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The Effect of Choroidal Artery Vasospasm on
Choroid Plexus Injury in Subarachnoid Hemorrhage:

Experimental Study
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ABSTRACT

AIM: We examined whether vasospasm of choroidal arteries (ChAs) may be resulted in ischemic injury in choroid plexus (CP) after subarachnoid
hemorrhage (SAH).

MATERIAL and METHODS: This study has been conducted on 30 rabbits. Eight, fourteen and eight of them were used as control, SAH and
SHAM groups, respectively. The volumes of choroidal arteries were examined and measured by using the micrometric microscope barr.
Ischemic morphological changes of the choroid plexus cells and villus were examined as follows: cellular shrinkage (1 point), cytoplasmic
condensation (2 points), angulation (3 points) and villus desquamation (4 points) were considered as 1st, 2nd, 3rd, 4th degree downward
choroid plexus degeneration criteria. Degeneration scores of 1 to 4 criteria were calculated by summing the exacerbated ones with the
existing one.

RESULTS: Choroidal artery diameter&volume, and CP degeneration scores in three groups were evaluated: The mean volumes were
1.080£0.650mm?3, 0.907+0.330 mm?, 0.480+0.175 mm? and the degeneration scores of choroidal plexuses were scored as 0 and 1- 1, and 4- 3
and 10 in the control, SHAM and SAH groups respectively. A significant correlation between the degree of vasospasm and CP degeneration
was found.

CONCLUSION: Vasospasm of choroidal arteries may be at a serious degree in cases with SAH incurs damages on choroid plexuses, and affects
structures which play important roles in immune, endocrine, detoxifying, thermoregulatory, and secretory functions of the brain resulting in
worsened prognosis.
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0z
AMAC: Bu calismada, subaraknoid kanamada (SAK) koroid arter vazospazminin koroid pleksusta (KP) iskemik hasar yapip yapmadigini
inceledik.

YONTEM ve GEREGLER: Bu calisma 30 tavsan {izerinde yapild. Sekizi kontrol grubu, 14'ti SAK grubu, 8 tavsan da SHAM grubu olarak kullanildi.
Koroidal arterlerin tam koroid pleksusa girdigi noktadaki kesitlerinin ¢api ve volimi mikrometrik mikroskop kullanilarak él¢tildi. Koroid
pleksus hicre ve villuslarinin iskemik morfolojik degisiklikleri hafiften agira dogru su sekilde tanimlandi: hiicresel kiigtilme (1puan), sitoplazmik
yogunlasma (2 puan), angulasyon (3 puan) ve villus yikimi (4 puan). Mevcut histopatolojik bulgularin 1 ile 4 arasindaki dejenerasyon kriterlerinin
toplami dejenerasyon skoru olarak tanimlandi. Sonuglar istatistiksel olarak degerlendirildi.

BULGULAR: U¢ grubun koroidal arter capi ve voliimii ile dejenerasyon skoru degerleri su sekilde bulundu. Kontrol grubunda ortalama koroidal
arter ¢api 120+£30um, volimi 1,080+0,650 mm? ve dejenerasyon skoru 0 ve 1 arasinda idi. SHAM grubunda ortalama koroidal arter ¢api
110+£20um, voliimii 0,907+0,330 mm? ve dejenerasyon skoru 1 ve 4 arasinda idi. SAK grubunda ortalama koroidal arter cap1 80+15um, volimii
0,480+0,175 mm? ve dejenerasyon skoru 3 ve 0 arasinda idi. Sonucta vazospazm derecesi ile KP dejenerasyonu arasinda anlamli iliski bulundu.
SONUG: SAK olgularinda koroidal arterlerin vazospazmi degisik derecelerde koroid pleksus hasari olusturabilir. Beynin immiin, endokrin,
detoksifikasyon, termoregulasyon ve sekretuar fonksiyonlarinda 6nemli rolii olan koroid pleksuslarin hasar gérmesi SAK'daki kotli prognozun
onemli bir sebebi olabilir.

ANAHTAR SOZCUKLER: Koroidal arter, Vazospazm, Koroid pleksus hasari, Subaraknoid kanama, Tavsan
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INTRODUCTION

Cerebral vasospasm is one of the most challenging
complications following subarachnoid hemorrhage (SAH).
Although cerebral vasospasm after SAH has been the subject
of substantial research interest, the underlying pathogenic
mechanisms remain obscure (4,5,22,23). Because of delayed
narrowing of large-capacity arteries of the brain, cerebral
vasospasm is one of the leading causes of morbidity and
death following SAH (2). One of these arteries are the
choroidal arteries (ChAs).

Choroid plexuses (CP) are brain structures located in the brain
ventricles. They are comprised of highly vascularised villi and
ciliated modified ependyma. The CP is highly vulnerable to
damage in head injuries, infections and ischemic conditions
(10,11). Although it is generally accepted at the present time
that the choroid plexuses (CP) are the main source of the
cerebrospinal fluid, nothing is to be found in the literature
concerning the vasospasm of choroid plexus artery and
injury of the plexus. The experiments about this subject may
have shown the difficulties which beset attempts to draw
conclusions. The situation and relationships of the plexus
must always make the performance of such experimental
studies difficult and the interpretation of the results uncertain
and inconclusive (20,26). We hypothesized that the choroidal
artery vasospasm after SAH may be resulted in plexus injury.
This could be lead to atrophy of choroid plexus and diminished
cerebrospinal fluid (CSF) production. The diminished CSF
production may be one of reasons of cerebral hypertermia.
Therefore, we examined the choroid plexus injury after
choroidal artery vasospasm in experimental subarachnoid
hemorrhage

MATERIAL and METHODS

This study was performed on 30 anesthetized adult male
New Zealand rabbits. The animal protocols were approved
by the Ethics Committee of Erzurum Atatiirk University,
Medical Faculty. The care of the animals and the experiments
themselves were conducted according to the guidelines set
forth by the same ethics committee. A balanced, injectable
anesthetics were used in order to reduce pain and mortality.
After anesthesia was induced with isoflurane given by a face
mask, 0.2 mL/kg of the anesthetic combination (Ketamine
HCL, 150 mg/1.5 mL; Xylazine HCL, 30 mg/1.5 mL; and distilled
water, 1 mL) was subcutaneously injected before surgery.
During the procedure, a dose of 0.1 mL/kg of the anesthetic
combination was used when required.

Animals selection: Autologous blood (1 mL) was taken
from the auricular artery and injected using a 22-Gauge
needle into the cisterna magna of animals in the SAH group
over the course of 1 minute for fourteen of thirty rabbits
(n=14). Eight rabbits were selected for control group (n=8).
One mL of physiologic serum was injected into the cisterna
magna for eight of them as SHAM group (n=8). The animals
were followed for 20 days without any medical treatment
and then sacrificed. Whole bodies of all animals were kept
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in 10% formalin solutions for 7 days after required cleaning
procedures for retrograde histologic examination.

Histopathological Procedures: Morphological examinations
of the brains showed that all ChAs the cisternal segment,
extending from its origin to the choroidal fissure, and the
plexal segment extending from the choroidal fissure to the
area where it enters into the choroidal plexus on the temporal
horn.

The choroid plexuses and ChAs were obtained from coronary
sections of brains at the levels of temporal horns of lateral
ventricles and stained with hematoxylin and eosin (H&E).
Luminal diameters of anterior choroidal arteries branches just
entering in choroid plexus were examined and measured by
using the micrometric microscope barr.

Endothelial swellings, luminal narrowing and inner elastic
membrane convolutions were accepted as ChAs vasospasm
criteria. All ChAs were accepted as a cylinder because of their
morphological characteristics, and simple geometric formulas
were used to estimate their volumes. As a measure of the
degree of vasospasm, ChA volume values were preferred
to determining the degree of vasospasm, because volume
estimation method can be readily performed, is intuitively
simple, is more reliable, and is free from assumptions
about vessel diameter in various segments and unaffected
overprotection and truncation. Choroidal arteries sectioned
twenty consecutive sections by 5 micron distances at the
levels of just entering the choroid plexuses in all animals.
Then 20 histopathological section were taken by microtome
of 5 um distances of each a, b, ¢, ... s, t. The lumen diameters
of each 20 histologic sections levels were measured and
shown as 2r, 2r, 2r ....2r, The mean radius value of ChAs
were calculated asr=r_+r, +r_+....r, /20. The heights of the
ChA sections of 5 ym imagined as h=h_+h_+h_+ ... h =
Sh were accepted as the total height (Xh=h) of the cylinder-
shaped ChA samples. The mean volume values of all bilateral
ChA were calculated using the following formula: V= Mrh. For
example, mean diameter of chosen segmental model of ChAs
were estimated as 120 um and their heights was 5x20=100um.
Estimated volume; V=mr’h=1(60)?100um3= 3x3600x100um?3=
1.080.000pm3*=1.08mm?>.

Ischemic morphological changes of the choroidal cells
and villus degeneration were examined as follows: cellular
shrinkage (1), cytoplasmic condensation (2), angulation (3)
and villus desquamation (4) were considered as 1st, 2nd, 3rd,
4th degree downward choroid plexus degenerations criteria.
Degeneration scores of subjects expressed the degeneration
of 1to 4 criteria was calculated with summing the exacerbated
ones with the existing one.

The differences between the ChAs volumes and degeneration
scores of choroid plexus were compared statistically. For
the statistical analysis, SPSS ver. 15.0 was used. The mean
+ standard deviation of the variables is reported. Since the
data showed a normal distribution inter-group differences
were assessed using a one-way ANOVA. The presence of
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homogeneous variance necessitated the use of the Tukey test
for comparisons between two groups. A P<0.05 was accepted
as statistically significant.

RESULTS

Two of the animals (n=2) died within the first week and the
remaining (n=28) followed in 20 days without any medical
treatment and then sacrificed. Clinically, meningeal irritation
signs, consciousness, convulsive attacks, fever, apnea,
cardiac arrhythmia, and breath disturbances were observed
frequently in premortal periods of the dead animals and the
five living animals. Frontal sections of brains shows white
matter expansions and compressed lateral ventricles. In some
cases blood clots were observed in lateral ventricles. Brain
temperatures were measured high velocities in these cases
because of choroid body injury and decreased CSF. Brain
edema, stiffness, leptomeningeal thickness, brain swelling
and increased brain weight were seen in all animals that
developed subarachnoid hemorrhages (Figure 1). The mean
length of the examined ChA was 0.35+0.10mm.

ChAs convolutions were more prominent in the animals
with induced SAH than in the SHAM and control groups. In
order to estimate ChAs volume, squared-lined glass plates

Figure 1: Macrobrain image with subarachnoid hemorrhage.
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were used while photographs were taken under microscope
during the histopathological examinations of the ChAs. The
relationship between choroidal artery diameter and volume
and CP degeneration scores were evaluated, according
to the following criteria: In the control group (n=8), the
mean diameter value of chosen segmental model of ChAs
were estimated as 120+30 pm and their mean volume was
1,080+0,650mm? while the degeneration scores of choroidal
plexuses were scored as 0 and 1 (Figure 2). In the SHAM group
(n=8) mean diameter of these arteries was 110£20um, and
their mean volume was 0.907+0.330 mm? and degeneration
scores of choroid plexus ranging between 1 and 4. In the SAH
induction group (n=14) mean diameter of choroidal arteries
as 80+15um, and their volume was 0.480+0.175 mm? and
degeneration scores of choroid plexus ranging between 3
and 10 (Figure 3) (Table I).

No difference between the volume of the choroidal artery
and degeneration score of choroid plexus was observed in

L pa

Figure 2: Choroidal plexus view in normal rabbit (ChA- Choroidal
artery; CV-Choroid villi LM,H&E, x40).

Figure 3: Choroid plexus and spastic choroidal artery view
in rabbit with SAH (ChA- Choroid artery; DCV- Desquamated
choroid villi; IVH- Intraventricular hemorrhage; LM,H&E, x40).
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Table I: Correlation between the Degree of ChA Vasospasm, and Degeneration Scores

Mean diameter of choroidal | Mean volume of choroidal | Degeneration score of choroid
artery (pm) artery (mm?3) plexus

Control Group (n=8) 120£30um
SHAM Group (n=8) ‘ 110£20um ‘
SAH Group (n=14) ‘ 80+15um ‘

1.080+0.650mm? @ 0—1b
0.907+0.330mm? \ 1—a4b
0.480+0.175mm*> | 3—10°

There was a difference noted between the groups with different letters, while the groups represented by the same letter showed no significant differences.

the controls and the SHAM rabbits (p>0.05). However, the SAH
group showed a difference (p<0.05). A significant correlation
between the degree of vasospasm and degeneration criteria
was found. We found that, a inverse relationship was observed
between the volume of ChAs and degeneration scores of
choroid plexus (P<0.05).

DISCUSSION

In the present experimental study, the effects of ChAs
vasospasm on choroid plexus degeneration and apoptosis
following SAH were firstly investigated.

CP are brain structures located in the lateral, third and fourth
ventricles and form one of the interfaces between the blood
and the central nervous system (CNS). They are comprised
of highly vascularised villi covered by a ciliated modified
ependyma. CP constitute up to 60% of the ventricular volume
in the young but the volumes descend to a low percentage
at the elderly (10). Choroid plexuses also participate in
neurohumoral brain  modulation and neuroimmune
interactions, thereby contributing greatly in maintaining brain
homeostasis (20,26). The plexus is supplied by anterior and
posterior choroidal arteries. In general, the anterior choroidal
artery supplies the more posterior part of the plexus while
the posterior choroidal arteries supply the more anterior
part. These also supply the optic tract, uncus, lateral part of
geniculate body, posterior two-thirds of the posterior limbs
of internal capsule, optic radiation and choroid plexus on the
lateral ventricle. The classical features of ChAs occlusion are
contralateral hemiplegia, hemianesthesia and hemianopsia.
Also, these arteries’ occlusion causes ischemic injury and
apoptosis of choroid plexus (13,25,27).

Vasospasm is a pathophysiologic entity, characterized by
narrowing of vascular lumen in varying degrees which might
developafter SAH, and associated with higherrates of mortality
and morbidity. It was defined as a combination of neurogenic
response of adrenergic nervous system, and myogenic
response of the arterial wall together with pharmacological
reaction of the vessel wall against substances released from
the circulating blood (8,24). The exact pathophysiology of
vasospasm is very complex and poorly understood. Excessive
production of free radicals and subsequent lipid peroxidation
has been suggested causally related to cerebral vasospasm
after SAH (6,9,14,15).

Clinical manifestations developing after vasospasm vary
according to the degree, severity, location, and extent of
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the vascular spasm. It mostly develops in the bleeding site,
and surrounding vessels. Development of vasospasm usually
occurs between 4th and 14th days of the vasospasm (19,27).
In the early phase of vasospasm, acute ischemic changes were
encountered in 30 % of the cases (17). The patients might
be asymptomatic or manifest evidence of diffuse cerebral
necrosis secondary to ischemic changes. As for approximate
outcomes of studies performed in various centers mean
incidence of death, and permanent disability have been
indicated to be 7 percent (7,16). Although cerebral vasospasm
after SAH has been the subject of substantial research interest,
the underlying pathogenic mechanisms remain obscure
(1,4,18,22). Therefore, different in vivo animal models have
been developed in order to assess cerebral vasospasm and
pharmacologically vasoactive effects. In the present study 2
out of 14 rabbits (14.2%) who developed SAH died during the
experiment.

According to the literature, injection of fresh blood into the
cisterna magna is one of the most commonly used methods
to establish SAH in rabbits and has been found successful in
obtaining a vasospasm (3,15). Experimental brain ischemia
in rats caused a massive reduction in choroid plexus blood
flow and marked disruption of the blood-CSF barrier, which
may enhance the movement of compounds from blood
to areas close to the ventricular system and participate
in delayed neuronal death (12,26). Infarction of the CP
probably has effects on CSF regulation with or without clinical
manifestations (20,21). In the present study we examined
choroidal arteries from rabbits with experimental SAH using
cisternal blood injection model. In our study, we did not
specifically examine a particular choroidal artery. Instead of
the main choroidal artery, luminal diameters and volumes
of choroidal arteries branches in choroid plexus have two
layer muscle were measured. Among groups, volume of
arteries in the SAH group were statistical significantly lower
when compared with those of the control, and SHAM groups.
Adverse effects of choroidal vasospasm on choroidal plexus
were evaluated according to the following degeneration
criteria: (1) shrinkage of choroidal cells, (2) cytoplasmic
condensation (3), angulation, and (4) villus desquamation
As a result, it was found that the choroidal artery diameter of
SAH group was statistical significantly lower than SHAM and
control groups. When the vasospasm got more serious, we
saw that the degeneration scores was significantly increased
(p<0.05).
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Rational of the Present Study: It was the main object of this
investigation to ascertain whether the arrangement of the
vessels in the choroid plexus suggested any point at which
nervous control of the plexus might be effected after SAH.
CP functions are important and numerous. Choroid tissues
belong to the hemato-encephalic barrier. Metabolic activity
of CPs is estimated to be half that of the kidneys. The plexuses
secrete about 90% of CSF; the remaining 10 % comes from
brain interstitial fluid drainage. Brain isimmersed in CSF, which
confers mechanical protection and diminishes apparent
weight according to Archimede’s principle, as well as an
unspecific sink for waste products from the CNS. CSF should
not be considered as an inert and static fluid. It is renewed
several times a day and is a medium for transportation of
many molecules. It is used for elimination of by-products
of cerebral catabolism and toxic compounds. CSF is similar
to brain interstitial fluid. It is almost completely secreted by
choroid plexus. These secretions are critical for maintaining
water balance and therefore the brain volume. For that reason,
normal function of CP is important. And in present study, it
was first time reported that the vasospasm of CP artery might
be effected the function of CP in SAH patients. It appears
likely that the anterior and posterior choroidal artery or its
choroidal branch after SAH was affected, so that the blood
flow distal to that point is restricted. The least anatomically
variable and clinically most important part of the anterior
choroidal artery is the distal part, after the choroidal branch
is given off, which supplies the lateral geniculate body. There
is unlikely to be an arrangement whereby the blood supply to
the geniculate body is determined by the requirements of the
choroid plexus. Injury of plexus might be impaired the blood
supply to geniculate body . Secondly, the choroidal branch
divides immediately before entering the plexus into five or
six branches, each almost as large as the parent stem. This
reduces the length of the anterior and posterior choroidal
artery where its circulation may be disturbed by a vasospasm
after SAH. In our opinion the anatomical evidence of plexus
injury after SAH shows that CSF production by plexus is
affected.

CONCLUSION

Pathologic processes involving in vasospasm in SAH, also
significantly affect choroidal arteries, resulting in ischemic
injury and apoptosis of choroid plexus and decreased
CSF secretion. Because cerebrospinal fluid cold the brain,
decreased CSF secretion may cause increased brain
temperature and hyperthermic brain injury in SAH. We
conceive that impairment of these structures which with
their secretion CSF, have important roles in cerebral nutrition,
detoxification, cooling, enhancement of cerebral immunity
with its immuinoglobulin production, maintenance of
endocrine secretory, and repository function, and regulation
of blood-CSF pH, convey crucial significance in worsened
prognosis in SAH.

ABBREVATIONS

SAH: Subarachnoid hemorrhage
ChA: Choroidal artery
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CP: Choroid plexus
CSF: Cerebrospinal fluid
CNS: Central nervous system
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