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Is Abnormal Adrenergic Activation Associated with Abnormal Heart
Rate Recovery?

Leandro Rocha Messias', Maria Angela M. de Queiroz Carreira’, Sandra Marina Miranda’, Jader Cunha de
Azevedo'?, Isabela Ambrésio Gava', Ronaldo Campos Rodrigues’, Elisabeth Maréstica’, Claudio Tinoco Mesquita™
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Abstract

Background: Heart Rate Recovery (HRR) reflects the capacity of the cardiovascular system to reverse the vagal
withdrawal caused by exercise. Scintigraphy with metaiodobenzylguanidine (1'>* MIBG) evaluates innervation and
cardiac adrenergic activation. The association of these two methods is not well established.

Objective: To evaluate the association between HRR and washout rate (WO) of 1'22 MIBG in patients with heart
failure (HF).

Methods: wenty-five patients with ejection fraction < 45% underwent exercise testing, and analysis of the variation
of HRR from the 1¢ to the 8" minute after exertion. Submitted to 123 MIBG, they were separated into groups by
WO: G1) <27% and G2) = 27%. For the statistical analysis Mann-Whitney’s U test and Spearman’s correlation
coefficient were used.

Results: G2 showed a slower variation of HRR: 15 minute: G1: 21.5 (16.12 to 26.87) vs. G2: 11.00 (8.5 to 13.5) bpm,
p = 0.001; 2" minute: G1: 34 (29-39) vs. G2: 20 (14 - 26) bpm, p = 0.001; 3" minute: G1: 46 (37.8 — 54.1) vs. G2:
30 (22 - 38) bpm, p = 0.005; 5" minute: G1: 51.5 (42 - 61) vs. G2: 39 (31.5 to 46.5) bpm, p = 0.013, and in the 8"
minute: G1: 54.5 (46.5 - 62.5) vs. G2: 43 (34 - 52) bpm, p = 0.037. HRR in the 1% (r = -0.555, p = 0.004), and in
the 2" minute (r = -0.550, p = 0.004) were negatively correlated with WO.

Conclusion: Patients with high HF and WO showed an abnormal HRR compared with patients with normal WO.
These findings suggest that adrenergic activation may influence the HRR. (Arq Bras Cardiol 2012;98(5):398-405)
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Introduction

Heart Rate (HR) increases during dynamic exercise due
to parasympathetic inhibition and sympathetic activation.
The recovery period after exercise is accompanied by
dynamic changes in autonomic tone that occur so that
there is a gradual return of HR to values near resting?.
This period is characterized by parasympathetic and
sympathetic withdrawal®. It reflects the ability of the
cardiovascular system to reverse the vagal withdrawal
caused by exercise*®, d is an excellent method to evaluate
the parasympathetic nervous system®. Slow Heart Rate
Recovery (HRR) post-exercise reflects an inadequate
return of cardiac vagal activity, and has proved to be
a good marker of cardiovascular events in both heart
disease and in healthy individuals”''. The relationship
between HRR and cardiovascular prognosis seems to be
independent of symptoms'?, of Left Ventricular Ejection
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Fraction (LVEF)" and the severity of coronary lesions on
coronary angiography'.

Cardiac activity and sympathetic innervation
can be assessed by myocardial scintigraphy with
metaiodobenzylguanidine labeled with iodine 123 (I'*
MIBG)'"> "¢, Studies have shown'”" that early imaging
is the integrity of presynaptic nerve terminals, and the
density of the beta-adrenergic receptors. The presynaptic
neuronal uptake contributes to a later imaging, combining
information of neural function, including capture, storage
and release of norepinephrine in the presynaptic vesicles.
The washout rate (WO) assesses the degree of sympathetic
activity. Patients with heart failure may have: (1) reduced
tracer uptake due to loss of sympathetic neurons and/
or disorders in primary uptake of noradrenalin; and (2)
increased WO, reflecting the shedding of noradrenalin to
the blood stream'>'7:20-22. WQ rates greater than 27% have
been described as a strong predictor of shorter survival in
patients with cardiac failure?.

So far, there is no evidence that abnormalities found in
1'22 MIBG scintigraphy are associated with abnormalities in
HRR post-exercise. The purpose of this study is to evaluate
the association between HRR and WO of 1723 MIBG in
patients with heart failure, comparing the behavior of HRR
in patients with normal and abnormal WO.
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Methods

We conducted an observational and transversal study,
selecting 25 consecutive patients treated in outpatient care
specializing in heart failure. The selected patients had heart
failure (diagnosed by the use of Framingham?* criteria) and
Left Ventricular Ejection Fraction (LVEF) smaller than or
equal to 45% measured by echocardiography by Simpson'’s
technique. The study excluded patients who had atrial
fibrillation, diabetes, heart valve disease, patients with
ventricular stimulation device, endocrine disorders,
Parkinson’s disease, pregnant or breastfeeding women.
No medication was suspended for this study. Volunteers
signed a consent form agreeing to be part of the project.
The project was approved by the Ethics Committee in
Research of the University, under number 011/09.

To classify the etiology of heart failure, we have
used the following criteria: ischemic (history of
myocardial infarction, or presence of inactive zone on
electrocardiogram, or coronary angiography showing left
coronary artery damage greater than or equal to 50%,
or damage greater than or equal 70% in one of three
main systems - anterior descending, circumflex and right
coronary artery?), hypertension (history of hypertension
and absence of criteria for ischemic etiology) and others
(the latter involving patients who were neither classified
as ischemic, nor as hypertensive: for example, idiopathic
dilated cardiomyopathy, post-myocarditis, peripartum).

Patients underwent myocardial scintigraphy with 1123
MIBG to assess cardiac adrenergic innervation upon uptake
of radiotracer, with study of the heart to mediastinum
ratio (H/M) for early images (30 minutes) and late images
(4 hours) besides the calculation of WO {WO = [(early
H-M - late H-M) / (early H-M)] x 100}"*. All scintigraphic
examinations were performed in Anger type digital
tomographic scintillation camera (Single Photon Emission
Computed Tomography), Siemens E-Cam dual detector
model with low-energy high-resolution collimator. Based
on the study of Ogita et al**, who evaluated the WO as a
predictor of survival in heart failure, patients were divided
into two groups: Group 1 (G1); WO <27% (normal group),
Group 2 (G2), WO = 27% (group with abnormal WO).

Patients underwent symptom-limited exercise test
(software ErgoPC" version 2.2) on an Imbramed treadmill
properly calibrated according to manufacturer’s guidelines
on Ramp protocol. To determine maximal exhaustion, we
used the modified Borg scale?” and only those patients
who completed examination by maximal exhaustion (Borg
10) participated in the study. We evaluated the variation
of heart rate recovery (HRR) in the 1% to the 8" minute
post-exercise (A HR = HRR at peak exercise less HRR from
the 1* to the 8" minute). The heart rate measurement was
performed by the RR interval of the ECG trace through
the software itself. The recovery protocol was uniform
for all patients: 2 minutes of active recovery at a speed
of 1.6 km/h without inclination and 6 minutes of passive
recovery in orthostatic position.

Statistical analysis was performed using the software
SPSS version 15. To evaluate the qualitative variables,

we used the chi-square test. To evaluate the quantitative
variables, Mann-Whitney’s U test was used because
of nonparametric distribution of data. We used the
Spearman’s correlation coefficient to evaluate the
association of HRR with WO. Multivariate analysis was
performed to assess which variables best correlated with
the WO. P value < 0.05 was considered statistically
significant.

Results

Patient characteristics are shown in Table 1. There were
no significant differences between groups in age, sex,
body mass index, etiology of heart failure, LVEF, and use
of medication, early and late heart / mediastinum ratio.

The groups had no significant differences at rest. In
HR at peak exercise there was no significant difference
between G1 and G2, the latter showing a lower absolute
value. In recovery, there were no significant differences
in the absolute values of HRR, but the G2 had a smaller
variation of HRR (A HRR) from the 1 to the 8" minute,
as observed in Table 2. Figure 1 compares the variation of
HRR post-exertion between the groups.

When we evaluated the association between WO and
the variation of HRR using the correlation coefficient of
Spearman, we observed a significant negative correlation
between the WO and 15 minute A HRR (r = -0.555; p =
0.004) and 2™ minute A HRR (r = -0.550, p = 0.004).
No statistical significance was observed in the 3™ to the
8™ minute of recovery. Figure 2 shows the correlation
between WO and 1¢ minute AHRR, while figure 3 shows
the correlation between WO and 2" minute AHRR.

Because of possible factors influencing the behavior of
HRR (e.g., heart failure etiology and drug administration),
we performed a multivariate analysis, putting the WO as
the dependent variable. We found that the 2" minute A
HRR was the variable that best correlated with WO: r =
0.246, p = 0.012.

Discussion

In our study, we evaluate both components of the autonomic
nervous system, knowing that heart failure is marked by an
increase in sympathetic, parasympathetic withdrawal and
reduced tolerance to exercise. These characteristics are due
to neurohumoral activity involved in its physiopathology?®. We
evaluated the parasympathetic system through HRR*’, and
the sympathetic system through myocardial scintigraphy with
[' MIBG'. After the exercise, parasympathetic reactivation
occurs (immediate mechanism), and later, the progressive
withdrawal of the sympathetic system, so that HR may return
to levels similar to the beginning of exercise®. Previous studies
reveal the prognostic value of HRR in heart failure®?*, and that
the main causes of attenuation of HRR in this population are:
increased sympathetic activity, decreased parasympathetic
activity and abnormal regulation of the cardiopulmonary
baroreflex®®. By analyzing the adrenergic hyperactivity using
the WO of 1" MIBG as a marker, we observe that patients
with heart failure and abnormal WO had a smaller variation
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Characteristics of the groups

G1(N=14) G2 (N =11)
WO < 27% WO 2 27% P
Age (years) 55 (45,87 - 64,12) 60 (47,5-72,5) 0,742
Gender (M/F) 9/5 iz 0,974
IMC (Kg/m2) 26,7 (22,79-30,46) 26,9 (21,25-32,55) 0,427
Etiology (%) 0.648
Ischemic 7,15 18,18
Hypertensive 78,57 45,45
Others 14,28 36,37
Medications (%)
Beta-blocker (Carvedilol) 100 100 1
ACEI/ARB Il 71,42 63,63 0,685
Spironolactone 100 90,90 0,259
Diuretic drugs 92,85 90,90 0,861
Digital 42,85 54,54 0,569
LVEF (%) 33(25,12-40,87) 36 (31-41) 0826
30min H-M 1,77 (1,57-1,96) 1,70 (1,47-1,93) 0,827
4h H-M 1,76 (1,56-1,95) 1,58 (1,44-1,71) 0,112
WO % 22(17,18 - 26,81) 35,5 (31,7-39,3) <0,001

Results expressed as median and interquatil range; G - group; N - number; WO - washout rate; M - male; F - female; BMI - body mass index; ACEI - angiotensin-
converting enzyme inhibitors; ARA Il - angiotensin Il receptor antagonist; LVEF - left ventricular ejection fraction; 30min H-M - early heart-mediastinum ratio;
4h H -M- late heart-mediastinum ratio.

Variables at the beginning of exercise and post-exercise recovery

400

G1(N=14) G2 (N =11)

WO <27% WO 2 27% P
SBP at rest (mmHg) 119 (107.75 - 130.25) 104 (83 - 125) 031
DBP at rest (mmHg) 80 (70.75 - 89.25) 72 (68 - 76) 0.044
HR at rest (bpm) 75 (69.87 - 81.12) 73 (67 -79) 0.741
HR peak exercise (bpm) 142 (127.25 - 156.75) 121 (108 — 134) 0.009
1st min HRR (bpm) 1155 (101.75 - 129.25) 107 (96 - 118) 0.258
1st min A HRR (bpm) 21.50 (16.12 - 26.87) 11.00 (8.5 - 13.5) 0.001
2nd min HRR (bpm) 108 (96.75 — 119.25) 100 (88 - 112) 0528
2nd min A HRR (bpm) 34 (29 - 39) 20 (14 - 26) 0.001
3rd min HRR (bpm) 95.5 (85.12 - 105.87) 88 (80 - 96) 0.38
3rd min A HRR (bpm) 46 (37.87 - 54.12) 30.0 (22.0 - 38.0) 0.005
5th min HRR (bpm) 91.5(81.62-101.3) 86 (78.5-93.5) 0.169
5th min A HRR (bpm) 51.5(42.0-61.0) 39.0 (31.5-46.5) 0.013
8th min HRR (bpm) 90.5 (82.37 - 98.62) 82 (75 -89) 0.037
8th min A HRR (bpm) 54.5 (46.5 - 62.5) 43 (34 - 52) 0.037

Results expressed as median and interquatil range; G - group; N - number; WO - washout rate; SBP - systolic blood pressure; DBP - diastolic blood pressure;
mmHg - millimeters of mercury; HR - heart rate; bpm - beats per minute; HRR - heart rate recovery; min- minute; A HRR - variation in heart rate recovery.
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of early and late HRR, demonstrating that both components
of the autonomic nervous system are altered after exercise,
and an association between these two major variables of great
prognostic importance®2. The presence of a negative correlation
between the WO and the HRR from the 1% to the 2" minute
of recovery leads us to agree that increased sympathetic activity
at rest (determined by abnormal WO) contributes to changes in
HRR, especially in the 2" minute, as observed after a multivariate
analysis whose mechanisms are the parasympathetic re-entry
along with sympathetic withdrawal'3%3".

In a previous study, we evaluated, in heart failure, the influence
of adrenergic hyperactivity in the variables during exercise,
showing that patients with abnormal WO had a lower functional
capacity, and lower inotropic and chronotropic response during
exercise compared to patients with normal WO?2. To date, there
is no description in the literature of the association between the
abnormal behavior of HRR post-exercise and abnormalities in
cardiac adrenergic innervation by ' MIBG.

Treatment with beta-blockers improves sympathetic
hyperactivity*?, but some patients are resistant to beta-blocker
therapy, perpetuating this state of adrenergic hyperactivity. In
our study, we found that patients on beta-blockers still in a state
of adrenergic hyperactivity have an abnormal HRR compared
to patients without this characteristic. A program of supervised
exercise could be a therapeutic option for this group of patients
with heart failure who have adrenergic hyperactivity even on

use of beta-blockers. The dynamic exercise improves vagal
activity and adrenergic hyperactivity”>*.

Other groups of research®>=7 studied both components of
the autonomic nervous system in patients with heart failure
using myocardial scintigraphy with '** MIBG, and RR variability
(variable that reflects the sympathetic and parasympathetic
action on the sinus node)’?>. Yamada et al*®* compared the
prognostic value of 1'* MIBG with RR variability. As the RR
variability depends on postsynaptic transmission reflecting
the final response of the sinus node to the stimulus received,
and cardiac imaging through 1'>> MIBG promotes information
about the presynaptic function and integrity of sympathetic
nerve endings, these variables would complement each other.
Following this reasoning, the authors showed that although
cardiac imaging with ['* MIBG has been a stronger predictor
than the RR variability, the association of these two variables
promotes additional information on both, thus improving risk
stratification in heart failure. In our study, we used HRR as a
marker of parasympathetic activity, and there was association
between WO and HRR. According to the study of Tamaki et al*°,
WO was the best predictor of sudden death. The relationship
between I'** MIBG WO and sudden death could be explained
by the sympathetic hyperactivity that can modulate mechanisms
of reentry and hyperautomatism, which could be the trigger
for fatal arrhythmias. In the study of Koutelou et al*”, WO had
a positive correlation with the number of complex ventricular
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Correlation of washout rate and heart rate variation in the 1st minute of recovery. WO - washout rate; A HRR - heart rate recovery variation; min- minutes;

BPM - beats per minute.

arrhythmias detected by studying the ICD implanted in patients
with heart failure.

Exercise testing is a simple test widely available that can
promote important information about the autonomic function
of more complex and less available imaging tests that have been
employed to evaluate. An important suggestion would be to use
exercise testing as a screening method to assess which patients
with heart failure will be more likely to have altered adrenergic
innervation to select patients who will most benefit from '
MIBG scintigraphy.

Limitations of the study

The main limitation of this study was the small number of
patients. However, through a pilot study with 16 patients, a
sample size calculation was performed and the number of 11
patients per group has a 90% statistical power to identify 47.6%
difference in 1% minute HRR, and a statistical power of 90% to
identify 39.93% difference in 2" minute HRR between groups.

Another significant limitation was that we failed to perform
cardiopulmonary exercise testing (CPET) to attest that the patients
performed maximal testing. However, as described above, only
those patients who completed the test to exhaustion participated
in the study (grade 10 in the BORG's modified rating of perceived

Arq Bras Cardiol 2012;98(5):398-405

fatigue). CPET was not performed because we did not have this
device in our institution at the time of this study.

The evaluation of post-exercise HRR, however, can be
made with conventional ET and does not require complex
methodologies for analysis. Since the ET is a simple and
ubiquitous tool, we believe that information derived from this
examination may be useful for cardiologists involved in clinical
practice for patients with heart failure, since the information
obtained from this simple test correlated with the sophisticated
analysis of cardiac innervation.

Conclusion

Patients with heart failure and abnormal WO had slower
HRR than normal WO patients, both in early and late phases.
This slow recovery in patients with adrenergic hyperactivity state
at rest suggests that sympathetic changes at rest, typical of heart
failure, may contribute to the autonomic changes observed during
recovery after exertion.
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