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Cisterna magna double-injection model of hemorrhagic stroke in experimental rats
for the study of communicating hydrocephalus

Objectives. The cisterna magna double-injection model of hemorrhagic stroke (CMDIM) was tested in this research to see its validity in
provoking communicative hydrocephalus. Background. Subarachnoid hemorrhage (SAH) is a devastating disease resulting in high mortality
and is a common cause of chronic post-hemorrhagic hydrocephalus (PHH), which affects up to 20% of the survivors. The occurrence of hydro-
cephalus after SAH is a crucial factor in predicting a poor prognosis, including damage to the brain parenchyma, a prominent cause of disability
that, if sufficiently severe, may also lead to patient mortality. In the case of PHH, the mechanisms leading to pathogenesis are poorly understood.
Small animal models in basic and preclinical sciences constitute an integral part of testing new hypotheses before translation to clinical practice.
Methods. Experimental animals were divided into two groups. The first group (control group — CG) was without surgery. In the second group, a
0.15 ml blood injection into cistern magna was followed by a 0.15 ml blood injection 48 hours later. The surgery was performed in sterile condi-
tions under general anesthesia; experimental animals in the surgical group were positioned supine, and blood was taken from the lower third on
the ventral aspect of the tail. After this, the rat was turned prone, and the head was fixed in a stereotactic frame. Under magnification of surgical
loups, an incision was made in the suboccipal region followed by dissection of neck region muscles. Gentle flexion of the rat head allowed by
not rigid head fixation gave the possibility to widen the space between the occipital bone and C1 lamina for better cisterna magna visualization.
After meticulous hemostasis, the incision was closed using a stapling device. The second surgery was performed with the same steps, except for
more proximal puncturing (above the lower third on the ventral aspect of the tail) of the tail artery. We defined hydrocephalus as ventricular vol-
ume on histological evaluation, which was > +3 SDs above the mean in control animals. Results. Thirty-seven operations were done on 20 rats
with 20% posthemorrhagic postoperative mortality. Hydrocephalus in the surgical group occurred in 45% of rats, according to the histological
investigations. Conclusion. Based on the findings, CMDIM is effective in generating posthemorrhagic hydrocephalus with acceptable mortality.

Key words: subarachnoid hemorrhage, hydrocephalus, experimental hemorrhagic stroke, Wistar rats.
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Mogesb reMOpParivyHoOro iHCYJbTy B €KCIIEPUMEHTAJBbHUX IYPiB Y BUIVISAAI MOABIHHOI iH'eKmil
BEeJIMKOI NOTHINYHOI HUCTEPHHU 1JIs1 BUBYCHHS ape30pOTHBHOI rixpouedaJii

Beryn. Cybapaxuoinansuuii kpooBuians (CAK) € miaTHIIOM TeMOpariyHoro iHCYINbTY, 3 BACOKMMU IIOKa3HUKaMU CMEPTHOCTI Ta 4aCTOIO
TIPUYHHOIO XPOHITHOI moctremopariunoi rigponedaii (ITI'T), sixa Bpaskae xo 20% Tux, xto BrkuB. Burnknenns rigponedanii micass CAK
€ OJIHUM 3 KIIIOYOBHX (DaKTOPiB y MPOTHO3YBaHHI HETaTHBHUX PE3yNbTaTiB JIKYBAHHS, BKJIIOYAIOUH MOIIKOKEHHS MapeHXIMU TOJOBHOTO
MO3KY, 1[0 € OCHOBHOIO TIPUYHHOIO IHBAJIITHOCTI, KA TAKOK MOXKE IPU3BECTH JI0 CMEPTI MallieHTa. Y BUNAJKy KOMyHIKaHTHOI IIoCcTreMopa-
Ti4HOI rigponedanrii, maToreHeTHYHI MEXaHi3MH OCTaHHBOT HEIOCTaTHRO BHBYCHI. MoJIeli eKCIIepIMEHTAIbHIX TBAPUH Y (DyHIAMEHTATEHAX
1 JOKJIIHIYHMX HAayKaX € HeBil'€MHOIO YACTHHOIO MEPEBIPKU HOBUX TiIIOTE3 Mepe]] BIPOBADKEHHAM X Y KJIiHIYHY MpakTHKy. MeTa. Y 1aHoMy
JOCHIUKEHHI OyJa mpoTecToBaHa MOJENb IeMOPAriqyHOro HCYNBTY 3 MOJBIHHOIO iH’€KI€I0 ayTOJNOTIYHOI KPOBI Yy BEIMKY LUCTEPHY 1100
BU3HAYUTH BAJIITHICTh MOJIET y IPOAYKYBaHHI KOMYHIKaTHBHOI rigponedanii. Meroau. [limnocnigaux tBapuH (30 mrypis miHii Bictap) po3mi-
JIAIK Ha J1Bi Tpymy. Y mepiii rpymi (KOHTpobHA) onepattii He BUKOHYBaIHCh. Y ApyTiid rpyrmi micist in’exii 0,15 M. KpOBi y BENMKY HOTHITHYHY
IUCTEPHY, cirimyBana in’exiis kposi 0,15 mi yepes 48 roqun. OnepaTHBHI BTpyYaHHS TPOBOMIUIA TIiJ 3arallbHAM 3HEOOICHHSM, ITiIOCTITHIX
TBapUH XipypriyHoi rpyIy MO3UIIOHYBAIN HA CIIMHY, 1 MPOBOIMBCS 3a0ip KPOBi 3 HUKHBOT TPETHHH BEHTPAIBHOI CTOPOHH XBocTa. [licis mporo
IIypa MOBEPTaJIH, a ronoBy (iKCyBajIM B CTEpeOTAKCHYHIN paMmili. 3a 0MOMOroo OiHOKYISPHHX JIyl BUKOHYBABCS PO3Pi3 Y MOTHINYHIH ALTSHII
3 HACTYITHUM PO3CiueHHAM M’s13iB 1. JIerka uiekcist rofoBu, 3aBIsKH HEKOPCTKIH (hikcallil roJIoBH, aBajia MOKIMBICTb PO3LIMPHTH MPOCTIP MK
MOTHIIMYHOIO KICTKOIO Ta Ay:kKoro C1 s Kpamiol Bisyai3anii BETMKOT HOTUIMYHOI IIMCTEPHH 3 HACTYITHOKO 1H €KIIIER0 ayToNoriyHoi KpoBi. pyre
OIlepaTnBHE BTPYYaHHs OyJI0 BUKOHAHO 3 THMH K €TarlaMH, 32 BUHATKOM OUIBII MPOKCHMMAJIBHOT IyHKIIT (BUIIE HIKHBOT TPETHHHI Ha BEHTPAIbHIN
CTOPOHI XBOCTa) XBOCTOBOT aprepil. ['inponedaitis BeprQikyBaacs TiCTONOrYHO SIK 00’ €M ILTYHOYKIB TOIOBHOTO MO3KY, SIKHit OyB > +3 cTaHIapT-
HUX BiZIXWICHB BHILE CEPEIHBOI0 3HAYCHHS Y KOHTPOJIBHUX TBAPHUH.

Kutrouogi ciioBa: cybapaxHoinanbHU# KPOBOBHIHB, Tiiporiedaltis, ekcepuMeHTalbHIUN reMopariaHuii iHCYIbT, LypH JTiHii Bictap.
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Introduction. Subarachnoid hemorrhage (SAH) is
a devastating disease resulting in high mortality and is a
common cause of chronic post-hemorrhagic hydrocephalus
(PHH), which affects up to 20% of the survivors. It is
usually caused by impaired cerebrospinal fluid (CSF) flow
or drainage and is characterized by pathologic dilation of
the cerebral ventricles. Based on clinical and radiographic
presentations, PHH lasting two weeks or longer is defined
as chronic hydrocephalus (Huo et al., 2011), which
commonly requires cerebrospinal fluid shunt surgery but
still with a high frequency of poor neurological outcomes
and cognitive deficits (Dupont & Rabinstein, 2013;
O'Kelly et al., 2009; Woernle et al., 2013). The occurrence
of hydrocephalus is a crucial factor in predicting a poor
prognosis, including damage to the brain parenchyma, a
prominent cause of disability that, if sufficiently severe,
may also lead to patient mortality (Phan etal., 2000; Hanley,
2009; Diringer et al., 1998; Bhattathiri et al., 2006). In the
case of PHH, the mechanisms leading the pathogenesis are,
as yet, poorly understood, and no specific medical treatment
for the prevention of chronic hydrocephalus is available.
The lack of appropriate models for SAH-associated
chronic hydrocephalus partly causes this. Without this
detailed understanding, effective treatment is complex
(Strahle et al., 2012). Small animal models in basic and
preclinical sciences constitute an integral part of testing
new hypotheses before translation to clinical practice
[1, pp. 2173-2188]. Therefore, the current study evaluated
the efficacy of the cisterna magna double-injection model
of subarachnoid hemorrhage in experimental rats causing
hydrocephalus.

Material and methods. Thirty adult Wistar rats
(Biological Research Center, Lithuanian University of
Health Sciences, Kaunas, Lithuania), approximately aged
2—6 months, fifteen males and fifteen females, weighing
250 to 500 g., were enrolled in the study. The rats were
bred and maintained at the Lithuanian University of Health
Sciences animal house under controlled conditions. The
rats were housed in individual cages and maintained on
a 12-hour light/dark cycle, with free access to food and
water; tail marking with a permanent marker was used
for rat identification — Figure 2C. The experiments were
approved by the State Food and Veterinary Service (Vilnius,

-

n
4o

Lithuania), following European (2010/63/UE) regulations
for the care and use of laboratory animals.

Surgical Procedure. The model of SAH was performed
as previously described [2, pp. 1-7]. The surgery was
performed in sterile conditions under general anesthesia
with 3% sevofluran (Baxter, USA) with induction
of volatile anesthesia in an induction chamber (Kent
Scientific, USA) — Figure 2A and additional gas provided
via anesthesia mask. Experimental animals in the surgical
group were positioned supine, taking approximately
0.15 ml of blood with a 26-gauge needle from the lower
third on the ventral aspect of the tail — Figure 1B (after
holding the tail for 2 minutes in warm water (40 degrees) to
achieve artery dilatation — Figure 1A). After this, the rat was
turned prone, and the head was fixed in a stereotactic frame
(individually designed) — Figure 2B. Under magnification
of surgical loups, an incision was made in the suboccipal
region followed by dissection of neck region muscles.
Gentle flexion of the rat head allowed by not rigid head
fixation gave the possibility to widen the space between
the occipital bone and C1 lamina for better cisterna magna
visualization — Figure 1C. Muscles were retracted with
fish hooks secured on frame special fixators, and injection
of previously prepared 0.15 ml of blood into subarachnoid
space (SAS) via cisterna magna (CM) was performed —
Figure 1D, 1E. After meticulous hemostasis, the incision
was closed using a stapling device. The second surgery was
performed in 48 hours with the same steps, except for more
proximal puncturing (above the lower third on the ventral
aspect of the tail) of the tail artery. Rats in surgical groups
were sacrificed after the 20th-day post-induction of SAH
by intramuscular injection of 2% pentobarbital sodium
(60 mg/ kg body weight) followed by cervical dislocation.
Bone rongeur was used to remove the cranium for brain
removal; the brain and brainstem were carefully extracted
from the cranial vault, placed into a 4% paraformaldehyde
solution, and stored at four °C for 48 hours.

Histological Investigations. For all neuropathological
analyses, 10um thick coronal sections were cut (Leica
Microsystems LM3050S) and mounted on poly-L-lysine-
coated slides. The tissue sections were subjected to
hematoxylin and eosin (H & E) staining. The presence
of ventricle wall dilatation was evaluated. The size of the

Fig. 1. Surgical steps. Tail holding for 2 minutes in warm water to achieve artery dilatation (A);
tail artery puncture (B); cisterna magna visualization (C); injection of previously prepared
0.15 ml of blood into cisterna magna (D, E)
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Fig. 2. Positioning, anesthesia, and identification of experimental animals. General anesthesia
with 3% sevoflurane with induction of volatile anesthesia in an induction chamber (A); head fixation
in a stereotactic frame (B); tail marking with a permanent marker for rat identification (C)

Fig. 3. Histological photomicrographs with hematoxylin and eosin staining of SAH animals
with progressive ventricular dilatation (left to right). Scale bar=32 pm

lateral ventricle was determined by the lateral ventricle
index, which was calculated on the Nissl stained slice.
Specifically, lateral ventricle index equaled lateral ventricle
volume divides the area of the brain slice at the level of
the preoptic chiasm [3, pp. 547-550]. Hydrocephalus was
defined as ventricular volume over +3SD of the mean in
sham and control animals.

Results. Thirty-seven surgical interventions were
performed on 20 research animals with a general
postoperative mortality of 20%. No animals in the control
group died.

The introduction of blood samples into SAS markedly
increased ventricle size. Among 20 previously healthy
animals of the hemorrhagic group, 9 (45%) developed
hydrocephalus — Figure 3. No significant changes were
observed in the CG group.

Discussion. In this experimental study, we evaluated
the efficacy of the cisterna magna double-injection model
of subarachnoid hemorrhage in experimental rats to study
hydrocephalus. The key findings of the research include
that rat double-hemorrhage cisterna magna autologous
0.15 ml. blood injection model produces acceptable rates
of hydrocephalus induction.

Animal models are essential to studying SAH and its
effects [4, pp. 1096-1112]. Among numerous studied
animal SAH — models, the most promising are puncture or
perforation of a cerebral vessel using a needle or catheter
[5, pp. 415—434] and other models using an injection of
blood into a cistern. In 411 rat studies, SAH was induced
by intracisternal blood injection in 259 (63%) rats
(46% single, 17% double) and by endovascular filaments in
173 (33%) rats [6, pp. 250-258].

The cisterna magna is the most common site for blood
injection in animal models. A microcatheter or direct
puncture may introduce blood into the cisterna magna
[7, pp. 1086-1091]. The autologous blood injection
into the cisterna magna model is considered the most
appropriate model for studying chronic bleeding effects
after SAH. To mimic SAH, autologous blood is taken from
an artery on the ventral aspect of the tail according to the
commonly known anatomical feature of blood vessels on
Wistar rats’ tails — one ventral artery and two lateral veins
[8, pp. 121-125]. The development of delayed injury
mechanisms seems mainly to depend on the amount and
duration of the subarachnoid blood clot. Direct injection of
blood is often the preferred method, given the ability of the
investigator to control the initiation, volume, and rate of
hemorrhage into the cisterna magna [9, pp. 165-176]. The
rat double-hemorrhage model reproduces the time course
of the delayed pathophysiological consequences of CVS,
which imitates the clinical setting more precisely than other
rodent models.

Furthermore, this model is adjustable via various
technical considerations or modifications. The rat model
has recently become one of SAH's most utilized animal
models due to its low cost and ability to use large numbers
of animals [10, pp. 538-541]. Adult male Sprague-Dawley
or Wistar rats, weighing 250— 500 g, are commonly used
for the double-hemorrhage model [11, pp. 325-329;
12, pp. 1190-1197] and ventricular dilation could be found
in 42% of the rats [13, pp. 785-791]. This percentage
is similar to our results in that 45% of the chronic
hydrocephalus induction.

According to several studies in cisterna magna
single injection models, mortality rates were 0-16%
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[14, pp. 58-64], while cisterna magna double injection
models exhibit numbers up to 53% [12, pp. 1190-1197]. In
our study, we achieved 20% general postoperative mortality.

Study limitations. The study has several limitations:
magnetic resonance imaging and ultrasound are superior in
visualization sizes of brain ventricles.

Conclusion. This study shows that the double-injection
hemorrhagic model induction of chronic hydrocephalus after
repeated punctures of the cisterna magna is feasible in rats. The
current model could be applied to study novel prophylactic
therapies aiming at reducing the rate of patients requiring
permanent CSF diversion after SAH.
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