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ABSTRACT

BACKGROUND AND PURPOSE: Despite numerous studies, the mechanisms of blood pressure and heart
rate regulation in cerebrovascular diseases remain incompletely understood. The aim of the study was to de-
termine the changes in blood pressure and heart rate in patients with acute hemispheric ischemic stroke and
to seek a relationship with the severity of the cardiovascular autonomic dysfunction.

METHODS: 20 healthy volunteers and 50 patients with acute hemispheric ischemic stroke participated in
the study. The values of blood pressure and heart rate were registered. Cardiovascular autonomous disor-
ders were examined using the Ewing test battery. The patients were divided into two groups according to the
severity of the autonomous disorders.

RESULTS: Elevated BP values at admission were observed in 56% of our patients, and significantly high-
er values of systolic blood pressure (p<0.001), diastolic blood pressure (DBP) (p=0.001), and mean arteri-
al pressure (p<0.001), as well as of the heart rate (p=0.027) were found, compared to the control group. The
most significantly increased values of the indicators were reported in patients with a stroke in the territo-
ry of the right middle cerebral artery with an involvement of the insular cortex. The results of the t-test per-
formed, showed significantly higher values of systolic blood pressure in patients with severe autonomic dis-
orders (t=-2.14; p=0.036).

CONCLUSION: A variability in BP and HR with a tendency to increase was observed in patients with acute
hemispheric ischemic stroke (ICS) compared to controls, with the highest values reported in patients with
ICS in the territory of right middle cerebral artery (TRMCA) with involvement of the insular cortex (IC). A
positive correlation was found between the values of systolic blood pressure (SBP) and the severity of auto-
nomic dysfunction (AD).
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BP in healthy individuals is characterized by the
so-called “dipping” model and shows a daily varia-
tion characterized by a decrease in BP by 10-20% at
night (4). In patients with acute ischemic stroke, this
model is disrupted (“non-dipping”) (5), with patho-
physiological mechanisms being complex and poorly
clarified (6), the increased sympathetic activity play-
ing an essential part in them (4).

BP’s early variability affects brain perfusion
(7,8). Observations show that the clinical outcome in
acute ischemic stroke depends not only on the ini-
tial BP but also on the direction and the rate of the
change in BP in the first 24-48 hours (9). On the oth-
er hand, the rise of BP after stroke may represent a
compensatory response to maintain adequate cere-
bral perfusion. In the acute phase of ischemic stroke,
BP values vary widely and the clinical behavior is
largely based on the mean values of BP at admission.

The aim of this study was to investigate the
main hemodynamic parameters (HR and BP) and to
conduct a comprehensive research of the disorders
in the cardiovascular autonomic function in patients
with ICS. We also aimed at seeking a relationship be-
tween the values of BP and HR and the severity of the
autonomic dysfunction.

METHODS

The study included 20 healthy volunteers at a
mean age of 55.4+10.6 years, and 50 patients with
acute hemispheric ICS at a mean age of 58.4+9.7
years, hospitalized in the Second Clinic for Neurolo-
gy Diseases with NICU at St. Marina University Hos-
pital in Varna, for the period 2014-2015.

The studied patients were selected using re-
spective inclusion and exclusion criteria. The clini-
cal study includes detailed history, clinical and neu-
rological examination at the time of hospitalization.
The first notice of sudden onset of neurological symp-
toms is considered the starting point of a stroke. All
patients were examined using a Siemens Somatom
Definition CT at the Diagnostic Imaging Centre at St.
Marina University Hospital in Varna, during the first
48 hours of the onset of clinical symptoms. CT find-
ings were in line with ischemic stroke in the territory
of the MCA, with the involvement of the IC being de-
termined, respectively. For the purposes of our study,
the patients were divided into groups according to
the location of the stroke: patients with stroke in the

TRMCA without IC - 22.9% (n=16), in the territory
of the left middle cerebral artery (TLMCA) without
IC - 21.4% (n=15) in the TRMCA with IC - 15.7%
(n=11), and in the TLMCA with IC 11.4% (n=8).

BP was measured using an automatic blood
pressure cuff attached to an electronic monitor
EDAN for continuous monitoring of systolic and
diastolic blood pressure and heart rate in real time.
The values of BP and HR were registered every min-
ute within 10 minutes and the mean value of the in-
dicators was calculated. The mean arterial pres-
sure (MAP) value was calculated according to a uni-
versal formula: MAP = [(systolic blood pressure +
2xdiastolic blood pressure) / 3]

Tests included in the Ewing battery were applied
for the evaluation of cardiovascular autonomic func-
tion using a Hokanson ANS2000 (Hokanson, Inc; Bel-
levue, WA) device. The results of each test were de-
tined as normal, borderline and abnormal, and au-
tonomous disorders were classified as normal, mild,
expressed, severe and atypical. The severity of the au-
tonomic dysfunction was assessed according to the
Ewing classification and the patients were divided
into two groups: group I with normal or mild disor-
ders in the cardiovascular autonomic function and
group 2 with expressed, severe and atypical disorders.

RESULTS

Elevated BP values at admission (over 140
mmHg systolic and over 90 mm Hg diastolic pres-
sure) were observed in 56% of our patients, with sig-
nificantly higher values reported for systolic blood
pressure (SBP) (p<0.001), diastolic blood pressure
(DBP) (p=0.001), MAP (p<0.001), and HR (p=0.027)
compared to the control group.

The comparative analysis of the mean values
of SBP among the studied groups showed a statis-
tically significant difference between the values of
SBP in the control group (120.00 mm Hg), and in the
group of patients (p=0.003), the highest being in pa-
tients with stroke in TRMCA with and without IC
(160.00mm Hg) (Fig. 1).

The t-test comparison of the mean values of
SBP between the control group and the patients with
RMCA with IC, showed a significant difference (t=-
4.31; p<0.001). A significant difference was observed
between the mean values of SBP in the control group
and in the patients with RMCA without IC (t=-3.44;
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Figure 1. A comparative analysis of SBP values at rest -
SBP at rest, Control, RMCA with IC, RMCA without IC,
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p=0.002), with LMCA with IC (t=-4.02; p<0.001),
and those with LMCA without IC (t=-3.08; p=0.004).

The results from the ANOVA analysis showed
a statistically significant difference in the values of
DBP at rest in the investigated groups (p=0.016). The
lowest values were in the control group (80.00 mm
Hg), and the highest, in the RMCA with IC group
(90.00 mm Hg) (Fig. 2).

The t-test showed the presence of a signifi-
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Figure 2. A comparative analysis of DBP values at rest -
DBP at rest, Control, RMCA with IC, RMCA without IC,
LMCA with IC, LMCA without IC

cant difference between the mean values of DBP of
the control group and of patients with RMCA with
IC (t=-3.34; p=0.002). Statistically significant differ-
ences between the mean values of DBP at rest in the
control group and the patients with RMCA without
IC (85 mm Hg), (t=-2.72; p=0.01), with LMCA with

IC (87.5 mm Hg) (t=-2.45; p=0.021) and those with
LMCA without IC (85 mm Hg) (t=-2.84; p=0.008)
were found.

The results of the ANOVA analysis showed
a statistically significant difference in the values of
MAP at rest in the studied groups (p=0.004), with
the lowest values in the control group (96.00 mm
Hg), and the highest in the RMCA and the LMCA
with IC groups (113.00 mm Hg and 111.00 mm Hg,
respectively) (Fig. 3.)

The t-test showed a significant difference be-

140,00
120,00

DBR i‘“
at rest
=o
100,00 ﬁo

24
80,00 o

LMCA
without IC

LMCA
with IC

RMCA
without IC

Figure 3. A comparative analysis of the MAP values
at rest - MAP at rest, Control, RMCA with IC, RMCA
without IC, LMCA with IC, LMCA without IC

RMCA
with IC

tween the mean values of BP at rest in the control
group and in the patients with RMCA with IC (113
mm Hg) (t=-4.17; p<0.001), with RMCA without IC
(110 mm Hg ) (t=-3.18; p=0.003), with LMCA with
IC (111 mm Hg) (t=-3.46, p=0.002), and with LMCA
without IC (103 mm Hg) (t=-3.24; p=0.003).

The results of our study showed significantly
higher values of HR in patients with ICS in compar-
ison with the control group. The highest rates of HR
were found in the patients who had ICS in the terri-
tory of the RMCA with IC (78 bpm) (Fig. 4).

The results of the t-test indicated a significant
difference between the mean values of HR in the
control group and in patients with RMCA with IC
(78 bpm) (t=-2.51; p=0.018). No difference was found
in the mean values in the control group compared to
subjects with RMCA without IC (74 bpm) (t=-1.65;
p=0.108), with LSAM with IC (75.5 beats per min-
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ute) (t=-1.21; p=0.235) and with LMCA without IC
(76 bpm) (t=-1.08; p=0.286).

Correlation between BP and HR, and the Se-
verity of Autonomic Dysfunction

The participation of the ANS in the pathophys-
iology mechanism for the regulation of BP and HR
suggests a correlation between the severity of the car-
diovascular autonomous disorders and the values of
BP and HR. The performed Student t-test showed
that SBP at rest was significantly higher in the group
of patients with severe impairment of the autonom-
ic function (152.8 mm Hg) compared to the values in
the group of patients with mild autonomic disorders
(139.0 mm Hg) (p=0.036) (Fig. 5). The t-test showed a
statistically significant difference in mean SBP values
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Figure 5. Comparison of SBP values at rest according to
the severity of the autonomous disorders - 95% CI 95%,

CI SBP at rest, Mild disorders, Serious disorders, Severity
of autonomic dysfunction

at rest according to the severity of the autonomous
disorders (t=-2.14; p=0.036).

Unlike SBP at rest, the values of DBP showed
no statistically significant difference between the two
groups of patients. In mild autonomic disorders, the
mean value of DBP at rest is 82.88 mm Hg, and in the
severe ones — 85.65 mmHg (p>0.05).

The t-test showed no statistically signifi-
cant difference between the two groups (t=-0.99;
p=0.323). No significant difference was found in the
values of MAP between the patients with mild auto-
nomic disorders (101.68 mm Hg) and those with se-
vere autonomic dysfunction (107.95mm Hg) (t=-1.66,
p=0.102).

No significant difference was found in the mean
values of HR between patients with mild autonomic
disorders (75.72 bpm) and those with a severe auto-
nomic dysfunction (79.10 bpm) (t=-1.19; p=0.235).

DISCUSSION

There is a variability in SBP, DBP, MAP, and HR
with a tendency towards their increase, as the initial
higher values are most likely associated with acti-
vation of the sympathetic axis due to focal cerebral
ischemia. Some authors have reported a higher inci-
dence of elevated BP at admission, around 80% (10).

Many researchers have published data for the
possible fluctuation of BP in patients with stroke,
and various studies have shown that the increase of
BP values after stroke is transient (1) and associated
with a poor outcome (11,12,13,14). Elevated BP usu-
ally decreases spontaneously in the next few days af-
ter the stroke onset, without the application of anti-
hypertensive therapy (15).

Our study data indicate the presence of a sig-
nificant difference between the values of SBP, DBP
and MAP between stroke patients and the control
group, similar to the results of other authors (16). Pa-
tients with ischemic stroke and insular cortex dam-
age present more often an increase of BP (17) and
HR values, compared to those without involvement
of the IC and those with left IC involvement. We re-
port the most significantly elevated values in patients
with ICS in the territory of the RMCA with involve-
ment of IC, SBP (t=-4.31; p<0.001), DBP (t=-3.34;
p=0.002), MAP (t=-4.17; p<0.001), and HR (t=-2.51;
p=0.018), respectively. These results are probably as-
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sociated with significantly elevated levels of catechol-
amines in lesions affecting the right IC (16) and the
respective prevalence of the sympathetic activity.
Our results support the key role of the right IC in the
modulation of the sympathetic tone and can be ex-
plained by the evidence from the conducted electro-
physiological tests for the presence of a higher per-
centage of sympatho-excitatory neurons in the right
posterior IC (18,19,20).

The results of the t-test showed a statistically
significant difference in SBP in patients with mild
and severe autonomic disorders, as SBP values were
significantly higher in patients with severe disorders
(t=-2.14; p=0.036). Unlike SBP, the values of DBP,
MAP, and HR did not show a significant difference
between patients with mild and severe autonomous
disorders (p>0.05). These results can be explained
with the pathogenetic mechanism of the impaired
sympathetic-vagal modulation which, at rest, leads
mainly to changes in the cardiac output and in the
power of cardiac contractility (an increase in SBP, re-
spectively), rather than to a change in the resistance
of peripheral vessels.

In the acute phase of the ischemic stroke, the
values of BP vary considerably and the clinical man-
agement is largely based on the mean values of BP at
admission.

CONCLUSION

BP and HR variability with an increasing trend
was observed in patients with acute hemispheric
ischemic stroke, taking into account the significant-
ly higher values compared with controls. A positive
correlation between the values of SBP and the sever-
ity of AD was found.
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