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Objectives: The impact of different blood pressure (BP) components during the acute stage of stroke on the
risk of recurrent stroke is controversial. The present study aimed to investigate by 24 hour BP monitoring a
possible association between acute BP values and long term recurrence.
Methods: A total of 339 consecutive patients with first ever acute stroke underwent 24 hour BP monitoring
within 24 hours of ictus. Known stroke risk factors and clinical findings on admission were documented.
Patients given antihypertensive medication during BP monitoring were excluded. The outcome of interest
during the one year follow up was recurrent stroke. The Cox proportional hazard model was used to
analyse association of casual and 24 hour BP recordings with one year recurrence after adjusting for
stroke risk factors, baseline clinical characteristics, and secondary prevention therapies.
Results: The cumulative one year recurrence rate was 9.2% (95% CI 5.9% to 12.3%). Multivariate Cox
regression analyses revealed age, diabetes mellitus, and 24 hour pulse pressure (PP) as the only significant
predictors for stroke recurrence. The relative risk for one year recurrence associated with every 10 mm Hg
increase in 24 hour PP was 1.323 (95% CI 1.019 to 1.718, p = 0.036). Higher casual PP levels were
significantly related to an increased risk of one year recurrence on univariate analysis, but not in the
multivariate Cox regression model.
Conclusions: Elevated 24 hour PP levels in patients with acute stroke are independently associated with
higher risk of long term recurrence. Further research is required to investigate whether the risk of recurrent
stroke can be reduced to a greater extent by decreasing the pulsatile component of BP in patients with
acute stroke.

T
he value of antihypertensive treatment in protection
against first ever and recurrent stroke regardless of
baseline blood pressure (BP) level is well established.1 2

In contrast, there is little consensus about optimal manage-
ment of BP in the acute stroke setting, which is still an issue
of debate.3 More specifically, the impact of the different
components of BP during the acute stage of stroke on the risk
of recurrent stroke is currently not clear. Data from
observational studies have suggested that the BP values at
the time of admission are related to early4–6 and late stroke
recurrence,5 7 whereas other reports do not support such an
association.8 9 Moreover, in a population based study neither
the level of BP before the index event nor the acute BP values
had any apparent effect on stroke recurrence throughout the
follow up period.10

Compared with casually recorded BP, non-invasive 24 hour
BP monitoring reduces the pressor response to hospital
admission,11 diminishes the measurement variability and
observer bias,12 and correlates more closely with hypertensive
target organ damage.13 In addition, it provides a large number
of readings that allows one to observe more precisely a
rapidly evolving phenomenon—such as the BP course in the
acute stage of stroke.
Therefore we aimed to investigate, by means of 24 hour BP

monitoring, a possible association between BP values in the
acute stage of stroke and the risk of long term recurrence.

PATIENTS AND METHODS
Data collection
Between January 1998 and January 2002, 415 consecutive
patients with first ever stroke were admitted from the
emergency room to the stroke unit of our hospital within
24 hours of the onset of symptoms. Nearly 90% of the
patients with stroke in our stroke unit use the emergency

services and are therefore admitted to hospital in the acute
stage of stroke. The hospital is a university institution
providing tertiary care services to the urban population of
the city of Athens. All patients hospitalised after June 1992
have been included in a prospective observational stroke data
bank. Details of the stroke patients in this registry from a five
year period (June 1992–May 1997) have been previously
described.14

For the present study, either an internist specialising in
stroke or a neurologist examined the patients on admission
and assessed stroke severity using the Scandinavian Stroke
Scale. The Scandinavian Stroke Scale score ranges from 0
(minimum) to 58 (maximum), and the total score decreases
with increasing stroke severity.15 All patients underwent
brain computed tomography (CT) scanning and electrocar-
diography on admission, Doppler ultrasonography of the
cervical arteries within 24 hours, and a second CT scan or
magnetic resonance imaging (MRI) during the time they
were in hospital. Selected patients (59%) underwent trans-
thoracic or transoesophageal echocardiography. According to
the Trial of Org 10172 in Acute Stroke Treatment (TOAST)
criteria,16 we classified ischaemic strokes on the basis of
aetiopathogenetic mechanisms into the following groups:

N large artery atherosclerotic stroke (LAA)

N cardioembolic stroke (CE)

N small artery occlusion or lacunar stroke (LAC)

N infarct of undetermined cause (IUC).

Abbreviations: BP, blood pressure; CE, cardioembolic stroke; DBP,
diastolic blood pressure; LAA, large artery atherosclerotic stroke; LAC,
small artery occlusion or lacunar stroke; ICH, intracerebral
haemorrhage; IUC, infarct of undetermined cause; MBP, mean blood
pressure; PP, pulse pressure; SBP, systolic blood pressure
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Cardiovascular risk factors were documented in all cases.
Patients were considered as having a history of hypertension
if they had evidence of systolic blood pressure (SBP) above
140 mm Hg, or diastolic blood pressure (DBP) above
90 mm Hg at any time before or four weeks after stroke
onset, or if they had received any antihypertensive medica-
tion prior to the index event.17 The definitions of cigarette
smoking, diabetes mellitus, heart failure, coronary artery
disease, and hypercholesterolaemia have been described
elsewhere.14

BP monitoring and management
On hospital admission, the same internist measured casual
supine BP in both arms on three separate occasions at
intervals of 15 minutes, using a standard mercury sphygmo-
manometer. The mean value was taken after ensuring that no
difference in the BP between the two arms was greater than
10 mm Hg. We used the oscillometric Spacelab 90209
equipment (Spacelab Inc, Redmond, WA) to monitor the 24
hour BP. The monitoring equipment was applied in the study
patients within 24 hours of the onset of stroke and was set to
obtain automatic BP readings at 15 minute intervals. Any
patient with fewer than three readings per hour at any time
of the 24 hour period was excluded from the study. A total of
between 72 and 96 pairs (three to four readings per hour;
mean (SD) count of recordings 84.8 (3.9)) of SBP and DBP
values per patient per 24 hours were entered into our
statistical analysis program. SBP, DBP, mean BP (MBP),
pulse pressure (PP), and heart rate recordings were auto-
matically averaged and presented as mean values of the 24
hour BP monitoring. We checked the accuracy of the BP
monitoring devices monthly by taking 10 automatic and 10
auscultatory BP readings simultaneously from the same arm
via a Y-tube. In all instances values did not differ more than
5 mm Hg.
Our policy of BP treatment in the setting of acute stroke

was based on the ‘‘European Stroke Initiative’’ (EUSI)
recommendations for stroke management.18 We treated
post-stroke hypertension in only those patients who had
critically elevated BP levels (SBP .220 mm Hg, DBP
.120 mm Hg). Pre-stroke antihypertensive therapy was
discontinued during the acute stage of the cerebrovascular
event. None of the study patients was given thrombolytic
therapy. Patients with post-stroke hypotension were not
given vasopressors in order to achieve pharmacological
elevation of BP.
Patients with a difference of greater than 10 mm Hg

between the casual BP in the two arms (n=5) or with
missing admission casual BP values (n=9) were excluded
from further evaluation. A further 23 patients had to be
excluded because they had fewer than 72 pairs (three
readings per hour) of SBP and DBP values per 24 hours. In
addition, 26 patients were excluded because they received
antihypertensive medication (n=13), or succumbed to
(n=11) or had a recurrent stroke (n=2) during the BP
monitoring. Thus, a total of 352 stroke patients fulfilled all
the abovementioned criteria and were prospectively studied.
During the first seven days after the index event 10 patients
died, and a recurrent cerebrovascular event was documented
in four subjects. Repeat assessments of casual and 24 hour BP
were made one week following acute stroke in the remaining
338 survivors. None of these patients had critically elevated
BP levels in the first week of ictus. Consequently, in
accordance with the EUSI recommendations,18 we did not
initiate antihypertensive treatment during this period. BP
medication was initiated in patients with a documented
history of hypertension 15–20 days after the index event
according to the World Health Organization guidelines for
the management of hypertension.17

Follow up
Secondary stroke prevention therapies—lipid lowering, anti-
platelet agents, and oral anticoagulants—were administered
to selected patients in keeping with the EUSI guidelines.18 A
study investigator and a trained nurse prospectively followed
up all surviving patients 1, 3, 6, and 12 months after the
index event. The outcome events of interest were recurrent
stroke and death. To determine the occurrence of recurrent
ischaemic stroke or intracerebral haemorrhage (ICH) we
evaluated all the available information obtained from death
certificates, hospital records, physicians’ notes in private
practice, necropsy findings, and the patients’ clinical pre-
sentation at the regular follow up assessments. Recurrent
stroke was defined as a cerebrovascular event of sudden
onset, lasting more than 24 hours, subsequent to the initial
stroke, which clearly resulted in a new neurological deficit or
an increase in an existing deficit.6 Visualisation of a new
lesion on brain imaging, involving an anatomical site or
vascular territory different from that of the index event, was
mandatory to support the diagnosis of recurrent stroke
during the first three weeks after stroke onset. This
requirement intended to ensure that systemic causes of
clinical deterioration after an initial stroke (hypoxia, hypo-
tension, hyperglycaemia, infection) and worsening of symp-
toms because of progression of the initial stroke were not
misclassified as a recurrent cerebrovascular event.19

The causes of death were divided into the following
subgroups:

N neurological damage (for example, brain oedema, trans-
tentorial herniation)

N infections

N cardiovascular causes (myocardial infarction, sudden
death due to cardiac arrhythmia, acute pulmonary oedema
or heart failure, pulmonary embolism)

N recurrent stroke

N other causes (for example, renal failure, cancer)

N unknown causes.

Patients lost to follow up (n=13) were excluded from
further evaluation.

Statistical analyses
Data are presented as mean (SD) or as percentages. We
evaluated the changes in BP between the initial recordings on
admission and the repeat assessments on day 7 with the
paired t test. We estimated the cumulative probability of
survival and recurrence after one year from the index event
with the Kaplan–Meier product-limit method. To evaluate
which factors contribute to long term recurrence, we used
Cox proportional hazards analyses. Those factors that
contributed to the outcome in the initial univariate analyses
at p values ,0.1 (because of the risk of type II error due to
low statistical power in such an analysis) were included in
the multivariate model as candidate variables and then
removed by backward stepwise selection procedure. In the
final multivariate analyses, p,0.05 was considered as
statistically significant. To confirm the robustness of the
multivariate models, we also performed all multivariate
analyses using a forward selection procedure. In addition,
to assess whether the relation of BP values during the acute
stage of stroke with long term recurrence was independent of
individual average ‘‘tonic’’ BP level, we repeated all analyses
in the subgroup of patients who underwent 24 hour BP
monitoring both on admission and on day 7 after stroke
onset, after correcting for differences between the two serial
BP measurements. Associations are presented as relative risk
(RR) with corresponding 95% confidence interval (CI). The
BP variables retained as independent predictors of stroke
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recurrence in the final model were divided into tertiles (up to
and including the 33rd and 67th centiles). Kaplan–Meier
curves of groups stratified by BP variables are presented here;
we used the log-rank method to compare recurrence free
survival after stroke between BP tertiles. The Statistical
Package for Social Science (SPSS Inc, version 10.0 for
Windows) was used for statistical analyses.

RESULTS
The final study population fulfilling all of the abovemen-
tioned inclusion criteria consisted of 339 patients with first
ever stroke who underwent BP monitoring on hospital
admission (325 underwent a second BP monitoring at day
7 of ictus). Ischaemic stroke was diagnosed in 269 patients
(79.4%), and 70 (20.6%) presented with stroke symptoms
due to ICH. The distribution of ischaemic stroke subtypes was
as follows: LAA 21.2% (n=57), CE 31.6% (n=85), LAC
26.8% (n=72) and IUC 20.4% (n=55). Demographic data
and the risk factors for stroke risk are presented in table 1.
We found statistically significant differences (p,0.001)

between the casual and 24 hour levels of SBP, DBP, MBP, and
PP on hospital admission. Furthermore, in the stroke patients
who underwent 24 hour BP monitoring both on admission
and one week after the onset of stroke there was a significant
fall (p,0.001) in the levels of all BP components between the
two recordings.
During the one year follow up period, we documented 89

deaths (26.3%) and 27 recurrent cerebrovascular events
(8.0%) (22 ischaemic strokes 3 ICH, and 2 unspecified type
of recurrence because of lack of follow up brain imaging).
One month case fatality and recurrence rate was 12.4%
(n=42) and 2.1% (n=7), respectively. The cumulative one
year mortality and recurrence rate was 24.2% (95% CI 19.7%
to 28.8%) and 9.2% (95% CI 5.9% to 12.3%), respectively. The
main causes of death during the first month of ictus were
neurological damage (50.0%) and infections (21.4%),
whereas during the remaining follow up period deaths were
mainly due to cardiovascular diseases (27.7%) and recurrent
strokes (23.4%; table 2).
To identify independent predictors of long term recurrence

we performed Cox proportional hazard analyses (table 3). In
the initial univariate analyses age, diabetes mellitus, coronary
artery disease, and casual and 24 hour PP were related to
stroke recurrence and were therefore selected for the final
multiple variable model. No statistically significant associa-
tions were identified between stroke recurrence and hyper-
tension (p=0.282), atrial fibrillation (p=0.461), stroke
subtype (p=0.369), and stroke severity at hospital admission

(p=0.778). The multivariate Cox regression analyses (per-
formed with both backward and forward selection proce-
dures) revealed only increasing age, diabetes mellitus, and 24
hour PP as significantly independent outcome predictors. The
relative risk for stroke recurrence associated with every
10 mm Hg increase in 24 hour PP was 1.323 (95% CI 1.019 to
1.718, p=0.036). Since atrial fibrillation and history of
hypertension are well documented risk factors for stroke
recurrence, we repeated all analyses after incorporating these
two variables in the multivariate Cox proportional hazards
model and obtained similar results. Finally, the ischaemic
stroke and the ICH subgroups were analysed separately; 24
hour PP was found to be an independent predictor of long
term recurrence in the ischaemic stroke (RR 1.350, 95% CI
1.038 to 1.755, p=0.025), but not in the ICH (RR 1.298, 95%
CI 0.854 to 1.911, p=0.283) population, due to the limited
number of patients in this subgroup.
Cox regression analyses were also performed in the

subgroup of patients (n=325) who underwent BP monitor-
ing both on admission and one week after the onset of stroke.
Interestingly, 24 hour PP levels on admission (RR 1.476, 95%
CI 1.133 to 1.922, p=0.004) as well as at day 7 (RR 1.320,
95% CI 1.027 to 1.696, p=0.030) predicted long term
recurrence on single variable analyses. However, only
admission 24 hour PP values remained a poor prognostic
factor (RR 1.340, 95% CI 1.011 to 1.776, p=0.042) in the
multivariate model. In contrast, 24 hour PP recordings at day
7 were not independently (p=0.161) associated with
recurrent stroke in the final multiple regression analyses.
Furthermore, increasing 24 hour PP levels were indepen-
dently associated with one year mortality (RR 1.293, 95% CI
1.106 to 1.512, p=0.001) even after adjustment for baseline
characteristics and secondary prevention therapies. Kaplan–
Meier curves of patients stratified by admission 24 hour PP
tertiles are presented in fig 1. Subjects with 24 hour PP
(59 mm Hg (lowest tertile) had the lowest recurrence rate
compared with the subgroup of patients with 24 hour PP of
.59 mm Hg and (71 mm Hg (median tertile) and those
with 24 hour PP .71 mm Hg (higher tertile, log rank 6.76,
p=0.034). It is also interesting that in the first few weeks
patients in the lowest PP tertile seemed to have the highest
risk of stroke recurrence (see fig 1). It was not until after the
first month that the patients with the highest PP levels
started to deviate from the lowest tertile group and showed a
more significant drop in recurrence free survival.

DISCUSSION
To our knowledge, this is the first study to evaluate the
possible association between BP values in the acute stage of
stroke and long term recurrence with the use of 24 hour BP
monitoring. We documented a linear association between
increasing 24 hour PP during the acute phase and recurrent
stroke. This association retained statistical significance even
after correcting for the average BP levels recorded one week
following the index event, indicating that stroke recurrence
cannot be solely attributed to post-stroke hypertension.

Table 2 Causes of death during the first year after stroke

Cause of death (1 month (%) .1 month (%)

Neurological damage 50.0 4.3
Infection 21.4 17.0
Cardiovascular diseases 9.5 27.7
Recurrent stroke 11.9 23.4
Other 4.8 8.5
Unknown 2.4 19.1

Table 1 Demographics, risk factors and clinical
presentation of 339 patients with acute first ever stroke

Age in years (mean (SD)) 69.6 (10.4)
Men (n (%)) 226 (66.7)
Elapsed time (hours) from stroke onset to hospital
admission (mean (SD))

6.1 (6.9)

Hypertension (n (%)) 258 (76.1)
Antihypertensive medication prior to the index
event (n (%))

176 (51.9)

Diabetes mellitus (n (%)) 92 (27.1)
Coronary artery disease (n (%)) 65 (19.2)
Atrial fibrillation (n (%)) 93 (27.4)
Heart failure (n (%)) 23 (6.8)
Smoking (n (%)) 131 (38.6)
Hypercholesterolaemia (n (%)) 91 (26.8)
Previous transient ischaemic attack (n (%)) 27 (8.0)
Scandinavian Stroke Scale score (mean (SD)) 32.3 (19.2)
Cerebral infarction (n (%)) 269 (79.4)
Intracerebral haemorrhage (n (%)) 70 (20.6)
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Previous studies have reported a relation between post-
stroke hypertension and stroke recurrence using casual BP
measurements.4–10 However, the impact of different compo-
nents of BP during the acute stage of stroke on early as well
as on late recurrence is controversial. Elevated levels of both
SBP4 7 and DBP6 7 on hospital admission have been shown to
be related to early and late stroke recurrence. However,
others have failed to document any association between
admission BP values and recurrent stroke.8 9 Moreover, in a
population based study20 and a retrospective case series21 the
BP levels recorded within one month of ictus had no apparent
effect on the risk of recurrence.
The discrepancy between the results of the various studies

may reflect underlying methodological problems such as BP
levels measured by different observers,4 6–10 20 21 retrospective
BP documentation,10 20 21 and lack of data on how BP was
recorded.20 Another confounding factor is that the associa-
tions reported between BP and recurrent stroke were not
assessed independently of other prognostic factors such as
severity of stroke,7 10 20 21 stroke subgroup,8 10 20 21 and con-
comitant risk factors.10 21 Variation in the time of BP
recording (ranging from ,24 to ,30 days9 20 21) may also
account for some of the abovementioned conflicting results;
the strategy of dichotomising BP,6 7 9 20 21 although clinically
relevant might have created artificial strata for the analyses.3

Finally, DBP was not recorded in the International Stroke
Trial,4 and thus the relation between other BP components
(PP or MBP) and outcome could not be investigated.

Table 3 Results of the univariate and multivariate Cox proportional hazard analyses to
determine the effect of different factors on recurrence

Dependent variable
Univariate analysis
Relative risk (95% CI)

Multivariate analysis
Relative risk (95% CI)

Baseline characteristics
Age (per 10 year increase) 1.929 (1.26 to 2.953) *** 1.980 (1.256 to 3.121) ***
Male sex 0.924 (0.415 to 2.057)
Hypertension 1.791 (0.619 to 5.177)
Diabetes mellitus 2.180 (1.020 to 4.657) ** 2.342 (1.072 to 5.116) **
Hypercholesterolaemia 1.279 (0.575 to 2.847)
Smoking 1.161 (0.543 to 2.480)
Coronary heart disease 1.998 (0.874 to 4.566) * 1.387 (0.583 to 3.303)
Atrial fibrillation 0.694 (0.263 to 1.834)
Heart failure 1.961 (0.590 to 6.515)
Previous transient ischaemic attack 1.369 (0.412 to 4.548)
SSS score (per 10 point increase) 1.031 (0.834 to 1.275)

Stroke subtype
Lacunar stroke 1.0
Large artery atherosclerotic stroke 2.822 (0.850 to 9.375)
Cardioembolic stroke 2.363 (0.666 to 8.378)
Infarct of undetermined cause 1.653 (0.466 to 5.865)
Intracerebral haemorrhage 1.067 (0.239 to 4.773)

Secondary prevention therapies
Diuretics 0.854 (0.400 to 1.826)
b-blocking agent 1.866 (0.817 to 4.264)
Calcium antagonist 0.720 (0.249 to 2.085)
Angiotensin-converting enzyme inhibitor 0.631 (0.289 to 1.379)
Angiotensin II receptor blockers 0.284 (0.038 to 2.090)
Lipid lowering agents 1.037 (0.438 to 2.453)
Antiplatelet agents 0.641 (0.288 to 1.428)
Oral anticoagulants 0.658 (0.228 to 1.905)

Blood pressure recordings
Casual SBP (per 10 mm Hg increase) 1.049 (0.891 to 1.234)
Casual DBP (per 10 mm Hg increase) 0.865 (0.664 to 1.126)
Casual MBP (per 10 mm Hg increase) 1.038 (0.813 to 1.325)
Casual PP (per 10 mm Hg increase) 1.228 (0.981 to 1.537) * 0.878 (0.622 to 1.239)
24 hour SBP (per 10 mm Hg increase) 1.094 (0.910 to 1.314)
24 hour DBP (per 10 mm Hg increase) 0.810 (0.616 to 1.065)
24 hour MBP (per 10 mm Hg increase) 0.951 (0.748 to 1.210)
24 hour PP (per 10 mm Hg increase) 1.455 (1.138 to 1.859) ** 1.323 (1.019 to 1.718) **
24 hour heart rate (per 10 bpm increase) 0.867 (0.664 to 1.132)

*p,0.1, **p,0.05, ***p,0.01.
DBP, diastolic blood pressure; MBP, mean arterial blood pressure; PP, pulse pressure; SBP, systolic blood pressure;
SSS, Scandinavian Stroke Scale.
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Figure 1 Kaplan–Meier curves of recurrence free survival after stroke in
patients stratified into tertiles by admission 24 hour pulse pressure.

BP and long term stroke recurrence 1363

www.jnnp.com

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.2004.057265 on 16 S
eptem

ber 2005. D
ow

nloaded from
 

http://jnnp.bmj.com/


In the present study we initiated BP monitoring within
24 hours of ictus. None of the patients was given anti-
hypertensive therapy during the recording. We carried out a
thorough set of clinical and laboratory investigations to
classify the patients into subtypes based on different
aetiopathogenic mechanisms. The technique of non-invasive
24 hour BP monitoring, which is known to reduce measure-
ment variability and observer bias,12 was used to overcome
some of the methodological problems associated with BP
measurement. Furthermore, casual and 24 hour BP values
were forced in the regression model as continuous variables,
avoiding dichotomisation and possible bias. We even
investigated the association between acute BP values and
risk of recurrent stroke after adjusting for BP levels at a
different time point, when acute BP changes are no longer
evident. Finally, all secondary stroke prevention therapies
instituted in our cohort were included in the analysis as
potential confounders.
The impact of PP on the risk of stroke seems to differ

between study populations consisting of patients from
different age groups. The incidence of stroke was better
predicted by casual22 or 24 hour MBP23 values in middle aged
patients with essential hypertension, whereas, in contrast,
casual24 and 24 hour PP25 values had a stronger association
with risk of stroke in older people with isolated systolic
hypertension in randomised clinical trials. A prospective
study using intra-arterial ambulatory BP monitoring corro-
borated the abovementioned findings. The investigators
reported that the relative significance of BP components
depends on age: DBP measures provided the best prognostic
value of stroke risk in middle aged individuals (,60 years),
whereas PP measures had the highest predictive power in the
elderly group (>60 years).26 We would also like to point out
that we have previously found an independent relation
between elevated 24 hour PP in the acute stroke stage and
one year mortality that was mainly due to recurrent stroke
and cardiovascular events.27 Likewise, investigators in the
Glycine Antagonist in Neuroprotection (GAIN) International
Trial recently demonstrated that increased weighted average
PP (documented by repeated casual recordings during the
first hours of ictus) was the only BP component that was
consistently associated with all four outcome measures of the
study (mortality, handicap, disability, and severity of
stroke).28

Elevated PP levels accelerate the progression of preclinical
atherosclerosis,29 predict carotid artery stenosis,30 and are
independently associated with carotid plaque ulceration.31

These structural changes in the large vessels are the under-
lying cause of LAA. PP has also been found to be related to
increased stiffness of small vessels in animal models32 and
in humans.33 Furthermore, resolution of small vessel remo-
delling was more closely related to changes in PP than in
MBP.32 Increased prevalence and severity of white matter
lesions, which are directly associated with lacunar stroke,
correlate with higher PP values.34 In addition, elevated PP
levels have been shown to be related to increased left
atrial size, which in turn has been identified as a precursor
of atrial fibrillation and stroke associated with atrial
fibrillation.35 Finally, an association has been reported
between PP at the time of presentation to hospital and
ICH in conjunction with thrombolytic therapy for acute
myocardial infarction.36

Our analysis was not intended to explain the possible
mechanisms for the association of recurrent stroke with PP.
However, it can be argued that in our study population,
which comprised older patients with hypertensive acute
stroke, elevated PP levels increased the risk of more
advanced atherosclerosis and of plaque rupture in the large
arteries supplying the brain. In addition, increased pulsatile

stretching may further damage the small vessels of the
cerebral circulation causing increased stiffness or rupture of
cerebral arterioles.
Higher casual PP levels were related to an increased risk

of one year recurrence on univariate analysis, but this
association did not retain statistical significance in the
multivariate Cox regression model. This finding may be
attributed in the statistically significant difference between
casual and 24 hour PP levels on hospital admission. In
addition, the higher number of measurements, the absence of
digit preference and observer bias,12 and minimisation of the
white-coat effect11 probably contributed to the predictive
superiority of 24 hour over casual PP. The superiority of
variables that describe the BP course in the acute stage of
stroke in predicting stroke outcome when compared with
single casual baseline measurements has been demonstrated
by numerous reports,27 28 37 whereas ambulatory BP variables
have been shown to have stronger predictive power than
screening BP measurements for stroke risk in a general
population.38

Our study had some limitations. Firstly, the body mass
index of the patients was not recorded; thus this important
vascular risk factor was not included in the analyses.
Secondly, we defined a number of risk factors such as
smoking and hypertension as binary variables although
duration and severity are important. Thirdly, potential
observer bias during follow up affecting the documentation
of recurrent cerebrovascular events should be considered. It is
of note though, that the recurrent strokes were mostly
devastating or fatal and, in most instances, were confirmed
by means of hospital records, brain imaging, and autopsy
findings. Fourthly, there was potential risk of rebound
hypertension and/or cardiac ischaemia in some stroke
patients whose pre-stroke antihypertensive medications
(especially b-blockers) were abruptly discontinued. Lastly,
association does not meet causality and since this was an
observational study, it cannot prove a causal relation of PP
with stroke recurrence.
In conclusion, our results suggest that higher 24 hour PP

values during the acute phase of stroke are independently
associated with increased one year recurrence. This observa-
tion raises the possibility that the risk of recurrent stroke
could be decreased to a greater extent by reducing the
pulsatile component of BP in patients with acute stroke.
Antihypertensive medications can selectively alter different
components of BP and have been shown to have a dif-
ferential effect on conduit vessel stiffness. This differential
effect may translate into improved efficacy with agents
that preferentially decrease large artery stiffness and there-
fore decrease PP values, such as angiotensin-converting
enzyme inhibitors, nitric oxide donors, and low dose
diuretics. However, before a case can be made for acute
antihypertensive treatment, further research is needed to
clarify the potential mechanisms (carotid plaque rupture,
increased small vessel stiffness) that link acute elevation
of PP with stroke recurrence independent of chronic
hypertension.
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