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A Spontaneous Decrease of Blood Pressure Occurs in Acute Ischemic

Stroke with Favourable Neurological Course
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Abstract: Background: In the acute phase of ischemic stroke the relationship between blood pressure (BP) and clinical
outcome remains not clear. The aim of our study was to evaluate the association of stroke severity and BP measurements
in the acute phase of stroke, and whether early variation of neurological status affects BP profiles.

Methods: BP on admission was obtained with mercurial sphygmomanometer and 24h-ambulatory BP monitoring (ABPM)
was performed on days 1% and 6". Enrolled patient were grouped according to the neurological deficit at onset (graded by
the NIHSS) in group A, (NIHSS score < 10, mild/moderate) and group B (NIHSS score > 10, moderate/severe) and ac-
cording to the occurrence of early neurological improvement, defined as a NIHSS score reduction of at least 4 points at
the 6" day in group C (improved) and in group D (not improved).

Results: A total of 57 patients were enrolled. On admission sphygmomanometric systolic BP values were higher in group
A with respect to group B (158,5 mmHg + 26,9 vs 147,7 mmHg + 15,5 respectively; p = 0.6) whereas no difference was
found in ABPM. On admission sphygmomanometric BP and ABPM were similar in group C and group D. At the 6" day
ABPM, both systolic BP and diastolic BP values were significantly reduced in clinically improved patients (A systolic BP
1% to 6" day = 9,9+13,3 in group C vs 0,5+17,6 in group D, p < 0,05; A diastolic BP 1% to 6™ day = 5,1+ 8,4 mmHg in
group C vs 1,3 £ 9,7 mmHg in group D, p = ns) whereas no change in the 24-h BP profile was observed in patients with-
out early improvement.

Conclusion: BP on admission in not related to the stroke severity and does not predict early neurological outcome and pa-

tients that show an early neurological improvement show also a reduction of the BP profile.
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INTRODUCTION

Hypertension occurs in up to 60-80% of the patients with
acute cerebrovascular disease. Many studies investigated the
relationship between hypertension in the early phase of acute
stroke and clinical outcome, but results are conflicting. In
fact, some Authors found that high blood pressure (BP) is
associated with poor outcome, mainly due to an increased
risk of stroke recurrence, cerebral oedema, or haemorrhagic
transformation of the infarct, whereas other Authors found
that hypertension ameliorates outcome, increasing the cere-
bral blood flow in the ischaemic penumbra. In agreement
with the former, the Intravenous Nimodipine West European
Stroke Trialists (INWEST) found, in an observational study,
that high initial BP was one of the independent predictors of
poor outcome at 21 days in patients with acute ischaemic
stroke [1]. In a systematic review of available observational
studies, Willmot et al. found that there is a positive associa-
tion between high BP at admission and poor outcome,
probably due to early recurrence or re-bleeding, and sug-
gested that moderate lowering of a high BP might reduce
early death and deterioration and late death and dependency
[2]; however, the author himself pointed out that it could not
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be established if the effect of high BP was a direct one, or
otherwise dependent on other factors, mainly stroke severity.
He also considered that timing of measurement is a crucial
point (from hospital admission up to 48 hour), due to the
reported spontaneous decrease in BP after the first hours of
stroke, and the established association of large infarct with
high BP. Other Authors [3-5] found a U-shaped relationship
between baseline systolic BP (SBP) and adverse clinical out-
come (both early mortality and late mortality or depend-
ency), thus indicating that elevated as well as low BP values
aggravate prognosis. In the IST population [3] the lowest
frequency of poor outcome was observed in patient with
baseline SBP of nearly 150 mmHg, and remained low be-
tween 140 and 180 mmHg. In disagreement with these re-
sults, Semplicini et al. found better outcomes in patients with
high initial BP, and they suggested that hypertension is
probably a mechanism to maintain cerebral perfusion [6].

Researchers have recently focused their attention on BP
time course in the first 24 hours from stroke onset, more reli-
able than the single basal measurement. However, also in
these studies the relationship between BP trends and out-
come was still conflictual. In three studies conducted in the
first hours from stroke, Castillo et al. showed that a reduc-
tion in blood pressure greater than 20 mmHg was associated
with poor outcome at 3 months [5], whereas, oppositely,
Christensen et al. found better outcomes in patients with
spontaneous fall of BP [7] and Vemmos et al. found a rela-
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tionship between persistently elevated SBP at 24-hours
monitoring and subsequent brain oedema formation [8]. In
line with the latter, Sartori et al. found that a small BP reduc-
tion (between 5 and 14 mmHg in mean BP) during the first
24 hours, either spontaneous or drug-induced, was associated
with a better prognosis at 3 months, and the lack of BP re-
duction indicated a more severe stroke and a poorer outcome
[9].

At present, the relationship between BP and clinical out-
come in acute stroke remains a dilemma: is it hypertension
that influence clinical outcome or vice versa is BP rising
only an epiphenomenon of stroke severity?

The aim of our study was to evaluate the association of
stroke severity and BP measurements obtained with 24h-
ambulatory BP monitoring (ABPM) in the acute phase of
stroke, and whether early variation of neurological status
affects 24-hour BP profiles.

PATIENTS AND METHODS
Patients

We prospectively studied 57 patients, mean age 69,4+
13.8 years, range 26-87, consecutively admitted to our
Emergency Department (ED) with acute ischaemic stroke
with onset within six hours. The study was conducted be-
tween January 2004 and April 2006.

The diagnosis of stroke was based on clinical presenta-
tion and basal brain CT scan, which was performed in all
patients and repeated after 48-72 hours. Stroke severity was
graded with the National Institutes of Health Stroke Scale
(NIHSS), administered on admission and daily up to the 6"
day [10]. The pathogenesis of stroke was assessed using the
TOAST classification [11], which distinguishes five sub-
types of ischaemic stroke: large-vessel atherothrombotic;
cardioembolic; small-vessel occlusive disease (lacunar in-
farct); of other aetiologies; of undetermined cause (incom-
plete work-up or more than one possible aetiology). The pos-
sible involved vascular territory was assessed with the Ox-
fordshire Community Stroke Project (OCSP) classification,
which identifies four subtypes according to clinical features:
total anterior circulation infarct (TACI), partial anterior cir-
culation infarct (PACI), lacunar infarct (LACI), and poste-
rior circulation infarct (POCI) [12].

Treatment

Most of the patients were included in the SETIS study
(Study Efficacy Tirofiban Ischaemic Stroke), a randomized,
double-blind antiplatelet treatment trial [13]. After authorisa-
tion for thrombolysisis and adhesion to Sits-Most register,
patients presenting within three hours were treated with i.v.
r-TPA (a total of 2/57).

Exclusion Criteria

We excluded patients with deep coma, evidence of
haemorrhage at CT scan, atrial fibrillation, need of anti-
hypertensive drugs during the acute phase and ABPM regis-
tration.

BP Measurements Methods and Timing of Measure-
ments

BP on admission was obtained with mercurial sphy%mo-

manometer. ABPM was performed on days 1% and 6"; an
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automated oscillometric device Mobil-O-Graph was placed
in the non-dominant arm. BP readings were obtained every
10 minutes during the day and every 20 min during the night.
The accuracy of this device has already been established
according to criteria proposed by the British Hypertension
Society [14]. Either a large adult or normal adult cuff size
was used, as appropriate for the patient’s mid-upper-arm
circumference.

Study Design
The whole series was divided into these subgroups:

1) according to the neurological deficit at onset, graded
by the NIHSS:

- group A, mild/moderate neurological deficit,
NIHSS score < 10, 36 patients;

- group B, moderate/severe neurological deficit,
NIHSS score > 10, 21 patients.

2) according to the occurrence of early neurological im-
provement, defined as a NIHSS score reduction of at
least 4 points at the 6™ day [15]:

group C, improved, 41 patients;

group D, not improved, 16 patients.
Statistical Analysis

For general descriptive statistics mean and SD, median
and IQR (in relation to the whether or not they were nor-
mally distributed), or frequencies are given for continuous,
ordinal or categorical variables. Comparisons of BP and
ABPM parameters between groups were made with Student t
test for unpaired data; comparisons of frequencies were
made with chi-squared or Fisher exact test. Spearman test
was used for correlations. Logistic regression analysis was
used to evaluate the dependence of BP reduction on the fol-
lowing independent variables: gender, age, type of infarct
according to the involved territory (OCSP classification),
NIHSS score, early neurological improvement. For this pur-
pose variables were categorised as follows: A-SBP (differ-
ence between mean 24-hours SBP at ABPM, recorded dur-
ing the 1% and the 6™ day) divided in terziles (0= first,
1=second, 2= third terzile), gender (O=males, 1= females),
age, early neurological improvement (NIHSS score reduc-
tion >4 points at the 6™ day), history of hypertension, terri-
tory LACI or TACI (0 =no, 1 = yes).

The probability value <0,05 was considered statistically
significant; all probability values were two-sided. For statis-
tical analysis we used SPSS version 14.

RESULTS

A total of 114 ABPM recordings was performed, 70 dur-
ing the first day, and 58 at the sixth day. Basal recording
started within 6 hours from stoke onset. Eleven ABPM re-
cordings were incomplete or not analysable due to artefacts;
two patients did not receive the second ABPM recording
because they died. For the purpose of the study, we included
all the patients with complete and successful recordings at
both the first and the sixth day, with a total of 57 patients
being included.
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Overall Series

Of the 57 patients included in the study, 28 were males
and 29 females; mean age was 69.5 + SD 13.8 years.

The general characteristics and clinical history of the
study population, the distribution of ischemic stroke sub-
types according to the OCSP classification and etiopathoge-
netic subtypes according to the TOAST classification are
given in Table 1, that also shows the characteristics of the
patient population divided in the subgroups defined above.
Mean NIHSS score at admission in the ED was 10,5 + SD
5,3 (IQR: 6-13,5).

No difference was observed as regards the frequency of
principals cardiovascular risk factors.

Rossi et al.

Sphygmomanometric values obtained in the ED were:
SBP 154,4 + SD 23,7 mmHg (range 100-220), DBP 83,4 +
SD 13,4 mmHg (range 54-110); 40 patients (70%) were hy-
pertensive according to the cut-off value of 140/90 estab-
lished by the Hypertension Societies. BP values obtained at
ABPM monitoring at presentation and after six days are re-
ported in Table 2.

Forty-one patients (72%) decreased their NIHSS score by
more than 4 points, whereas in the remaining sixteen patients
(18%), a less degree reduction or an increase in the score
was observed.

As concerns the three-month functional outcome as-
sessed with the Rankin scale, 34 patients had a mRS score of
0-1, five of 2, 13 of 3-4, two of 5, and three died within the

Table 1. Basal general, clinical and stroke characteristics in the overall population, and in the subgroups divided according to se-
verity of neurological deficit at presentation (group A and B) and at early follow-up (group C and D, see test). Table re-

ports number and percentage in parenthesis

Overall Group A Group B Group C Group D
N =57 Mild/moderate Moder ./severe Improved Not improved
N =36 N=21 N =41 N =16
General characteristics
Gender males 28 (49 %) 20 (56 %) 8 (38 %) 23 (56 %) 5(31%)
Age (mean + SD) 69.4+13.8 69.8 +12.7 68.8 +15.9 67.5 +15.0 74.4 8.9
BMI>30 8 (13 %) 8 (13 %) 0 7 (17 %) 1 (5 %)
Smoking 0 0 0 0 0
Clinical characteristics
Hypertension 35 (61 %) 21 (58 %) 14 (66 %) 24 (58 %) 11 (68 %)
Dislipidemia 5 (8 %) 4 (10 %) 1(5 %) 5 (12 %) 0
Atrial fibrillation 5 (8.3%) 4 (10 %) 1 (5 %) 4 (10 %) 1(5%)
Previous stroke/TIA 3 (5%) 3 (7 %) 0 3 (7 %) 0
Diabetes 14 (23 %) 12 (30 %) 2 (10 %) 11 (27 %) 3 (16 %)
Stroke characteristics
Basal NIHSS (mean + SD) 105+5.3 7.0+1.6 16.4+4.0 95+46 13.3+6.2
OCSP classification (vascular territory)
TACI 16 (28 %) 8 (19 %) 8 (50 %)
LACI 20 (35 %) 15 (37 5) 5 (31 %)
PACI 18 (32 %) 15 (37 %) 3 (18 %)
POCI 3 (5 %) 3 (7 %) 0
TOAST classification (etiopathogenetic subtypes)
Large vessels 15 (26 %)
Cardioembolic 9 (16 %)
Small vessels 14 (25 %)
Undetermined 19 (33 %)
Other causes 0
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end of the follow-up period. There was a strong relationship
between early neurological improvement and three-month
functional outcome: 36/41 (88%) patients with early im-
provement at sixth day had a follow-up mRS score < 2 at
three-month, with respect to 3/16 (18%) in those without
early neurological improvement.

Table2. Basal BP measurement obtained with Sphygmoma-
nometer at the ED and 24-hour ambulatory BP
monitoring (ABPM) during the first and sixth day
from stroke onset. Figures represent mean and *
SD. SBP = Systolic blood pressure, DBP = Diastolic
blood pressure, HR = Heart rate, PP = pulse pres-
sure

BP method measurement Whole group, N = 57
(mean + DS)
Sphygmomanometer SBP 158.5 £ 26.9
atthe ED DBP 85.8+13.1
HR 80.8+175
ABPM basal SBP 140.8 +18.9
DBP 81.5+105
HR 70.6 +£9.0
PP 59.3+14.1
ABPM 6° day SBP 1335134
DBP 77.7+9.1
HR 71.2+83
PP 555+114

Subgroups A and B

Thirty-six patients had a NIHSS score <10 at presenta-
tion (group A, mild/moderate neurological deficit) and 21
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patients had a NIHSS score >10 (group B, moderate/severe
neurological deficit). As shown in Table 3, sphygmoma-
nometric BP values in the ED was higher (thought approach-
ing significance) in less severe strokes with respect to more
severe ones (SBP 158,5 mmHg + 26,9 and diastolic BP
(DBP) 85,8+ 13,1 in group A vs 147,7 mmHg+15,5 and
79,4+13,2 mmHg in group B; p = 0.6 and p = 0.08 for SBP
and DBP respectively) whereas no difference was found in
24h-mean SBP and DBP values recorded at basal ABPM
(SBP 140,8+18,9 and DBP 81,5+10,5 in group A vs
145,1+20,6 and 79,2+11,6 mmHg in group B; p=ns and p=ns
for SBP and DBP respectively). As also shown, 24 hour
mean BP measured with ABPM was similar to sphygmoma-
nometric values in severe strokes but very differed in less
severe ones.

Subgroups C and D

At the 6™ day mean NIHSS score was 4.98+6.0 (IQR: 1-
8), with an overall reduction of 5,5+4,2. A score reduction
>4 points was observed in 41 patients (group C, early neuro-
logical improvement), whereas 16 patients did not reach
such a score reduction or increased their scores (group D, not
improved).

Basal NIHSS score was significantly different in the two
groups (9,5 = 4,6 in group C and 13,3 + 6,2 in group D p<
0.05), with a significantly higher prevalence of TACI vascu-
lar territory in group D. Mean age was higher in group D
with respect to group C (Table 1).

As shown in Table 4, BP on admission in the ED was
similar in the two groups (SBP 154,4+217 and DBP
84,0+13,2 in group C vs 154,7+29,0 and 81,8+14,0 in group
D, p=ns and p=ns for SBP and DBP respectively), as well as
the 24h-mean BP values at basal ABPM (SBP 141,4+20,3
and DBP 80,8+10,8 in group C vs 144,9+17,7 and 80,4+11,2
in group D, p=ns and p=ns for SBP and DBP respectively).

At the 6" day-ABPM, both SBP and DBP values were

significantly reduced in clinically improved patients,
Table 3. Basal BP measurement obtained with Sphygmomanometer at the ED and 24-hour ambulatory BP monitoring (ABPM)
during the first and sixth day from stroke onset. Results are given in relation to severity of stroke (group A and group B,
as previously defined). Figures represent mean and + SD. SBP = Systolic blood pressure, DBP = Diastolic blood pressure,
HR = Heart rate, PP = pulse pressure
BP method Measurement Group A, n=36 Group B, n=21 p value
Mild/moderate Moderate/severe
(mean + DS) (mean + DS)
Sphygmomanometer at the ED SBP 158.5 £ 26.9 147.7+155 p=.06
DBP 85.8+13.1 79.4+132 p=.08
HR 80.8+ 175 78.2+231 NS
ABPM basal SBP 140.8 +18.9 145.1+20.6 NS
DBP 81.5+105 79.2+116 NS
HR 70.6 +£9.0 723+12.7 NS
PP 59.3+14.1 65.8+12.9 p=.08
ABPM 6° day SBP 133.5+134 137.9+22.7 NS
DBP 77.7+9.1 748+ 124 NS
HR 71.2+83 69.8 +10.2 NS
PP 555+114 63.1+14.8 p<.05
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Table 4.
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Basal BP measurement and 24-hour BP monitoring during the first and sixth day from stroke onset. Results are given in

relation to early neurological improvement severity of stroke (group C and group D, as previously defined). Figures rep-

resent mean = SE. SBP = Systolic blood pressure, DBP = Diastolic blood pressure, HR = Heart rate, PP = pulse pressure

BP method Measurement Group C, n=41 Group D, n=16 p value
Improved Not improved
(mean + DS) (mean + DS)
Sphygmomanometer at the ED SBP 1544 £21.7 154.7£29.0 NS
DBP 84.0+13.2 81.8+14.0 NS
HR 78.9+184 82.1+23.0 NS
ABPM basal SBP 141.4+20.3 1449 +17.7 NS
DBP 80.8+10.8 80.4+11.2 NS
HR 69.3.£94 76.2+11.7 P< .05
PP 60.6 + 14.5 64.4+12.1 NS
6" day ABPM SBP 131.5+17.1 144.4+ 146 p< .05
DBP 75.6 £10.2 79.1+109 NS
HR 69.5+8.9 73.8+87 NS
PP 55.5+13.2 65.3 +10.7 p< .05
ABP 1* to 6" day SBP 9.9+13.3 0.5+17.6 p< .05
DBP 5.1+ 8.4 1.3+9.7 NS
whereas no change in the 24-h BP profile was observed in DISCUSSION

patients without early improvement (A SBP 1% to 6" day =
9,9+13,3 in %roup C vs 0,5+17,6 in group D, p < 0,05; A
DBP 1% to 6" day = 5,1+ 8,4 mmHg in group C vs 1,3 + 9,7
mmHg in group D, p = ns) (Fig. 1).
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Fig. (1). Correlation between the entity of systolic BP decrease
(ASBP from 1% to 6" day) and the entity of NIHSS score reduction
(ANIHSS from 1% to 6" day).

The entity of NIHSS reduction at sixth day did not corre-
late with basal 24 hour systolic BP values, whereas it was
inversely correlated with 24 hour BP values at the sixth day
(R2: 0,07; p<0,05) (Fig. 2).

A result of present study concerns the relationship be-
tween BP and stroke severity. BP measured with sphygmo-
manometer in the ED was higher in less severe strokes with
respect to more severe ones, whereas mean BP values ob-
tained with the basal 24h monitoring were similar. As sug-
gested in previous studies [8], we think that BP values ob-
tained with sphygmomanometer in the ED are influenced by
stress and environment reactivity, which less affects the
more reliable technique of ABPM and critically ill patients,
according to other authors [9]. Notably, BP values recorded
with the two methods were greatly different in less severe
stroke group, of nearly 18 mmHg in SBP.

A second result concerns the relationship between BP at
onset of stroke and clinical neurological outcome. In the two
groups with favourable (at least 4 points decrease in NIHSS
score) or unfavourable early neurological outcome, sphyg-
momanometric BP in ED and at basal 24 hour BP monitor-
ing were similar; this does not support the observation that
neurological outcome is predicted by BP at stroke onset and
supports the hypothesis that hypertension is a compensatory
mechanism to maintain an adequate flow in the penumbra.
This is line with our observation concerning BP trends and
neurological courses: at the 6™ day monitoring BP was sig-
nificantly reduced in neurologically improved patients, with
a mean decrease in SBP of nearly 10 mmHg (from 141.4 to
131.5 mmHg); oppositely, patients who did not improve,
showed the same 24-hour BP profile at the second ABPM
monitoring. Moreover the degree of early neurological im-
provement (NIHSS score reduction) was not related to BP
values at basal ABPM, but was significantly related to BP
values at the second monitoring. Also Christensen found a
different course of BP in severe versus non severe cerebral
infarcts, and reports a spontaneous decrease of BP in the first
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y

hours after mild strokes or TIA, a model of early reperfusion
of ischemic brain area.

Limits of our study are consistent with the selected popu-
lation: all the patients with atrial fibrillation, about one third
of usual stroke population, were excluded to make possible
ABPM technique.

Moreover in our series BP values tend to be lower than
other series (it’s reported that in a series with a lot of patients
with SBP lower than 160 mmHg, a relation between BP and
outcome could be missed), and neurological deficit were of
moderate degree; this was due to the selection, for therapeu-
tical purpose, of the patients included. In this context, we did
not evaluate the prognostic value of hypertension, but simply
evaluated pressure profiles, in relation with neurologic
course, in patients with homogeneous treatment (SETIS
trial).

In conclusion BP on admission in not related to the
stroke severity and does not predict early neurological out-
come and patients that show an early neurological improve-
ment show also a reduction of the BP profile. Normalization
of BP profile could be the consequence of neurological im-
provement.
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