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ABSTRACT

Pri ma ry brain tu mors are the most com mon in tra cra ni al tu mors in the dog. An in ci den ce of 14.5 in

100 000 for dogs and 3.5 in 100 000 for cats has been sug ge sted. At pre sent the pre va len ce is es ti ma ted to be

hig her be cau se of bet ter di a gnos tic me thods. The se me thods will be dis cus sed in the pre sent ar ti cle. On the

ba sis of the sig nal ment, his to ry and a com ple te phy si cal and neu ro lo gi cal exa mi na ti on, the pre sen ce of a

brain le si on can be sus pec ted. Ce re bros pi nal fluid ana ly sis and X-ray exa mi na ti ons can be sug ge sti ve of a

brain ne opla sia, but com pu ted to mog rap hy and mag ne tic re so nan ce ima ging are ne ces sa ry to con firm the

pre sen ce of an in tra cra ni al mass. The use of ul tra so no grap hy and scin ti grap hy are rat her anec do tal di a -

gnos tic pro ce du res, not com mon ly used in small ani mal neu ro lo gy. A cru ci al step in ob tai ning a de fi ni ti ve

di ag no sis is the ta king of a bi op sy sam ple of the in tra cra ni al mass, pre fe ra bly by a ste re o tac tic CT-gui ded

me thod.

SAMENVATTING

Pri mai re her sen tu mo ren zijn de meest voor ko men de her sen tu mo ren bij de hond. De pre va len tie van her sen tu -

mo ren werd een twin tig tal jaar ge le den ge schat op 14,5 op 100 000 hon den en 3,5 op 100 000 kat ten. Omwil le van

de be te re di a gnos ti sche mid de len waar over die ren art sen he den ten dage be schik ken, is het heel waar schijn lijk dat

deze cij fers nu ho ger lig gen. In dit ar ti kel wor den de mo ge lij ke di a gnos ti sche tech nie ken be spro ken. Op ba sis van

het sig na le ment, de anam ne se en een al ge meen kli nisch en neu ro lo gisch on der zoek kan men een her sen let sel ver -

moe den. Onder zoek van ce re bros pi naal vocht en ra di og ra fie ën van de kop kun nen een in di ca tie ge ven, maar com -

pu ter to mog ra fisch en nu cle air mag ne tisch re so nan tie on der zoek van de her se nen zijn no dig om de aan we zig heid

van een in tra cra ni a le mas sa te be ves ti gen. Spo ra disch wor den echog ra fie en scin ti gra fie be schre ven voor de di ag -

no se van her sen tu mo ren, maar deze tech nie ken wor den niet rou ti ne ma tig ge bruikt. Essen tieel voor het ver krij gen

van een de fi ni tie ve di ag no se is ech ter de bi opt na me van het let sel, bij voor keur door mid del van een ste re o tac ti sche

CT-ge lei de met ho de.

INTRODUCTION

Van de vel de (1984) has sug ge sted an in ci den ce of

brain tu mors of ap proxi ma te ly 14.5 in 100 000 dogs

and 3.5 in 100 000 cats. By com pa ri son, 4 to 5 hu mans

suf fer from in tra cra ni al tu mors in a po pu la ti on of 100

000 in di vi du als (Mor ri son, 1998b). 

Pri ma ry brain tu mors are the most com mon in tra -

cra ni al tu mors in the dog. Se con da ry in vol ve ment of

the brain via me ta sta sis or by di rect ex ten si on from

ex tra neu ral si tes ap pe ars to be less com mon. How -

ever, the cra ni al vault is un com mon ly eva lu a ted as a

me ta sta tic site in most dogs and cats. The re fo re, the

exact in ci den ce of in tra cra ni al me ta sta sis is not known

(Moore et al., 1996). 

Me ning i o ma is the most com mon pri ma ry brain tu -

mor in dogs and cats. Me ning i o ma is a be nign, pri ma ry

tumor of the me ning es that may ari se from any of the
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me ning i al con sti tu ents, such as ar ach noid cells, fi bro -

blasts, or blood ves sels. It is a slow-gro wing tu mor

that fre quent ly dis pla ces brain tis sue, and it is des cri bed

as an ir re gu lar, firm, lo bu la ted, well-cir cum scri bed,

grey-whi te mass (Law son et al., 1984). Me ning i o ma is

an ex tra-axi al (si tu a ted out si de the pa ren chyma) tu mor,

most ly si tu a ted in the ros tral (bul bus ol fac to ri us and

fron tal lo bes of the ce re brum) or cau dal fos sa (me dul -

la oblong ata, pons and ce re bel lum). In cats, a lar ge

per cen ta ge of the pa tients with me ning i o ma have

mul tiple mas ses (Jef fe ry et al., 1992). 

A se cond group of brain tu mors is con sti tu ted of

gli o mas, which ari se from cells of the brain pa ren chy -

ma. The se cells can be sub di vi ded into astro cy tes, oli -

go den dro cy tes, epen dy mal cells, and cho roid plexus

cells, which give rise to three ty pes of pri ma ry brain

tu mours. Astro cy to mas are neu ro-ec to der mal tu mors

ari sing from astro cy tes. Astro cy tes are the lar gest and

most nu me rous neu ro gli al cells in the brain and spi nal 

cord. Astro cy to mas are in tra-axi al tu mors, com mon -

ly lo ca ted in the py ri form area of the tem po ral lobe, in

ot her re gi ons of the ce re bral he misp he res, the tha la -

mus, hy po tha la mus or mid brain.  They are so lid grey-

 white tu mors which are poor ly de mar ca ted from the

sur roun ding pa ren chy ma. Astro cy to mas do not pe ne -

tra te the vent ri cu lar sy stem or me ta sta si ze (Hoer lein,

1971). Oli go den dro gli o mas are tu mors ari sing from

oli go den dro cy tes, which are neu ro gli al cells of the

cen tral ner vous sy stem who se func ti on is to my e li na -

te cen tral ner vous sy stem (CNS) axons. Oli go den dro -

gli o mas are also in tra-axi al tu mors.  They are most of -

ten lo ca ted in the ce re bral he misp he res and seem to

ori gi na te from whi te mat ter. Oli go den dro gli o mas are

of ten red, red-pink or grey in co lor and of ten ero de

through the vent ri cu lar or me ning e al sur fa ces (Hoer -

lein, 1971). Cho roid plexus pa pil lo mas are ne o -

plasms of the cho roid plexus, a col lec ti on of blood

ves sels of the pia ma ter, which de vel ops in the third,

fourth and la te ral vent ri cles. They are well cir cum -

scri bed with a grey-whi te to red, gra nu lar to pa pil lo -

ma tous ap pe a ran ce. On rare oc ca si ons they are in va -

si ve and me ta sta si ze along ce re bros pi nal fluid

pathways (Hoer lein, 1971).

Pi tuit ary tu mors are a third group of pri ma ry brain

tu mors. They are lo ca ted in the sel la tur ci ca and cau se

ty pi cal cli ni cal signs such as Cus hings dis e a se in dogs 

and acro me ga ly in cats (Jef fe ry et al., 1992). 

Other pri ma ry tu mors in vol ving the brain – all of

which are un com mon – in clu de lymp ho sar co ma,

germ cell tu mors, der moid and epi der moid cysts, and

cra ni op ha ryng i o mas (Bag ley, 1995). 

On the ba sis of sig nal ment, his to ry and the re sults

of com ple te phy si cal and neu ro lo gi cal exa mi na ti ons,

it is pos si ble to lo ca li ze a pro blem to the brain and, in

some ca ses, to de ter mi ne the ap proxi ma te in tra cra ni al 

lo ca ti on. In or der to eli mi na te ca te go ries of dis e a se

ot her than ne opla sia, it is es sen ti al to add more spe ci -

fic di a gnos tic tech ni ques, which will be dis cus sed in

this ar ti cle.

DIAGNOSTIC METHODS IN BRAIN NEOPLASIA

Sig nal ment, his to ry and cli ni cal signs 

Brain tu mors oc cur most fre quent ly in dogs more

than 5 ye ars old, with gre a test in ci den ce be tween 6

and 11 ye ars of age, alt hough they may oc cur at any

age. Gli al cell tu mors and pi tuit ary tu mors oc cur com -

mon ly in brachy cep ha lic breeds, whe re as me ning i o -

mas oc cur most fre quent ly in do licho cep ha lic breeds

(LeCou teur, 1999). 

Breeds of dogs com mon ly af fec ted in clu de the

Boxer, Do ber man Pin scher, Gol den Ret rie ver, Bos -

ton Ter rier and English Bulldog. In se ver al stu dies,

mixed breed dogs are also com mon ly af fec ted and can 

re pre sent up to 20% of ca ses (Mor ri son, 1998b).

Moore et al. (1996) adds Scot tish Ter riers and Old

English Sheep dogs to this list. Gen der pre dis po si ti on

is not well es ta blis hed. 

In cats, me ning i o ma and CNS lymp ho ma are the

most fre quent ly di ag no sed brain tu mors.

The na tu re and cour se of neu ro lo gi cal signs re sul -

ting from a brain tu mor de pend on the tu mor type,

neu ro a na to mic lo ca ti on, de gree of pa ren chy mal com -

pres si on, growth rate, in flam ma to ry res pon se, and

pre sen ce of brain her ni a ti on. The ty pi cal ly slow

growth of brain tu mors per mits CNS com pen sa ti on.

Cli ni cal signs may be ex tre me ly subtle un til such time 

as de com pen sa ti on oc curs, or un til tu mor growth le -

ads to se con da ry ef fects such as he morrha ge, pe ri tu -

mor ede ma, ac qui red hy dro cep ha lus, or brain her ni a -

ti on (LeCou teur, 1999). The brain res ponds to dis e a se 

in a li mi ted num ber of ways, re gard less of the un der -

ly ing pri ma ry dis e a se pro cess. Ra pid ly gro wing tu -

mors are usu al ly as so ci a ted with acu te on set of neu ro -

lo gic dysfunction. 

The most fre quent ly ob ser ved cli ni cal sign as so ci -

a ted with brain ne o plasm in a dog or a cat is sei zu res.

Other signs are be ha vi o ral chang es, cir cling, blind -

ness, head tilt, pa cing, al te red sta tes of con sci ous ness, 

or as so ci a ted lo co mo ti on dis tur ban ces. Infre quent

cli ni cal signs in clu ded weight loss, head pres sing and
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pty a lism. Should a ne o plasm in vol ve the brain stem,

cra ni al ner ve de fi cits may be seen (Bag ley et al.,

1999; Moore et al., 1996; Mor ri son, 1998b ). The se

cli ni cal signs are by no me ans pa thog no mo nic for a

brain tu mor as they can oc cur in any brain dis or der.

The re fo re ad di ti o nal exa mi na ti ons are ne ces sa ry to

ob tain a de fi ni ti ve diagnosis.

Ce re bros pi nal fluid ana ly sis

Ce re bros pi nal fluid (CSF) col lec ti on is al ways per -

for med on a pa tient un der ge ne ral anest he sia. Atlan to -

occi pi tal punc tu re is pre fer red in pa tients with le si ons

abo ve the fo ra men mag num. Sam ples wit hout blood

con ta mi na ti on pro vi de the most re li a ble re sults. In

sam ples con ta mi na ted with blood in ex cess of 500

RBC/µl, the to tal WBC count and to tal pro tein va lu es

are cor rec ted using blood counts for com pa ri son (Bai -

ley and Hig gins, 1986). 

Ana ly sis of CSF should in clu de exa mi na ti on of the 

phy si cal cha rac te ris tics of the fluid (co lor, tur bi di ty),

the pro tein con cen tra ti on, the to tal nu cle a ted cell

count, the cy to lo gi cal exa mi na ti on, ti ters for an ti bo -

dies against in fec ti ous or ga nisms and cul tu ring. This

pro ce du re should be done as soon as pos si ble af ter

punc tu re. De lay ed pro ces sing of sam ples may re sult

in the pre pa ra ti on of sli des that are in ade qua te for in -

ter pre ta ti on due to dis rup ted cell struc tu re (Cel lio,

2001). Ele va ti on of CSF pres su re is a non spe ci fic ab -

nor ma li ty found in many pa tho lo gic con di ti ons. The

me a su re ment of CSF pres su re adds tech ni cal dif fi cul -

ty to the col lec ti on pro ce du re and in cre a ses the risk

both of ia tro ge nic he morrha ge in the sam ple and of

trau ma to the CNS pa ren chy ma (Cook and DeNi co la,

1988).

In a stu dy of Bai ley and Hig gins (1986), the re sults

of cis ter nal CSF ana ly ses of 77 dogs with brain tu -

mors were exa mi ned re tro spec ti ve ly. For all 77 tu -

mors, the most com mon ab nor ma li ty was an in cre a -

sed to tal pro tein con tent (69.4%); the le ast com mon

ab nor ma li ty was an in cre a sed to tal WBC count

(41.3%). Con si de ring the five ty pes of pri ma ry brain

tu mors, the CSF as so ci a ted with pri ma ry brain tu -

mors in the dog was best des cri bed as ha ving a to tal

WBC count <50 cells/µl with an in cre a sed to tal pro -

tein con tent and/or an in cre a sed pres su re. The re fe -

ren ce va lu es of the to tal WBC count and the to tal pro -

tein con tent vary de pen ding on the laboratory.

Tu mor cells are ra re ly found in CSF sam ples. Ne o -

plas tic cells are most li ke ly to be iden ti fied when se di -

men ta ti on tech ni ques are used for ana ly sis (Cel lio,

2001). Re sults of cis ter nal CSF ana ly ses of dogs with

pri ma ry brain tu mors va ried from case to case, but ne ar ly

10% were nor mal. Nor mal CSF were en coun te red

most of ten with deeply se a ted pa ren chy mal tu mors

(astro cy to mas and oli go den dro gli o mas).

Rand et al. (1994) des cri bes the CSF data from 12

cats with CNS ne opla sia. The ma jo ri ty of the cats had

a mild in cre a se in CSF pro tein con cen tra ti on, an in -

cre a sed per cen ta ge of neu trop hils or lymp ho cy tes,

and a nor mal to tal whi te cell count.

Ne opla sia of the brain is a con di ti on of ten as so ci a -

ted with an in cre a sed in tra cra ni al pres su re (ICP).

When ICP is al re a dy hig her than nor mal, the re mo val

of CSF in cre a ses the exis ting pres su re gra dient be -

tween the cra ni al and the spi nal com part ments. This

fur ther pre dis po ses the af fec ted in di vi du al to brain

her ni a ti on. Re cog ni ti on of fac tors or pro ce du res that

po ten ti a te the risk of brain her ni a ti on is im por tant be -

cau se the pro cess is dif fi cult to re ver se and al ways has 

a gra ve prog no sis (Kor ne gay et al., 1983; Cel lio,

2001).

X-ray exa mi na ti on

In a stu dy by Law son et al. (1982), ra di og rap hy of

the cal va ri um was per for med in 10 cats with ce re bral

me ning i o ma. Three pro jec ti ons of the cal va ri um were 

ob tai ned in most cats, in clu ding la te ral, vent ro dor sal

and mo di fied oc ci pi tal. The most com mon fin ding,

hy pe ros to sis of the cal va ri um ad ja cent to the men in -

gi o ma, was pre sent in all but one cat. 

Tu mor den si ty, re sul ting from par ti al cal ci fi ca ti on

of the tu mor, was ap pa rent in va ry ing de grees in all

ca ses. Enlar ge ment of the middle me ning e al ar te ry,

re sul ting from en lar ge ment of the ves sel that feeds the 

tu mor, was no ted in three cats. Inva si on of the me -

ning i o ma, with bone de struc ti on and pres su re ero si on 

of the cal va ri um was seen in only one cat.

Com pu ted To mog rap hy (CT)

Tech ni cal de tails

Com pu ted to mog rap hy (CT) is a fre quent ly used

tech ni que to de tect and lo ca li ze in tra cra ni al pro ces ses 

in small ani mals. The big gest as set of CT scan ning is

the fact that it is a no nin va si ve tech ni que with su pe ri or

soft tis sue dif fe ren ti a ti on, and wit hout su per po si ti on

(Hathcock and Stic kle, 1993). The dif fe ren ti a ti on of

den si ties is a hun dred ti mes more pre ci se than in the

clas si cal ra di og rap hy (De lis le and De vauchel le, 1991).

Com pu ted to mog rap hy  of fers es sen ti al in for ma ti on

for sur gi cal bi op sy or the re mo val of brain tu mors: ac -
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cu ra te de fi ni ti on, lo ca li za ti on and de ter mi na ti on of

ac ces si bi li ty. The in for ma ti on con tai ned in CT scans

also ena bles ap propri a te se lec ti on of ani mals for ra di -

a ti on the ra py (LeCou teur et al., 1983).  

The abi li ty to ima ge in cross-sec ti on ma kes it pos -

si ble to build up a three-di men si o nal pic tu re. Mo dern

CT scan ners al low a choi ce of re con struc ti on al go -

rithms to pro vi de the op ti mal ima ge, de pen ding on the 

area or tis sue of gre a test in te rest. Be cau se most al go -

rithms are ba sed on hu man ca li bra ti on phant oms, the

op ti mal re con struc ti on for small ani mals can of ten

only be es ta blis hed on a tri al-and-er ror base (Gie len

et al., 2003).

One of the most im por tant in di ca ti ons to per form a

CT scan is a spa ce-oc cu py ing pro cess, sus pec ted af ter 

a neu ro lo gi cal exa mi na ti on. A sing le le si on seen on a

CT scan is most li ke ly a brain tu mor. Dogs sho wing

mul ti fo cal neu ro lo gi cal in vol ve ment are sus pec ted of 

ha ving an in fec ti ous or in flam ma to ry dis e a se pro cess. 

Anot her in di ca ti on is an ano ma ly of the vent ri cu lar

sy stem, for in stan ce a cong eni tal or ac qui red hy dro -

cep ha lus. CT scan ning is va lu a ble in the as ses sment

of head trau ma, both for the ac cu ra te de ter mi na ti on of

the pre sen ce of skull frac tu res and for the as ses sment

of in tra cra ni al he morrha ge (Jef fe ry et al., 1992).

Le si ons on CT scans are des cri bed as hy per-, iso- or 

hy po dens, de pen ding on their den si ty re la ti ve to the

sur roun ding tis su es. Hy po den si ty of the pa ren chy mal 

tis sue is ge ne ral ly as so ci a ted with ede ma, ma la cia, ra -

di o lu cent fluid or fat ty sub stan ces. Hy per den si ty can

be as so ci a ted with in flam ma to ry or ne oplas tic con di -

ti ons, acu te he morrha ge or cal ci fi ca ti on (Fike et al.,

1981; Jef fe ry et al., 1992).

The en ti re CT scan must be ca re ful ly exa mi ned,

with the fol lo wing cri te ria being sys te ma ti cal ly eva -

lu a ted: lo ca li za ti on, orien ta ti on, mass ef fect, pe ri tu -

mo ral ede ma, hy dro cep ha lus, cal ci fi ca ti on, bone ero -

si on or hy pe ros to sis, pre-con trast den si ty, size, sha pe, 

con trast-en han ce ment cha rac te ris tics (de gree, ho mo -

ge nei ty, ring en han ce ment) and type of mar gi na ti on. 

Mass ef fect is de fi ned as the dis pla ce ment of the falx

cer bri and/or the vent ri cu lar sy stem. Pe ri tu mo ral ede -

ma is de fi ned as a hy po den se area pe rip he ral to the tu -

mor (Tur rel et al., 1986).

The CT scan ning cha rac te ris tics alo ne can not be

di a gnos tic of a par ti cu lar le si on. The de fi ni ti ve di ag -

no sis must rest on his top atho lo gi cal exa mi na ti on of

sam pled tis su es (Jef fe ry et al., 1992).

Cha rac te ris tics of brain tu mors on CT ima ges 

The cha rac te ris tics of the dif fe rent ty pes of brain

tu mors in dogs are sum ma ri zed in Ta ble 1.

On CT ima ges, the height of the pi tuit ary can be

me a su red from the ima ge of the spa ti al se ries that con -

tains the lar gest cross sec ti on of the pi tuit ary gland.

On the same ima ge, the ed ges of the brain are tra ced

and the en clo sed area is cal cu la ted by the com pu ter.

From the height of the pi tuit ary and the area of the

brain, the pi tuit ary height/brain area [P/B] ra tio can be 

cal cu la ted. The P/B ra tio pro vi des a va lu a ble tool for

the dis tinc ti on be tween en lar ged and nor mal-si zed pi -

tuit ary glands. 

On rou ti ne con trast-en han ced CT ima ges, mi cro-

 ade no mas of the pi tuit ary gland of ten are in dis ting uis h -

a ble from non tu mo rous pi tuit ary tis sue be cau se of

iso at te nu a ti on. The re fo re, dy na mic CT exa mi na ti on

of the pi tuit ary is ne ces sa ry. Dy na mic con trast-en -

han ced CT in clu des a se ries of scans (dy na mic se ries)

of iden ti cal sli ce thic kness at the same sli ce po si ti on

through the cen ter of the pi tuit ary gland du ring and af -

ter IV in jec ti on of con trast me di um. The pi tuit ary

gland ap pe a red to be ab nor mal using dy na mic CT in

45 of 55 dogs (82%) with pi tuit ary-de pen dent hy per -

adre no cor ti cism (van der Vlught-Me ij er et al., 2003).

Other less fre quent ly des cri bed in tra cra ni al tu mors 

may show si mi lar cha rac te ris tics to the five pri ma ry

brain tu mors men ti o ned in Ta ble 1, ren de ring de fi ni ti ve

di ag no sis dif fi cult.

One case re port of a pri mi ti ve neu roec to der mal tu -

mor was ob ser ved as a hy per den se, well cir cum scri bed

mass with some pe ri tu mo ral ede ma and mild con trast

en han ce ment (Tur rel et al., 1986).

Epen dy mo mas have se ver al pre sen ta ti ons on CT

ima ges. Accor ding to Fike et al. (1981), epen dy mo -

mas show es sen ti al ly the same CT pat terns as ma lig -

nant astro cy to mas. Tur rel et al. (1986) des cri bed two

epen dy mo mas, one as a hy per dens mass cau sing a mo -

de ra te mass ef fect and ha ving mi ni mal con trast en han -

ce ment with poor ly de fi ned tu mor marg ins; the ot her

epen dy mo ma was des cri bed as ha ving pro mi nent pe -

ri tu mo ral ede ma, mo de ra te hy dro cep ha lus and mar -

ked mass ef fect. It sho wed ho mo ge ne ous con trast en -

han ce ment and well-de fi ned tu mor marg ins.

Ne oplas tic re ti cu lo sis is iso den se on na ti ve CT

ima ges and has no mass ef fect or pe ri tu mo ral ede ma.

The tu mor en han ces uni form ly and is well mar gi na ted 

(Tur rel et al., 1986).
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Mag ne tic re so nan ce ima ging (MRI)

Tech ni cal de tails

Mag ne tic re so nan ce ima ging (MRI), a non-in va si ve 

tech ni que that pro vi des ac cu ra te, de tai led, ana to mic

ima ges, has had a ma jor im pact in the di ag no sis of hu -

man dis e a se, and is star ting to be co me more avai la ble

in ve te ri na ry me di ci ne.

Unli ke in CT scan ning, beam-har de ning ar ti facts

ori gi na ting from thick com pact bone do not oc cur in

MRI. This ma kes MRI es pe ci al ly use ful for ima ging

the middle and cau dal fos sae. Although cor ti cal bone
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Ta ble 1. Cha rac te ris tics of pri ma ry brain tu mors in dogs on CT ima ges.

Cha rac te ris tic Me ning i o ma Astro cy to ma Oli go den dro gli o ma Cho roid plexus

 pa pil lo ma

Pi tuit ary tu mor 

Pre-con trast den si ty iso- or hy per dens iso- or hy per dens hy po dens hy per dens iso- (or hy per)dens

Lo ca li za ti on ros tral and cau dal

fos sa

pros-, di-, me sen che -

pha lon

pro sen chep ha lon sel la tur ci ca

Orien ta ti on pe rip he ry of the the ca

Mass ef fect pos si ble pro mi nent mar ked ab sent to mi ni mal mild

Pe ri tu mo ral ede ma pos si ble mar ked mo de ra te mi ni mal mild

Hy dro cep ha lus very rare con tro ver si al 

Cal ci fi ca ti on oc ca si o nal ly oc ca si o nal ly

Hy pe ros to sis es pe ci al ly in cats

Type of mar gi na ti on well-de fi ned poor ly-de fi ned poor ly-de fi ned well-de fi ned

Size usu al ly lar ge lar ge usu al ly small

Sha pe ir re gu lar, lo bu la ted

Con trast en han ce -

ment

mar ked mar ked mild mar ked mi ni mal to mar ked

Post-con trast ho mo -

ge nei ty

ho mo ge ne ous he te ro ge ne ous ho mo ge ne ous ho mo ge ne ous

Post-con trast type of

mar gi na ti on

well-de fi ned well-de fi ned

Re fe ren ces Tur rel et al. (1986) Fike et al. (1981) LeCou teur et al.

(1981)

LeCou teur et al.

(1981)

Tur rel et al. (1986)

Gor don et al. (1994) LeCou teur et al.

(1981)

Tur rel et al. (1986) Tur rel et al. (1986)

Tur rel et al. (1986) Jef fe ry et al. (1992)



can not be cri ti cal ly as ses sed, and le si ons cau sing

bony ly sis or cal ci fi ca ti on are bet ter do cu men ted with 

CT, le si ons af fec ting bone mar row are re a di ly iden ti -

fied (Thom son et al., 1993). 

One main ad van ta ge of MRI ver sus CT is its hig her

sen si ti vi ty for subtle chang es in soft tis sue che mi cal

pro per ties, which me ans that in farcts and ede ma can

be de tec ted in an ear lier sta ge. With MRI the re is an

abi li ty to ac qui re ima ges in any pla ne de si red. Espe -

ci ally when re pe a ted exa mi na ti ons are an ti ci pa ted,

the ab sen ce of io ni zing ra di a ti on is an ad van ta ge over

CT. The li mi ta ti ons are the hig her cost and the li mi ted

avai la bi li ty. Me tal lic ob jects in the scan fields can

cau se se ve re dis tor ti on ar ti facts and MRI is more sen -

si ti ve to mo ti on ar ti facts. Spe ci al pre cau ti ons have to

be ta ken with me tal lic im plants, as they can shift or

heat du ring the pro cess (Braund, 1994). 

Re laxa ti on is the pro cess by which ex ci ted nu clei

re turn to their ori gi nal ener gy sta te. The re laxa ti on

cha rac te ris tics of in di vi du al tis su es de ter mi ne sig nal

in ten si ty and con trast. The re laxa ti on of hy dro gen nu -

clei can be stu died in two pla nes (trans ver se and long i -

tu dinal) with res pect to the strong mag ne tic field cre a -

ted by the mag net. The long itu di nal re laxa ti on of

hy dro gen nu clei oc curs re la ti ve to the main, ex ter nal

mag ne tic field. Re laxa ti on in the long itu di nal pla ne is

cha rac te ri zed by a time con stant, T1. Trans ver se re -

laxa ti on oc curs when hy dro gen nu clei dep ha se or re -

turn their spins to a ran dom sta te. Re laxa ti on in the

trans ver se pla ne is cha rac te ri zed by a time con stant

T2. Re laxa ti on ti mes vary for in di vi du al tis su es of the

body. The ti ming of ra di of re quen cy (RF) pul se se -

quen ces can be ad ju sted to make T1-weighted (T1WI), 

T2-weighted (T2WI) or pro ton den si ty (PDWI) ima ges. 

On T1-weighted ima ges, tis su es with a short T1-time

(fat, ga do li ni um con trast me di um and pro tei na ceous

fluid) have high sig nal in ten si ty and are whi te, whi le

tis su es with long T1 ti mes (ot her fluids, ede ma, air,

bone and fast-flo wing blood) have low sig nal in ten si ty

and ap pe ar dark. The con ver se is true with T2-

 weighting: tis su es with long T2 ti mes (fluid, ede ma)

have high sig nal in ten si ty and tho se with short T2 ti -

mes (soft tis sue, air, bone, and fast-flo wing blood)

have low sig nal in ten si ty. In sum ma ry, T1WI pro vi de

good ana to mic de tail, whi le T2WI re flect pa tho lo gi -

cal chang es in tis su es. PDWI me a su re the con tri bu ti -

on of hy dro gen nu clei (pro tons) to the MR sig nal rat -

her than T1 or T2 ef fects. Pro tons in the li quid sta te

add more to the MR ima ge than tho se bound to so lid

tis su es such as bone, fat and li ga ments. The re fo re, tis -

su es con tai ning abun dant pro tons in the li quid sta te

are in ten se on PDWI. Fluid ap pe ars dark, fat ap pe ars

whi te, and grey mat ter ap pe ars brighter than whi te

mat ter (Mor ri son, 1998a).

The T1-va lue of ne o plasms is of ten pro long ed due

both to an in cre a se in wa ter con tent and a de cre a sed de -

gree of tis sue or ga ni za ti on. The re fo re, the sur roun ding

nor mal pa ren chy ma ap pe ars whi ter than the tu mor in

T1WI. In con trast, tu mors ge ne ral ly ap pe ar whi ter on

T2WI. Pe ri tu mo ral ede ma re sults in a dis tinct rim of hy -

poin ten si ty at the tu mor/ede ma in ter fa ce, ap pa rent ly be -

cau se of iron wit hin ma crop ha ges at this le vel. Tu mors

may be bet ter iden ti fied through the use of pa ra mag ne tic 

con trast agents such as ga do li ni um- die thy le ne tri a mi ne -

pent ace tic (Gd-DTPA). Maxi mal en han ce ment is no ted

in the first ten mi nu tes with most tu mors, with gra du al

sub se quent wash-out of sig nal. Some pre su ma bly be -

nign tu mors (e.g. me ning i o mas) en han ce uni form ly,

whe re as ma lig nant gli o mas en han ce pe rip he ral ly

(ring pat tern) or he te ro ge ne ous ly (Thom son et al.,

1993).

MRI fe a tu res eva lu a ted for in tra cra ni al tu mors in -

clu de phy si cal fe a tu res such as in tra-axi al or ex -

tra-axi al ori gin, ana to mic site, sha pe, pre sen ce of

mass ef fect, pre sen ce of vent ri cu lar en lar ge ment and

growth pat tern. Growth pat tern re fers to growth of the

tu mor re la ti ve to the sur roun ding tis su es, in clu ding

phy si cal dis pla ce ment or re pla ce ment (i.e. in va si on)

by the mass or smal ler tu mor ex ten si ons into ad ja cent

re gi ons. Fe a tu res more spe ci fic to MRI in clu ded sig -

nal in ten si ty, ga do li ni um en han ce ment pat tern and

ede ma. Tu mor sig nal in ten si ty was des cri bed as hy -

poin ten se, isoin ten se, hy pe rin ten se or mixed com pa -

red to nor mal-ap pe a ring cor ti cal gray mat ter (Tho -

mas et al., 1996; Kraft et al., 1997).

Cha rac te ris tics of brain tu mors on MRI ima ges

Although va ri ous ty pes of brain tu mors have been

cha rac te ri zed by MRI, the de gree of cor re la ti on be -

tween MRI and his to lo gic fin dings has not been cla ri -

fied (Tho mas et al., 1996).

Ta bles 2 and 3 con tain the cha rac te ris tics of dif fe -

rent tu mor ty pes of MRI ima ges in dogs and cats, res -

pec ti ve ly.

In hu mans, the du ral tail is a sign seen on con trast

en han ced T1-weighted mag ne tic re so nan ce ima ges.

This fin ding is con si de red spe ci fic for me ning i o ma.

The du ral tail is a li ne ar en han ce ment of thic ke ned

dura ma ter ad ja cent to an ex tra-axi al mass seen on

Gd-DTPA en han ced T1WI. A num ber of cri te ria for

di ag no sing a du ral tail have been des cri bed: it should

be con ti nu ous with the as so ci a ted ex tra-axi al mass, it
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Ta ble 2. Cha rac te ris tics of brain tu mors in dogs on MRI ima ges.

Cha rac te ris tic Me ning i o ma Astro cy to ma Oli go den dro gli o ma Cho roid plexus

pa pil lo ma

Pi tuit ary tu mor 

T1WI iso- or hy poin ten se Iso- (be nign) or 

hy poin ten se

hy poin ten se hy pe rin ten se or mixed 

hy per/iso

hy poin ten se

T2WI iso- or hy pe rin ten se hy pe rin ten se hy pe rin ten se hy pe rin ten se or mixed 

hy per/iso

iso-, hy pe rin ten se

or mixed 

PDWI iso- or hy pe rin ten se hy pe rin ten se isoin ten se hy pe rin ten se or mixed 

hy per/iso

iso-, hy pe rin ten se

or mixed 

Lo ca li za ti on ros tral and cau dal fos sa pros-, di-, me sen che- 

pha lon

pro sen chep ha lon in ter ven tri cu lar fo ra -

men or ce re bel lo-

pon ti ne ang le

sel la tur ci ca

Orien ta ti on broad ba sed along

falx/dura

Mass ef fect mild mar ked mar ked

Ede ma ab sent to mar ked mild or mar ked

(hig her-gra de)

mild or ab sent mild or ab sent ab sent or mild

Hy dro cep ha lus rare oc ca si o nal ly oc ca si o nal ly fre quent ly oc ca si o nal ly

Cal ci fi ca ti on oc ca si o nal ly rare

He morrha ge oc ca si o nal ly oc ca si o nal ly mul ti fo cal (50%) oc ca si o nal ly

Type of mar gi na ti on smooth to ir re gu lar poor ly de fi ned ir re gu lar poor ly de fi ned

Con trast en han ce -

ment

mar ked va ri a bly in ten se mar ked mild to mar ked

Post-con trast ho mo -

ge nei ty

uni form (non-uni form) non-uni form uni form uni form

Ring en han ce ment oc ca si o nal ly oc ca si o nal ly fre quent ly

Re fe ren ces Hathcock, 1996

Tho mas et al., 1996

Kraft et al., 1997

Kraft et al., 1997 Kraft et al., 1997 Tho mas et al., 1996

Kraft et al., 1997

Tho mas et al., 1996

Kraft et al., 1997



should en han ce to an equal or gre a ter de gree than the

as so ci a ted mass and it should be seen in at le ast two

con tig u ous sli ces or in two ima ging pla nes to pre clude 

con fu si on with vas cu lar struc tu res. Trau ma, sur ge ry,

he morrha ge, in fec ti on and me ta sta sis have all been

re por ted to cau se me ning e al en han ce ment fol lo wing

con trast me di um ad mi ni stra ti on (Gra ham et al.,

1998). MR exa mi na ti ons of 18 dogs and 4 cats for

which a de fi ni ti ve di ag no sis was avai la ble were re -

vie wed in an ar ti cle by Gra ham et al. (1998). Se ven -

teen of the 22 pa tients had an in tra cra ni al ne o plasm,

10 of which were me ning i o mas, and the ot her 5 pa -

tients had in flam ma to ry CNS dis e a se. The du ral tail

sign ap pe ars to oc cur re la ti ve ly com mon ly with ca ni ne

and fe li ne me ning i o ma, alt hough the rate of de tec ti on

va ried from 40 to 80%.

The only epen dy mo ma des cri bed af ter MRI ana ly -

sis was a thin-wal led non-en han cing pro tei na ce ous

cyst ef fa cing the fron tal horn of a la te ral vent ri cle wit h -

out evi den ce of ede ma. This mass was hy pe rin ten se

on PDWI and T2WI, and isoin ten se on T1WI (Kraft et 

al., 1997).

 Ultra so no grap hy of the brain

Ultra so no grap hy of the brain is an easy, safe, less

ex pen si ve pro ce du re which pro vi des a ra pid, re pe a ta -

ble, non-in va si ve me thod for eva lu a ting the brain

(Spaul ding and Sharp, 1990). 

The brain can be ima ged through cra ni o to my de -

fects, open fon ta nel les or some lar ger neu ral fo ra mi na.

Some ani mals have suf fi cient ly thin bone in the tem -
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Ta ble 3. Cha rac te ris tics of brain tu mors in cats on MRI ima ges.

Cha rac te ris tic Me ning i o ma Lymp ho ma Gli o mas Pi tuit ary tu mor

T1WI iso- or hy poin ten se, homo-

ge ne ous

iso- or hy poin ten se, homo-

ge ne ous

hy poin ten se isoin ten se,

he te ro ge ne ous

T2WI hy pe rin ten se, 

he te ro ge ne ous

hy pe rin ten se, 

he te ro ge ne ous

hy pe rin ten se hy poin ten se,

he te ro ge ne ous

PDWI hy pe rin ten se hy pe rin ten se, 

he te ro ge ne ous

 

Lo ca li za ti on ex tra-axi al ex tra- or in tra-axi al in tra-axi al sel la tur ci ca

Orien ta ti on broad ba sed

Mass ef fect fre quent ly fre quent ly oc ca si o nal ly

Ede ma mild mo de ra te to mar ked mild to mo de ra te ab sent

Hy dro cep ha lus fre quent ly rare oc ca si o nal ly ab sent

Cal ci fi ca ti on oc ca si o nal ly ab sent ab sent ab sent

He morrha ge oc ca si o nal ly ab sent ab sent ab sent

Type of mar gi na ti on re gu lar, dis tinct re gu lar, dis tinct

Con trast en han ce ment mar ked mar ked va ri a bly in ten se mo de ra te

Post-con trast homo-

ge nei ty

homo-or he te ro ge ne ous he te ro ge ne ous he te ro ge ne ous

Ring en han ce ment rare ab sent fre quent ly fre quent ly

Re fe ren ce Troxel et al., 2004 Troxel et al., 2004 Troxel et al., 2004 Troxel et al., 2004



po ral re gi on to al low trans cra ni al ima ging wit hout a

cra ni o to my de fect (Braund, 1994).

The most com mon ap pli ca ti on for brain ul tra so no -

grap hy is to de ter mi ne the size of la te ral vent ri cles in

small breed dogs with sus pec ted hy dro cep ha lus. The

se cond most com mon ap pli ca ti on is to eva lu a te the

brain in ani mals with sus pec ted in tra cra ni al ne opla -

sia. Most ne o plasms ap pe ar hy pe rechoic. A tech ni que 

for ul tra sound-gui ded bi op sy has been de ve lo ped for

use in dogs (Tho mas et al., 1993). Intra o pe ra ti ve ul -

tra so no grap hy may be used to gui de sur gi cal bi op sy

or the ex ci si on of in tra cra ni al mas ses (Gal lag her et

al., 1995). After ra di a ti on or che mot he ra py, the size

of a bi op sied mass may be mo ni to red by ul tra so no -

grap hy. The site of a sur gi cal ly ex ci sed mass can be

chec ked over time to as sess tu mor growth.  No ad ver se 

ef fects or con train di ca ti ons are known in di a gnos tic

ima ging of the brain using ul tra sound (Tuc ker and

Ga vin, 1996). 

Scin ti grap hy

Nu clear me di ci ne (gam ma scin ti grap hy) has been

used for di a gnos tic brain ima ging in ve te ri na ry pa -

tients for over 20 ye ars. Brain scin ti grap hy yields

both ana to mic and func ti o nal in for ma ti on (Tuc ker

and Ga vin, 1996). 

When com bi ned with his to ri cal in for ma ti on, neu -

ro lo gi cal eva lu a ti on, and ap propri a te la bo ra to ry

tests, brain scin ti grap hy can help lo ca li ze le si ons and

sug gest a di ag no sis. Ho we ver, pla nar brain scin ti -

grap hy is pri ma ri ly a test of the func ti o nal in te gri ty of

the blood-brain bar rier rat her than a morp ho lo gic

ima ging tech ni que such as com pu ted to mog rap hy or

mag ne tic re so nan ce ima ging (Dy kes et al., 1994).

The di a gnos tic strength of brain scin ti grap hy is the

abi li ty to con firm the pre sen ce of sus pec ted in tra cra -

ni al le si ons. Si mi lar to ot her ad van ced ima ging mo -

da li ties, brain scin ti grap hy is not spe ci fic in de ter mi -

ning the exact eti o lo gic ori gin of a le si on, but may

yield a cha rac te ris tic pat tern or lo ca ti on of ac ti vi ty

that sup ports a spe ci fic dis e a se di ag no sis (Tuc ker and

Ga vin, 1996).

Scin ti grap hy of the brain is in di ca ted when the re is

sus pec ted in tra cra ni al dis e a se, and when CT or MRI

is eit her una vai la ble or cost-pro hi bi ti ve.

The main li mi ta ti on of pla nar scin ti grap hy is the

low sen si ti vi ty for ear ly in tra cra ni al or spi nal cord

dis e a se that is ob scu red by the su pe rim po si ti on of

over ly ing struc tu res. Ne wer, to mog rap hic, scin ti -

grap hy tech ni ques show pro mi se for in cre a sing the

sen si ti vi ty of scin ti grap hy pro ce du res (Braund,

1994). Sing le pho ton emis si on com pu ted to mog rap hy

(SPECT) and po sit ron emis si on to mog rap hy (PET)

are nu clear me di ci ne pro ce du res that pro du ce to mog -

rap hic ima ges of the brain with su pe ri or spa ti al and

con trast re so lu ti on, in ad di ti on to pro vi ding more pre -

ci se lo ca li za ti on of the le si on. 

A re tro spec ti ve stu dy from Dy kes et al. (1994) sho -

wed that fo cal brain scin ti grams had 75% sen si ti vi ty

and 90% spe ci fi ci ty for any fo cal brain dis e a se. The

sen si ti vi ty and spe ci fi ci ty of a fo cal scin ti grap hic le -

si on for a brain tu mor was 72% and 82%, res pec ti ve ly.

Brain bi op sy

Tech ni cal de tails

Many in tra cra ni al dis e a ses can be ac cu ra te ly and

re li a bly lo ca ted with ad van ced ima ging tech ni ques

such as CT and MRI. Ho we ver, a de fi ni ti ve di ag no sis

can only be re ached by ob tai ning a tis sue sam ple for

his top atho lo gi cal exa mi na ti on. 

A va rie ty of tech ni ques have been re por ted in the

me di cal neu ro sur gi cal li te ra tu re: open sur gi cal (Nie -

bau er et al., 1991), free-hand need le (Mars hall et al.,

1974), ste re o tac tic (He ath et al., 1961), ul tra sound-

 gui ded (Tho mas et al., 1993), CT-gui ded (Ha ra ri et

al., 1993) and MRI-gui ded (Brad bord et al., 1987;

Ma ci u nas and Gal lo way, 1989) brain bi op sy. In ve te -

ri na ry me di ci ne the free-hand need le tech ni que and

the ste re o tac tic brain bi op sy have been des cri bed.

CT-gui ded free-hand need le bi op sy

As part of an ani mal mo del pro ject eva lu a ting the

se lec ti ve ra di a ti on the ra py of brain tu mors in dogs,

Ha ra ri et al. (1993) exa mi ned a con trast-en han ced,

CT-gui ded, free-hand need le bi op sy in eight dogs

with in tra cra ni al mass le si ons. In three of eight dogs, a 

his to lo gic bi op sy di ag no sis of ne opla sia was ob tai -

ned. In two of the se pa tients, the di ag no sis was con fir -

med by ne crop sy. Se ven of eight dogs had mild, trans -

ient com pli ca ti ons af ter bi op sy.

The re sults of this stu dy in di ca te that the need le

bi op sy was safe, but it pro vi ded a low di a gnos tic

yield. The re a sons for the poor suc cess rate could have 

been the mi sin ter pre ta ti on of con trast-en han ced CT

ima ges, the mo ve ment of the bi op sy need le af ter ima -

ging and be fo re sam pling, tech ni cal er rors in using

the bi op sy need le, nor mal cel lu lar foci wit hin the tu -

mor, the ea sier as pi ra ti on of nor mal pe ri tu mor cells

than of ne oplas tic cells, in ade qua te sam ple size, and
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in ex pe rien ce in eva lu a ting need le bi op sy sam ples of

brain tis sue.

In hu man me di ci ne the re sults are more pro mi sing.

In an ar ti cle by Du ques nel et al. (1995), the re sults of

CT-gui ded need le bi op sy of in tra cra ni al tu mors in

118 hu man pa tients were eva lu a ted. For su per fi ci al

and lar ge tu mors (lar ger than 2 cm in di a me ter) it is a

sim ple, fast and ef fec ti ve pro ce du re. In this stu dy the

pa tho lo gi cal di ag no sis was ob tai ned in 89% of the ca -

ses. This tech ni que is less ex pen si ve but the o re ti cal ly

more li ke ly to in du ce com pli ca ti ons than a ste re o tac -

tic me thod. Du ring the pro ce du re the nor mal brain tis -

sue over ly ing the le si on can be trau ma tis zed and the

lack of a fixa ti on de vi ce risks a leu co to my ef fect. The se 

pos si ble com pli ca ti ons de pend on the size and lo ca ti on

of the tu mor.

Ste re o tac tic CT-gui ded brain bi op sy (SCTGBB)

Anot her tech ni que for brain bi op sy is the ste re o tac -

tic CT-gui ded bi op sy of in tra cra ni al le si ons. Se ver al

hu man in stru ments have been mo di fied to make it

com pa ti ble with CT-tar get lo ca li za ti on in the dog. 

Mois son nier et al. (2000, 2002) pre sents a mo di -

fied Laitinen’s ste reo ste re o a dap ter ini ti al ly de sig ned

for hu man pa tients. The pro ce du re in vol ves four

steps. With prac ti ce, the en ti re pro ce du re (skin in ci si on 

to the end of su tu re) can be car ried out wit hin 1 hour.

Two points are cri ti cal for the suc cess of the pro ce -

du re. Cor rect po si ti o ning of the head in the de vi ce is

of par ti cu lar im por tan ce be cau se it has to be per for -

med twi ce. The choi ce of the cra ni o to my site is a se -

cond cru ci al step in terms of li mi ting trau ma du ring

the pas sa ge through he al thy brain tis sue. A brain le si on

ex cee ding 6 mm in di a me ter can be sam pled with this

de vi ce (Mois son nier et al., 2000). 

He morrha ge, tem po ra ry neu ro lo gi cal de fi cits and

de ath were the com pli ca ti ons en coun te red in the pre -

sent stu dy. Mor ta li ty (2 of 23 dogs) and mor bi di ty (6

of 23 dogs) ra tes are high when com pa red to tho se

des cri bed in the hu man li te ra tu re. The dif fe ren ces in

mor bi di ty can be re la ted to epi de mi o lo gi cal and tech -

ni cal con si de ra ti ons. The di ag no sis of brain tu mors in

ani mals usu al ly oc curs late on in the pro gres si on of

the dis e a se. Fur ther mo re, SCTGBB is car ried out in

the dog wit hout pre ci se eva lu a ti on of the tu mour vas -

cu la ri za ti on, which could en han ce the sa fe ty and ac -

cu ra cy of the pro ce du re. For fi nan ci al re a sons, it was

not pos si ble to check for post-bi op sy he morrha ge by

CT im me di a te ly post ope ra ti ve. Two pa tients (8%)

had le thal com pli ca ti ons re la ted to the bi op sy of

highly vas cu la ri zed brain stem tumors.

SCTGBB was sa tis fac to ry in ob tai ning a brain tu -

mor sam ple in 95% of the ca ses. The ac cu ra cy of brain 

bi op sy de pends on the ex pe rien ce of the cli ni ci ans

per for ming the bi op sy, the cha rac te ris tics of the mass

(size, lo ca ti on, de fi ni ti on, tex tu re) and the de vi ce

used. The aut hors con si der that the ear ly cy to lo gi cal

as ses sment of the brain sam ple is im por tant. This gi -

ves the sur ge on the op por tu ni ty to per form anot her

bi op sy whi le the dog is still in the ope ra ting the a tre.

The cy to lo gi cal re sults cor re la ted with the his to-

pa thologi cal di ag no sis in 69% of the pre sent ca ses.

Com pa red to ot her stu dies (Ver nau et al., 2001), this

per cen ta ge is low, pro ba bly be cau se the sur ge on and

not a cy to pa tho lo gist eva lu a ted the sam ple in this stu -

dy (Mois son nier et al., 2002).

Ko blik et al. (1999a and b) des cri bes the re sults of

SCTGBB per for med in 50 dogs using a mo di fied Pe -

lo rus Mark III Ste re o tac tic Sy stem (PMIIISS). The

Pe lo rus Mark III Ste re o tac tic Sy stem has been pro -

mo ted for being re la ti ve ly in ex pen si ve, mecha ni cal ly 

less com plex, and ea sier to use than ot her com mer ci al

ste re o tac tic sys tems. Se ver al mo di fi ca ti ons nee ded to 

take pla ce to get a good fixa ti on of the dog’s head in

the de vi ce. The mo di fied de vi ce could be at tached

and se cu red to the he ads of dogs va ry ing in size from 2 

to 47 kg (Ko blik et al., 1999a).

The ste re o tac tic brain bi op sy di ag no sis was com -

pa red with that from sur gi cal re sec ti on or at ne crop sy.

In 91% of 22 dogs, a cor rect di ag no sis was achie ved.

In 5 of 41 dogs, post ope ra ti ve com pli ca ti ons such as

epis taxis, sei zu res, in tra cra ni al he morrha ge and ce re -

bel lar her ni a ti on were de tec ted.

It is re com men ded to ob tain mul tiple tis sue sam -

ples to pre vent fai led or in con clu si ve bi op sies. Sam -

pling er rors can be cau sed by le si on he te ro ge nei ty and 

tech ni cal pro blems.

On the ba sis of the se re sults, we can con clu de that

SCTGBB using a mo di fied PMIIISS is a safe and ef -

fec ti ve me thod for ob tai ning tis sue sam ples for the ac -

cu ra te neu ro pa tho lo gic di ag no sis of brain le si ons

(Ko blik et al., 1999b).

CONCLUSION

On the ba sis of sig nal ment, his to ry and cli ni cal

signs it is pos si ble to lo ca li ze a pro blem to the brain.

Ho we ver, fur ther di a gnos tic wor kup is es sen ti al for

ob tai ning a di ag no sis of ne opla sia. Ce re bros pi nal

fluid (CSF) ana ly sis can be a va lu a ble ad di ti o nal tool,

though it will not al ways be con clu si ve. Some in flam -

ma to ry pro ces ses in the brain can cau se iden ti cal
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chang es in the CSF as a ne oplas tic le si on. On the ot her 

hand, the CSF of an ani mal with a brain tu mor can be

com ple te ly nor mal. Mo re o ver, this pro ce du re is not

wit hout risk. Com pu ted To mog rap hy and Mag ne tic

Re so nan ce Ima ging con firm the sus pi ci on of an in tra -

cra ni al mass. To ob tain a de fi ni ti ve ans wer, with an

exact his top atho lo gi cal di ag no sis, a bi op sy sam ple of

the mass is cru ci al. Dif fe rent pro ce du res for ob tai ning 

a bi op sy sam ple are des cri bed, in clu ding CT-gui ded

free-hand need le bi op sy and ste re o tac tic CT-gui ded

brain biopsy. 
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