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Abstract

Endothelium-dependent vasodilator function may be regarded as an index of inflammation. Endothelial
dysfunction has been observed in stroke patients and has been related to stroke physiopathology, stroke
subtypes, clinical severity, and outcome. Our aim was to measure systemic vascular function directly (using
forearm flow mediated dilatation) in patients with acute ischemic stroke and to clarify whether recent acute
ischemic stroke is associated with impaired vascular function. Patients who were not eligible for thrombo-
lytic therapy because of delayed arrival were randomly recruited to the study after signing a consent form.
All 43 patients were conscious and had an acute ischemic stroke. Brain CT was performed on admission,
and clinical evaluation was carried out by a neurologist on admission and four days later. Vascular respon-
siveness was evaluated by ABI and by endothelial function measurements on admission. Levels of P-selec-
tin were measured during the first 24 hrs and on day 4. Forty-three patients (28 men and 15 women) and 23
healthy men (control) were enrolled in the study. Patients were older (62.4+12.5 y vs 44.2+11.6 y,
p=0.001), had worse endothelial dysfunction (—4.4+7.4% vs 16.6£7.6%, p=0.001), and had a higher BMI
(28+6 vs 24+5, p=0.001). No gender effect was found in endothelial function (-5.1+7.8% vs —2.54+6.6%,
p=0.25) and ABI (1.0+£0.26 vs 1.0+0.5, p=0.29). However, men had lower BMIs compared to women
(26.8+5.8 vs 31.4+5.5, p=0.01). The neurological scale decreased from 4.9+3.4 to 3.2+3.0 on day 4
(p=0.001). In men, it was 4.8+3.8 on admission, and decreased to 3.2+3.4 on day 4 (p=0.001). In women, it
was 5.0+2.7, and decreased to 3.3+2.3 on day 4 (p=0.001). P-selectin levels were high on admission
(68.0+55.5 pg/ml) and increased 4 days later (102.3+72.0 pg/ml) (p=0.01). Men had higher levels on
admission (79.1+ 66.7 pg/ml vs 48.9+ 15.4 pg/ml, p=0.02) and rose on day 4 to 113.6+82.6 pg/ml (p=0.05);
in women P-selectin increased from 48.9+ 15.4 pg/ml to 83.5+46.4 pg/ml (p=0.01), without gender effect
on day 4 (113.6+82.6 pg/ml [men] vs 83.5+46.4 pg/ml [women] (p=0.08)). None of the univariate models
seemed statistically significant---gender (p=0.448), age (p=0.100), BMI (p=0.607), ABI (p=0.103), FMD%
(p=0.456), and P-selectin (p=0.195). Patients with acute stroke had severe endothelial dysfunction during
the first 24 hrs with high P-selectin levels that further increased over the first week. Vascular instability and
procoagulant activity are still in progress in the first days following acute stroke and patients are at risk to
develop more vascular events at that time.

Introduction

The vascular endothelium is a primary target for inflam-
matory mediators. Functionally, endothelial inflamma-
tory activation is associated with a profound impairment
in endothelium-dependent vasodilator ~function.!™3
Endothelium-dependent vasodilatation may be regarded
as an integral index of all inflammatory mediators
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present in an individual and thus may represent the vas-
cular phenotype of an inflamed patient. Resting ankle-
brachial index (ABI) is also considered an indicator of
generalized atherosclerosis, and a low ABI is associated
with an increase in stroke incidence in the elderly.* The
importance of endothelial dysfunction in the pathogene-
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sis of acute ischemic stroke remains uncertain. Acute
ischemic stroke is associated with a rise in markers of
endothelial activation in the systemic circulation> © and
with fewer circulating endothelial progenitor cells.’
Whether these results reflect an underlying primary dis-
turbance of endothelial function in the pathogenesis of
acute ischemic stroke or an acute phase response to the
cerebral injury is unknown. We hypothesized that acute
ischemic stroke would be associated with impairment of
systemic endothelial dysfunction.

Our aim was to measure systemic vascular function
directly (using forearm flow mediated dilatation) in
patients with acute ischemic stroke and to clarify
whether recent acute ischemic stroke is associated with
impaired vascular function. Furthermore, we wanted to
find out if there is systemic platelet activation in the
acute phase and whether this activation is exacerbated
during the first week of the acute vascular event, creat-
ing, together with endothelial activation, a prothrom-
botic “vulnerable vascular environment” in the frail
brain.

Methods

The Institutional Review Board of the Baruch Padeh
Poriya Hospital approved this study, and each study par-
ticipant provided informed consent. Clinical evaluation
was done by an experienced vascular neurologist, who
evaluated the neurological status of the patients on
admission and on day 4. Imaging studies included brain
CT scanning that was performed on admission and as
necessary later on. Clinical parameters comprised age,
height, and weight. Vascular non-invasive methods that
were used to evaluate vascular responsiveness included
ABI and endothelial function, estimated by the brachial
artery plethysmography method. Markers of platelet
activation (levels of P-selectin) were measured twice (in
the first 24 hrs and after 4 days) by enzyme-linked
immunosorbent assay (ELISA).

Patients

Forty-three consecutive patients with first-ever acute
ischemic stroke were enrolled in the study after signing
a consent form. Participants were not eligible for throm-
bolytic therapy because of late arrival and were moni-
tored for one week in the hospital. All 43 patients were
conscious. Ischemic stroke was defined as a clinical
stroke syndrome with either a normal CT brain scan or a
recent infarct in the clinically relevant area of the brain,
according to a CT brain scan performed on admission to
the hospital. On admission, patients were examined by a
vascular neurologist, who estimated the clinical severity
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according to the NIH neurological scale (NIHSS).
Another clinical evaluation was carried out four days
later. The neurologist was blind to the results of the vas-
cular studies, as well as to the biochemical data (levels
of soluble P-selectin that were determined on day 1 and
4).

Clinical evaluations and wvascular studies were per-
formed in the first 24 hrs of admission. Vascular studies
included endothelial function measurement (flow medi-
ated dilatation percent change [FMD%]), ABI, and body
mass index (BMI).

Healthy subjects

Twenty three hospital employees served as the control
group. They included physicians and nurses from the
hospital. All were healthy non-smoking adults without
cardiovascular risk factors and without any medical fam-
ily history of cardiovascular events in the past.

Laboratory analysis

ABI: An ABI was performed while the patient lied
supine and the systolic blood pressure at all four extrem-
ities were determined. To measure an ankle systolic
pressure, a standard adult blood pressure cuff was placed
around the ankle just above the malleoli. While using
the Doppler flow-meter to monitor the signal from the
posterior of the anterior tibial artery, distal to the cuff,
the cuff was inflated to a pressure of approximately 30
mm Hg above the systolic pressure to occlude flow tem-
porarily. As the cuff was slowly deflated (2 to 5 mm
Hg/s), the pressure at which the Doppler flow signal was
first heard and recorded was the ankle systolic pressure.
An ABI was calculated by dividing the ankle systolic
blood pressure by the greater of the two systolic upper
extremity systolic blood pressures. An ABI of >1.0 was
normal. An ABI of 0.5 to 0.9 was indicative of injury to
a single arterial segment. An ABI of <0.5 was indicative
of severe arterial injury or injury to multiple arterial seg-
ments.

BMI: The body mass index (BMI) is a standardized
measure of the relationship of body mass to height. It
has allowed for calculation of risk for adverse events in
populations with different BMIs. The BMI is calculated
by dividing the weight in kilograms by the (height in
meters)%; the units are thus kg/m2. The upper limit of
normal was identified as the point at which the risk for
adverse health outcomes began to rise; the lower limit
was similarly determined.

Flow Mediated Diameter percent change (FMD%): All

measurements of brachial artery diameter and FMD%
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Figure 1: Flow Mediated Diameter Change Following Reperfusion of the Brachial Artery
A normal response in a healthy volunteer; the brachial artery was dilated in more than 10%

were performed in the morning, in a quiet and dark room
and at controlled ambient temperatures between 20°C
and 26°C. Studies were conducted after an overnight
fast of at least 10 hrs (water was permitted), with the
subject supine, and after 10 minutes of rest. The sub-
ject's right arm was comfortably immobilized in the
extending position, allowing for ultrasound scanning of
the brachial artery 5-10 cm above the antecubital fossa.
In each examination, recording of vessel images were
followed by inflation of a cuff to a supra-systolic pres-
sure (40 to 50 mmHg above systolic pressure) for 5 min.
Subsequently, the cuff was deflated and the brachial
artery diameter was imaged and recorded for 3 min. An
FMD% of more than 10% is considered a normal
response. Lower than 10% FMD% reflect endothelial
dysfunction, which means a high likelihood of develop-
ing a cardiovascular event in the future. Subjects with
negative FMD% results (the artery is constricted after
stress and not dilated as was expected) have the worst
prognosis.

Biochemical analysis—P-selectin levels were meas-
ured by ELISA, according to the manufacturer’s instruc-
tions, on day 1 and day 4 of admission (R&D Systems
Inc., 614 McKinley Place, Minneapolis, MN 55413
USA).

Statistical analysis—The chi square test and stu-
dent’s t-test were used to analyze categorical variables,
and a linear regression model was built to determine the
independent effect of stroke, gender, and age on FMD%.
Pearson correlation was used to find correlations
between clinical neurological states and markers of vas-
cular inflammation.

Results

Patients admitted with an acute ischemic stroke had
severe endothelial dysfunction with increased levels of a
proinflammatory/procoagulant soluble marker (P-selec-
tin) that increased even further within four days. Inter-
estingly, men had significantly higher levels of P-selec-
tin than women on admission.

Forty-three patients (28 men, 15 women) were enrolled
in the study after signing a consent form. Twenty-three
healthy subjects (all men) served as the control group.
There were significant differences between patients and
subjects of the control group with respect to age
(patients were older than volunteers —62.4+12.5 y vs
442+11.6 y, p=0.001), endothelial dysfunction (in
patients it was worse —4.4+7.4% vs 16.6+7.6%,
p=0.001) (Figure 1), and BMI (in patients it was higher
—28+6 vs 24+5, p=0.001). No difference was noted in
ABI (1.0 0.2 vs 1.0+0.1, p=0.45) (Table 1), and no
gender effect was observed with respect to age
(60.7£12.8 y vs 65.7+11.4 y, p=0.19), FMD% (—
5.1£7.8% vs —2.5+6.6%, p=0.25), and ABI (1.0+0.26
vs 1.0+0.5, p=0.29); however, men had a lower BMI
than women (26.845.8 vs 31.4£5.5, p=0.01) (Table 2).

All patients in the study arrived too late for thrombolytic
treatment. They were conscious and without any cogni-
tive impairment and improved clinically within a few
days of hospitalization. Generally, the neurological scale
(NIHSS) on admission was 4.9+3.4, decreasing to
3.243.0 after four days of follow-up (p=0.001). In men,
NIHSS was 4.8+3.8 on admission, declining to 3.2+3.4
on day 4 (p=0.001). In women, NIHSS on admission
was 5.0+2.7, which decreased to 3.342.3 on day 4
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Table 1:
Vascular Characteristics
Stroke patients Control subjects P-value
No. 43 23
Age (y) 62.4+12.5 44.2+11.6 0.001
FMD%  —4.4+£7.4% 16.6+7.6% 0.001
ABI 1.0+0.2 1.0+0.1 0.45
BMI 28+6 2445 0.001
Table 2:
Gender Effect on Vascular Characteristics
Stroke patients Control subjects P-value
No. 28 15
Age 60.7+12.8 65.7+11.4 0.19
FMD%  —5.1£7.8% —2.546.6%  0.25
ABI 1.0£0.26 1.0+0.5 0.29
BMI 26.8+5.8 31.445.5 0.01

FMD% = percent change of flow mediated dilatation performed by the brachial artery method

ABI = ankle brachial index (0.9-1.4 considered normal)
BMI = body mass index

Table 3:
P-selectin Levels (pg/ml)

Day 1 Day 4

P-value

Overall 68.0+£55.5 102.3+72.0 0.01
Men 79.1£66.7 113.6+£82.6 0.05

Women 48.9+15.4 83.5:464 001

P-value  0.02 0.08 0.45

*
P-value = the difference in P-selectin level on day 1 between men and women
*%
P-value = the difference in P-selectin level on day 4 between men and women

(p=0.001). No gender difference was observed between A linear regression model was built to determine the

NIHSS on day 1 (4.843.8 [men] vs 5.0£2.7 [women],
p=0.8) and day 4 (3.2+3.4 [men] vs 3.3+2.3 [women],
p=0.9).

P-selectin levels were high on admission and increased
further on day 4 (from 68.0+£55.5 pg/ml to 102.3+72.0
pg/ml, p=0.01) (Table 4). Interestingly, men had higher
P-selectin levels on admission compared to women
(79.1£ 66.7 pg/ml vs 48.9+ 15.4 pg/ml, p=0.02), even
though their NIHSS scores were similar. In male
patients, P-selectin increased further on day 4---from
79.1£66.7 pg/ml to 113.6+82.6 pg/ml (p=0.05), and in
female patients, P-selectin increased from 48.9+15.4
pg/ml to 83.5+46.4 pg/ml, (p=0.01) (Table 4). Although
there was a gender difference in the P-selectin level on
day 1, no such difference was observed on day 4---the
average P-selectin level in men was 113.6+£82.6 pg/ml,
while that of women was 83.5+46.4 pg/ml (p=0.08)
(Table 3). P-selectin level in healthy humans is between
3.12 and 12.5 pg/ml; thus, all patients with an acute
stroke had higher than normal levels of P-selectin on
admission, which further increased during their first
week of hospitalization.

independent effect of CVA, gender and age on FMD%.
CVA remained an independent correlate even after con-
trolling for age and gender. None of the univariate mod-
els seemed statistically significant---gender (p=0.448),
age (p=0.100), BMI (p=0.607), ABI (p=0.103), FMD%
(p=0.456), and P-selectin (p=0.195). Since no univariate
model seemed statistically significant, no multivariate
model was built.

Discussion

The main findings of this study are that patients with an
acute ischemic stroke have severe endothelial dysfunc-
tion within the first 24 hrs of admission and very high P-
selectin levels on admission (mainly men) that increase
further during the first week of hospitalization, despite
the general trend of clinical neurological improvement.

These data support the hypothesis that acute stroke is
associated with a worsening in systemic vascular func-
tion. Our data, which demonstrated severe endothelial
dysfunction and platelet activation during the first week
of ischemic stroke, are consistent with studies that have
examined E-selectin®1%nd P-selectin® in acute stroke.

Journal of Vascular and Interventional Neurology



ABOJOINSN [eUONUSAISIU| PUB Je[NISEA JO [eulnor

ABOJ0INSN [RUONUSAISIU| PUE JR|NISEA JO [eulnog

Blum et al.

Possible reasons for acute activation of endothelial cells
and platelets following an ischemic stroke are previous
recent infections, inflammation and activation of a
symptomatic atherosclerotic plaque, atherothrombosis
after plaque eruption, and ischemic neuronal damage
causing expression of factors that promote a cascade of
events involving these markers. Our results demonstrate
a strong independent association between endothelial
activation and an increased concentration of platelet
activation marker in ischemic acute stroke, suggesting
that vascular inflammation and activation of a sympto-
matic atherosclerotic plaque and/or atherothrombosis
after plaque erosion are the explanation for the acute
vascular event.

There is a growing body of evidence suggesting that
endothelial dysfunction is associated with cardiovascular
morbidity and mortality.!!> 12 The concept of endothe-
lial dysfunction should be extended beyond blood ves-
sels into the vascular wall and even into the level of
endothelial stem cells. A meta-analysis found that coro-
nary and peripheral endothelial dysfunction can predict
cardiovascular events similarly, 13 and that the observa-
tion that cardiovascular events may occur remotely from
the site in which the endothelial dysfunction was detec-
ted!4 demonstrates the systemic nature of endothelial
dysfunction and its pivotal role in prediction of cardio-
vascular events. Moreover, the lack of direct correlation
between endothelial dysfunction and traditional risk fac-
tors may support the concept that endothelial dysfunc-
tion may be regarded as an integrated risk of all risk fac-
tors (traditional and non-traditional) and may serve as a
sensitive bio-assay.!?

In acute stroke, the increase in P-selectin level altogether
with severe endothelial dysfunction, despite the signifi-
cant clinical improvement, may suggest that subclinical
vascular instability is in progress, and that the patient is
vulnerable and at risk of developing future vascular
events. The clinical improvement that was observed and
defined by the NIHSS during the first few days of hospi-
talization does not mean that the vascular “story” is
over, and precautions should be taken in order to prevent
future deterioration and recurrent vascular events
(including death).

Levels of soluble P-selectin can be measured in plasma
and are derived from platelets and from endothelial
cells. P-selectin is an adhesion molecule stored within
the a-granules of platelets and the Weibel-Palade bodies
of endothelial cells.!® After stimulation, P-selectin
quickly redistributes to the surface of endothelial cells,
mediating early inflammatory cell adhesion.!7—20
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In a prospective epidemiological trial of apparently
healthy women, elevated baseline levels of soluble P-
selectin were associated with risk of future myocardial
infarction, stroke, coronary revascularization, and cardi-
ovascular death. This association was independent of
age and smoking status, and persisted after control for
lipid and non-lipid cardiovascular risk factors. These
data provide a strong clinical confirmation of the impor-
tance of P-selectin in the processes of atherogenesis and
future vascular occlusion.?!

Platelet activation and platelet-leukocyte interaction
have been shown to be increased in stroke patients.?%> 23
Intercellular communication is established between sur-
face glycoproteins on the leukocyte (the P-selectin gly-
coprotein ligand 1 [PSGL-1]).2427 This glycoprotein is
mainly expressed on polymorphonuclear leukocytes and
monocytes. By interacting with platelets, leukocytes can
enhance platelet aggregation and thromboxane release,?’
as well as promote recruitment of activated platelets.?®
Local inflammation in the stroke site contributes to the
migration of leukocytes into damaged cells in the brain
through up-regulation of adhesion molecules like P-
selectin. The intense local inflammation enhances apop-
tosis and facilitates death of neurons, which could have
been saved if timely interventions were done.’

On the basis of our findings, we propose that endothelial
cell/platelet/leukocyte interactions represent important
mechanism in the development of increased thrombo-
genesis. This increased thrombogenesis leads to vascular
occlusion and stroke evolution, and to a potentially cyto-
toxic inflammatory reaction in the injured brain tissue,
eventually expanding the ischemic/damaged brain tis-
sue. This cascade of events is likely to continue and
enhance during the first few days following an acute
vascular event and is apt to negatively affect the clinical
outcome. Interestingly, the fact that men with acute
stroke had higher P-selectin levels during the first 24 hrs
of admission may suggest that there is a gender effect in
ischemic stroke. Men may have higher systemic markers
of inflammation, making them more vulnerable to
develop vascular events. Another possible mechanism
could be that men respond more vigorously to an acute
vascular event with an intense inflammatory response.
One way or another, the intense inflammatory response
may lead to a greater neurological insult, and men seem
to be in a higher risk to develop more vascular events in
the first week following an acute vascular event.

Summary

Severe endothelial dysfunction was detected both in men
and in women, with an intense vascular response follow-
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ing an acute stroke. High P-selectin level within the first
24 hrs that further increase during the first week after
stroke suggests that vascular instability still exists and
that patients with acute stroke are vulnerable and at
higher risk during this period.

Study limitations—The small population studied and
the fact that only men (younger than the patients) served
as the control group are the main limitations of this
study. Larger studies with more variable populations are
needed to validate our findings, and these studies should
be carried out for longer periods of time, in order to esti-
mate more clearly the duration of patient vulnerability.
Such investigations will improve prevention and risk
reduction strategies following an acute stroke.

Disclosure—The authors have nothing to declare.
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