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Background and Purpose Whether brain—heart communication continues under ventric-
ular fibrillation (VF) remains to be determined. There is weak evidence of physiological chang-
es in cortical activity under VE Moreover, brain-heart communication has not previously
been studied in this condition. We aimed to measure parallel changes in heart-rate variability
(HRV), cortical activity, and brain—heart interactions in a patient who experienced VE.

Methods The EEG and EKG signals for the case report were acquired for approximately 20 h.
We selected different 1-min-long segments based on the changes in the EKG waveform. We
present the changes in heartbeat-evoked responses (HERs), HRV, and EEG power for each se-
lected segment.

Results The overall physiological activity appeared to deteriorate as VF proceeded. Brain—
heart interactions measured using HERs disappeared, with a few aberrant amplitudes appear-
ing occasionally. The parallel changes in EEG and HRV were not pronounced, suggesting the
absence of bidirectional neural control.

Conclusions Our measurements of brain—heart interactions suggested that the evolving VF
impairs communication between the central and autonomic nervous systems. These results may
support that reduced brain—heart interactions reflect loss of consciousness and deterioration in
the overall health state.

Keywords ventricular fibrillation; consciousness; heartbeat-evoked responses;
brain—heart interactions.

INTRODUCTION

Ventricular fibrillation (VF) is a physiological condition characterized by turbulent and
chaotic cardiac electrical activity that leads to irregular ventricular excitation.' The effects
of VF on cardiac activity include EKG changes in frequency, wave contour, and cardiac cy-
cle amplitude.” However, only a few studies have investigated VF physiology, and the ef-
fects on cortical activity have scarcely been described.” One of the main consequences of
VF is a very high heart rate that induces suboptimal blood supply,* which leads to loss of
consciousness and sudden cardiac death in prolonged episodes.' Case reports have re-
vealed the generalized slowing of EEG activity.>® The predominance of slow waves in EEG
is associated with ongoing ischemia; that is, reduced oxygenation in the brain.””* Slowed
EEG oscillations have been found in intermittent circulatory arrest' and in patients who
survived a cardiac arrest."’ The brain—heart interactions under ventricular tachycardia, and
developing VE have not previously been described in humans. There is some evidence on
brain—heart interactions in animal models supporting that asphyxia stimulates brain—heart
coupling, as measured by the spectral coherence between EEG and EKG signals.'> Howev-
er, those relationships were revealed by analyzing the brain and EKG potential instead of
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functional interactions between the brain and heart rate.
The brain and heart communicate via different multisyn-
aptic pathways. This bidirectional communication is medi-
ated by the sympathetic and parasympathetic nervous sys-
tems." Specifically, the neural monitoring of visceral signals

may contribute to mediate the awareness of the bodily state."*"

In this case report, we describe the effects of VF on brain-
heart interactions using EEG and EKG recordings. We test-
ed the hypothesis that reduced oxygenation in the brain trig-
gers changes in brain—heart coupling.'” We aimed to contribute
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Fig. 1. EKG patterns, EEG power, HRV, and HERs for 60-s periods at different times before the EKG pattern changed, which developed into ven-
tricular tachycardia (at approximately t=66,800 s). The onset time windows were t1=500 s, t2=5,000 s, t3=10,000 s, t4=15,000 s, t5=20,000 s,
t6=40,000 s, and t7=60,000 s. HER, heartbeat-evoked response; HF, high frequency; HRV, heart-rate variability; IBI, interbeat interval; LF, low fre-

quency; VHF, very high frequency.
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to the knowledge of the brain and cardiac dynamics that re-
mains poorly understood in the case of sudden arrhythmias.

METHODS

Participant

This study included a case report of a female aged 66 years.
The patient suffered a heart infarct, followed by VF and then
death. The patient spent 11 days since the initial cardiac in-
sult. The physiological recordings included 19-channel EEG
and 1-lead EKG (MEDICID-05 system, Neuronic, S.A.; Ha-
vana, Cuba) performed for approximately 20 h continuously,
at 200 Hz sampling frequency. The Review Board of the In-
stitute of Neurology and Neurosurgery (Havana, Cuba)
approved this study (IRB No. n2023-AA). Written consent
was obtained from the proxy of the patient, as required by
the Declaration of Helsinki.

Data preprocessing

Data processing was performed using the FieldTrip toolbox
(Nijmegen, the Netherlands) in MATLAB."” EEG data were
offline filtered using a 1-45 Hz Butterworth fourth-order
bandpass filter. Different 1-min segments of EEG data were
selected manually for further analysis based on the EKG
patterns. The criteria for selecting the EKG segments were
1) a cycle-like pattern to allow locking EEG to the cardiac
cycle during the heartbeat-evoked responses (HERSs) analy-
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sis and 2) each EKG pattern was present for at least 1 min.
These criteria identified 19 segments: 7 normal sinus rhythms
and 12 during the ongoing VE. Muscle, eye-movement, and
cardiac-field artifacts were removed using independent-
components analysis, and were consecutively re-referenced
using a common average.'® The EEG spectrogram was com-
puted using the short-time Fourier transform with a 2-s
sliding time window and a 50% overlap. Time-varying EEG
oscillations were integrated within the delta (1-4 Hz), theta
(4-8 Hz), alpha (8-12 Hz), beta (12-30 Hz), and gamma
(30-45 Hz) bands.

Physiological markers

Heart-rate variability

Heartbeats were detected in EKG using an automated pro-
cess based on a sliding time window that detected R-peaks.
Both peak detection and the resulting histogram of the in-
terbeat-interval duration were visually inspected to correct
misdetections.'® The heart-rate variability (HRV) was ana-
lyzed in the time and frequency domains using a smoothed
pseudo-Wigner—Ville distribution” to obtain the time-vary-
ing low frequency (0.04-0.15 Hz), high frequency (0.15-0.4
Hz), and very high frequency (0.4-0.9 Hz) components.

Heartbeat-evoked responses analysis
HERs were defined by time-locking EEG epochs relative to
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Fig. 2. EKG signals of the patient in the last 70 min relative to the VF offset. Distinctive EKG patterns were identified for further analysis. VF, ven-

tricular fibrillation.
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Fig. 3. Changes in HERs. The first column shows a 2-s sample of the EKG pattern and the second shows the time course of HERs in four EEG
channels: Fp1, Fp2, Cz, and Pz The third column shows the changes in the scalp topography of HERs with a 0.1-s step. HER, heartbeat-evoked re-

sponse.
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the R-peaks.” Epochs with amplitudes >300 1V in any chan- putation. If more than 20% of the EEG epochs were discard-
nel were discarded. The latency of the computed HERs were ed because of the interbeat interval duration, the latency was
computed at -100 ms relative to the R-peak, up to 500 ms. If redefined to preserve at least 80% of them.

one EEG epoch was associated with an interbeat interval
shorter than 500 ms, it was not included int the HER com-
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Fig. 4. Changes in HRV and EEG power, from normal sinus (e0) to the final ventricular fibrillation (e12). The first row shows a 2-s sample of the
EKG. The second row shows the changes in HRV as measured using the IBl and in the LF, HF, and VHF bands. The third row shows the time-varying
EEG power in five frequency bands. The power was averaged among all EEG channels. HF, high frequency; HRV, heart-rate variability; IBI, interbeat
interval; LF, low frequency; VHF, very high frequency.
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RESULTS

We computed physiological markers from 20-h EEG and
EKG recordings made in a patient who developed VE We
manually selected 19 1-min time windows: 7 during the nor-
mal sinus period and 12 from the beginning of pattern chang-
es on the EKG (note that only 35 s are reported for the last
VF period).

Fig. 1 shows the different time windows with a normal si-
nus rhythm in EKG. The physiological activity exhibited no
aberrant changes according to measurements of EEG pow-
er, HRV, and HERs. HERs appear to present a stable pattern,
with a midline positivity at 0.1-0.2 s relative to the R-peak.
Fig. 2 shows different EKG patterns selected during the de-
velopment of ventricular tachycardia. The first time window
(e0) was approximately 20 h before the VF offset. Twelve
EKG patterns were identified during the last 70 min (e;, i =
1, ..., 12) of the recording, based on the changes in EKG
readings.

Fig. 3 shows the evolution of the brain—heart interactions
as measured by HERs. HER positivity was present in mid-
line channels at 0.1-0.2 s during the normal sinus period (e0).
HERSs remained prominent in prefrontal channels when ven-
tricular tachycardia began (el), and disappeared completely
in the subsequent periods. During the e5, €9, and €10 pat-
terns, there was a substantial increase in the observed am-
plitudes of the HERs.

Fig. 4 shows the time-varying HRV and EEG power for
all the studied samples in chronological order. The first row
shows the period in which the subject had a normal sinus
rhythm, which did not present visually aberrant oscillations
on HRV nor EEG. The patient lost HRV and EEG activity as
the VF evolved. However, there was a substantial increase in
EEG power during e2, e5, and el0, specifically in the delta
band. In a few cases, changes in HRV were correlated with or
preceded changes in EEG power (see e3, €6, and e9).

DISCUSSION

This study aimed to characterize the brain-heart interac-
tions under VE Previous data from animal models provide
evidence of strong brain—heart coupling in corticocardiac
voltage signals when the heart has deteriorated markedly
during asphyxia."? Because VF causes reduced oxygenation
as a result of a suboptimal blood supply,* we tested the hy-
pothesis of strong functional brain—heart coupling in a hu-
man case of VF development.

The overall electrophysiological activities in both the
brain and heart deteriorated as the VF evolved. Such deteri-
orated neural activity was also reflected in the HERs, as the

586 J Clin Neurol 2023;19(6):581-588

amplitude decreased as VF evolved. There were short-term
increases in the observed HER amplitudes, most likely due
to an increase in delta waves.” We did not observe an aber-
rant increase in the covarying activity between EEG oscilla-
tions and HRV components. HRV was substantially reduced
in the last periods before VE

These results indicate that EEG and cardiac activity were
uncoupled during VF development, contrary to suggestions
based on results obtained in an animal model of asphyxia."?
Our results suggest that the increased brain—heart coupling
observed in the animal model of asphyxia is related to an in-
crease in the number of cardiac field artifacts in the measured
brain data.”> The disappearance of HERs suggested that car-
diac activity monitoring had ceased, given that HERs have
been found to be associated with the neural processing of
cardiac activity in multiple studies.” This also suggests that
loss of consciousness is reflected in HERs.*"** However, it re-
mains to be confirmed if low-amplitude HERs are related to
loss of consciousness or the overall deterioration in the health
state. The HERs results may also reflect the disappearance
of the cardiac-field artifacts during VE** However, we cor-
rected the cardiac-field artifacts in EEG using independent-
components analysis, as recommended to avoid biased mea-
surements in HERs.*

The present findings highlight the importance of under-
standing brain—heart interactions in pathological conditions
that affect either the brain or the heart. For example, cerebro-
vascular accidents may be linked to ischemic attacks with
cardiac arrhythmias,” and sudden cardiac death may be
caused by severe brain damage.” HERs are potential bio-
markers reflecting cognitive and interoceptive impairments
under various neurodegenerative conditions.”** Our results
confirm and highlight the importance of studying brain-
heart interactions under cardiac pathologies, such as the
recently observed reduction of HERs in patients with atrial
fibrillation” and cardiac arrest.”® Understanding the mech-
anisms of brain—heart interactions will contribute to utiliz-
ing EEG in prognosis of postcomatose conditions related to
cardiac failure.”’** Malfunction of the brain—heart commu-
nication pathways can damage the structure and function of
the heart.” Indeed, some mechanisms in which different au-
tonomic activations can cause either arrhythmogenic or an-
tiarrhythmic activity have already been described; for exam-
ple, VF can be triggered by proarrhythmic sympathetic and
antiarrhythmic parasympathetic activations.” Cardiac ar-
rhythmias leading to VF can also be caused by anatomical
conditions, such as increased sympathetic nerve sprouting
and regional myocardial hyperinnervation.” Understanding
the ongoing mechanisms that cause VF may facilitate the de-
velopment of novel treatments, such as external modulations



of the autonomic tone to reduce cardiac arrhythmia risk, with
potential testing on animal models of resuscitation,” postin-
farction heart failure,” and asphyxia.'?

Parallel observations of EEG and autonomic activity have
previously been made in case reports with near-death out-
comes. The main observations were that brain inactivity pre-
ceded autonomic measurements, while observations of the
presence of delta waves after death according to neurological
criteria and the cessation of autonomic marker presentation
are rare.”” Another study found that cortical activity cessation
occurred in parallel with either the last QRS complex or ce-
rebral blood flow cessation.” The existing evidence from hu-
man case reports indicates that EEG cannot be used to predict
the cardiac arrest period.”” The present study has confirmed
that VF cannot be anticipated by monitoring EEG activity, and
increased numbers of delta waves occur after the appearance
of EKG patterns that develop into ventricular tachycardia.

Numerous confounding factors have been identified in
brain—heart interaction studies.”****' These factors can be
controlled by simultaneously monitoring other physiologi-
cal activities, such as the breathing rate, temperature, skin
conductance, and blood pressure. Unfortunately, these phys-
iological recordings were not available for this case report,
which constituted the main limitation of our study.

The characterization of neural dynamics in near-death
contexts may have implications in consciousness research,*
specifically in understanding the role of brain—heart inter-
actions in consciousness," but also in understanding the cog-

nitive processes in near-death experiences.**
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