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ACCURACY OF CRANIAL ULTRASOUND IN THE ASSESSMENT
OF HYDROCEPHALUS EVALUATION IN EXPERIMENTAL RATS
AFTER HEMORRHAGIC STROKE

JOCTOBIPHICTDb KPAHIAJBHOTI'O YJIBTPA3BYKOBOI'O
JOCJIIKEHHS B JIATHOCTHUIII I'APOILE®AJIIL

B EKCIIEPUMEHTAJIBHUX TBAPUH HICJA TEMOPAT'TYHOI'O
IHCVYJIBTY

Pe3tome. CyOapaxHOiganbHUll KPOBOBHIUB € TPETIM HAaHOUIBII MOLIMPEHININM MiATHIIOM iHCYNbTYy. Cepen
HOT0 YCKJIaIHEHb HAaHOUTBIII CYTTEBUMU € Tiporedaltis, MOBTOpHA KPOBOTEYA, BiICTPOYEHA ilIeMisl, BHYTPIlI-
HBOMO3KOBHI KPOBOBWJIMB Ta BHYTPIIIIHFOIILTYHOUKOBH I KpOoBOBHJIMB. [locTremMopariuHa rigpouedatis Moxe
po3BUHYTHUCS Yy 66 % BUIAIKIB 3 BHYTPIIIHROLIUTYHOYKOBUM KPOBOBHMJIMBOM, 1 BOHA TaKOX IOB’S3aHa 3 Tip-
mHUMH QYHKIIIOHATBHUMU pe3ynbratami. [laTodizionoris rimponedarnii micis cydapaxHoinaIbHOTO KpOBOBHU-
JIMBY 3aJIMILIAETHCS HE3pOo3yMinoro. ExcliepuMenTanbHi MOl Ha MajuX TBapuHax y (yHIaMEHTAIbHHUX 1 J10-
KIIIHIYHUX HayKax € HeBiJ'€MHOIO0 YaCTHHOIO MEPEeBipKH HOBHX TIiNOTE3 Mepel BIPOBAKECHHSIM Y KIIHIYHY
npakTuKy. [loTpeba B HOBITHIX TiAXomax M0 MpodiIaKTHKY MOCTTEMOPATIYHOI Tifporedaltii € akTyaabHOIO,
OCKIJIbKY HEJOJIIKA HAsIBHUX METOJIB (LIyHTYBaHHS, EHIOCKOITiS) € OYEBUAHUMHU. YIBTPa3ByKOBE J0CIi[KEH-
HS1 TOJIOBHOTO MO3KY € HEIHBa3UBHUM METOAOM 3 UyAOBOIO IIPOCTOPOBOIO PO3AUIBHOIO 31ATHICTIO IJIs Bi3yalli-
3allii IIUTYHOUYKIB TOJIOBHOTO MO3KY €KCIIEpUMEHTAIBHUX TBAPHH.

Merta mociipkeHHs. AHaI3 BaliTHOCTI yJABTPa3BYKOBOTO JOCIIIKCHHS TOJIOBHOTO MO3KY TPU J1arHOCTHUIT
KOMYHIKaHTHOI riiporiedarnii B eKCriepuMEHTaIbHIM MOJIEIi TeMOpariyHoro iHCYJIBTY Y MaJIUX TBapHH.
Marepian i metonu. Ilingocmigai TBapuHM Oyiu pO3MOALICHI HA 1Bl rpynH. Y Mepiii rpymi (KOHTPOJIbHA TPY-
na) Xipypriuxi BTpyyaHHs HEe BUKOHYBaluch. Y npyrii rpymi (20 mrypis) TBapuHaM BBoamwiau 0,15 mi xpoBi
Y BETMKY NOTWJINYHY IIUCTEPHY 3 MMOBTOPHOIO iH eKIiero 0,15 M kpoBi uepes 48 rogud. [1ix gac excriepumeH-
Ty OyJ10 BUKOHAHO 46 YIBTPa3BYKOBHX JOCIiKeHb. ['iiponedanis JiIrHOCTyBaIacs Ipy cepeHiX MOKa3HIKaxX
ingexca Jlepina > +3 cTaHIapTHOTO BiAXWIEHHS Y KOHTPOJIBHUX TBapHH.

Pesynpratu. bymno Bukonano 37 onepariit Ha 20 mrypax. 3a TaHUMH yIBTPa3BYKOBOTO JOCIIHKEHHS, TiIpoIIe-
(hais B Xipypriusii rpytii po3BUHYyNIacsA y 56 % mrypis. Y onnHAAIATH MiAAO0CTITHAX TBAPWUH 3HAYCHHS 1HIEK-
cy JleBin nmepeBumryBanu 3SD Bif cepeqHBOr0 3HAUEHHS y KOHTPOJIBHIN TPyIi; B XIpypridHii Tpymi pi3HUIIL
B iHjeKkcax JleBiHa /10 1 micis onepailii cranoBuia «+31 %» (p-value menmie 0,0001).

BucHOBKH. YIIBTpa3ByKOBE IOCIIIHKEHHS MO3KY € BaJIiJIHUM 1 TOYHUM METOIOM OILIIHKH IOCTIeMOPAri4HOT I'ijI-
pouedartii y qpiOHUX eKCIIepUMEHTAILHUX TBAPHH.

KirouoBi cioBa: ynpTpa3zBykoBe JOCTIKEHHS MO3KY, CyOapaxHOigalbHUH KPOBOBHIIMB, TOCTTEMOpariyHa
rizponedarisi, reMopariyHuii iHCYJNbT.

Subarachnoid hemorrhage (SAH) is the third
most common subtype of stroke [1]. According
to the most recent World Health Organization
report, low- to middle-income countries experience
a disproportionately high burden (two-fold) of
SAH incidence compared to their higher-income

counterparts [2]. Early case fatality remains high, as
up to one-quarter of patients with aneurysmal SAH
do not reach the hospital or die in the emergency
room [3]. Although SAH accounts for a relatively
small percentage (~15 %) of strokes, those
suffering from SAH are younger compared to the
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mean age of all stroke patients. This fact typically
indicates a massive loss of life quality resulting
from neurologic deficits experienced by these
SAH patients [4]. Among complications, the most
important include hydrocephalus, rebleeding, delayed
ischemia, intracerebral hemorrhage, intraventricular
hemorrhage, increased intracranial pressure, seizures,
left ventricular systolic dysfunction, and myocardial
infarction. Posthemorrhagic hydrocephalus (PHH) can
develop in as many as 66 % of adults with IVH, and
it is also associated with worse functional outcomes
[5]- The current treatment for hydrocephalus mainly
involves surgeries, such as the insertion of a shunt
endoscopic third ventriculostomy, which carries a high
risk of infection and failure [6-8]. Pathophysiology
of hydrocephalus after SAH remains unclear, but it
is generally attributed to an obstruction of arachnoid
granulations by blood extravasated in the subarachnoid
space. This would prevent the CSF outflow to
cranial sinus veins [9]. Recently, this «CSF outflow»
hypothesis has been questioned in another form of
hemorrhagic stroke, intraventricular hemorrhage
(IVH). A study has shown that post-hemorrhagic
hydrocephalus (PHH) is related to CSF hypersecretion
by the choroid plexus (CP) and not to a decrease
in CSF outflow [10]. This CSF hypersecretion
was associated with an inflammatory response to
blood in the ventricular system [11]. Small animal
models in basic and preclinical sciences constitute
an integral part of testing new hypotheses before
translation to clinical practice [12-14]. Ultrasound
(US) measurements of the lateral ventricles play
an essential role in the early recognition of post-
hemorrhagic ventricular dilation [15]. Computed
tomography, magnetic resonance imaging, positron
emission tomography, single photon emission, and

optical coherent tomography have been developed
and used for small animal imaging. However, their
cost-effectiveness and real-time capability are still
significant issues [16]. High-frequency US imaging
provides a non-invasive method of superior spatial
resolution for imaging small animals [17]. Therefore,
the current study evaluated the accuracy of cranial
US in the assessment of hydrocephalus evaluation in
experimental rats after hemorrhagic stroke.

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 experiments were approved
by the State Food and Veterinary Service (Vilnius,
Lithuania), following European (2010/63/UE)
regulations for the care and use of laboratory animals.

The model of SAH was performed as previously
described [18]. The surgery was performed in
sterile conditions under general anesthesia with 3 %
sevofluran (Baxter, USA). 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.

To calculate the ventricle sizes, rats of all groups
were each subjected to a real-time non-invasive US
examination with a 4-MHz transducer (SP5-1s, Mindray
M7 Premium, China) on the 1st day (»=30) and rats from
the surgical groups after 20th-day post-operation (n=16).
A coronal US view of the lateral ventricles was obtained
(Figure 2), and the Levene index (LI) was calculated as
the distance between the falx and the lateral wall of each
anterior horn in the coronal plane.

Fig. 1. Ultrasound investigations on experimental animals
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Fig. 2. Ultrasound images of SAH animals with progressive ventricular dilatation (A to D)

Hydrocephalus was defined as a Levene index
over +3SD of the mean in sham and control animals.

Statistical Analysis. Ventricle sizes were analyzed
by repeated measures of two-way ANOVA, and post-hoc
comparisons of control vs. SAH animals were Bonferroni-
corrected. All analyses were done using GraphPad Prism
5.00 software (GraphPad Prism Software Inc., San Diego,
CA, USA). Values were presented as mean=SD. The
statistical significance level is set at p<0.05.

Results and discussion. Thirty-seven surgical
interventions were performed on 20 research animals.
The preoperative and postoperative medium LI in
surgical groups was 1.000 versus 1.333 (+33 %).
P value <0.0001.

The induction of hydrocephalus was 56 %. In
eleven experimental animals, Levene index values
were above 3SD of the mean in control animals
(Figure 3).

cG

Surgical Group

Fig. 3. Hydrocephalic experimental animals in surgical group above 3SD of the mean in control animals

In this experimental study, we evaluated the
accuracy of cranial US in hydrocephalus evaluation
in experimental rats after hemorrhagic stroke. The
research’s key findings include that cranial US is a valid
and precise method for assessing posthemorrhagic
hydrocephalus in small experimental animals. US
has been widely used for diagnostic and therapeutic
purposes due to its easy accessibility, non-ionizing,
and non-invasive nature with the possibility of real-
time observation. Additionally, high resolution could
be added to these merits [19, 20]. The US has not been
often used for imaging small animals in research as
compared to other in vivo molecular imagers such as
micro magnetic resonance imaging (micro-magnetic

resonance imaging, micro-MRI), micro-computed
tomography (micro-computed tomography, micro-
CT), and optical imagers [20] their cost-effectiveness
and real-time capability still need to be improved [16].
Typical frequency ranges from 3-5 MHz up to 30-50
MHz between adjacent tissue layers; the higher the
delivered US frequency, the higher the tissue spatial
resolution achieved at the expense, however, of higher
attenuation by tissue, resulting in more superficial
penetration [21, 22]. Considering the previous facts, we
obtained US with a 4 MHz probe balancing excellent
visualization and enough penetration in this study,
which was also observed in other studies with the same
purpose and US frequency [23, 24].
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US measurements of the lateral ventricles play
an important role in the early recognition of post-
hemorrhagic ventricular dilation [15]. Assessment
of cerebral ventricular size is essential in the clinical
management of hydrocephalus. Ventricular size
is often estimated on US, CT, or MR images using
linear indices such as Levene or Evans’ frontal horn
and bicaudate indexes. [25-27]. The ventricle index,
better known as the Levene, is the distance from the
falx to the lateral boundary of the lateral ventricle.
This is measured in the coronal plane just posterior
or at the level of the foramen of Monro. It is the most
commonly described method and has the largest
reference database [15]. During research in the

experimental groups, creating pretreatment normal
values of ventricle sizes and investigating changes in
LI after SAH or minocycline treatment.

Conclusion. Based on the findings, cranial
ultrasound is a valid and precise method for assessing
posthemorrhagic hydrocephalus in small experimental
animals.

Perspectives of further research. Ultrasound
imaging is a practical investigation that, due to its
non-invasiveness and perfect structural efficiency,
has many potential implications in experimental
brain research, particularly in neurooncology and
functional neurosurgery. One of the most promising
directions is investigating the neuromodulation effects

current study, we performed 36 US investigations in  of transcranial ultrasound stimulation.
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ACCURACY OF CRANIAL ULTRASOUND IN THE ASSESSMENT OF HYDROCEPHALUS
EVALUATION IN EXPERIMENTAL RATS AFTER HEMORRHAGIC STROKE

Abstract. Subarachnoid hemorrhage (SAH) is the third most common subtype of stroke. Among complications,
the most important include hydrocephalus, rebleeding, delayed ischemia, intracerebral hemorrhage, and
intraventricular hemorrhage. Post-hemorrhagic hydrocephalus (PHH) can develop in as many as 66 % of
adults with intraventricular extension of blood, and it is also associated with worse functional outcomes. The
pathophysiology of hydrocephalus after SAH remains unclear. Small animal models in basic and preclinical
sciences constitute an integral part of testing new hypotheses before translation to clinical practice. The need
for newer procedures for PHH prevention is imperative, as the limitations of traditional treatment methods
(e.g., shunting, endoscopy) have become increasingly apparent. High-frequency brain ultrasound imaging
provides a non-invasive method of superior spatial resolution for imaging brain ventricles in small animals.
Objectives. Cranial ultrasound in an experimental small animal hemorrhagic stroke model of cisterna magna
double-injection was tested to see its validity in the assessment of communicative hydrocephalus.
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Methods. Experimental animals were divided into two groups. The first group (control group — CG) was
without surgery (10 rats). In the second group (20 rats), a 0.15 ml blood injection into cistern magna was
followed by a 0.15 ml blood second injection 48 hours later. During the research 46 US, we performed. We
defined hydrocephalus as Levene index on ultrasound, which was > +3 SDs above the mean in control animals.
Results. Thirty-seven operations were done on 20 rats. Hydrocephalus in the surgical group occurred in 56 %
of rats, according to the ultrasound investigations. In eleven experimental animals, Levene index values were
above 3SD of the mean in the control animal; in the surgical group, the difference in Levene indexes between
pre- and post-operation was «+31 %» (p-value less than 0,0001).

Conclusion. Based on the findings, cranial ultrasound is a valid and precise method for assessing posthemorrhagic
hydrocephalus in small experimental animals.

Key words: Cranial ultrasound, subarachnoid hemorrhage, posthemorrhagic hydrocephalus, hemorrhagic
stroke.

Bioomocmi npo asmopa:

I'apuaiB Tapac CremanoBu4Y— HEHpOXipypr, 3aBiAyBady BiJAiJICHHS HEHpPOOHKOJNOrII Ta (PYyHKLIOHATBHOI
Helpoxipyprii, KomyHansHe HexkomepuiiiHe mianmpueMcTBo «OOnacHWil KIIHIYHMN LEHTP HEWpoxipyprii
Ta HeBpoJOrii» 3akapmaTcbkoi 007acHOi panu, YKropoa, acMcTeHT Kadeapa HEBpOIOTii, Helpoxipypril Ta
ncuxiarpii, Y>KropoJACcbKuil HalliOHAJbHUN YHIBEPCHUTET.
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