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Introduction: The central nervous system is the generator of the dynamic balance between cholinergic and
noradrenergic activity. Different behavioral tendencies are observed in subjects with prevalent parasympatic
tone (defense strategy, energy sparing, dissociation) compared to those with sympathic one (relational
interaction, high energy expenditure). These responses may influence susceptibility and vulnerability to
diseases. The aim of our study was to examine cardiovascular function from the heart to the periphery by
24 hours detection of both heart and pulse rate in cerebrovascular conditions.

Materials and Methods: We recruited 113 Acute Ischaemic Syndromes (AIS, age 73,43 sd 12,34), 32
Chronic Cerebro-Vascular Diseases (CCVD, age 75,95 sd 8,06), 30 Other Neurological Diseases (OND,
age 50,09 sd 15,05). Cardiovascular reactivity (CR) was defined by beat indices, ratio (R) or difference (D)
between higher maximal or minimal heart rate (HR) on higher maximal or minimal pulse rate (PR). A value
<1 or>1 were considered as negative (NCR) or positive CR (PCR), respectively.

Results: Max PR was significantly higher in CCVD and AIS compared to OND. Max CR was lower in
CCVD and AIS compared to OND. Increased levels of glycosylated hemoglobin, cardiac biomarkers,
abnormal findings at Holter ECG and Echocardiography were particularly observed in case of NCR.
Conclusions: NCR may interfere with normal activity of daily living. Higher Hachinski ischaemic scores
in these patients point out a higher ischaemic load. Moreover, NCR identified a category of acute patients
with worst outcomes, requiring prompt intensive care because of higher risk of complications and mortality.
Our observations may be useful for better choosing among therapeutical options, planning rehabilitation
and health enhancing physical activity in aging. Moreover, they may reduce the risk of injuries for training
overload in athletes.
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Central Genesis of Dysrhythmia

Introduction

According to the Darwin’s Origin of Species, surviving ones are those
able to adapt and adjust to the environmental challenges. Adaptation is
influenced by several factors, physiological, behavioral, affective,
cognitive, social and environmental ones (neurovisceral integration
model) [1]. Different behavioral tendencies are observed in subjects with
prevalent parasympatic tone (defense strategy, energy sparing,
dissociation) compared to those with sympathic one (relational
interaction, high energy expenditure) [2]. A central autonomic network,
constituted by different cortical and subcortical regions, including
orbito-frontal cortex, medial prefrontal cortex, anterior cingulate cortex,
insula, amygdala, hypothalamus, brainstem, controls sympathico-vagal
balance [3, 4].

Across a wide range of mammals, slower heart rate is associated with
greater longevity [5]. A metanalysis showed a mortality excess of 30 to
50% for every 20 beats/min increase at rest [6]. Lower heart rate means
less myocardial oxygen consumption, more prolonged time for diastolic
heart chamber filling and coronary perfusion [7]. Higher heart rate
causes perfusion-contraction mismatch, increases myocardial oxygen
demands, impairs blood supply, because of reduced collateral perfusion
pressure and collateral flow [8]. Higher heart rate predicts greater total
lesion volume and higher number of micro- and macro-structure white
matter lesions [9]. Heart rate is an independent predictor of mortality
related to cardiovascular diseases in general population [10, 11]. It is an
independent predictor of coronary artery disease, stroke, non-
cardiovascular diseases, sudden death [11].

Heart rate variability is defined as the beat to beat variation in heart rate
intervals. High heart rate variability, in synchrony with respiration,
improves the efficiency of gas exchange at lung level via efficient
ventilation and perfusion matching [12]. High level of resting heart rate
variability is associated with better cardiovascular, endocrine and
immunological response to stressors [13]. Lower heart rate variability is
considered an indicator of poor autonomic function and is associated
with higher blood pressure in response to stressors, known risk factors
for stroke, silent brain damage, worst prognosis [14-20].

Regular physical activity increases physical fitness. Exercise reduces all
cause cardiovascular mortality and stroke [21]. Physiological adaptation
induced by training is responsible of lower resting heart rate and higher
heart rate variability [22]. This is associated to better cognitive
performances [23-25]. In competitive sports, the influence of training
plays a predominant role in autonomic nervous system changes [26, 27].
A timely heart rate response is the prerequisite for matching cardiac
output to metabolic demands during exertion [28]. On the other hand, a
delayed recovery of heart rate after exertion is associated with increased
all-cause mortality risk in asymptomatic and diseased populations [29-
31]. Better cognitive performances are related to higher heart rate
variability in higher performing chess players compared to low
performing ones [32]. Heart rate and heart rate variability are reliable
and sensitive measures in the evaluation of autonomic changes in mental
effort in healthy aging [33]. However, greater the cognitive load, lower
the heart rate variability and higher the low to high frequency ratio are
in computer workers [34]. It is estimated that maximal heart rate declines
with age from early adulthood at a rate of around 0,7 beats/min/year in
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healthy sedentary, recreationally active and endurance exercise-trained
adults [35].

Chronotropic incompetence is defined as the inability of the heart to
increase its rate commensurate with increased activity or demand [36].
Change in heart rate from rest to peak exercise is defined as heart rate
reserve. Chronotropic incompetence is diagnosed when heart rate fails
to reach an arbitrary percentage (either 85%, 80% or less commonly
70%) of the age predicated maximal heart rate (based on 220-age
prediction formula) during incremental dynamic exercise test. It is an
independent predictor of adverse cardiovascular events and overall
mortality [35, 37]. Cardiac autonomic dysfunction correlated with
unfavorable outcomes in acute stroke, disability and cognitive decline
[38-42].

The aim of our study was to focus the attention on the overall
cardiovascular function, from the heart to the periphery. We evaluated
the correlation of cardiac biomarkers with cardiovascular
electrophysiology and electropathology by Holter Arterial Pressure
Measurements (HAPM), detecting both heart and pulse rates.

Materials and Methods

We recruited 113 Acute Ischaemic Syndrome (AlS, age 73,43 sd 12,34),
among which 31 (27%) Transient Ischaemic Attacks (TIA), 21 (19%)
lacunar ischaemic syndromes, 42 (37%) anterior circulation Acute
Strokes (AS), 19 (17%) posterior circulation AS, 32 Chronic Cerebro-
Vascular diseases (CCVD) (age 75,95 sd 8,06), 30 Other Neurological
Diseases (OND) (age 50,09 sd 15,05) (Table 1). We classified them
according to cardiological dysfunctions, assessed by New York Heart
Association (NYHA) and American Cardiological Association (ACA)
scales.

White Blood Cell counts (WBC), Erythro-Sedimentation Rate (ESR), C
Reactive Protein (CRP), cardiac biomarkers, namely high-sensitive
Troponin | (cTnl) and Brain Natriuretic Peptide (BNP), and
Glycosylated haemoglobin (HbA:c) were assessed within 12-24 hours
after admission by standard methodologies. We availed of
electrochemiluminescence  immunoassays for  cTnl  (Access
Immunoassay AccuTnl System, Beckman-Coulter) and BNP (Architect
BNP System, Abbott). Plasma samples were incubated with
paramagnetic microparticles covered by murine monoclonal antibodies
against cTnl conjugated with alkaline phosphatase in a sandwich assay
with solid phase murine monoclonal anti-cTnl antibodies, revealed by a
chemiluminescence substrate (Lumi-Phos 530). BNP was detected by
capture paramagnetic microparticles covered by murine anti-BNP
antibodies and murine antibodies anti-BNP marked with acridinium,
preactivated by hydrogen peroxide and activated by sodium hydroxide.
Electrochemiluminescence was measured in relative light unit. HbA .
was measured by Gold Standard non-porous ion exchange High
Performance Liquid Chromatography by automated analyzer (HLC-723
G8, Tosoh Corporation, Bioscience Division). Cut off values were: cTnl
< 60 pg/ml, BNP 0-100 pg/ml, HbA;. <7%. We performed
Electrocardiogram (ECG) at admission, Holter Arterial Pressure
Measurements (HAPM) within 24 hours, Echocardiography within one
week, neuroimagings (Computerized Tomography and/or Magnetic
Resonance Imaging) at admission, 24 hours, and, if necessary, repeated.
Medium or large size blood pressure cuff was mounted on left upper arm
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and values were recorded every hour. Cardiovascular reactivity (CR)
was defined by beat indices, ratio (R) or difference (D) between higher
maximal or minimal heart rate on higher maximal or minimal pulse rate.
A value < 1 or > 1 were considered as negative (NCR) or positive CR
(PCR), respectively.

Neuropsychological asset was examined by Temperament and Character
Inventory (TCI) and Brief Assessment of Negative Dysmorphic Signs
(BANDS) in subsets of the patients suffering from TIA or minor strokes
(35, age 49 ds 15,98), CCVD (15, age 55 sd 19,95), OND (40, age 48,85
sd 16,14) [43, 44].

Results

Max PR was significantly higher in CCVD and AIS compared to OND
(CCVD 78,91 sd 17.35, p 0,0002, AIS 75,56 sd 18,47, p 0,003 vs OND
67,6 sd 12,9) (Figure 1). This difference was more evident subgrouping
patients just on the basis of CR (NCR Max PR CCVD 91,44 sd 16,89,
AIS 93,31 sd 15,15, OND 80,33 sd 8,89; PCR Max PR CCVD 72,64 sd
13,99, AIS 67,47 sd 13,54, OND 65,91 sd 12,4).

80 p0,0002

76 p 0,003

OND CCvD AS
Figure 1: Mean maximal pulse rate.

Max CR was lower in CCVD and AIS compared to OND (R CCVD 1,15
sd 0,29, p 0,01, AIS 1,3 sd 0,47, p 0,02, vs OND 1,47 sd 0,5; D AIS
16,53 sd 29,56, p 0,01, vs OND 28 sd 27,03). It was significantly higher
in AIS compared to CCVD (AS R 1,3 sd 0,47, D 16,53 sd 29,56 vs
CCVDR 1,155sd 0,29, p 0,02, D 8,35 sd 22,6, p 0,04).

Max CR was significantly higher in 24 OND (80%, R 1,43 sd 0,53, D
12,33 sd 12,13), 20 CCVD (63%, R 1,5 sd 0,49, D 13,33 sd 14,67) and
76 AIS (67% R 1,54 sd 0,53, D 15,28 sd 13,49). While in the majority
of OND, this was expression of a physiological response to stress, in
CCVD and AIS, it was associated with increased levels of cardiac
biomarkers and abnormal findings at Holter ECG (CCVD: 17 (53%)
supraventricular extrasystoles (SE), 16 (50%) ventricular extrasystoles
(VE), 2 (6%) right bundle branch (RBB), 3 (9%) left bundle branch
(LBB), 3 (9%) atrio-ventricular (AVB) blocks, 5 (16%) atrial fibrillation
(AF); AIS: 45 (40%) SE, 41 (36%) VE, 7 (6%) RBB, 10 (9%) LBB, 2
(2%) AVB, 31 (27%) AF) and structural damage at Echocardiography.

However, while functional or structural mild valvulopathy was mainly
present in PCR compared to NCR CCVD (68% vs 56%) and AIS (59%
vs 57%) and, predominantly, in NCR compared to PCR OND (83% vs
43%), a higher percentage of structural moderate-severe valvulopathy in
NCR compared to PCR OND (17% vs 2%) and AlS (24% vs 16%) and
hypokinesia related to past or present myocardial infarction in NCR
compared to PCR CCVD (17% vs 3%) was detected. A PCR predicted
a high probability of detecting paroxysmal AF at Holter ECG in CCVD

Neurol Neurobiol doi: 10.31487/j.NNB.2020.02.02

(50%) and AlIS (36%). An NCR was related to an even higher percentage
of paroxysmal atrial fibrillation at ECG Holter in OND (17%) and AIS
(62%)).

16 p 0,0005
14
12
10
8
6
a4
2
0
NCR PCR

Figure 2: Systolic blood pressure SD in AF AS.

Considering as true negative the minority of eurythmic patients and
excluding both tachycardic and bradycardic ones, the reliability of CR
for atrial fibrillation seems to be higher in case of NCR compared to PCR
concerning specificity (25% vs 5%), positive (52% vs 13%), negative
(55% vs 36%) predictive values, accuracy (27% vs 16%). If both
tachycardic and bradycardic patients are considered as false positive,
negative predictive value was higher in PCR compared to NCR (91%;
83%). If tachycardic or bradycardic patients were considered false
positive, negative predictive values were 87% and 86% in NCR, 91%
and 95% in PCR, respectively. Then, high heart rate does not necessarily
predict atrial fibrillation. Systolic Blood Pressure standard deviation
(SBP SD) was significantly higher in NCR compared to PCR AIS
patients suffering from atrial fibrillation (15,56 sd 4,13 vs 12,03 sd 3,04,
p 0,0005) (Figure 2).

Eg P 0,006 p 0,002
120
118
116
114
112
110
108
106
104
NCR PCR NCR PCR NCR PCR
OND covD AS

Figure 3: Maximal mean blood pressure.

Maximal Mean Blood Pressure (max MBP) was significantly higher in
NCR compared to PCR CCVD and AIS (NCR CCVD max MBP 122,67
sd 18,23, p 0,006, AIS max MBP 121,73 sd 14,88, p 0,002, PCR CCVD
max MBP 110,3 sd 13,65, AIS max MBP 113,99 sd 17,59) (Figure 3),
also in patients without atrial fibrillation (NCR CCVD max MBP 122,67
sd 18,23, p 0,02, AlS max MBP 121,4 sd 14,91, p 0,02, PCR CCVD max
MBP 111,61 sd 13,42, AIS max MBP 114,88 sd 17,36).

Max PR positively correlated with max MBP in NCR (OND r 0,81,
CCVD 0,58, AISr0,36) and in PCR (OND r 0,43, CCVD r 0,28, AIS
r 0,50). It positively correlated with ¢Tnl and renal parameters in NCR
OND (cTnl r 0,35, NU r 0,76, Cre r 0,58) and in PCR OND (cTnl 0,40,
NU 0,23, cre r 0,24). BNP was significantly higher in AIS (135,04 sd
191,91 pg/ml) compared to OND (22,23 sd 22,92 pg/ml, p 0,0002)
(Figure 4).
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Figure 4: BNP.

Both cardiac and renal biomarkers were tendentially higher in NCR
compared to PCR patients (NCR OND cTnl 40 sd 50 pg/ml, BNP 50,32
sd 39,26 pg/ml, NU 50,17 sd 4,17 mg/dI, Cre 1,43 sd 0,53 mg/dl; CCVD
¢Tnl 110 sd 110 pg/ml, BNP 70,26 sd 49,11 pg/ml, NU 51 sd 6,37 mg/dl,
Cre 1,5 sd 0,49 mg/dl; AIS cTnl 250 sd 950 pg/ml, BNP 163,86 sd
169,92 pg/ml, NU 53,34 sd 7,24 mg/dl, Cre 1,54 sd 0,53 mg/dl; PCR
OND cTnl 10 sd 40 pg/ml, BNP 18,21 sd 16,98 pg/ml, p 0,002, NU
37,13 sd 9,73 mg/dl, Cre 0,85 sd 0,19 mg/dl; CCVD cTnl 80 sd 110
pg/ml, BNP 55,12 sd 42,77 pg/ml, NU 46,32 sd 19,48 mg/dI, Cre 1 sd
0,38 mg/dl; AIS cTnl 250 sd 680 pg/ml, BNP 122,02 sd 200,36 pg/ml,
NU 47,88 sd 23,57 mg/dl, Cre 0,99 sd 0,46 mg/dl) (Figures 5A-5D).
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NCR PCR | NCR PCR | NCR PCR NCR PCR NCR PCR | NCR PCR
OND ccvp AS OND ccvD AS

c d
Figure 5: a) hs Tro; b) BNP; ¢) NU; d) Cre.

These differences were evident also excluding patients affected with
atrial fibrillation (NCR OND cTnl 50 sd 60 pg/ml, BNP 40,73 sd 37,96
pg/ml; CCVD cTnl 280 sd 110 pg/ml, BNP 70,26 sd 49,11 pg/ml; AIS
cTnl 280 sd 790 pg/ml, BNP 140,78 sd 159,11 pg/ml; PCR OND cTnl
10 sd 40 pg/ml, BNP 18,21 sd 16,98 pg/ml, p 0,01; CCVD cTnl 70 sd
110 pg/ml, BNP 53,79 sd 45,6 pg/ml; AIS cTnl 250 sd 107 pg/ml, BNP
72,59 sd 138,32 pg/ml).

Neurol Neurobiol doi: 10.31487/j.NNB.2020.02.02

HbA,. was significantly higher in CCVD (5,86 sd 1,23 %, p 0,05) and
AIS (6,01 sd 0,96 %, p 0,0001) compared to OND (5,46 sd 0,73 %)
(Figure 6A), especially in patients with NCR compared to those with
PCR (NCR: CCVD 6,39 sd 0,88 %, AIS 6,12 sd 0,58 %, OND 6,13 sd
1,09 %; PCR CCVD 5,58 sd 1,3 %, p 0,02, AlS 6,02 sd 1,1 %, p 0,02,
OND 5,36 sd 0,63 %, p 0,01) (Figure 6B).
6.1
6
59 p 0,05
5.8
5.7
5.6
5.5
5.4
5.3
5.2
5.1

p 0,0001

OND CCvD AS
a
6.6
6 p0,02

6.2 p 0,01 p 0,02

6
5.8
5.6
5.4
5.2
5
4.8
NCR PCR NCR

b
Figure 6: a) HbAlc; b) HbAlc.

PCR NCR PCR

Erytro-Sedimentantion Rate (ESR) and C Reactive Protein (CRP) were
significantly higher in CCVD (ESR 29,93 sd 22,2, p 0,0002; CRP 11,32
sd 20,06 mg/l, p 0,003) and AIS (ESR 28,82 sd 25,87, p 0,001; CRP
16,36 sd 40,6 mg/l, p 0,003) compared to OND (ESR 16,78 sd 12,39,
CRP 2,76 sd 4,4 mg/l). The most common finding was neutrophilia
(Neu) (CCVD 5,63 sd 5,55 x 10%ml (61,46% sd 11,78%), p 0,02, AIS
6,11 sd 2,9 x 10%ml (67,51% sd 12,82%), p 0,03 vs OND 3,68 sd 1,36 x
10%/ml (53,34% sd 10,63%) with a significant difference in lymphocytes
(Lymph) in AIS compared to OND (1,88 sd 0,99 x 10%/ml (22,62% sd
11,29%) vs 2,3 sd 0,69 x 103 10%ml (34,23% sd 0,79%), p 0,007). No
significant differences were found between NCR and PCR CCVD and
AIS, while in OND higher WBC and Neu and lower Lymph were
detected in NCR compared to PCR (WBC 8,48 sd 1,43 vs 6,59 sd 1,64
X 10%/ml, p 0,01; Neu 5,43 sd 0,9 x 10%/ml (64,84% sd 10,68%) vs 3,46
sd 1,25 x 10%ml (51,91% sd 9,83%), p 0,001; Lymph 2,16 sd 1,1 x
10%/ml (24,7% sd 9,47%) vs 2,32 sd 0,64 x 10%/ml (35,43% sd 10,44%),
p 0,03).

All CCVD and 94% AIS were affected with lacunar encephalopathy. A
tendency to higher Hachinsky scale scores was present in NCR
compared to PCR (OND 4,25 sd 1,71 vs 2,85 sd 1,23, p 0,05, CCVD
7,86 sd 2,54 vs 6,64 sd 2,2, p 0,07, AS 8,2 sd 2 vs 7,81 sd 2,64). Worst
outcomes were present in AIS with NCR compared to those with PCR
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(delta day I-VII GCS +0,23 vs +0,28, delta MRS +0,31 vs +0,28),
especially in AF patients (delta MRS +0,54 vs 0,42) (Figure 7). Both in
NCR and PCR patients, Max PR negatively correlated with day VII GCS
(r-0,15, r -0,15) and positively with MRS (r 0,24, r 0,24).

FAas PCR
AS PCR
FA AS NCR
AS NCR

Figure 7: Day VII A MRS in AS with or without AF.

20 25
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15 p 0,0004
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a b
Figure 8: a) Harm Avoidance; b) Self Trascendence.
125
1 p 0,0003
11.5
11
10.5
10

OND CCVD and AS
Figure 9: BANDS.

A lower harm avoidance (HA) and a higher self-transcendence (ST) were
present in all the examined CCVD (HA 13,38 sd 2,25, ST 23 sd 6,02)
compared to OND (HA 18,63 sd 5,68, p 0,0004, ST 17,89 sd 5,67, p
0,01) (Figures 8A & 8B). In NCR HA was even lower (13 sd 1,41). No
significant differences were observed concerning the other dimensions
of temperament and character. BANDS was significantly higher in all
vascular patients, CCVD and AlS (12 sd 1,64) compared to OND (10,89
sd 2, 0,0003) (Figure 9).

Discussion

Pulse rate may be considered a reflex of heart rate. In sporting, there is
no significant mismatch between HR and PR, in hypovolemia PR is
higher and in hypervolemia with decompensated heart failure, it
progressively weans. Current perspectives point out that peripheral
nervous system acts as a distributive processor under the control of
central nervous system. Peripheral reflexes influence cardiac rate and
force [45]. We suggest a central genesis of dysrhythmia. Physiological
response to stress accelerates cardiac function, without overloading,
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maintaining the predominance of cholinergic over noradrenergic tone.
However, in case of cerebral supranuclear sufferance, there is
hyperreflexia, responsible of reduced cardiac preload, increased cardiac
after load, reduced stroke volume, possible appearance of ectopic beats.
After a pitched fight between cholinergic and noradrenergic tone
(“accentuated antagonism”), the latter may prevail and an irreversible
subnuclear sufferance with hyporeflexia may be responsible of
decompensated heart failure, cardiogenic shock.

We confirm that BNP is an early adaptive response to an allostatic
overload, reducing arterial pressure and inducing diuresis and
natriuresis. It is a warning marker of a possible maladaptive response,
preceding ischaemic sufferance and subsequent rise of troponin.
Troponin is already a marker of a structural myocardial ischaemia [46].
Therefore, functional dysrhythmia may become persistent and,
subsequently, permanent, because of myocardial ischaemic sufferance,
inflammation, scarring. Both cardiac biomarkers, cTnl and BNP, are
useful for prompt stratification of the severity of clinical conditions,
radiological findings, correct treatment, definite prognosis, safe
discharge and scheduled follow up.

While neutrophilia in AIS may be related to actual cerebral damage,
lymphopenia may point out a state of immunodepression, with increased
risk of both viral and bacterial infections and worst prognosis, especially
in patients with metabolic disorders, as diabetes mellitus, and negative
cardiovascular reactivity [47]. Increased sympathic and decreased
parasympathic activity causes shear stress, endothelial damage,
provokes a procoagulant state, inflammation, atherosclerosis, rising the
risk of cardiovascular events [48-53]. Indeed, an increased day by day
variability of blood pressure and heart rate at home are predictive of
cardiovascular mortality, atherosclerosis [54, 55].

Our data highlight that gain in CR may suddenly lead to a loss of
function, with reduced bathmotropism, chronotropism, dromotropism,
and inotropism because of high energy expenditure, reduced cerebral
perfusion, abnormal cerebral discharge, impaired pre-load and increased
after load, subsequent inefficient cardiac output, increased risk of burst
suppression followed by cerebral death. Then, high beat indices may
herald an acute malign circulatory profile characterized by early rise of
troponin, reduced ejection fraction, increased atrial dilatation and
pulmonary pressure, high risk of myocardial infarction and cardiac
arrest. The challenge is to quickly restore cardiovascular function in
order to avoid loss of cholinergic tone and maladaptive adjustments,
leading to a vicious noradrenergic response and persistent dysrhythmias.
Therefore, the presence of cerebrovascular ischaemic sufferance may be
primarily responsible of a reduced cardiac reserve and “stunned
myocardium”.

Low cardiovascular reactivity in CCVD and AIS may reflect a low
cardiac output syndrome, reduced capillary pressure because of
arteriosclerosis  and  arteriolosclerosis,  concomitant  lacunar
encephalopathy, responsible of cognitive deterioration, higher disability
and worst brief and long-term prognosis in case of acute events. Thus, it
identifies a category of patients requiring prompt intensive care and at
higher risk of complications and mortality. We further support the data
that high heart rate may predict greater total lesion volume and higher
number of micro- and macro-structure white matter lesions [56].
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However, the irreversibility of ischaemic sufferance seems to be related
to low CR. Further studies are needed in order to better define the
reversibility, related to time-dependent abnormal perfusion and
diffusion, apoptotic and/or necrotic phenomena.

In physiological conditions, vessel elasticity contributes to efficient
preload and stroke volume, on which the ability to cope with, and recover
from increased demands depends. Physical exercise enhances vagal tone
[57]. Gender, athletic conditioning and aging are important variables,
which influence the autonomic control of the heart. Pre-conditioning of
sympathic response may have a protective role in early phase of stress
condition. However, its persistence may cause a subtle, persistent
hypoperfusion, further impairing the pre-load, reducing ejection fraction
and metabolism. These findings may be even more dangerous in case of
predominant parasympathic tone and inadequate sympathic response and
in patients with secondary apparent parasympathic shift in low cardiac
output syndrome (autonomic dissociation). They may be concomitantly
responsible of nephrosic syndrome, followed by renal failure, and
anticipate the need of cardiac pacemaker. The threshold of critical, acute
ischaemic events may be lower and the prognosis may be worst,
particularly when a negative cardiovascular reactivity is already
established. Reduced arousal and attention may account for a lower harm
avoidance in these patients. This may negatively interfere with common
activity of daily life, as driving capacity or home management. The
finding of higher level of negative body dysmorphic signs in CCVD and
AIS suggests a predictive role of a dysfunctional body image in vascular
diseases [58].

Our observations may be useful for better choosing among therapeutical
options, planning rehabilitation and health enhancing physical activity
in aging. Moreover, they may reduce the risk of injuries for training
overload in athletes, preventing the rearing of a S-shaped curve toward
a J-shaped one. Both external and internal load are measured to define
an individual state of “readiness” and ability to tolerate high loads or a
state of “fatigue” and potential risk of decreased performance or injury
[59]. Mood, energy, sleep duration, academic stress was significantly
related to injury in elite university athletes [60]. Moderate exercise is
associated with a reduction AF risk, while sedentary lifestyle as well as
sustained endurance training increases AF burden [61-66].

An association between AF and exercise, in particular endurance one, in
male gender, is reported [64, 65, 67-70]. Paradoxically, the incidence of
arrhythmias is higher in athletes, especially in elderly ones with a
lifelong training history [71-76]. Accelerated coronary artery
calcification, exercise-induced cardiac biomarkers release, myocardial
fibrosis, atrial fibrillation, sudden cardiac death is reported in athletes
[77]. Sudden death is the most common medical cause of death in
athletes [78]. The underlying pathological process is characterized by
loss of myocytes, excessive collagen deposition, subsequent increased
stiffness, impaired contraction and relaxation, reduced capillary density,
ischaemic damage, fibrosis [79].

The recruitment of healthy subjects may increase the reliability of our
study, limited to patients affected with transient or minor acute
cerebrovascular events. A non-invasive, inexpensive, time-efficient
device for instantaneous and simultaneous measurements of heart and
pulse rate may be useful for monitoring the status of the autonomic
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nervous system and overall cardiovascular elasticity and resistance,
allowing to quickly discriminate a healthy from a stressful condition.
Together with cardiac biomarkers, it may early capture cardiovascular
reactivity changes predicting subsequent, continuous, structural
myocardial derangement or remodeling, allowing prompt and
appropriate interventions. The definition of Olympic Brain refers to the
ability of the brain to reorganize itself in response to new environmental
challenges. A reserve of cerebral functions is able to favor the recovery
and / or compensation in case of damage [80]. Its development may
increase cardiac reserve and reduce the burden of disability and related
costs.
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