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NOTE Surgery 

Analysis of Blood Flow in a Third Ventricular Ependymoma and an Olfactory Bulb 

Meningioma by using Perfusion Computed Tomography 

Miori KISHIMOT01l， Kazutaka Y AMADA Ih， Joon-Soo SEOK 1)， Junichiro SHIMIZU1l， Yoshiyasu KOBA Y ASHI2)， 

Yurni AKIBA2)， Yasuyuk:i MORISHITA3)， Akiko IWASA3)， Toshiroh IWASAKI4) and Yoh-Ichi MIYAKE1) 

/JDepart，附 ntsofClinical Veterinary Science and 2JPathobiological Science， Obihiro UniversiのofAgriculture and Veterinary Medicine， 
Hokkaido 080-8555， 3JToshiba Medical Systems Corporation， Hongo 3-26-5， Toかo113-8456 and 4JDepartment of Veterinary lnternal 
Medicine， To勾oUniνersiry of Agriculture and Technology， Tokyo 183-8509， Japan 

(R巴ceived8 January 2008/Acc巴pted1 May 2008) 

ABSTRAσ8rain perfusion computed tomography (CT) scanning was perforrned in a mongr巴1dog and a golden retriever that were diag-
nosed with third ventricular tumor加 dolfactory bulb tumor， respectively， by contrast-enhanced CT. The tumors were pathologically 
diagnosed as ependymoma and meningioma， respectively. Perfusion CT results reveal巴dthat the ependymoma in this study had a lower 
blood f1ow， higher blood volume， and greater transit time of blood than出eadjacent brain tissue. Further， th巴meningiomain this study 
had a higher blood f1ow， higher blood volume， and greater transit time of blood than the adjac巴ntbrain tissue. Perfusion CT can poten-
tially be us巴dfor the grading of brain tumors and narrowing differential diagnosis， provided th巴P巴rfusionCT data of animals are accu-
mulated. 
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Perfusion computed tomography (CT) is a method for 

assessing essential tissue functions by evaluating the blood 

flow in capillary tissues [10， 13]. An iodinated contrast 

medium is used as th巴tracer.The analysis of time variations 

in contrast enhanc巴menlin lh巴time-densitycurve obtained 

from each pixel by dynamic image acquisition enables the 

assessment of tissue hemodynamics: cerebral blood flow 

(CBF， ml/IOO g tissue/min)， cerebral blood volume (CBV， 

ml/IOO g tissue)， and mean transit time (MTT， sec). 

Recently， attempts have been made to apply the perfusion 

CT technique for the analysis of human brain tumors [2， 3]; 
however， perfusion CT blood flow data for clinical cases of 

canine brain tumor have not been reported. Here， we 

present a novel finding with regard to the hemodynarnics of 

a spontaneous ependymoma in the third ventricle and an 

olfactory bulb meningioma obtained by perfusion CT; this 

finding could not have been obtained by contrast-enhanced 

CT 

Ependymoma was detect巴din a female mongrel dog (12 

years old， 13.5 kg) who presented with circling and a h巴ad

tilt to the right side. Neurological examination revealed nor-

mal spinal reflexes. Intracranial disease was susp巴cted，and 
a CT exarnination was performed. A multidetector-row CT 

(Asteion Super 4， Toshiba， Tokyo， Japan) was us巴dfor 

image acquisition. Anesthesia was induced by administer-

ing 8.0 mg/kg propofol (Rapinovet， Schering-Plough， 

Tokyo， Japan) and maintained using isoflurane (ISOFLU， 
Dainippon Sumitomo Pharma Co.， Ltd.， Osaka， Japan). The 

contrast medium used was ioh巴xol(Omnipaque 300， Daii-

chi-Sankyo Co.， Ltd.， Tokyo， Japan) at a dose of 800 mgIl 
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kg. Contrast-enhanced CT (120 kVp， 150 mA， 0.5-mm slice 

thickness， and 0.75 sec/rotation) revealed a contrast-

enhanc巴darea (Fig. 1a， 22.6 mm x 15.6 mm) in the third 

ventricle; this area was diagnosed as a third ventricular 

tumor. There was no evidence of metastasis to any other 

organs. Choroid plexus papilloma and ependymoma were 

the differential diagnoses. Perfusion CT was performed on 

another day at the level of the largest tumor image that was 

se1ected from among the contrast-巴nhancedCT images. 

The dog was positioned in dorsal recumbency. The head 

was positioned with the cerebral base perpendicular to the 

CT table to obtain images similar to transverse images of the 

human cranium. The anesthesia protocol adopted was iden-

tical to that used for the contrast-enhanced CT巴xammatlon.

Iohexol (200 mgIlkg) was injected via a 16-gauge catheter 

that was inserted into the jugular vein (4.5 ml/sec). The 

maximum slope method g巴nerallyemploys an injection rate 

of approximately 10 ml/sec in humans [1]; however， an 
injection rate of 4.5 ml/sec was employed in this study based 

on th巴 bodysurface area and cardiac output of dogs. 

Dynarnic CT scanning was initiated at the time of contrast-

medium injection for a p巴riodof 40 s巴c(80 kV， 100 mA， 
5.0-mm slice thickness， 1.0 sec/rotation). Simultan巴ous111卜

tiation of scanning and contrast medium injection was 

employed， because the contrast medium circulation is faster 
in dogs than in humans， and to obtain reliable CT values of 

pre-contrast images. The dynamic image data were ana-

lyzed using the maximum slope method [6]. Th巴 CBF，
CBV， and MTT values in our study repres巴ntedthe average 

value of 3 regions of interest (ROI). An ROI (25 mm3) was 

carefully positioned to avoid contamination from adjacent 

different tissu巴s.

The CBF in the tumor area (arrow in Fig. 1 b; 68.5 ml/100 

g/min) was lower than that in the adjac巴ntbrain tissue (Fig. 
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Fig. 1. Contrast-enhanced CT image and pe巾 sionCT images 
of白eependymoma case. (a) Contrast-enhanced CT image; 
color maps for (b) CBF， (c) CBV， and (d) MTT. ln the perfu-
sion CT color map， areas with high CBF， CBV， and MTT val-
U巴sar巴 indicatedby colors close to red， while those with low 
values are indicated by colors close to purple， as defined by出巴

color scale on the left side of the map (CBF: cer巴bralblood 
f1ow， CBV: cerebral blood volume， MTT: mean transit time). 

lb， arrowhead; 76.2 ml/lOO g/min). The CBV in the tumor 
(arrow in Fig. lc; 5.33 mll100 g) was higher than that in the 
brain tissue (arrowhead in Fig. lc; 4.71 ml/lOO g). Fur出er，
the MTT of the tumor (arrow in Fig. lb; 4.67 sec) was 

greater than that of the brain tissue (arrowhead in Fig. ld; 
3.72 sec). Th巴dogwas euthanized at the requ巴stof the pet 
owner. Among the gross findings， the tumor was located in 
the third ventricIe， extending仕omth巴 anteriorpart of the 
tha1amus to the anterior end of th巴 mesencephalon.Based 
on microscopic and immunohistoch巴micalanalyses， the 
tumor was diagnosed as ependymoma. 1n addition， some 
malignant features such as local invasion of出ebrain paren-
chyma and bizarre nucIei were observed. 

Meningioma was detected in a female golden retriever 
(14 years old， 30.0 kg) who presented with s巴izure. Con-
trast-enhanced CT rev巴aleda brain tumor in the olfactory 
bulb area出atwas suspected as a meningioma; however，出e
pet owner did not wish that the dog be su句巴ctedto any 
aggressive treatment such as surgery or radiation treatment. 
CT examination was performed again to investigate the 
tumor status. Simultaneously， p巴rfusionCT was performed. 
The imaging methods of contrast-enhanced CT and perfu-
sion CT were the same as in the ependymoma case. Con-
仕ast-e凶lancedCT revealed a contrast-巴凶lanc巴darea (Fig. 
2a， 35.0 mm x 28.8 mm) in the olfactory bulb area. The 
CBF in the tumor area (arrow in Fig. 2b; 55.9 mll100 g/min) 
was higher than that in the adjacent brain tissue (Fig. 2b， 

arrowhead; 35.8 ml/l00 g/min). The CBV in the tumor 

Fig. 2. Contrast-enhanced CT image and perfusion CT images of 
the m巴ningiomacase. (a) Contrast-enhanced CT image; color 
maps for (b) CBF， (c) CBV， and (d) MTT 

(arrow in Fig. 2c; 3.88 ml/ I 00 g) was also higher than that in 
the brain tissue (arrowhead in Fig. 2c; 2.41 ml/lOO g). Fur-
ther， the MTT of the tumor (arrow in Fig. 2b; 4.70 scc) was 
greater than that of the brain tissue (arrowhead in Fig. 2d; 
4.05 sec). The dog was euthanized at the request of th巴pet
owner. Among the gross findings， the tumor adhered to the 
frontal cortex and severely compressed the brain tissue. 
Based on microscopic analysis， the tumor was diagnosed as 
a meningioma. 1n addition， malignant features such as local 
invasion of the brain parenchyma were observed. 

The perfusion parameters of ependymoma suggest that 
the tumor had 90% blood flow supply and 113% capillary 
blood volume as compared to the adjacent brain tissue. Fur-
thermore， the greater transit time of the blood sugg巴ststhe 
possibility of congestion in the capillary bed of the tumor 
The perfusion parameters of meningioma suggest that the 
tumor received 156% blood flow supply and 161 % capillary 
blood volume as compared to the adjacent brain tissu巴.

Similar to由巳巴pendymomacase， the possibility of conges-
tionin出巴 capillarybed of the tumor was suggested by the 
greater transit time of the blood 

In primary glial tumors，出巴 presenceof vascular prolifer-
ation and angiogenesis leads to an a1tered histopathologica1 
grade， which commonly corresponds to high-grade areas 
[5]. Traditiona11y， the extent of contrast enhancement has 
been us巴das a mark of malignancy; however， contrast 
enhancement itself reflects disruption of the blood-brain 
barrier and not tumor angiogenesis [11]. On the contr釘 y，
perfusion CT r巴flectsthe amount of capillary vessels 
(CBV). The ependymoma in this study had some ma1ignant 
features. Thos巴findingsmay hav巴be巴nr巴sponsiblefor the 
higher CBV than peritumoral area. Noninvasive grading of 
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glioma will possibly be enabled if more patient data of glio-

mas are accumulated in future studi田 [4，12]. ln addition， 
selecting the higher CBV area (greater tumor vascularity) 

for出ebiopsy site may reduce the failure of definitive diag-

nosis [8]. 

Meningiomas出atare easy to differentiate g巴nerallyhave 

well-defined borders from the brain parenchyma， exhibit 
high contrast， and are extra-axially localized. However， 
15% of meningiomas can have atypical imaging characteris-

tics such as cystic and necrotic areas， intratumoral hemor-
rhage， peritumoral ed巴ma，and parenchymal invasion [9]. In 
these cases， differentiation betw巴enmeningioma and intra-

axial tumors is difficult. Meningiomas ar巴 generallyhighly 

vascularized tumors， and their CBV ratios were found to be 

higher than the CBV ratios of intra-axial tumors [7]. Accu-

mulation of perfusion patterns of meningioma will lead to 

the development of perfusion CT as a useful tool for differ-

entiating between meningiomas and intra-axial tumors. 

Even magnetic resonance imaging (MRI) may be insuffi-

cient for the definitive diagnosis of brain tumors based on 

their derived location or morphology. In this report， con-
trast-enhanced CT indicated the presence of the tumor as 

well as its shape and location. Further， perfusion CT pro-

vided data regarding tumor hemodynamics (CBF， CBV， and 

MTT). In addition， hemodynamic information regarding 
canine third ventricular ependymoma， which is a relativ巴Iy

rare kind of tumor， is presented in this report. The 2 cases 

reported here may not represent all the hemodynarnic pat-

terns of c巴r巴bralependymoma and meningioma; however， 
this study demonstrates that perfusion CT can potentially be 

used for the grading of brain tumors and for arriving at a 

more specific differential diagnosis for living animals， pro守

vided sufficient perfusion CT data on animals are accumu-

lated. This technique is an ideal rapid diagnostic tool for 

veterinary medicine and a feasible， cost-efficient， and quali-
tative method fordiagnosing brain tumors based on tissue 

hemodynamics. Perfusion CT has the potential for deter-

mining the preferred approach for needle biopsy， for deter-

mining the feasibility of surgery， for presurgical and 
preradiation assessments， and for monitoring during ch巴mo-

radiotherapy. 
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