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Abstract

Purpose: The aim of the present study was to analyse
endothelin-1 levels in serum and cerebrospinal fluid
samples in patients with subarachnoid haemorrhage and
evaluated the effects on vasospasm.

Materials and Methods: The patients were selected
among those who referred to intensive care unit of
neurosurgery department within several hours following
subarachnoid haemorrhage. Subarachnoid haemorrhage
was diagnosed through cerebral computed tomography
and lumbar punction. First neurological examinations of
the patients were evaluated according to Hunt-Hess
classification and the blood quantity was detected by
cerebral computed tomography according to Fisher
classification.

Results: Serum and cerebrospinal fluid samples of 20
patients enrolled into the present study were collected at
days 1, 3, 5, and 7 after subarachnoid haemorrhage..
According to Hunt-Hess classification, 6 patients were
evaluated as Stage I, 10 patients as Stage II, 2 patients as
Stage III and 2 patients as Stage IV. Seventeen patients
were detected as Stage 1I whereas 3 patients were Stage IV
according to Fisher classification. Vasospasm was detected
in cases 3, 0, 11 and 18 by digital subtraction angiography.
Conclusion: As the Fisher and Hunt-Hess classifications
increased, the risk of cerebral vasospasm increased. The
present study revealed that endothelin-1 levels increase
after subarachnoid haemorrhage. and Endothelin-1
particularly may play an important role in the vasospasm
following spontaneous subarachnoid haemorrhage.
Keywords: Endothelin-1, subarachnoid haemorrhage,
vasospasm

Oz

Amag: Bu c¢alismanin amact subaraknoid kanamalt
hastalarda serum ve beyin omurilik sivist 6rneklerinde
endotelin-1  diizeylerini analiz etmek ve vazospazm
tzerindeki etkilerini degerlendirmektir.

Gere¢ ve Yontem: Hastalar subaraknoid kanamay1
takiben birka¢ saat icinde beyin cerrahisi boliminin
yogun bakim Unitesine yatirilan hastalar arasindan segildi.
Subaraknoid kanama teshisi serebral bilgisayarli tomografi
ve lomber ponksiyon ile konuldu. Hastalarin ilk nérolojik
muayeneleri Hunt-Hess siniflamasina gbre degerlendirildi
ve serebral bilgisayarli tomografi ile tespit edilen kan
miktarlart Fisher siniflamasina gére derecelendirildi.
Bulgular: Calismaya dahil edilen 20 hastanin serum ve
beyin omurilik sivist Srnekleri subaraknoid kanamanin
ardindan 1, 3, 5 ve 7. glnlerde toplandi. Hunt-Hess
siniflamasina gére; 6 hasta Evre I, 10 hasta Evre 11, 2 hasta
Evre III ve 2 hasta Evre IV olarak degerlendirildi. Fisher
siniflamasina gore; 17 hasta Evre II, 3 hasta Evre IV
olarak saptandi. Vasospazm, 3, 6, 11 ve 18 numaral
olgularda dijital subtraksiyon anjiyografi ile tespit edildi.
Sonug: Yaptigimiz c¢alismada, Fisher ve Hunt-Hess
siniflandirmalarinda  evre arttikga serebral vazospazm
riskinin - arttigr  saptanmustir.  Ayrica  endotelin-1
diizeylerinin subaraknoid kanamadan sonra arttig1 ve artan
endotelin-1 seviyelerinin spontan subaraknoid kanamay1
takiben vazospazmda 6nemli bir rol oynayabilecegi ortaya
konmustut.

Anahtar kelimeler: Endotelin-1, subaraknoid kanama,
vazospazm
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INTRODUCTION

Cerebral vasospasm is one of the most serious
complications following spontaneous subarachnoid
hemorrhage (SAH). The incidence of angiographic
vasospasm reach up to 50% whereas it is detected in
about 30% of the patients with symptomatic
vasospasm'2. A progression to cerebral infarction is
detected in 50% of the symptomatic cases®*.
Because of such high rate of morbidity, the research
studies focus on identification of the vasospasm
mechanism and determination of the risk factors.

Endothelin-1 (ET-1) was first defined as a strong
vasoconstrictor  peptide  originated from the
endothelium®.  Then, different pharmacological
effects of endothelin were shown on many tissues
within and out of the cardiovascular system. An
association between cerebral vasospasm (CV)
appeared after subarachnoid haemorrhage and ET-1
is considered and different studies are conducted for
this purposet®8. The present study analysed ET-1
levels in serum and cerebrospinal fluid (CSF)
samples of 20 patients with SAH and evaluated the
effects on vasospasm.

MATERIALS AND METHODS

The present clinical study was conducted on 20
patients who were admitted to intensive care unit by
diagnosis of spontaneous subarachnoid hemorrhage
and monitored in Neurosurgery Department of
Cukurova University, Faculty of Medicine. Ethics
committee approval was treceived for this study
from the ethics committee of Cukurova University
(2 / 12.02.2008). Written informed consents were
obtained from patients and the parents of the
patients/patient who patticipated in this study. The
patients were selected among those who referred to
our clinic within several hours following onset of
the symptoms related to subarachnoid hemorrhage.
First neurological examinations were evaluated
according to Hunt-Hess subarachnoid haemorrhage
classification.  Subarachnoid — hemorrhage  was
detected through cerebral computed tomography
(CCT) and lumbar punction (LP). The Fisher's
classification system was used to demonstrate the
association between the blood quantity in CCT and
the risk of vasospasm in the patients.

Routine  haemogram  (erythrocyte, leukocyte,
haemoglobin, hematocrite), blood glucose levels,
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chloride,
function

ionogram (sodium, potassium, BUN,
calcium, creatinin), hepatic tests,
haemorrhagic diathesis tests and electrocardiography
were performed. Vital signs of the patients who
were admitted to the intensive care unit of
neurosurgery  department monitored
frequently. Analgesic, sedative, anti-edema, laxative,
antihypertensive  treatments were implemented
individually or in combination. Digital subtraction
angiography (DSA) was performed on the patients
whose clinical findings were compliant.

were

Ten individuals without any wvascular diseases,
nervous system trauma or inflaimmatory disease
were enrolled into the study as the control group.
CSF and serum samples were collected from the
control group just once. ET-1 levels in serum and
CSF samples collected from the patient and control
groups were analysed through micro-ELISA method
and the results were obtained. The association
between neurological states, CCT findings, DSA
findings as well as ET-1 levels in serum and CSF
were evaluated statistically in the present study.

Statistical analysis

The SPSS 13.0 package program was used for
statistical analysis of the data. Non-parametric
Wilcoxon Signed Ranks test or Mann-Whitney U
test was used for comparison of the continuous
variables such as ET-1 levels. Ki-square was utilized
to compare discrete variables such as staging.
Somers'd test was used for evaluation of the
correlation between such discrete vatiables. The
statistical significance level of the tests was accepted
as 0.05.

RESULTS

The patients included 13 males and 7 females. The
age average was detected as 53.40 £ 8.51 (34-65).
According to Hunt-Hess classification, 6 patients
were evaluated as Stage 1 (SI), 10 patients were SII,
2 patients were SIII and 2 patients were SIV.
Seventeen patients were SII (85%) whereas 3
patients were SIV (15%) according to Fisher
classification.

Deterioration of neurological condition occurred in
5 patients. Neurological presentation became wortse
in first case (case 2) at day 2 of admission. The
patient progressed from SII to SV. No re-
hemorrhage was detected in the CCT. However,
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there was an imaging finding compliant to an
infarction zone on the temporopatietal area on the
right. DSA could not be done. The patient died at
day 9. The second case worsening (case 4) appeared
at day 3 of admission. The patient progressed from
SIT to SV. No re-haemorrhage was detected by
CCT. An imaging finding consistent with infarction
was detected in frontoparietal zone bilaterally. DSA
could not be done. The patient died at day 10. The
third case worsening (case 5) appeared at day 2 of
admission. The patient progressed from SII to SIV
according to Hunt-Hess classification. An imaging
finding compliant to cerebral infarction was
detected in CCT. DSA was performed. The patient
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whom no wvascular pathology was detected in
cerebral angiography was referred to Neurology
department. The fourth patient (case 10) progressed
from SII to SIII at day 1. A re-hemorrhage was
detected in the CCT. DSA was performed. Saccular
aneurysm was detected in the right internal carotid
artery. No vasospasm existed. Aneurysm surgery
was performed. The patient was discharged after
cured. Neurological presentation of the fifth patient
(case 12) became worse at day 3. The patient
progressed from SII to SV. A re-hemorrhage was
detected in the CCT. Urgent intracerebral
hematoma surgery was implemented. DSA could
not be done; the patient died at day 8.

Table 1. Clinical characteristics 20 patients with spontaneous subarachnoid haemorrhage.

Patient |Age/Gender [Etiology of SAH Hunt-Hess Fisher Vasospasm Conclusion
grading grading

1 55/F [Left middle cerebral artery S2 S2 - Operated/
aneurysm Discharged

2 50/F IDSA could not be done S2-S5 S2 - Exitus

3 34/M Basilar apex aneurysm S4 S4 + Exitus

4 59/M IDSA could not be done S2-S5 S2 - Exitus

5 61/F IDSA no pathology S2-84 S2 - Referred

6 57/F IAnterior communicating S4 S4 + Exitus
artery aneurysm

65/F IDSA no pathology S1 S2 - Referred

3 53/M Right middle cerebral artery S2 S2 - Operated/

ancurysm Discharged
56/M IDSA no pathology S1 S2 - Referred

10 K4/ M Right internal carotid artery S2-S3 S2 - Operated/
aneurysm Discharged

11 45/M Right middle cerebral artery S3 S4 + Exitus
ancurysm

12 62/M IDSA could not be done S1-S5 S2 - Exitus

13 64/M Left internal carotid artery S2 S2 - Operated/
aneurysm Discharged

14 60/M ILeft middle cerebral artery S2 S2 - Operated/
aneurysm Discharged

15 58/M IDSA no pathology S1 S2 - Referred

16 52/M Right middle cerebral artery S1 S2 - Operated/
aneurysm Discharged

17 58/M IAnterior communicating S1 S2 - Operated/
artery aneurysm Discharged

18 48/F Left internal carotid artery S3 S2 + Operated/
aneurysm Discharged

19 50/F ILeft middle cerebral artery S2 S2 - Operated/
aneurysm Discharged

20 37/M Right middle cerebral artery S2 S2 - Operated/
aneurysm Discharged

SAH: Subarachnoid haemorrhage, DSA: Digital subtraction angiography
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Table 2. Serum and CSF ET-1 levels after subarachnoid haemorrhage.

Endothelin-1 levels after vasospasm

Vasospasm (+) Vasospasm (-)
CSF ET-1 N Mean standard deviation/Min/Max N Mean SD Min/Max
ET-1-Day 1 20 0.01/0/0.01/0.01 20 0.01/0/0.01/0.01
ET-1-Day3 20 0.18/0.59/0.01/2.6 20 0.11/0.41/0.01/1.8
ET-1-Day5 20 0.7/1.79/0.01/6.7 20 0.13/0.44/0.01/1.9
ET-1-Day7 20 1.19/3.12/0.01/10 20 0.15/0.51/0.01/2.1
Vasospasm (+) Vasospasm (-)
Serum ET-1 N Mean standard deviation/Min/Max N Mean SD Min/Max
ET-1-Day 1 20 0.01/0/0.01/0.01 20 0.01/0/0.01/0.01
ET-1-Day3 20 0.08/0.2/0.01/0.8 20 0.08/0.33/0.01/1.2
ET-1-Day5 20 0.39/1.16/0.01/4.6 20 0.1/0.36/0.01/1.4
ET-1-Day?7 20 1.06/3.06/0.01/10 20 0.14/0.45/0.01/1.9

CSF: Cetebrospinal fluid, ET-1: Endothelin-1
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Figure 1. A comparison of serum and CSF ET-1 levels

after subarachnoid haemorrhage.

DSA was performed on 17 patients. DSA could not
be performed on 3 patients since clinical
presentations were not compliant. Ten of the cases
who had cerebral angiography were operated.
Although subarachnoid haemorrhage was detected
by CCT and LP in 4 patients of those who had
DSA, no aneurysm was detected in the cerebral
angiography. Three patients whose clinical and
neurological states were poor died and cerebral
angiography could not be performed for them; and
3 patients who had cerebral aneurysms and
vasospasm were lost.

It was detected that probability of vasospasm
increased by elevation of Hunt-Hess stage (p <
0.05).  Similarly, probability —of  vasospasm
development was detected increased by increase of

Day 1 Day 3 Day 5 Day 7

Figure 2. The association of CSF ET-1 and

vasospasm following subarachnoid haemorrhage.
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Fisher stage (p < 0.05) (Table 1). ET-1 levels in CSF
at days 1, 3, 5 and 7 following SAH were detected
statistically higher than serum ET-1 levels (Figure 1).
When the vasospasm following SAH was compared
with serum ET-1 and CSF ET-1 levels, the risk of
vasospasm development was detected to increase in
the patients whose ET-1 level increased from day 5
as well as the patients whose CSF ET-1 levels
increased from day 3 (Table 2, Figure 2).

DISCUSSION

Cerebral vasospasm may be defined as narrowing of
the cerebral vascular tree. The leading cause of
mortality and morbidity which affect the prognosis
after SAH is the vasospasm and it is a fact that such
condition is not treatable. The cerebral arterial
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diffuse,

focal or

vasospasm may be focal, segmental,
symptomatic or asymptomatic. Late,

diffuse ischemic neurological deficits are together
with -cerebral arterial vasospasm.  Prominent
symptoms of the vasospasm may develop slowly
within hours, days. Severe headache, confusion,
meningismus,  subfebrile  fever and  focal
neurological findings are prominent symptoms of
the vasospasm?14.

Pathogenesis of the cerebral vasopasm has not been
clarified yet. The blood within subarachnoid space
play an important role in cerebral vasospasm.
Vasospasm was considered to be associated with
multifactorial cases such as vasodilatation-inhibiting
agents which provide long term arterial contraction,
proliferative vasculopathy, inflaimmatory events,
mechanical effects, blood components
(oxyhemoglobin, endothelins, iron, norepinephrine,
prostaglandins, free radicals) and immuno-reactive
process! 1417,

The bleeding appeared after rupture of
aneurysm causes an increase of pressure
subarachnoid space and tampons the aneurysm
ruptute and the haemorrhage stops. Platelet
accumulation and white thrombus appear on the
rupture site on the aneurysm wall. The platelets
release serotonin and thromboxan A2 and cause
vascular stenosis in the ruptured vessel. Fibrin
accumulates on the white thrombus and red
thrombus appear and obstructs the ruptured site.
The spasm started at that zone may remain local or
progress diffusely along the vessel'®20. The spasm
started from the site close to the thrombus is usually
detected on distal side of the internal carotid artery
and proximal side of the mid-and anterior cerebral
artery. Stenotic zones of the artery is resistant to the
spasm more. Therefore, it may be detected as
segmental. As the spasm is severe, it diffuses along
all arteries. It may involve the contralateral
hemisphere arteries. The spasm narrows the lumen
by 50% or 90% in some cases and the prognosis is
very  poor!®25.  Serotonin,  histamine  and
prostoglandins ate released from the platelets by
onset of the coagulation process after SAH and
early cerebral vasospasm starts. Chatecolamines
loose their effects at the end of 24 hours and
hemolysis in the erythrocytes start. Late cerebral
vasospasm starts as a result of blood products and
lipid peroxidation. The distruption in the vascular
endothelial ells increases the spasm more!*17.
Endothelins family consisting of 3

the
in

are a
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vasoconstrictor iso-peptides (ET-1, ET-2, ET-3)
and expressed from different cell types of the brain
including neurons, glial cells and macrophages. The
experimental studies showed that ET-1 presents a
strong and long-term vasoconstrictor effect which
cause morphological changes related to late term
cetebral vasospasm after SAH?+28,

ET-1 concentration in serum and CSF samples of
the patients with subarachnoid hemorrhage were
analysed in some studies; however, the results are
contradictory. Recent findings are considered that
ET-1 play a role in cerebral vasospasm in
human?4?%31. Some animal studies conducted
showed that ET-1 antagonists cured the cerebral
vasospasm??>3. The studies where the association
between ET-1 and cerebral ischemia were evaluated,
CSF ET-1 levels were detected as increased in
cerebral infarction?-35-38,

Suzuki et al. detected in their clinical study that
among 30 patients whose serum and CSF samples
were collected after SAH, 18 had cerebral
vasospasm detected clinically whereas 10 patients
developed angiographic vasospasm. CSF ET-1
levels were measured up to day 18 following the
bleeding; basal CSF level significantly increased up
to day 6 and then progressively decreased and it was
shown that ET-1 exists with a high concentration in
CSF when compared with the control group.

Masaoka et al.® detected that plasma ET-1 levels
started to increase at day 3 of symptomatic
vasospasm and reached to the peak level at day 7 in
the patients with aneurysmal SAH. This was
associated with production of endogenous ET-1 by
the authors. In a study performed by Mascia et al.4,
serum and CSF ET-1 levels of 20 patients with SAH
were measured; ET-1 concentrations were detected
higher in the patients whom vasospasm was
detected.

In the study conducted by Clozel et al.?’, efficiency
of BQ123 (potent antagonist of endothelin-A
receptor) was analysed; and it was demonstrated that
such agent prevented development of cerebral
vasospasm in the rat models. Matsumura et al.3
used phosphoramidone, an endothelin antagonist on
dog models with SAH in their study and detected
that such agent prevented cerebral vasospasm.

The present study revealed the results in line with
the literature. When we analysed ET-1 levels of CSF
and serum samples of those who developed cerebral
vasospasm among 20 patients with SAH, ET-1
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levels were detected higher at days 3 and 5 after
SAH when compared with the control group; and
such level was detected over 10 pg/ml at day 7.
There was not any significant difference shown
when ET-1 concentration of the patients without
vasospasm were compared with the control group.
The risk of vasospasm was detected as increased in
the patients whose CSF ET-1 level increased from
day 3 and those whose serum ET-1 level increased
from day 5.

In conclusion; different mechanisms of the immune
system play a role as well as the vasospasm
developed after SAH. The present clinical study
concluded that ET-1 increase in CSF after SAH and
it may be effective on development of vasospasm.
Further clinical and experimental studies are needed
to confirm the role of endothelins in vasospasm
and to support these findings. Thus, medical
therapy of this significant pathology which causes
severe morbidity and mortality may be improved.
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