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Coarctation of the aorta (CoA) is associatedwith the development of
hypertension and a reduced life expectancy [1]. Despite optimal
anatomical correction resulting in improved post-coarctation blood
flow, individuals with successful repaired CoAmaintain an elevated risk
for hypertension and early mortality, suggesting that CoA is not simply
an anatomical malformation [2]. The mechanisms responsible for
these persistent late complications remain to be elucidated. In
particular, the role of impaired autonomic control has not been
thoroughly examined in patients with repaired CoA, even though
alterations in autonomic regulation are hallmark features of primary
hypertension [3].

In the present study we investigated autonomic modulation and
control using measures of heart rate variability (HRV) and baroreflex
sensitivity (BRS) innormotensive childrenwith successfully repairedCoA
and healthy controls. We studied 9 unmedicated children (age: 12±
3 years) with anatomically repaired CoA (2 females) and 9 unmedicated
healthy age (age: 11±3 years) and sex matched controls (2 females),
recruited from a local pediatric cardiology unit (McMaster Children's
Hospital, Hamilton, ON, Canada) and the surrounding community.
Repaired CoA patients were excluded if they had undergone N1
procedure for their CoA, had hypertension (resting arm SBP N95th
percentile for age), left ventricular hypertrophy (septal and posterior
wall dimensionsN2 z-scores for bodysurface area), or othermoderate to
severe associated intracardiac anomalies.

Each participant completed two testing visits, held at the same
time of day (±1 h). During each session continuous supine
measurements of heart rate (single-lead electrocardiography;
1000 Hz; PowerLab, ADInstruments Inc., Colorado Springs, CO) and
blood pressure (Model CBM-7000, Colin Medical Instruments, San
Antonio, TX, USA) were recorded for 10 min after a standard rest period.
Discrete brachial blood pressure measurements were also made (Model
CBM-7000, Colin Medical Instruments, San Antonio, TX, USA). All
procedures were approved by the Hamilton Health Sciences Research
EthicsBoard, and informedwritten consentwasobtained fromtheparent/
guardian and assent from the child before study entry.

HRV measures were calculated on a 5 minute epoch edited to
remove non-normal beats (primarily related to movement artifact),
which accounted for b1% of total data in each participant. Specifically,
spectral domain (low frequency (LF) power, high frequency (HF) power,
and the LF/HF ratio) and time domain (standard deviations of normal R-R
intervals (SDNN), the root mean square of successive R-R interval
differences (RMSSD), and the percentage of consecutive normal R-R
intervals that differ bymore than 50 ms (pNN50%)measures of HRVwere
examined [4]. BRS was calculated using the global variability of R-R
intervals and systolic blood pressure [5].

Data presented as mean±standard deviations. All comparisons
were completed on the average values of both visits. Normal Gaussian
distributions were assessed using the Kolmogorov–Smirnov test, with
natural logarithmic transformations completed, as required. Unpaired t-
tests and Mann–Whitney rank sum tests were used to assess statistical
differences between baseline characteristics. HRV and BRS were
analyzed using an ANCOVA, to account for baseline differences in body
mass index (BMI), with Tukey post hoc procedures. Pearson correlation
coefficients were used to test potential relationships between variables.
Statistical significance was set at pb0.05.

Complete baseline characteristics are available in Table 1. All baseline
characteristics were similar except for BMI, which was higher in repaired
CoA. Children with repaired CoA demonstrated significantly lower LF
power, HF power, SDNN, BRS, and a trend towards lower pNN50%,
compared with healthy controls (Table 2). Correlation analyses of the
study cohort demonstrated significant associations between BRS and
HF power (r=0.59, pb0.01) and BRS and SDNN (r=0.54, pb0.05).
Further correlation analyses did not detect any associations between
baseline age,weight, ageof surgical repair or years since repair andHRVor
BRS measures in the CoA cohort (pN0.05).

In the present investigation we demonstrate that normotensive
children with successfully repaired CoA exhibit reduced HRV and BRS.
The observed correlations between BRS and HF power suggest a role for
altered baroreceptor reflex control of cardiac autonomic modulation.
Together, these results suggest that early anatomical correction of CoA
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Table 1
Baseline characteristics.

Repaired CoA Controls p-Value

Total number 9 (2 females) 9 (2 females) –

Age, yrs 12±3 11±3 0.72
Age at repair, yrs 3±3 – –

Years after repair 9±3 – –

Surgical CoA repair 7 – –

Endovascular CoA repair 2 – –

Bicuspid aortic valve 4 – –

Height, m 1.50±0.14 1.50±0.22 0.94
Weight, kg 49.2±10.2 41.9±18.2 0.31
BMI, kg·m−2 21.8±3.9 17.8±3.3 b0.05
BMI, percentile 72±31 52±25 0.15
HR, bpm 75±17 72±7 0.60
Brachial blood pressure

SBP, mm Hg 110±7 105±7 0.15
DBP, mm Hg 54±7 53±5 0.82
MAP, mm Hg 72±7 70±4 0.46
PP, mm Hg 56±3 52±7 0.12

Data are mean±SD. CoA, coarctation of the aorta; BMI, body mass index; HR, heart rate;
SBP, systolic bloodpressure;DBP, diastolic bloodpressure;MAP,mean arterial pressure; PP,
pulse pressure.
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may not be sufficient to ameliorate autonomic dysfunction, providing a
mechanism for future development of hypertension.

In context to the literature, unrepaired neonates with CoA demon-
strate reduced HRV and BRS [6], which is normalized 5 years after early
CoA repair [7]. Similarly, our group has recently demonstrated
no significant differences in HRV in a group of preschool-aged children
(4±1 years of age) with repaired CoA or tetrology of Fallot [8]. The
current study thus provides the first evidence of differences in older
children (12±3 years of age), in comparison with healthy controls,
whichmaysuggest a temporal sequenceof autonomic changes, alleviated
initially by repair andmanifesting later coincident with increasing risk of
hypertension. Specifically, HF power is considered a marker of vagal
modulation, while LF power is influenced by both sympathetic and vagal
modulations [4], suggesting overall reductions in tonic heart rate
modulation. The observations of reduced HF power and BRS in the
current study are consistent with those reported between normotensive
and hypertensive adults without CoA [9]. This may suggest that changes
in cardiacautonomicmodulationareevidentprior to significant increases
in resting blood pressure. Additionally, reduced HRV in patients with
operated andunoperated congenital heart disease is predictive of sudden
cardiac death and cardiac arrest [10].

In conclusion, successful early anatomic repair of CoA does not
prevent late childhood alterations in HRV and BRS, despite similar

resting brachial blood pressures as healthy age and sex-matched
controls. The current results further support the concept that CoA
represents a diffuse arteriopathy that may also affect autonomic
modulation of heart rate. The role of autonomic dysfunction in patients
with repaired CoAwarrants greater investigation, with an emphasis on
future hypertension and cardiovascular co-morbidity development.
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Table 2
Group comparisons of heart rate variability and baroreflex sensitivity.

Repaired CoA Controls p-Value

LF, ln ms2 6.9±0.6 7.8±1.0 b0.05
LF, nu 53±13 46±20 0.76
HF, ln ms2 6.8±0.6 8.0±1.3 b0.05
HF, nu 47±13 54±20 0.76
LF/HF 1.3±0.7 1.2±1.0 0.82
Mean R-R interval, ms 851±198 863±79 0.99
SDNN, ms 74±22 111±45 b0.05
RMSSD, ms 70.5±38 107.5±60 0.16
pNN50% 30.4±16 46.1±17 0.07
BRS, ms/mm Hg 10.1±3.3 20.3±9.8 b0.05

Data are mean±SD. LF, low frequency; HF, high frequency; SDNN, standard deviations
of normal R-R intervals; RMSSD, root mean square of successive normal R-R interval
differences; pNN50%, percentage of consecutive normal R-R intervals that differ by
more than 50 ms; BRS, baroreflex sensitivity.

588 Letters to the Editor

http://dx.doi.org/10.1016/j.ijcard.2013.01.248

	Reduced heart rate variability and baroreflex sensitivity in normotensive children withrepaired coarctation of the aorta☆,☆☆
	References


