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We present a unique case study report of a male individual with a history of mild nonischaemic cardiomyopathy, with no
ventricular ectopy, that at the age of 76 years sustained multiple concussions (i.e., mild traumatic brain injury) within a week of
each other. Concussion symptoms included cognitive difficulties, “not feeling well,” lethargy, fatigue, and signs of depression. He
was later medically diagnosed with postconcussion syndrome. The patient, WJT, was referred for cardiac and neurological
assessment. Structural neuroimaging of the brain (MRI) was unremarkable, but electrocardiography (ECG) assessments using a
24-hour Holter monitor revealed significant incidence of ventricular ectopy (9.4%; 9,350/99,836 beats) over a period of 5-6
months after injury and then a further increase in ventricular ectopy to 18% (15,968/88,189 beats) during the subsequent 3
months. The patient was then prescribed Amiodarone 200 mg, and his ventricular ectopy and concussion symptoms completely
resolved simultaneously within days. To the authors’ knowledge, our study is the first to show a direct link between observable and
documented cardiac dysregulation and concussion symptomology. Our study has important implications for both cardiac
patients and the patients that sustain a concussion, and if medically managed with appropriate pharmacological intervention, it
can reverse ventricular ectopy and concussion symptomology. More research is warranted to investigate the mechanisms for this
dramatic and remarkable change in cardiac and cerebral functions and to further explore the brain-heart interaction and the
intricate autonomic interaction that exists between the extrinsic and intracardiac nervous systems.

1. Introduction

There is a significant body of literature to show that neu-
roautonomic cardiovascular dysregulation can occur as a
result of a concussion or mild traumatic brain injury (mTBI).
Much of this research has used heart rate variability, blood
pressure variability, cerebral blood flow metrics, and baror-
eflex sensitivity to try to diagnose the extent of autonomic
nervous system (ANS) dysregulation [1-12]. Mechanisms
such as dynamic cerebral autoregulation, neurovascular
coupling, and cerebrovascular reactivity to carbon dioxide
have been proposed to account for cognitive disturbances and
symptoms associated with mTBI [4, 13-15].

Furthermore, there is an accumulation of research that
has investigated the brain-heart (heart-brain) relationship

and interaction, specifically an advancing field of study
called “neurocardiology” and the neurocardiac axis theory
[16-21]. Neurocardiology explores the (patho) physiological
interaction between the brain and the cardiovascular system
[17, 20, 22, 23] and how the ANS function is involved
[18, 24, 25]. We propose here that this brain-heart inter-
action could explain the apparent randomness of sudden
cardiac events experienced in our case study patient.

The stuctural and functional organization of cardiac
innervation in the neurocardiac axis is illustrated by Shiv-
kumar et al [19]. Their illustration provides a schematic
representation for the increasing evidence that the intra-
cardiac nervous system and afferent feedback from the heart
to higher brain centres may affect efferent output back to the
heart and modulate cardiac tissue electrophysiology [19, 21].
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Chemosensory feedback and mechanosensory feedback to
higher brain centres also involve afferent neurons
throughout the nodose and dorsal root ganglia and provide
an important link from the heart to higher brain centres
suggesting that there is a “brain within the heart” [18].

Thus, the purpose of this case study was to report two
novel findings as follows: (1) mTBI caused cardiac ar-
rhythmias, which is consistent with the theory of a neu-
rocardiac axis and (2) pharmacological intervention with
Amiodarone administration completely reversed cardiac
dysregulation and concussion symptomology simulta-
neously within days.

2. Case History Presentation

The earliest medical files on patient WJT on record is dated
4™ December 1997 (age 57 yrs) to show that he had minor
symptoms of ventricular ectopy, left bundle branch block
(LBBB), and mild nonischaemic cardiomyopathy. When
assessed almost 8 years later (6" July 2005), his cardio-
vascular examination was not significantly changed and was
normal with no carotid bruits, normal jugular venous
pressure, normal heart sounds with no murmurs, and clear
lung fields. He was not taking any medications (Sotalol was
taken very rarely as he was significantly symptomatic with
this medication, so he avoided it). His ECG demonstrated a
normal sinus rhythm with a LBBB. No ectopy was seen.
However, a dipyridamole sestamibi myocardial nuclear
perfusion scan was ordered because the patient experienced
an increased frequency of atypical chest discomfort during
the previous couple of months. The scan was abnormal,
documenting an ejection fraction (EF) of 39% with a dilated
left ventricle and a left ventricular end-diastolic volume
(LVEDV) of 171 mL. There was a mild reduction in tracer
uptake in the septum, which was consistent with the LBBB
artefact. No definite ischaemia was identified. The patient
was started on Inhibace 0.5 mg. The goal was ultimately to
increase his angiotensin-converting enzyme (ACE) inhibitor
to a maximal dose and reconsider the role of a f3-blocker
[26].

His follow-up assessment in October 2005 included an
angiogram that showed minimal coronary disease and
surprisingly normal LV function with an EF of 73% and
normal left ventricular volume when assessed using LV
ventriculography [27, 28]. The small dose of Inhibace was
really insufficient to have caused such a substantial im-
provement. It was postulated that WJT had a subclinical
episode of myocarditis, resulting in his increased symptoms
and reduced systolic function. This appears to have resolved
over this short-term period. WJT maintained his Cartia
Aspirin 100 mg and increased his Inhibace to 2.5 mg daily as
his blood pressure was 144/85mmHg on the day of
assessment.

Regular follow-ups continued every 6-12 months from
2005 to 2013 that included ECG, echocardiography, chest
examinations, and prescription drug management as per
normal medical practice in an ageing patient with some
history of cardiovascular disease. During this period, WJT
was generally well and unlimited in terms of his activities of
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daily living, including hiking, skiing, and hunting. He was
maintained on various medications to ensure an active
healthy lifestyle and to control for his history of mild
nonischaemic cardiomyopathy. Medications over this pe-
riod of time included Inhibace 2.5 mg, short-acting Diltia-
zem 30 mg, Metoprolol 50 mg, angiotensin receptor blocker,
Aspirin, Atacand (Candesartan) 8 mg, and Diazepam 2 mg,
and his Candesartan 8 mg was switched at that stage to
Losartan 25mg. Cardiac structure and function remained
typically the same with normal systolic and diastolic func-
tion, interatrial septum intact, EF%, and no valvular disease
(left ventricular end-diastolic diameter (LVEDD) =5.8 cm,
end-systolic diameter (ESD) =3.9 cm, interventricular sep-
tum (IVS) = 1.1 cm, left ventricular posterior wall thickness
(LVPW) =0.9 cm; left atrium measures 20 cm? EF 70%).
Blood pressure (varied from 138/85 to 145/95 mmHg) and
cholesterol profile (total 4.7 to 5.0 mmol/L, HDL 1.2 to
1.5 mmol/L, and LDL 2.8 to 2.9 mmol/L) remained relatively
healthy (now age 73 yrs).

In November 2013, patient WJT had a 24-hour Holter
that revealed only a very minimal amount of ectopy (Table 1,
Figure 1) although this was indeed symptomatic and he was
quite sensitive to perceiving the ectopic beats. His exercise
stress echocardiogram confirmed findings consistent with
his known longstanding mild cardiomyopathy, but he
achieved a good workload (8 minutes of the Bruce protocol
without symptoms limiting the exercise).

2.1. Concussion Incident: 26™ September and 6™ October 2016.
The patient WJT was 76 years old when he sustained two
concussions within approximately 10 days: the first on 26™
September and the second on 6™ October 2016. These were
later medically diagnosed as a concussion or mTBI. Because
of his symptoms of increased ectopy and change in per-
ception of cognitive function, WJT contacted us with con-
cerns about his increased ectopy and malaise. W]T reported
that these symptoms had been progressing over the past 5-6
months since his concussions. Symptoms included cognitive
“deterioration,” “not feeling well,” headache, “lack of energy
and fatigue,” “irritability,” signs of depression, and “acute
audio sensitivity and poor visual acuity” which were the two
most extreme, persistent and troubling symptoms that WJT
experienced.

On 28" March 2017, he undertook a 24-hour Holter
monitor which showed a high burden of ventricular ectopy at
9.4% (9,350/99,836 beats). This is in stark contrast to his 24-
hour Holter in 2013 where there were negligible ectopic beats
(Table 1; Figure 1). The patient was started on a f3-blocker
Metoprolol daily 47.5 mg, but he was advised to stop taking
angiotensin receptor blocker Losartan as his blood pressure
would not sustain taking both medications [29].

In the coming months (May 2017), he performed an-
other resting echocardiogram and exercise stress echocar-
diogram. Resting echocardiogram revealed that the left
ventricle was normal in size and had low-normal systolic
function with an estimated EF of 50%. There was consid-
erable beat-to-beat variability depending on the degree of
ectopy.  Measurements  included LVEDD=5.1 cmy
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TaBLE 1: Ventricular and supraventricular ectopy data from the 24-hour Holter monitor from April 2013 to October 2018.
Holter session date (day/month/year) 4/11/ mTBI 09/ 28/03/  06/07/  25/10/  21/02/  23/05/ 16/10/
4 Y 2013 2016 10/2016 2017 2017 2017 2018 2018 2018
Total VE beats 22 9,350 15,968 1 45 87 167
% VE 0.00% 9.40% 18.10%  0.00% 0.00% 0.10% 0.20%
#No. of VE 0 0 0 0 0 0 0
runs
VE beats 0 0 0 0 0 0 0
VE longest 0 0 0 0 0 0 0
beat
VE fastest beat 0 0 0 0 0 0 0
Ventricular ecto Ventricular Triplets 0 1 0 0 0 0 1
Py runs Couplets 3 6 4 0 0 2 5
Single PVCs 6 4,753 8,619 1 37 50 100
Interpreted
PVCs 0 1 2 0 0 5
Ron T PVCs 0 0 0 0 0 0 0
Single VEs 10 843 69 0 8 21 46
Late VEs 0 5 4 0 0 1 0
Bigeminy 0 427 533 0 0 0 0
Trigeminy 0 3,306 6,733 0 0 4 3
Total SVE 66 99 63 34 107 175 119
beats
% SVE 0.10% 0.10% 0.10% 0.00% 0.10% 0.20% 0.10%
No. of atrial 2 ) 0 0 3 ) 1
runs
AR beats 15 13 0 0 11 12 4
AR longest 12 10 0 0 5 7 4
Supraventricular Atrial runs AR fastest 107 128 0 0 112 119 132
ectopy Atrial pairs 1 2 2 1 5 1 5
Drop 0 0 0 0 0 0 0
Late 1 3 3 0 1 1 1
Longe(sst) NN 6 15 17 15 17 1.4 15
Single PACs 48 79 56 28 82 160 101
Bigeminy 0 0 0 4 3 0 3
Trigeminy 0 0 0 0 0 0 0

The two concussions (mTBI) are dated in the table. VE =ventricular ectopy; PACs = premature atrial contractions; PVCs = premature ventricular con-
tractions; R on T (PVC) phenomenon = superimposition of an ectopic beat on the T-wave of a preceding beat; VE = supraventricular ectopy; AR = atrial runs.
Amiodarone was administered following the Holter monitoring on 06/07/2017.

ESD=3.1cm; IVS=11cm; LVPW=1.1cm; and EF 50%.
The patient completed 8 minutes of the Bruce protocol
achieving 95% maximal predicted heart rate with blood
pressure rising from rest at 138/70 to 182/85 mmHg at the
termination of exercise. Again, adverse cardiac symptoms
did not limit this test. WJT felt well throughout the stress
test, and the resting monomorphic ventricular ectopy was
resolved at peak stress. The ECG showed LBBB throughout
the assessment. The impression of the stress echocardiogram
at peak exercise suggested that there was an acceptable
augmentation of wall thickening in all myocardial segments
without clear evidence for ischaemia. Image quality was
good. Thus, the exercise stress echocardiograph demon-
strated a mild nonischaemic cardiomyopathy as previously
known without significant ischaemia at stress and no sig-
nificant change from 2013.

Although his May-June 2017 echocardiographic as-
sessments and follow-up showed only minor changes from
November 2013, the high percentage of ventricular ectopy

(9.4%) was problematic for the patient. He stated that he
had periods of depression. He did not feel right and
expressed concerns about his cognition; again, this was
likely a result of his two back-to-back concussions. Based
on his description of symptoms that he was experiencing, it
is likely that he had been suffering from postconcussion
syndrome [30, 31]. The goal at this point was to try to
suppress the significant number of ectopic beats. During
the ensuing time period, WJT continue with the Metoprolol
47.5 mg daily and was referred for another 24-hour Holter
monitoring.

The patients 24-hour Holter (6™ July 2017) showed
another significant increase in ventricular ectopy at 18.1%
(Table 1; Figure 1). This was a significant increase from
9.4% recorded only 3 months prior on 28" March 2017.
This increased ventricular ectopy also matched his per-
sistent symptoms associated with postconcussion syn-
drome. Furthermore, there was a significant increase in
both bigeminy and trigeminy ventricular ectopic beats
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FiGure 1: Total number of single premature ventricular contrac-
tions (PVC), bigeminy, trigeminy, and total ventricular ectopic
(VE) beats assessed during the 24-hour Holter monitor from April
2013 to October 2018. The two concussions (mTBI) are dated in the
Figure.

(Figure 1) that was not apparent before his concussion
head injury. To manage the significant increase in ven-
tricular ectopy, the patient was prescribed Amiodarone
200 mg dose to suppress the high rate of ventricular ectopy
that we believed was symptomatic and likely to be ag-
gravating the preexisting modest LV dysfunction and his
postconcussion symptoms. Patient WJT remained on
Amiodarone from July 2017 to October 2017.

Within days of Amiodarone administration, our patient
began feeling better, and interestingly, and remarkably, the
patient reported that his intermittent cognitive impairment
and mTBI/postconcussion symptomology that he experi-
enced after his head injury had completely resolved.
However, what patient WJ]T found to be most remarkable
was that within days, “my most troubling concussion
symptoms totally disappeared and simultaneously I could no
longer physically detect any pronounced ventricular ectopic
beats,” which he was very sensitive to.

His follow-up 24-hour Holter monitor (25" October
2017) confirmed an absence of ventricular ectopy (0%; 1/
89,189 beats). The resolution of the ventricular ectopy was
successfully managed with Amiodarone, as was his post-
concussion symptoms. He remained stabilised on the
200 mg dose of Amiodarone.

Because of the concern regarding the long-term side
effects of Amiodarone, his dosage was dropped 100 mg and
kept for 3 months and then dropped again to 50mg
thereafter (February 2018). WJT felt completely well on the
50 mg dose of Amiodarone for a good period of time (March
to June 2018). Despite the substantial dose reduction, he
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remained free of any important ventricular ectopy with a
very low burden of ventricular dysrhythmia (0.1%; 87/100,
487 beats) on his most recent 24-hour Holter monitor (23"
May 2018). At this time, the patient was stopped from taking
Amiodarone completely and prescribed his longstanding
Losartan 25 mg. His follow-up 24h-hour Holter monitor on
16™ October 2018 showed that ventricular ectopy was 0.2%
(167/98,937 beats). At this time, no further postconcussion
symptoms were reported.

2.2. Study Design and Methods. This was a retrospective
study that was approved by a University Research Ethics
Board (REB #2018-113), and all work was conducted in
accordance with the Declaration of Helsinki (1964). The
patient WJT provided his written informed consent to have
all of his medical records available for this case study report.
Patient WJT DOB is 23" September 1940, and he was 76
years of age at the time of his two concussions within 10 days
of each (26" September and 6™ October 2016).

The data were acquired from all medical records from
1997 to 2018 and put into Microsoft Excel spreadsheet
(Microsoft Office, Microsoft Corporation, Seattle, USA) for
ease of data management and interpretation. The ventricular
and supraventricular (atrial) data were taken from the 24-
hour Holter monitor (Phillips Holter Monitoring Recorder,
Phillips, New Zealand). Heart rate variability (HRV) data
were taken from the printed Holter monitor report. We
attempted to get the raw ECG data to conduct our own HRV
analysis, but this was not possible due to restrictions of the
manufacturer. HRV was not conducted during the pre-
concussion 24-hour Holter monitoring (4™ November
2013). However, the HRV software was consistent for all
recording dates after the concussions. Fast Fourier trans-
formation using Welch’s periodgram method for frequency-
domain and time-domain spectral analyses was used to
determine HRV metrics [32].

2.3. Results. The results for this case study report are pre-
sented in Tables 1 and 2 and Figures 1 and 2. As noted in
Table 1 and Figure 1, there was a significant increase in
ventricular (VE) and supraventricular (SVE) ectopy within
months of the patient sustaining his two concussions in
September and October 2016. In addition to the VE and
SVE, single prematureatrial contractions (PACs) and bi-
geminy and trigeminy beats were also significantly increased
following the concussion incidents. Table 2 and Figure 2
represent the heart rate variability (HRV) data. HRV was
observed through spectral power analysis frequencies, being
ultra-low frequency (0-0.003 Hz), very low frequency (VLF;
0.003-0.04 Hz), low frequency (LF; 0.04-0.15Hz), and high
frequency (HF; 0.15-0.4 Hz) [33]. Results showed that the
LF: HF ratio, as assessed by the power of LF to HF, decreased
with the reduction of ventricular ectopic beats.

The nonlinear analysis of the ECG has been used to
derive HRV [34], by analyzing the variation in the R to R
peaks of the ECG waveform. HRV has been used to reflect
sympathetic and parasympathetic control and neurocardiac
autonomic function [35, 36]. Changes in HRV are due to



Case Reports in Medicine 5
TABLE 2: Heart rate and heart rate variability (HRV) data from the 24-hour Holter monitor from April 2013 to October 2018.
HRYV metrics 4/11/2013 mTBI 09/2016 10/2016 28/03/2017 06/07/2017 25/10/2017 21/02/2018
Total number beats 101,126 99,836 88,189 89,189 94,663

Minimum HR (bpm) 43 45 44 44 42
Average HR (bpm) 70 70 61 64 66
Maximum HR (bpm) 128 114 94 117 109
ASDNN 5 (ms) 0 45.1 44.2 43.2 45.6
SDANN 5 (ms) 0 169.7 132.3 195.4 182.4
SDNN (ms) 0 177.3 149.4 199.4 183.5
Ultra low (0-0.003 Hz) (ms?) 0 3,880 3,390 3,938 3,984
Very low (0.003-0.04 Hz) (ms?) 0 9,135 7,221 7,446 8,995
Low (0.04-0.15 Hz) (ms?) 0 6,458 5,906 6,203 6,207
High (0.15-0.4 Hz) (ms®) 0 4,895 4,626 5,100 5,491
Total (0-0.5Hz) (ms?) 0 25,745 22,297 24,034 26,188
Ultra low (0-0.003 Hz) (%) 0 15.1% 15.2% 16.4% 15.2%
Very low (0.003-0.04 Hz) (%) 0 35.5% 32.4% 31.0% 34.3%
Low (0.04-0.15Hz) (%) 0 25.1% 26.5% 25.8% 23.7%
High (0.15-0.4 Hz) (%) 0 19.0% 20.7% 21.2% 21.0%
LH:HF — 1.32 1.28 1.22 1.13

The two concussions (mTBI) are dated in the table. No HRV data were available on 4-11-2013. ASDNN = average of the standard deviations of all R-R
intervals for all 5 min segments in the 24 h recordings; SDANN = standard deviation of all averaged normal sinus R-R intervals for all 5 min segments in the
24 h recordings; SDNN = standard deviation of all normal sinus R-R intervals in the entire 24 h recording. Ultra-low frequency (ULF), 0-0.003 Hz; very low
frequency (VLF), 0.003-0.04 Hz; low frequency (LF), 0.04-0.15 Hz; high frequency (HF), 0.15-0.4 Hz; and total frequency (TF), 0-0.5 Hz.

LF:HF ratio

28/03/2017  06/07/2017  25/10/2017

Date (DD/MM/YYYY)

I LF:HF ratio

FIGURE 2: Ratio of low frequency (LF) to high frequency (HF)
power (LF: HF) heart rate variability after the patient sustained his
two mTBI’s (September and October 2016).

21/02/2018

alterations in both low (LF) and high (HF) frequency
[35, 37], and research has shown that there is an increase in
the LF: HF ratio in individuals with persistent ventricular
ectopic beats [38]. For our patient, ventricular ectopic events
were highest on 28" March 2017 (9.4% ventricular ectopy)
and 6" July 2017 (18% ventricular ectopy). Furthermore, this
increase in the LF: HF ratio with an increase in ventricular
ectopy does suggest a potential impairment in the sym-
pathovagal balance of HRV [39]. However, over the fol-
lowing one-year period, the LF:HF ratio decreased from
1.32 to 1.13 (Figure 2), suggesting a decreased reliance on LF
dominance, and improved HRV/ANS function. LF power is

a net effect of several intrinsic modulatory factors from both
sympathetic and parasympathetic branches of the ANS,
vagally mediated baroreflex, and even some respiratory
influences at lower respiratory rates [8, 40]. All other time-
domain analysis variables were unchanged from 28" March
2017 to 21*" February 2018.

3. Discussion

This is the first study, to our knowledge, to show direct evidence
that acute mTBI and subsequent postconcussion syndrome
symptomology can cause cardiac arrhythmias and that the
symptoms of mTBI and ventricular dysregulation were com-
pletely abolished within days with pharmacological interven-
tion of Amiodarone in our patient. This is a novel finding.

It has been proposed in the brain-heart link, that there
are intracardiac sensory neurons that relay sensory infor-
mation back to the brain via the dorsal root and nodose
ganglion [18, 19, 41]. These sensory signals then commu-
nicate between the medulla and the higher brain centres.
Therefore, our results provide further support that there is
afferent feedback from the heart to the brain and then ef-
ferent outflow to the heart to accommodate normal cardiac
function [18, 19, 42]. The complete resolution of post-
concussion symptoms (within days of Amiodarone ad-
ministration) in patient WJT supports this notion.

The precise mechanism(s) for the surprisingly high in-
creased ventricular ectopy (18.1%) in patient WJT stemming
from his mild head injury is not completely known, but it has
been proposed that higher brain centres or brain stem re-
gions may participate in the arrhythmogenesis [20, 21]. As
stated previously, mTBI can cause ANS dysregulation, and
thus, both sympathetic and parasympathetic innervations to
the heart are compromised [8, 9, 43]. Research by Shivkumar
et al. [19] would support this contention, based on their



schematic illustration showing that the intrinsic cardiac
nervous system has its own sympathetic and parasympa-
thetic systems, thus suggesting that the electrophysiological
system responsible for coordinated normal sinus rhythm
was no longer intact in our patient following his mTBI.
Research by Taggart et al. [20, 21] suggests that autonomic
nerve activity may influence electrophysiology through
myocardial ion channels, pumps and transporters, and in-
tracellular signalling processes. Furthermore, recent re-
search has shown that PVCs can alter the activity of intrinsic
cardiac ganglion neurons in vivo [42, 44], which could have
added to the ventricular ectopy experienced by our patient
W]JT. Hamon et al. [42] used a porcine model and car-
dioneural mapping to demonstrate that PVCs are powerful
modulators of vagal afferent activity and significantly in-
crease sensory neural input to the brain stem. They also
demonstrated that PVCs can activate both chemosensory
and mechanosensory neurons in the inferior vagal ganglia.
Finally, their research showed that nodose ganglion sensory
neurons are adaptable, can display memory in response to a
cardiac stimulus, and can prolong cardiac dysregulation
caused by the arrhythmias. This is likely caused by the release
of reactive oxygen species that can activate chemosensitive
neurons by altering Ca*® channels and mitochondrial
function [45-47]. This would potentially explain why ven-
tricular ectopy increased 9.4% (March 2017) after the initial
concussions and then continued to increase dramatically to
18.1% over the next 3-4 months (July 2017). Thus, our data
would support the contention promoted by Hamon et al.
[42] that processing and integration of sensory information
are occurring at different levels within the ANS, including
the intrinsic cardiac nervous system (ICNS). This would
offer an elegant mechanism to ensure fine-tuned regulation
of efferent neural signals from the brain to the heart.

The precise physiological mechanism(s) for the re-
markable reversal in ventricular ectopy and mTBI symp-
tomology in our patient is not completely elucidated from
our study data, but our results showed that pharmacological
intervention with Amiodarone reestablished the cardiac
intracellular milieu and autonomic function. Amiodarone is
a class IIT antiarrhythmic agent, is a multichannel blocker
that has been shown to block potassium rectifier currents
responsible for cardiac repolarization [48], and has the
ability to act on Ca*? and sodium channels and act as a a-
and pf-blocker [49-52]. Thus, reestablishment of the
chemical and ionic homeostasis in the heart, which likely has
a positive effect on the intrinsic cardiac nervous system,
communicates back to the higher brain centres via the
nodose and dorsal root ganglion and influences the ANS
function. It has been suggested that the autonomic nerve
activity can influence cardiac electrophysiology through
intracellular signalling processes [21].

In addition to working directly on cardiac tissue to
reverse the ventricular arrhythmia, Amiodarone has been
shown to alter cerebral chemical channels too [53]. Using a
stroke mouse model, Kotoda et al. [53] showed that the
administration of Amiodarone prior to initiating a stroke
was neuroprotective. Therefore, it is conceivable that
Amiodarone had a positive effect on both the brain and heart
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receptors in helping to reestablish cellular homeostasis of
our patient with postconcussion symptomology. Further
research in this specific area is warranted.

3.1. Heat Rate Variability (HRV). In this study, we also used
HRYV as a surrogate measure to assess autonomic nervous
system function [8, 43, 44, 54-56]. When we assessed the ECG
data for HRV, the results showed that the LF:HF ratio
(Figure 2) was elevated when patient WJT was experiencing
his postconcussion symptoms and increased ventricular
ectopy (March-July 2017). This increased LF: HF ratio sug-
gests that there was an impairment of the sympathovagal
balance [39, 57]. The dysregulation of the ANS has been
documented previously in sport-related concussion
[7, 15, 43], and this is what likely contributed to his post-
concussion symptoms [58]. Because of the tight relationship
between the brain and the heart [18, 19], this ANS dysre-
gulation likely contributed to the increased ventricular ectopy.
It is thus conceivable that the intracardiac nervous system was
significantly altered [19] and added to the observed cardiac
impairment, as stated above [42, 44]. Collectively, this further
implies that PVCs are powerful modulators of cardiac vagal
afferent neurotransmission and can have an effect on the
HRV response. Our observations would support recent re-
search by Askin et al. [59] using the 24-hour Holter data that
showed patients with elevated blood pressure and PVCs had
an increased LF : HF ratio. Salavatian et al. [44] used a porcine
model to show that parasympathetic withdrawal (HF de-
crease) was associated with PVCs. Taken together, these re-
search studies suggest that the sympathetic nervous system is
dominant under conditions of PVCs.

Concomitant with the administration of Amiodarone for
our patient WJT, these results showed that with the re-
markable reduction of ventricular ectopy, there was also a
concomitant reduction of LF:HF ratio (Figure 2). This
indicates an improved ANS function and would help to
explain the disappearance of cognitive symptoms that
plagued patient WJT for 6-10 months after injury (Amio-
darone was administered in July 2017).

In conclusion, this case study research suggests that
concussion or mTBI can cause physiologic manifestations to
cardiac tissue directly and support the literature showing a
direct link between the heart and the brain during pathology.
The mechanism for the reported cardiac dysregulation in our
patient was likely related to ANS dysfunction. Our novel
finding is that when we treated the heart with Amiodarone,
all concussion symptoms and ventricular ectopy dis-
appeared completely within days, further documenting the
intricate relationship between the brain and the heart. Fi-
nally, the neurocardiac axis theory and neurogenic stunned
myocardium phenomenon, both described above in the
Introduction, could partly explain the brain-heart link and
interaction and can thus pave the way to a better under-
standing and management of mTBI [17].

Conflicts of Interest

The authors report no conflicts of interest.



Case Reports in Medicine

Acknowledgments

The authors are very grateful that the patient W] T approved
our use of his medical records to present these novel data. It
is our hope that this case report will also assist other medical
health professions to manage their patients that might ex-
perience a similar occurrence.

References

[1] B. Goldstein, D. Toweill, S. Lai, K. Sonnenthal, and
B. Kimberly, “Uncoupling of the autonomic and cardiovas-
cular systems in acute brain injury,” American Journal of
Physiology-Regulatory, Integrative and Comparative Physiol-
ogy, vol. 275, no. 4, pp. R1287-R1292, 1998.

[2] M.]J. Hilz, P. A. DeFina, S. Anders et al., “Frequency analysis
unveils cardiac autonomic dysfunction after mild traumatic
brain injury,” Journal of Neurotrauma, vol. 28, no. 9,
pp. 1727-1738, 2011.

[3] T. K. Len and J. P. Neary, “Cerebrovascular pathophysiology
following mild traumatic brain injury,” Clinical Physiology
and Functional Imaging, vol. 31, no. 2, pp. 85-93, 2010.

[4] T. K. Len, J. P. Neary, G. J. G. Asmundson et al., “Serial
monitoring of CO, reactivity following sport concussion
using hypocapnia and hypercapnia,” Brain Injury, vol. 27,
no. 3, pp. 346-353, 2013.

[5] T.A.Blake, C. D. McKay, W. H. Meeuwisse, and C. A. Emery,
“The impact of concussion on cardiac autonomic function: a
systematic review,” Brain Injury, vol. 30, no. 2, pp. 132-145,
2016.

[6] M. Gaetz, “The neurophysiology of brain injury,” Clinical
Neurophysiology, vol. 115, no. 1, pp. 4-18, 2004.

[7] S. Bishop, R. Dech, T. Baker, M. Butz, K. Aravinthan, and
J. P. Neary, “Parasympathetic baroreflexes and heart rate
variability during acute stage of sport concussion recovery,”
Brain Injury, vol. 31, no. 2, pp. 247-259, 2017.

[8] S. A. Bishop, R. T. Dech, P. Guzik, and J. P. Neary, “Heart rate
variability and implication for sport concussion,” Clinical
Physiology and Functional Imaging, vol. 38, no. 5, pp. 733-742,
2018.

[9] M. F. La Fountaine, M. Toda, A. Testa, and W. A. Bauman,
“Cardioautonomic instability following a sports-related
concussion in a 20-year-old male,” International Journal of
Cardiology, vol. 172, no. 3, pp. e511-e512, 2014.

[10] C. S. Balestrini, M. E. Moir, K. C. Abbott et al., “Autonomic
dysregulation in adolescent concussion is sex- and posture-
dependent,” Clinical Journal of Sport Medicine, 1 pages, 2019.

[11] A. Silvani, G. Calandra-Buonaura, R. A. L. Dampney, and
P. Cortelli, “Brain-heart interactions: physiology and clinical
implications,” Philosophical Transactions of the Royal Society
A: Mathematical, Physical and Engineering Sciences, vol. 374,
no. 2067, Article ID 20150181, 2016.

[12] J. L. Dobson, M. B. Yarbrough, J. Perez, K. Evans, and
T. Buckley, “Sport-related concussion induces transient
cardiovascular autonomic dysfunction,” American Journal of
Physiology-Regulatory, Integrative and Comparative Physiol-
ogy, vol. 312, no. 4, pp. R575-R584, 2017.

[13] T. K. Len, J. P. Neary, G. J. G. Asmundson, D. G. Goodman,
B. Bjornson, and Y. N. Bhambhani, “Cerebrovascular reac-
tivity impairment after sport-induced concussion,” Medicine
& Science in Sports & Exercise, vol. 43, no. 12, pp. 2241-2248,
2011.

[14] S. A. Bishop and J. P. Neary, “Assessing prefrontal cortex
oxygenation after sport concussion with near-infrared

spectroscopy,” Clinical Physiology and Functional Imaging,
vol. 38, no. 4, pp. 573-585, 2018.

[15] A. D. Wright, J. D. Smirl, K. Bryk, S. Fraser, M. Jakovac, and
P. van Donkelaar, “Sport-related concussion alters indices of
dynamic cerebral autoregulation,” Frontiers in Neurology,
vol. 9, p. 196, 2018,

[16] E.E.van der Wall, “The brain-heart connection; a round trip,”
Netherlands Heart Journal, vol. 19, no. 6, pp. 269-270, 2011.

[17] A. El-Menyar, A. Goyal, R. Latifi, H. Al-Thani, and
W. Frishman, “Brain-heart interactions in traumatic brain
injury,” Cardiology in Review, vol. 25, no. 6, pp. 279-288,
2017.

[18] I. Durdes Campos, V. Pinto, N. Sousa, and V. H. Pereira, “A
brain within the heart: a review on the intracardiac nervous
system,” Journal of Molecular and Cellular Cardiology,
vol. 119, 9 pages, 2018.

[19] K. Shivkumar, O. A. Ajijola, I. Anand et al., “Clinical neu-
rocardiology defining the value of neuroscience-based car-
diovascular therapeutics,” The Journal of Physiology, vol. 594,
no. 14, pp. 3911-3954, 2016.

[20] P. Taggart, “Brain-heart interactions and cardiac ventricular
arrhythmias,” Netherlands Heart Journal, vol. 21, no. 2,
pp. 78-81, 2013.

[21] P. Taggart, M. R. Boyett, S. Logantha, and P. D. Lambiase,
“Anger, emotion, and arrhythmias: from brain to heart,”
Frontiers in Physiology, vol. 2, p. 67, 2011.

[22] A. Hrishi, K. R. Lionel, and U. Prathapadas, “Head rules over
the heart: cardiac manifestations of cerebral disorders,” In-
dian Journal of Critical Care Medicine, vol. 23, no. 7,
pp. 329-335, 2019.

[23] D. P. Zipes, “Heart-brain interactions in cardiac arrhythmias:
role of the autonomic nervous system,” Cleveland Clinic
Journal of Medicine, vol. 75, no. 2, p. $94, 2008.

[24] S. R. Irani, “A novel neurological mechanism to explain the
adverse effect of depression on coronary artery disease,”
Medical Hypotheses, vol. 64, no. 2, pp. 284-287, 2005.

[25] W. Jdnig, “Neurocardiology: a neurobiologist’s perspective,”
The Journal of Physiology, vol. 594, no. 14, pp. 3955-3962,
2016.

[26] C. Dahlof, E. Dimenas, M. Kendall, I. Wiklund, and
J. Boelaert, “B-Blockers vs calcium channel blockers vs ACE
inhibitors,” Pharmacoeconomics, vol. 1, no. 6, pp. 460-462,
1992.

[27] O.S. Gigliotti, ]. D. Babb, R. S. Dieter et al., “Optimal use of
left ventriculography at the time of cardiac catheterization: a
consensus statement from the Society for Cardiovascular
Angiography and Interventions,” Catheterization and Car-
diovascular Interventions, vol. 85, no. 2, pp. 181-191, 2015.

[28] A. K. Chhatriwalla, C. M. Kramer, A. J. Peixoto, and
H. Samady, “Measurement of left ventricular mass by contrast
ventriculography,” Clinical Cardiology, vol. 31, no. 7,
pp. 323-327, 2008.

[29] R. Serpi, A.-M. Tolonen, O. Tenhunen et al., “Divergent effects
of losartan and Metoprolol on cardiac remodeling, C-kit+-
Cells, proliferation and apoptosis in the left ventricle after
myocardial infarction,” Clinical and Translational Science,
vol. 2, no. 6, pp. 422-430, 2009.

[30] M. N. Haider and I. Bezherano, Post Concussion Syndrome.
Traumatic Brain Injury—Neurobiology, Diagnosis and
Treatment, IntechOpen, London, UK, 2018.

[31] K. M. Barlow, “Postconcussion syndrome,” Journal of Child
Neurology, vol. 31, no. 1, pp. 57-67, 2016.

[32] P. Welch, “The use of fast Fourier transform for the estimation
of power spectra: a method based on time averaging over



short, modified periodograms,” IEEE Transactions on Audio
and Electroacoustics, vol. 15, no. 2, pp. 70-73, 1967.

[33] Heart rate variability: standards of measurement, physio-
logical interpretation and clinical use. Task Force of the
European Society of Cardiology and the North American
Society of Pacing and Electrophysiology,” Circulation, vol. 93,
no. 5, pp. 1043-1065, 1996.

[34] C. Chen, Y. Jin, I. L. Lo et al.,, “Complexity change in car-
diovascular disease,” International Journal of Biological Sci-
ences, vol. 13, no. 10, pp. 1320-1328, 2017.

[35] F. Shaffer and J. P. Ginsberg, “An overview of heart rate
variability metrics and norms,” Frontiers in Public Health,
vol. 5, p. 258, 2017.

[36] K. Li, H. Radiger, and T. Ziemssen, “Spectral analysis of heart
rate variability: time window matters,” Frontiers in Neurology,
vol. 10, p. 545, 2019.

[37] F. Rahman, S. Pechnik, D. Gross, L. Sewell, and

D.S. Goldstein, “Low frequency power of heart rate variability

reflects baroreflex function, not cardiac sympathetic inner-

vation,” Clinical Autonomic Research, vol. 21, no. 3,

pp. 133-141, 2011.

A. Barutgu, A. Temiz, A. Bekler et al., “Arrhythmia risk as-

sessment using heart rate variability parameters in patients

with frequent ventricular ectopic beats without structural

heart disease,” Pacing and Clinical Electrophysiology, vol. 37,

no. 11, pp. 1448-1454, 2014.

[39] S.-W. Chen, “A wavelet-based heart rate variability analysis
for the study of nonsustained ventricular tachycardia,” IEEE
Transactions on Biomedical Engineering, vol. 49, no. 7,
Pp. 736-742, 2002.

[40] B. W. Kromenacker, A. A. Sanova, F. I. Marcus, J. J. B. Allen,

and R. D. Lane, “Vagal mediation of low-frequency heart rate

variability during slow yogic breathing,” Psychosomatic

Medicine, vol. 80, no. 6, pp. 581-587, 2018.

F. Shaffer, R. McCraty, and C. L. Zerr, “A healthy heart is not a

metronome: an integrative review of the heart’s anatomy and

heart rate variability,” Frontiers in Psychology, vol. 5, p. 1040,

2014.

[42] D. Hamon, P. S. Rajendran, R. W. Chui et al., “Premature

ventricular contraction coupling interval variability destabi-

lizes cardiac neuronal and electrophysiological control: in-
sights from simultaneous cardioneural mapping,” Circulation:

Arrhythmia and Electrophysiology, vol. 10, no. 4, 2017.

B. Gall, W. Parkhouse, and D. Goodman, “Heart rate vari-

ability of recently concussed athletes at rest and exercise,”

Medicine & Science in Sports ¢ Exercise, vol. 36, no. 8,

pp. 1269-1274, 2004.

S. Salavatian, N. Yamaguchi, J. Hoang et al., “Premature

ventricular contractions activate vagal afferents and alter

autonomic tone: implications for premature ventricular
contraction-induced cardiomyopathy,” American Journal of

Physiology-Heart and Circulatory Physiology, vol. 317, no. 3,

pp. H607-H616, 2019.

[45] B.-A.Song, S.-Y. Yoo, H.-Y. Kang et al., “Post-traumatic stress
disorder, depression, and heart-rate variability among north
Korean defectors,” Psychiatry Investigation, vol. 8, no. 4,
pp. 297-304, 2011.

[46] J. Marin-Garcia, M. J. Goldenthal, and G. W. Moe, “Selective
endothelin receptor blockade reverses mitochondrial dys-
function in canine heart failure,” Journal of Cardiac Failure,
vol. 8, no. 5, pp. 326-332, 2002.

[47] Y. Wang, J. M. Eltit, K. Kaszala et al., “Cellular mechanism of
premature ventricular contraction-induced cardiomyopathy,”
Heart Rhythm, vol. 11, no. 11, pp. 2064-2072, 2014.

(38

(41

(43

(44

Case Reports in Medicine

[48] K. Kamiya, A. Nishiyama, K. Yasui, M. Hojo,
M. C. Sanguinetti, and I. Kodama, “Short- and long-term
effects of amiodarone on the two components of cardiac
delayed rectifier K" current,” Circulation, vol. 103, no. 9,
pp. 1317-1324, 2001.

[49] 1. Kodama, K. Kamiya, and J. Toyama, “Cellular electro-
pharmacology of amiodarone,” Cardiovascular Research,
vol. 35, no. 1, pp. 13-29, 1997.

[50] I. Kodama, K. Kamiya, and J. Toyama, “Amiodarone: ionic
and cellular mechanisms of action of the most promising class
III agent,” The American Journal of Cardiology, vol. 84, no. 9,
pp. 20-28, 1999.

[51] T. Toyama, H. Hoshizaki, R. Seki et al., “Efficacy of amio-
darone treatment on cardiac symptom, function, and sym-
pathetic nerve activity in patients with dilated
cardiomyopathy: comparison with f3-blocker therapy,” Jour-
nal of Nuclear Cardiology, vol. 11, no. 2, pp. 134-141, 2004.

[52] I. Turker, C.-C. Yu, P.-C. Chang et al., “Amiodarone inhibits
apamin-sensitive potassium currents,” PLoS One, vol. 8, no. 7,
Article ID e70450, 2013.

[53] M. Kotoda, T. Ishiyama, K. Mitsui, S. Hishiyama, and
T. Matsukawa, “Neuroprotective effects of amiodarone in a
mouse model of ischemic stroke,” BMC Anesthesiology,
vol. 17, no. 1, p. 168, 2017.

[54] J.-G. Dong, “The role of heart rate variability in sports
physiology,” Experimental and Therapeutic Medicine, vol. 11,
no. 5, pp. 1531-1536, 2016.

[55] R. L. Conder and A. A. Conder, “Heart rate variability in-
terventions for concussion and rehabilitation,” Frontiers in
Psychology, vol. 5, p. 890, 2014.

[56] V. Napadow, R. Dhond, G. Conti, N. Makris, E. N. Brown,
and R. Barbieri, “Brain correlates of autonomic modulation:
combining heart rate variability with fMRL,” Neuroimage,
vol. 42, no. 1, pp. 169-177, 2008.

[57] H.-G. Kim, E.-]J. Cheon, D.-S. Bai, Y. H. Lee, and B.-H. Koo,
“Stress and heart rate variability: a meta-analysis and review of
the literature,” Psychiatry Investigation, vol. 15, no. 3,
pp. 235-245, 2018.

[58] C. Randolph, S. Millis, W. B. Barr et al., “Concussion
symptom inventory: an empirically derived scale for moni-
toring resolution of symptoms following sport-related con-
cussion,” Archives of Clinical Neuropsychology, vol. 24, no. 3,
pp. 219-229, 2009.

[59] L. L. Askin, S. Cetin, and S. Turkmen, “Ambulatory blood
pressure results and heart rate variability in patients with
premature ventricular contractions,” Clinical and Experi-
mental Hypertension, vol. 40, no. 3, pp. 251-256, 2018.



