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Abstract
Introduction. The term ‘subarachnoid haemorrhage’ (SAH) stands for bleeding into the subarachnoid space, regardless of its 
source. It may be of primary character when the source of bleeding is situated within the subarachnoid space. Subarachnoid 
haemorrhage is often described as spontaneous bleeding, mainly in order to differentiate it from post-traumatic bleeding.  
Objective. The aim of the study was to evaluate the concentration of ICAM-1 and VCAM-1 in the blood of patients in 
the early phase following subarachnoid haemorrhage in terms of searching for markers useful in subarachnoid bleeding 
diagnostics and monitoring a patient’s clinical state.  
Materials and method. The study comprised 85 patients (47 women, 38 men), aged 29–81 (average 53±12 years), suffering 
from subarachnoid haemorrhage. The control group comprised 45 healthy people selected according to gender and age 
corresponding with the experimental group.  
Results. The study revealed that the concentration of ICAM-1 and VCAM-1 was significantly higher in patients suffering from 
subarachnoid haemorrhage. Additionally, the concentration of fibrinogen decreased, aPTT was shorter and the concentration 
of D-dimers increased. The studied parameters did not differ with respect to the age or gender of the patients. It was stated 
that according to the Hunt and Hess scale, the concentration of ICAM-1 was considerably higher in the group of patients in 
the most severe neurological state, compared to other patients. It was also observed that the concentration of fibrinogen 
was significantly higher, aPTT was shorter, and the concentration of D-dimers increased in the afore-mentioned group.  
Conclusions. Evaluation of the concentration of adhesion molecules, as well as values of global tests concerning the 
coagulation system, may serve as a useful diagnostic tool for SAH.
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INTRODUCTION

Despite considerable progress in the diagnostics of the central 
nervous system within the last 10–20 years, a quick and 
accurate diagnosis of a stroke is still a serious challenge for 
clinicians. Recommended computed tomography imaging 
(CT) makes it possible to exclude haemorrhagic changes, but 
the sensitivity of this method concerning recent ischemic 
strokes is only 35%. More modern methods of imaging, such 
as magnetic resonance (MR) or Perfusion CT, are much more 
expensive and less accessible in practice [1]. To a great extent, 
these hindrances led to the search for markers which could 
be used in the diagnostics and treatment of strokes.

An ideal marker which could be used clinically should meet 
numerous criteria, such as high sensitivity or the possibility 
of easy and quick assessment of its concentration in blood 
or blood plasma. Additionally, its concentration in blood 
should correlate with the concentration in cerebrospinal 
fluid and provide information concerning the level of 
neurological deficit. It is also significant that it should be 
able to make a differential diagnosis of haemorrhagic and 
ischemic incidents. To-date, numerous proteins have been 
identified which are concentrated in blood serum increase 
non-specifically both in haemorrhagic and ischemic strokes. 
It is not possible to present in brief all current directions of 
research on biochemical indices potentially significant in 
stroke diagnostics. The majority of studies concentrate on the 
analysis of glial and neuronal markers, such as protein S100B, 
glial fibrillary acidic protein (GFAP) or neuron-specific 
enolase (NSE). Other studies focus on the role of acute-phase 
protein and proinflammatory cytokines (TNFα, IL-1, IL-6, 
IL-8) in strokes. In enzymological diagnosis, much attention 
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is still being paid to the metalloproteinase family, mainly to 
MMP-9, while among the elements of the coagulation system 
and fibrinolysis, D-dimer, thrombin activable fibrinolysis 
inhibitor (TAFI), type 1 plasminogen activator inhibitor 
(PAI-1), coagulation factors VII, VIII and von Willebrand 
factor (vWF), are those most focused on [2, 3, 4].

Biochemical panels have not yet become routine methods of 
diagnosing a stroke. It should be expected that contemporary 
methods of neuroimaging supported by biochemical research 
will soon go beyond experimental medicine frames and 
provide completely new possibilities in the diagnostics and 
treatment of patients with a stroke.

Active endothelial protein – ICAM-1 (intercellular adhesion 
molecule-1). ICAM-1 (CD54) is a transmembrane adhesion 
molecule belonging to the immunoglobulin super-family. 
ICAM-1 molecules are located mainly on the luminal and 
lateral membrane of endothelial cells. As far as the chemical 
structure is concerned, ICAM-1 is a glycoprotein built from 
5 different immunoglobulin-like domains, epithelial domain 
and those ending in the area of cytoplasm [5]. ICAM-1 comes 
into endothelial-leukocyte interaction through 2 types of 
receptors belonging to the integrin β2 subfamily. These are 
receptors LFA1 (leukocyte function associated antigen) and 
Mac-1. Mutual interaction between adhesion molecules and 
leukocytes increases their affinity to endothelium and makes 
it possible for leukocytes to migrate through endothelial 
cells. Factors increasing the expression of ICAM-1 include 
pro-inflammatory cytokines IL-1β, TNFα and INFγ, anoxia 
and allergens [5, 6].

In 1991 a soluble form of molecule ICAM-1, defined as 
sICAM-1, was isolated [7, 8]. Soluble isoforms of ICAM are 
released from endothelial cells and neoplasm cells. The same 
cytokines which increase the expression of transmembrane 
ICAM-1 serve as factors inducing soluble isoforms of 
molecules [6]. Research on mice deprived of ICAM-1 
encoding gene (knockout mice) revealed that although the 
animals developed properly, the concentration of neutrophilia 
in peripheral blood increased, while the ability to activate 
lymphocytes decreased. However, tolerance towards septic 
shock increased visibly. This process may result from the 
disturbed correlations between immunocompetent cells and 
vascular endothelium [9].

VCAM-1 (vascular cell adhesion molecule-1). Vascular cell 
adhesion molecule-1 (VCAM-1) belongs to immunoglobulin-
like adhesions with a relative molecular mass of 90 – 110kDa. 
They can be found mainly on vascular endothelium cells in 
the area of luminar and lateral surfaces and are secreted in 
the constitutive or induced form. VCAM-1 is a significant 
adhesion factor of immunocompetent cells and makes it 
possible for inflammatory cells to infiltrate from the blood 
stream to the area of the brain affected by ischaemia. Similar 
to ICAM-1, factors increasing the expression of molecules 
include proinflammatory cytokines TNFα, IL-1β and 
INFγ, and anoxia [10]. Over-expression of VCAM-1 by pro-
inflammatory cytokines is induced according to the pattern: 
INFγ + TNFα > INFγ + IL-1β > TNFα > INFγ. It confirms a 
commonly accepted property of cytokines redundancy, i.e. 
their ability to enhance the same biological effect through 
various signalling mechanisms. VCAM-1 has a structure 
characteristic of adhesion molecules analogous to ICAM-1. 
Lymphocytes adhesion to endothelial cells happens mainly 

through the receptor VLA-4 (very late antygen-4) belonging 
to the β1 integrin subfamily [11].

OBJECTIVE

The aim of the study was to evaluate the concentration of 
ICAM-1 and VCAM-1 in the blood of patients in the early 
phase following subarachnoid haemorrhage (SAH) in terms 
of searching for markers useful in subarachnoid bleeding 
diagnostics and monitoring a patient’s clinical state.

MATERIALS AND METHOD

Eighty-five patients (47 women and 38 men) with 
subarachnoid haemorrhage (SAH) aged 29 – 81 (mean 
53±12 years) were qualified for the research. Patients were 
hospitalised in the Chair and Clinic of Neurosurgery and 
Neurotraumatology of University Hospital No. 1 and at 
the Neurosurgery and Neurotraumatology Ward of the 
University Hospital No. 2 of the Collegium Medicum in 
the Nicolaus Copernicus University in Bydgoszcz, Poland. 
The control group comprised 45 healthy people selected 
according to gender and age, with regard to the experimental 
group. Consent for the research was granted by the Local 
Bioethical Commission at the Collegium Medicum of the 
Nicolaus Copernicus University in Bydgoszcz.

In the experimental group of 85 patients with subarachnoid 
haemorrhage, the mean age was 53.09±11.83 years, while in 
the control group the mean age of patients was significantly 
lower, i.e. 45.12±8.21 years (p<0.0001*).

In order to eliminate cerebral vasospasm, blood was 
sampled within 24 hours from the moment the incident 
occurred. Blood for examination was taken from the elbow 
vein with minimal venostasis into a test-tube filled with 3.2% 
sodium citrate.

In the low-platelet blood plasma stored in the temperature 
of -86oC for the period not longer than 6 months, the 
concentration of the following parameters was marked with 
the use of immunoenzymatic ELISA method:

 – concentration of soluble vascular cell adhesion molecule-1– 
sVCAM-1 (Bender MedSystem) – (N: 675–1693 ng/ml);

 – concentration of soluble intercellular adhesion molecule-1 
– ICAM-1 (Bender MedSystem) – (N: 129.9–297.4 ng/ml).

The following global coagulation tests were also performed:
 – fibrinogen concentration – (N: 2–4 g/l);
 – D-dimer concentration – (<500 µg/l);
 – activated partial thromboplastin time (aPTT) – (N: 26–
30 s);

 – prothrombine time expressed as normalised prothrombine 
ratio (INR) – (N: 0.9–1.3).

Statistical analysis. Performed with the use of StatStoft® 

STATISTICA 7.1 for Windows computer software. The 
changeability of the examined quantitative parameters was 
described with the use of median (Me) and lower (Q1) and 
upper (Q2) quartile. Tests on the normality of distribution 
of the variables revealed that it differed from the normal 
distribution (Shapiro-Wilk test). Therefore, the significance 
of differences between the compared groups was measured 
with the non-parametric U Mann-Whitney test. The level of 
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p<0.05 was accepted as the level of significance and marked 
with “*”. The determined Spearman correlation coefficients 
were also accepted as statistically significant at the level of 
p<0.05, and also marked with “*”.

RESULTS

Figure 1 presents the comparison of ICAM-1 and VCAM-1 
concentration levels in blood in the experimental and control 
group.

Increased concentration levels of VCAM-1 and ICAM-1 
prove the inflammatory state in patients with subarachnoid 
haemorrhage. The increase in the concentration levels 
of adhesion molecules may suggest a developing process 
of damaging vascular endothelium cells in the group of 
patients. Differences between both groups may be explained 
by vascular hypoperfusion, especially within the first hours 
after bleeding.

Table 1 shows the comparison between fibrinogen, 
D-dimer, INR and aPTT concentration levels in blood in the 
experimental and control group.

What is significant is that in the group of patients with 
SAH a clear duplication of haemostasis processes can be 
noted. A decreased concentration of fibrinogen and increased 
concentration of D-dimers confirm the thesis that at the 
moment of bleeding the response of coagulation process 
dominates, which protects the structures of thecentral 
nervous system from damage. In the further stage, the reverse 
process can be seen. An increased concentration of D-dimers, 
i.e. the product of fibrinogen degradation, proves that there 
occurs a developing process of fibrinolysis. In coagulometric 

tests it was revealed that in the group of patients with SAH 
the values of INR were significantly increased. Therefore, 
the activity of exogenous prothrombine activation system, 
independent from platelets, is significantly lower in this group. 
The obtained medians of aPTT in patients with subarachnoid 
haemorrhage are lower. It seems that thrombophilia, which 
is often a serious clinical problem during SAH, results from 
the activity of endogenous prothrombine activation system.

The results illustrate the concentration levels of ICAM-1 
and VCAM-1 depending on the neurological state of the 
patient, assessed according to the Hunt and Hess scale 
(Tab. 2).

The results shown in the Table prove that the neurological 
state of the patients influenced the concentration of ICAM-
1. In the group of 19 patients with Hunt and Hess grade IV 
SAH, the ICAM-1 concentration levels were significantly 
higher than in the remaining patients. Statistically 
significant differences concerning ICAM concentration 
levels among  the  patients qualified to the 2 groups were 
noted between the groups of patients with grade I-III and 
with grade IV.

Table 3 presents the results of global coagulation system 
tests, i.e. the concentration of fibrinogen, D-dimer, aPTT 
and INR taking into consideration Hunt and Hess scale.

In the group of patients with grade IV, the concentration of 
fibrinogen was significantly higher, aPTT was much shorter 
and the concentration of D-dimer was significantly higher 
than in the blood of the remaining patients.

The concentration levels of ICAM-1 and VCAM-1, taking 
into consideration the volume of extravasated blood assessed 
according to the Fisher scale, are presented in Table 4.

In order to define the correlations between the concentration 
levels of adhesion molecules and the amount of blood which 
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Figure 1. Comparison of ICAM-1 and VCAM-1 concentration levels in the 
experimental and control groups

Table 1. Comparison of coagulation system parameters in the 
experimental and control groups

parameter

experimental group
n=85

control group
n=45

Me Q1;Q3 Me Q1;Q3 p

F-gen
[g/L]

2.80
2.10
3.00

3.43
3.09
3.74

<0.0001*

INR 0.97
0.90
1.00

0.92
0.87
0.96

0.0087*

aPTT [s] 29.00
27.00
30.10

32.00
29.70
34.20

<0.0001*

D-dimer [ng/ml] 431.00
376.00
803.00

167.77
140.21
273.11

<0.0001*

Table 2. Comparison of ICAM-1 and VCAM-1 concentration according 
to the Hunt and Hess scale

parameter

Hunt and Hess scale

p
grade I-III

n=66
grade IV

n=19

Me Q1;Q3 Me Q1;Q3

ICAM-1
[ng/ml]

422.38
348.40
482.60

784.30
672.10
877.60

<0.0001*

VCAM-1
[ng/ml]

356.63
201.90
550.60

378.70
184.76
699.92

0.8826

Table 3. Comparison of D-dimer, fibrinogen, aPTT and INR concentration 
according to the Hunt and Hess scale

parameter

Hunt and Hess scale

p
grade I-III

n=66
grade IV

n=19

Me Q1;Q3 Me Q1;Q3

F-gen
[g/L]

2.60
2.10
2.90

3.90
2.90

4.302
<0.0001*

INR 0.90
0.90
1.00

1.00
0.90
1.10

0.1065

aPTT [s] 29.10
27.50
30.20

21.20
20.30
29.00

0.0002*

D-dimer [ng/ml] 403.00
333.00
481.00

1565.00
803.00

5161.00
<0.0001*
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got into subarachnoid space, patients with SAH were divided 
into 2 groups. The first group included patients with grade 
I/II according to the Fisher scale, while the second group 
included patients with grade III/IV. There were 52 patients 
with grade I/II and 33 patients with grade III/IV. The analysis 
indicated that the concentration of ICAM-1 was higher in the 
group of patients with grade III/IV, according to the Fisher 
scale, than in those with grade I/II, and the difference is 
statistically significant.

DISCUSSION

The research revealed higher concentration of ICAM-1, 
VCAM-1 and D-dimer, a significantly lower concentration 
of fibrinogen and shorter aPTT in blood of patients with 
subarachnoid haemorrhage. No differences in the examined 
parameters with regard to the age or gender of the patients 
were noted.

It was concluded that according to the Hunt and Hess 
scale, patients in the most serious neurological state had 
significantly higher concentration of ICAM-1 than the 
remaining patients. Moreover, in this group it was observed 
that 19 patients had a significantly higher concentration of 
fibrinogen, shorter aPTT and increased concentration of 
D-dimer. Analysis of the examined parameters according 
to the Fisher scale, taking into consideration the volume of 
extravasated blood, revealed the concentration of ICAM-1 
in the group of patients with grade III/IV. Values of aPTT, 
i.e. activated partial thromboplastin time, also called 
kaolin-cephalin time, were calculated in the research. The 
results revealed significantly shorter aPTT in the group of 
patients with SAH. Values of aPTT were also dependent on 
the neurological state of the patients. Significantly shorter 
aPTT occurred in patients qualified for grade IV according 
to the Hunt and Hess scale than in patients with grade I/II, 
although in both groups these values fell within the norm. 
Shorter aPTT in patients with subarachnoid haemorrhage 
proved hypercoagulability resulting from the activation of 
intrinsic coagulation cascade.

The lower concentration of fibrinogen presumably stemmed 
from the increased activation of fibrinolysis by thrombin. The 
increase in the concentration of thrombin resulting from the 
activation of the coagulation system serves as a significant 
factor increasing the release of tissue plasminogen activator 
(tPA) which, after connecting with plasminogen, transforms 
it into plasmin. Apart from fibrin, the active proteolytic 
enzyme also decomposes fibrinogen. The increase in the 
intensity of the process of fibrinogenolysis caused by plasmin 
may lead to a lower concentration of fibrinogen in an early 
phase of subarachnoid haemorrhage. Hypofibrinogenaemia 

is a factor predisposing to bleeding. It seems that in patients 
with SAH, the decreased concentration of fibrinogen depends 
on the increased fibrinogenolysis.

The research revealed a significant increase in D-dimer in 
patients with SAH. It is worth highlighting that this process 
was more visible in patients in a worse neurological state. 
Increase in concentration of D-dimer followed activation 
of fibrinolysis in an early phase of SAH.

The ICAM-1 concentration was significantly higher in 
patients with SAH. The results obtained in the research 
comply, as far as this issue is concerned, with the data 
published by Polin et al. in 1998. The authors of this study 
also described a quick increase in ICAM-1 concentration 
on endothelial cells already within 3 hours from the 
moment subarachnoid haemorrhage occurred. Also ICAM-
1 concentration in the cerebrospinal fluid increased until 
48 hours after the beginning of the incident [12, 13, 14]. 
An increased concentration of sICAM-1 was noted in 
patients with inflammation, which indicates an increased 
participation of inflammatory cells, e.g. leukocytes, in this 
process.

A completely new perspective on the process of regulating 
cerebral circulation in pathological states is noted in the 
findings of Bavbek et  al. from 1998. In this study, it was 
revealed for the first time that the regulation of cerebral 
circulation also depends on ICAM-1 adhesion molecules and 
their receptors LFA-1 [15]. The research carried out by Bavbek 
et al. revealed that the application of monoclonal antibodies 
directed against ICAM-1 decreases the strength of cerebral 
vasospasm in the course of bleeding. This is undoubted 
proof that ICAM/LFA-1 participates in this process. The 
elimination of ICAM-1 in patients after a stroke prevented 
pathological vasospasm in the days following the incident.

In the literature on the subject, the authors of the current 
study did not come across any description of the regulation 
of cerebral perfusion by ICAM/LFA-1 in physiological 
conditions. However, this unquestionably significant 
mechanism in the pathogenesis of vasospasm in the course 
of subarachnoid haemorrhage requires further research. 
Perhaps the application of anti-ICAM-1 antibodies will 
make it possible to decrease the area of cerebral anoxia and, 
consequently, the neurological deficit occurring during 
hypoperfusion. This molecule may become a significant aim 
of pharmacotherapy for 2 reasons. Firstly, ICAM-1 inhibition 
has a neuroprotective function and may decrease clinical 
symptoms of anoxia. Secondly, ICAM-1 may be a significant 
factor in the pathogenesis of vasospasm accompanying 
bleeding. Higher adhesion of immunocompetent cells and 
the fact that they release cytotoxic mediators of inflammatory 
reaction may lead to the intensification of the vasoconstriction 
effect.

Increased concentration of sICAM-1 positively correlates 
with the level of development of atheromatous plaques 
in carotid arteries, and it is a factor increasing the risk 
of ischemic stroke [16]. Research on the animal model 
of ischemia revealed that the expression of ICAM-1 in 
endothelial cells increases significantly already within the 
first hour from the incident, and remains on a higher level 
until the 7th day. Additionally, a higher concentration of 
ICAM-1 in the cerebral ischemia focus was observed in the 
post-mortem examination [16, 17].

The increase in the concentration of ICAM-1 in the 
presented study may also have a certain neuroprotective 

Table 4. Comparison of ICAM-1 and VCAM-1 concentration according 
to the Fisher scale

parameter

Fisher scale

p
grade I-II

n=52
grade III-IV

n=33

Me Q1;Q3 Me Q1;Q3

ICAM-1
[ng/ml]

404.40
334.99
452.25

633.00
534.20
795.71

<0.0001*

VCAM-1
[ng/ml]

349.28
224.03
646.94

378.70
179.51
539.16

0.4434
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meaning in the acute bleeding phase. It is known that 
the contraction of the muscular coat of cerebral arteries 
induced by the activation of  sympathetic system, may be 
enforced additionally by ICAM-1 and its receptor in the 
area of arterial vessels. Following this path, a quick increase 
in the concentration of molecules may be explained as a 
preventive action before further blood extravasation. 
However, the same mechanism has an unquestionably 
negative meaning in the days following the bleeding since 
it induces recurrent vasospasms dangerous for a patient. 
The fact that they occur is connected with the deteriorating 
neurological state of the patient and usually with a high 
mortality rate [18, 19].

On the basis of the determined Spearman correlation rank 
values, a significant correlation between the concentration 
of ICAM-1 and conventionally assessed parameters of 
coagulation system may be noted. Positive correlation 
between ICAM-1 concentration and D-dimer concentration 
indicates an accompanying activation of fibrinolysis when 
blood extravasation from the ruptured aneurysm occurs, 
which acts to some extent as a protective mechanism 
preventing further neurodegeneration. Drawing on the 
obtained results, it may also be concluded that increased 
concentration of ICAM-1 and the activation of coagulation 
system (assessed on the basis of aPTT and fibrinogen 
concentration) and fibrinolysis (increased concentration 
of D-dimers) occur already within the first minutes after 
subarachnoid haemorrhage.

Increased concentration of VCAM-1 already within the 
first hours following SAH contributes to the development 
of the inflammatory state and cerebral oedema. On the 
other hand, Blann et  al. also emphasised the meaning of 
this molecule in post-stroke correction mechanisms [20].

Immunocytochemical examinations of the brain of 
patients who died as a result of ischemic stroke revealed a 
significant increase in VCAM-1 concentration on the surface 
of endothelial cells and astrocytes, although only in the 
area of brain infarction [20, 21]. Blann et al. indicated the 
increase in the level of plasmatic sVCAM-1 in an acute phase 
of the stroke in a group of patients whose blood was sampled 
within 12 hours from the moment the first neurological 
symptoms occurred. These authors also claimed that the level 
of plasmatic sVCAM-1 is increased until the third month 
from the moment the incident occurred. These results also 
emphasise the meaning of VCAM-1 not only in the initial 
phase of the stroke, where VCAM-1 enables the activation 
and infiltration of lymphocytes and neutrophil diapedesis 
in damaged brain area, but also in post-stroke correction 
mechanisms [20]. This indicates the significance of VCAM-1 
in the chronic inflammatory state.

CONCLUSIONS

1.  ICAM-1 and VCAM-1 concentration is higher in patients 
in an early phase of subarachnoid haemorrhage, which 
indicates an inflammatory state at the site where bleeding 
occurred, as well as the participation of immunological 
process.

2. Certain correlations between the clinical state of the 
patients, the volume of extravasated blood and the values 
of VCAM-1 and ICAM-1 concentration can be noted. 
Therefore, in the group of patients qualified for grade I-III 

according to the Hunt and Hess scale, significantly lower 
ICAM-1 values can be noted than in patients in a more 
severe neurological state (grade IV). No similar correlation 
was noted for VCAM-1 concentration. It seems significant 
that in patients qualified for grade I or II according to the 
Fisher scale, the concentration of ICAM-1 was also lower 
than in patients with grade III and IV. Medians of VCAM-1 
values did not differ within both groups.

3. Duplication of the haemostasis processes can be noted 
in  patients with subarachnoid haemorrhage. Shorter 
aPTT  proves hypercoagulability resulting from the 
activation of intrinsic coagulation cascade, while increased 
concentration of D-dimers and decreased concentration 
of fibrinogen indicate an active fibrinogenolysis process.

4. Evaluation of the concentration levels of adhesion 
molecules, together with the values of global tests of 
coagulation system, may serve as a helpful SAH diagnostic 
tool.
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