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Age-Related Maximum Heart Rate Among Ischemic
and Nonischemic Heart Failure Patients Receiving
B-Blockade Therapy

MIGUEL MORITA FERNANDES SILVA, MD,"* FERNANDO BACAL, MD, PhD,' JEAN MARCELO ROQUE, PhT,'”
IRAM SOARES TEIXEIRA-NETO, PhEd,"* NELSON CARVAS JUNIOR, PhEd,' EDIMAR ALCIDES BOCCHI, MD, PhD,' AND

GUILHERME VEIGA GUIMARAES, PhEd, PhD'?

Sao Paulo, Brazil; and Curitiba, Brazil

ABSTRACT

Background: Equations to predict maximum heart rate (HR,,,) in heart failure (HF) patients receiving
B-adrenergic blocking (BB) agents do not consider the cause of HF. We determined equations to predict
HR,,.x in patients with ischemic and nonischemic HF receiving BB therapy.

Methods and Results: Using treadmill cardiopulmonary exercise testing, we studied HF patients receiving
BB therapy being considered for transplantation from 1999 to 2010. Exclusions were pacemaker and/or im-
plantable defibrillator, left ventricle ejection fraction (LVEF) >50%, peak respiratory exchange ratio (RER)
<1.00, and Chagas disease. We used linear regression equations to predict HR ., based on age in ischemic
and nonischemic patients. We analyzed 278 patients, aged 47 * 10 years, with ischemic (n = 75) and
nonischemic (n = 203) HE. LVEF was 30.8 * 9.4% and 28.6 = 8.2% (P = .04), peak VO, 16.9 = 4.7
and 16.9 £ 52 mL kgf1 min~! (P = NS), and the HR,,,, 130.8 * 23.3 and 125.3 * 25.3 beats/min
(P = .051) in ischemic and nonischemic patients, respectively. We devised the equation HR,,,, = 168 —
0.76 x age (R* = 0.095; P = .007) for ischemic HF patients, but there was no significant relationship be-
tween age and HR,,,, in nonischemic HF patients (R*> = 0.006; P = NS).

Conclusions: Our study suggests that equations to estimate HR,,.x should consider the cause of HF. (J Car-

diac Fail 2012;18:831—836)

Key Words: Heart rate, exercise testing, heart failure, -adrenergic receptor blocker.

Heart failure (HF) is a complex clinical syndrome asso-
ciated with high rates of morbidity and mortality." B-Adren-
ergic receptor blocking (BB) agents have been widely used
in this condition since it was proven that they improve sur-
vival and clinical status and reduce hospitalization.”®
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The main clinical manifestation in these patients is ex-
ercise intolerance, and cardiopulmonary exercise testing
(CPET) is a useful tool in prognostic evaluation, provid-
ing essential information when patients are considered
for cardiac transplantation. In this setting, they must be
evaluated with optimized clinical therapy, including BB
agents.

Heart rate (HR) response is one of the parameters pro-
vided by CPET, and chronotropic incompetence (CI) has
been commonly defined by incapacity to reach an arbitrary
percentage of the predicted maximum HR (HR,,,). CI has
been recognized as an independent prognostic marker in
patients with’ and without® '® HF taking'' or not taking®
BB agents. However, the determination of predicted HR .«
is usually based on the equation 220 — age,'® which is not
appropriate for patients taking BB agents.'? Furthermore,
the reported prevalence of CI in HF patients is highly vari-
able and may reflect different criteria used to define CI as
well as differences in patient characteristics.'” Recently,
an equation that predicts HR,,,x based on age, resting
HR, and ergometer type was determined for patients with
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HF.'* However, it did not consider the impact of the cause
of HF on HR,,«.

The purpose of the present study was to determine an
equation to predict HR,,,x in patients with ischemic and
nonischemic HF who are receiving BB therapy.

Methods
Population and Study Design

A retrospective analysis was performed in 655 consecutive pa-
tients with HF referred for heart transplantation from 1999 to
2010. All patients underwent CPET; they had been clinically stable
before CPET. Excluded from the analysis were 377 patients because
they were either participating in regular physical activity =30 min-
utes 3 times a week (n = 45), were <20 years old (n = 25), had no
optimized drug therapy (n = 10), had incomplete data (n = 4) or
interrupted test owing to hemodynamic or electrocardiographic
complications (n = 50), or had respiratory limitations (n = 10),
left ventricular ejection fraction (LVEF) =50% (n = 30), atrial fi-
brillation (n = 20), pacemaker or implantable defibrillator (n = 37),
peak respiratory exchange ratio (RER) <1.00 (n = 120), or Chagas
disease (n = 26). The final sample included 278 patients aged
20—76 years with systolic HF (SHF), receiving a stable dose of
a BB for >3 months before the CPET. All patients were taking
BBs (carvedilol 80%, bisoprolol 15%, and metoprolol 5%) at the
maximum tolerated dose at the discretion of the treating physician.
Furthermore, 80% of the patients were taking angiotensin-
converting enzyme inhibitor (ACE-I), 21% angiotensin receptor an-
tagonist (ARA), and 58% spironolactone. We asked them to take
their medications normally, including on the day of the test.
LVEF and clinical data were obtained from the last echocardiogram
and the patient’s medical record, respectively.

Ischemic HF was defined as SHF with past myocardial infarc-
tion or revascularization (surgical or percutaneous). The patients
were enrolled in 6 age-range groups (years): 20—29, 30—39,
40—49, 50—59, 60—69, and =70.

The study was approved by the Institutional Review Board of
the Ethics Committee, and it was in accordance with the Declara-
tion of Helsinki.

Exercise Testing

All referred patients underwent maximum exercise testing using
a modified Naughton protocol and a metabolic cart. CPET was
carried out on a programmable treadmill (TMX425 Stress Tread-
mill; TrackMaster, Newton, Kansas, USA) in a controlled-
temperature room (21—23°C) with monitoring of cardiac rhythm
(CardioSoft 6.5; GE Medical Systems IT, Milwaukee, Wisconsin,
USA) and blood pressure (Tango Stress BP; SunTech Medical,
Morrisville, North Carolina, USA) as previously described.'*

The 12-lead electrocardiogram and HR were monitored with the
patient in the standing position before and throughout the exercise
period and during recovery. Ventilation (VE), oxygen uptake (VO,),
and carbon dioxide output (VCO,) were measured breath by breath
with the use of a computerized system (Vmax Encore 29; Sensor-
Medics Corp, Yorba Linda, California, USA). The RER had been
recorded at each average sample obtained during each stage of
the protocol. The highest VO, and HR levels (1-minute mean) at
the end of exercise were considered to be the peak VO, and HR .,
respectively. The VE-VCO, slope was calculated by automatic lin-
ear regression fitting with the breath-by-breath values obtained

throughout the whole exercise. Patients were instructed and encour-
aged to exercise to their maximum capacity.

The predicted peak VO, was calculated according to normative
values for age, sex, and body weight from Wasserman et al.'®> The
percentage of predicted peak VO, was determined by dividing the
weight-normalized peak VO, by the predicted peak VO, and then
multiplying by 100. Predicted HR,,,, was determined by the equa-
tion HR,,,x = 164 — 0.7 x age, which was validated for patients
receiving BB therapy.'? Reserve HR was the absolute difference
between HR,,,,x and resting HR (HR ).

We also calculated the values of predicted HR ., in our sample
by the equation HR,;,,x = 119 + 0.5(HR5) — 0.5(age), which we
called “HF-pred HR."?

Statistical Analysis

All data are reported as mean = SD, and the statistical program
SPSS 13.0 for Windows (SPSS, Chicago, Illinois, USA) was used
to perform the statistical analysis. The Kolmogorov-Smirnov test
was applied to ensure a gaussian distribution of the results. One-
way analysis of variance (ANOVA) was used to analyze differ-
ences in the subjects’ characteristics at baseline. Bonferroni post
hoc analysis was used to determine the significance of the data
that was indicated by 1-way ANOVA. Pearson correlation was
used to assess the relationship between age and HR .. Linear re-
gression was used to generate the equation to predict HR . from
age for ischemic and nonischemic HF patients receiving BB ther-
apy. The significance level was set at P < .05. Bootstraping re-
sampling based on 1,000 bootstrap samples was used for
validation in each HF group (ischemic and nonischemic).

Results

Population and Study Design

The clinical baseline characteristics of the whole sample
and according to the cause of HF are listed in Table 1. Most
patients were male and had nonischemic HF. We observed
that LVEF was lower for nonischemic than for ischemic
patients.

Table 2 presents the results of linear regression model for
HR,ax in ischemic and nonischemic HF patients. We found
that age is a significant but weak predictor of HR,,x in is-
chemic patients only (R* = 0.095; P = .007) and derived an
equation HR,,,x = 168 — 0.77 x age. On the other hand,

Table 1. Clinical Baseline Characteristics and Comparison
Between Ischemic and Nonischemic Heart Failure Patients

Total Ischemic  Nonischemic P
Parameter (n=278) (n=175) (n = 203) Value
Male, n (%) 207 (75) 59 (79) 148 (73) NS
Age, y 472 =103 489 =93 46.6 = 10.6 NS
Weight, kg 70.5 = 16.0 70.2 = 16.3 70.6 £ 16.0 NS
Height, cm 164 = 10 164 = 11 164 =9 NS
BMI, kg/m2 258 £ 53 252 =*59 26.1 = 5.1 NS
NYHA functional 2.2 £ 0.9 23+ 09 22 %09 NS

class

LVEFE, % 292 £ 86 308 =94 28.6 = 8.2 .04
Hemoglobin, g/dL. 13.6 = 1.6 133 = 1.9 13.6 £ 1.6 NS

BMI, body mass index; NYHA, New York Heart Association; LVEEF, left
ventricle ejection fraction.



Age-Related HR,ax With B-Blocker Therapy @ Fernandes Silva et al 833

Table 2. Linear Regression Model for Maximum Heart
Rate in Ischemic and Nonischemic Heart Failure Patients

Variable B SE P Value R? SEE
Ischemic

Constant 168.347 13.808

Age —0.768 0.278 .007* 0.095 22
Nonischemic

Constant 133.929 8.014

Age —0.184 0.168 NS* .006 25

SE, standard error; SEE, standard error of the estimate.
* test.

there was no significant relationship between age and
HR,,,.x in nonischemic HF patients (R* = 0.006; P = NS).
The bootstrap resampling analysis showed bias 0.004, stan-
dard error 0.292, 95% CI —1.333 to —0.170, and P =
011 for ischemic and bias 0.005, standard error 0.176,
95% CI —0.531 to 0.179, and P = .296 for nonischemic
HF patients.

Table 3 presents the exercise parameters and a compari-
son between ischemic and nonischemic HF patients. We
found that nonischemic patients had a higher VE-VCO,
slope. The absolute HR . tended to be lower and the per-
centage of predicted HR,,,x was significantly lower for non-
ischemic patients, using the validated equations both for
patients receiving BBs and for HF patients (HF-pred HR)
to predict HR,;,,x. We did not find any difference in peak
RER, peak VO, (mL kgfl min~ ), peak VO, (% of pre-
dicted), or reserve HR between ischemic and nonischemic
patients.

We compared HR ., between ischemic and nonischemic
HF patients in each age group, as presented in Table 4. The
20—29-year and =70-year groups were excluded because
they included only nonischemic patients. We found that
HR,.x Was significantly higher in ischemic than in noni-
schemic patients in the age groups 30—39 and 40—49 years,
but there was no difference in the age groups 50—59 and
60—69 years. Reserve HR, HR,, and peak VO, were

not different according to etiology in any group. Interest-
ingly, the VE-VCO, slope was significantly higher and
LVEF significantly lower in nonischemic HF patients
only in the 40—49 group. Considering only nonischemic
patients, we did not find a significant difference in any of
these parameters among age groups. On the other hand,
for ischemic patients, we found that HR,,,x was signifi-
cantly lower in the 50—59-year than in the 30—39-year
group, and peak VO, was lower in the 60—69-year and
LVEF lower in the 50—59-year compared with the
40—49-year group.

Discussion

We have found that age-related predicted HR,,,,x obtained
by linear regression is different between ischemic and non-
ischemic HF patients. There is only a weak relationship be-
tween HR,,.x and age in ischemic patients, and age is not
a significant predictor of HR,,,« in nonischemic patients.
To our knowledge, this is the first study to demonstrate a dif-
ference between ischemic and nonischemic HF patients.

The equation 220 — age is a common equation used to de-
termine the predicted HR,,,, and it has been applied to cal-
culate indices that have prognostic value in HF patients.
However, earlier studies'>'® indicated that this equation
should not be used in patients using BB agents. Brawner
et al'? developed and validated an equation to predict HR
in patients using BB agents: HR,,,x = 164 — 0.72 x age.
They included patients with coronary artery disease and ex-
cluded those with HF or LVEF <50%. Interestingly, that
equation is very similar to what we found for ischemic pa-
tients, suggesting that it could apply to individuals with
coronary artery disease using BB agents regardless of ven-
tricular function. Recently, Keteyian et al'? validated a sim-
plified equation based on age, HR,, and ergometer
[HR;ax = 119 4+ 0.5 x (resting HR ) — 0.5(age) for tread-
mill] in HF patients taking BB agents, of which 49% were
ischemic.

Table 3. Exercise Parameters and Comparison Between Ischemic and Nonischemic Heart Failure Patients

Parameter Total Ischemic Nonischemic P Value
HR,.y, bpm 77.6 + 153 79.6 + 16.2 76.8 + 15.0 NS
Equation HR,.x 168.3 — 0.77 x age 133.9 — 0.18 x age —
HR,ax, bpm 126.8 £ 249 130.8 £ 233 1253 £ 253 .051
Reserve HR 48.7 = 20.8 50.9 = 19.2 479 = 213 NS
% HR pax* 97.0 = 19.2 100.7 = 17.0 95.6 £ 19.8 .02
% HR,.x (HF-pred HR)T 94.0 = 16.1 96.9 = 14.1 92.9 *+ 16.6 .02
% HR,.x (proposed equation)‘T 99.8 = 19.3 99.7 £ 16.8 99.9 = 20.1 NS
Peak RER 1.08 = 0.07 1.07 = 0.06 1.08 = 0.08 NS
Peak VO,, mL kg~ min~" 169 + 5.1 16.9 + 4.7 169 + 52 NS
Peak VO, (% max pred) 46.0 = 11.9 46.1 = 11.4 46.0 = 12.0 NS
VE-VCO, slope 35.0 = 10.0 327 =95 35.7 = 10.1 .01

LVEEF, left ventricle ejection fraction; HR, heart rate; bpm, beats per minute; HR,,,x, maximum heart rate; HR ., resting heart rate; % HR,.x, percentage
of predicted HR,,,x using equation 164 — 0.7 x age; RER, respiratory exchange ratio; VO,, oxygen uptake.

*HRnax Was calculated by the equation 164 — 0.7 x age.12

THR oy was calculated by the equation 119 + (0.5 X HR,e5) — (0.5 % age).]3
¥HR oy was calculated by the derived equations proposed in this study: 168.3 — 0.77 x age for ischemic and 133.9 — 0.18 x age for nonischemic HF

patients.
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Table 4. Comparison of Exercise Parameters and Left Ventricle Ejection Fraction (LVEF) Between Ischemic and Nonischemic

Patients Among Age Groups

Parameter 30—39y 40—49 y 50—59 y 60—69 y
n 46 97 85 34
HRmax .,

Ischemic 140.4 = 25.0 135.0 = 222 123.7 = 21.8" 124 £ 225

Nonischemic 125.0 = 25.0* 126.0 + 22.9% 120.1 = 27.0 130 = 28.0
Reserve HR

Ischemic 56.4 = 16.1 53.8 £ 199 45.4 = 20.7 50.7 = 15.2

Nonischemic 46.8 £ 245 49.8 £ 22.1 46.7 = 21.9 488 = 17.8
HRreSl

Ischemic 84.0 = 184 84.4 = 14.6 783 = 15.8 742 = 18.1

Nonischemic 782 x 124 762 = 11.9 73.4 = 15.7 76.2 = 16.9
Peak VOZ )

Ischemic 175 =42 175 =55 17.1 = 44 13.7 + 3.9

Nonischemic 174 =55 16.7 = 5.1 16.5 = 45 15.6 = 44
VE-VCO, slope

Ischemic 31.8 = 15.1 31.0 = 6.7 341 74 354 =93

Nonischemic 357 = 127 36.6 = 9.1* 36.6 = 10.5 341 =94
LVEF

Ischemic 307 =75 343 +99 284 * 9.11 28.5 = 10.1

Nonischemic 294 = 17.1 28.8 = 8.4* 287 = 9.0 27.0 =74

HR, heart rate; HR,,x, maximum heart rate; HR ., resting heart rate; VO,, oxygen uptake; LVEEF, left ventricle ejection fraction.

*P < .05; nonischemic vs ischemic HF patients.

P < .05 compared with 30—39-y age group among ischemic HF patients.
P < .05 compared with 40—49-y age group among ischemic HF patients.

However, both of those equations had a considerable in-
dividual variation, with a standard error of the estimate
(SEE) of 18 beats/min. Many factors may have contributed
to that, such as prior acute myocardial infarction, although
it did not explain most of the variation in the present study.
We have found that these equations seem to overestimate
HR,,..x in nonischemic HF patients and that age did not in-
fluence HR,,,,, because the slope of the linear regression is
not different from zero. Considering only ischemic HF pa-
tients, we have also found high individual variation (SEE
22) and weak relationship between age and HR .y, indicat-
ing that other factors may have influenced this variation,
such as severity of the disease and individual tolerability
to BB therapy.

We have found no significant difference in either reserve
or resting HR according to etiology among age groups. The
small number of patients in each group may have limited
these results. In earlier studies, reserve HR was not a signif-
icant prognostic marker in patients receiving BBs.” In addi-
tion, in HF patients not receiving BBs, it was shown that
even though it is a predictor of mortality in univariate anal-
ysis, reserve HR loses its prognostic value in multivariate
analysis.””'” Although blunted HR response induced by
BB agents may be responsible for its lack of prognostic
value, we demonstrated that HR ., is influenced by age
in different ways according to the cause of the heart failure.

The reasons for these differences are uncertain. Patients
with HF have abnormal sympathetic function in the myo-
cardium, characterized by a reduction in presynaptic nor-
epinephrine (NE) uptake and postsynaptic B-adrenoceptor
density.'® Altered expression of PB-adrenoceptor density
was demonstrated in both ischemic and nonischemic HF
patients.'>*° It has been considered that down-regulation

of B-adrenoceptor could be due to a locally increased NE
concentration in the synaptic cleft.'®

Metaiodobenzylguanidine (MIBG) is an NE analog and,
likewise, is captured in the presynaptic membrane.?' ~2? Its
neuronal uptake reflects the distribution and integrity of the
heart’s sympathetic innervation.** Earlier studies have ana-
lyzed the prognostic value of cardiac scintigraphy with the
use of MIBG labeled with iodine-123 (***I-MIBG) in HF
patients.”* % It has been found that decreased '*’I-MIBG
uptake and increased washout rate are independent predic-
tors of mortality in patients with HF independently from
etiology.'®*'73* On the other hand, clinical treatment in-
cluding ACE—I,34 ARA,35 BBs,36’37 and spironolactone38
can improve sympathetic neuronal uptake function and
could affect HR exercise response. Chizzola et al*® found
a 14% increase in MIBG uptake after 2 months of treatment
with carvedilol. This indicates an improved neuronal reup-
take of NE with carvedilol, preventing the down-regulation
of expression of adrenergic receptors (reverse remodeling
of the cardiac sympathetic nervous system). Whether
a higher increase occurs in B-adrenoceptor activity after
chronic treatment with BB agents for ischemic versus non-
ischemic patients is still uncertain. Recently, Rocha Mes-
sias et al*® found that a group of HF patients taking BBs
with an altered washout rate (=27%) had a peak HR signif-
icantly lower than patients with a normal washout rate. De-
spite the small sample, that study suggests that lower peak
HR is, at least in part, associated with accelerated sympa-
thetic tone or NE spillover, leading to a down-regulation
of B-adrenoceptors. Interestingly, it has been found*' that
a higher washout rate occurs in nonischemic than in ische-
mic patients. It may explain possible mechanisms involved
in differences in peak HR that we found.
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Study Limitations

This was a retrospective study using selected patients
with HF referred for heart transplantation at a single center.
All patients underwent a single treadmill CPET to assess
aerobic capacity. Although data collection was not planned
and statistical analysis was exploratory, all of the patients
underwent testing on the same equipment and by the
same team, which eliminates the differences in data collec-
tion and conduction. The number of patients 20—29 and
=70 years old was relatively small, and there were only pa-
tients with nonischemic HF in those groups. Also, LVEF
values were lower and VE-VCO; slope higher for nonische-
mic than for ischemic patients, especially in the 40—49-
year age group. However LVEF values and VE-VCO, slope
may have influenced our results, they are applicable to the
population of patients referred for heart transplantation and
may result from similar pathophysiologic pathways.

We obtained HR ., with the patient in the standing posi-
tion just before starting exercise, and there was no differ-
ence in HR, between groups. It is possible that the
absence of a difference in reserve HR arises from an in-
creased sympathetic drive secondary to preanticipatory
response.

Finally, these findings are based on treadmill testing only
and can not be extrapolated to upright cycle ergometer ex-
ercise testing.

Conclusion

This investigation found that equations to predict maxi-
mum heart rate are different between ischemic and noni-
schemic HF in patients receiving BB therapy. The cause
of HF should be considered when interpreting the heart
rate response in HF patients who undergo cardiopulmonary
exercise testing on a treadmill.

Disclosures

None.

References

1. Hunt SA, Abraham WT, Chin MH, Feldman AM, Francis GS,
Ganiats TG, et al. 2009 focused update incorporated into the
ACC/AHA 2005 guidelines for the diagnosis and management of heart
failure in adults: a report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice
Guidelines: developed in collaboration with the International Society
for Heart and Lung Transplantation. Circulation 2009;119:€391—479.

2. Dargie HJ, Erdmann E, Follath F, Hoglund C, Lechat P, Lopez Sendon JL,
et al. The Cardiac Insufficiency Bisoprolol Study II (CIBIS-II): a rando-
mised trial. Lancet 1999;353:9—13.

3. Poole-Wilson PA, Swedberg K, Cleland JG, di Lenarda A, Hanrath P,
Komajda M, et al. Comparison of carvedilol and metoprolol on clini-
cal outcomes in patients with chronic heart failure in the Carvedilol or
Metoprolol European Trial (COMET): randomised controlled trial.
Lancet 2003;362:7—13.

4. Packer M, Bristow MR, Cohn JN, Colucci WS, Fowler MB,
Gilbert EM, et al, US Carvedilol Heart Failure Study Group. The ef-
fect of carvedilol on morbidity and mortality in patients with chronic
heart failure. N Engl J Med 1996;334:1349—55.

5. Australia/New Zealand Heart Failure Research Collaborative Group.
Randomised, placebo-controlled trial of carvedilol in patients with
congestive heart failure due to ischaemic heart disease. Lancet 1997;
349:375—80.

6. Packer M, Coats AJ, Fowler MB, Katus HA, Krum H, Mohacsi P, et al.
Effect of carvedilol on survival in severe chronic heart failure. N Engl
J Med 2001;344:1651—8.

7. Arena R, Myers J, Abella J, Peberdy MA, Bensimhon D, Chase P,
et al. The prognostic value of the heart rate response during exercise
and recovery in patients with heart failure: influence of beta-blockade.
Int J Cardiol 2010;138:166—73.

8. Lauer MS, Okin PM, Larson MG, Evans JC, Levy D. Impaired heart
rate response to graded exercise. Prognostic implications of chrono-
tropic incompetence in the Framingham Heart Study. Circulation
1996;93:1520—6.

9. Kligfield P, Lauer MS. Exercise electrocardiogram testing: beyond the
ST segment. Circulation 2006;114:2070—82.

10. Brubaker PH, Kitzman DW. Chronotropic incompetence: causes, con-
sequences, and management. Circulation 2011;123:1010—20.

11. Khan MN, Pothier CE, Lauer MS. Chronotropic incompetence as
a predictor of death among patients with normal electrograms taking
beta blockers (metoprolol or atenolol). Am J Cardiol 2005;96:
1328—33.

12. Brawner CA, Ehrman JK, Schairer JR, Cao JJ, Keteyian SJ. Predicting
maximum heart rate among patients with coronary heart disease re-
ceiving beta-adrenergic blockade therapy. Am Heart J 2004;148:
910—4.

13. Keteyian SJ, Kitzman D, Zannad F, Landzberg J, Arnold JM, Brubaker P,
et al. Predicting maximal HR in heart failure patients on B—blockade
therapy. Med Sci Sports Exerc 2012;44:371—6.

14. Ciolac EG, Bocchi EA, Bortolotto LA, Carvalho VO, Greve M,
Guimaraes GV. Haemodynamic, metabolic and neuro-humoral abnor-
malities in young normotensive women at high familial risk for hyper-
tension. J Hum Hypertens 2010;24:814—22.

15. Wasserman KHJ, Sue DY, Stringer W, Whipp BJ. Normal values. In:
Weinberg R, editor. Principles of exercise testing and interpretation.
Philadelphia: Lippincott Williams and Wilkins; 2005. p. 160—S8.

16. Carvalho VO, Guimaraes GV, Ciolac EG, Bocchi EA. Heart rate dynam-
ics during a treadmill cardiopulmonary exercise test in optimized beta-
blocked heart failure patients. Clinics (Sao Paulo) 2008;63:479—82.

17. Cohen-Solal A, Tabet JY, Logeart D, Bourgoin P, Tokmakova M,
Dahan M. A noninvasively determined surrogate of cardiac power
(““circulatory power”’) at peak exercise is a powerful prognostic factor
in chronic heart failure. Eur Heart J 2002;23:806—14.

18. Carrio I, Cowie MR, Yamazaki J, Udelson J, Camici PG. Cardiac sym-
pathetic imaging with MIBG in heart failure. JACC Cardiovasc Imag-
ing 2010;3:92—100.

19. Ungerer M, Bohm M, Elce JS, Erdmann E, Lohse MJ. Altered expres-
sion of beta-adrenergic receptor kinase and beta 1—adrenergic recep-
tors in the failing human heart. Circulation 1993;87:454—63.

20. Merlet P, Delforge J, Syrota A, Angevin E, Maziere B, Crouzei C,
et al. Positron emission tomography with 11C CGP-12177 to assess
beta-adrenergic receptor concentration in idiopathic dilated cardiomy-
opathy. Circulation 1993;87:1169—78.

21. Schafers M, Schober O, Lerch H. Cardiac sympathetic neurotransmis-
sion scintigraphy. Eur J Nucl Med 1998;25:435—41.

22. Tamaki N, Yoshinaga K. Novel iodinated tracers, MIBG and BMIPP,
for nuclear cardiology. J Nucl Cardiol 2011;18:135—43.

23. Bristow MR, Ginsburg R, Minobe W, Cubicciotti RS, Sageman WS,
Lurie K, et al. Decreased catecholamine sensitivity and beta-
adrenergic-receptor density in failing human hearts. N Engl J Med
1982;307:205—11.

24. Schofer J, Spielmann R, Schuchert A, Weber K, Schluter M. Iodine-
123 meta-iodobenzylguanidine scintigraphy: a noninvasive method



836 Journal of Cardiac Failure Vol. 18 No. 11 November 2012

25.

26.

217.

28.

29.

30.

31.

32.

to demonstrate myocardial adrenergic nervous system disintegrity in
patients with idiopathic dilated cardiomyopathy. J Am Coll Cardiol
1988;12:1252—8.

Simmons WW, Freeman MR, Grima EA, Hsia TW, Armstrong PW.
Abnormalities of cardiac sympathetic function in pacing-induced heart
failure as assessed by [123I]metaiodobenzylguanidine scintigraphy.
Circulation 1994;89:2843—51.

Cohen-Solal A, Esanu Y, Logeart D, Pessione F, Dubois C, Dreyfus G,
et al. Cardiac metaiodobenzylguanidine uptake in patients with mod-
erate chronic heart failure: relationship with peak oxygen uptake and
prognosis. J Am Coll Cardiol 1999;33:759—66.

Yamazaki J, Muto H, Kabano T, Yamashina S, Nanjo S, Inoue A. Evalu-
ation of beta-blocker therapy in patients with dilated cardiomyopathy—
clinical meaning of iodine 123—metaiodobenzylguanidine myocardial
single-photon emission computed tomography. Am Heart J 2001;141:
645—52.

Ogita H, Shimonagata T, Fukunami M, Kumagai K, Yamada T,
Asano Y, et al. Prognostic significance of cardiac [123]I metaiodoben-
zylguanidine imaging for mortality and morbidity in patients with
chronic heart failure: a prospective study. Heart 2001;86:656—60.
Anastasiou-Nana MI, Terrovitis JV, Athanasoulis T, Karaloizos L,
Geramoutsos A, Papa L, et al. Prognostic value of iodine-123—
metaiodobenzylguanidine myocardial uptake and heart rate variability
in chronic congestive heart failure secondary to ischemic or idiopathic
dilated cardiomyopathy. Am J Cardiol 2005;96:427—31.

Jacobson AF, Senior R, Cerqueira MD, Wong ND, Thomas GS,
Lopez VA, et al. Myocardial iodine-123 meta-iodobenzylguanidine
imaging and cardiac events in heart failure. Results of the prospective
ADMIRE-HF (Adreview Myocardial Imaging for Risk Evaluation in
Heart Failure) study. J Am Coll Cardiol 2010;55:2212—21.

Merlet P, Benvenuti C, Moyse D, Pouillart F, Dubois-Randé JL,
Duval AM, et al. Prognostic value of MIBG imaging in idiopathic di-
lated cardiomyopathy. J Nucl Med 1999;40:917—23.

Merlet P, Valette H, Dubois-Rande JL, Moyse D, Duboc D, Dove P,
et al. Prognostic value of cardiac metaiodobenzylguanidine imaging
in patients with heart failure. J Nucl Med 1992;33:471—7.

33.

35.

36.

37.

38.

39.

40.

41.

Verberne HJ, Brewster LM, Somsen GA, van Eck-Smit BL. Prognostic
value of myocardial 123I-metaiodobenzylguanidine (MIBG) parame-
ters in patients with heart failure: a systematic review. Eur Heart J
2008;29:1147-59.

. Somsen GA, van Vlies B, de Milliano PA, Brom JJ, van Royen EA,

Endert E, et al. Increased myocardial [123I]-metaiodobenzylguanidine
uptake after enalapril treatment in patients with chronic heart failure.
Heart 1996;76:218—22.

Kasama S, Toyama T, Kumakura H, Takayama Y, Ichikawa S,
Suzuki T, et al. Effects of candesartan on cardiac sympathetic nerve
activity in patients with congestive heart failure and preserved left
ventricular ejection fraction. J Am Coll Cardiol 2005;45:661—7.
Fukuoka S, Hayashida K, Hirose Y, Shimotsu Y, Ishida Y, Kakuchi H,
et al. Use of iodine-123 metaiodobenzylguanidine myocardial imaging
to predict the effectiveness of beta-blocker therapy in patients with di-
lated cardiomyopathy. Eur J Nucl Med 1997;24:523—9.

Agostini D, Belin A, Amar MH, Darlas Y, Hamon M, Grollier G,
Potier JC, et al. Improvement of cardiac neuronal function after carve-
dilol treatment in dilated cardiomyopathy: a 123I-MIBG scintigraphic
study. J Nucl Med 2000;41:845—51.

Kasama S, Toyama T, Kumakura H, Takayama Y, Ichikawa S,
Suzuki T, et al. Effect of spironolactone on cardiac sympathetic nerve
activity and left ventricular remodeling in patients with dilated cardio-
myopathy. J Am Coll Cardiol 2003;41:574—81.

Chizzola PR, Goncalves de Freitas HF, Marinho NV, Mansur JA,
Meneghetti JC, Bocchi EA. The effect of beta-adrenergic receptor an-
tagonism in cardiac sympathetic neuronal remodeling in patients with
heart failure. Int J Cardiol 2006;106:29—34.

Rocha Messias L, de Queiroz Carreira MA, Ribeiro de Miranda SM,
Cunha de Azevedo J, Ambrésio Gava I, Campos Rodrigues R, et al.
Relationship between cardiac adrenergic image and exercise testing
in heart failure. Arq Bras Cardiol 2011;96:370—5.

Wakabayashi T, Nakata T, Hashimoto A, Yuda S, Tsuchihashi K,
Travin MI, et al. Assessment of underlying etiology and cardiac sym-
pathetic innervation to identify patients at high risk of cardiac death.
J Nucl Med 2001;42:1757—67.



