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Abstract. The aim of the study was to compare blood pressure and electrocardiogram indices, as-
sessed by their daily monitoring, and anamnestic data on mild traumatic brain injury between a group 
of patients with essential hypertension ≥6 months after a hemorrhagic stroke and a group of patients 
with essential hypertension without complications. Materials and methods. The total number of exam-
ined patients was 198 people, who were divided into 2 groups: the main (n = 94; age – 54,4±8,8 years, 
M±σ years) and the control (n = 104; age – 53,7±8,9 years) one. Patients in the main group suffered 
a hemorrhagic stroke as a complication of essential hypertension ≥6 months ago. The control group 
included patients with essential hypertension, stage II. In both groups of patients, the parameters of 
24-hour ambulatory blood pressure monitoring and electrocardiogram were determined. Results. The 
indices of 24-hour ambulatory blood pressure monitoring in the main group and the control group 
were the following ones, respectively: the mean daytime systolic blood pressure was 109,6±1,6 and 
121,1±1,1 mm Hg, the minimal one was 74,4±2,0 mm Hg and 82,3±12,5 mm Hg, and the maximal one 
was 168,2±1,9 and 161,9±1,7 mm Hg, p<0,05. The daytime sigma systolic blood pressure (17,9±0,6) 
and its average real variability of (11,31±2,52 mm Hg) were bigger in the main group (p<0,05). The 
daytime index of the hyperbaric load of systolic blood pressure was bigger in the main group: it was 
403,6±25,9 against 231,7±12,1 mm Hg×h in the comparison group (p<0,05). The mean, minimum 
and maximum heart rate at night were significantly lower in the main group (p<0,05). The QTcmin 
index was significantly lower in the main group in contrast to the control one – 286,28±43,34 and 
336,69±22,55, and the QT variance was greater – 232,56±44,55 – in comparison to the control group 
(188,31±33,67) (p<0,05). From the anamnestic data of patients, a significantly higher prevalence of 
mild traumatic brain injury was found in 37,4% (35 patients out of 94) in the main group relative to 
the control one – 13,5% (14 out of 104), p<0,05. Conclusions: The results of the study indicate the 
larger ranges of blood pressure variability in patients with essential hypertension complicated with 
hemorrhagic stroke, which can be caused by impaired autoregulation according to the QTc interval 
data. In combination with the disturbances of cerebral circulation, caused by the injury of the brain 
due to the hemorrhagic stroke alone or in combination with mild traumatic brain injury episode, such 
a situation may lead to the development of recurrent stroke.

Keywords: hemorrhagic stroke, essential hypertension, blood pressure monitoring, electrocardio-
grams, mild traumatic brain injury.

Introduction. There is evidence that an in-
crease in blood pressure (BP) by 20/10 mm Hg 
doubles the risk of cardiovascular complications 
(Unifikovany`j klinichny`j protokol ..., 2014). 
Essential hypertension (EH), especially grade 3 

(with BP ≥180/100 mm Hg), as well as EH com-
plicated with hypertensive crises (Zozulya and 
Kit, 2013), is the most common cause of cere-
bral hemorrhage. The pathogenesis of the latter is 
based on the failure of autoregulation (Zozulya et 
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al., 2015), (Fauci, 2015). It should be noted that 
autoregulation of the brain allows for maintain-
ing almost constant cerebral perfusion pressure at 
different levels of systemic BP, protecting it from 
changes in sympathetic nervous activity (Clausen 
et al., 2015). The autoregulation involves active 
changes in vascular resistance to maintain a con-
stant blood flow in a relatively wide range of av-
erage BP – usually 50-150 mm Hg (Avolio et al., 
2018). The mechanisms in which the central ner-
vous system is involved begin are activated im-
mediately after the onset of receptor excitation. 
They serve as continuously functioning buffer 
and designed mainly to minimize BP fluctuations 
when changing body posture, at psycho-emotion-
al and physical stress, i.e. adapt the body’s car-
diovascular system to constantly changing envi-
ronmental conditions (Vizir et al., 2018).

It is a well-known fact that cerebral circulation 
autoregulation is impaired after a hemorrhagic 
stroke (Koide et al., 2021), (Jaeger et al., 2012), 
(Ma et al., 2017). In addition, it is important to 
note the late effect of traumatic brain injury (TBI) 
on cerebral autoregulation (Glushko and Ly`t-
vy`nenko, 2016), such as excessive changes in 
cerebral perfusion pressure after concussion.

Clausen M. et al. showed that patients after the 
TBI have abnormally elevated BP at lower levels 
of exercise on the treadmill test (Clausen et al., 
2015). Hence, mild TBI in past medical history 
of patients with hemorrhagic stroke may indi-
cate a probable background of cerebrovascular 
dysfunction. Therefore, 24-hour blood pressure 
monitoring (24-h BPM) may reveal a tendency to 
increased BP lability in these patients and reveal 
its autonomous control disorders.

The autonomic nervous system dysfunction 
may also contribute to mortality increase in pa-
tients with a history of mild TBI. In resting TBI pa-
tients with neither persistent neurological deficits 
nor clinically significant autonomic dysfunction, 
a general decrease in autonomic cardiovascular 
modulation with a shift to a greater sympathet-
ic tone and less parasympathetic cardiovascular 
control was found, as well as a decrease in baro-
reflex sensitivity (Audrey and Procter, 2015). 
Consequently, the initial state of autoregulation 
of the vascular network of the brain is hardly less 

important than the influence of systemic BP it-
self. Thus, in patients with hemorrhagic stroke, 
it is important to find out not only BP level but 
also the presence of autonomic imbalance, which 
can be assessed, inter alia, by 24-hour ECG mon-
itoring, namely the QT interval and its variance 
(Kovalenko, 2008).

The aim of the study was to investigate the 
possible relevance of 24-hour BP and ECG mon-
itoring data and presence of mild traumatic brain 
injury in natural history in patients with essen-
tial hypertension ≥6 months after a hemorrhagic 
stroke and patients with essential hypertension 
without complications.

Methods. The study involved 198 people, 
who were divided into main and control groups. 
The main group consisted of patients at least 6 
months after hemorrhagic stroke as a complica-
tion of EH (n=94); at the time of the hemorrhagic 
stroke they were treated in the clinic of vascular 
neurosurgery of the State Institution “Romodan-
ov Neurosurgery Institute of the National Acad-
emy of Medical Sciences of Ukraine”. Criterion 
of inclusion: EH before the development of hem-
orrhagic stroke. Only individuals who recovered 
neurologically up to 50-100 points on the Barthel 
scale and had BP ≥140/90 mm Hg after the epi-
sode of hemorrhagic stroke were selected.

The patients with EH, stage II, but without 
hemorrhagic stroke in medical history (n=104), 
were selected for the control group. The charac-
teristics of the study groups are presented in Ta-
ble 1.

The examination of patients in the main group 
was performed once during the follow-up time 
after the stroke. Mean follow-up was 18,3±1,2 
months (from 6 to 51).

The examination of all patients was performed 
at the clinical sites of the Department of propae-
deutics of internal medicine №1 of the Bogomo-
lets National Medical University from November 
2016 until July 2018.

24-h BPM and ECG monitoring were per-
formed on a CardioSpy device (Labtech Ltd, 
Hungary), software version V4.04.RC24, recorder 
version V1.16. There were three recording peri-
ods: daytime (06:00 - 22:00), nighttime (22:00  - 
06:00), and 24 hours. We determined the mean 
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value (BPmean), minimum (BPmin), and maximum 
(BPmax) values of BP, the difference between the 
latter two (delta BP), the sigma of the BP values 
during the recording period, the percentage of time 
of excess of the upper limit (time index) and the 
load index (hyperbaric index – HI) (Iimuro et al., 
2017), the average real variability (ARV) (Mena 
et al., 2017). The mean, minimum, maximum val-
ues of heart rate (HR) and its sigma, as well as the 
mean, minimum, and maximum values of the ad-
justed (corrected) QT interval (QTc) and its vari-
ance were determined (Mal`ceva et al., 2014).

The adequacy of the circadian rhythm of BP 
was assessed by the degree of nocturnal decrease 
in systolic BP (SBP) and diastolic BP (DBP) – by 
the daily index (DI) for each of them:

DI= (daytime BPmean – nighttime BPmean)×100%
                      

daytime BPmean

Depending on the BP profile, the subjects with 
10-20% nocturnal SBPmean decrease (physiologi-
cal) were defined as “dippers”. The subjects who 
did not reach the level of 10% decrease were 
called “non-dippers”, the persons who showed a 
decrease of ≥20% – “over-dippers”, the subjects 
who had a nighttime increase in BP were called 
“night-peakers” (Baldi et al., 2017).

The data about the presence of mild TBI in an-
amnesis of the patients were also collected.

The results of the study are presented in the 
form of M±σ. Statistical processing of the ob-
tained data was performed using IBM SPSS Sta-
tistics Base v.22 (Kirkpatrick and Feeney, 2014) 
(license agreement of the Bogomolets National 
Medical University with the registration №138 
dated 04.08.2016).

The difference between the compared param-
eters with the normal distribution of the variants 
was evaluated by Student’s t-test, between those 
who had an abnormal distribution of the vari-
ants  – by the U-test of Mann-Whitney. The anal-
ysis of the obtained results was performed fol-
lowing the generally accepted recommendations 
(Antomonov, 2017). The difference between the 
study groups was considered statistically signifi-
cant when p<0,05.

The study was conducted following the Hel-
sinki Declaration of the World Medical Associa-
tion “Ethical Principles of Medical Research with 
Human Participation” (1964, updated in 2000). 
The patient or his legal representative filled in the 
Informed Consent (Expert opinion of the Ethics 
Commission of the Bogomolets National Medi-
cal University dated October 26, 2016, protocol 
№98).

Results. The obtained parameters of SBP and 
DBP from 24-h BPM in the main and the con-
trol groups were analyzed. At the first stage of 
the analysis, the SBP parameters were identified 
and compared between the studied groups. The 
results obtained are presented in Table 2.

As presented in Table 2 SBPmean and SBPmin 
during the daytime, nighttime, and around the 
clock (in general) were significantly (p<0,05) 
lower in the main group in contrast to the control 
one. The average value of SBPmax during the day-
time was 3,7% higher, and SBPmax at nighttime  – 
9,2% lower in the main group compared to the 
control one (p<0,05).

Thus, the parameter of delta SBP during the 
daytime in the main group was 93,1±34,7 mm 

Table 1. Characteristics of patients of the studied groups (M±σ)
Parameter Main group, n=94 Control group, n=104

Middle age, years 54,4±8,8  53,7±8,9
Quantity of men 44 (46,8 %) 50 (48,1 %)
Concomitant diabetes mellitus, type 2 12 (12,8 %) 15 (14,4%)
Duration of the period after stroke incidence, months 18,3±12,1 – 
Body mass index, kg/m2 28,67±4,47 28,97±4,39
Office systolic BP, mm Hg 154,3±7,2 155,2±7,4 
Office diastolic BP, mm Hg 97,6±4,6 98,2±4,8 

* – the difference is significant between similar parameters of the groups (p<0,05).
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Hg and it was significantly (p<0,05) larger com-
pared to the control group. The results obtained 
may indicate a greater range of fluctuations in 
daytime SBP in patients of the main group. When 
comparing the delta SBP at nighttime between 
the main group and the control one, no signifi-
cant difference was found (p>0,05). In the main 
group, the larger amplitude of SBP oscillations 
prevails only during the daytime, in contrast to 
the control group. The patients in the main group 
had pronounced interindividual differences in the 
value of delta SBP, therefore this value during 
the daytime was nonparametric (σ was more than 
25% of the mean value)

When analyzing the data on SBPmean, it was 
found that at all time intervals – day, night, and 
around the clock – in the main group this param-
eter was significantly (p<0,05) lower by 9,5%, 
5,9% and 7,2%, respectively, compared to the 
control group.

Sigma SBP during the daytime also showed a 
significantly (p<0,05) greater difference between 
the main and control groups of patients. When 
paralleling similar compared pairs according to 
the sigma SBP at nighttime, no significant dif-
ference was found (p>0,05). To determine the 
variability prevalence of SBP in the 24-h period 
in the main group, the parameters of sigma SBP 
during the daytime (17,9±5,9) and sigma SBP at 
nighttime (13,5±4,5) were compared. There was 
a statistically significant difference (p<0,05) in 
the main group between the day and night time 
sigma SBP revealed. The obtained results indi-

cate the largest fluctuations of SBP during the 
daytime in patients of the main group.

Continuing the study of BP fluctuations, the 
ARV of SBP in the main group and in the control 
group was determined. The obtained results are 
schematically presented in Fig. 1.

Therefore, SBP ARV in the main group was 
significantly (p<0,05) higher than in the control 
one, what may indicate a higher risk of any sud-

Table 2. 24-h BPM SBP parameters (M±σ)

Parameter
Daytime Nighttime 24-h period

Main  
group, n=94

Control  
group, n=104

Main  
group, n=94

Control 
group, n=104

Main  
group, n=94

Control 
group, n=104

1 2 3 4 5 6 7
SBPmax, mm Hg 168,2±18,1* 161,9±17,7 125,6±21,5* 137,1±18,4 168,3±18,1 164,5±17,1
SBPmin, mm Hg 74,4±19,5* 82,3±12,5 79,7±16,2* 91,2±12,5 72,0±18,2* 80,1±13,0
Delta SBP, mm Hg 93,1±34,7* 79,5±19,0 45,9±17,2 45,9±12,5 96,3±34,6* 84,4±22,5
SBPmean, mm Hg 109,6±15,8* 121,1±11,3 101,9±17,0* 108,3±14,1 109,6±15,5* 118,1±9,7
SBP sigma 17,9±5,9* 15,1±2,6 13,5±4,5 12,1±4,5 17,8±5,1 16,5±3,6
SBP time index, % 10,7±14,1 14,3±15,4 21,0±26,8 25,3±26,8 14,3±16,8 16,6±14,0
SBP HI, mm Hg×h 403,6±250,9* 231,7±123,0 185,3±271,2 220,6±149,6 384,7±176,1* 256,5±97,2

* – the difference is significant between similar parameters of the surveyed groups (p<0,05).

Figure 1. SBP ARV.

* – the difference is significant between similar param-
eters of the surveyed groups (p<0,05).
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Table 3. 24-h BPM DBP parameters (M±σ)

Parameter
Daytime Nighttime 24-h period

Main  
group, n=94

Control  
group, n=104

Main  
group, n=94

Control 
group, n=104

Main  
group, n=94

Control 
group, n=104

1 2 3 4 5 6 7
DBPmax, mm Hg 117,2±17,6 114,0±16,5 82,5±14,6* 87,5±9,7 117,9±17,7 114,1±16,3
DBPmin, mm Hg 43,8±12,9* 55,5±12,9 50,5±13,0* 55,8±11,1 41,0±10,8* 51,9±11,4
Delta DBP, mm Hg 73,4±22,8* 58,5±15,4 32,0±9,7 31,7±6,9 76,9±22,3* 62,2±15,8
DBPmean, mm Hg 71,1±10,0* 79,3±7,6 64,1±11,2* 67,7±10,0 70,4±9,6* 76,6±6,9
DBP sigma 13,5±3,6* 10,5±1,7 9,1±3,0 8,7±2,5 13,6±3,2* 11,6±2,9
DBP time index, % 9,3±7,6 15,5±20,2 13,3±27,6 15,9±20,5 10,3±9,7 15,6±18,7
DBP HI, mm Hg×h 377,1±291,1* 221,3±127,6 132,8±178,1 139,0±111,6 376,4±292,3* 218,4±100,4

* – the difference is significant between similar parameters of the surveyed groups (p<0,05).

den cardiovascular event in EH and death of the 
patient. Thus, despite the higher absolute values 
of SBPmean in the control group, the difference in 
SBP between successive measurements in pa-
tients of the main group was greater (p<0,05).

Therefore, a wider range of SBP fluctuations 
prevailed during the daytime in the main group, 
although SBPmean in all these periods was higher in 
the control group (p<0,05). Such results may indi-
cate that there were short-term rises of SBP with 
greater amplitude in the main group, which could 
not be detected in the case of routine office BP 
measurement, conducted outside of this time win-
dow of BP rapid increase. As a result, there may be 
a false impression of the success in EH control, es-
pecially in those patients who do not suffer  from 
the specific symptoms of BP elevation.

Noteworthy, despite the lower SBPmean in the 
main group, the SBP HI during the daytime and 
24-h period were significantly higher (p<0,05) 
than such at the appropriate time intervals in the 
control group. At the same time, as it can be seen 
from the SBP HI, such short-term rises gave a 
greater load on the cardiovascular system than a 
more stable elevated SBP, which was more com-
mon for the patients in the control group.

The next stage of the study was to investigate 
the parameters of DBP. The baseline data of the 
study groups are presented in Table 3. Despite 
significantly lower mean and minimum values   in 
the main group in all time intervals (p<0,05), as 
well as the absence of difference in daytime and 
24-h period DBPmax, the hyperbaric load on the 

cardiovascular system assessed by the DBP HI in 
patients of the main group was larger than in the 
control one by 34,4% and 41,0% during the day-
time and around the clock, respectively (p<0,05). 
This result can be explained by significantly larg-
er (p<0,05) values   of the DBP sigma and delta 
DBP during the daytime, but not at nighttime, 
which led to a significant difference (p<0,05) in 
these parameters during the 24-h period as well. 
However, the determination of DBP ARV did not 
reveal a significant difference between the main 
and control groups, in which this parameter was 
8,35±1,83 and 8,07±1,24, respectively.

The parameters of the DBP time index in the 
corresponding comparable time intervals, as in 
the case of SBP, did not show a significant differ-
ence between the study groups. Such data indi-
cate no difference between patients of two groups 
in the total duration of episodes of elevated SBP 
and DBP during the three periods of 24-h BPM 
registration.

It should be noted that the parameters of mean, 
minimum, and maximum SBP and DBP at night-
time were significantly lower in patients of the 
main group (p<0,05) than in the control. This 
may indicate that in the control group there was a 
more pronounced vasopressor effect at this time.

Summarizing the results obtained by 24-h 
BPM, one can notice the trend to impaired ability 
to maintain stable BP in patients of the main group.

Furthermore, the daily BP profile in patients of 
the main and control group was investigated and 
presented in Table 4.
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According to the results of Table 4, the daily 
BP profile in patients who suffered from hemor-
rhagic stroke and had elevated BP varied signifi-
cantly, and therefore there was a need for rational 
antihypertensive treatment. A distribution of pa-
tients of the main and control groups according to 
the daily BP profile is presented in Fig. 2.

In the main group, there were significant-
ly (p<0,05) fewer people with the BP profile 
“over-dipper” and significantly (p<0,05) more ones 
with “non-dipper” compared to the control group. 
These results can be explained by the fact that SB-
Pmean in the main group decreased less at nighttime 
compared to the daytime period (from 109,6±15,8 
to 101,9±17,0 mm Hg) in contrast to the control 
group (from 121,1±11,3 to 108,3±14,1 mm Hg).

In the category of “night-peaker”, the percent-
age of patients from the main group was higher 

than in the control group, although the differ-
ence did not reach a statistically significant level 
(p>0,05).

In the analysis of 24-h BPM, the attention 
was paid not only to BP but also to HR to get a 
more complete picture of hemodynamics. In this 
regard, the analysis of the following parameters 
was performed: HRmean, HRmin, HRmax and HR sig-
ma during the daytime, nighttime, and around the 
clock. The data are presented in Table 5.

From Table 5 it is seen that the studied groups 
differed only in the nocturnal parameters of 
mean, minimum and maximum HR, which are 
significantly (p<0,05) lower in the main group 
compared to the similar parameters in the control 
one. This may indicate the increased activity of 
the parasympathetic nervous system to compen-
sate for the periodic excess exposure of the sym-

Table 4. DI of BP in the study groups (M±σ)
Parameter Main group, n=94 Control group, n=104
SBP DI, % 5,03±9,42* 11,02±6,71
DBP DI, % 9,51±8,97* 10,64±6,33

* – the difference is significant between similar parameters of the surveyed groups (p<0,05).

* – the difference is significant between similar parameters of the surveyed groups (p<0,05).

Figure 2. Distribution of patients by daily BP profile.
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Table 5. Parameters of 24-h HR monitoring (M±σ)

Parameter
Daytime Nighttime 24-h period

Main  
group, n=94

Control  
group, n=104

Main  
group, n=94

Control  
group, n=104

Main  
group, n=94

Control  
group, n=104

HRmean 77,1±12,5 77,3±8,7 61,8±7,9* 65,8±4,0 74,1±12,5 74,8±7,3
HRmin 61,7±10,0 59,5±6,7 54,3±9,2* 57,0±4,2 56,6±11,3 56,2±4,6
HRmax 105,8±15,9 102,4±12,0 74,6±9,0* 83,0±10,7 104,3±15,0 102,4±12,0
HR sigma 9,6±3,5 8,8±2,4 5,2±2,6 6,8±3,1 10,3±3,8 9,8±2,9

* – the difference is significant between similar parameters of the surveyed groups (p<0,05).

pathoadrenal system. This vagal effect is most 
pronounced at nighttime during the circadian 
maximal activity of the parasympathetic nervous 
system. Under conditions of adequate regulation 
with increasing BP due to baroreceptors, there is 
a decrease in the tone of the sympathetic part of 
the autonomic nervous system and an increase in 
the tone of the parasympathetic one.

To analyze the presence of autonomic imbal-
ance, the results of 24-h ECG monitoring were 
studied, namely: QTc interval and its variance. 
The obtained data on the studied groups are giv-
en in Table 6.

According to the results, there were signifi-
cantly (p<0,05) lower QTcmin and greater QTc 
variance in the main group of patients relative to 
the control one, indicating the episodes of faster 
depolarization and repolarization of the ventric-
ular myocardium, which lead to a faster contrac-
tion of cardiomyocytes myofibrils.

Thus, according to 24-h BPM and ECG mon-
itoring, we can talk about the violation of the au-
tonomic regulation of the cardiovascular system 
in patients after a hemorrhagic stroke. The very 
fact of a hemorrhagic stroke leads to a violation 
of autoregulation of cerebral circulation. But un-
stable autoregulation of cerebral circulation leads 
to hemorrhagic stroke, one of the factors of vi-

Table 6. QTc values in the studied cohorts of patients (M±σ)
Parameter Main group, n=94 Control group, n=104
QTcmin 286,28±43,34* 336,69±22,55
QTcmean 407,01±19,57* 412,50±17,23
QTcmax 518,83±28,53 525,01±22,58
QTc variance 232,56±44,55* 188,31±33,67

* – the difference is significant between similar parameters of the surveyed groups (p<0,05).

olation of which is the factor of mild TBI in the 
anamnesis.

Hence, during the collection of anamnestic 
data, a significantly higher prevalence of mild 
TBI in the anamnesis was found among patients 
of the main group compared with the control 
one  – 37,2% (35 patients out of 94) and 13,5% 
(14 people out of 104), respectively, – which is 
reflected in Fig. 3.

As noted above, past TBI can lead to an auto-
nomic imbalance with impaired normal BP reg-
ulation, which manifests itself in the years after 
the injury and potentially affects the risk of hem-
orrhagic stroke, at least in some patients.

Discussion.
According to the obtained results, the great-

er variability of BP in patients of the main group 
compared with the control may indicate a BP 
autonomic regulation disorder. A decreased 
parasympathetic tone has been described in in-
dividuals with a “non-dipper” daily BP profile 
(Radchenko, 2015), which is also associated 
with numerous chronic conditions, including the 
presence of autonomic dysfunction (Boyev et al., 
2018), which occurs when comparing patients 
with hemorrhagic stroke and without it.

The signs of impaired regulation of BP were 
considered as the passage of an electrical impulse 
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through the ventricular myocardium– assessed 
by QTc. The reference range of the interval QTc 
is 320-440 ms. The deviation from physiological 
norms of QTc interval duration is an important 
unfavorable clinical prognostic sign (Mal`ceva 
et al., 2014). The reduction in the QTc interval 
by adrenergic stimulation that alters autonomic 
balance is likely caused by the release of cate-
cholamines during exertion (Pavão et al., 2014). 
One of the reasons for the transient form of the 
syndrome of the shortened QT interval, might 
be the autonomic nervous system tone disorder. 
The criteria for diagnosing the syndrome of the 
shortened QT interval is the duration of the QTc 
interval <300 ms (Kovalenko, 2008).

A direct correlation between QTc variance and 
sympathetic system activity has been previous-
ly detected (Svitly`k, 2014). The recent data of 
the negative impact of increased QTc variance 
on the prognosis of cardiovascular disease were 

analyzed (Pustovojtova and Marty`m`yanova, 
2012). QTc interval studies are already available 
in patients with hemorrhagic stroke (Malik et al., 
2013). In that study, it was found that patients 
who had undergone a subarachnoid hemorrhage 
had a shortened QTcmin index and a greater vari-
ance of QTc, which indicates increased reactivity 
of the vascular system to sympathoadrenal expo-
sure.

Autonomic dysregulation occurs after brain 
damage. In the main group, 100% of patients 
had previously compromised background due to 
hemorrhagic stroke. However, some patients in 
the main group also had mild TBI before the hem-
orrhagic stroke incidence. This requires special 
attention in terms of prevention of the first stroke 
due to the significantly higher number of such 
patients in the main group in comparison to the 
control one. In addition, according to the World 
Health Organisation, the frequency of TBI is 1,8-
5,4 cases per 100,000 population (Shkol`ny`k et 
al., 2015). The overall incidence of mild TBI in 
individuals aged 16-59 years is 302 per 100,000 
person-years (281–324; 95% confidence interval) 
(Skandsen et al., 2019), which is significantly 
lower than in the main group, according to the 
results of our study.

In individuals without a clinical manifestation 
of autonomic dysfunction but with a history of 
mild TBI, a decrease in total cardiovascular mod-
ulation at rest with a shift towards sympathetic 
rather than parasympathetic activity and a de-
crease in baroreflex response on orthostasis were 
found (Hilz et al., 2017).

These findings support the assumption that 
the slight dysfunction of the central autonomic 
network is explained by subclinical cardiovascu-
lar dysregulation, which is observed in patients 
even years after they received mild TBI (Hilz et 
al., 2017). Even mild TBI is responsible for the 
delayed reduction of “resistance” of the brain to 
various pathologies (Shkol`ny`k et al., 2015).

Autonomic nervous system dysfunction in the 
long-term perspective may even contribute to the 
increase in mortality observed in patients with 
a history of mild TBI. In these patients having 
no persistent neurological deficits and clinical-
ly significant autonomic dysfunction, there was 

Figure 3. Prevalence of mild TBI in the 
anamnesis of individuals of the study groups.

* – the difference is significant between similar param-
eters of the surveyed groups (p<0,05).
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a general decrease in autonomic cardiovascular 
modulation at rest with a shift to a greater sym-
pathetic tone (Audrey and Procter, 2015). In-
dividuals with a history of even mild TBI may 
have impaired autonomic modulation at rest and 
compromised efferent reactions of the baroreflex 
during exertion, as well as when the load on the 
baroreceptors has been stopped. Under normal 
conditions, this dysfunction does not appear to 
have clinical consequences. However, under cer-
tain circumstances or extremely heavy loads, this 
can lead to an autonomic dysfunction that can 
increase the cardiovascular risk in people with a 
history of TBI. In everyday life, it is impossible 
to avoid episodes of high stress, which can lead 
to autonomous regulation disorder. Therefore, 
researchers recommend screening for autonom-
ic dysregulation of the cardiovascular system to 
identify a risk group for cardiovascular events or 
emotional and mental complications in patients 
with a history of mild TBI (Sung et al., 2016). 
Hilz MJ et al. concluded that the results of their 
research on autonomic and especially baroreflex 
dysfunction support the hypothesis that autonom-
ic dysregulation may contribute to cardiovascu-
lar imbalance, which in turn increases the risk of 
cardiovascular events and, ultimately, death even 
in years after receiving TBI (Audrey and Procter, 
2015). The results are particularly relevant today, 
given the combat activity in the eastern regions 
of Ukraine (Anti-Terrorist Operation, then Joint 
Forces Operation), when the shock wave causes 
contusions of different severity, the mild ones of 
which are often unrecognized.

Recent studies show that the syndrome of au-
tonomic dysfunction was present in 60% of pa-
tients who received contusions during hostilities. 
At the same time, in 33,3% of cases, it was a 
vascular crisis (Shkol`ny`k et al., 2015). The ob-
tained results indicate that there is a pronounced 
imbalance and desynchronization in the struc-
tures of the autonomic nervous system caused 
by the action of the blast wave on the higher 
autonomic centers in the acute period of mild 
contusion combat TBI (Gostra bojova kontuzij-
na cherepno-mozkova travma: patogenez, diag-
nosty`ka, likuvannya : [monografiya], 2018). In 
particular, among the patients in the main group, 

there were seven former servicemen with expe-
rience in military operations or participation at 
military firing ranges with the impact of the blast 
wave. The autonomic vascular dysfunction with 
vascular crisis is one of the two most common 
syndromes that deteriorate the quality of life after 
TBI (Shkol`ny`k et al., 2015).

Symptoms of damage of the autonomic ner-
vous system are observed in 96% of people with 
TBI. (Gostra bojova kontuzijna cherepno-moz-
kova travma: patogenez, diagnosty`ka, likuvann-
ya: [monografiya], 2018). Closed TBI caused by 
an explosive wave is accompanied by permanent 
autonomic disorders. Structural and functional in-
sufficiency of suprasegmental structures occurs in 
in such patients in the acute period of closed TBI. 

Kozlowski et al., Leddy et al. observed that 
patients with a history of concussion were found 
to have abnormal BP during dosed physical ex-
ercises. In these two studies, along with several 
others, it was found that dysfunction in autoregu-
lation associated with a concussion can lead to ex-
ercise intolerance, which persists for much more 
time than 7-10 days after TBI (Esterov and Gre-
enwald, 2017). At least in seven other published 
studies, the effects of brain injury on arteries and 
BP have been examined, and in all of them, ev-
idence of impaired autoregulation were found. 
Compared to healthy people, the cardiovascular 
modulation of the autonomic nervous system was 
reduced (Esterov and Greenwald, 2017).

According to the results of our study and tak-
ing into consideration the literature data, it can be 
stated that patients with EH complicated by hem-
orrhagic stroke, according to both data of 24-h 
BPM with ECG monitoring and anamnestic data 
are more prone to autonomic dysregulation of the 
cardiovascular system, which probably increases 
risks of subsequent cerebrovascular events.

The week point of this study is that patients 
with intracerebral and subarachnoid hemorrhage 
were not studied separately. Secondly, the dif-
ference between patients with a history of mild 
TBI and those without it was not studied. On the 
other hand, a multi-stage model of patients divi-
sion into subgroups according to the location of 
stroke, the volume of hemorrhage, the severity 
of the condition during the acute period of the 
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cerebrovascular accident is needed which would 
require a larger number of patients. In addition, 
retrospectively, it would be difficult to establish 
what influenced the detected autonomic dysregu-
lation to a greater extent – a history of the stroke 
or the TBI.

Summarizing the presented data, we can con-
clude:
1. The largest fluctuations of SBP in the group of 

patients with EH complicated by hemorrhagic 
stroke occur during the daytime period, which 
is detected by the daytime SBP sigma, del-
ta SBP (p<0,05). Significantly increased BP 
variability – SBP ARV and SBP sigma during 
the daytime – in patients of the main group in-
dicate a higher risk of any EH-associated car-
diovascular event and death.

2. Short-term rises in SBP contribute to a great-
er load on the cardiovascular system than a 
steadily elevated SBP, which was more com-
mon for the patients of the control group. This 
is reflected in a significantly higher SBP HI in 
individuals of the main group compared to the 
control.

3. In the main group there were significantly 
fewer “over-dipper” and more “non-dipper” 
patients compared to the control group. In the 

main group, the largest number of patients had 
daily “non-dipper” BP profile, which indicates 
a stronger trend to dysregulation in autonomic 
control of BP.

4. The higher QTc variance and lower values 
of QTcmin, as well as higher values of  SBPmax 
during the daytime period in patients of the 
main group indicate a trend to impaired reg-
ulation of the cardiovascular system with 
periodic overreaction to sympathoadrenal 
activity during increased load on adaptive 
mechanisms.

5. Patients in the main group have a higher fre-
quency of mild TBI in the anamnesis, which 
might be considered as one of the putative risk 
factors for hemorrhagic stroke due to impaired 
autonomic regulation of cerebral circulation 
after TBI occurrence.
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Анотація. Метою дослідження було по-
рівняти показники артеріального тиску та 
електрокардіограми, оцінені за їх добовим 
моніторуванням, та анамнестичні дані щодо 
перенесеної легкої черепно-мозкової травми 
між групою хворих на гіпертонічну хворобу 
через ≥6 міс. після перенесеного геморагічно-
го інсульту та групою хворих на гіпертонічну 
хворобу без ускладнень. Матеріали і методи. 
Загальна кількість обстежених хворих склала 
198 осіб, які були поділені на 2 групи: основ-
на (n=94; вік – 54,4±8,8 років, М±σ) та кон-
трольна (n=104; вік – 53,7±8,9 років). Хворі 
основної групи перенесли геморагічний ін-
сульт як ускладнення гіпертонічної хвороби 
≥6 міс. тому. У контрольну групу потрапи-
ли хворі на гіпертонічну хворобу, стадія ІІ. 
В обох групах хворих визначали показники 
добового моніторування артеріального тиску 
та електрокардіограми. Результати. Показ-
ники добового моніторування артеріального 
тиску в основній групі та контрольній, від-
повідно: середній систолічний артеріальний 
тиск вдень 109,6±1,6 та 121,1±1,1 мм рт. ст., 
мінімальний  – 74,4±2,0 та 82,3±12,5 мм рт. 

ст., максимальний  – 168,2±1,9 та 161,9±1,7 мм 
рт. ст., p<0,05. Показники сігма систолічного 
артеріального тиску вдень (17,9±0,6) та його 
середньої реальної варіабельності (11,31±0,26 
мм рт. ст.) були більшими в основній групі 
(p<0,05). Показник гіпербаричного наван-
таження систолічного артеріального тиску 
вдень був більшим в основній групі і становив 
403,6±25,9 проти 231,7±12,1 мм рт. ст.×год у 
контрольній (p<0,05). Середня, мінімальна 
та максимальна частота серцевих скорочень 
вночі була достовірно меншою в основній 
групі (p<0,05). Показник QTcmin був достовір-
но меншим в основній групі на відміну від 
контрольної – 286,28±43,34 та 336,69±22,55, 
а його дисперсія – більшою – 232,56±44,55 
та 188,31±33,67 (p<0,05). З анамнестичних 
даних було виявлено достовірно більшу по-
ширеність перенесеної в минулому легкої че-
репно-мозкової травми в основній групі – у 
37,4% (35 хворих з 94) – відносно контроль-
ної (13,5% (14 осіб зі 104)), p<0,05. Висновки: 
Результати дослідження вказують на більший 
діапазон варіабельності артеріального тиску у 
пацієнтів з гіпертонічною хворобою, усклад-
неною геморагічним інсультом, яка може бути 
спричинена порушенням авторегуляції згідно 
з даними інтервалу QTc. У поєднанні з пору-
шеннями мозкового кровообігу, спричинени-
ми ушкодженням головного мозку внаслідок 
геморагічного інсульту окремо або в поєднан-
ні з легкою черепно-мозковою травмою в ана-
мнезі, такий стан показників може призвести 
до розвитку повторного інсульту.

Ключові слова: авторегуляція мозкового 
кровообігу, геморагічний інсульт, гіпертоніч-
на хвороба, добове моніторування артеріаль-
ного тиску та електрокардіограми, легка че-
репно-мозкова травма.


