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= E ! ABSTRACT

- Background and Aim: This article is an attempt to summarize the most updated information
Article info: on heart rate variability (HRV) in ischemic stroke and to contribute to the clinical translation
Received: 15 May 2022 . of this field. A wide range of pathologies, including vascular diseases (with stroke as a
Accepted: 09 Jun 2022 : hallmark), are related to HRV. The parameters of this phenomenon can open a window to
Publish: 01 Jul 2022 . improve clinical approaches. The interval between two consecutive heartbeats is changed

by the autonomic nervous system and these changes are called heart rate variability or
HRV. Higher range and complexity of HRV fluctuations indicate better and more effective
vascular and autonomic self-regulation and repair capacities.

Materials and Methods: The keywords including “heart rate variability”, stroke, and
“cerebrovascular event” were used and PubMed, Scopus, SID, and Google Scholar databases
were searched. Reference books on neurology and clinical neurosciences were also used.
Researchers checked the relevance of the documents and excluded irrelevant findings.

Results: Several book chapters, together with 50 related reports and journal articles were
identified, all of which were studied. The important and acceptable concept line of this field was
extracted and reported here.

Conclusion: HRV fluctuations decrease after ischemic stroke, therefore, they show autonomic
impairments leading to an increase in sympathetic activity and a decrease in parasympathetic
activity in the acute stage of stroke. These changes may persist and be associated with an increased
risk of subsequent mortality. In patients with acute ischemic stroke, HRV could be a biomarker
with prognostic value and may differentiate favorable and unfavorable outcomes of treatments.
Moreover, HRV parameters have a predictive value for the occurrence of ischemic stroke,

Keywords: : especially in normal people or patients with significant vascular risks. Overall, HRV recording
Stroke, Nervous system, . can be valuable not as an independent tool but as a complement to remove barriers and gaps in
Heart rate determination, . the clinical management of stroke; and perform the task of objectifying the patients’ vascular
Neurophysiology, . conditions and alterations. Recording these parameters is practical, inexpensive, portable, and
Ischemic stroke :  therefore, casily implemented in various clinical situations.
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1. Introduction

eart rate variability is the physiological
phenomenon of changes in the time in-
terval between two heartbeats. The heart
rate is changed by the autonomic nervous
system (sympathetic and parasympathetic)
and these changes are called heart rate
variability or HRV. These changes are a
reflection of the interaction between the sympathetic and
parasympathetic branches of the autonomic nervous sys-
tem [1]. HRV is one of the most important physiological
phenomena in our body, functioning not only to increase
the quality of physical health and active repairs in the body
(especially in the heart and blood vessels) but also to reduce
stress and anxiety [1]. To understand the concept of HRV,
it is reminded that the R waves indicate the contraction
of the ventricles (the main part of a heartbeat); while the
R-R interval (sometimes called Normal to Normal - NN
or inter beat interval - IBI) indicates the interval between
two heartbeats, which, similar to other biologic functions,
keeps changing and is not constant. The decreases or in-
creases in the R-R intervals are called HRV [1].

It should be explained that there is a difference between
pulse and HRV. The heart rate estimate (HR), which is
presented as pulse, indicates the number of ventricular
contractions of the heart per unit of time (usually a min-
ute), which is an average over this period. Pulse assumes
heartbeats occur with intervals somewhat constant for
one minute, and this pulse estimate is easily measurable.
But HRV is calculated in each ventricular contraction
and cannot be measured except by precise technologic
instruments [ 1]. Heart rate variability, though often men-
tioned in the literature with the known term of HRV, has
several other equivalents, such as cycle length variability
[2, 3], R-R variability, and heart period variability [4].
Various devices can detect the beat-to-beat interval and
be used to calculate HRV, including advanced electro-
cardiographs [5], ballistocardiographs [6, 7], blood pres-
sure sensors [8], derived pulse signals from photople-
thysmography [9], and recently emerging smart watches
or wearable devices applied both in clinical settings and
sports exercises or researches.

The purpose of this review is an attempt to summarize
the most updated information on HRV in ischemic stroke
and to contribute to the clinical translation of this field.
A wide range of pathologies, including vascular diseases
(with stroke as a hallmark), are related to HRV. The pa-
rameters of this phenomenon can open a window to im-
prove clinical approaches.
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2. Materials and Methods

The keywords including “heart rate variability”, stroke,
and “cerebrovascular event” were used and PubMed,
ScienceDirect, Scopus, SID, and Google Scholar da-
tabases were searched. Reference books on neurology
and clinical neurosciences were also used. Researchers
checked the relevance of the documents and excluded
irrelevant findings.

Search results

Several book chapters, together with 50 related reports
and journal articles were identified, all of which were
studied. The important and acceptable concept line of
this field was extracted and reported here.

Heart rate variability and clinical approaches

The range and complexity of HRV fluctuations indicate
the regulation ability of the body in vascular and auto-
nomic biology. The greater fluctuations appear, the bet-
ter and more effective the physiological and restorative
conditions would be, both physiological and mental [1].
A wide range of pathologies, including vascular and
non-vascular, psychosomatic, or mental are related to
HRYV, and the parameters of this phenomenon can open a
window to aid related clinical management [10]. Among
these important clinical conditions, we can mention car-
diac arrhythmia, in which HRV is correlated with high
risk and life threat [11] or HRV related to chronic coro-
nary heart disease [12] or high risk in hypertension [13],
or association with diabetic neuropathy [14]. Moreover,
reports demonstrate clinical neurosciences interventions
for increasing HRV successfully led to the improvement
of symptoms of various diseases, including coronary ar-
tery disease [15-17], heart failure [ 18], blood pressure in
hypertension [19-21], respiration in asthma [22], chronic
obstructive pulmonary disease [23], irritable bowel syn-
drome [24, 25], migraine headache symptoms [1], fi-
bromyalgia [26], post-traumatic stress disorder [27, 28],
functional anxiety [29], and major depression [30, 31]. It
is worth mentioning that currently the most outstanding
and well-known clinical point for HRV can be summa-
rized as a core in neurophysiology and psychophysiol-
ogy related to psychobiologic arousal where impairment
occurs by continuous tension.

Stroke and heart rate variability

Stroke, in terms of the standard terminology of Medical
Subject Headings - MeSH is located between the central
nervous system and the cardiovascular system, taking
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into account both the biological and clinical fields, as the
so-called biomedical classification of diseases. Stroke
is known as “cerebrovascular accident-CVA” in clini-
cal environments, conveying such meaning. Therefore,
it is not surprising that similar to cardiovascular diseas-
es, stroke is associated with autonomic nervous system
disorders and HRV impairments [32, 33]. The study of
HRYV changes in ischemic stroke patients does not show
a long time gone by, initiated since the early 1990s [34].
It was in 1994 that Baron et al. first observed HRV spec-
tral indices reduced in patients, assessed 4 to 11 days
after stroke, compared to healthy subjects. cardiovascu-
lar dysfunction in the acute stage of stroke passes the
process of autonomic activity towards an increase in
sympathetic activity and a decrease in parasympathetic
(vagal) activity [35]. HRV is impaired immediately after
the stroke, and may not return to previous values until
several months after the event [36]. Although data on
HRV impairment in the non-acute phase are conflict-
ing, it was reported in 1997 that these autonomic distur-
bances may be reversible within 6 months after ischemic
stroke [37]. It has been reported that HRV spectral indi-
ces were disturbed within 10 hours of the onset of stroke
symptoms in patients with arrhythmia, with significant
changes once more after 3 days [36]. Although gradual
improvement of HRV parameters is observed between 2
and 6 months after stroke, survivors still present with im-
paired HRV indices in follow-ups (compared to healthy
subjects) [37]. In elderly patients with stroke, a very ob-
vious decrease in HRV (HRV depression) is observed.
In 2005, a case-control study on HRV impairment of 76
stroke patients compared to 70 matched healthy controls
reported continuation of impairment more than 9 months
after stroke. Therefore, deeper damage and slower repair
might be present in elderly stroke patients [38].

HRYV and mortality in stroke patients

Several studies have investigated HRV and its impact
on predicting mortality in stroke survivors. It should be
noted that death in most of these patients is sudden and
due to cardiac arrest, which occurs after cardiac arrhyth-
mias. The incidence of sudden cardiac death in stroke
patients is estimated at 6% [39]. The core of this patho-
physiology is a vascular complication: either a cerebro-
vascular event has taken a malignant course, or another
cardiovascular complication has occurred, and a small
proportion of patients deteriorate with extravascular pro-
cesses (e.g. infection) [40-42]. Autonomic imbalances
are evaluated in various ways, more evident in the acute
stage of stroke. However, these changes may persist and
be associated with an increased risk of subsequent mor-
tality. Similar to myocardial infarction, autonomic im-
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balances may indicate a higher risk for arrhythmia and
sudden death in the early post-stroke period. Although
the exact pathophysiology of these interactions has not
been fully elucidated, data are suggesting that such auto-
nomic imbalances are associated with an increased risk
of future arrhythmias and sudden death [40-42].

Several clinical studies have shown that decreased
HRV may be considered a marker of morbidity and
mortality after ischemic stroke. In a study of 84 stroke
patients who were followed up until 7 years, the slope of
the strength of changes in various HRV parameters was
a multivariate predictor of mortality, and specific HRV
parameters did not show any prognostic value [43]. In
the most extensive study of this field, 327 patients with
acute ischemic stroke were studied in 2010. HRV param-
eters were obtained on the second day after the hospital-
ization of patients, which were significantly associated
with mortality during the 1-month follow-up [41]. As
seen for other vascular diseases, abnormal HRV in stroke
patients is associated with increased mortality [43], yet
the aspects of this association seem more complicated.

HRYV and brain regions involved in stroke

Several studies have addressed regions involved in
stroke, affecting HRV parameters. Orlandi et al. ob-
served a higher percentage of arrhythmias and autonom-
ic alterations in patients with right-hemisphere stroke
compared to left-hemisphere stroke [42]. Other authors
approved that right-sided stroke is associated with a
greater decrease in HRV and a higher rate of sudden in-
hospital deaths [44]. In the study of Tukgozoglu et al. in
1999, the greatest reduction in HRV spectral indices in
stroke patients occurred when the affected area was the
right insular cortex [44]. These data were confirmed in
another study in 2004, illustrating a very obvious drop in
heart rate variability (HRV depression) in patients with
right hemisphere infarcts in the insula [45].

HRYV as a biomarker in stroke clinical care

Early detection of autonomic dysfunction may pro-
vide information about potential adverse outcomes of
vascular events. In patients with acute ischemic stroke,
heart rate variability has prognostic value as a biomarker
[46], and reduced HRV is associated with early neural
deterioration (END) and recurrent ischemic stroke [47].
Moreover, the increase in sympathetic nervous activity
during movement, documented by HRV parameters, is
associated with neurological deterioration [48]. The
facts about patients at high risk of mortality mentioned
in the previous sections can be added to this informa-
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tion. HRV is an objective tool to help predict depression
after stroke [49]. It has been reported that the presence
of an autonomic imbalance in the cardiovascular system,
identified by HRYV, is associated with poor outcomes af-
ter initial rehabilitation in ischemic stroke [50]. At the
same time, paradoxically, another study reported that the
outcome of rehabilitation after an ischemic stroke has no
significant relationship with HRV [51].

Various studies have shown that HRV can have a pre-
dictive value for the occurrence of stroke, especially in
conditions where there is a significant cardiovascular
risk or in patients who are under close cardiovascular
monitoring. An interesting example is a report demon-
strating stroke predicting the value of HRV in sleep ap-
nea, by a combination of HRV data in addition to the sys-
temic effects of the disease (apnea disease burden) [52].
A marked decline in HRV, assessed during the night, has
been reported to be significantly associated with stroke
risk in apparently healthy individuals [52]. It has been
shown that HRV parameters in patients with atrial fibril-
lation arrhythmia contain important clinical information,
including a risk prediction of ischemic stroke in patients
with no prior history of stroke [46]. Moreover, HRV drop
is a predictor of complications after hip fracture surgery,
including stroke, myocardial infarction, and pneumonia
during a 6-month follow-up [53]. As mentioned above,
the risk of recurrent stroke in patients with a previous
history of stroke is related to HRV, which provides ad-
ditive evidence of HRV predictive value for cerebrovas-
cular events.

Important parameters of HRV in stroke

HRV parameters mainly include temporal analyses
(calculations on R-R intervals) and frequency analyses.
Heart rate frequency classification includes high fre-
quency (HF), low frequency (LF), and very low frequen-
cy (VLF). The changes in each HRV parameter can have
an interesting physiological meaning [54], in which de-
tailed discussions of basic science, especially autonomic
neurotransmitter mechanisms, can be presented and can
add to the knowledge of the pathophysiology of stroke.
However, here, the main focus is on clinical translation,
and pathophysiologic details are overlooked.

The simplest and most widely used HRV parameter
is the standard deviation of all intervals between con-
sequent heartbeats or standard deviation of all NN in-
tervals (SDNN), which is often calculated over a long
period (and of course, ideal recording in these conditions
is difficult and among the limitations of this parameter).
SDNN is believed to reflect the general variability of in-
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terbeat intervals. There are two other parameters, rMS-
SD and pNNS50, which reflect heart rate variability in a
way that is known to be a strong correlate to parasym-
pathetic activity (cardiovascular branches) [55]. IMSSD
is the root mean square of successive R-R differences.
Besides, pNN50 is the percentage of successive R-R (or
N-N) intervals that differ by more than 50 milliseconds.

If we refer to the frequency parameters of HF, LF, and
VLF in stroke, we should consider the following study in
particular: Gujjar et al. in 2004 [56], reported the powers
of LF and VLF significantly correlating with mortality in
25 acute stroke patients. After adjusting the analyses for
the clinical confounding variables, LF power remained a
significant and independent risk indicator. Both temporal
and frequency parameters of HRV could be considered
in stroke patients. Some authors showed lower values of
SDNN together with rMSSD and higher values of LF/
HF ratio associated with more frequent and more com-
plex arrhythmias in patients with right hemisphere insula
infarcts. The same group observed that SDNN reduction,
along with right hemisphere stroke and non-sustained
tachycardias, were predictors of mortality during follow-
up [57]. Bassi et al. showed that lower SDNN values and
older age, along with stroke severity, were independently
associated with adverse outcomes in patients undergo-
ing rehabilitation programs. Therefore, the authors sug-
gested that HRV analysis may provide more information
about the possibility of functional improvement in stroke
victims [58]. Interestingly, a few years later, the same
group showed SDNN predicting adverse rehabilitation
functional outcomes only in men [59]. Therefore, there
may be a gender influence in HRV correlation with re-
habilitation outcomes. The Copenhagen study, including
678 patients without a history of cardiovascular disease,
showed an independent association of SDNN with stroke
risk during a mean follow-up of 76 months, and this ef-
fect was significant as much as every 10 milliseconds of
SDNN differences. Overall, 81% of strokes in this study
occurred in patients with night admission and previously
low SDNN (<38 ms) [58].

Future trends

HRV parameters literally open a window to vascular
biological information, which is difficult to obtain other-
wise. Considering HRV as an independent tool might be
misleading in a variety of clinical situations; neverthe-
less, as a complementary tool, it benefits from removing
barriers and gaps in stroke care. The most outstanding
ambiguity in the clinical setting of stroke is that the phy-
sician manages the care mostly by mental summation of
patients’ vascular condition without much quantitative
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and objective data. HRV can perform the task of objec-
tifying this summation. Recording these parameters is
very practical, and inexpensive, with a portable device
that can be easily implemented in different clinical envi-
ronments, and can be equivalent to applying pulse oxim-
etry monitoring, continued as much as needed.

At the stroke onset, HRV can confirm that a significant
vascular disorder has occurred to complete the diagnos-
tic panel. While the guided application of HRV data can
have high diagnostic sensitivity, its specificity is ques-
tionable. As far as we reached in the literature, no com-
parison of HRV abnormalities has been reported in the
differential diagnosis of stroke. At the same time, during
the course of the disease, while the vascular biology of
the patient often goes through critical stages, HRV can
be a valuable monitoring tool and with predictive, a few
steps before catastrophic processes become irreversible.
For instance, strokes with progressive symptoms may
take some time to show themselves clearly to the cli-
nician. There are also situations in which the clinician
might be up to immediate decisions about the intensity
of the cardiorespiratory monitoring, the decision to con-
tinue or cancel thrombolytic therapy, the diagnosis of the
change of ischemic stroke to cerebral hemorrhage, and
so on. HRV parameters can provide appropriate warn-
ings for such situations.

3. Conclusion

HRV parameters change after a stroke. These changes
present both deep physiopathological information about
this disease as well as clinical applications. These pa-
rameters can be considered as one of the biomarkers
of stroke; though their diagnostic value alone could be
limited, they can be valuable as complementary para-
clinical monitoring to overcome obstacles and gaps in
the clinical management of stroke, performing the task
of objectifying the summation of the patient’s vascular
condition. Recording these parameters is practical, and
inexpensive, with a portable device that can be easily
implemented in different clinical environments, and can
be equivalent to applying pulse oximetry monitoring,
continued as much as needed.
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