ORIGINAL RESEARCH

Bagcilar Med Bull 2020;5(3):100-106
DOI: 10.4274/BMB.galeno0s.2020.06.22

Correlation of Early Subarachnoid Hemorrhage
on Serum Endothelin and von Willebrand Factor
with Clinical and Radiological Parameters
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Objective: This study aimed to determine the changes in endothelin and
von Willebrand factor (VWF) serum levels during early period aneurysmal
subarachnoid hemorrhage (SAH) compared to healthy individuals and to
analyze them according to clinical and radiological findings.

Method: This is a prospective study consisting of 36 cases that were
referred to our hospital's emergency department between January 2018
and January 2019 for aneurysmal SAH. The control group had the same
demographic features as our patients. The diagnosis of aneurysmal SAH
was confirmed by computed tomography (CT), CT angiography, and
digital angiography within the first 6 hours after admission. The patients’
blood samples were collected within 6 hours after the occurrence of
severe headache. Endothelin and vVWF levels in the blood of the patient
and control groups were measured by photometric methods. The results
were correlated with the endothelin and vVWF levels of healthy individuals
and compared with the patients’ Glasgow Coma scale (GCS) and Fisher
scale (FS) scores.

Results: Of the 36 patients included in this study, 24 (66.7%) were female
and 12 were male (33.3%). The average age was 5213+14.40 (range: 19
to 80) years. At the time of admission, GCS, and FS scores were 11.3 and
31 on average, respectively. A total of 36 healthy individuals (24 females
and 12 males) with an average age of 49.6+11.7 (range: 22 to 76) years
were included in the control group. A significant negative correlation was
found between the FS score and the GCS score of the patients (r=-0.501,
p=0.002). There was a significant correlation between the GCS score of
the patients and the endothelin and vWF values. It was observed that

Amag: Biz bu calismada, anevrizmal subaraknoid kanamanin (SAK)
erken doneminde hastalarin serum endotelin ve von Willebrand faktorl
(VWF) duzeylerinin saglikl kisilere gore artigini belirlemeyi ve klinik ve
radyolojik bulgulara gore analiz etmeyi amacladik.

Yontem: Calismamiz, Ocak 2018 ile Ocak 2019 arasinda anevrizmal
SAK nedeniyle hastanemiz acil servisimize bagvuran 36 olgunun
olusturdugu prospektif bir ¢alismadir. Kontrol grubunu, hastalarimizla
ayni demografik ozellikleri tagiyan saglikli bireyler olusturdu. Anevrizmal
SAK tanisi, bagvurudan sonraki ilk 6 saat iginde bilgisayarli tomografi
(BT), BT anjiyografi ve dijital anjiyografi ile dogrulandi. Hastalarin kan
numuneleri siddetli bas agrisinin ortaya ¢ikmasindan sonraki 6 saatlik
surede toplandi. Hastalarin ve kontrol grubunun kanlarinda endotelin ve
VWF dizeyleri fotometrik yontemlerle dl¢lldl. Sonuglar, saglkli kisilerin
endotelin ve VWF diizeyleri ile ve hastalarin Glasgow Koma skalasi (GKS),
Fisher skalasi (FS) sonuglari ile karsilastirilarak korele edildi.

Bulgular: Calismamiza dahil edilen 36 hastanin 24'l (%66,7) kadin ve
12'si erkek (%33,3) idi. Ortalama yas 52,13%14,40 (dagilim: 19-80) yildl.
Hastalarin bagvurular sirasinda GKS ve FS sirasiyla ortalama 11,3 ve 3]
idi. Kontrol grubuna yas ortalamasi 49,6+11,7 (dagilim: 22-76) olan 36 (24
kadin ve 12 erkek) saglikli birey dahil edildi. Hastalarin FS skorlari ve GKS
skorlari arasinda anlamli negatif korelasyon bulundu (r=-0,501, p=0,002).
Hastalarin GKS skorlari ile endotelin ve vVWF degerleri arasinda anlamli
bir korelasyon saptandi. GKS skoru disttkce artan oranda bir endotelin
ve VWF degerleri oldugu gorildiu (r=-0,465 p=0,004, r=-0,465 p=0,004).
Hastalarin FS skorlari ile endotelin ve vWf degerleri arasinda da anlamli
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there was an increasing rate of endothelin and vVWF values as the GCS
score decreased (r=-0.465 p=0.004, r=-0.465 p=0.004). There was also
a significant relationship between FS score and endothelin and vVWF
values. It was observed that as FS score increased, endothelin, and vVWF
values also increased (r=0.571, p<0.001, r=0.538, p=0.001).

Conclusion: Evidence suggests that inflammation plays an important
role in the acute phases of aneurysmal SAH-related neural damage.
Our study showed that serum endothelin and VWF levels increased in
the first day of bleeding in aneurysmal SAH patients and that they were
associated with the GCS and FS scores.

Keywords: Endothelin, Fisher scale, subarachnoid hemorrhage, von
Willebrand factor

bir iliski kaydedildi. FS skoru arttikga artan bir endotelin ve VWF degerleri
oldugu goruldi (r=0,571, p<0,001, r=0,538, p=0,001).

Sonug: Ortaya ¢ikan kanitlar, anevrizmal SAK ile iligkili noral hasarin
akut fazlarinda enflamasyonun onemli bir rol oynadigini gostermektedir.
Calismamiz anevrizmal SAK hastalarinda kanamanin ilk gliniinde serum
endotelin ve VWF dlzeylerinin arttigini ve bunlarin GKS ve FS skorlariyla
iligkili oldugunu gdstermistir.

Anahtar kelimeler: Endotelin, Fisher skalasi, subaraknoid kanama, von
Willebrand faktor

Introduction

Subarachnoid hemorrhage (SAH), which means bleeding
in the subarachnoid space, is a critical situation associated
with high morbidity and mortality. Typically, the first and
only symptom of SAH is sudden and serious headache,
which is defined as the most severe headache in life.
Although the most common cause of SAH in the literature
is trauma, the most common cause of non-traumatic SAH is
aneurysm ruptures (80-85%). With regard to the remaining
causes, it is seen that approximately 10% of them are non-
aneurysmal perimesencephalic SAH and among the rest,
the leading ones are due to vascular malformation or
vasculitis (1-3).

Factors significantly associated with unfavorable outcomes
after SAH include the neurological status on the day
of admission and the amount of blood in computed
tomography (CT) on admission. The Glasgow Coma scale
(GCS) is frequently used for evaluating patients with
neurological conditions. In the radiological grading of
SAH, the Fisher scale (FS) which is based on CT, is used as a
Reliable scale to determine SAH severity (4).

When blood is present in the subarachnoid space, the
components in the blood content act as powerful activators
of neuroinflammation. This neuroinflammation plays
an important role in the initial injury that occurs at the
first moment of the SAH and in subsequent secondary
injuries. Many factors contribute to the activation of
neuroinflammation after SAH (5,6). In addition, some studies
have found that vasoactive and spasmogenic compounds
can be described in high concentrations in the cerebrospinal
fluid (CSF) and plasma of patients with SAH (7,8).

Endothelin is a potent vasoconstrictor peptide from the
endothelium, which is released after endothelial cell

injury. According to the literature, it has been related to the
mechanism of cerebral vasospasm (CVS) that develops after
aneurysmal hemorrhage (9-12). Similarly, experimental and
clinical studies have pointed von Willebrand factor (VWF),
which increases in circulation, as a marker of vascular
damage. Plasma vWF is synthesized and secreted mainly
from vascular endothelial cells. When endothelial cells are
activated or injured, their expression increases and may
indicate endothelial dysfunction and/or susceptibility to
thrombosis (13).

We aimed to determine the change in endothelin and vWF
serum levels in early period aneurysmal SAH compared
to healthy individuals and to analyze them according to
clinical and radiological findings.

Materials and Methods

Patient Population,
Participants

Data Collection, and Control

Our prospective study consisted of cases that were referred
to our hospital’s emergency department for non-traumatic
SAH between January 2018 and January 2019. Our
institution’s ethics committee approved this prospective
study (decision number: 2018.20/264). The data used in
this study were collected prospectively without any risk
for patients. A total of 36 patients who were referred to our
emergency unit due to non-traumatic SAH were included
in this study.

The control participants, consisting of healthy individuals
who presented to our outpatient clinic with headache in
the same period but did not have any cranial pathology
based on brain magnetic resonance imaging findings,
were included in this study. The control group had the
same demographic features as the patient group. The
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control group patients were informed about the study and
informed consent was obtained.

Clinical and neurological status evaluation of the patients
was made according to the GCS score. The GCS score was
evaluated as 3-8 for severe, 9-13 for moderate, and 14-15
for mild neurological damage. In the radiological grading
of SAH, FS was performed to determine the SAH severity
(Table 1).

Inclusion Criteria

Thirty-six patients referred to the emergency department
due to severe headache, altered consciousness, and the
development of neurology deficit were included. All of these
patients were radiologically and clinically diagnosed within
the first 6 hours of admission. Patients who had SAH due
to trauma (even if there was an underlying aneurysmatic/
vascular pathology) were notincluded in this study. Patients
with negative aneurysms in digital angiography (DSA) were
excluded from the study.

Patients who were admitted after trauma or were known to
have coagulation abnormalities, active/chronic infection,
malignancy, kidney or liver dysfunction, severe myocardial
dysfunction and/or any otherimmune deficiency syndrome
(such as AIDS, lymphoma, leukemia) were excluded from
the study.

The diagnosis of aneurysmal SAH was confirmed by CT,
CT angiography, and DSA within the first 6 hours after
admission. All the patients with aneurysm were included in
either surgical or endovascular treatment within the first 24
hours.

Blood Sample Collection

Since the patients’ serum endothelin and vWF levels changed
over time, the patients’ blood samples were collected within
6 hours after the occurrence of the severe headache. Blood
samples collected from the cubital vein in the volunteer
patients and healthy individuals were put into the gel
biochemistry tubes and centrifuged at 3.500 g for 10 minutes
atroom temperature after coagulation. The separated serums
were stored at -80 °C until the study was completed.

Table 1. Fisher scale

CT finding

1 No SAH

2 Diffuse thin (<1 mm) SAH

3 Localized clots and/or layers of blood >1 mm in thickness

4  Diffuse or no SAH, intraventricular or parenchymal blood present

SAH: Subarachnoid hemorrhage, CT: Computed tomography
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Measurement of Endothelin and vWF Levels

Serum endothelin (Bioassay technology laboratory,
Shangai-China - E1238Hu) and vWF (Bioassay technology
laboratory, Shangai-China - E1774Hu) levels were measured
at 450 nm with photometric methods using commercially
purchased kits. Results were reported as ng/L for endothelin
and ng/mlL for vWE

Statistical Analysis

Data analysis was done using Statistical Package for the
Social Sciences (SPSS) 21.0 statistics program. In addition
to descriptive statistics, frequency, percent value, mean and
standard deviation were used to identify the demographic
characteristics of the cases. Data with normal distribution
were evaluated by the independent sample t-test. The
p-value <0.05 was considered significant. The normality of
the distribution was evaluated by the Kolmogorov-Smirnov
test. For correlation analysis, the Spearman correlation
test was used. Statistical significance was accepted when
p-values were <0.05.

Results

Of the 36 patients included in our study, 24 (66.7%) were
female and 12 (33.3%) were male. The average age was
52.13+14.40 (range: 19 to 80) years. At the time of admission,
GCS and FS were 11.3 and 3.1 on average, respectively. A
total of 36 healthy individuals (24 females and 12 males)
with an average age of 49.6+11.7 (range: 22 to 76) years
were also included in the control group. The difference was
statistically insignificant (p>0.05). The age, gender, location
of ruptured aneurysm, FS, and GCS scores of each patient
were recorded (Table 2).

There was a significant difference in endothelin and vWB
values between patients and control participants (p<0.001).
A statistically significant difference was observed in the
increasing trend after bleeding (Table 3).

A significant negative correlation was found between the
FS and GCS scores of the patients (r=-0.501, p=0.002).
There was a significant correlation between the GCS score
of the patients and the endothelin and vWF values. It was
observed that there was an increasing rate of endothelin
and vWF values as the GCS score decreased (r=-0.465
p=0.004; r=-0.465 p=0.004). There was also a significant
relationship between FS and endothelin and vWF values.
It was observed that as FS increased, endothelin and vWF
values also increased (r=0.571, p<0.001; r=0.538, p=0.001)
(Table 4).
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Table 2. Baseline demographic and clinical characteristics Discussion

of patients

This study shows that circulating endothelin and vWF

n=36

Gender increased significantly in patients with SAH. It also shows

that serum endothelin and vWF levels increase as the
Female 24 (66.7%) . . L.

patients’ initial admission GCS score worsens and they
Male 12 (33.3%) . . . . .
Age 5213 tend to increase in parallel with an increase in the amount

. ' of blood on tomography.
Location of aneurysm
Anterior circulation 32 (88.9%) Subarachnoid hemorrhage causes early brain damage due
Posterior circulation 4 (111%) to temporary cerebral ischemia and the toxic effects of
Treatment subarachnoid blood. It also causes secondary brain damage
Surgical treatment 18 (50%) due to increased intracranial pressure, destruction with
Endovascular treatment 18 (50%) intracerebral hemorrhage, formed shifting, and herniation
Glasgow Coma scale Mean 11.3 (14,15). Also, there is a delayed brain injury stage due to
(3-8) 10 cerebral ischemia caused by CVS between the 31d and 14th
(9-13) 7 days of hemorrhage (16). SAH also generates a systemic
(14-15) 19 response that can cause a Systemic Inflammatory Response
Fisher scale Mean 311 syndrome. Increased plasma inflammatory cytokines
1 0 contribute to this systemic response (17-22).
2 8 When endothelial cells are stimulated by cytokines or
3 15 vascular damage, the barrier function of the endothelium
4 1 o . L . .
3 is impaired. Vasomotion is impaired due to an increase

N: Total number of patients

or decrease in the production of vasoactive substances,

Table 3. Comparison of endothelin and von Willebrand factor values with the control group in early subarachnoid

hemorrhage

Mean n SD t p
Endothelin-SAH 66.4583 36 46.80790 6.690 <0.001
Endothelin-control 14.8589 36 5.22645 - -
VWF-SAH 40,7885 36 18.08301 10.812 <0.001
VWF-control 8.9959 36 3.30477 - -

SAH: Subarachnoid hemorrhage, vVWF: von Willebrand factor, SD: Standard deviation, N: Total number of patients, t: Statistical t parameter

Table 4. The Spearman’s correlation coefficients

GCS FS Endothelin VWF

Correlation coefficient 1.000 -0.50%* -0.465** -0.465**
GCS Sig. (2-tailed) 0 0.002 0.004 0.004

n 36 36 36 36

Correlation coefficient -0.501%* 1.000 0.571%* 0.538**
FS Sig. (2-tailed) 0.002 0 0.000 0.001

n 36 36 36 36

Correlation coefficient -0.465%* 0.571%* 1.000 0.693**
Endothelin Sig. (2-tailed) 0.004 0.000 0 0.000

n 36 36 36 36

Correlation coefficient -0.465%* 0.538** 0.693** 1.000
VWF Sig. (2-tailed) 0.004 0.001 0.000 0

n 36 36 36 36

VWF: von Willebrand factor, FS: Fisher scale, GCS: Glasgow Coma scale, **: It is a statistical sign showing that it is statistically very strongly related, N: Total number of

patients
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and prothrombotic/procoagulant activity increases.
Vasoconstriction, leukocyte adhesion, platelet activation,
affinity to thrombosis, coagulation disorders, pro-oxidative
changes, and vascular inflammation occur (23,24).

While the NO, prostacyclin, and endothelium-induced
hyperpolarizing factor released from the endothelium have
vasodilation activities in the arrangement of the endothelial
vascular tonicity, endothelin has a vasoconstrictor activity.
Structurally, endothelin has three forms. Endothelin-1 (ET-
1) is synthesized in endothelial cells, ET-2 in intestinal cells,
and ET-3 in neurons. There are two types of endothelin
receptors (ET-A and ET-B) in the vessel wall. ET-1, which
is mainly responsible for vasoconstriction, is not stored in
endothelial cells, but de novo synthesized with stimuli such
as thrombin, angiotensin I, shear stress, and hypoxia (25-
28).In the SAH model performed by Lei et al. (29) on rabbits,
they showed that ET-1 affected cerebral microcirculation
after SAH by perfusion CT scan. They found that ET-1
increased in CSF and peripheral blood after SAH, and
showed that blood circulation perfusion decreased when
ET-1 increased (29). The clinical study conducted by
Zimmermann and Seifert (30) supports the hypothesis that
ET-1 is the main cause of CVS after SAH.

Another plasma protein that occurs in endothelial
injured is VWE which is a plasma glycoprotein that is a
mediator of platelet adhesion. vVWF is constantly secreted
into the plasma by the endothelium and is also stored
in the Weibel-Palade bodies in endothelial cells. When
endothelial cells are stimulated, membrane fusion of
the bodies causes large amounts of vWF to pass into the
blood and mechanisms that result in platelet aggregation/
thrombus formation begin (31-34). In the study of
McGirt et al. (32) based on the previous studies about
morphological changes caused by endothelial cell damage
in peripheral vasculature, they showed increases in serum
vWE MMP-9, and VEGF levels before the development of
CVS and predicted the onset of CVS correctly. Tang et al.
(33) have assumed that the vWF/ADAMTS13 balance plays
an important role in thrombosis; they have shown that
a decrease in ADAMTS13 activity causes less disruption
of VWF and thus an increase in vVWF activity. They have
assumed that endothelial dysfunction and unbalanced
vWE/ADAMTS13 are correlated with delayed cerebral
ischemia formation and poor clinical outcome (33).
Similarly, Wan et al. (31) showed that vWF/ADAMTS13
was associated with pathogenesis in early brain injury,
and that ultra-early treatment with rADAMTS-13 reduced
early brain damage after experimental SAH.
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In our study, we found a significant difference in the early
serum endothelin and vWF values of patients who had SAH
compared to the control group participants. In the early
days of bleeding, we observed that both serum endothelin
and vWF levels were higher in patients than in normal
subjects.

Also, we compared the FS scores of the patients with their
serum endothelin and vWF levels. FS used to evaluate
neurological prognosis in SAH is the first and the best
known classification system for SAH in CT scans. This
scale is useful in predicting mortality, morbidity and/or
CVS. ES evaluates the amount of blood seen on CT and
predicts the prognosis of the clinical result. Clinical studies
on the factors responsible for neuroinflammation have
shown that SAH patients with high FS have significantly
higher inflammatory factor levels in both plasma and CSF
compared to SAH patients with low FS (35-37).

We found that in accordance with current literature, there
is a significant correlation between serum endothelin and
vWEF levels and the FS. It was observed that as FS increased,
endothelin and vWF values increased and they tended
to increase in parallel with the increase in the amount of
blood on tomography.

The limitation of our study is that we had a small sample
size and only a single time point (early stage) was observed.

Conclusion

Evidence suggests that inflammation plays an important
role in the acute phases of aneurysmal SAH-related neural
damage. Our study showed that serum endothelin and vWF
levels increased in the first day of bleeding in aneurysmal
SAH patients and that they were associated with GCS
and FS scores. The endothelium dysfunction and platelet
activation were correlated with the occurrence of clinical
outcomes. This is a preliminary clinical study that can be
used as a basis in future studies.
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