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Abstract
Objectives—To conduct a clinical, genetic and functional analysis of three unrelated families
with familial sinus bradycardia (FSB).

Background—Mutations in the hyperpolarization-activated nucleotide-gated channel (HCN4)
are known to be associated with FSB.

Methods and Results—Three males of Moroccan Jewish descent were hospitalized: one
survived an out-of-hospital cardiac arrest and 2 presented with weakness and presyncopal events.
All 3 had significant sinus bradycardia, also found in other first-degree relatives, with a
segregation suggesting autosomal-dominant inheritance. All had normal response to exercise and
normal heart structure.

Sequencing of the HCN4 gene in all patients revealed a C to T transition at nucleotide position
1454, which resulted in an alanine to valine change (A485V) in the ion channel pore found in
most of their bradycardiac relatives, but not in 150 controls. Functional expression of the mutated
ion channel in Xenopus oocytes and in human embryonic kidney 293 cells revealed profoundly
reduced function and synthesis of the mutant channel compared to wild-type.

Conclusions—We describe a new mutation in the HCN4 gene causing symptomatic FSB in 3
unrelated individuals of similar ethnic background that may indicate unexplained FSB in this
ethnic group. This profound functional defect is consistent with the symptomatic phenotype.
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Hyperpolarization-activated, cyclic nucleotide-gated (HCN) channels are voltage-gated ion
channels activated in hyperpolarized membrane potential that mediate the hyperpolarization-
evoked pacemaker (“funny”) current (If) in the heart. If is a nonselective cationic inward
current that contributes significantly to spontaneous diastolic membrane depolarization of
sinoatrial node cells (1–4). HCN channels are thought to be key players in generating and
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regulating pacemaker activity (5–8). Of the four known HCN subunits, HCN4 is the most
highly expressed in the mammalian sinoatrial node (9–12). Mutations in gene encoding for
HCN4 channel account for inherited sinus bradycardia (13–16). So far, four different
heterozygous HCN4 mutated channels have been identified in humans. The mutations are
573X (14), D553R (15), S672R (13) and G480R (16). The two last mutations activate at
voltages more negative than wild-type (WT) channels, decreasing inward diastolic
depolarization current thereby slowing heart rate (13,15–16).

We describe 3 families of Moroccan Jewish descent with symptomatic familial sinus
bradycardia (FSB) and a common mutation in gene coding for the HCN4 channel. We
hypothesize that resultant combined defects in channel characteristics and synthesis might
influence the clinical phenotype.

Methods
Patient population

Family pedigrees are presented in Figure 1. Twenty members from three families of
Moroccan decent were evaluated: 13 from family A; 6 from family H; and 1 member from
family V. All patients gave informed consent approved by the Institutional Ethics
Committee of the Sheba Medical Center

Evaluation included a clinical questionnaire, resting ECG, and 24-hour Holter monitoring,
interpreted via a computerized system (Impresario 3.04.0089, DELMAR systems, Irvine,
Calif) and confirmed by an electrophysiologist. Two-dimensional echocardiography was
performed in 8 carriers and 5 noncarriers, and treadmill exercise tests were performed in 8
carriers and 4 noncarriers.

The definition of an affected family member was based on minimum heart rates of ≤40 or
average heart rate ≤60 bpm during Holter monitoring. Repeated sinus bradycardia on ECG
recording was taken to consideration.

Genetic analysis
DNA was extracted with a commercial kit (Gentra System Inc, Minneapolis, Minn), and
primers were designed with Primer3 software (17). The whole coding region and exon-
intron boundaries of HCN4 were amplified and sequenced as previously described (14).
Alanine to valine change (A485V) mutation was confirmed with a restriction assay. The
mutation-containing segment was amplified with primers 5′-agttaggttgaggaggtg-3′ and 5′-
ctcttccctcacactgggagtt-3′ in a 25-μL reaction containing 50 ng DNA, 13.4 ng each primer,
1.5 mmol/L dNTPs, 1.5 mmol/L MgCl2, and polymerase chain reaction buffer, with 1.2 U
Taq polymerase (Bio-Line, London, UK). After an initial 5-minute denaturation period at
95°C, 30 cycles were performed (94°C for 30 seconds, 58°C for 30 seconds, and 72°C for
30 seconds), followed by a final extension of 10 minutes at 72°C. The amplification product
was then cut with the EheI restriction enzyme (Fermentas). A control group of 150 healthy
subjects was used to assess mutation frequency.

Molecular cloning of HCN4 and in Vitro RNA synthesis
Human HCN4 cDNA in pCDNA3 vector (hHCN4; accession No. AJ132429) was provided
by Dr F. Hofmann (Technical University of München, Germany). The HCN4 A485V point
mutation was introduced using the QuickChange Site-Direct Mutagenesis Kit (Stratagene,
La Jolla, Calif) into pCDNA3 as well as pGEM-HJ vectors. All mutations and polymerase
chain reaction products were verified by direct sequencing. For Xenopus oocyte expression,
the RNAs were prepared using standard procedures, which ensured capping the 5′ end of the
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RNA and preferential inclusion of noncapped GTP in the remaining RNAs (18). Before
transcription, the plasmid DNA was linearized with NheI.

Oocyte culture and electrophysiology
Xenopus laevis frogs (Xenopus I, Dexter, Mich) were maintained and operated on, and
oocytes were collected, defolliculated and injected with RNA as described (19). The oocytes
were injected with RNAs of HCN4 WT (2.5 ng/oocyte), HCN4 A485V (2.5 ng/oocyte), or
HCN4 WT/A485V (1.25 ng each per oocyte) mRNA and incubated as previously described
by our group (16). Whole-cell currents were recorded by a Gene Clamp 500 amplifier (Axon
Instruments, Foster City, Calif) using the two-electrode voltage clamp technique (20). The
pipette solution contained 3 mol/L KCl.

Human embryonic kidney 293 cell culture and electrophysiology
Human embryonic kidney 293 cells (HEK293T) were cultured and transfected as described
(16), with similar DNA amounts used per 24-well dish.

Patch-clamp experiments were performed 24 hours after transfection. Membrane currents
were recorded under voltage-clamp conditions using conventional whole-cell patch-clamp
techniques. Whole cell patch-clamp recordings were performed as described (16). A
pCLAMP software package was used for voltage control, data acquisition, and data
evaluation.

Western blot analysis of HEK293T cells
HEK293T cells were transfected, grown and further homogenized in lysis buffer as
previously described (16).

Presentation and analysis of the experimental results
Electrophysiological data were analyzed with pCLAMP9 software (Axon Instruments),
SigmaPlot 2000, and SigmaStat (both SPSS Inc.) Data are presented as mean±SEM. A 2-
tailed unpaired t test was used to compare differences between the 2 groups. One-way
ANOVA, followed by Dunnett or Tukey tests, were used for comparison between several
groups.

Results
Index patients

The first patient, a healthy 21-year-old male (Fig 1B, arrow), survived out-of-hospital
cardiac arrest during extreme exercise. After cardiopulmonary resuscitation (CPR) with
basic life support but no DC cardioversion, spontaneous circulation returned, but he
remained unconscious. The first rhythm observed on monitor recordings after CPR was
narrow complex tachycardia. Slow neurologic recovery was observed thereafter and he was
discharged at cerebral performance category grade 1. During hospitalization, a baseline
sinus bradycardia (SB) rhythm was noted. Holter monitoring showed baseline SB without
conduction defects or arrhythmias. 2D-echocardiography, cardiac computerized
tomography(CT) and magnetic resonance imaging (MRI), adenosine test, epinephrine test
and flecainide test, brain CT and MRI, electroencephalogram (EEG) and EEG after sleep
deprivation revealed no abnormal findings. Electrophysiological study revealed only
inducible atrial fibrillation and typical flutter without rapid ventricular response. An exercise
test demonstrated good functional capacity and preserved chronotropic reserve without
arrhythmia during exercise. Genetic screening for SCN5A, HERG, HCN4, KCNJ2, KCNJ3,

Laish-Farkash et al. Page 3

J Cardiovasc Electrophysiol. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



KCNJ5 and KCNQ1, KCNH2, and KCNJ12 found no mutations in these genes. The patient
refused ICD implantation and had no clinical events during a 2-year follow-up.

The second patient, a 21-year-old male (Fig. 1A, arrow), was admitted to the
electrophysiology unit complaining of fatigue, weakness and presyncopal events. The third
patient, a 50-year-old male (Fig. 1C, arrow), was admitted due to symptomatic paroxysmal
atrial fibrillation. Baseline ECG and Holter recordings in both patients showed significant
SB, also found in several other first-degree family members. Echocardiography and exercise
tests were within normal limits. Further questioning revealed that the families of all 3
patients immigrated to Israel from the same city, Casablanca Morocco,.

HCN4 screening
Sequencing of the whole coding region and intron boundaries of the HCN4 gene in 2
patients revealed a heterozygote C to T transition at position 1454 (exon 4) that resulted in
the substitution of alanine to valine at position 485 in the protein (A485V) (Fig. 2A). This
change abolished an EheI restriction site in the patients, and therefore we used restriction
digests to detect the mutation in other patients, family members and controls. The mutation
was not found in 150 controls (100 of Moroccan origin). Multiple alignments in different
species show a conserved alanine at this position (Fig. 2B).

Family members
After completion of the 24-hour Holter monitoring, 14 family members were initially
classified as affected (Fig 1D). Repeated ECG recordings consistently documented SB in
these patients. Only one of them (A-III-2), an asymptomatic athletic young female, was later
found to be a noncarrier and thus representing a phenocopy. Fourteen family members were
found to be carriers of the A485V (Table 1). Carriers and noncarriers of the mutation were at
similar age but had significantly different minimum and average heart rate (Table 2).

Most, but not all, mutation carriers were bradycardic and complained of dizziness and
presyncopal events. Family member H-III-2, a carrier of the mutation, had profound sinus
bradycardia on the rest ECG since childhood, but displayed borderline Holter results during
current recording and was completely asymptomatic.

There were no other rhythm or conduction abnormalities, except for family member V-II-2,
who presented with paroxysmal atrial fibrillation at the age of 50. QTc was within normal
limits in all participants (381±28 ms). Except for one index patient (H-III-3), there were no
other cases of sudden cardiac death in any of the families. Exercise testing demonstrated
normal chronotropic and exercise capacity without any conduction disturbances or
arrhythmias (Table 1); echocardiography revealed a normally-structured heart in all tested
family members.

Functional expression of HCN4 WT and A485V mutant in Xenopus oocytes
A two-electrode voltage clamp was used to investigate functional change caused by the
A485V mutation. A485V was expressed alone (to mimic the homotetramer phenotype) or
with WT (to mimic the heterotetramer phenotype). In oocytes injected with WT HCN4
RNA, 5-s hyperpolarizing steps from −30 mV elicited slow-activating inward currents at
voltages below −65 mV, typical for HCN4 If current(Figure 3A–C). Increase in current
amplitude and time course of current activation pattern of the A485V homotetramer and
heterotetramer states differed significantly from the WT HCN4. The A485V homotetramer
currents were apparent only below −120 mV, and developed much more slowly than in the
WT (Fig. 3A–C). In contrast, the WT/A485V heterotetramer currents were apparent below
−80 mV, while developing more slowly than in the WT but faster than the A485V
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homotetramer (Fig. 3A–C). No significant differences were found in the reversal potential (~
−10mV) (Fig. 3D). The A485V and WT/A485V heterotetramer tail currents obtained during
the voltage step to 30 mV had much slower deactivation kinetics (Figure 3B).

Functional expression of the HCN4 channel containing A485V point mutation, compared to
the G480R mutant channel identified recently (16), revealed that the A485V and G480R
homotetramer currents recorded at −80 mV were both significantly reduced compared to the
WT (relative to the WT current recorded in the same experiment) (Figure 4). The differences
are much higher at −120 mV, in which the A485V homotetramer current constitute ~ 2.5%
of the WT current, whereas the G480R homotetramer current constitute ~ 20% of the WT
current (Figure 4).

Synthesis of WT and A485V HCN4 channels
Western blot analysis of total HCN4 protein in HEK293T cells revealed significantly
reduced expression of homomeric HCN4 A485V channels in the cells. The total amount of
mutated A485V channel protein, compared to WT channel protein, was significantly altered
in two different experiments (Figure 5). Calnexin levels, which served as a protein control
for the Western blot analysis, were similar in cells expressing A485V mutant and WT
channels. HCN4 protein was not detected in pCDNA3-transfected HEK293T cells.

Functional expression of HCN4 WT and A485V mutant in HEK293T cells
A whole-cell patch-clamp recording was used in HEK293T cells to investigate functional
changes caused by the A485V mutation in mammalian cells. As in the oocytes expression
system, the current amplitude and time course of the current activation pattern of the
homotetramer A485V mutated channel state were strikingly different from the WT HCN4
(Fig. 5B). Cells expressing HCN4 A485V channel protein showed leak current elevation
(recorded between −30 to −60 mV), as well as closure of an unknown channel at highly
negative voltages. Other cells expressing HCN4 A485V showed no current. In conclusion,
no HCN4 characteristic current was seen in any of the HEK293T cells expressing the
A485V protein. Consequently, the current density of the A485V mutant channel at −100
mV was significantly reduced compared to the WT HCN4 transfected HEK293T cells.

Discussion
We describe a new mutation, A485V, in the HCN4 gene in 3 patients of Moroccan Jewish
descent with symptomatic FSB. The existence of this mutation in 3 individuals from the
same ethnic group, originating from the same town, suggests a founder effect and implies it
might underlie a relatively common cause for unexplained congenital SB in this ethnic
group. Similar to other FSB family reports (15–16,21–22), the inheritance mode in our
affected families is autosomal dominant (Figure 1).

Previously known HCN4 channel mutations causing FSB were localized in the intracellular
C-terminus region (13–15). The A485V is the second mutation located in the pore region
described to cause FSB, but in this case, unlike the previously identified G480R pore-region
mutation, the mutated amino acid lies outside the selectivity filter.

In contrast to G480R, which caused asymptomatic FSB (16), most of the A485V carriers
were symptomatic at varying degrees (dizziness, presyncopal episodes, albeit without slower
heart rate - Table 2) and one index patient had out-of-hospital cardiac arrest during extreme
exercise (the initial arrhythmia was not recorded). Although we cannot prove that HCN4
abnormality was involved in the pathogenesis of a dangerous arrhythmia or sinus arrest in
this case, no mutations were found in this young man in other genes known to cause sudden
cardiac death, and a previous trafficking-defective HCN4 mutation, D553N, was already
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found to be associated with lethal cardiac arrhythmia (15). In addition, in a recent study by
Herrmann et al (23), deletion of HCN4 in adult mice eliminated most of sinoatrial If and
resulted in cardiac arrhythmia characterized by recurrent long sinus pauses.

The genetic aspect
Several lines of evidence suggest that the A485V substitution has functional consequences
and is not just a silent polymorphism. First, it was not found in 150 controls, of whom100
were of Moroccan origin. Second, the change occurred in a segment highly preserved
throughout evolution. Third, this substitution caused a functional electrophysiological
change that underlies the clinical phenotype.

Proposed mechanism of inherited sinus bradycardia in affected families
We report here a new A485V mutation in the HCN4 protein, located in the loop connecting
the pore to the S6 segment that affects the channel gating. Several studies have demonstrated
the significant influence of point mutations in GYG sequence on HCN channel gating,
suggesting that, although this part of the pore may be involved in governing selectivity, it
also substantially controls gating (24,25). However, to date no data exist regarding the
contribution of the surrounding amino acids, near the HCN4 channel pore, to the gating.

The A485V mutation, as in the former identified G480R mutation, showed a significant
reduction in mutated channel protein synthesis, compared to the WT. A significant reduction
in the synthesis of the HCN4 A485V channel was observed compared to the WT (Figure 5).
This impairment in synthesis and bioprocessing probably explains the radically reduced
current amplitude, both in HEK cells and oocytes. However, it appears that a greater
percentage of mutant channels escaped the ER quality control and reached the plasma
membrane in the oocytes, as compared to HEK cells, possibly because of the lower
incubation temperature.

The presence of a residual current in Xenopus oocytes allowed a partial electrophysiological
analysis, revealing a similarity in the reversal potential of HCN4 WT and A485V mutant
channels, suggestive of similar ion selectivity (Figure 3D). However, the gating was greatly
changed: the A485V homotetramer HCN4 activation curves shifted to markedly more
hyperpolarized potentials relative to the WT HCN4 (Figure 3A–C), resulting in a
significantly reduced current at physiologically relevant voltages of activation (between −60
and −90 mV). There was also a shift in heterotetramer activation curves to a more
hyperpolarized potential. However, heterotetramer current reduction, relative to the WT,
was less significant (Figure 3A–C). The physiologically relevant component of activation
(between −60 and −90 mV), present in the WT channels, was absent in the homotetrameric
mutant and reduced in the WT/A485V heterotetramer. The reduced protein expression, as
well as the more negative range of activation in this HCN4 mutant, concur with the reduced
contribution of the mutated channel in physiological conditions to the If current.

According to the oocyte data, the A485V mutant probably forms heterotetrameric channels,
when co-expressed with WT channels, since the If current in oocytes injected with a mixture
of the corresponding RNAs, has a reduced amplitude, and its I–V curve is shifted to more
negative voltages compared with WT (since If homotetrameric WT channels in these cells
are expressed separately, one would expect a component of the total current to have a
normal I–V curve). Thus, we surmise that heterotetrameric channels containing the A485V
mutation have an altered gating, combined with poorly synthesis in the cell. Conseuqently,
they probably do not contribute to the If current in atrial myocytes. We cannot exclude the
possibility of a trafficking impairment of the mutated channel to the plasma membrane,
which might influence the clinical phenotype as well. The heterozygous expression of the
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affected Moroccan family members may not confer the same properties as the heterozygous
expression in heterologous cells.

The fact that the mutation carriers demonstrated normal chronotropic and exercise capacity
during exercise test, despite the combined synthesis defects and altered biophysical
properties of the mutant A485V HCN4 channels, may strengthen the minor contribution of
the HCN4 current to the overall If current in the heart, or suggest that the functional
importance of HCN4 might be different, as reported by Herrmann S et al (23). They showed
that deletion of HCN4 in adult mice eliminated most of sinoatrial If and resulted in a cardiac
arrhythmia characterized by recurrent sinus pauses. However, the mutants showed no
impairment in heart rate acceleration during sympathetic stimulation. These results
suggested that the HCN4 channel is not critical for proper acceleration of the heart rate;
however, HCN4 is necessary for maintaining a stable cardiac rhythm, especially during the
transition from stimulated to basal cardiac states. The newly described mechanisms,
independent of If current, such as intracellular calcium cycling, involving ryanodine
receptors, L-type calcium channels and the sodium –calcium exchanger may be involved in
catecholamine dependent heart rate stimulation.

Another possibility is the formation of HCN4 WT/HCN4A485V channel in heterozygous
patients. The HCN4 mutations detected in human patients are heterozygous mutations and
no deletions; that is, there is still one intact allele. If, or rather HCN4 currents in these
patients are therefore not deleted, but differently modulated, which could result in quite
different effects than a complete lack of the current. Alternatively, one may speculate that
there might be compensation for the impaired mutated channel protein by heteromerization
with HCN2 (the dominant mRNA transcripts in atrial myocardium (26)). This mechanism
was previously suggested by Zha et al for HCN1 and HCN2 in the brain (27).

Clinical implications
Familial sinus bradycardia may require pacemaker implantation because of extremely low
heart rate, long-QT, or ventricular arrhythmia related to bradycardia (28–30). We have no
proof of direct cause and effect of the A485V mutation on the cardiac arrest experienced
byone of our index patients. We have no evidence that the genetic defect was somehow
related to the cardiac arrest, and since we have no similar cases in this family or in other
families, the reason for the severe clinical manifestation in this case remains obscure. At
present, our remaining mutation carriers show a mild phenotype that does not justify any
intervention. Future decision regarding implantation of a pacemaker should be guided by the
severity of symptoms. Further follow-up and data collection could clarify risk stratification
for carriers of this new mutation.
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Abbreviations

2D-echocardiography two-dimensional echocardiography

CPR cardio-pulmonary resuscitation

CT computerized tomography

EEG electroencephalogram

FSB familial sinus bradycardia
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HCN Hyperpolarization-activated, cyclic nucleotide-gated channel

HEK293T Human embryonic kidney 293 cells

Ih or If hyperpolarization-evoked pacemaker (“funny”) current

MRI Magnetic Resonance Imaging

SB sinus bradycardia

WT wild-type
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Figure 1. Family members
A–C. Family trees suggesting autosomal-dominant inheritance. Solid symbols represent
affected family members. Open symbols indicate family members not carrying the mutant
gene. Gray symbols represent patients whose clinical and genetic status is unknown.
(Patients A-III-11, H-II-4, V-I-2, V-II-4, and V-II-5 were considered affected based only on
a history of bradycardia without genetic screening due to lack of cooperation. Patients A-I-2
and A-I-6 died at 28y from unknown causes).
D. This chart compares age with heart rate of carrier- and noncarrier family members. It
demonstrates clear separation of two groups: affected and nonaffected family members,
regarding minimal and mean heart rate on Holter recordings, independently of patient age.
Low heart rate segregates near completely with positive genotype. Two exceptions are
discussed in the text. Family member A-II-9 was not included in the graph due to technically
unreadable Holter recordings. She was asymptomatic and was found to be a noncarrier.
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Figure 2. The A485V mutation
A. Top: In this patient a C to T heterozygote change resulted in an alanine to valine amino
acid change in position 485. Bottom: Control showing normal sequence. B. Multiple
alignment of the A485V mutation region, showing the conserved alanine in position 485 in 3
different species (human, rat and mouse). The multiple alignment was done using the
ClustalW software.
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Figure 3. Results in Xenopus oocytes
Expression of HCN4 wild-type, HCN4 A485V homotetramer and HCN4 WT/A485V
heterotetramer in Xenopus oocytes. A. Currents recorded from oocytes injected with RNAs
of HCN4 WT, A485V, or WT and A485V together. The extracellular solution contained 24
mM K+. B. Enlargement of traces of WT tail currents shown in A, recorded during the
voltage step to 30 mV. Right, the voltage protocol. Holding potential was −40 mV and
currents were elicited by 5-s hyperpolarizing voltage steps between −30 and −130 mV in
10-mV increments, followed by a 3-s step to 30 mV. C. I–V relationship of WT (full circles,
n=4), A485V (empty circles, n=4) and HCN4 WT/A485V (full reverse triangles, n=4)
channels, recorded at the end of the voltage steps between −30 and −130 mV. D. Reversal
potential measurement of the HCN4 currents of WT (full circles, n=4) and A485V (empty
circles, n=3). The measurement shows tail current amplitude at the indicated voltages after a
5-second pre-pulse to −130 mV. (*P<0.05, same results obtained in two additional
experiments).
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Figure 4. Comparison between the two mutations in the pore region
Comparison between HCN4 channels with A485V and G480R point mutations expressed in
Xenopus oocytes. The currents of the HCN4 WT and homotetramer mutants were recorded
in two separate experiments. The graph compares the currents of WT HCN4 (black, n=4)
and A485V homozygote (red, n=4) to the currents of WT HCN4 (green, n=5) and G480R
homozygote (yellow, n=4) at −80 mV, as well as at −120 mV. At −120 mV, the current of
the homozygote mutants relative to the WT at the same experiment is 2.5 % and 20 % for
A485V and G480R, respectively. (* P<0.05, **P<0.01,***P<0.001).
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Figure 5. Results in HEK273T cells
Expression of HCN4 WT and HCN4 A485V homotetramers in HEK293T cells. A, Western
blot of total protein using anti-HCN4 (top) or anti-Calnexin (bottom) antibodies in WT
HCN4 transfected HEK293T cells, A485V HCN4 transfected cells and pCDNA3 transfected
cells. Blot exposure time was 1 min. The area of each band was estimated using the Scion
software, and was estimated as following: 11356 and 5716 for total HCN4 WT (*) and total
A485V HCN4 (**), respectively. B, Currents recorded from cells transfected with DNA of
HCN4 WT (n=4) or A485V (n=5). The extracellular solution contained 54 mM Na+ and 90
mM K+. Right, voltage protocol. Holding potential was −10 mV and currents were elicited
by 5-s hyperpolarizing voltage steps between 0 and −140 mV in 20-mV increments.
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Table 2

Differences Between A485V Mutation Carriers and Non-carrier Family Members.

A485V A485V P value

Carrier Family Members (n=14) Non-carrier Family Members (n=6)*

Minimum heart rate 37 ± 3 49± 11 0.002

Average heart rate 58 ± 6 77 ± 12 0.0002

Maximum heart rate 117 ± 27 140 ± 32 NS

Average patient age 41.8 ± 19 37.3 ± 19 NS

*
One non-carrier patient had illegible Holter recordings and therefore was excluded from the heart rate calculations.
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