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Table 1 Summary of experimental groups
Group Numbers Duration of Number of Volume effect
compression balls Cml)
I 5 1 hr 12 1.4
1 5 6 hrs 12 1.4
m 5 2 days 12 1.4
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\' 3 1 month 12 1.4
Vi 3 6 months 10,10,15 1.2 - 1.6
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and intracranial pressure (ICP) during ball insertion.
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Fig. 2

a)The brain showing a localized depression.

b)Coronal section of the brain showing marked deformity of compressed
cortex whereas contralateral cortex remained almost unchanged.
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Fig. 3 Changes of the maximum distance of midline shift(MS) and hemispheric

area ratio(HAR) following ball insertion. skand 3k 3k :Statistically different
from the control(p<0.05 and p<0.01, respectively).
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Fig. 4 Histological findings of the 1 hr group.
a)Normal cortical architecture is maintained(KB, x40). b)Shrinkage
of neurons( x400). c¢)There is on particular alteration at the
white matter( x 100).

Fig. 5 Histological findings of the 2 days group.
a)Normal cortical architecture is maintained (KB, X40) . b)Chromatolysis and
infiltration of microglia (x400) . c)Fragmentation of myelin (x400) .
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Fig. 6 Histological findings of the 1 month group.
a)Cortex became thin due to reduction of nerve cells (KB, x40) .

b)Degeneration of neurons (x400) .

¢)Gliosis and

spongy apperance seen in white matter (HE, x100) .
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Fig. 7 Histological findings of the 6 months group.
a)Normal cortical architecture is completely lost by spongy rarefaction and
dense gliosis (KB, x40). b)Calcfication around blood vessels in superficial
cortex (x100). c)Dense gliosis in white matter (HE, x 100).

Table 2 Sequential changes of histological findings in compressed brain

1 hr 8 hrs 2 days 7 days 1 month 6 months
Shrinkage of neurons + + + + — -
Chromatolysis — + e SRR + +
Infiltration of microglia = - + ++ + =
Gliosis - - — - + +
Calcification = - - - - +
Destruction of cortex - - - + + + +
Fragmentation of myelin + + + + ++ + +
Spongy appearance in w.m. + + + ++ + +

w.m. = white matter



Eaw & 5 EE Y 5 ERAIE 41

=L,
AERICHFFBICPIR LA — VAR TR
30mmHgLl E~ER Lich, ZDHET L, 6
BRI ClE R —AVIEARTOMENEE Lic, ZThik
ICPD kR H, MEROERERDY ' 28w o
BEH Y c i EEH I EBREELOND,
F oA L AEEIE. BIEAE N L TIThbh,
FRAHKE S L COBEEARESMHERFI ATV 3
fod, HENEREAYKCRFTFERALICE
Zr6n3 " | ches LT, B8 L
HMOEL., EHETORECAEILELL.,
AR TRBRE TH - oo AERTOMAM
BALALER¥ERTHE T 5 &, EBEAIERTE
LA RAIERTEIEETHS, ZOLIRE
EEZ, ARELE b LEEREREE LT
B LAWMOBHTHAZ LE2RTEELD
b (R

2. EFRAE & OEQELRERORRHEL
AERTILERTREER D O EFRALOK
KEERE (MS) &¥HMEFEL (HAR) %KD,
ChbRIEEE L TEEMEEDOE L& R
WA Lco MSEHARE b iC 6 BEfEIM 5 7 A
¥FCOBFETHEML, 1 »ABEL 6 » AETRY
L7co MSEHARDEMIE, & ORI —F L
THEW.spongy appearanceMidddbns I &
nh, MEESTOREREEZLNRD, 12 A
LB THRD SN HARDEA 3, - O
Rl e fa o, gliosiss HEBEDOHIE
REDHANEDLNEZ E LD, MEBOE
fTERTEDEELZLND, MSOEAIZ, E
BAREFEOB T EFEEDRMHE
fIENAZ LB EELZLRS,

3. EEBC BT 5 E/BERRE
Bk EE o mE Mo iuid, M
M DZERE L . chromatolysis T » oo K
MROZEM 1 RS SBD LA Z & h b,
EEEHRED 5\ IIEHBIKE L EEL bR,
FOREIE LT, OB ERT R
REELLTCEEARKECERE LTHRDLAS
Z &y ZOBALPEEERAE T4 U 5 B MmHEZE L

(ischemic change) "% LT 5 = &mb,
BRREREZEC LV E Lt ELbh S, &
DBREEDOHF & LTIE, COFRBEELL
THEERMTROND Z Eh B, FEBEIHE S R
NEREOEEY ., 5 WL hICHENE
T L AMETREDIE T mb e Uice %
Zbhb, :

kMg D chromatolysisid 2 BB CHIB L,
rhLlfEe » AT THELTED bR, #
4088 D chromatolysisid, AL Y™ |
FEEETT s oFn® cHRT LI Ln
WE SN TV D AERICE T Achromatolysis
OBRECE LTS, BOELIC X 2BBEOEE
EERC L D BBEREEErEL b, &F
BTi2, 2 HLLRE Tchromatolysis® & U £
MBI EELWFRANCRD bhi, ZhHDFT
Hidchromatolysis AN TS Z L iC &
Dy ELRMBHRIE TS D Z Ot
M OlB%E, RKibtgliosisk5| &2 L, &8
ELTHOEMAELERILZ EATRELTY
o

X FAENLSUSEREEE T 5EEDOFM
BIGC DWW TIE, BEBERESPH A~V =7 OB (R
HIEEL LTEDORENLENT &I, LML
ALBRERIT, BMEBZTO DN, BHICH LT
FEMCEE2 522 LA RTHOTH 5,
LT, ZO&Y EREERYETHEEC
BULTit, MEBLELM LS 1 » AUATIZ
x4 A EBR2 ARICKRET 5 2 L0 E
ThHBHEELZDRD,

EEASBEEAKC L5 % 2 MEEE T /L%
ERL L, BRI 1 B n 6 o A TOREE
FHIELEBR LT,

1. EEBeB T, oIS LT
RO RMMESEIENE L D, F lodiin
Bt & LT

chromatolysis— £l iy Ot —gliosis—
REARBEOWBEMOEFR L 5> —EDOELH
b,



42 e AH

2. EiB1 » B, AMCNOERIAET D,
B X 5| & St EhEEORA % &
145,

3. OB & 28/ NMEBED 5\ (2EHE
DEEHNHBFOELORRTHLLELLR
%,

B v 54 5 18R A8 R E T ONEBIc E
FEHELAE 1B T2 EERTLULEDRERM S,
BzR 4 2EBIE - 2BEEANED LAY HD
< TH1 »AURRCKRETILENRD S LE
Zbhb,

AKEE B2 2EHn . FHEEE - BEA
N BEFCEEL I BE LR LET,

¥, REEKRIERS LU E 0HF cHigE
RV ABES IR KRB SRS REH# 1o
LEd,

X [

1) Langfitt, T.W., Weinstein, J.D. and
Kassell,N.F. :Cerebral vasomotor paralysis
produced by intracranial hypertension.
Neurology 15:622-641,1965.

2) Lundberg,N.: Continuous recording and
control of ventricular fluid pressure in
neurosurgical practice. Acta Psychiat.
Neurol. Scand. 36 (Suppl. 149) :1-
193, 1960.

3) Marmarow, A.,Shulman,K. ,and Lamorge
se,J . :Comparamental Analysis of Complia
-nce and outflow resistance of the cerebros
pinal fluid system. J.Neurosurg.43:523-
534,1975.

4) Albin,M.S., Bunegin,L., Dujorny,M.:
Brain retraction pressure during intracrani-
al procedures.Surg.Forum.26 : 499-
500,1975.

5) Goodman,S.]J. & Becker,D.P.: Vascular
pathology of the brain stem due to
experimentally increased intracranial
pressure: Changes noted in the micro-and
macrocirculation. J.Neurosurg.39:601-

wm o

609,1973.

6) Ogata,J., Hochwald,G.M., Cravioto,H
and Ransohoff,]J.: Light and electron
microscopic studies of experimental
hydrocephalus. Acta Neuropath. (Berl.) 21
1213-223,1972.

7) HARE BRI 3 RBERENE
& UBETRAERS LEA9RET.  Neurol.Med. Chir.

(Tokyo) 21:221-232, 1981.

8) MEAM—ER, AILFG=E, FEARE. TRER. &
BAE. FAAZE MBI & 5 M8 D&
Pi%E. Neurol. Med. Chir. (Tokyo) 22:893-
900,1982.

9) Snider,R.S. & Niemer,W.T.: A Stereotaxic

Atlas of the Cat Brain. The University

of Chicago Press, Chicago, 1961.

Langfitt, T.W.: Increased intracranial

pressure. Clin. Neurosurg. 16:436-471,1969.

vk ¢ BREME & MTER, BHEAE LM

PEME, HREESCKHR, ppl09-119, ALz

PR &4, 1983

Johnson,I.H., Rowan,J.O.: Intracranial

pressure gradients and cerebral blood

flow. in Cerebral Circulation & Metabolis-

m (Langfitt,T.W. ed) , pp 238-240,

Springer-Verlag, Berlin-Heiderberg-New

York,1975.

13) Benabid,A.L., de Rougemont,]J.,

Barge,M.: CSF dinamics: A mathematical

approach.inIntracranial Pressurell (Lund

-berg,N., Ponten,U., Brock,M.ed) ,pp54-

60, Springer-Verlag, BerlinrHeiderberg-New

York, 1975.

Chopp,M. & Portnoy,H.D.: Systems

analysis of intracranial pressure: Compari-

10

~—

11

~—

12)

14)

son with volumepressure relation test and
CSF-pulse amplitude analysis.] . Neuro-
surg. 53:516-527, 1980.

Davson,H., Holloingsworth,G. and
Segal ,M.B.: The mechanism of drainage
of cerebrospinal fluid. Brain 93:665-
678, 1970.

15)



B & 5 I E i BE 4 2 ZRRIBTE

16) Marmarow,A., Shulman,K., Rosende,R.

17)

18)

M.: A monolinar analysis of the cerebros-
pinal fluid system and intracranial
pressure dynamics. J.Neurosurg.48:332-
344, 1978.

Coimbra,A.: Nerve cell changes in the
experimental occlusion of middle cerebral
artery.Histological and histochemical
study. Acta Neuropath 3:547-557, 1964.
Ito,U., Spatz,M., Walker,]J.T. and
Klatzo,I.: Experimental cerebral ischemia
in Mongolian Gerbils, I. Light microscopic
observations. Acta Neuropath (Berl.) 32
1209-223, 1975.

19) Lewis,M.P. and McLaurin,R.L.:

20)

Regional cerebral blood flow in increased
Intracranial pressure produced by increased
cerebrospinal fluid volume, intracranial
mass and cerebral edema. in Intracranial
Pressure (Brock, M. and Dietz, H. ed),
ppl60-164, Springer-Verlag, Berlin-
Heidelberg-New York, 1972.

Duchen,L.W.: General pathology of
neuron and neuroglia. in Greenfield s
Neuropahology. Fourth edition (Hume
A.J., Corsellis,]J.A.N., Duchen,L.W.
ed) , ppl-52, Edward Arnold, London, 1984.

21)

22)

23)

24)

25)

43

Chason,]J., Hardy,W.G.: Alteration in
cell structure of the brain associated with
experimental concussion J. Neurosurg. 15
1135-139, 1958.

Windle, W.F.and Fox, C.A.: Experimen-
tal structural alteration in the brain
during and after concussion. Surg. Gynecol.

Obstet. 79:561-572, 1944.

Wilson, S.A.K.: The pathology of
peragra. Proceedings of the Royal
Society of Medicine7, Neurological
section, 31-41, 1914.

Meyer,A.: Nutritional deficiencies and

disorders. in Greenfield s Neuropathology.
Second edition (Blackwood,W., McMene
my,W.H., Meyer,A., Norman,R.M.,
Russell,D.S. ed) , pp288-323, Edward
Arnold, London, 1963.

Hauw,]J-J., De Baecque,C., Hausser-
Hauw,C., Serdaru,M.: Chromatolysis
in alcoholic encephalopathies.
111:843-857, 1988.

Brain

26) Crain, B.J.,Westerkam,W.D. ,Harrison, A.

H. Nadler,].V.: Selective neuronal death
after transient forebrain ischemia in the
mongolian gerbil : A silver impregnaion
study. Neuroscience 27 : 387-402, 1988.



44 tAH H En

Experimental study on brain damage by extracerebral compression
— Atrophic process of the brain tissue by longstanding extracerebral compression—

Osamu Sakuta

Department of Neurosurgery, Faculty of Medicine, University of the Ryukyus

Key words : extracerebral compression, intracranial pressure, histology, brain atrophy, chromatolysis

Abstract

The effects of long-standing brain compression were investigated in 26 adult cats. Brain compression
was produced by inserting 12 steel balls (5mm in diameter,at 10 minute intervals)
into extradural space through a small bur hole in the left temporal bone. The animals were divided
into six groups according to the compression period (1 hr, 6 hrs, 2days, 7days, 1 month and 6
months) . in 10 cats of the 1 hr and 6hr group, mean arterial blood pressure and intracranial
pressure (ICP) were monitored buring brain compression. Maximum distance of midline shift (MS) and
hemispheric area ratio (HAR) , an index of the volume of the compressed hemisphere, were calculated
and histological evaluation was made in detail.

ICP progressively increased up to 30mmHg during ball insertion, but it returned to normal level
within6 hours. HAR showed marked reduction in thel and 6 month groups. Histologically, chromatolysis,
degenaration of neurons and infiltration of microglia were found in the compressed cortex in the2day
to6 month groups. Gliosis and destruction of cortical architecture were found in thel and 6 mouth
groups.

These data show that intracranial mass causes prograssive atrophy of the brain tissue. Chromatolysis
seems to be a major finding in the brain sustaining longstanding compression and it followed by severe
degeneration of neurons and destruction of cortical architecture. Brain atrophy become apparent
within 1 month of compression. These findings suggest that brain compression by intracranial mass

must be removed within1 month in order to avoid further brain tissue damage.



