
Normal HRT

(n =24)
Abnormal HRT

(n = 8)
P

Baseline HR (bpm), mean ± SD, % 66.51 ± 13.2 65.47 ± 14.4 77.0 ± 13.2 0.064
Peak HR (bpm), mean ± SD, % 123.2 ± 21.2 120.3 ± 22.3 129.7 ± 20.7 0.319
HR recovery after 1 min (bpm), mean ± SD, % 16.7 ± 9.8 15.8 ± 9.9 16.6 ± 11.7 0.870
MET, mean ± SD 5.94 ± 2.27 6.01 ± 2.51 5.21 ± 1.91 0.427
PVB, n (%) 14 (43.8%) 11 (78.6%) 3 (21.4%) 0.681

HR = heart rate; SD = standard deviation; min = minute; MET = metabolic equivalent; PVB = premature ventricular beat; bpm = beats per minute; HRT = heart 
rate turbulence.
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