Downloaded from jnnp.bmj.com on 22 December 2006

Early circulating levels of endothelial cell activation
markers in aneurysmal subarachnoid haemorrhage:
associations with cerebral ischaemic events and
outcome
C J M Frijns, R Fijnheer, A Algra, J A van Mourik, J van Gijn and G J E Rinkel
J. Neurol. Neurosurg. Psychiatry 2006;77;77-83
doi:10.1136/jnnp.2005.064956

Updated information and services can be found at:
http://jnnp.bmj.com/cgi/content/full/77/1/77

These include:

References

This article cites 28 articles, 10 of which can be accessed free at:
http://jnnp.bmj.com/cgi/content/full/77/1/77#BIBL
1 online articles that cite this article can be accessed at:
http://jnnp.bmj.com/cgi/content/full/77/1/77#otherarticles

Rapid responses
Email alerting
service

Topic collections

You can respond to this article at:
http://jnnp.bmj.com/cgi/eletter-submit/77/1/77
Receive free email alerts when new articles cite this article - sign up in the box at the
top right corner of the article

Articles on similar topics can be found in the following collections
Neurosurgery (296 articles)
Stroke (698 articles)
Hematology Incl Blood Transfusion (554 articles)

Notes

To order reprints of this article go to:
http://www.bmjjournals.com/cgi/reprintform
To subscribe to Journal of Neurology, Neurosurgery, and Psychiatry go to:
http://www.bmjjournals.com/subscriptions/

Downloaded from jnnp.bmj.com on 22 December 2006
77

PAPER

Early circulating levels of endothelial cell activation markers
in aneurysmal subarachnoid haemorrhage: associations
with cerebral ischaemic events and outcome
C J M Frijns, R Fijnheer, A Algra, J A van Mourik, J van Gijn, G J E Rinkel
...............................................................................................................................
J Neurol Neurosurg Psychiatry 2006;77:77–83. doi: 10.1136/jnnp.2005.064956

See end of article for
authors’ affiliations
.......................
Correspondence to:
Dr C J M Frijns,
Department of Neurology,
C03.228, University
Medical Centre, PO Box
85500, 3508 GA Utrecht,
Netherlands; c.j.m.frijns@
neuro.azu.nl
Received 11 February 2005
In revised form 5 July 2005
Accepted 6 July 2005
.......................

P

Objective: To investigate the relation of endothelial cell activation with delayed cerebral ischaemia (DCI)
and outcome after subarachnoid haemorrhage (SAH).
Methods: Concentrations of soluble (s) intercellular adhesion molecule-1, sE-selectin, sP-selectin, ED1fibronectin, von Willebrand Factor (vWf), and vWf propeptide were measured within three days of SAH
onset. The associations with poor outcome were investigated at three months in 106 patients. In 90 patients
in whom the occurrence of cerebral ischaemia could be dated accurately, two analyses were undertaken:
one for all ischaemic events (n = 32), including those related to treatment, and another for spontaneous DCI
(n = 11). Concentrations of markers were dichotomised at their medians. The associations of endothelial
cell activation markers with outcome were expressed as odds ratios (OR) from logistic regression and those
with ischaemic events as hazard ratios (HR) derived from Cox regression.
Results: Early vWf concentrations were associated with poor outcome (crude OR = 4.6 (95% CI, 2.0 to
10.9; adjusted OR = 3.3 (1.1 to 9.8). Early levels of vWf were also positively related to occurrence of all
ischaemic events (crude HR = 2.3 (1.1 to 4.9); adjusted HR = 1.8 (0.8 to 3.9) and with occurrence of
spontaneous DCI (crude HR = 3.5 (0.9 to 13.1); adjusted HR = 2.2 (0.5 to 9.8). None of the other markers
showed any associations.
Conclusions: Concentrations of sICAM-1, sP-selectin, sE-selectin, and ED1-fibronectin do not predict the
occurrence of DCI or outcome. The positive associations of raised early vWf concentrations with ischaemic
events and poor outcome after SAH may reflect a predisposition to further ischaemic injury through
formation of microthrombi in the cerebral circulation.

atients who survive the initial hours after onset of
subarachnoid haemorrhage (SAH) are prone to several
major complications. In a large proportion of patients
delayed cerebral ischaemia (DCI) develops, often with
devastating consequences.1 This complication is partially
related to arterial narrowing, but its pathogenesis is
incompletely understood. Local inflammatory changes may
play a role, in large vessels as well as in the microcirculation.2
Recently, the involvement of endothelial cell activation and
inflammatory adhesion molecules in both experimental and
human SAH has been emphasised in several reports.3–9
Our aim in the present study was to assess the relation
between concentrations of circulating markers of endothelial
cell activation early after the onset of SAH, and the
occurrence of delayed cerebral ischaemia and poor outcome
after SAH. In the cerebral (micro-)circulation, increased
expression of inflammatory adhesion molecules (intercellular
adhesion molecule-1 (ICAM-1), P-selectin, and E-selectin)
can lead to adhesion of inflammatory cells, thus promoting
local inflammation, vessel wall changes, thrombosis, and
plugging of small vessels with leucocytes. In this way,
inflammatory adhesion molecules could play a pathogenic
role in the development of delayed cerebral ischaemia and
therefore be a target for future therapeutic strategies, for
example with monoclonal antibodies.10 11
We included measurements of cellular ED1-fibronectin,
von Willebrand factor (vWf), and vWf propeptide as
additional markers of endothelial cell activation. Under
normal circumstances, endothelial cells do not express the
extra type III domain (ED1, or EDA/EDIII), but in pathological conditions of the vessel wall—for example induced by
hypertension—the ED1 domain is inserted into fibronectin by

alternative splicing.12–14 Von Willebrand factor is a large
adhesive glycoprotein that serves as a marker of both acute
and chronic endothelial cell activation. The vWf propeptide is
linked to vWf. Upon activation of endothelial cells, both are
released in equimolar amounts. The plasma half life of the
propeptide is shorter than the half life of vWf. Thus a high
concentration of vWf propeptide suggests acute rather than
chronic endothelial cell activation.15

METHODS
Patients
Blood was sampled in 128 consecutive patients admitted to
the University Medical Centre Utrecht with a clinical
diagnosis of SAH and computed tomography (CT) showing
subarachnoid blood (fig 1). Patients were not eligible if they
were admitted more than 72 hours after onset, if death
appeared imminent on admission, or if we could not obtain
informed consent. We subsequently excluded patients with a
perimesencephalic haemorrhage (n = 10) or with SAH from
other non-aneurysmal causes (n = 3), patients in whom the
presence of an aneurysm could not be demonstrated (n = 8),
and one patient because of insufficient blood sampling. In
the remaining 106 patients the diagnosis of aneurysmal SAH
was based on a typical medical history, CT confirming the
presence of subarachnoid haemorrhage with an aneurysmal
pattern, and CT angiography or intra-arterial angiography
showing the presence of an aneurysm.
Abbreviations: DCI, delayed cerebral ischaemia; GCS, Glasgow coma
scale; mRs, modified Rankin scale; SAH, subarachnoid haemorrhage;
vWf, von Willebrand factor
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Informed consent was obtained from all patients or their
representatives. The study was approved by the institutional
review board.
Patients were admitted to a medium care or intensive care
unit depending on their clinical condition. They were under
continuous observation, with monitoring of ECG, pulse rate,
blood pressure, and temperature, and frequent assessment of
the Glasgow coma scale (GCS), fluid balance, and laboratory
data. Medical treatment consisted of oral administration of
nimodipine and intravenous administration of fluid aimed at
maintenance of a neutral fluid balance.
Data collection
We collected all clinical, laboratory, and radiological data
from the medical records and the hospital registry system.
For each patient an anonymised medical history was
produced which included a description of the radiological
data. Diminished or absent cerebral blood flow during and
after the rupture of an aneurysm may lead to acute cerebral
ischaemia. Acute cerebral ischaemia was defined as the
occurrence of focal signs or loss of consciousness, including
epileptic seizures, at the time of aneurysmal rupture that
could not be explained by acute hydrocephalus, intraparenchymous haemorrhage, or haemodynamic or respiratory
disturbances. The clinical condition at admission was
classified according to the World Federation of

Neurosurgical Societies (WFNS) scale.16 Hypertension, diabetes, immunological disorders, hypercholesterolaemia,
infectious disease, or cancer were recorded as relevant comorbidity because they are associated with an increase in
circulating endothelial cell activation markers. The amount of
blood on the initial CT was assessed using the Hijdra score.17
Blood sampling and laboratory investigations
Blood was collected within 72 hours of onset of the
haemorrhage with an evacuated tube system into 3.1%
citrate (1:10) and was immediately centrifuged at 20006g
for 15 minutes at 4˚C. The supernatant was removed and
centrifuged a second time. Plasma samples were stored at
270˚C. We assessed soluble (s)ICAM-1, sP-selectin, and sEselectin with commercially available enzyme linked immunosorbent assays (ELISA) (Kordia, Leiden, Netherlands).
vWf propeptide and vWf were measured at the Department of
Blood Coagulation, Sanquin, Amsterdam, Netherlands, as
described previously.15 We measured circulating cellular ED1fibronectin with an ELISA developed at the University
Medical Centre Utrecht, in which the primary antibody was
IgM monoclonal antibody (mAb) 3E2 (Sigma, St Louis,
Missouri, USA) against ED1-fibronectin, and ligand capture
was detected with peroxidase conjugated rabbit anti-human
fibronectin (Dako, Glostrup, Denmark).13 18 The concentrations of each marker were dichotomised at the median value,

n = 128
n = 10: perimesencephalic haemorrhage
n = 8: aneurysmal bleeding + no
detectable aneurysm
n = 3: other cause of SAH
n = 1: insufficient blood sampling
Analysis of
outcome

n = 106
n = 12: only radiological cerebral
ischaemia, timing of onset
imprecise
n = 3: onset of ischaemic event before
blood sampling

Analysis of
ischaemic
events

No ischaemic event
n = 58

n = 1: occurrence of ischaemic events
undetermined

n = 90

Ischaemic event
all causes
n = 32

n = 12: onset at operation
(n = 5 ischaemic lesion in the
area of temporarily clipped artery)
n = 6: onset at angiography/coiling
n = 3: onset at rebleeding

No spontaneous
DCI
n = 79

Spontaneous
DCI
n = 11

In one patient ischaemic event at operation, in one at rebleeding and in one spontaneous DCI.
Figure 1 Flow chart of selection of subgroups and reasons for exclusion. DCI, delayed cerebral ischaemia.
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because there are no clinically established cut off values to
distinguish normal from abnormal for most of these markers.
Dichotomisation at the median also offers an optimal
distribution for statistical analysis.

Assessment and analysis of outcome
Outcome at three months after onset of SAH was determined
using the modified Rankin scale (mRs) score19 by means of a
telephone interview with the patients or their relatives
between 12 and 14 weeks after onset. As we did in previous
studies from our research group, we predefined outcome
according to the ability to live at home or not as good (mRs
0–3) or poor (mRs 4–5 and death).We calculated odds ratios
(OR) to determine the relation between circulating markers
of endothelial cell activation and poor outcome with logistic
regression analysis (SPSS 9.0 statistical package). The
influence of confounding variables on the concentrations of
the different markers was calculated in a bivariate logistic
regression analysis with adjustment for age, sex, WFNS at
admission (score 1–5), loss of consciousness at time of
aneurysm rupture (GCS ,14, present or absent), loss of
consciousness at the time of aneurysm rupture (none, any, or
lasting more than one hour), signs of acute ischaemia at the
time of aneurysm rupture (present or absent), amount of
intracisternal blood (score 0–30),17 amount of intraventricular blood (score 0–10),17 delay of blood sampling after onset
of SAH (days), presence of relevant comorbidity (present or
absent), and use of statins (present or absent). From the
results of the bivariate analyses we selected the variables that
Table 1

Patient characteristics (n = 106)

Female sex
Age (years)
Hypertension
Diabetes mellitus
Hypercholesterolaemia
Use of statins
Day of admission
WFNS at admission:
I
II
III
IV
V
Acute ischaemia
Amount of cisternal blood (ml)
Amount of intraventricular blood (ml)
Rebleeding
Treatment of aneurysm:
operative clipping
coiling
none
Timing of treatment:
day of operation
day of coiling
Ischaemic events*
none
radiologically only
clinically only
both
undetermined
Onset of symptomatic ischaemic events
at operation
at coiling/angiography
at rebleeding
spontaneously
Outcome at three months
good (mRs 0–3)
poor (mRs 4–5)
dead

72 (68%)
54 (21 to 79)
32 (30%)
2 (2%)
11 (10%)
10 (9%)
0 (0–2)
45 (43%)
31 (29%)
5 (5%)
18 (17%)
7 (7%)
47 (44%)
22 (0 to 29)
2 (1 to 11)
14 (13%)
78 (74%)
13 (12%)
15 (14%)
3.5 (0 to 65)
3 (2 to 17)
58 (55%)
12 (11%)
4 (4%)
31 (29%)
1 (1%)
13 (37%)
6 (17%)
4 (11%)
12 (34%)
1
66 (62%)
18 (17%)
22 (21%)

Data are n (%) or median (range).
*All causes, including operation or procedure related.
mRs, modified Rankin scale; WFNS, World Federation of
Neurosurgical Societies scale.
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changed the crude OR of each marker by more than 5% for
use in the multivariate analysis. Although we consider
rebleeding as an important determinant of outcome, we did
not include rebleeding in the multivariate analysis as its
occurrence is unknown at the time of admission. Crude and
multivariate adjusted OR are presented with their respective
95% confidence intervals (CI).

Assessment of ischaemic events
Ischaemic events were subdivided as follows: clinical episode
of cerebral ischaemia with compatible new ischaemic lesions
on CT; clinical episode of cerebral ischaemia without
compatible ischaemic abnormalities on CT or magnetic
resonance imaging (MRI) and no explanation for the clinical
manifestations other than ischaemia; radiological cerebral
ischaemia consisting of new and persisting ischaemic lesions
on repeat CT or MRI without corresponding clinical changes.
In order not to overlook any episodes of cerebral ischaemia,
clinical ischaemic events were defined as a deterioration in
the level of consciousness consisting of a decrease in the GCS
of 1 point or more, or the appearance of focal signs, which
lasted for at least one hour and could not be explained by
recurrent bleeding, hydrocephalus, or metabolic disturbances. Other causes were excluded by CT of the brain and
laboratory tests as soon as the deterioration was observed.
We did not routinely undertake angiography or transcranial
Doppler investigations to show vasospasm. All initial and
follow up CTs were reviewed by the principal investigator
(CJMF). Ischaemic lesions were defined as new hypodense
lesions that were not visible on the initial CT and persisted on
follow up CT or MRI.
The occurrence of ischaemic events was independently
assessed by two experienced neurologists, one of whom
based the assessment on the anonymised history. In cases of
conflicting opinions, a consensus meeting led to agreement in
all instances. In case of doubt with respect to ischaemic
lesions on CT or MRI, these were reviewed retrospectively by
the second observer (GJER). At the time of clinical and
radiological assessment neither observer was aware of the
concentrations of the endothelial cell activation markers.

Analysis of cerebral ischaemic events
Sixteen patients were excluded from this analysis (fig 1). In
12 patients with only radiological ischaemia it was impossible
to determine accurately whether or not new ischaemic
lesions had developed during the acute phase after aneurysm
rupture, at the time of operation or endovascular treatment of
the aneurysm, or spontaneously. Three other patients were
excluded because of onset of the ischaemic event before
blood could be sampled. In two of these patients the
ischaemic event was related to early rebleeding or clipping
of the aneurysm. In one patient occurrence of an ischaemic
event could not be assessed because of prolonged sedation on
the intensive care unit for severe haemodynamic and
respiratory problems that precluded clinical assessment and
cerebral CT.
We calculated hazard ratios (HR) with the Cox proportional hazard regression model (SPSS 9.0 statistical package)
to assess the relation between concentrations of circulating
markers of endothelial cell activation and the risk of cerebral
ischaemic events. Patients were censored at time of first
rebleeding, at death, at the first cerebral ischaemic event, or
at the 21st day after onset, whichever came first. Crude
hazard ratios for occurrence of cerebral ischaemic events are
presented with their 95% confidence intervals. The relevant
variables adjusted for in the multivariate regression analysis
resulted from bivariate Cox regression analysis with the same
11 variables as for outcome.
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Table 2 Crude and multivariate adjusted odds ratios (OR) for poor outcome at three
months (by modified Rankin scale) as predicted by dichotomised initial concentrations
(, or > median) of endothelial cell activation markers (n = 106)
Crude OR

Adjusted OR

Variable

OR

(95% CI)

OR

(95% CI)

vWf >94.5 nmol/l
vWf propeptide >7.75 nmol/l
ED1-fibronectin >2.25 mg/l
sICAM-1 >401 ng/ml
sP-selectin >92.5 ng/ml
sE-selectin >40.0 ng/ml

4.6
3.2
2.3
1.4
1.6
1.1

(2.0
(1.4
(1.0
(0.7
(0.7
(0.5

3.3
2.1
1.0
1.2
1.3
1.0

(1.1
(0.8
(0.9
(0.5
(0.5
(0.4

to
to
to
to
to
to

10.9)
7.3)
5.1)
3.2)
3.6)
2.4)

to
to
to
to
to
to

9.8)
5.6)
1.2)
3.0)
3.3)
2.7)

vWf adjusted for: age, WFNS, intracisternal amount of blood, intraventricular amount of blood, signs of acute
ischaemia, loss of consciousness at the time of aneurysm rupture, vWf propeptide adjusted for: age, WFNS,
intracisternal amount of blood, intraventricular amount of blood, loss of consciousness at the time of aneurysm
rupture.
ED1-fibronectin adjusted for: relevant comorbidity, age, sex, WFNS, amount of intracisternal blood, amount of
intraventricular blood, loss of consciousness at the time of aneurysm rupture.
sICAM-1 adjusted for: age, sex, signs of acute ischaemia, loss of consciousness at the time of aneurysm rupture.
sP-selectin adjusted for: age, WFNS, amount of intracisternal blood, amount of intraventricular blood, signs of
acute ischaemia, loss of consciousness at the time of aneurysm rupture.
sE-selectin adjusted for: age, amount of intracisternal blood, amount of intraventricular blood, signs of acute
ischaemia, loss of consciousness at the time of aneurysm rupture.
vWf, von Willebrand factor; WFNS, World Federation of Neurosurgical Societies scale.

Patients with ischaemic event (%)

We designed two analyses of associations between markers
of endothelial cell activation and ischaemic events. For the
first analysis all patients with ischaemic events were taken
into account irrespective of the presumed cause. For example,
patients with an ischaemic event that occurred within
24 hours of angiography, clipping, or coiling of the aneurysm
were included in this analysis. For the second analysis, which

60

A Ischaemic events from all causes

50

vWf ≥ median

40
30
20

vWf < median

10
0

0

10

20

30

Time after onset of SAH (days)

Patients with IDC (%)

60

B Spontaneous DCI

vWf ≥ median

30
20

0

10

20

30

Time after onset of SAH (days)
Figure 2 (A) Survival curve of the occurrence of cerebral ischaemic
events from all causes in patients with early von Willebrand factor (vWf)
concentrations below the median or > the median value. (B) Survival
curve of the occurrence of spontaneous delayed cerebral ischaemia in
patients with early vWf concentrations below or > the median value.
DCI, delayed cerebral ischaemia; SAH, subarachnoid haemorrhage;
vWf, von Willebrand factor.
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Patients
The clinical characteristics of the patients are presented in
table 1. A decrease in the level of consciousness (GCS ,14)
from any cause at the time of aneurysm rupture was reported
in 69 of the 106 patients (65%). Twenty five patients (24%)
were in poor clinical condition on admission (WFNS IV–V).
Relevant comorbidity was present in 45 patients (42%).
Ischaemic events occurred in 47 patients (44%), including 12
with only radiological ischaemia and four with cerebral
ischaemia after rebleeding. The median day of occurrence of
ischaemic events was day 4. In all but two of the patients
ischaemic events occurring before day 4 were related to
rebleeding or to operation or coiling of the aneurysm. Clinical
symptoms in the 35 patients with symptomatic cerebral
ischaemia consisted of a decrease in the GCS score ranging
from 2 to 8 (median 5.5) in 10 patients, both a decrease in the
GCS score and hemiparesis in seven, paresis of one or two
limbs without a decrease in consciousness in 14, isolated
aphasia in one, and an isolated cognitive disorder in three.

vWf < median

10
0

RESULTS

Endothelial cell activation markers and outcome
Crude and adjusted odds ratio for poor outcome are
presented in table 2. In the univariate analysis, patients with
vWf concentrations > median had an increased risk of poor
outcome (OR = 4.6 (95% CI, 2.0 to 10.9)). This association
remained statistically significant after multivariate adjustment (OR = 3.3 (1.1 to 9.8)).

50
40

was intended to include only spontaneous DCI, we excluded
ischaemic events that were diagnosed within two days after
angiography, endovascular procedure, or operation of the
aneurysm.

Endothelial cell activation markers and cerebral
ischaemic events
The analysis of associations with ischaemic events was
carried out in 90 patients, 32 of whom had experienced
clinical episodes of DCI either spontaneously or related to
treatment or rebleeding of the aneurysm (fig 1). In 11 cases
ischaemic events met the criteria for spontaneous development. Crude and adjusted hazard ratios for the occurrence of
ischaemic events from any cause and for the occurrence of
spontaneous DCI are given in table 2. The analysis of
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Table 3 Crude and multivariate adjusted hazard ratios for ischaemic events as predicted by dichotomised concentrations (,
or > median) of endothelial cell activation markers
All ischaemic events
Crude HR

Spontaneous DCI
Adjusted HR

Crude HR

Adjusted HR

Variable

HR

(95% CI)

HR

(95% CI)

HR

(95% CI)

HR

(95% CI)

vWf >93.0 nmol/l
vWf propeptide >7.70 nmol/l
ED1-fibronectin >2.15 mg/l
sICAM-1 >376.5 ng/ml
Sp-selectin >92.5 ng/ml
sE-selectin >41.5 ng/ml

2.3
1.1
1.2
1.0
1.5
0.8

(1.1
(0.6
(0.6
(0.5
(0.8
(0.4

1.8
0.8
0.9
0.9
1.5
0.7

(0.8
(0.4
(0.4
(0.5
(0.6
(0.3

3.5
1.0
1.8
0.9
1.3
0.5

(0.9
(0.3
(0.5
(0.3
(0.4
(0.1

2.2
0.7
1.5
1.3
0.8
0.5

(0.5
(0.2
(0.4
(0.4
(0.2
(0.2

to
to
to
to
to
to

4.9)
2.3)
2.4)
2.1)
3.1)
1.6)

to
to
to
to
to
to

3.9)
1.7)
2.0)
1.9)
3.3)
1.6)

to
to
to
to
to
to

13.1)
3.3)
6.1)
2.9)
4.2)
1.7)

to
to
to
to
to
to

9.8)
2.7)
5.4)
5.0)
3.1)
1.8)

vWf: adjusted for amount of intracisternal blood, signs of acute ischaemia, loss of consciousness at the time of aneurysm rupture, day of blood sampling.
VWf propeptide: adjusted for amount of intracisternal blood, amount of intraventricular blood, day of blood sampling.
ED1fn: adjusted for amount of intracisternal blood, amount of intraventricular blood, day of blood sampling, loss of consciousness a the time of aneurysm rupture.
ICAM-1: adjusted for amount of intracisternal blood, loss of consciousness a the time of aneurysm rupture, day of blood sampling.
sP-selectin: adjusted for amount of intracisternal blood, amount of intraventricular blood, signs of acute ischaemia, loss of consciousness at the time of aneurysm
rupture, day of blood sampling.
sE-selectin: adjusted for amount of intracisternal blood, amount of intraventricular blood, signs of acute ischaemia, loss of consciousness at the time of aneurysm
rupture, day of blood sampling.
CI, confidence interval; DCI, delayed cerebral ischaemia; HR, hazard ratio; vWf, von Willebrand factor.

ischaemic events from any cause showed a positive association with vWf concentrations (crude HR = 2.3 (95% CI, 1.1 to
4.9)) (fig 2A). This association was no longer statistically
significant in the multivariate analysis (adjusted HR = 1.8
(0.8 to 3.9)). The analysis of spontaneous DCI revealed a
trend towards a positive association with vWf in the crude
analysis (crude HR = 3.5 (0.9 to 13.1)) (fig 2B), which again
weakened after adjustment in the multivariate analysis
(adjusted HR = 22.2 (0.5 to 9.8)).
Influence of operation
In five of the 78 operated patients, blood sampling took place
after surgical clipping of the aneurysm. All analyses were
repeated after exclusion of these five patients. The associations of early concentrations of vWf with ischaemic events
from all causes (crude HR = 2.4 (95% CI, 1.2 to 5.0); adjusted
HR = 2.2 (95% CI, 1.0 to 4.9)), with spontaneous DCI (crude
HR = 3.6 (1.0 to 13.7); adjusted HR = 2.4 (0.5 to 10.6)), and
with outcome (crude OR = 6.4 (2.5 to 16.3); adjusted
OR = 3.6 (1.2 to 10.5)) all became stronger. The associations
of the other markers with DCI and outcome were essentially
unchanged.

DISCUSSION
The main findings of our study were positive associations
between early concentrations of vWf on the one hand and
occurrence of DCI and poor outcome on the other, whereas
there were no associations between the initial concentrations
of the inflammatory adhesion molecules sICAM-1, sPselectin, and sE-selectin with either DCI or outcome.
Our investigations were based on the possibility of a
positive association between circulating levels of inflammatory adhesion molecules and the occurrence of DCI that could
predict DCI and would support the hypothesis of a
pathogenic relation between inflammatory processes in the
cerebral (micro-)circulation and the development of DCI.
According to this hypothesis acute cerebral ischaemia at the
time of aneurysm rupture could lead to endothelial cell
activation, adhesion of activated leucocytes, and the development of inflammatory processes that would set the stage
for subsequent DCI. However, this hypothesis could not be
substantiated by our findings. There are only three previous
reports on sE-selectin measurements in patients with SAH,
two of which described sE-selectin levels in cerebrospinal
fluid.8 9 The third study—on 36 patients with SAH—reported
mean values of sE-selectin, sP-selectin, and sICAM-1,
among others, in five to eight samples over two weeks,

but without data on initial concentrations.20 With this
method, a significant increase in mean sP-selectin levels, a
non-significant increase in mean concentrations of sEselectin, and a nearly significant decrease in mean sICAM-1
concentrations in patients with DCI were found. These mean
values included samples taken after the occurrence of
cerebral ischaemia and after operation. This different
approach makes comparison with our findings impossible.
There are no other studies of sP-selectin in SAH, and there is
only one other study of sICAM-1 and vasospasm in SAH.21 In
that study, increased plasma concentrations of sICAM-1 were
reported after the onset of vasospasm, documented by
transcranial Doppler sonography or angiography. Clinical or
radiological signs of DCI were not mentioned, nor were initial
concentrations of sICAM-1 reported. The different goal and
methodology of this study precludes comparison with our
findings.
The main aim of our study was to investigate the
association of initial concentrations of inflammatory adhesion molecules with DCI. Our outcome event of interest was
the occurrence of delayed cerebral ischaemia, not of
radiological vasospasm. The eventual goal in treating patients
with SAH is to prevent the occurrence of DCI. As vasospasm
does not always lead to cerebral ischaemia, DCI is a more
relevant outcome measure than vasospasm from a clinical
point of view. To establish the diagnosis of DCI, clinical signs
and CT or MRI features are decisive, whereas transcranial
Doppler or angiography do not essentially contribute.
Moreover, the diagnostic sensitivity and specificity of
transcranial Doppler measurements are far from optimal.22 23
Angiography is a very sensitive diagnostic tool but entails
some risk for the patient. As there are no proven benefits
from interventions targeted at vasospasm, we did not use
angiography to diagnose vasospasm.
Our finding that there was no association between early
sICAM-1 concentrations and outcome is in agreement with
an earlier study.24 Although in that study mean sICAM-1
concentrations from day 2 to day 12 were associated with
outcome on day 14, early concentrations of sICAM-1 on days
2 and 4 after aneurysm rupture were not associated with
outcome.
The second aim of our study was to investigate whether
initial concentrations of three other markers of endothelial
cell activation—vWf, vWf propeptide, and ED1-fibronectin—
could predict the occurrence of DCI. We found a statistically
significant crude positive association between raised vWf
concentrations with cerebral ischaemic events from all
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causes. The crude association of vWf with spontaneous DCI
was of borderline significance. The number of patients with
spontaneous DCI may have been too small to show a sound
statistically significant association. However, as in a previous
study, we were unable to demonstrate an independent
association of early vWf concentrations with delayed cerebral
ischaemia.18
We also found a positive association of raised concentrations of vWf, vWf propeptide, and ED1-fibronectin with poor
clinical outcome, but only vWf was an independent risk
factor for outcome. Of note, vWf was an independent
predictor of outcome despite the occurrence of rebleeding
later in the course of the disease, which in itself has a
substantial influence on outcome.
Other studies on the issue of vWf and SAH are scant and
report the relation with vasospasm but not with outcome. A
recent study of plasma vWf concentrations in relation to
vasospasm in 38 patients with SAH found a strong and
significant association between vasospasm and peak vWf
concentrations before the onset of vasospasm, but not of
initial concentrations.25 Another study reported an independent association of vWf concentrations with cerebral vasospasm and ischaemic complications, but this association only
concerned CSF concentrations and was absent with plasma
concentrations.26 A small study in 21 patients with SAH, nine
of whom developed delayed cerebral ischaemia, found
significantly increased vWf concentrations in patients with
delayed cerebral ischaemia in blood samples taken between
five and nine days after the haemorrhage, but the relation
with the time of onset of ischaemia was not described and no
adjustment for confounding factors was made.27
Our findings show that vWf is not an independent
predictor of DCI. However, our results, in conjunction with
those reported by others, raise the question of a pathophysiological relation between vWf and DCI. A rise in vWf
concentrations may be an epiphenomenon, merely reflecting
the impact of the initial insult.28 This would explain why the
crude associations with DCI disappear after adjustment for
such factors as loss of consciousness or signs of acute
ischaemia at the onset of SAH, WFNS score, or the amount of
blood on the initial CT, all measures of the severity of SAH.
However, this explanation does not exclude the possibility
that increased vWf concentrations may play a role in the
pathophysiology of complications of SAH.
The functions of vWf are to promote the adhesion, and
subsequent aggregation, of platelets to thrombogenic surfaces, such as the subendothelial matrix after denudation of
the endothelium, and to serve as a carrier for coagulation
factor VIII.29 In SAH, the platelet adhesion function will take
place primarily at the site of aneurysm rupture, where vWf
binds to receptors of the subendothelial layers and platelets
bind to immobilised vWf. If, however, acute cerebral
ischaemia injures endothelial cells to such an extent that
vWf can attach to subendothelial receptors, multifocal
thrombosis in the cerebral (micro-) circulation may be
enhanced by increased concentrations of vWf.
In the last decade it has become apparent that vWf also
promotes platelet to platelet adhesion if platelets are
activated and the shear rate is high.29 Previous studies
showed that platelets may indeed be activated after SAH.30
Therefore, increased local vWf concentrations in SAH may
induce the formation of microthrombi in the cerebral
arteriolar circulation where shear rates are high. vWf
normally enters the circulation through constitutive secretion. In the case of stimulation of endothelial cells a second
pathway of regulated secretion of vWf may lead to presence
of so called unusually large vWf multimers, which have an
increased thrombogenic potential.29 These molecules may
further enhance the formation of microthrombi and the
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occlusion of small vessels. If a causal role for vWf in the
development of DCI after SAH can be confirmed in future
research, this will support preventive trials of inhibitors of
platelet aggregation, or even antibodies against (activated)
vWf, in patients at risk of DCI.

Conclusions
Our study convincingly shows that concentrations of the
inflammatory adhesion molecules sICAM-1, sP-selectin, and
sE-selectin measured early after onset of SAH do not predict
the occurrence of DCI or outcome. The positive associations
of vWf concentrations at entry with DCI and outcome suggest
that increased concentrations of vWf can lead to formation of
microthrombi in the cerebral circulation. These may cause
impaired recovery from acute cerebral ischaemia or predispose to secondary ischaemic injury, with a negative influence
on clinical outcome.
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