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Abstract: Background: The elevated baseline heart rate (HR) of a heart
transplant recipient has previously been considered inconsequential.
However, we hypothesized that a resting HR above 100 beats per minute
(bpm) may be associated with morbidity and mortality.
Methods: The U.T.A.H. Cardiac Transplant Program studied patients
who received a heart transplant between 2000 and 2011. Outpatient HR
values for each patient were averaged during the first year post-
transplant. The study cohort was divided into two groups: the
tachycardic (TC) (HR >100 bpm) and the non-TC group (HR
≤100 bpm) in which mortality, incidence of rejection, and cardiac
allograft vasculopathy were compared.
Results: Three hundred and ten patients were included as follows: 73 in
the TC and 237 in the non-TC group. The TC group had a higher risk of
a 10-yr all-cause mortality (p = 0.004) and cardiovascular mortality
(p = 0.044). After adjustment for donor and recipient characteristics in
multivariable logistic regression analysis, the hazard ratio was 3.9,
(p = 0.03, CI: 1.2–13.2) and 2.6 (p = 0.02, CI: 1.2–5.5) for cardiovascular
mortality and all-cause mortality, respectively.
Conclusion: Heart transplant recipients with elevated resting HR appear
to have higher mortality than those with lower resting HR. Whether
pharmacologically lowering the HR would result in better outcomes
warrants further investigation.

S. Blake Wachtera,b,
Sean P. McCandlessa, Edward M.
Gilberta,b, Gregory J. Stoddarda,b,
Abdallah G. Kfouryb,c, Bruce B.
Reidb,c, Stephen H. McKellara,b,
Jose Nativi-Nicolaua,b, Abdulfattah
Saidia,b, Jacob Barneya, Lauren
McCreatha, Antigone
Koliopouloua,b, Spencer E.
Wrighta, James C. Fanga,b, Josef
Stehlika,b, Craig H. Selzmana,b and
Stavros G. Drakosa,b

aSchool of Medicine, University of Utah, Salt

Lake City, UT, USA, bUTAH Cardiac

Transplant Program, Salt Lake City, UT, USA

and cIntermountain Heart Institute, Salt Lake

City, UT, USA

Key words: all-cause mortality – cardiac

allograft vasculopathy – heart rate – heart

transplant – multivariable analysis

Corresponding author: Stavros G. Drakos,

MD/PhD, Medical Director, Cardiac

Mechanical Support Program, University of

Utah, 30 North 1900 East, Room 4A100 SOM,

Salt Lake City, 84132 UT, USA.

Tel.: +801 585 2340; fax: +801 585 0701;

e-mail: stavros.drakos@hsc.utah.edu

Conflict of interest: None.

Accepted for publication 1 July 2015

Heart rate (HR) can be considered a determinant
of health status, with increasing HR being a risk
factor of poor outcomes. Levine et al. have docu-
mented an inverse semilogarithmic relationship
between HR and life expectancy, with a remark-
ably constant average of 7.3 � 5.6 9 108 heart
beats/lifetime, suggesting a finite number of beats
the heart can sustain (1). Many studies have shown
that an elevated resting HR increases the risk of
cardiovascular disease both in the general popula-
tion and in patients with stable coronary artery dis-
ease, independent of other comorbidities (2, 3).

Investigators of the Framingham Heart Study
identified an elevated resting HR and reduced HR
variability as a predictor of all-cause mortality,
cardiac events, and the development of hyperten-
sion (4, 5). It has further been shown that an
increase in HR by 10 beats per minute (bpm) is
associated with an increase in the risk of cardiovas-
cular disease, comparable to the increased risk
attributed to the diagnosis of hypertension (6).
In heart transplant (HT) recipients, tachycardia

is a common finding. The allograft denervation
and the absence of the parasympathetic influences
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mediated by the vagus nerve lead to an elevated
resting HR (7, 8). Despite its high prevalence
among HT recipients, the clinical significance of an
elevated HR in this specific subgroup of patients is
not well understood (9, 10). An inappropriately
high HR has been shown to have an increased
demand for myocardial oxygen and a decrease in
the resting stroke volume and in myocardial perfu-
sion (11, 12). Whether, in the long term, these
mechanisms could cause allograft dysfunction has
not been established. Similarly, it is unknown
whether a reduction in HR after HT would result
in beneficial effects on morbidity or mortality.
Therefore, we hypothesized that in HT recipients,
a sustained HR above 100 bpm may increase the
risk of all-cause and cardiovascular mortality.

Methods

We retrospectively studied all adult patients who
received an orthotropic HT from the U.T.A.H.
Cardiac Transplant Program (University of Utah
Health Sciences Center, Intermountain Healthcare
and Salt Lake City Veterans Affairs Medical Cen-
ter) between the years 2000 and 2011. An institu-
tional review board approved of this project. HR
recorded at outpatient visits during the first year
post-transplant (month 3 to month 12) was aver-
aged for each patient, and the study cohort was
divided into two groups: the tachycardia (TC)
group with average HR greater than 100 bpm and
the non-tachycardia (non-TC) group with average
HR less than or equal to 100 bpm. Patients who
expired within three months of transplant, who
were younger than 18 yr at time of transplant, or
who had documented arrhythmias other than sinus
tachycardia were excluded.
We further examined all-cause mortality, cardio-

vascular mortality, incidence of acute rejection,
and cardiac allograft vasculopathy (CAV). These
patients were evaluated at regular intervals in
accordance with the institution’s post-transplanta-
tion management standards. Further, results from
clinical examinations, laboratory tests, echocardio-
grams, endomyocardial biopsies, right heart
catheterizations, and coronary angiograms were
also examined. Data related to common comor-
bidities that may affect HR levels and/or mortal-
ity/morbidity including thyroid function and
concomitant medications during the first year post-
HT were also analyzed.
Baseline continuous variables were expressed as

mean � standard deviation and categorical vari-
ables as frequencies and percentages. Comparisons
between the TC and non-TC groups were made
using a two-sample t-test or chi-square test, as

appropriate. For both the TC and the non-TC
groups, cumulative freedom from an event rate as
a function of time after HT was performed using
Kaplan–Meier analysis and compared using a log
rank test. A multivariable Cox regression model
was used to compare the two groups after control-
ling for potential confounding variables in the
model for the all-cause mortality and cardiovascu-
lar mortality outcome models.

To check the linearity assumption of HR, we
computed HR quartiles (61.2–87.0, 87.1–93.1,
93.1–99.3, 99.4–117.5) and included the quartiles
into the Cox regression model, using the first quar-
tile as the baseline. The hazard ratios were essen-
tially equal to 1.0 for quartiles two and three and
not significant (both p > 0.96), while the fourth
quartile hazard ratio was greater than 2.0 and was
significant. This verified that the linearity assump-
tion was not met suggesting HR follows a thresh-
old–response rather than a dose–response
relationship with all-cause mortality. Therefore,
HR as a binary predictor at the clinically accepted
cutoff of 100 was utilized. A two-tailed p-value less
than 0.05 for all evaluations was considered signifi-
cant.

Results

A total of 405 patients received an HT between the
years 2000 and 2011; of those, 310 subjects met the
study inclusion criteria. 237 patients had an average
HR less than or equal to 100 bpm with an average
HR of 89 � 7.8 bpm; these were assigned to the
non-TC group. Seventy-three patients had an aver-
age HR more than 100 bpm with an average HR of
107 � 4.6 bpm; these were assigned to the TC
group. Patient characteristics along with the lead-
ing etiologies of heart disease for both groups are
listed in Table 1. The average age was 50 � 12 and
49 � 14 (p=not significant [NS]) years, and the per-
cent male was 81% and 74% (p=NS) in the non-TC
group and the TC group, respectively. The leading
etiologies for the non-TC and TC groups were coro-
nary artery disease (46%) and idiopathic cardiomy-
opathy (45%), respectively.

Freedom from all-cause mortality and cardio-
vascular mortality is shown in Fig. 1. Subjects in
the TC group had a higher risk of all-cause mortal-
ity (p = 0.004, Fig. 1A) and of cardiovascular
mortality (p = 0.044, Fig. 1B) compared to the
non-TC group. The cumulative incidence of non-
cardiovascular mortality, acute cellular rejection,
and CAV was similar between the two groups
(Table 2). Evaluation of long-term effects of
tachycardia was documented by analysis of ejec-
tion fraction. Beyond one yr, comparison between
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TC and the non-TC groups at one, two, three, and
five yr were not statically significant (Table 3).

We carried out a multivariable Cox regression
analyses that considered a wide range of donor
and recipient characteristics. In these models, aver-
age HR greater than 100 bpm remained a risk fac-
tor for all-cause mortality with a hazard ratio of
2.56 (p = 0.02, CI: 1.19–5.49) and for cardiovascu-
lar mortality with a hazards ratio of 3.93 (p = 0.03,
CI: 1.17–13.19) as shown in Table 4.

Discussion

Within this retrospective study, we found that HT
recipients with an elevated resting HR had a signif-
icant increase in all-cause mortality and in cardio-
vascular mortality, but no significant differences in
the development of cardiac rejection or CAV.

Designing a study with an inherently variable vital
sign such as HR is challenging. We chose to study
vital signs collected at routine outpatient visits
from month three to month twelve after HT as
most patients are stable enough to be seen in out-
patient clinic by three months and the HR stabi-
lizes over the first year. We chose to use outpatient
clinic visits to avoid hospitalizations where the HR
could be expected to be elevated from baseline due
to the acute event that lead to the hospitalization.
HT patients often have complex medical prob-

lems. Some patients may have higher mortality
because of their underlying comorbidities before
HT (13). In our study, we found that pre-trans-
plant comorbidities including diabetes mellitus,
hypothyroidism, stroke, smoking, and obesity were
similar between the two groups. Other medical
complications arise from the necessary immuno-
suppressive therapies, which can cause, for exam-
ple, renal failure, leukocytopenia, and
hypertension (14). The patients in the two groups
received comparable post-transplant immunosup-
pression regimens (data not shown). In our study,
we did not find any significant differences between
the two groups in allograft rejection, either cellular
or antibody mediated.
Other medical conditions besides HT itself can

be manifested by tachycardia. The development of
atrial fibrillation is relatively rare in the post-HT
population. In our study, only two patients had
chronic atrial fibrillation documented by electro-
cardiogram one yr after HT. Anemia or hyperthy-
roidism can also account for elevated HR; these
were found to be comparable between the two
study groups. HT recipients often develop systemic
hypertension and are frequently started on antihy-
pertensive medications such as calcium channel
blockers, angiotensin-converting enzyme inhibi-
tors, and beta-blockers. The non-TC group was
prescribed beta-blockers more often compared to
the TC group. This could be viewed as a limitation
of our study despite the fact that there was no inde-
pendent effect of the use of beta-blockers in the
multivariable regression analysis on mortality and
cardiovascular mortality.
In our study, the survival curves overlap early on

and showed a difference in mortality later. Early on
the similar outcomes between the groups could pos-
sibly be explained by comparable postoperative
complications and rejection outcomes. Tachycardia-
induced cardiomyopathy is an expected complica-
tion of patents with long-standing tachycardia and
could explain at least partially the difference
observed in late outcomes. However, our study did
not support this finding in our subject groups. Ejec-
tion fractions compared at one, two, three, and

Table 1. Patient characteristics

Non-TC

(HR ≤ 100)

n = 237

TC

(HR > 100)

n = 73 p-value

Donor characteristics

Male 167 (71%) 50 (69%) NS

CMV mismatch 49 (21%) 14 (19%) NS

Transplant age (yr) 32 � 12 24 � 9 <0.001
Recipient baseline characteristics

Male 190 (81%) 54 (74%) NS

Age 50 � 12 49 � 14 NS

DM 45 (19%) 17 (23%) NS

HTN 96 (41%) 28 (38%) NS

CKD 35 (15%) 10 (14%) NS

Hypothyroidism 37 (16%) 10 (14%) NS

HLD 112 (47%) 31 (42%) NS

CVA 20 (8%) 11 (15%) NS

BMI 27 � 5 25 � 4 0.002

Smoked 115 (50%) 33 (46%) NS

Recipient etiology

CAD 46% 41% NS

Idiopathic CM 41% 45% NS

Congenital CM 3% 8% NS

Valvular CM 2% 3% NS

Other 10% 2% NS

Recipient outcomes, one yr after transplant

TSH < 0.3 9 (4%) 5 (7%) NS

Hgb < 9 31 (13%) 5 (7%) NS

LDL > 100 67 (28%) 18 (25%) NS

BB 72 (30%) 12 (16%) 0.02

CCB 72 (30%) 17 (23%) NS

ACE-I 152 (64%) 50 (68%) NS

Statin 233 (98%) 68 (93%) 0.02

Levothyroxine 44 (19%) 12 (16%) NS

All values are the frequency with (%) or mean ± standard deviation. CMV,

cytomegalovirus; DM, diabetes mellitus; HTN, hypertension; CKD,

chronic kidney disease; HLD, hyperlipidemia; CVA, cerebral vascular

accident; BMI, body mass index; CAD, coronary artery disease; CM, car-

diomyopathy; TSH, thyroid stimulating hormone; Hgb, hemoglobin; LDL,

low density lipoprotein; BB, beta-blocker; CCB, calcium channel blocker;

ACE-I, angiotensin-converting enzyme inhibitor; NS, not significant.
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five yr post-transplant were similar and within nor-
mal range of 55–65%. Of note, we did not examine
the possible development of diastolic dysfunction,
which could explain higher mortality between
groups and is a limitation of this study.
In normal subjects, resting HR is predominantly

determined by vagal influences (15). Due to the
denervation at cardiac transplant of the donor
heart, parasympathetic influences on the donor
HR are absent and these influences may be present
for up to 96 months after HT (16). As a result,
tachycardia is common among heart donor and
recipients. A mechanism that could account for
lower HR in post-transplanted recipients is re-in-

nervation (17). Re-innervation could have other
possible benefits such as improved contractile func-
tion with exercise that could account for the
decreased mortality seen in this study (18).

Ivabradine, a selective and specific inhibitor of
the mixed sodium/potassium inward (If) current,
regarded as one of the most important ionic cur-
rents regulating pacemaker activity in the sinoa-
trial node, has recently been studied in heart
disease. Several smaller studies have shown that
reduction in HR using ivabradine in patients with
stable coronary artery disease, chronic heart fail-
ure, or post-HT may improve outcomes, improve
diastolic dysfunction, reduce cardiac fibrosis, and

Fig. 1. Kaplan–Meier freedom from
all-cause mortality (A) and
cardiovascular mortality (B). p-value is
from the log rank test.
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improve quality of life (19–22). The SHIFT trial
studied 6558 patients with heart failure (ejection
fraction [EF] <35%) receiving standard medical

management (including beta-blockers) and showed
that patients randomized to ivabradine had a lower
incidence of worsening heart failure and death due
to heart failure (15, 23). Importantly, Zhang et al.
demonstrated a normalized QT interval and an
improved left ventricular mass index with a sug-
gested improvement in cardiopulmonary perfor-
mance in HT patients taking ivabradine (12). We
feel that given the accumulating evidence proposed
within this study and elsewhere, a prospective
large-scale study evaluating the safety and efficacy
of ivabradine in HT patients is warranted.

Conclusion

HT recipients with resting HR greater than
100 bpm appear to have higher all-cause mortality
and cardiovascular mortality compared to those
with lower resting HR. Whether pharmacological
lowering of HR would result in better outcomes,
including all-cause mortality and cardiovascular
mortality, in this patient population warrants fur-
ther investigation.
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