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We are now approaching a century aince tbe firat 

recognition of tbe blndbrain deforalty uaociated witb neural 

tube aalforut!ona. The cOQeiderable epeculat ton aad eonfuaiora 

which ati11 exi•t• .re1u4in1 tbe nature and patho1eaeala o£ thia 

hindbr&in deforaity ia evidence of the .-ount of pro1re•• aade 

in this field. 

Wideapread population ecreenil'lg ueing aatemal aer• D(•feto­

prote.ln will alaoat cert•i.ftly reduce tbe 11\lllber of children bom 

with theae aalfonaationa. However~ thia ahould not be allowed to 

detract frOII continued effort to wuavel tbe illportant problea ol 

Pdhogeneaia of the hillclbrain def onity. Exaap1ea oL the def oraity 

will continue to be f0\1114 albeit in teaaer de1reee of neural .tube 

aalforaationa, and occaa-.i1, in adult• with apparently nor•l 

apinea. It ia also a Hllftd Mdic:al coacept tbat ttse beat fora of 

cure ie prevention and certdn ethical conaideratioae will continue 

to per,ade the iaaue of therapeutic abOrtion consequent upon 

acreenta, reaulta. 

Aleo, tbel'e ar:e probably aany lilte ay,elf wbo believe that 

loc:ted in the puzzle of tbia h.iftdbrain def oraity are iaportant 

biological inaigbta tbat fa'# 0Ytwei1b tbe significance of the 

conditioa itaelf. Tb.i. atudy atrivea to eolve the riddle of 

pathoceneeia and, by clearing our uncleratandin& of it• nature, it. 

ia hoped tbat aore ef£ective therapeutic aeaaurea will evolve tor 

tboae chi1dren Wbo will ccntitNe to be born with the aalforeatJ.on. 

,(Il) 
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SUMM Y 

The surface anatomy of the c rebellua waa atudJ.ed 1,114 

analysed in 100 e•e• of cb.Udren with 1NftU1g011yeloc:ele. 1be 

atudy dealt with tbe auperior aVl'face, ventricular aurfac• tnd 

the aegaent displaced into tbe cervic-1 canal. A hiatolosical 

survey of a •1d-eagittal aection £roe each cerebellum waa alao 

perfom.S. 

lt waa found that tbe degree of Wra.foraainal cerebellar 

dialoeation waa extre11e1J variable ranglna troa no diaplaceaent 

to one which was considerable. Milder degree• of clapl•ceunt 

.found in theae children aeea to correspond to the 11&1.foraation 

aa deac:r ibed in aclul ta; other feature• caaoa to botll tlleae 

age ,~oup• ausceat • aillilar patbogeneaie. 

Hiatology of the •i4-U,ne • ctiona ebowed tbe aoat aigniflcaat 

c11an1e• in the caudal lobule• aftd •uiceat tbat then at"e secondary 

to iachaellia fro• tiaaue caapreutOft tbe f'C&'.,.. aapa an4 

bony C:OIIIPUtllent of the upper cenical can..i. It ia argued that 

tbeae change• are probably of relatively late occvrr ace, aa a.re 

the cyatic dilatations deac:ribed in tbe fourth •entricle. 

the key to tbe patbe1eneeia is aost likely to be fcuad in 

earlier altu•tiona. wbich include fianral chan1e• on tbe •upet'ior 

surface and elongation of the ventral lobu.tea. It i• concluded 

that the c:erebellua ia priaarily deforaed .. a reeult of & 

"pulsioa-tl'action sequence". Tbe cesebell1a ie probably aJ.1.clly 

diaplaced at an early atqe. ponibly due to co11apae of the 

UV) 



•bryonic neural tube aecandary to tubal rupture. 1be re•l tut 

obliteration of the ciaterna ..,.... interfere• with noraal 

lonation of tbe baeal for•!na· 

Otrebroepinal pubatile forces caue a caudal cyatic 

prolongation of tbe intact rllollbic roof llbich exerts a 

aiaultaneoua tractiGa ol the early caudal lobule•; tbe yentral 

lobu.1~ are the flrat to develop and therefore, the aoat ,everely 

deforaecl. 

raal flaauration of th euperior aurface ia deacribed 

and explained aa eecoadary to crcwt within a confined apace u 

wll u differential growth within tbe organ itaelf. '1'be fact 

tbat thia occur• deeplte probable patency of the tentori&l notch 

raiM• tbe poeaibUity of canccait11tt prenatal forebrain 

hydrocesttalua obatructf.n, the tentorlal "outlet". 

(V) 
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'lbat the roblea of failure 0£ fuaioa of the spine aa a 

congenital h an anoaaty ha• afflicted• eince the Palaeolithic 

age ia ea aaiaed in a recent r art by Fer•bach U 963). 

IU.pJ>OCratee rec:01oind water !ft the bead but ad no notion of 

the entricula.r ayatea (cited by Boulter, 1967). Morcaani U769) 

waa the first to .. aociate hydt'ocephalua with tbe aac:i of 

aeningoayelocele in infanta. 

It is now well tnown that t iari •alforaation of 

the bindbrda ia a COIIIOA accoepaniaent 0£ aeoing011yelocele and 

related spinal defect,. It• auociatf.oa with bydl'ocephalva la 

n 11 eatablhbed. Lea• certain. how er, la tbe precise role 

it play• in the pathoeeneaie of hydroce-stialua. For laatance, 

whetb.et it reeulta froa the hydrocephalua or ia the cavae of it, 

ta still not entirely settled. 

Die •aJority (about 6~) of congenital abnoraalitiee have no 

cl ar cut aetiotoa ,c1a.treaux, 1970). 11 over hall of &11 

aajo.r alformationa iavolve the central nervoue eyat a; tbcae are 

aalnly anencepbalua Uld ••ingoayelocele. 

Congenital a oraaU.U.ea account for 1S•20~ of infant 

mortality in the Weatel'n world. la •pite of aodern advance• in 

ot r br anchea of aedicine, no aipi£J.cust decre .. e in the 

incidence of con1enital abnoraalitiea baa occurred in the last 

decade. 

1'lle incidence of "neural tube defec:ta" in 11anc1 and wa&e• 

•••• /2 
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ie eatiaated at 1 in every 2.000 live btrtba. Tbua, 

apprmdaately 11 500 &fleeted bal>J.ea ue born eacb yeal'. 

Altbouah tbe preciae aetiolo,r is unbotm. it ia tbou,bt to 

be aultifac orial, having both aenetic and enviroaaental 

component• (Carter, 1911). There hu an iacreaa-4 aurvi.•at 

of cbildren wi h •nin1oayelocele over the pat few decade• and 

thia aay be attributed to recent advance• in fiel aucb •• 

paediatric: aur1ical ••aaeaent,, neonatal aaaeatheaia, e.rly 

rcical closure 0£ the apinal defect, antibiotica, aacl tile 

introduction of var.iew1 ahuntiac devices to telieve the 

f~equently ,asaociated hydrocephalus. 

ver, within recent 1eara haa <:Olle the realiaatiOQ that 

the quality of autvivora ... far froa reacbing initial 

expectatioaa (l>epartaent of ealtb and Social Security, EAa1and, 

1973). Aput ltoa defects of J.OC0110tion, there were tbe pbraica1 

haftdlcapa of hydrocephalua, de£ect• of sensation, acolioaia, 

pathological tractu.ree, diaordera o£ the urinary tract and 

faecal incontinence. Aa expected, the aocial and emotional 

probl:aM tor the fuil1 wit "" affected child u• conaidetat>le. 

11le coat of maintaialna the •pedal unit• to care for tbeN 

children, to educate tbe wrvivora ocS to houae th• aeparately 

are inordinately hilh (L1abtow1er, 1971). It baa been eatlaated 

that, o£ tboae who aunive to acbool age, about 601 require 

epecial education, s<tl 1a acboola foe the phyeically hl.t'ldicapped. 
C 

Su.r1ical closure of the apinal def ct i• acaetiaea 

accoapanied, or aore US\lally followd, by tbe proble• of 

bydrocepb&lua, the treatilent o! which ia uaually baaed on tbe 

•••• /3 
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principal of by- passing the obstruction. Despite great advances 

in development of such by- passing device, ortality in shunt­

treated children still approaches 3% a year (Lorber, 1971). 'Ibis 

continuing mortality necessitates frequent reappraisal of current 

therapeutic measures. It is conceivable th~t , in the 

forseeable future, there will be a return to a more direct 

surgical approach o~ the hindbrain malformation; Russel and 

Donald (1935) recClllllllended occipital dec011preasion and pointed out 

that the only previous report of a surgical attack on the condition 

was that of van Houweninge Graftdinjk (1932); the operation had a 

fatal outcome. However, before such ideas are put into practice 

it would be advisable to delineate more precisely the pathology 

of the hindbrain deformity as well as the exact relati6nship 

between it and the hydrocephalus. 

A new advance in this field has come with the discovery of 

raised levels ofo(.- fetoprotein in the amniotic fluid of mothers 

bearing a foetus with an open neural tube defect (Brock and 

Scrimgeour, 1972) . Apart from aJ11Diotic fluid, it is possible to 

use maternal blood; a raised serum level ofol- fetoprotein per111its 

one to select mothers at risk for amniocentesis . lbis asurement 

is possible in the fifth month of pregnancy and lfOUld permit 

affected foetuses to be selected for abortion. 

Until recently, such estimations were usually only performed 

on woaen at riak, i.e. those with a history of an affected 

pregnancy. However, screening of all pregnancies has become 

possible in certain districts and a more substantial decrease in 

the number of deformed children might be expected . A large- scale 

••••• /4 
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screening service of this type carries, inevitably, tbe 

disadvantage of enormous cost and there are cert in very 

significant ethical consideration which cannot be entirely 

disregarded. In the meant , babies wi ninco yelocele 

and related defects will continue to b born, and the problem 

of their manageaent d care will continue, albeit on a 

smaller cale. 

lbe literature on the Arnold-<liiari malfo ation is 

extenai e. ast studies have u ually considered the 

aalformation as a whole and the c rebellua ha8 not previouely 

~en studied as an isolated untt; it could be that such a study 

aight add information which h eluded a ore general approach 

to the subject. 

'lbia study involves 100 cerebe11 sin children with 

•nin omyeloc:ele. An attempt h a been •ade to delineate aore 

precisely the role played by the cerebell in the malformation, 

and to eee !f the controversial iaeue 0£ the pathogenesis of the 

Arnold-chiari malfonaation could be more satisfactorily resolved. 

• • • • ./S 
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IntrcefucU.9! 

ecau of the pro.fusion o U.teratur in thia field dating 

back to t mi dle the last century• any co lete account of 

patho tic t ori a r lating to nold-cbiui alforaation 

a in vitably indude a historical revi • fr qu ot 

aociation etwee tbi ·. al£ ation • fo of spinal 

f c, mainly aening 1oce1, • ea it us ful also to incorporate 

a e as cts of pathogenesis rel part of the deformity. 

o 1 83 1 land de er! e t to ay findings in infant 

wit a bindbrain alfonaation brain et a waa elongated 

t o rt ventiicle ext 11 into tbe cervical canal. 

cOAcl that primary dysg n aia oi the br in st as 

le for tbia h an . • ydrocep alu as 

diaco ted aa a ca.usativ factor an waa tbo bt to be of later 

origi. 

in ar later Cb.tad. 0891) dea cri thre types of 

hindbrain an aly a aociat d wi h by roe &lu • is Tye, 1 

ornaly abo~ ialocation of tb c r bell r ton ils into the 

cervical caoal.; the a.bnor11al.lty waa e ricted to the cerebeUWI. 

"'lb first type consists of elongation oft tonsils and the 

e41,.&l portions of the lobi infei-iore ••• o£ the c rebe11ua into 

conical xt n ions t t ace y the • dull blon a.ta extend 

lt\to t rtebral canal ••• u. t · tree 2 there was caudal 

ia1ocat·on 0£ the cerebell toe her with lon tioo 0£ the 

.fourth v ntricle. "A second type co its of the diaplacement of 

portions of c rebellua into h enlarg vertebral canal• the 

cerebellum lyi within the fourth tric.le,. which ia elongated 

•••• /6 



1 O extends down into t . V rt bral C a.l". lo hia 1):e, 3 

defor•ity he described dielocation oft otire cerebellua into 

a cer ical in,ocele. ''Of t third ty of conaecuti e change• 

in t cerebellwn. caused by chronic congenital ycb'ocepM:l ua . . . l 

have sun only one cue. It clnoaatrat cl t e 1reateat degree 0£ 

displacement of the cer bellum, t of th cranial cavl ty tbroup 

t .foraaen ma,nWll into the vertebral canal ••• , involviag th 

poaition of n uly the entlr c reb 11 whicb was itsel 

bydroc phaU.c, into the cervical spina bifida .... .... . 

In his second paper U 9S) iui l reed hia original 

description of the Type 2 Olllaly tor 'displacement ot par~ of 

the lo r veraia, cilaplaceraent of the pon,. an diaplaceaent of the 

edulla oblongata into the cer ical canal and el atioa of fourth 

ve tricl into the ce.tvical c at•. In bi.a drawifti to illuatt&t 

the Type 2 anom ly the cerebellar · entatlon caused by the foraaen 

agnwn. is _).a t diac rnible; low this level there 1• a etr !king 

prolo ation of the tonsil, uwla, pyruaid and tonsils. In general, 

the Type 2 anOllaly occurs in inf ta 11ith • ning011yelocele . Chiari 

thought that the cerebe1l1111 and brain atem re pus d dOMI by the 

bydrocep &lie cerebrua. 

Arnold (1894) described llUltiple abnormalities in a newborn 

infant. ch of bis pap r iadtvoted to details of the viacera 

and little att ntion ia given to th brain atea; parts of the 

c rebell and fourth ventricle were herniate through the .foramen 

•asn -, b t the aedulla appeared noraal. cbwalbe and Ore ig 

(1907),working in A!'nold •a laboratory, added Arnold •e name to th• 

Type 2 formity and coined the tera "Al'nold- iari aalfooaation" • 

•.• • • /7 



Th y furtber diatin1uiabed the cerebellar •alforaation as 

Arnold• d f orai ty and the Uary alf 

u a 1 £irat introduc the alfor ion to the n li 

lit ra r (1935). littl to the rpho en is wt 

not t r old• iari alfor tion 

1 C th t bi brai alforma tion 

was prob ly he ca e of e ydrocephalus. 

Ari 19 ) waa pr ably t £irat to repor on an Arnold-

iari aalfo tion in an noraal pin • is 

d •crip in olv c1 c r ai i.st lo ical £ aturea ic are not 

relevant to thie diacusaio and it di ot c011tribute t 

ost c 

lialf orma i and 

cer llum 

poa tiv 

t t 

C al. ix tion of t 

f ct i ld to r 

ciatio b tw n h hi dbrain 

cele e to the prop aal t t the 

re pull d d into th cervical apioal 

cor t the i te of the pina.1 

eibl. ubaequent dif£eren i 1 growth 

b n t bony pine d spinal c rd cau tr ction on t 

11 

IJIIIIIIDel' 

brain ste. 

e Graf ink (1932) 

rit • 

is t eory w fir t advanced by 

g the Penfield and 

obur {19 ) 

t not le 

Lichtenstei (1942). Lie tenstein ued that, 

he fir t c rvical cord e nt ay b displaced 

aa low as t fourth or fift c rvical \tlertebra. also 

p aai ed a audd ascent of th cord en tbe fixation to the 

••••• /8 
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ite f th spinal def ct w tr a ct ; fr thia cltdued 

tat th c: rd at ve en d rt eion. 

cott Cl 43), in .c,apport of thi theory, were 

illpr by aociati oft hi brain nonaality with 

in oa loc le in contrast to ai le ni oc le; t ey believ d 

t t fixation oft spinal c:or was ot effective in 

en gocele; t y aleo felt tat tit the condition is produced 

experillen ally, it ould to cept traction t e 

1n a later r port 

Ar old- iar •all 

uey 

tion 

cribed an 

ult without a apinal abnormality; 

hey suageated tat even under per ctly 

hi.ndbr is au Jected to a f c that tri 

spinal C al"• 

raal c 1 tiona, 0 the 

to dr • it into the 

a.u,h•r1 (19J6) prOd.Uced a apectr of ap al defects n rat• 

ua c tryp blue; e noted t pres ce of a c diticm r semblina 

t Arnold• iad. 11a1toraatic:m in many of t rat• with a ayelocele. 

fo t t the fcequency of the hindbrain 11alforaation increased 

it the linear exte t of t pinal lesion le led him to 

• culate that traction waa probably r aponaible. ecently, 

a ral inveatigatora criticia d thi• t ory d ere i• now 

awe evi ce w ich aerioualy •ueationa iu validity aa a genuine 

cau•e of the aalforaation • 

. uaael (1949) conteated this path 

two cuea of • ina bif lda occ;ul ta. 

eaia aut p y evidence 

caae ( er caae 23), 

event of the apinal cord waa tet re at the 

eacra.1 level, there· waa no ••Ml ce o hi rain aal ormation • 

••••• /9 



. tretchin 0£ the cord waa evtd t t aened to be confined to 

ae,menta i diately abo,e t ite of tetherin1. 

find! a er re ent int second c e which al•o ahowed 

hydroc halua itb ten si• of 

uaa 1•s c 

there w 

, i.e. a 27 year l f le wi nift,ocele, 

of C l'd at t 

Chi ri for tion a not oba eve. 

atate t t th a co cept of pa ho 

xiatence in o caa a of cerebell 

lev 1 but 

, Co en and osa (1951) 

to expl int e 

t witho t 

ullary dia 1 cement; t alao f led to explain the ov r-riding 

of cervical cor pr uce th char ct riatic 

ullary kink. 

ry, Pa ten St art (195,), af er careful dia tion 

of' two early fetus • wit.b aenin oayelocele and 

alforaatio, found that stretch 

diasipat wit in the 

plai • I 

cord se 

ia ., .. based 

ts at ariou · 

th spinal cord was 

ly above t xpoaed neural 

ur nt of the spinal 

tch d control•. 

cour et e by the a i al nerv coot fr t ir ori1in to the 

also aaaea• 

in thi r gi could not be a 

• Stretch.in of tb pinal cord 

ry ('1968) tiated by 

who tudi d t apin&l cor of childr n with ni 

oweve.r, t ey d d find co preaaion oft cervical a pents in 

thi tu y as e 11 s in earlier o ery and aik, 1968). 

Goldstein d pe (1966) 

by tying th c dal end of t epinal c<ll'd to 

theory to teat 

level of the 

firet sacral •ecaent in e orn rata. adultboocl 

were tbe sacrificed. Aa differential crowth tween the epiaal 

•••• /10 
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canal and the pinal. cord also occur p tn tally in rate.. tire 

ence of ./\mold- ad. aalf ation in the mature animals 

led th to conclude that tractio •as unlikely cause. 

eaeh 196.5) aJ.so tre aed that in y c ea th cere eUar 

c pon t U.e at a lower lev 1 tb t 11a which would be 

"fficult to xplain on the i of\ t.rac io al • oreover, 

t occurr ce of t aa.lfor atic:,n with t. no al spine ld 

cl arly not be c patible with thi bypoth t explanation 

given by U@Y Lichtenst in (194S) (a a ve) c ot be 

accept • 

5tion 

That the hydrocephalu 1ti ht irectly r sponsi l f 

the hindbr in atlor ation aleo ne ob c sidered. 

previou ly tioned, this t eoq was fi t pr0po by hiari 

(1895 ) ob liev d tat the xpandi encro c don 

the h dbr ain a trw:: tur c ally. 

golls an lb (1969) wer able to produce a cerebellar: 

lfotaa.tio clos ling that f in the Arnold• iarl 

alfo . ation in sueldin.a ham tere; t y injected Reovirue type 1 

into 90 two-day old h.- t re and th ani al ere acdfic d at 

various int rvals. Hydrocephal r ault froa ependyaaitia and 

nurowing of the aqu ct. I the alformat:ioa 

they stat • oat of the cere isplac 1,;& an 

el gat d conical le ve-lit structure inveating t posterior 

and lateral aspect of the •• ull cervical cord, and 

extending £,a tbi:ough the foe en " • This ct acd.pU.on i& 

11 i11u trated in their i .? -,id closely r a aore 

•••• ,11 



ark d area oft 

aitua i • attrib t 

t concoait 

al cer 

1 re full 

c ge ital y roe 

& C 

cer 

(1975) r 

i&t 

Cl1'41>c::t!Dn& ... 

a Iii or d ar 

ital C ae. 

llar iaplac 

I ia g 

plic•tifta "a ahing do 

- 11 -

llar 

t 

f orai ty .f oun in the h an 

1J1111~n1:a..1.l y pr uced 

lanati 

ti a 

out 

DLIIIIIDl!t Of 

vol•i lus 

in t h 

would ct t find 

wi 

wi 

ar 

C 8 

i al. 

•• ol 

In ine caa a 

11• 

t 

of e 

y !c t 

, 1975). 

• obj ctio to heories 

"l it d a not 

xplain t cau of th e roe tudy of 

ra bry wit tr 

•alfor ati r 

in o eat t ty- day C 

chiaia a 

0 d 

il d 

occur• la 

r, 195S), 

• 

It lao 

r rea ta a pdaary 

lniti lly cone ived by Cl 1 

chi ia, rain 

__ _. •• M>i lf oraa 

ti 

ge ti 

th t t 

1 

ra d £ rmi y. 

at ya 

a al 

br n 

igbt I) 

re waa 

art Y, 

robably 

format! 

tal rea • theory was 

(18 ). lt baa r ce tly b n 

•••• /12 
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re iv d by Stric Cl s ); t y by 

.failur oft pon i e fl re to .. ell aa the 

intrav ntricular po iti £ t 

110 1, £ (1 5) r 

th aoci U.e• oft thia co ition 

d also cid t at th a r ary 

ntal rest; lfom ticn as 

f ilur oft ine fle to vel 

al arr at. T la le to th Lall fourt 

in rniated to th u r C rv cal c • 

a 

pina if da' 

rs . i crib • era1 cas a of 

ence 

eco y tot• aesociat al•· ia was pr bly 

t e a art 0£ t 

ydr yn ic t or ie r c t ly 1 

i a of C ron (1 ,1> 
yelocele re• lt fr !ail e of clo re oft 

th t the 

r ve; 

thia re ulte in a fiatul c untca io be en th iotic 

e c tra1 c 1. h n v ricul fluid le a cavity 

thr £tat la. at th • te of al d f ct, t re ia a 

in th &laftC t tracranial 

d th ntr er anial c t nta to 

t of aku11 ary tot ~ 1 ti 

• Van oyt a d an (19 ) 0. ied 

al • £0 tu wi • apin if peraiatence of 

C vel ic they crib .. b ina fairly thick. 'nle.ir 

••••• /13 
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th Pathoa eaia th aal oraati ••• tially 

wit t 

tr!cular 

of C at t 

tot .-niotlc cavity, preaaute 

in d.cular syat oea t · e an re 1 • i 

i tr 

c al lua to 

r a y be criticia 

~ot tat 

ally 

intra-

cal •a 

r f ieauea, 

hat preaaul'e 

a luid-fill d'aallb r. 

tr · itted ua, any 

qually 0 

kul 
' 

r 1io of he 

oretical 1 y, 

n fee u o 

oul e ou 

rea 

t 

v ntri.cu.t cav tiea. oreover, the 

the aal aati in the a • ce 

oriee d not explain 

de.feet. 

1 7S) ~"•"'- ydr yna11ic c .acept 

from aaically, lieved the 

•al oraa i t exiat i 

irth, cry g 

er ia ri ic 

i to 

t 

r 

V r 1 8 

ODAt-1,ay al ve. 

1,, 
brai tr 

a ructi 

ia c e val e ei ect c u a. 

with •~l'IOllae~r c twii a 

intra tricular pressure by c 

re a rt. After 

i tf'a• 

ve •i 

• Thi• 

e ind.brain 

throuc 

PUii 

a idea 

riae in 

yel ocele aac. 

th i-everae f feet. 

ft skull did ot proclt.tce 

• •••• /14 

•· 



ydto y lla and syrin,Ollyelia are cord abnormalitiea 

c only encounter d ~ cbildre with nin o yelocel 

(Lichten teln, 1942; C r , 19S7); they ar also descri d 

in ad l t with t indbrain alioraati n in the a.bs ce of a 

spi al d feet (Gardner, 1959). 

ventricitlar or i a ar f in bo childr n adul a with 

he hindbrain alfor ation (Gar er, 1 4, 196 ) and is thou t 

tor ul in diver io of pinal fluid fro th v triclea into 

central can 1 of the cord iv r e to a neralis d 

dilatation (hydr0aty lia) or ore locah cyat in the rey 

tt r of he cord c icating 

rdn r s ea consolidate 

al syring yelia) . 

thes f atu:r • into a ,wle 

pat en ic c c pt; b the pr ciple o£ ruptur 

oi t neural tub aft r cl ure. trans! p riod o 

p iologica hydroc phalu ia pres n in he first few weeks of 

bry nic lif follow ral tu clo ur. r 

ic ia till intact t thia st • t n under oes progreeslv 

il!ty t "by roe p alu b es c; sat It If • 

ability fail• to take place, t e ydrocephalus pr rea e-s and 

ural t :rupture at its t pin, i .e. in th re ion 

' et C nt lo ur , ualty t p terior n uropor • 

ociat wi low alfor ion ·a a all po terior fo a 

in erti oft t ntori cer elli ( 

a·gra i of et ntori cerebelli nd t on e e larging 

for r in (P 

rdn r, t er 

t, 1 57); wi n ural tub rupture, accord 

t be collap e of for br eo that 

••••• 11, 

to 
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over-distension of the ventricles, as such, cannot tie 

responsible for the excessive c udal migration of the 

tentorium. 

Gardner felt t t the exag erated migration could be 

explained on the basis of ventricular fluid pubatile pressure 

ctin 1n tbe presence of an open eura tube, ich offers 

no opp ition. 

The result i a mall posterior foss which cannot 

ace odate the enl rging cereb llu; the cerebellu , therefore, 

rows out caudally through the for en magnum. Gardner believe 

that excessive ca al migration of the cerebellu can occur in 

the ab ence of a spinal d!fect ;' this he feels ould explain the 

milder degrees of herniation Catiari type I), but he does not 

elaborate. 

lbe xpanding ass of hindbrain result in obstruction to the 

fourth ventricular outlet; {or brain hydrocephalu n beco ea 

established hich further displaces the hindbr in caudally. 

is<2r abnormalities includin diaphragmatic h rniae have 

been descried in infant• with neural tube malform tions (Dodds, 

1941); enterog nous cysts have also be n rePorted ( cLetchie , 

Purves and Saunders , 1954), although in the l tter c se the spinal 

defect was merely a small cleft in the bod! s of the cervical 

ertebrae C "anterior men in omy 1ocele0 ). In some case 

fil entous cords (neurenteric connections) extend from the spinal 

cord to the site of the gut abnormality. Gardner (1968) claims 

that abnoraal distension of the pr itiv n ural tube prior to 

rupture predispose to these neuro-ectoder -endoder al a.dheaiona 

•••• /16 
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and i directly reap eible for the viec rat onaalitiea. 

felt that, a re ult of then ur disten ion, then ural ectode 

ontact nd adheted to th en 

.a.rin dill (1966) als d crib d 

f tur i. ri s of hu 

id a o 

Thi once een supp rte by 

in of th spJ. al c al a a · 

ilat d c ntr 1 c 1. 

t (l 6 J who d cribed 

"bleb " in he d.oraal id.line r ion of e ly e bryoa which e 

escribed r present ' 'n ur 1 tube bl out " condary to 

n ural tu >e o er-d· ten i • 11, d , J.Uer 1. 7S) , 

sin r ioi otop and v ntriculo r phy fund hydro yelia in 

"y 10dyspl tic" p tient o re no ted, but not 

t ose 

and ord, 1965). t t is ta C ro 

.and consequ ntly cerebrospinal fluid, not 

' 
o th t the spin 1 feet could ot h ve r eul d !to 

n ur 1 tub dist naion and rupt re. It 

t t th neural tub i u ually co ider d c pl te t ut 

ee ( h, 1974) a t t t er i little of 

t e spinal d feet in ir • • ryo b an clo d neur l 

gr o • or over, they u e a nor al 5 • bryo £or , 

C on. ardn r <196 ) , ev. r, t th 

citin s wor (1917) t e de lo t e c rebro pinal 

fluid a; ace rdin to th 1 t r uth , the vel nt 

of the choroid plexua ia tedated by t elal>orati of 

rote in-rieh fluid which fill t e bryonic ventricul paces 

&fte.r cl ur ,£ the ural tu • t · fluid 

• •••• /17 
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was thought to bet · n uroepithelium. 

The rgrowth Theorx 

(1929) a,dv ce the theory that he hindbrain 

alfo tion re ulted fr an over rowth o neural tissue. 

Patten (195) w o describ 

on ear y h an foetus an 

is indin in two an embryo , 

rabbi oetua • all i th 

nin omy loc le, alao supported th over rowth hypoth sis. 

w:e sections tbrou 1 th alfor d area in t spine 

d that t bulk of tb neural late ti ue • uch 

re ter in the region of t spin 1 defect than il the ad acent 

no al ar as of the cord. 

In a later report Barry• a ten tewart (19S7), using 

the eat>ryo and foetal pee t>y atten 

(1953) ell another foetu, d scri d t eir finc:lin 

aft r care ull y di ecti.n t n ire length o e cord and the 

br in . Two early fo tuaea (17 w ek an 18 e s) aho.ed an 

unmiatak ble rnold-O>iari defor ity ile the younge t (eabryo -

1 weeks) show d a con4itt au ge ting an incipient hind.brain 

mal tion~ T it • {S week) e ryo w not dies ct d as 

tbff doub t existence oft su lfor tion at is arly 

at •• In he two older foetuaea , linear icurational 

ureme t oi the medulla cer bell indicated t t the 

hindbr n of a ,r a t r lla8S C p red wi ace 

alt ric aae ur ents r not p rfor d. They were 

lso · ease by overgrowth o h cerebr r • and met 

t objecti n of the cere llum bein hypopl tic at birth by 

it di££ rential growtb dur in the aeco lf of aestation • 

• • • • /18 
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oul er (1 67), in 0 r vi oft llter atu • arg 

tr ly in f ur of thi ypoth is. Often quot in t is 

co cti of Pott r (1 61) 0 f nd increae 

in cerebral ia in her ri of children wi th 

locele. ult ed by r y {1964) 

' 
L din (1961); for 8 • 

th att r uthora d t overgr t hypo e ia . 

t (1 7 ) b liev d th t t incre in neural vol 

n the re i of the ' ural cleft" to orm 1 fold n 

fu i of th neur l tube alla ar Uon an '' jumbling" 

of ral C lls. 

(196 > ar d t t at out t we k h the 

cur i of th pr · itive transv 

for brain is little or th all of d 

ot capa 1 o£ t rowt of ol d ti u , •• e t by 

arty col eague . 

(1953), in exped nt 1 tudi in chick bryoa, 

that th of occurred in 

e1ion o artifici 1 op nin of e 

p sibility, th refor • t t ov r ro th i 8 cod y re 

e not rul t . 

s n a rea y of id nc ain t C 1 

tr ction a netic cone pt d any t t ita 

f rth r tion ·t out ood cl ntific OU 8 

iou • 

I of it is rh ie 

•• •• /19 
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to be too do tic; about the temporal relationship between the 

occurrenc of the hindbrain •alforaation and the onaet of 

hydroceph lu • al though ther 1-s a evidence (ln rats) that 

the lforma ion pr cedes th ro eph ua. In t e latter 

ai tu tion th ma.lf omation may b explained the baai of 

neur ov r row, pd. ary dysgen . ia or one of the hydrodynamic 

th oriea., 

rta· ly then ural overcr th theory may also be 

critici on a number o! pointa, including t exper ntal 

roduction o! ov rgrowth i neural ti sue by echanic 1 

interference in an al , sugge tin hat it i ht be a secondary 

phenomenon. or imp rtant, cw ver, i that t th crucial 

time en t e alf ormaUon ia auppo e to occur, the forebrain 

i thin b of water -,id h re or not capable o overgrowth 

of solid ti sue. 

ydrocl.yn ic theorie , a proposed by ron and a.rdner, 

are-attractiv and have tb ad~antage of cry talliain all the 

sociat omaliea of tbie condition into A unified concept. 

It al o xplaina the possible v lo nt of th aali'or tion 

in th nc of hydtocepbalua icb cou1 be a lat r vent. 

owevet , di ficultiea still ncQUntered with tbia i include 

failure to 

fee. 

lain the malform tion int absence of a spinal 

l woul • ther o~ , ar that no atia ctory patbo enetic 

cone ntly exis aw ich uld fully explain th hindbrain 

11alf or tion in all its poaaible c binatio • 

• ••• / 20 
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aierial c pria 1 c r bell fr children 

ton cropay 

at •a Io pit al, Sh ff i 1 ( land) . Th ea of 

t c ildr vari d fr birth to ix y ara. 

childr h d r c iv d coapr a lo tr 

by of a otter valve for 

s o eatb 

to v ntriculiti ehun bloc 

br in a.a f ixe wi in 

dlin o 

thr u h t te lle or a r hole. 

f the 

co plicatims 

ction. 

ral v ntricle 

uantity of 

cerebr spin 1 f luU w r pl ced it an al vol 

tr d or io . c:era re in a 

rou IIOl't ia w foll y car fully dis cting 

ning 11yeloce . 
' 

t.b tire akull and the 

a ach sp al col was th 

peci plac in 10l £orao1 • ine r at leaat four ek • 

thod ia iailar to that acri by 

U9S9) . 

of 

wast 

r c rvica.1 c a1 wae 

b en f 11 ex ai 

pea ted.o.r 1 

11 · waa 

t cer al nea-. 

' 

p 

i b t neck 

on, t 

tbe 

C i re . 

nt 

alt 11 

r • re 
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te oved by cutting thtou h the cerebral 1melea. 

ent was made of e t ntori c rebelli with 

p ci 1 refer nc to the level of tt chrlle t 0£ the lateral 

lea es and ext t of p tency of he tentorial hiatus. The 

1 el of e ro tral surf c o th cerebell in rel ti 

to h freed e oft t ntorial le es noted and 

cl s i.fied. The hindbrain structures wet r oved and the 

11 cted !ree by cuttin t ou h the cerebellar 

ped ncl sand ton the uperior dullary velu • 

A et il d atudy w carried out with re d to the fia ural 

lo 1 r p ttern of he post rior level of 

w-.ii.nwl.lll • This area •as nd photogtapbeclJ 

t 1 erniat d 

of e lobule then id tif i in relation to t 

consti utin the posterior surf c 

i si I to conf u or chan 

org • ln uch a way 

eas nt of 

h lobul c po ition o the infr or inal portion of the 

• 

rostral ( u erior) urf ce ... . ,al.so ped out 

• the v ntral (v tricular) surf ce the preaence 

ition of the flocculu w noted; 

carri d out i h r ard to th nodul 

er ation re alao 

inferior edullary velua. 

llu w in id- ittal pl • lhe 

i lin lobule ere photo ra,p d a id tified o.nd roas 

t W O co pre sian. n cro i and lo 

in t lobule • A idlin it al bloc taken 

fr th ri t half of dl apeci n £or hi tolo y ancl 

•••• /22 
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icro copy. ictli e d i tolo y of the 

idlin ection were collated a. urvey as de the 

st te of e ch of the aix in lobule 0 the cerebell , ! •. 

th c ntral lobule, the , the declive, t yr id, the 

uwl , d th no ule. le ion re cl ifi in the 

foll in ay. The pr oi he orr ic necro ia and rec nt 

liqu f ction o br in tis with ph ocy o is w ter ed cute 

necro i an old ha orrh e r inclu und r 

thi adin ). C es in icb t brain i ue • no markedly 

dis cani d, t t r aa l 0 c llular ta nd 

apparent a.tr hy 0 ti• a, aa ter d long in cro i • . 

lcifica ion orr l y conftt11 d by 

s ci l a in.ln teclmiqu • n a se nt d 0 t e 

prop r io 0 ur inj C 11 t t db n lo t; b ed 

on SC n 0 th C 11 layer, owle 0 e nor 1 

vari b · 11ty in th rt t nd n t of the t n r l 

part of th cer bellu un r stu y. of the s ci ens 

th re wer a 11 area of tel r C t x, if 

no int e c ntr 1 lo ulea, ten in ection r a ot r rt o 

t e c reb U 

01 c re in e c C 8 . r r 

0 C reb l 

br in er C fr ixty C 11 

fr • re h • y • 
d acr . ed £or 1 aerie Thoe of 1• . no 

C i1 r n d n well- ouriah • est t · on l. e 

f 

wa 7 . ot e chit ren wit nin y locele i w 40 weeks . , 

•••• /23 
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Det ed de crtpU.011s of ot~er d for it!e of e a inal 

cord of tbese cases have lre dy en reported C ery ·n 

Le ic , 1966; fie nzie nd ery, 1971; ery 

1973; ry and Lendon , 1 73) • 

inology used in thi cc un ate those in current 

u int popular texts on t e subject; tho e specific 11y 

rel tin to cerebellar lobules nd fissures re taken fr 

Gray• tomy (1967). (See i. ) 

••• • ,/24 
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cerebellum. 
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e cerebellu in children with eningomyelocele has 

often been noted to be small or hypoplastic. However , such 

references have usually been anecdotal; in no study, as far as 

I know, has the cerebellum been weighed in this hindbrain 

malformation. 

In this section the weights of 100 cerebellums from children 

with meningomyelocele are presented and compared with the weights 

of cerebellums from a "normal" series. 

Th weights of the cerebellar _hemispheres of sixty- three 

children ith meningomyelocele who died before the age of one 

on h re hon in igur 2, superimposed upon the tot l range 

of cerebellar weights of fifteen apparently normal children of 

the same age. There is an obvious reduction in weight of the 

cere ellar hemispheres in the children with meningomyelocele as 

compared with the apparently normal controls. 

nie equivalent data for the children over one month of age 

(with an age range up to six years) are shown in Figure 3. This 

shows the mean line for the weights of the normal cerebellar 

hemispheres and also distinguishes between the children treated 

with a Holter valve and those ho were not . It would appear 

that the diminution in the weight of the cerebellar hemispheres 

seen in the newborn period persists throughout the age groups 

surveyed. 

Figure 4 shows the relationship between the weights of the 

cerebral hemispheres and the cerebellar hemispheres over the 

whole age range . It is obvious that the ratio of cereoral: 

cerebellar hemisphere weights in the cases with meningomyelocele 

••••• /26 
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CEREBELLAR WEIGHTS IN 
NEONATES WITH M.M. 

gms 
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3 

----
CEREBELLAR WEIGHTS IN CHILDREN WITH M. M. OVER THE AGE 

OF ONE MONTH 

GMS 

140 

120 .... untreated cases 
• treated cases 

mean of normal 

100 

80 • • 
• • 60 • .... 

• • ••• 40 .... 

1. • • .... .... .. 
20 e:· • .... 

2 4 6 8 10 12 18 24 4 6 
MONTHS YEARS 

o c Hdr n w t 

e in aay locel dy e of 

r it t an of 1. 
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RATIO OF CEREBRAL/CEREBELLAR WEIGHTS IN CHILDREN WITH M.M . 
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r in 0 ri • ar 

tudied 

by r e 

older in lu 

ch h be w 0 

roe ce aary. 

er nee 0 C ill e 

II tt 

0 cerebrua 

1 kn n. ore 

rst wo ye r 

i~ 0 clur lv 

ch t 0 its 

ult 0 th ir year the rowtb is 

by th ye r t w h 0 be cerebellu 

ft 1 
' 

1 U) • 

In • the cer bru in lowly; 

y th y ar t weig er br - C>l 

C even-£ol incre t t t 0 

( iniek. oeao an ater1 , 197 ). ia 

os.e r i '" 11 baa also 

en y other ' , 197 >. 
t is no o well ar d variatian 

in lut 1 u in 0 t e • a e ., 

3 t first thr l'iiater, 

Ci y 1114. 1920). " igbt ell in ildren 

b by SOIi other rk r • r aulta of the 

• •••• /3 



- 30 -

tudy by Blinkov and Glezer (1968) are no very aatisf&ctory• 

t y were d rived ainly t:OIII ho ital t rial t the end 

of th t century. Uia 1 20) calcul t value or the 

ei cef:ebr an ce e ell fr a 00 curve 

r sulta of three differ t u ora io lving 

1 rg nu. b r f chil ren. 

e averaa cerebellar or al s es have 

been ca.le lat fro th t 

tis r ason hav also calculat 

cerebellar ighta fr0111 a ooth curv. 

by 41.lis 1920). For 

ue or cei: br al and 

e re ulta o y 

no.t l ri ar c ar •ith t o e of lli · i Table 1. The 

range of cerebellar weights in this eri i aomewhat higher 

than that of Ellis , which could reaao bly expl ne by the 

·t erent populati a tudied. an es tially i ntical 

"'"* w use with the no 1 an nor l brains, l bave 

u y own ateri 1 for local c p ison rath r than incorporatina 

out ide 

eight of the cerebell 

thi s ri a.re uniformly di t 

cerebellar he isphere wei ht re cbi tlle 

children in 

le chil having 

o nor 1 in 

the · edi te postnatal period. Thi finclina is aarkedly in 

contr t with th t in the childre w n the eight of the 

cerebral is heree are coapu with th nor 1 r e. It haa 

b en pointed out by Potter (1961), C fir d by ry Cl96,t) , 

that ei ht t birth is 

high r than the aean weight in normal children of the s age. 

In untreated cases of hydrocephalus dyin before the a e of six 

•••• /31 
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onth • to b a u 0 of th 

1 • t tr ated 

re n t is re 

i h no • 

n old r C i1 r n this 

.... f n r 1 

. J.ldren ver ight • 
n nor r ul r , 

h t i i te 1y 

a ern t at 0£ 

th 

r tio e 0 0 C r bellu 

t city 

t er 

0 just bo an 

1 . n io f 

W 0 b 1> lt r V V si and 

0 

bi d (1 73) d n 0 es o h n br 

0 vuln rabili y • • The 

nt e ri o: n lie ( pr ately 

w e ge t tion). i f rapid 

ly ) ic C 0 

cond postnatal y 1 loner. 

ith 

C n brain ight . 

11 rowth ta.rt l t r wi r r ion 0 the 
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rain, d 1 o fini earlier (Dobbin and Sands, 1 73); 

thee aut ors argue that if vulnerability is rel ted to rate of 

rowt, the part oft brain hich is growing fastest will show 

the great st effects of growth re triction. e effect of 

nutriti na r striction d x-irr iation on the developing rat 

c reb llum ring the second vulnerable period h been described 

(Dobbin, 1970). lberefore, thee deleter! us influence can be 

expected to result in pet anent reduction in brain size d cell 

n r 

reason for the diminution in weight of the cerebellua 

in children with meningo yelocele has not yet been elucidated. 

Schwalbe and edi ( 1907) and ssel and Donald ( 193.S) have 

r ferred to the cerebellua as bing bypopla tic, but whether this 

is due ton cro ia of particular lobule that have herniated out 

of the poa er or fo sa of the akull, t a general growth arrest, 

or to vascular an iacb ic cha ea within the ubatance of the 

cere ellu ia not known . 

Fro he foresoing it may b deduced that the cerebellua ia 

subjected to certain influence during the latter part of 

intr terine life; thi will coincide with the beginning of the-

r id phase of gli proliferation. e evidence hows that 

the reduction in cerebellar weight i alre y manifest at birth. 

'lbi reduction in wei ht perei ts into the po tnatal life and 

occurs espite shunt treat nt of the hydrocephalus. It ay 

al•o be ar d that the influence on the cerebell are to 

be a locali ed one; enerali ed influence, s ch as a metabolic 

di aae, woul also have involved the cerebr • 

• ••••• /34 
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In a recent report all ce (1973) describ a sisnificant 

ur logic de ect in th upp r 1 b in eriee of 

with m nin e. e u per li di ability was 

of C un io in l r1e 

hildren r rre ti of 

ca in llhidt 

esc ed p a.Lysia, ev 

till dis rni le. t 

cri her 

• or thi 1i Cally an urol ical 

C • 
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In Y r rt the bi ') or i y i ten ... 

C pl tely aoci ted with enio locel thi 

on n well bli h d. 

they doubt d t ex ce ty 2 

ef or it} 1n he b nee of n:in o,yelocele. t o h r 

he i ype 1 eformity 

of C ition inc uding cerebra 

d cerebr 1 oe ( r 

n 

I n n effort to furth r car 

r of n w sociat d neuro-an 

de cr i bed, d o o f the e 

The inclu over-ridin o the 

t 

c a.r ct 1 tic nk ( ch 

e .. 
, pl t 

). 

ty 

l ... e 

e 

i 

b si 

r 

( , 1964) 

it , a 

ave been 

ith t· e . 

c r c 1 ord 

C ph d upp r C rvic 1 

, 19 07) i 

root tr h ir 

point of oriain ( el , d 

oft e tentori C reb lli re 

( enfield and Coburn, 1938; 

ar ce of the cerebell 

1 in . 

ron, 

lb 

l S); 

n 

1957); 

t 

11 p 

1 in r i 

11 ypopl c" 

d on ld, 1935); be -lilt efor ity 

( ei in, 19 6) . rtain r 

have 1 b en r por : an llow 

p erior ( u ff ) ai ni 

cone vity O.&: he b ioccip t C 
' 

ft 7Jl). ever , it 

i now vid nt h oft ese e tu e 
' 

y ay 

as it th Qiia.ri ty 1 d for 1ty. 

caud l di pl ce n of th on and ull h 

it cu c reb l oed C i1 t n, en pr 
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in th r gion of the medullo•cervical junction ( ery, 1967) 

and t culiar cour of up r cer . cl root h ve a.leo 

n d with intracranial p ce-occupyin le ion 

( 11 . 19.S ) lyin C displ C ent o! the 

ri ty 1 for i y. 

ite t overl p i n 

a ute t indbr n , t e pt to 

e ori 0 di inct roup V continued. 

(l 4) r w tte tion to the C co u ion in 

the ter a " iari e 1 or ity" 11 nold• 

n and uote n b r o rep r in hich the 

0 ly n wron 1 d th "rnold-

i tion" and w r , in! , ex pl 0 iari ' & 

tow ich re rr ere 

ul rently nor re nted clinica.Uy 

i h rrabl to cer bell disease . 

Ort o clarify itua io h tressed the 

if er nc orp 010 y O 11 in tw efor it!ea, 

i . • b rni ti n o the cer ell r ton il int e ty e 1 defo ity 

ni ti 0 he cereb type 2 d for: ity. 

n h crib y in in in three-

in ro hy roce lu d nor 1 spine 

ic l rnold- for ation. 

Thi cri d follo : u ton ue o cerebellar 

·r h in rior tu.ft of 

xtends tbr uh nu or 

• It or t roof of el at d fourth 

• ••• /38 
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ventricle, th floor of hich con ists of the long t d and 

defor ed . dull • 

cord 

t the junction and 

in · o th the dull ov rl 

in 1 

the 

cord in it pot rior as ct. c udal x remi y of the 

c re l ar 't il" is f i l y 11>ound to th 

er 

no 

rt illar h rniati n n 

have een de crib din 

ull by e 

oci tion with a 

e year old f 

( d incher, 1949) din t nty-t r a.r old 

l 0 fe le ( urteau, 195 ); in th or er c e hr 

di en of t fourth v ntr cle int he cervical can 1 

din the latt r c e the cud ix cran 1 erve foll ed 

obl gu r tr 1 cur o or i in • The e 

logy th the 

u ua ty 1 dei r ity. ( t 1 int resting t t neither 

C d videnc if ev r 1 o C 

sh in v ryin d gre so! hindbr in rniat o n t pr enc 

of a nor al pi 

Licht e1n (1945) 

cere ell r ils 

ir y- ix y a.r ol 

f urth v ntricle 

( 197 ) - ixty-fiv 

ave l o b en r cor 

- forty year 

ulla; en 

: di 

d hu pd 

year Old f . . 

ed; 

e: 

t 

l 

uey 

he 

i 

and 

nt o 

sbery 

rebellar 

ton il and rmi and f rth v ntricl • 

il r ca s, but ithou· etail d description of th 

ernia. d por i re r port by dner odall (195 ) 

( nt en •> by p leby, 'Oster, anki on on 

••• • /39 
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(1 ) ( •enteen cases); the 1 tter u hor a l o rep0rted 

r diolo ic Uy abnormal cervicat spin in nine of the· r cases. 

'lb e includ d wide cervical can 1, occipito-vert bral fusion , 

fusion of C2 C3 and unfu ed poster! r arch of 1. ccordiag 

to Lo e 0971), e third of thee c sh bony bnor ality. 

er (1938) lso r port d fi p ients 

ith 

int rn 

s ran in from ten to thirty- o ye r . 11 h 

and all o ed e d re oft ns illar 

di place nt top r tion . In o t c s the tonsils were bound 

toget r 11 a to th dor u of them dulla by adhesions and 

epa.r tion t operati n produced a sudd n e flux of c rebro pin 

fluid into t pinal subarachnoid p ce ese aut rs also 

report i infants itb eningo yelocele o died at or soon after 

birth; in our of th e there w a "fully-fled edu rnold-<l'lf.ui 

alfor tion but in two the defor ity, .en expo ed t operation, 

re e bled clos ly hoe describ d int ir dult cas s. 

C eta.no de Barros, arias, 

sixty-six dult c es of bail 

ide d Lins (196) re rted 

ion lone , rnold• iari 

alfor ti alon, and rnold- i ri lfor ation ociated with 

b il r i re ion . on those c e verified at op ration or 

y, th combin tion of th lfor ati and 

b il r i pr sion formed the nu erically mot i portant group 

(t enty-two c es) ; there ere lo three c e of pure notd-

i r, !formation. e authors believed tb t the b silar 

pre ion a of the con enl l type. ryzlo (1942) al o 

noted n a ociation bet een the hindbr in lfor ation and 

basil r i pres ion and supported con en.a 1 origin of the 

platybasia. 

• •• • /40 
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ye 1 and ulec (1971) tu led twenty-nin C es of 

Arnold- hi ri malform tion in adult and pr sented four 

illu tr ti C e reports in which they e si d the 

oto-neurolo ical symptoms. thr cases of type 1 

defor.ity; to were confi d at o er ion one su pected 

c ·nically and r diologically. 

er te pl tyb i and bifid Cl 

fourth c , ( forty-on 

l t er c es owed 

fused with the occiput. 

an), as found at 

operation to h ve a type 2 defo~ ity ith displ c nt the 

tip of the fourth v ntricle below th fora.men agnu,. 

Ogryzlo (1942) presented ad t led de cription o seven 

c es: four in infants three in ult • o of the infant 

11 the adult had enin ocele and to h d ningo y locele. 

app rently h d nor al pines, alth there w 

of pl tyb i in on ; ln t o c e both the c reb llar tonsils 

d fourth ventricle r displ ced into tle cervic l canal. 

ea ult cas sh ed he ventricular c vity toe t nd to a 

lower 1 vel th nor al, bu the ventricle a not displaced 

into the c r ical c al, although th cerebellar ton~il were . 

o inf (one with eningocel ) ho cerebellar 

thee w no di pl ce nt 0£ the fourth 

ventricl , features con i tent wit a i type 1 de ormity . 

other to in 

defo ·ty. 

ts ahowed a cla ical rnold- i ri type 

li , Co en Gro (1951) de er simil r cases of 

typ 1 defor ities in three dult • 

In iari second re ort (1 ~6) in w ich he descr bed 

•• • • /41 
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t nty-f r c ea of con enital hydroceph lus th re ere even 

in type 2 defor ity t se ere 11 soci ted 

yeloc le . our te n C es er of e type 1 

i i inter sti t the there 8 one 

yelocele. 1 o, (1957) , hod cribed 

loc le, und 0 C es in which 

0 1} forme th c rebell r defec • 

n 0 i in 1 r port by t..:1 an , ore recently by 

i r l 91) , Li ten ein (1942), (1957), D niel and 

·rich 19 ) d (19 ), h displac d se ent of th 

ln ype 2 d for ity s been con i tently 

r err to "th in rior ver i "or "an elon tion of the 

rio • r VC ref rr d to it 8 

" r ces t in rior ole of e cerebellar 

II cot 1943) or a "ton ue of variable , 

1 in 0 ti u " ( u land Don ld, 1935) . 

to r)'Slo (19 c.) t le di se nt con i ted 

f on· u 11 r ti sue o V bl len th 

to 01 i consisted of a . dian 

occ ly t er folds r cin the 

o-1 r W' ' ce oft 

t i no rthy t t "Chiari alfo.r ti ns" are lso 

hi n in V iou bi id (Barrow and 

• ), bu nod t i1 is iven c ncernin precise 

or o ., ... 

i thu evident th t there is no unifo 

rt o he cer b 11 i is lac 

ree nt as to 

urther ore, 

• • •• /-42 
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it can be aeen tbat tbe bindbrain deformity occura in children 

with 11eningoa,elocele and is uaually of the severe type. A 

siailar deforaity, but of leaser degree, ia encountered in 

adulta; bere tbere ia no open apinal defect but "minor" 

abnot11a1itiea auch aa platybaaia or "ainor" structural 

abnoraalitiea of tbe cervical apine ••Y be preeent. Tbe 

congenital nature of theae aaaociated abnoraalitiea atrongly 

auggeata tbat the adult type of bindbrain defonaity ia alao of 

a congenital nature, and is probably related to tbe infantile 

type. 'Ibis ia further borne out by feature• in soae adult 

caaes not strictly ccnforaing to the type 1 defonaity but alao 

ahowing cbaracteriatica r•iniecent of the type 2 defor•ity. 

Aleo, aoae infant• with aeaingoayelocele aay have a hindbrain 

deforaity wich aay be of auch a aild degree aa to 'IUal.ify tor 

a type 1 deforaity. 

In tbia aection it waa decided to record tbe .ctual 

cerebellar tiaaue which had herniated through tbe for ... n aa,nua 

in 100 caaea of children with •niogoayelocele. Apart froa 

delineating tbe preciae lobular al'latQlly of the herniated portion 

of the cerebellua, en att•pt waa alao made to eee if the 

cerebellar deforaity waa in any way epecific. 

The caaea were divided accordlng to the extent of the 

cerebellar dialocation through the for•en aap1111 (aee Figure 6):­

Groue A < 18 caaea) - abc:.ed diaplacement of the horizontal 

fiaaure illto the upper cervical canal ao that the dialocated 

aepaent of the cerebellua included the superior aeailunar 

lobule•, the inferior ... uunar lobule•, the biventral lobule•, 

••••• /43 
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the tonaila, the pyraaid, the uvula and the nodule 

C aee Figure 7) • 

Group B (32 caaea) - ahowed all the lobules below the level 

of the horizontal fissure to be di placed into the cervical 

canal. 'lbe hor.i&ontal fiaaure itself wae still above the 

level of the foraaen aapua. Tbe dislocated aepent of the 

cerebellwa, therefore, included inferior aeailunar lobules, 

biventral lobules, tonsils, pyra11id, uvuU and nodule. Tbia 

was the moat co .. on group encountered (see Figure 8). 

Group C (20 caaea) - showed the biventral lobules together with 

the tmaila, the pyr.a111id, the uwla and the nodule to be 

displaced into the upper cervical canal (see Figure 9). 

Group D (14 casea) • ahowed the tcnaila together with the uwla 

and nodule displaced below the level of tbe foraaen aagnua 

( aee Figure 10). 

Group B (2 cases) - the tonsils alone were displaced (see Figure 11)., 

Group P (10 caaea) • showed no cerebellar tiaaue below tbe level 

of the for.-en ••Pl• (see Figure 12). In soae of these cases 

a cloae inspection oftea revealed cerebellar tissue approximating 

the for1111«1 aagnua froa above but there was no diapla.ct!llent of 

tiaaue beyond this point. 0£ these ten caaea, five were in 

the untreated population and five in the shunt-treated aroup. 

Minor degrees ot aayaetry in the cerebellar haispber-es 

were COIIIIIOl'I ao that cne aide of the dialocation often imrolved 

aore loblalea than the other. Occasionally, the aayaaetry W*8 

more -.rked; in one cue the righ't aide showed tonaillar tiaaue 

only while the oppoeite aide shClt'ed diaplace•nt up to the level 
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Figure 7 

Cerebellua fr0/1 Group A 

ahowin the level of 

indentation of the posterior 

argin of the for•en aagnua 

<straight arrow); the 

horizontal fissure (curved 

arrow) baa been diaplaced bel 

thia level ao that the superior 

aemilunar lobules fora part of 

the dislocated cerebellar 

aegiaent, together with tbe 

aore caudal lobules. 

Figure 8 

A cerebellum froa p B 

showing tbe inferior aemiluoar 

lobule• (arrows) i.taediately 

below th poaterior margin of 

th for•en aagm.a • '1be 

more caudal lobules are 

relatively co r aa d and 

lack dii'ferentiation. 
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Piprf 9 

'lbe oeterior aspect 0£ the cerebellum is indented 

at the level of the biventral lobules (straight arrow) 

which, together with th toneils. pyraraid, u ula and 

nodule, form the dislocated cer bellar ee ent. The 

horizontal fiaaure <curved arrow) i displaced about 

half-way down the posterior aurf ce. 

• •••• /47 



Figure 10 

1be tonaila, 

pyramid, uwla and 

nodule are inierior 

to th for inal 

ind tatiaa. Thia 

i ex of the 

cer bellar deforaity 

of Gro p • 

- 47 -

Pigur 11 

Cerebellum from a child with enin omy loc le in which 

only tonaillar tie was displaced into the upper cervical canal. 

'lhe organ ia poorly differentiated into hem! pherea and the 

inferior vemia ia obliterated. 

than norata1. 

pyraaid is aore superficial 

• ••• /48 
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of the inferior aemilunar lobulea. In thia claaaif ication the 

highest level waa taken into account ao that the latter caae 

waa classified aa Group B. In soee cues the infraforaainal 

lobules were clearly ... 11er than one would have expected foe 

the age of the child and, in coaparieon with the reat of the 

cerebellu•, gave the illpresaion of having undercone atrophy. 

'Ibis was especially ao in the older ahunt-treated poup. In 

other caaea, atrophy appeared to reault in coaplete loss of 

lobular differentiation so that any attempt to identify individual 

lobules in thia regian bad to be abandoned. However, it was 

still posaible to detetaine the level of cerebellar diaplaceaent 

aa the lobular tiuue above this level waa relatively well 

preserved. In four caaee the entire cerebellua had under,one 

such de1eneration aa to render tbea totally uneuitable for 

inclusion in our claaaificatian. 

In aoae caaea the decree of diaplac•ent wae ao extreme aa 

to include lobules of the super.for surface anterior to the 

superior ••!lunar lobules. A•ona the caees in Group A there 

were nine in which the lobuli aiaplex were found in tbe upper 

cervical canal and two caaea aleo showed the quadrangular 

lobules. Such severe cerebellar defonaitiea can only really be 

appreciated by referring to Pi111re 13, which claaaically ahowa 

the fiaaurea of the superior surface paaainc alaoet directly to 

the for .. en llalftUII ao that the a,at anterior lobule• of the 

euperior surface are diaplaced throup the .foraaen aagnua. 

In thoee caaea ahowing aignificant atrophy of the caudal 

lobules the ·choroid plexua waa frequently abaent. Aa a rule, 

••••• /49 



igure 12 

Ther ia no cer bellar 

tie ue low th le 1 of 

the forllllM!n ataa in tbia 

• 49 • 

chil with• n 1oayelocele. 

ver, the caudal lobul • 

are ait 

for 

nearer to th 

an or al. 

Figure 13 

A severe deforaity with 

part of aup rior surface 

dislocated into the for n 

•ago • tissue in the 

caudal part of th cerebellu 

is atrophi d and cannot be 

differ tiat into lobules. 

••••/SO 
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tbe choroid plexus was seen at the apex of the aost caudal point 
. 

of the cerebellar displacement and usually within the ventriclef 

it waa a U-Hful indicator of the lowest point of the fourth 

ventricle. 

Diecussion 

A wide ranse of deforaity was found in the cerebellar 

COlllponent of the hind.brain anoaaly, and the coaon statement 

that the displaced ae,-nt of the cerebellua is aiaply an 

elongated inferior veraia is both vague and inaccurate. In l al 

of this aeries no cerebellar tiaaue appeared in the upper cervical 

canal. Tbe leaat severe cerebellar deforaity showed displacement 

of the tonaila only, while the aoat coaplex deforai ty was 

aaaociated with displacement of the horizontal fissure below the 

foraaen aa,nua so that the superior surface of the cerebellWI 

presented in the upper cervical canal. 

There were two case• in which only tonsils were displaced 

and this ia coapatible with the cerebellar defect in the Chiari 

type 1 deforaity. These cases were aged three days and thirty• 

one aonths. In each case the nodule, as well as the other 

lobules, were easily identified and there waa no question of 

lou of tieeue. 

It is iapoesible to explain the aore COtlplex deforaitiee 

of tbe cerebellua aiaply on the baaia of caudal diaplaceaent of 

a noraaal or1an through the foraaen aapua. It would appear tbat 

tbe cerebellar lobules of the upper and posterior surfaces are 

dieplaced doraally and caudally respectively, wbicb reaulta .n 

lobule• being aore concentrated in the caudal end of the organ, 
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and thia ia well illuatrated in Fig.8. Tbe lacJt o£ depth of 

tbe poaterior foaaa &1aociated with low iMertion of the 

t'entoriua cerebelli la alaoat invariably present in tbe type 2 

~oraity and ,nece .. itatea the cerebellua occupying a •ore 

cawclal positic:ln relative to the foraaen aa,n111. Tbe two factor• 

11oat likely to explain tbe in.fra-for .. inal coaponent of tbe 

cerebellar defo.raity include firat. the diaplaceaent of tbe 

lobules witbin the oraan itaelf •d aecond, the diaplaceaent of 

tbe cerebellua relative to the poeterior foaaa. The cC111plex 

nature of the cerebellar defo.raity baa not been alluded to 

bef~e in any detail, except perhapa by Margolis and Kilhaa (1969) 

who deacribed a aillilar •alfaraatian in h.aaatera with viral 

induced bydrocephal@IJ. Althoup the cerebellar 10bu1ea were 

not apecifically aentioned, tbey noted that "lloat of tbe 

cerebellUII waa displaced dC'Mlwarcta aa an elongated conical 

aleeve•like structure inveatiftc the posterior and lateral aapecta 

of the pcna, aedulla and cervical cord, and extelldift8 far 

through tbe foraMn •aan1111" • 

In the ten cu• without cerebellar tiaaue in the upper 

cervical canal, the cerebellua ... invariably found to be 

abnorllal. Such cue• could be divided into two groups. Tbe 

first belonged to the younger age 1roup without ehunt treataent. 

Tbey ah~d coapreaaion of cerebellua reaulting in a aqueezina 

together o£ the hMiapherea over the poaterior aurface so that 

the noraal depreaaion of the inferior vet11ia waa obliterated and, 

at the .... tia, the tonaila netaed to approxillate to the for ... n 

•ap1111 from above (eee Fig.12). There •re five caaes in this 
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group. The other five c.aaea were in older children wbere 

decoapreasicm trea.tllent of the hydrocephalus had been 

eatabliahed for a long Uae and where an additional finding 

was a loaa of tissue in the caudal aspect of the cerebell1111 1 

i.e. lob\llea had apparently been present and had underaone 

necrosis (eee Pig.38). 

It waa often iuaJ)08aible to identify the individual lobule• 

below the foraaen aagn\111 without stripping off the pia-arachnoid 

and relating the di•placed lobules to the lobular pattern of 

the poeterior surface above the .fora111en magllUII. It i& likely 

that the identificatiOCI of individual lobules of the displaced 

eegaent of the cerebellua in aot11e caees would not be possible 

during limited surgical exploration. 

The r aults of this study, aa well a the results of otbera, 

show that the cerebellar defect of both the Oiiari types 1 and 2 

deformities occur in children with 11eningo yelocele although 

type 2 deformities are far mor frequent. In balf of the cases 

with no hel'.niaticin, the cerebellum closely reaeables th&t found 

in the type 1 deforrai ty, but with the tonsil approxi11a.ting but 

still above the foralllen aagnwa. In c es showing the claaaical 

cerebellar defect of the type 2 deformity. there was earked 

variation in the nUJ11ber of displaced lobules. This waa 

interpreted to mean that they are degrees of severity of the 

same basic defect of the cerebellum. 

It ia well known that the lobular arrangeaent of the CIUdal 

aapect of the foetal cereoelli.ua changes with eatational age; 

the nodule for•• the mo•t caudal pa.rt at an early staae of 
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development. According to Langelaan (1919), the ftocculo­

nodular 10be from which the nodule eventually develops ie a 

well developed structure at the beginning of the fourth aonth 

of intrauterine life, but it soon lag• behind in development. 

~ia ttu:areasion" of the nodule sens to be aupaented by the 

caudal 11<>vnent of the posterior lobules secondary to increaaed 

growth in the inferior iJlilunar lobules so that the tonsils 

now assume the •oat caudal aspect of the foetal cerebeUu11. 

'Ibis transition Seell8 to occur over a relatively abort space of 

time and it is easy to illagine that a COllllOD inault actin at 

either end of this time period could produce two different 

cerebellar deformities, compatible with the two types already 

described. 

It therefore seems likely that the cerebellar deformities 

described have a C<lmlOl'l patbogeoetic aechaniaa lfhichia variable 

in tet11a ot tisae of onset relativ to cerebellar dev lopment and 

in the rapidity of actiOll of the atbogenetic aechaniams 

tbeaaelves, or possibly both. Since Cbiari'a original 

description, these bindbrain deformities have been traditionally 

claaaif ied aa Qiiari type 1 and "Amold-Cliiati aalforaation'' 

(Cbiari type 2 deformity), but it w<JUld aee froa the foregoing 

evidence that these term have perhaps outlived their usefulneaa 

fro,a a viewpoint of developmental pathology of th central 

nervoua .,.tea. It would be 110re accurate and certainly more 

uae.ful in future deacriptions to record th preci tabular 

coaposition of the displ-=ed segment 0£ the cerebellum. In 

addition, euch graded alterations in the f~m of the cerebellum 

, 
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indicate a eecondary rat · r than a prillary d vel ntal 

omaly. It alao eupport1 01:lari' e orici.nal iapr ion 

that hi typ 2 defor ity ia b ta 1evere f • of i• type 1 

fo ity. 7 of th c .. ea deacr! d re could, traditiCJDally, 

r arded type 2 deforaitiee. 

y reports indicate that c .. • with a cloa spinal 

coluan a hindbrain deforaity which ie rally of aild 

ree; ho ver, leaser dare of the ype 2 are also 

described. So-called type 1 d foraiti a u t be differentiated 

f roa "coninait• of the hindbrain; in tbe latt r 1roup a priauy 

le ion such as oed a or tuaour will uaually e r co ia • Th 

con enital ture of t e ty 1 defomity in ulta i1 supported 

by th association with other congenital oraalitle1; the e 

ar uaually of ainor de ree d elude platy asia r a bony 

orll&lity of the c rvical 1pi • 

Hydroce alu1 ia t alway a eaen t in t adult type of 

deformity. According to Gardner an GoOdall (19 one possible 

explanation for the late occurr c:e of aympto in caaea of type 1 

d for · ty in dul t ie aa f ollo : ' ild and unreco ni ed 

hydrocephalus with Arnold-Chiari aalfo ation or with Type 1 

deformity i pre ent in infancy but b c a c p nsat d ao that 

rowth of the brain catche1 up with that of e ekull. lbua, 

n adulthood i• attained, th circumf rence of the ull ay be 

nor 1, althou h som d gree of platybaei ay b present. 'lben, 

due to the increaain density of a,ing conn cti e tiesues, 

a gravated perhaps by infection or traU111a, the outlets of the 

fourth ventricle becom lea perviou to fluid ao that an 
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incre ed head of pressure is required to filter the fluid 

through to the subarachnoid cieterna. The resulting progression 

in the foraminal herniaticn is responsible for the gradually 

developing S)'llptana0
• 

Defomities of the cervical spine are well documented in 

adults in the t.baence of open def ecta of the spine i the e 

includ wide cervical canal, occtpito-vertebral fusion, fusion 

of C2 and C3 • unfused poater ior arch of (Appleby, Poster, . 

Hankinson and dgaon, 1968). Other associated anomalies· 

include hydrocephalue, hydroayella and syringOlllyelia ( ardner 

and Goodall, 1950). These ca.sea are invariably ssociated with 

minor degrees of cerebellar herntatia1 such as tonsillar 

di placement with or without the inferior vermis and correspond 

to <ltiari type 1 and "mi.nor degrees" of the Arnold-Cbiari 

malformation C type 2). 

The caRplex defor11itiea of the cerebellum described in 

children with menlneomyelocele do not aeem to occur in adults. 

On the other hand, the 11alforaation seen in the adult may be 

found in chUdren with aeningomyelocele. lbe latter y occu• 

solely aa di placement of cerebellar tQlsils. Although thia 

type was on.1 y found in 2% ol <: aaes studied, aiailar degteea oi 

deformity in 'infants have been described by others C<lliari, 1896), 

one case; (Caiaeron, 1957), two caaes, (Ogryzlo, 1942), two 

cases, on of the latter with meningocele; (McConnell and Parker, 

1938), two cases. It is poaaible that these examples are more 

COIUl\on than reported caaea would suggest; in this study I have 

been dealing with an autopsy series which could easily have been 
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biased by a high incidence of the •evere type of deformity. 

It is conceivable that ainor degree of the deformity might 

be ore frequent in those who survive or who, because of their 

lesser aaaociated diaability, are more readily elected for 

operation. 

Clinical dia1noaia of the hindbrain for~ tion is 

po ible in adults and children using spec! radiological 

t chniquea (Verbieat, 1953); this m thod, apart froa beinc 

used for diagnosis, can also be used to assess the extent of 

th lea ion. re frequent use of these diagnoatic techniques 

in larier numbers of children with ningomyelocele 111ifht reveal 

more of th ae llinor deformities. 

An adult or adolescent with the hindbrain 111alfor ation can 

be offered a relatively good prognosl using proper sur ic 

technique• (Malia, Cohen and Gross, 1951). Thia 11&y take tbe 

fora of deco preasion by occipital craniectomy and upper cervical 

1 ineetomy. Tonaillar resection ha also proved ucce sful 

(llurt au, 1 S ) • With the present high incidence of complications 

of currently used shunting devices in the treatment of hydrocephalus, 

i i1 r surgical techniques might b applied to the infant type 

of deformity, especially where thi is found to b of ild dearee. 

§ll!!ary 

In a study of 100 specJ.mena of the c rebellu f ran children 

dying with mening011yelocele, the lobular pattern of the dislocated 

segment waa identified and classified. ere was a gr ed 

variation in th degree of cerebellar fornaity rangin froa the 

coraptete absence of cerebellar tisaue in the upper cervical canal 
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to one in which the upper cerebellar lObules were displaced 

through the foramen magnum. ithin thi range there were two 

instances in which the cerebellar defect conformed to that 

found in the Oiiari type 1 deformity, consi ting of prolapse 

of taneillar tiaaue only. 

During foetal life the lObular relationship in the caudal 

aspect of the cerebellum unde-.:goee considerable change and it ia 

likely that the type of d formity presenting in the cervical 

canal is closely related to the stage of cerebellar development 

at which the pathogenetic ioault occurs. '1be evidence presented 

argues against the defect being of a primary develo ntal nature. 

The terms Chiart type 1 deformity and " rnold-Chi ri 

malforaation" have outlived their usefulness and future 

descriptions of the cerebellwa in children with bindbrain 

deformities should indicate the shape and precise lobules 

involved in the b.emiation. 

~ lesion in tile inf ant has been COffl'P&red with th lesion 

described in the adult, which i.e alaoet always of co paratively 

ild degree, usually showing tonsi11ar herniation only or 

tonsillar herniation aasoc:iated with mild displacement of tbe 

fourth ventricle. It ha been pointed out that a similar mild 

hindbrain anomaly may occur in children with meningoayelocele, 

and it is ccnceivable that auch minor degrees are more COIIIIIOD in 

thoae infant• who survive. Becau e the lesion in the adult ia 

amenable to surgical relief with i.Jlprovement in brainstea 

symptama and a.aaociated hydrocephalus, similar suraica.1 procedures 

might conceivably be applied to the inf ant; in this way the 

••••• 1,a 



• 58 -

frequent complications associated with present day &bunt 

procedures could be avoided . 1his aspect will, of couree , 

require further thought and study. 
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'Ibis aurface of the deforaid cerebell haa been inveatigat d 
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u.r ce of the cere llum re found to be c plex 

and heter neoua; for clarity they re classified into even 

cere llu i in :i re 14. 

33 c e ) - tl ere i 

d lace nt of the two aJor fi , i •• t f sure 

15). 

C e ) - dorsal di nt of thee jor fi urea 

ore ced. T po tl onto the 

posterior urface o! t cere 11 • i i panied by • 
d rs 1 displacement 0£ tl f" u.re pd 0th t t 

rior lip of the cul en ne rer t e po terior margin 

of u rior urfac th no 1 ( ee i r es 1 and 17) . 

c (16 ca e ) - the fi ur pr a ith t cul en i1 

displaced e en furth r dorsally and y reach tae post rior 

in of t superior urface. e ostluna fie ure 

for s 1 the po t rior rface {see figure 18) . 

( C e ) - there is a l 1 it inal fi sure i tbe 

a of h decli • The po lun ure d the f issu.re 

pa dor ally; they con erg to ard.8 the idli e 

o teriorly d £r quently enter the aberrant fi sure in t 

area of th declive ( e Fi e 19). 

--- (6 c a) - a longitudinal midline t· sure involves 

t thole superior ver i re chin teriorly u tot 

pr central fissure and ith the o terior ver i 

p teriorly. tinuity 0£ thia i ur i • 
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Figur 14 

aup rior aurfac of a no al cer bell 

fro a child ed thre mont aho in the fi sure 

pr ( ) e po tlunat fia ur ( L ). 

ild doraal ia lac nt 

of t fl ures. 
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di plac ent is re adv d; 

the fia ur rima Carr ed) extends clo er to 

the terior mar in of th auperior surface. 

Picyre 17 

Th po terior vi · of a cerebell 

d cribed in oup B a in t dor ally 

di plac cul en (C). 
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Figure 18 

The posterior part of the culmen (C), 

and the fiaaure pri extend up to the 

posterior aargin of the superior surface. 

Figure 19 

A longitudinal fie ure has for ed in 

th r gion of the declive <arrowed). 
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interrupted by an •t land ' of vermis within the line of 

tbe fi ute ( ee P!gures 20 and 21}. 

Group P (S cases) .. the lon,itudina.1 idline fi ure i now 

•complete• in that there are no !elands 0£ tissue in its 

length as in Group n. 'lbe f ure prim and post1unate 

f ure p s dorsally and onto tbe po terior surface, or 

into t new midline fis re ( ee igur 22). 

Gtoue G (4 cas ) - the longitudinal mid.line fissure is wider 

th in roup P with relative! y wide s paration of the 

cerebellar hemi pheres (eee Pi ure 23). 'Ihe jor fissures 

on tbe superior surface~ inclin d dora lly. 

It is apparent fr th abo • description that the lobul ar 

patt rn on the superior surface r es from a mild degree of 

di tac nt to one that is cE11sid r le. 'lbe latter is 

cc panied by the appearanc of entirely ew fissure& involving 

a part or the whole superior ver i ; the are lon itudinal 

d midline. T.bi contrasts with the mooth even contour seen 

on th superior surface of the no al cerebell • At one end 

of this spectr of changes a peculiar defor ity is een; this 

is chata.cteri d by wide separ ti of the ce~ebellar hemi pherea 

with a depression in the region of the superior et111is giving a 

superficial .impression of t uperior ver is. Thia will 

be referred to as a "split cerebellum" d will be describ d 

in greater detail in a la.ter section . 

Pi ure 24 is dlagr atic repre entation of these changes. 

It would pear that such alterations a.r a sequent! 1 event 

which ulti tely re ult in the for ti of a Group G deformity ; 
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figure 

' isl • of v is Carro d) 

itbin th aidline 1 1itudin 1 fi ur. Also 

0 teriorly ca ed by 

A fi aure run on either ide oft 

u rior v nais; this ia prob bly a variant 

of Group B. 
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A a idlin lon1i tudi 

fr t 

vermia ont the po teri r 

lb re i wide aeparati of 

rior 

re it 

on auperior surfac d tea rior v r ia 

i ab t . h miap r are join d caudally . 

Alo note that the fissures on the superior 

aurface run in a aagittal plane. 
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n ati of t 

c an • ae n in t fie ural · 1 ul 

pattern o th su rior rface . 
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an mportant feature of this grou is an "absence" of a normal 

superior vermis . It is tempting to specul te on the pathogenesia 

of this evere malformation, particularly in relation to the 

normal deve opment of the cerebellum. Any cortclusion could 

reason bly be extrapolated to explain the less severely deformed 

specimens, th latter would appear to be part of the overall 

pectrum. 

Accordin to Langelaan (1919), nor al early fissure foraaUon. 

i both an active and passive proce a; t 1 tter is due to 

re ion 1 difference in growth and the for er local proliferation 

o cells in an anterior-posterior direction, which is followed by 

the ap arance of a transverse fissure, erpendicular to the 

direction of cell proliferation. e sulcus parame<lianus are 

two transient longitudinal furrows on tbe superior surface on 

either side of the primitive superior vermis present from the 

second half of the third month. L elaan suggested that the 

sulcus parainedianus resulted from the assive process. 

lbis suggest one possibility in the pathogenesis of the 

superior aberrant lon itudinal fissures. After the fourth 

onth th rowth of cerebellar hemispheres overtakes that of the 

ve i I within the limited sp ce of the small posterior fossa 

the competition £or space could well result in the hemispheres 

over rO\!ing the uperior ve:rm.is (see Figure 2S). The 

hemispher s thus meet in the midline bove the superior vermis; 

e result is an apparent inward displacement of the latter. 

n idlin sagittal drawings of the early human cerebellum 

arseU (1947) clearly Sbfllf that the .foet· l arran em t of the 
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Figure 25 

A diagrammatic representation of the proposed 

stages of "overgrowing" of the superior vermis 

which results in longitudinal midline fissuring 

on the superior surface. 

• ••• • / 7() 



- 7 

major fi sures on the superior and post rior sur cs are 

pl ced more dorsally tind caudaUy resp ctively. Thi foet 1 

confi ration of the fissures is si ilar to the pattern een 

in e of the cases studied here; tbi appli 

and C in hich the deviation of the ajor fi ure ran es 

fr ild to Oder te. 

difference in growth rate so occur between th 

"stalk'' of cerebellum and its external urface; hile th 

" talk' 1 behind in develo t, the urface u ergoes 

enor OU expansion. This leads to the anterior and inferior 

bord rs of the cerebellum being rolled i ar4 • 

An impaction between the uperior cer bellar surface and 

th roof f e posterior foss coul re on bly prev nt 

i ration o th jor fi sure su riorly d anteriorly. In 

t is way, es eci Uy due to i pacti n of the midbr in ant riorly, . 

norm al in ard rolling fails to t · pl ace • 

£i sural pattern is intained. 

us, the foetal 

ch es on the superior surface have been c pared with 

the co lexity of the infraforamin cerebellum, 

describ in the previous sections Caee igure 26); it ould 

pear that th more severe the chan eon the sup rior surf ce, 

the more complex the composition o th cerebellar •tail ', i.e. 

the reater th n ber of lobule displaced through the for n 

ma um. the i pre sion is that the two roup of ch es do 

not occur inde ndently but result fr c on! ctor. This 

could be gr th within con.fined p ce, the cerebell row 

nnd !rtu ly squeezes itself out throu h the for en. In this 
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26 
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• • r .. .. 
m Ill II .. • 
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- - - - - -A B C D E F 
SUPERIOR CEREBELLAR SURFACE 

A c par! on be n chan d crib d 

of th cerebellar •ta·1 • . 

("?" r fen to th grou in bich th cauda 

lo ul es r not individually id n ifi .) 
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• 
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w y t e de ee of " lter tion" een on the u ri r ur ace would 

equate with the ount of cerebellar tis ue present n throu h 

the for nm The proces i ht be enh ced by hydrocephalic 

occipital and te poral lobes pushing throu h the tentorial hi tua 

to occupy a part of the already reduced posterior fo sa. 

Conclusions 

ter tion in the lobular/fissural p ttern of the au riot 

rf ce of the cerebellWll in this hindbrain ha 

not been previously described. The chan s reported in thi 

series range from mild to severe; at the severe end of hat 

ara to be a apectr , it ion 1 midline 1 ng i tudinal £ issuree 

11 e an appe ranee; these can be c , plete by in olvin he 

entire length of the superior ver i. the other h , nly 

a part of the len th of the superior ve is .ay be a££ ct d. 

The " pHt cerebell " probably re ~s n a 

It is u eated that th deformities are inly 

extr e cb e. 

to cerebellar 

growth within he limited space of the s all posterior f a; 

the cerebellar growth spurt c ce fr the beginning of the 

third tr ,ester nd is probably of uch portance in this 

connection. 

e size f the posterior fo s is fix d by the 1 teral 

le v of the tentorium cerebelli. A greater part oft 

overlying cerebral cortex is in direct cont ct with the 

superior surf ce of the cerebell a re ult of the deficient 

tentori 11 aves. Further reduct'on in the size o the posterior 

f a could be brought bout by the hydrocephalic occipit 1 and 

te oral lObes herniating throu ht e tentorial hiatus . This 
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"blockage" of the tentorial outlet, together with midbrain 

impaction (more anteriorly), probably accounts for the major 

fissures failing to migrate forward. Normally, the anterior 

superior part of the cerebellum undergoes inward rolling in 

response to the massive expansion of the cerebellar hemispheres 

relative to the lesser growth of the cerebellar stalk; similar 

inward rolling also occurs in the anterior/inferior part of the 

cerebellum. For reasons to be discussed later, this movement 

is also obstructed. 

The degree of cerebellar deformity is probably dependent 

on both cerebellar growth and the size of the posterior fossa. 

The latter appears to be variable whereas cerebellar growth is 

probably constant. The more severe deformities might result 

from cerebellar growth within the smaller posterior fossae. 

It is possible that those specimens showing superior 

Jongitudinal midline fissuring represent cases of greater obstruction 

to cerebellar growth. Expansion of the cerebellar hemispheres 

during the foetal period, being greater than the superior vermis, 

soon overgrow the vermis which is then displaced inferiorly to 

form longitudinal fissuring. 

A comparison between the degree of deformity and the size 

of the posterior fossa would be informative. In view of the 

foregoing, the weight of the cerebellum might be regarded as a 

reasonable indicator of the size of the fossa in which it 

developed. For this reason it was decided to compare 

cerebellar weight with the degree of fissural deformity on the 
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superior surface ( see Table 2). Prom thi it can be se n that 

the mean 0£ the weights of the various group showed a steady 

decrea e with increase in the severity of the fissural pattern . 

«1though her sults may be critici ed on th grounds of marked 

vatiatio in the numbers of the different groupings, the•~ 

findings are, nevertheless. s estive of the more complex 

deformitiee being the direct result of increased cerebellar 

oulding econdary to greater degrees of obstructed growth . 

'nie Level of the Sueerior Surface elative to the Level of 

the Tentorial kiatus 

In this section the phencmenon of supra.tentorial herniation 

of the cerebellum is analysed. Thi part of th defotmity has 

been cl ssified according to severity and the various groups 

compared with sucb parameters as head circumference, shunt 

treat nt and cerebellar weight. 

The ost cOlhl!lon situation was a ild degree of herniation of 

the cerebellum through the tentorial hiatus, occurr in in so·1., of 

the series. At one extreme the upper surface w calloped and 

at the other, a O ounta:tnous" supratentorial hernia was present . 

The degrees of aupratentotial herniation were cl ssi ie 

as foll .owe (see Figure 27): 

Group A - a scalloped superior surface of the cerebellum 

occurred below the level o£ the free edge of the 

T. cerebelli . Thus, the contiguous overlyin cerenral 

cortex a found to a variable degree within t upper 

part o! the posterior fossa, that is, between the 

superior cerebellar surfac• and the tentorial notch (see 

Figure• 30 and 31). 
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igure 27 

repr a ntation ho ing 

pro · ction of th 

cer bellu r 1 tiv 

uperior 

to the level 

oft tor1u cereb l~i (tc • T ntorial level) 
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Group - sows a relatively flattened upper urface, u ually 

at the level of the free edge of the T. cerebelli. 

Group c - hows ild upward herniation with cerebellar tissue 

o er-ridin onto the upper surf ce of the tentorial leaves 

(' ushr ing") ( see P igure 34). 

Groue D - ,ild herniation. 

Gr p B - sho~s upward herniation with the supratentorial part 

of the cerebellum deflected laterally. This is perhap best 

described s a •tt,uc ling" deformity (see Figure 33). 

Grouo - oder te herniation. 

Groue G - extre e herniation(' ount inous"). re than 

scf.'o of the cerebellar mass presented supratentorially 

( 

d circum.ferences ere a ured at po t ort in each 

case. PiGUre 28 bows head circ erencea against 
' 

to ther with the ean, loth. and 9th. percentiles; fraa this 

it is cl ar that there is a marted var:i tion in head 

circ erence asurement. Thi applie to the population as 

a whole, a ell as to the individu age group ; it can be 

een th t the majority under the ge of one nth (neonatal 

group) h e a head circumference below the 9oth . percentile, 

and a few are below the loth . percentile. Thus. the 

majority in the neonatal group have a. head circumference 

ithin the no al range. the other hand, those older than 

one month have circumference that are inly above the 90th. 

percentile; after tw lve nths the ajority fall between the 

10th. and 9oth . percentile. In the latter group it is &lao 

•••• /78 
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Figure 28 

• 

4 6 I 10 11 II 14 4 6 

• • • r • ' r E A 

d circ f re ce of cbildre ith 

ening yelocele ar d 

with of nor a , • Ot . r e t es • 
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owin idbrain and fl~ 

third tricle depr Hed 

le l of the fre 

ntorial • Thia re resents 

of excavated 
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uct i clearly visible 
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Fisur 1 

from c i1 four • 

r i ad ep concavity in th area bordered 

by th fr entoriu (h d 

ire ! rence 37c ., c rebellar i ht 13 . ) 
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2 

er i C fl ttenin xcav tion 

of th SU rior urf ce ith atr y of e cer b 11 r 

folia. reb 11 fro child d fiv y ho 

uffer d recurr nt pi ea of unt blo ( 

circ er ce 53c . , cereb llar .) 
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11 !r 

di d aft 

1\.1& . Th r 

a 

a 

ild t 

nt er· i 

nty- n 

follo in 

of th 

forrni y of t 

buc lin 

tentori 1 erni ( ad 

circumf r 53c ., c re 11 r ei ht 64 .) 
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reb llu fr a C ld n y 

th ho died aft epi od of 

hunt bloc a e. "11 ing" f 

h later 1 ed e of a entori 

C onent er it roo e ov r 

e fre ar in of the t nto i ( ead 

circ ference 62c ., c r bell r . h 
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evident th tall cases, except one, received deco pression 

treatment for hydrocephalus. the , jor·ty ell ·no the 

neonatal a e roup, it was decided to co c ntr te thi roup 

for the purpose of correlating he d circ I erence ith such 

par aeter s a e, cerebell r weight d t ty o · cerebellar 

surface (elevation) (see Table 3) . t ble is di ided into 

four - I. head circumference un er 10th. rcentile; II . head 

circ erence bet een 10-SOth. re ntile; III . 5 -9th. percentile; 

IV . bove 9oth . percentile. ea.d circ erence was recorded 

in fifty-four neon te~ . 

l en the superior surface of the cerebellu with reference to 

"ele ation° is con idered, certain type pp ar to be more common 

in th neon al group (see able 4) . Thus, of a otal of fifteen 

cases showin c nc vity of the superior surf ce (i .e. 

surface typ A), ten (70%) occurred ithin thi ge 

uperior 

roup ; sL11ilarly , 

of a tot 1 of sixteen cases sh in o the superior 

surface (superi~r surface type ), eleven (69%) occurred within this 

roup . 'Ihe e two superior surface ty s were more or less venly 

distributed throu bout the four neon tal groups hown in Table 3; 

thee roup are lso found in those with he d circw erence 

bo e the 90th . per~entile . It is therefore evident that 

flattenin and depression of the superior cerebellar surface 

occurred despite a norm l he d circumference, and were also found 

in those ith circu ferences below the 1th. percen lle. 

The ost caumon type of superior surface as group D, 

char cteris d y mild herniation through t te torial notch; 

t hi formed about SO% of the whole serie and included the ~ajority 

up to the age of twelve months. Group D cerebellums aaoat closely 

· ..... • /8S 
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Table 3 

I. 

S552 ld 

4S 3d 7 . 
4219 1 10. 3 

3 . 7 
Sd 7.9 

II. 

:P . • 
o. e 

(Gms.) 
24d 13.1 
1 8.6 
12d 9.7 

1 .4 
5d 8.1 

21 . 4 
13.2 
11 
15.4 
24.7 
9.8 

12. 1 
13.1 
8 .4 

13.2 
13 .8 
10.9 
14. S 
14.3 
14 . 2 

2 .s 
31 

.s 
31 

34 
3 

33.5 
2 . 

33 
3 
34 

3 
34 

.s 
33 
5 

35 
34 
34 
35 
35 

3 

B 
D 
A 

uperior 
~urf ce 

D 
D 

D 

D 

B 
G 

D 
B 

D 
D 
D 
D 
D 

D 

.... . /86 
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Tt!?le 3 (Ccntd.) 

II. 

Cere ellar or 
e ei ht .;ire f rence e 

(Gms.) (Cms.) 
12.5 38 D 
4. 36 

18.1 38 D 
13.1 37 A 

ld 13 36 D 
1Sd 16.9 37 D 
ld 17.6 36 
lm 10 3 

1 18.6 38 D 
d 2.7 6 A 

15d 14.8 D 
3d 11 3 
2d 16.7 36 D 

21.6 3 
45 2 15.6 3 
423 2d 17 36 
4276 1 22. 9 36 A 
43 4 6d 14.8 A 
4173 13.8 37 .5 D 
510 d 20 38 

IV. 

Superior 
e urface 

3336 d 
3287 2t 
42 
57 3 25d D 
4133 1 A 
4471 22d D 
4 4 2d 48 
4320 1 43 D 
4315 2Sd 41 
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able 4 

0 -1 mo 1-12 mo >12 mo 

10 4 1 Cl ) 

11 s 

0 1 (1) 0 

39 9 (1) (2) 

0 0 1 (1) 

2 2 (2) 2 (2) 

1 3 (3) 6 (6) 

th numb r of c in V u rior 

elevati rou c or in to e. ( er 

i t unt- r at t in p renthesis ) 
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approxi t d the superior surf 

the difference bein th t, in th 

of the nor hum cerebell m, 

nor ~t cereb 11 , the convex 

surf ce protrud d throu the tentori 1 notch 

o e c reb Uums sho in er ( rou F) 

( roup G) uprat ntori 1 herni ( C e in 11), ere 

ore c ,on in the post neon t 1 oup. lar t nu er of 

group G c es were amon those older h t 1 e s . ·xcept 

for one ca e, 11 roup G ca s h bun e T ble 4). 

t o C s s sh in unu u l b 0 and ) , 

one (C) s foun in child ,ed nin onths other (E) 

child d t enty-one onth. Both children h ter in 1 

event c plicated by recurrent shunt er· es. The only case 

older than t elv onths ith urf ce lso had 

repe ted tr inal shunt crises ( ee i re 2) . 

lthou h no direct ure ent o ventr·cular size wa 

per!o ed, it s noted that p rt fr 

head circumfer nces were incre ed 

ho e c es in whom the 

,ho ho ed o iou 

in 

reduction in cortical thickne d v tricul r dil t tion , evidence 

of hydroceph lus s also discernible · tho with normal he ad 

This occurred particul rly i1 to oderate 

dil t tion ffecting t e occipi 1 pol 

nie s ociation bet•een hydroce 

circ .ferenc sin childre ·ith enin 

o t e 1 tr 1 ventricles. 

d nor 1 skull 

i •ell-d scribed. 

Pe ch 0965) found that the majority of h s c se h d a normal 

ull circu ference but, desp e th. , 75 s ed clin"cal evidence 

of hydrocep alus in that the font nelle ere enl red d the 

sagitt 1 su ures were widened; lso, n nineteen of the twenty 

ca es which he tudied, the entricle show d oder te to severe 

• •••• /89 
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dilat tion. cf rlan nd r loney (1957 noted similar 

discrepancy between skull size ~nd hydrocephalic ventricles • 

According to . eron (1957), cranial exp nsion is retarded 

in thes nd there mny even be .icrocep ly; his cases 

all sh ed severe intern 1 hydroce lus and to of the neonatal 

cnse had he d circumferences more t n t\1 st ndard deviations 

below the normal ean. He favoured the explan tion fa 

fi tulou esc pc of spinal fluid fr 

c ntr 1 canal of the cord into the 

the ventricles through the 

iotic s c; hear ued 

th if ventricul r volume was not aintained, regular expansion 

of the skull will not take place. 

The xpl nation offered by G rdner (1968) for the "normal 

head" in as oci tion ith the hindbr in alformation was ae 

follo Hydrodissection of the spin 1 sub r chnoid space causes 

the ruptured and tethered spinal cord to protru c, for ing the 

sac of the ''my locele". The preo ure of th subar chnoid f luid 

ay rupture the attenuating sac i h relief of the hydrocephalus . 

Curing delivery the squ ezing of the afterc in hydrocepbalic 

head my rupture not only the myelocele but lso previously 

unperforated rhombic roof. 

Ith w been known for sane t· th t hydrocep lu in these 

c ses co .on commenc s after birth; the u u l impression is 

th tit coincides ith sur ic 1 clo ure of the pinal le · n 

< P tten , 1 5 ) • e exp! nation for this ( e lthall, 1973) 

sugge to th t the meningomyelocele ac cts .... s a "pressure 

damp nin y te," within the spin 1 theca . .epair of the back 

lesion by removing this auxilliary to the normal pulsation-

••••• /90 
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absorpt n mechani provokes hydroce halus. ffe argues that 

thl effect i nullified hen the hindbrain deformity beco s 

est blished. lbis hypothesis. h ever, fail to take into 

account that the alfor ation is already e tablished at birth 

in any c ses of m in om locele d any pressure wave would 

almost certainly be arrested at the level of the defor i t y . 

r observations tend to support tho e of Lorber (1 61) 

and ch (196S) that head circumference is not -. reliable 

indicator of ventricular size and it ld p ar that 

hydroceph us is prob bly already resent at birth in many 

children ith meningomyelocele d! pite their norm 1 e size. 

the sixty-three children who died within the first month of 

life, nine could be considered having definite hydroceph us 

based on a be circumference surement. The reminder had 

circ f rences within th nor al ran e apart fro five w o 

ere below th 10th. percentile. None o:f the sixty-three 

c es re hunt treated. 

Bey nd the neonatal age clinically obvious hydrocephalus 

ap ars to affect the ajority up to th e of elve onths, 

beyond which no al head cir c erence again appear to e the 

rule. The ability of the a ull bones to ex and ore freely 

in response to enlargin ventricle durin the first t eve 

month em to be the obviou explanation . lbis unlimited 

exp ibility of the kull persi ts o lon as the sutures 

rem in ununited; left untreated, the ydroc phalus ill pro ress. 

airever, in 110 t of the older children, hunt tr atment would 

usu ly h ve been in progres for SOfflle time d control of 

•• ••• /91 
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hydrocephalus ould inevitably ve facil tated some de ree of 

f issur l fusion; if acute hydroceph luo ncx sup rvene , the 

situ tion ould be equivalent to thnt found in the adult with a 

rigid er ni. l u 1 t. Block ge of the Holter v 1 v is a common 

o plic tion in these children. 

Thia w ld explain som of the unusual deformitie found 

superimpo ed upon the supratentorial hernia in the older ge 

group (Gr up C nd E). ibis is seen ·n the form of buckling, 

u bro in d also exc vation defor ities found in this part of 

the cere 11 in those children in wh the terminal event is 

determined or accompanied by acute and recurrent hunt bloc·age ; 

this probably occurs in those where fissural fusion has beccme 

establish d and here the supratentorial cerebellar projection 

bears the full brunt of any acut rise in intracranial pressure . 

Thu the tate of the suture appe rs to h ea decided effect 

on the type of supratentorial h rniation. 

In a pre• ious section it was sh n that there is an overall 

progressive increase in weight f the cerebellum in the different 

age group studied (Part l); it i evi nt in th a c ses that 

cerebell r growth can only take place thr uh the ten orial notch; 

th siz of the small posterior fo s ~e ains rel tively constant 

and, as seen previously, there is an appnrent progre sive 

shortenin of the cerebellar "tail" with ge. 

upr·tentorial herniation,thu ,is probably relat d to the 

ability of the skull bones to expand; tis, in turn, per its 

di ipation of any raised intra ranial pressure. lattening and 

excav tion of the superior surface appears to result fro a 

•••• • /92 
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ir ct nt oft 1 in co X hr u 

th • ur n 

hydroc ith t 1 ille iner , 

1 76); in UC C h 1 h r i t·on i 

in diff'. r nc i t in " rnold- i" io 

th t ntori is ic to a 1 r e 

ntori 1 otch; thi pe e t r urf c e of 

C r br C X to t rf of the C re 11 • 

th d cur 

nor 1 and n 1 nee 

nt V ed a irect ce 

f eph lu in roup . 

1 rni ti of cerebr 1 cort into t poat rior 

f y to lu likely 

xpl 1 t Uar 

urf c e t 0 0 r 1 O be C red. 

ir , 0 rgr t of cerebral arry , tten 

t (l S7) y ex C 1 ff • 
' 

t hypot 

di cu viou ly . 

p ibility is th ydro yn ic t ory asp op d 

by C ron (1957) ; thi presuppo s a fi tulous c unication 

n 

t y 

al or t 

n r 1 can 1 d he 

ntial 

pol p of th 

it 

tw en 

nd a all head. 

iotic c vity . 

ic fluid 

e resultan 

ntr ic lar luid 

n gn • li 

en the 
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Thi theory is ssociated ith the finding of l ydr yeU 

of the central can 1 of the spinal cord; this is found in only 

11 nwber of cases (Cameron, 1957) and only invol es certain 

level of th cord. The development of a cervico-m.edullary kink 

c only found in the deformity could led to the centr 1 canal 

ing ob tructed t this level. ilure to find a p tent central 

canal does not, of course, exclude it exit nc 

sta1re ·n develo ent of the defor ity. 

t an ear. lier 

Th question to be sked is: doe om 1i iting f ctor 

exist in th intrauterine environment ich prevents the kull 

bones fro being thrust art in re pon e to the enlarging 

ventricles? ne explanation may be found in recent exper·,ents 

carri d out on hydroceph lie c ats (Hoch ald, stein, lh 

and an ohoff, 1972 and 1973). ult cats rem d hydrocephalic 

by intr ci ternal injection of olin. Acute hydrocephalus was 

foll d, ter a period, by decre e in intr ventricular 

pres ure; this attributed to tr s entricular absorption of 

cerebro pin 1 fluid . In this i uation the int ct ·ull limits 

the extent to hich the ventricle dil te; beyond certain 

point increased intraventricular pre ure will initiate 

tran vent • ul"'r cer brospinal fluid bs rpti n n the 

hydrocephalus will become compens ted. 

en craniecto y was perfor ed before or after hydroce lus 

as induced, the ventricle dilated progres i •ely . As the 

u upported brain i not sufficiently el tic to resist 

deform tion fr the incre sed ventricular pres ure, t e 

hyckocepbalus became decompensated. 

• •• •• / 94 
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in in n ant ith hydrocep alu 

i aid to roduce s · ilar situ tion to tha seen in the 

ydroc 

ocl 

·c cat with an intact s ull ( p tein, 1973; 

ld and anso off, 197) 

pstein, 

I 't 

seen in 

type of C 

sible t1it.t the "1 tent 0 hydroce alus frequently 

at birth with eni 

limitin f ctor operatin · ut ro i 

yelocel repre ents a 

I it possible t t the 

e no 1 p e ure 

e rt d by the niotic flu 'd hich, in turn, uttre es the 

oet 1 s uU so prevent it e si ? 

nd Greer ( 1963) de on trated an increa e in brain 

at r content in xper ntal hydroc imil r tudie 

bav tr ventricular absorpt· of cer bro pinal fluid 

hen intra entricular pr s ure r c es a certain thr h ld in 

hydroce C ar, ochwald, S d ansohof, 196 ). 

Is it pos ble that t e increas d cerebral h isph re ighta 

re orted by tter (1961) and ery (1964) in children with 

enin omy locele ia due to lncre ed ater content? 

••••• /95 



P T 4 

--- = " 

nm PAnroLOOY OP nm 



• 9S -

Qiiari (189S), in his description of the type of 

def rmi ty of the cerebellum, dre the portant distinction 

b tween the deformities seen in adults (distortion d 

dialoc tion of the tonsil ), and tho e in· fant associated 

with meningomyeloceles (distortion and herniation of the central 

lobes). The latter is probably related to the fact that the 

eentr lobules of the cerebell , de;elop before the lateral l~a 

d it is likely that the movement of the centr 1 lobules foms 

the key to the understand! or most of the cer bellar -abnormalitiea 

associated iith meningomyelocele. 

'lbu, a detailed study of the changes that occur in the 

central lobules of the cerebell w thought worthwhile. 

ert hypoplasia of the cerebellar folia was seen in many of 

t sec s atu• i d (see Figure 3S >; these were confined to 

t e youn er group and more commonly involved the up r lobules . 

e case showed a small cystic c :vity within the di loc ted 

se nt and was ae ociated with ros evidence of chronic necro ia 

in this area (see Pi re 35b); there was no evidence of 

co nication between the cyst and the fourth ventr cle. 

M croscopic evidence of acute necrosis as seen in 201 of 

case and was u ually seen in a sociation with the !olia of the 

u er centr 1 lobules and in the area adj cent to the posterior 

li of the for8Jllen magnum (see gure 36). 

hen the weight of the cerebellum was related to the length 

of th dislocated segment, n inver er lationship w pparent 

C figure 37) • There was diminution in the length of the tail 

corre ponding to children with lar er cerebellums and 1 o in 
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Figure 35 

id- agittal vi to h a r d de re 

of c rebellar hypoplaaia. 

of prepyr idal fi ure • 

.. 

r indicates le 1 
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Figure 35b 

11 cy t wit in the c reb llar "tail", 

wing ev denc of "loo -standin " n er is . 

ittal vie al o d pre ion of th 

sup rior vermi and i ex ple of grou d scrib d 

in t 3) 
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igure 36 

area of acute n crosi involvin the 

uch areas of cute necro is er 

re u ntly een adj cent to the rior lip 

of the for en 
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as oc · tion wt ere d ur iv t 

e len th of he cerebellar c onent in the u r 

cerv · cal C n 1 r d from 0 8 . re ere ten 

children in the cer ell d no tis bel t e 

or Five of these recei ed deco pre ion 

tre ent ·th olter val e, d t y co ri ed 2S 0 t 

hunt-tre ted group These in ariably bel to t e o er 

age r p and one oft e striki eatures of the pec·men 

a necro is ith evere lo s of ti u in the caud 1 ar 

the nodule, uvula,and o eti e the pyr id, ere u ually absent 

or deficient ( ee igure 38). C pared w · th the youn er a e 

roup ich were characterised by longe di located cerebell r 

se nt, although cro copic idence of n cro i w 

frequ ntly esent, the tis ue c prisin the caudal lobule 

as rel tively ell preserved ( ee igure 3 ). 

er inin fiv children s owin no infrafor inal 

d sl cation of cere llar ti sue for d 6 of the untreat d 

pj neither lo s of ti ue or necro i 

feature . 

a si ifican 

the 1 sp ci en, thirty-thre h ed hist l o ical 

ence of acute necrosi ( 1gures 4 d 41), 

tote upper central lobules. cute n cro · 

inly confin d 

ociated 

it tw di tinct clinical gr up. The £ rst group of t enty-

six c · 1dren re all under the 

en bet een the age of birth 

0 n si be en 

e of 

done 

o wee 

onth, fourteen 

e, ix bet een one 

and on 111 nth. e 
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Figure 3 

id- 1tta1 vie of cerebellu fr a child wi t 

nin omyeloce eat e i ht en month. co pres on 

ith ol ter valve al rfor ed t three onth. 

lthou h the pyr id (P) ppears to be co rati ely 

no 1, th nodule d uvul 

tissu loss . 

ar ed atrophy d 
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id- agittal vie of cerebellu fro 

child with m nin1 eloc le, buth. 

rrow hows th pre-pyramidal fis ur • 

nodule and th uvula re necro d elong ~ 

tissu lo The pyr id 

a to be c pr ti ely nor al. 
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41 

Showing acute necrosi with recent 

he orrh ge in the cortex and internal 

granular layer . 
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cond group were ix older children with r cently 

introduced Holter valve. The interval teen the introduction 

of th shunt and death varied fr m one day to one eek. There 

·,as no overlap in age distribution between t~e two groups. 1be 

re 'ning child, ho show d both cute nd chronic necrosis, had 

b en tre t d ith a valve for many onths; the course had been 

complicated by recurrent blockage and frequent revisions, one of 

hich recipitated the ter inal state. 

0 1 ecrosis 

istological evidence of lon -standing necrosis was found 

in 11 of the 100 spec ens ex ined. Thirteen case bowed 

di£fu e, chronic necrosis which affected all of the lobules . 

In neral 1 the distribution of chronic necro is as chiefly 

ithin the yr id, uvula d nodule (Fi re 42). The principal 

feature of chronic necro i was the loss of cellularity of the 

intern 1 granular layer and Purkinje cell layer (Figures 43 and 

43b). T se chan e someti es affected very local res of the 

corte and wer ore liable to affect the r i dges of foli 

than the deeper int r tice. Individual folia were frequently 

affected, particularly in the pyr id, and prob bly corre ponded 

to are wher the cerebellum had app rently been in direc 

contact with the posterior argin of the foramen magnum or the 

floor of the post rior fo sa. he e 1 ioo were similar to 

tho e described by C eron (19S7). In a fe case the nodule 

se ed to have necro ed al o t completely, there bein mere ly 

11 e of ependyma and central n rvou tissue, with hos t­

lik are of d populated cerebellar cortex. Small fr ments of 

••••• /106 
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igure 42 

C H R O N C 

100 N E C R O S I S 

CEN CUL DEC PYR uvu NOD 

Di tribution of c onic n cro i in the 

central lobules of the cerebellum. 

• •••• /107 



in 
of 
r 

I 

oto 
the lo 

r 
r 

the layer 
inin • 

- 1 

Figure 

ph of s ction 
p rt of the !i 

p in the 

( 

. .... 

3a 

in chronic necro 
Th r i lo 
x with only 

igure 43b 

ho in cbr ic 

n cro i in t di located 

nt of the cerebel lum. 

oroid pl i en at 

the caudal d. Foci of 

dy pl eia ar lso pre ent 

( arr ). 
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fol in ic t d he ue ori in. 

only con idered to e i nif'cant hen 1 t 

h n al population o r inje cell ap eared to 
(compare Figs. 45a and 45b) 

thi occurr~ in p of the ec ion in ei h y-three 

f ca e tudie • 

e distr · but·on of Pur ·nj eel 

d princip lly affect d the ule did chr nic n crosi. 

ver, Pur inje cell lo nd chronic necr i do not 

o hand-in-h d; t ere were a n er of cer beUu in 

had been xten ive 

atrophy. 

r inje cell lo ith little 0 

Av riety of bnor 1 structur 1 fr tin in ti 

not d, e peci ly related to th nodule in the centr 

ily 

i c there 

c r ic 

s re 

re 

rel te to the in erior elu . es ares h ve been e cr ibed 

by ot ers as terotopic folia • ( 

icro yri • (Cr e, ·1952). e ntial f atures f these 

bno alities seemed to be an bnor 1 rr n nt of the t ue 

in their local ro hi therefore, the ore convention te of 

dy pl o the d velo ntal pathol ist h b en u 

yspl tic ch nges, th ost di £ 0 cult to efine, o curred 

in venty of the lCX> c es ( i re 46) . About uart r f 

the o t ro ly de or d cerebell c tained a centr 

o dysplastic tissu lyin t above the roof of the f 

ventricle d near the roots of the nodule nd u ula . are a 

of dysp a tic tissue u ually a pear d to be caudal r nt r r to 

.. . • /100 
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P U R K N J E 

100 C E L L L O S S 

0 
CEN CUL DEC PYR uvu NOD 

i tri ution 

lo in th central lobules of th c reb 11 • 
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i re 45b 

owing ev re los of cells wit 

associated chra1ic necro is involvin all layers 

of the cortex and internal gr nular 1 yer . 
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D Y S P L A S I A 

80 

0 
CEN CUL DEC PYR uvu NOD 

i f dy pl ic ch 'n the 

c tr 1 lobule of the cerebell • 
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th centr 1 roup of ganglion cell hi h re usu lly presen t 

in nor ection rom the s e re • 

t ch r~cter· ic 'y pl tic l f 

1rre ul r s of Pur inj cell and ht a 

mi .tur of in rn l ranular c ... 1 d trand &n oci of 

ul r 1 yer ti ue (Figur 47). e e e v ry rarely 

d calcific tion or evid nc 0 old h e d necro i • 

pr fr u e h t r ' dy pl r ther than ' heterotopic 

li thi ti ue i bnormal d ther i no true :folium 

Cysti 

C viti curr d in 1. ht .. idline s ct ons 

< e ur ) . . e w r not ith c1 

occa i ally c nt ind r up of 1 pid-1 n cell • 

e e cavitie all occurr d within th foli and h d 

br others . e a p ar of eg n r tion 

o tae c n re o th whit cores t e fo l · runnin in o the 

h"lu of he C reb llu , but not nee ss ily co unicatin ith 

the fourth ntricle. So,e of thee cy t C nt ined m y 

com oun gr 1ular c lls but none re ill d i h blo d. ,e did 

n t ex ,ine s rial ections to tr ce t e r if ications the e 

les·on , but r0t1 our i lines udy re 11 t im re ed by the r 

lin n ith t e fourth ventricl , no i l vid nc 0 y 

a oci t dilatation of the fo th V n ri le . oi 

r oo of th fourth v r C t 0 il ren 

to be very 11 o.r d wi I cuboi ev col aper 

ependym a . owevcr, th s did not pply to our chi l dren who 

• •••• / 114 
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showed gross dilatation of the fourth ventricle (this finding 

will be discussed in detail later). 

iderin-1 den macropha es within white tter cores 

wer striking finding ins case (se Figure 49) . 

Discussion 

The findings reveal a varying p ttern of necrosi, dysplasia 

and acute degeneration. tost of these le ions have already been 

noted by previous observers (Sdwalbe and Gredig, 1907; Ingraham 

and Scott, 1942; Lichtenstein 1 1942; Feigin, 1956; C eron 1 19S7; 

Peach, 196S), but the o,rpose of this s t9(1y of a. lar e number of 

deformed cerebell s was to see if the lesions formed any distinct 

pattern which would help our understanding of the underlying 

condition. 

nie most frequent abnormality was necrosi * chiefly involving 

the caudal lobules . As will be seen from gure 40, the extent 

0£ the necro is was directly related to the position of the l obule. 

ithin the 100 oi:gans examined, there were none with a r maining 

no1'111&1 nodule, whereas in ot1t c e , tbe lingul and central 

lobule were probably within nocmal Hait for the age of the child. 

1bis finding uggests that the cl formitie within the cerebellum 

re prob ly secondary and were notlikely to be due to any 

pruiary general cerebellar condition. The areas of chronic 

necro is, lfhile affecting the caudal lobules, were not confined 

to the lobules that were disloc ted at the time of death. 

\:hen the extent of the cerebellar herni tion into the nect 

waa measured (see P!gure 37), a progressive diainution with age 

with found. Interpretation 0£ these data ia not easy as one ie 

•••• • ,AJ.6 
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d ing with a necrop y seri s it could uite justifiably 

a.r ue t longer-sur i in tho e les 

at irth . Tb i i Ull OU dl y f tor, but there is 

further e idence within th skull ich indic tes that e 

gro,th of the cer ellum continues in children in ho th 

hydrocephalu ha either undergone arrest or has been sta ilised 

~ith Holt r vale. The direction of growth alter from 

caudal to a cranial direction: this can be clearly in the 

~ay in which the c rebellum in older c;:hildr n very frequently 

herniates u ards through the tentori (see previ us section) . 

The occurrence of old focal necrosis in th pyr ,id su es 

that at an earlier stage this part of tl1e cerebell was in 

very firm contact with the for en nu d th· t this had 

lat r been relieved. , l o, in n ber of children, there ia 

di·ect evidence that there had been very extensiv necrosis of 

the nodule and, in o .i..nst anc: , co plete disappearance of 

this lobule ich seems to be ind pendent of shunt treat.ent . 

It is evident, therefore, that there is reduction in the 

cerebell r dislocation followin birth. Three factor ar 

involved: 1) the everity of the condition related to mor. ality ; 

2) alteration in the direction of cerebellar growth; 

3) necro is and atrophy of the herniated ti sue. 

part from simple necrosis, the next mot frequ nt 

ob ervation 1as areas of dysplasi , particul rly af ecting the 

tissues just deep to the surface 0£ the fourth ventricle and 

near the roots of the nodule, pyr id and uvula. nie e lesions 

have been discussed by Lichten tein (1942) and Cameron (19S7), 

••• •• /118 
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and our observations confirr11 the sug 11estion by ~ameron t at 

they re probably not primary developmental disorders but are 

due to interference with cortical development of the lobules 

of the cerebellum which are growing while being squashed into 

the vertebral canal. These areas of dysplasia are almost 

nv r'ably associated with chronic necrosis of the overlying 

lobular f'olia. 

well as cortical atrophy and necrosis, there are areas 

in hich the wh'te matter of the folia have undergone degeneration, 

forming branch-like cavities within the white matter of the folia 

and, on occasi n, forming fairly def 'nite irregul r cysts . 

igin (1956) also noted cystic cavities replacing mu~h of the 

white matter within the caudal part of the cerebellum in one 

of his cases. In bis study of twenty-six full cerebellums, 

ameron (1957) found such lesions in 54 ' of his cases Such 

lesions re found in 8 o) of the single sagittal sections of the 

cerebellum. In no instance was this cystic ch nge as ociated 

with normal overlying cerebellar cortex. Cameron considered 

that these cavi'tiee communicate i th th fourth v ntt4 icle , 

Although serial sections were not perfor d t follCM the extent 

of these le ions, the impre sion here is that they are frequently 

widely .. eparated from a diminished fourth ventricular cavity and 

th t they require further study, h: le frequently there is 

evidence of old haemorrhage near same of thee cyst , t eir 

contents rtLl'.cely su gest that they _are caused by haemorrhage . 

They usually contain, if anything, small group of co.pound 

granular cells only and are not lined by ependyma. 

• .. , ./119 
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The pattern of cute necrosis in the cerebellu111 does not 

coincide ,ith that of chronic necros· • cue necrosis was 

founr' in t o groups of cl ildren, e consisting of children 

under the, e of one month and the other consi ting of children 

who had suffered alteration in pressure on the cerebellum 

follo1ing a very rec~nt operation for decompression . 

1be drop in cellularity in the cerebell r cortex is a 

subject for further study, but the more ross rkinje-cells 

loss for s a pattern that ls undoubtedly related to the chronic 

cortical necrosis. In a.ddition, however, there is probably an 

overall reduction in Purkinje cells related to the same factors­

such s chronic hypoxia or congenital heart disease - which 

produce a similar loss in other children. ~ e relatively low 

urkinje cell loss in the roost nor al lobules of the cerebellwu 

in our children suggests that the original number and distribution 

of these cells was probably genetically norm 1 . The gener 1 

counts of the cells in the most sheltered lobules of the 

cerebellum (the lingula, central lobe and culmen) are such that 

one would not norm lly exp ct them to be associated with any 

clinically observable cerebellar lesion. 

The results of this study support the impre ion that the 

areas of dysplasia found in these cerebellu s are secondary and 

due to dislocation and interference with growth of the ost 

caudal lobules of the cerebellu. Areas of necrosis ove the 

for en ma num are clearly compatible, in many instances, ith 

mechanical influences; those in the dislocated segment probably 

result froffi vascular insufficiency consequent to catstriction 
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at the level of the for en agnum a.s ell as a direct queezing 

effect. rther, in surviving children, part of the cerebellum 

hich h ve not under one necrosi app ar to be cap ble of nor al 

growth. ther observations suggest that further da111age to the 

cerebellu1 in the form of acute n cros:s s li ble to occur 

around the time of birth, 

blocked shunt and acute dee 

din s ociation ith periods of 

pr s ion procedure; this is most 

probably as ciated with acute pre sure chan e. 

Summary 

Deformities were present in all to v ryin degrees . 'fhere 

was necro is an atrophy of the ost c udal lobules of the 

cerebell • particularly the nodule, d there was e idence that 

the nodule could complet~ly dis p ar in ome case . 

Foll ing birth and t treatment of survi in childr n, the 

res ure on the caudal lobules dim!ni h4' · nd the surv ·ving 

and esidual parts of the cerebellum, i.e. the more cranial 

lobules, appear to develop in a normal way. y plastic areas in 

the cerebellum seem to be econdary to attempts at ro th under 

abnormal pre sure. Ar as of acute necrosis are related to very 

recent lt rations in position and pressure ithin the f ourth 

ventricle, either related to birth or to r.ecent bots of 

intr er i 1 hypertension or po sib!y hypoten on. 

'Dle finding support the impression that some of the 

deformitie u ually de cribed as Clelan or mold 

atforrtaations are due to secondary states. 

ri 
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ecently, Emery and Gadsdon (1975), using some of the 

material studied in this thesis, shote<l the cell and D1',. 

complement of the declive ar.d central lobule to be only 

slightly reduced compa.red with other lobules; the pyra, id, 

uvula nd nodule showed the greatest decre se in cell and 

D content. 

e method used was a computerised analysis of a 

tele,ision i ge of neurones in st ndardised sections . The 

findings su gested to them that the central lobules of the 

ce•·el>ellum are probably genetically normal but have irregul r 

degeneration and arrest of growth, prob bly the effect of 

pressure at the for en magnum .. 
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Previous studies have usually alt with small number o£ 

children , ith ningomyelocele and it ia not unexpected that 

en 1 ger population ia involved, unusu l variationa of t he 

hindbrain malfor ation hould come to light; these unu ual 

abnor liti s ight offer important clues to patho enesis hi ch 

h ve v ded a ore general pproach. 

esults 

e child was born withal rge 1 bosacral eningomyelocele 

d lived for four years . There was no clinical evidence of 

hydroce lus and intelligence was ed being relatively 

nor. 1. e died from renal f ilure. 

et ntoriwn cerebelli w rkedly hypopl stic and there 

as 1 e tentorial hiatu { ee Figure 5 ) The super i or 

urface showed wides pa.ration of the h ispheres , viewed from 

above ( ee Figure SCb) . A idline s ittal vi ( ee Pil'U'e ,Ck) 

showed the limit of attac ent of the he i pheres to 'bf.t artedly 

reduced; th ver is as consider bly hy plastic . Tb superior 

medull ry v lum aa still intact itb an t ched but dislocated 

centr 1 lobule . he cecebell eighed 62 • (norm l for age= 

14 s . ). i'he caud l centr 1 lobules ere ent ; t here was 

no cerebellar tissue in the upper cervical can 1. The vermis in 

thi are sow d old necro is which a confirmed icroscopically. 

rel tively normal cerebral corti~al mantle and 11 lateral 

entricl s confir ed the absence of aociated hydroceph lu; the 

head circ ference wa , in fact . below the 1 t 1 percentile. Tbis 

cer bellum i referred to in the text a he " plit cerebellua". 

Another cerebellar spec en sho ed ark d i r re i\11 r cavit.at!on 

••••• /123· 
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acer bell 

e u r 

ver h popla i oft 

ith r ed p tion of th 

is bent. ere 

t ntorium cere elli • 
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cereb llum a is in i ure , after 

re o 1 from the posterior o s. 
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id- itt l vie of e cer b llu is 

in Fi ur a and b, in the li it of 

tt C ent of h i phere i C ar ti ly intact 

up r ·or edull ry elu (arr ) and ar ed h poplasia 

0 t e super or and po ior v rmi . cerebellar 

•t ·1 • i ab ent . 
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t n t or n; the c vity c . un c ted with t e fourth 

cle t 

ur s 5 

ce ebe 

small 

and .Slb). 

tis e. 

atic dil t tion of 

t s. In one c 

rue nth oof of the entricle 

ere e tensive destruction 

the ourth v ntric e wa found in 6% 

se t !ou th entr cl was enor ous 

( e a), the cyst exte n throu h the tentorial opening 

( ure 2b). Lesser de rees thi an aly ere ore 

C on y nc ntered (see ure 53-SS). 11 cases had arked 

for r in yd ce alus and there s u ua y e ·ere loss of 

ce 11 r t·s ue as videnced by r duction in or an ei t; 

to ogy o t e line lob le nr , · n de ree of acute 

c ron c necroa Imp cti no cerebell into the for n 

ith narrowing or ...... teration of the c udal par t of the 

entr·c1e s u u lly pre ent. 

• lit cerebellum • i one of the ore interestin 

enin o yelocele. 

The ence of hydrocep alus in one uch c i p ticut ly 

intere tin d · plies a relati ely nor al circulation of 

cerebrospinal fluid; the absence of "cerebellar tail'' i 

not Ot'thy. Previous report h ve !ready llu d to necrosis 

n t di located se ent of the c rebellum in this hindbr in 

m lfo ation; t i likely tha resorption oi the " ail .. f•llowing 

necro i. 1 rely contributed to this defect, possibly re ulting in 

a re-e tablishm nt of the cerebrospinal fluid pathw y. 

l en th hole series is considered, change d cribed on 
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id- agittal vi w f cer bellu in 

a mul tilocular cy t r pl cin uch of the 

lo ul r i ue in t dor are • of 

the l cul S C unic tes h t .fourt 

ventricle <arrow) . 
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Slb 

entricular urfac of th s ci n 

as Fi re Sl, showin an u·pt cal op in 

( rro) in the roof of th fourth v n ticle. 

lbous prot u in of th n ~le · een 

di tely above the o nin • 
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e ci 
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Figure 53 

terior v 

of ceret llu 

a typical c se of 

fourth entricul 

dilatat ion 

igure SS 

stic dil t t· 

of the fourth ventr1cle 

it caud exten ion 

of c rebellar tis ue 

containin choroid 

plexu. 

- 1 

Figure 54 

Mid- ittal 

i of the cerebell 

1th fourth ventricular 

latati • . the 

cerebellar lobules are 

c rea ed d poorly 

diff r ntiated. The 

"cy t'' i lined by 

p ndyma and the floor 

c ntain choroid plexu. 
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the r ior surface in t he cer bell are f ound t o for hat 

to be cont inuWll with wid epara ion f cerebellar 

ere t on end; at the ot er end t uperior urface is 

found to be comp ratively nor al This implie that t e • plit 

cere 11 i an integral p t of spectr of cerebellar changea 

£ound in t e alfor ation and d s not repre ent i ol ted an alY• 

c pari on has already been dr e t een the cer llua 

int hindbrain m !formation d it nor ly foet fo • 

C eron (1957) compared the surface orpholo y of the cere 11vm 

d tha of an embryo of bout the 1 st ge . ....lel (1883) 

de cribed b ak-li e d for ity of the idbr in rese bling the 

early embryonic tectal plate . iel trich (1 5 ) 

emph i ed failure of the pontine flexure to de elop; y also 

u e ted a failure of the foetal cer b 11 to ev ginate that 

cc nted for the intraventr·cul r position of the cere tar 

"tail" found in any of their c es . It is inly for th 

re s th t the p tho enetic theory of pr· y develo 1 

arrest h ined upport . <>t er, it i portant t o n te 

that there d es not appear to be any suit ble equiv lent for the 

0 plit ceret:>ell " in the stage of nor enatal cere llar 

develo ent 

ydroce alu 

mening yelocele . 

is not an inv r iable cc p n · ent of 

In Lorber erie of 172 c se of 

menin omyelocele and encephalocele (1961), t enty-two ca e 

follo d for eight onth or more sho ed no evidence o 

hydroceph 1 The cerebellar defor ity described, nd its 

gge ted od of pathogenesi, might conceiv bly explain the 

••••• /132 
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ab ence or arrest of bydroceph lus encounter din 

c es 

e o! thee 

A "t il" as pre ent in the r ·nder of the cerebe11 

with wide ep ation 0£ the he i pheres and an absent perior 

err.iis A single cerebellar hemisphere wa pre ent in the 

po ter·or fo sa in one c~se (see Figure 56); although it was 

diff·cult to ecisely identify the tissue in the cervical canal, 

it w felt that the missing he isphere had prolapsed through the 

for n and that tbi did not repre ent a true agenesis . 

lbi c e w not included in the series o hundred cerebell a 

studied and i mentioned here out of intere t 

Cert ·nan t ic 1 features c on to both the Dandy-Walter 

malfor tion and he "Arnold Oliari" malfor ation have previously 

been d · scussed C Gardner 1 Abdullah and i•ceormack, l 957; Gardner, 

ith and Padget, 1972) l"hese includ : uncompensated hydrocephalus, 

either c unicating or non-co unic ting, hydromyelia, syring yelia, 

eningomyelocele, thickening of ninge t the level of the for en 

, disloc tion of the caud 1 portion of the fourth ventricle 

into the cervical canal, and closure o the for en of the fourth 

ventricle by branes that represent rsisting portions of the 

embryonic rh .bic roof 

The pathology of the Dandy alker . !formation is 11• 

doc nted < andy, 1921; Taggart and Wal er, 1942). In short, 

the essential features are dilatation of the fourth ventricle, 

ide ep r tion of the cerebellar hemispheres, which are u ually 

hypopl tic. The vermia is d ficient or bsent· The Dandy-Walker 

lform tion occurs both in adults and children and there is 
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i ure 56 

h in e re hy ia of the 

tentori c r belli d b ence of the 

right cerebell r he · phere 
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p s ive pr ces , the result of re io 1 row h differences , 

the wide p rati oft cerebell res probably 

bein fu ction of a very early e ryolo ic 1 one • 

cro c ent of th on ro- u rior 

surface oft cerebell n upon fore r in hydroce balus 

by pr entin for ard/ d o the su rior 1 ulea, 

i probably n ditive fac or n nor e ly cerebellar 

dev lo nt, the v rm·s repre ent co er le are of the 

superior urfac and thi ia already eviden urin he fir t 

half of th fourth onth (Lan 
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ly hr • t t s e tie, for in ction i t be 

ct d to obstruct cerebro pin 1 fluid flow and ccu ulation 

of fluid in th fourth entricl t c tributory 

cto by cu in di ectio of fluid into th cerebellar 

ub ta11c 

ron (1 57) fir t dre tten ion to lit-like c vitie 

in t 11 r ub ce; re 1 o found in this 

tudy nd e de crib din he 

p th lo y of th centr 1 lobul 

ection de lin 

; it not 

ith the 

greed t at they 

unic ted ith t fourth v ·ntricular c vity 

It i th t uch lit-lik c iti predispo e 

to o r of cavit ti bove . 

Th re en occ ional refer nee of urt ventricul 

dil t tion in th hindbr ain 1£ or tion a oc t d i th 

C 

loc 1 ( rbi , 1953); th 

erie of pneu enceph lo 

uthor found one such 

in children with 

Int u u 1 de cription o the form tion 

h f urth n ricle i narr d lon ted, often re chin 

into th u r cervic c 1. Unfortun tely , this is till 

re e in qu non o the di of the deformity. 

xp of the fourt entricle i ht be explained by 

it d c p city of the 1 tr 1 ntricl to distend in the 

pr enc 

furt r 

of ob tructive bydroce lu ; 

ere e vol of cerebro p 

in fourth entricle . 

cri ical point y 

1 fl id i ace odated 
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Paat reference to the roof of the fourth ventricle has been 

infrequent lftd usually brief; the nuaber of caa a studied from 

this aspect has been relatively aaall. According to Cameron 

(1957), the ependyaal surface of the nodule in the abnormal 

cerebellum, normally very uaU and ccnfined to the median dorsal 

rec ss, waa very elongated and foriaed the roof of the caudal 

extension of the fourth ventricle. Daniel and Strich (19S8) 

also noted the • tail• to be covered by epend}'llla on its ventral 

a pect and aoaetiaes alao the dorsal part of ita lower-moat 

aspect. 

In this study three structures on this surface of tbe 

cer_ebellua are worthy of co111111ent; these include: 

1 • the nOdule 

2. the inferior 11edullary veluaa 

3. the flocculua. 

In Part 2 the nodule was frequently aenticned ae forming tlle 

apex of the di located cerebellar aegaent. On the ventral 

surface the nodule ia usually found to be elongated, and sometimes 

it is diac:ontinuoua; the caudal end ia frequently tipped by a 

tuft of choroid plexus, a feature previously noted by Ca111eron Cl9S7). 

The dorsal median recess in the deformed cere 111111 ia 

c:haracteri tically shallow, i.e. tbe angle between the superior 

aaedullary velWll and the inferior velum is abnormally obtuse. 

1he nodule traverses the distance between the dorsal median 

recess and the moat caudal end of the 'tail•. lbus, of all the 

Caudal lobule, the nodule is seen to be the mot severely 

defOl'med ( compare Figure S7 with Figure S8). 
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Figur 57 

V ntricular surface of normal cerebe11 froa a newborn (n = nodule) 

Pigure 58 

Ventricular urface of a 

cer 11 fr a ne orn • o 

died on the fir at day with 

enin yeloc le. Th re ia 

mark d el<."Wl ation and widening 

of t medu11ary velua. 

nodul (curv arrow) ia 

tortuous loncated. roi 

plexua (atraigbt arrow) ia ae n 

a th caudal end. 
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1be inferior medullary velura ia al o t invariably 

considerably expanded and firmly adherent to the attenuated 

underlying etructurea; Ctbia is in aarked contrast to the 

nor al inferior medullary velua). It is iaportant to reiterate 

that the choroid plexus wu invariably attached to the caudal 

end as this indicate, unequivocally that we are dealing with 

Weed'• area lllellbranacea euperior. 

When the flocculua ie considered it ia evUent that this 

lobule varied considerably in its a.ttachlaent to the cerebellum. 

Figure 59 ahcwa diagra11111atically the different sites of 

attac nt of the flocculua (figures 60-63 show example of 

each group). 

tn Group A the poeitico corr aponded with that in a 

normal cerebeUua. 

Group B ah.owe the f locculua to be alightl y diaplaeed and 

to aaauae a poaitiOID between the normal and the level o£ the 

foraMn aagnua. 

In Groue C the flocculua ia at the level of the for•en 

aagnua and in Groue D it fora.a part of the di located segment 

of the cerebellua; in the latt r it i found below the level 

of the foramen aagnua. 

In the reaaining cerebelluae the floeculua could not be 

identified (Group B). 

(It should be noted that, cau e of its ventral position, 

the fl~cculua waa not included when the lobular co•poaition of 

tbe dislocated aegment of the c rebellwn waa discuss~ in Part 3). 

When floccul .ar position .is coapared with the length of the 
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~igure 60 

1be left flocculua ( arrow) is e n in a nor11al 

position. rebell fro a child with a acral 

enin yelocele ( e 1 onth). There was no cer b llar 

di lacement below the 1 vel of th for en •• u • 

Figure 61 

Q!rebell from a child with eningo yelocele showing 

infrafor inal di placement of ton Us 1 y. Th left 

flocculua (arrow) ahowa mild caudal di placement. 
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11 from 

c ild ed 2 days. There 

was a mar ed de r of 

cerebell t 

into t c rvical canal. 

fl cculua Carrow) i 

infrafora,aina1 and 

corr apond to Group D. 
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figure 62 

rebell frona a 

child ed 5 weeks. The 

flocculua Carrow) ia at 

the level of the for en 

agn and corresponds to 

oup c. The nodule, 

uvula tonsils formed 

th c rebellar •tail' in 

this c e . 
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cerebellar ' tail ' it is een that, in many cases , the longer 

' t ils ' e associated with the rosser de rees of floccular 

displ c ent see T le 5). 

Number of Average ' tail ' 
Groun Cases length in mms . 

s 0 

so l 

~ 28 26 

D 7 24 

l 27 

Showing the position of the flocculus in relation to 

cerebellar ' tail ' length. 

hen interpreting this data it is important to take into 

account that the more complex cerebellar ' tails ' often showed 

evidence of atrophy and necrosis so that the more marked degrees 

of loccular displac ent were, in some cases, associated with 

comparatively shorter •tail • 

To explain some of the changes it is necessary fir t to 

consider the embryology of these lobules. Both the nodule and 

the flocculus develop from a single embryoloaical n ule - the 

floccular -nodular lobule (Langelaan, 1919). Also, the medullary 

velum foms an inseparable part of this lobule. More important, 

they are the first cerebellar lobules to develop. It f ollows, 

from the intimate embryological relationship of these lobules, 
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that they should respond together to any early di ruptin 

influence • 

The orderly displac nt of thee lobule would see to 

be incompatible with pathogenetic theories i licating caudal 

displacement of hindbrain by forebrain. Clearly. other 

echani s must be searched for to explain this .. well-organised" 

defor ity. 'Traction from below' rather than 'pushing from 

above' would see likely inview of the attenuated appearance of 

the e ventral structur.es. 

bove evidence ehow that the nodule, floccu1i and inferior 

edu11ary vel undergo an organised caudal displace ent; thia 

ia probably related to their origin £r a ingle embryological 

unit. Prom th poaition of the choroid plexus it i clear 

that we are dealing with Weed's area aeabranacea superior. 

It la noteworthy th ton thia surface of the cerebellum thes:e 

was no buckling of tissue which one• ht expect had the 

disrupting influence been anything othH than a direct traction 

fro,a below. That these structures are the most severely 

deformed is probably related to the fact that they develop 

fore the other lobules. 

No quantitative method• wer u ed wh n the foramina of 

Luschka and Magendi.e were studied., S findings cmcerning 

this part of the aalfor11ation are, ho ver, worthy of note. 

The foramina of Luschka are normally situated Juat inferior 

to the flocculi; in cases where the flocculi were displaced 

caudally, this normal anat ical relationship was maintained 

but the lateral foramina were invariably di torted and were 
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difficult to identify -in many cases. When caudal displacement 

was moderate and the foramina of Luachka were still above the 

level of the foramen magnum, impaction of hindbrain tissue 

against the bony wall of the posterior foasa led to the 

i preesion that these for111ina were obstructed. When caudal 

displacement of flocculi occurred into the cervical canal, the 

foraaina were frequently obliterated or grossly distorted. 

aentially, four different situations were found when the 

foraaen of Magendie wu studied: 

1. Tbe for•en of Magendie was covered by a fine aesh of 

fibrous tissue. Pixative within the fourth vent ricle 

was easily pushed out through the mesh by gentle pressure 

suggesting, at lea.st, some degree of patet1cy. 

2. 'Ibe caudal part of the fourth ventricle was exposedJ 

these cases occurred aore often in the older age group 

when there was usually necrosis and loss of tissue in 

the caudal part of the cerebellar dislocation. 

3. A cystic extension of the fourth ventricle was present. 

These anomalies were found in 6% of the aeries; an 

example is illustrated in Figure 64. 

4. Loose ragged membranes were present in the area of tbe 

foraaen and suggested recent rupture of an intact aeabrane. 

In my opinion it is not possible to asaeaa the state of 

cerebrospinal fluid flow or the level of obstruction at post 

aorte by the appearance of the basal foramina alone; the 

fourth ventricle and the aqueduct mast also be taken into 

consideration. 
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Figure 64 

A id-e ittal view of the hindbrain 

malfor ation ahowin a •• 1 caudal cystic 

prol ation of the fourth v tricle. te 

al o that th ca al lobul are n cros d. 
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Fi re 64 ows un quivocally that, in so case, th 

for en of endi ia i rforate; there can b! little doubt 

that tbi epre nta a rei tence of eed ' s area branac a 

inferior, th refore part of the bryonic rhombic roof. 

It ell Jen that bydrocephalu ociat d with 

•en locel may be coaau icatln or non-c unicatin 

( u sel and ld, 1935); thy w re able to show in a a ries 

of ten c with ningoay toce le, us in dye d ink inject io 

th pr ence of n n-c unicatin type in ei ht ca e of 

hydrocephalu • In on of ee the for of Luachka 

a endi re .ill rforate and in th other, th re wa atr sia 

of th aqueduct. 

' 

Int s riea reported by I rah Scott (1943), internal 

hydroce alus was present in each of the t nty c es of th 

hindbrain al oraation. 11 re a •ociat with aenlngoayelocel • 

Asses nt of th •tate of the b al for lna wa d pot ortem. 

Twelve c e were of be c 

th type of obstruction w 

unicati typ • 

t d t rmi d. 

th t obatruction ay be produced in everal 

ventricl o the for ina may be ob truct 

In four c es 

y propoa d 

ya: the fourth 

by queezing in 

th upp r cervical canal; t fourt v ntricle aay b p tent 

but th barac oid ace is oblit rated at th level of th 

or en by pr of t rniated hind brain; there 

ubarac oid 

r ult in c 

e of cerebrospinal fluid into th spinal 

pace but no egr a into t e posterior lo sa. 'Ibis 

unicatiCl'l hydroc phalu • ir thir explan ti.on 

i t fo tion of a "plastic exudate" in he region of e 
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basal cist r which they attribute to a type of aa ptic 

eningi tis. 

Licht tin (1942) initially cribed aociated 

aqu uct 1 stenos· b ins ai nif icant in the c s of th 

byd oceph lu. In a or rec nt riea, an ueductal 

found in 50 of twenty c e of the "Arnold• 

Oli ri" lfor tion ( cFarl e d lon y, 1957). ry, 

( 1974) al of high incidence of di plac t, bort in 

c011prea ica of h 

anatomical pa ncy in all caa s, t functional patency 

de ed on the d gr e of lateral c pre sion by dilated 

occipital poles. 

Verbiest (1953), o carried out pne o-encephalography in 

hi case , d castrated the bindbrain alfor tion in eight out 

of el v n c •• In four cu in ich thi • succeseful, 

no c unication waa found b tw n the fourth ventricle and the 

pinal aub achnoid sp ce; the air r ained in the fourth 

v tricle. 

ore recently, definite br ou coverin to the outlet 

oft for in agendie have b n cribed. In some c sea 

t re may b cystic prolo atica of the fourth ventricle 

(Gardn r, 1 ,9; ach, 19~; ry d zie, 1973). Thia 

aly wa found in 25% of each' seri , (althou h not all 

c sea abo d the cyat to be intact); it w only present in 

t sec a ho ng dullo-cervic dislocation. 

ardner (1959) b ld that th ae cyst repr anted persistence 

of the bryonic rho bic roof, & vi that was supported by 
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Peach (1964). Blake Cl910) , de cribed similar caudal protrueiona 

fr the fourth v tricles in ad ced bryo of certain anillal. 

peci • Uam (1937) alao foun these p chea in aan ellbryoa 

d 

for 

hat they wer part of th nor al dev lopaent of th 

lll&lleIJ~ie. However, Broe 1 urat (1969), investigating 

develo nt of th basal for e ryoa d foetuaea, waa 

of that the ev 1 t did not entail 

c t f o ation an rupture. 'Ibe tudy of V Hoyteaa an:1 

an den rg C 1966), u in a 14 • ryo with •apina bifida •, baa 

a pecial i ificance h re; th y found due perai t ence of the 

bryonic roof in thee bryo at ied c ed ith an age ... atched 

control . The ociati atreai oft for of Magendie 

and the hindbrain alformation in the ult ell established 

(G dner, 1957). 

'lb cy t au t b dist! fro div rticular prolongatione 

of fourth v ntricle into the ull; t ae have been referred 

to ayri yelic-like caviti s by Lichtenstein {1942) dare 

pict int p per by ery d (1973). 'Ibey were 

also note occaaio ally in th pre ent erie • 

'Ibe op rative find!n a on exposure of th hindbr aalformatioa 

in a forty- ix y ar old w an has b en d scribed as follows: '"l'be 

act d hernia ov d harply d rd with ayatole and 

upward with ita diastol • C rdn r, ith d et, 1972). There 

w • tran luc t, cyst-lik structur in the ar a of the fora.men 

of ndie. y state that t purpo e of th operative ocedure 

o the •partly illpri•oned v tricular fluid pulse wave 

to escap fr ly into th ciater 

It is cone ivable that an int ct l tic br 
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continuously subjected to rai ed pre sure, both static and 

pula tile, ••Y ev ntually diatend d r sult in cystic 

diverticula fou itl the region of the basal for en. 

pro reaai e tension of the cyst itlto the cervical canal would, 

by a process of ia le traction, ttenu te the •e llary vel 

and at tac d lobules caudally. I would add that in the llal'lY 

caae oft indbrain anoaaly with severe dis ocation of 

cer bellar ti u, the mechaniaa needs to COIIIIM!"ce early in 

cerebellar develo nt to allow for th considerable degree of 

oulding that haa to take place. 

It is evident that thee eye• may burst or p rforate at 

y stage in th fo,: ation of the d fo ity and this ould explain 

the marked ariation in th d gree of cer b llar displac nt. 

It i• not uncoaaon for the cerebell to ext nd caudally beyond 

th ulla in aom c ea of the hindbrain lform tion in children 

cc.-ron, 1 57; Peach, 1965). A , a.a postulated here, 

would easily explain a disproportionate displacement of cerebe11ua 

r lativ to the dulla. 

rovid th c tral canal of the apinal cord retains oaae 

d gr o tency at the time that t ae cystic extensions burst, 

it ia quite poaaible for a negative preaeure to be set up in the 

centra can 1; this aay xplain th finding 0£ particulat 

tter deriv froa the umiotic fl id within the cord inc rtain 

ca.sea o children with menin1oayeloc: le (Jacobs, Landin and 

'lb aa, 19 1; Lichtenstein and Kirachb , 1941). 
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In an early part of this stt.Kty it wa shown that cerebellar 

weight is uniformly diminished at birth. The reduction ln weight 

is constant throughout the series de pite prolonged shunt treatment; 

it is therefore apparent that thee babies start life with a small 

cereb 11 • 

The central lobules of the cerebellum show definite patterns 

of atrophy and chronic necrosis, these changes being maximal in 

the caudal ost lobules. (Acute necrosis shows a reverse pattern 

in that the upper-moat lobules are involved.) It ia important 

to point out that the supra-foraminal central lobules and those 

below the foramen magnum are all involved, the former, however, 

to a ucb le ser deeree; although one cannot be too dog tic, it 

is probable that such changes also involve the adjacent lateral 

lobule within the posterior fosaa. It is nor lly held that the 

chan es in the cerebellar tail ar the result of an ispaired 

blood supply secondary to squashing in the upper cervical canal. 

imilar changes are found in the aupra-fora111inal part of the 

cerebellll!ll and this ia usually most marked in those lobules 

butting against the wall of the bony compartment, especially the 

pyramid. 

'Dle cause of the acute necrosi in the upper lobules is lea• 

clear-cut but would seem to b aaaociated with acute al terationa 

in cerebrospinal fluid pressure incurred during delivery and 

introduction of hunting device. 

The chronic changes described favour a disruptive influence 

oper ting acme tim during intrauterine life and probably explains 

the hypoplastic appearance of the cerebe11 noted at birth • 
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Conver ely, it could be argued that the 11 cerebellum in 

these cases is not genetically based. Pathological insults 

directed at certain critical phases of brain development have 

alre y been referred to in Part 2 • In the cerebellua the 

dama e is most likely one of ob -tructed growth, and the effect 

would be reate t dudn the last triaester when glial proliferation 

is maximal. o• the point of view of re eneration the brain is 

a non-re licator and this would go some way in explaining the 

pet anency of the cerebellar wei ht reduction. 

After birth there is a tendency for the cerebellua to grow 

out of the posterior foasa through the tentorial hiatus. The 

degree of cerebellar projection above the tentorium appears to 

be related to hunt treatment, the more marked degrees see•ingly 

related to duration of treatment. At t!ie saae ti.lie, there is 

apparent shortening of tbe cerebellar tail; one possible reaa°" 

for this is resorption of atrophic tis ue and also overall 

elevation of the cerebellu111 in the posterior fosaa. ln spite of 

these changes. alleviation of obstruction to cerebroe inal fluid 

flow does not appear to be the rule; this is probably associated 

with aqueductal and fourth ventricular blockage. 

The fiaaural patterns on the superior surface of the 

cerebellu,a are variable, the more complex patterns bei 

associated with the ••alter cerebelhllls. lhe illpreasion !s that 

the atze of tbe cerebellum is deter ined by the size of posterior 

fosaa in which it grows. Por instance, the abnormal fissuring' 

h been interpreted as an effort by the cerebellum to effect aa 

great an external aut"f ace area as possible following growth in a 
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confined apace; the upper surface grows inwards - this ia 

strong evidence that the tentorial biatua is obstructed during 

foetal life and the aoat likely explanation for this obstruction 

ia an early foetal forebrain hydrocephalus. 

Plattening of the superior surface <a defect of elevation, 

as o posed to a fiaeural anC1111aly) ia cotlllt0!1 in the neonatal 

period and is probably due to increased intracranial pressure; 

This occurs despite a nomal bead circUllference neaaureaent in 

•any of the cuea and raiaea the poaaibiU. ty of a coapenaated 

hydrocephalus in such cases. nae iJllplication is that free 

expanaibility of the etull is somehow or other restricted inutero 

despite the presence of foetal hydrocephalus. If this ia tbe 

case, could the reaaon bf •niotic £1uid preaaure7 

Previous descriptions of the mal.foraation aeea to have 

overlooked a feature of the cerebellua which, in ay opinion, 

argues concluaively a,gainat the aeveral popular theories of 

pathogeneeiaJ this ia the frequent conaiderable elongation and 

displacement of the organ into the cervical canal, usually 

C::Ollpoffd of •everal lobules. The tendency in the past baa 

been to groealy undereati•ate or entirely overloot thia aapect; 

the di•located aegaent hae far too long been referred to aiaply 

aa cerebellar veraia. It is difficult to link any of the 

popular theorie• of pathogeneai8 with tbia •evere cerebellar 

defor11ityf even the advanta,es of the popular hydrodyne111ic 

hypotheses see• to fall •hort in fully explaining this particular 

part 1n the cerebellar defor•ity. 

The iaportant qaeation ia: what cauees the cerebellar "tail" 
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to elongate to thi remarkable degr e? Gardner has suggested 

th t. with rupture of the caud l part of the embryonic neural 

tube, there is sudden reduction in intraluminal pressure . 

nie enlarging choroid plexus continues to transmit cerebrospinal 

fluid pres ur wave (Bering phenomenon) in the pre ence of a 

caudally opened neural tube; the tendency would be to 

accelerate th posterior migration of the pri itive transverse 

sinus and ttached tentoriu, re u1ting in an abnormally small 

po terior f ossa. 1be hindbrain enlargin in the small poaterior 

f sa obstructs the fourth ventricle - obstructive hydrocephalus 

occurs. Thi leads to caudal displac nt o£ hindbrain .. 

wever. the degree of displacement frOUl tbi echani m is 

unlikely to be very aignificant and would note sily explain 

those cerebell with 11uted inf rafor inal elongation. 

It is useful to separate ch ges d scribed in th cerebellu. 

into categori a; l) thoae c011tpatible with an onset during 

arly prenatal life; and 2) those changes occurring at the 

later foetal stage and post-natal life. Althou h the tiaing 

is di.ff, rent the common denOllinator would seem to be forebrain 

hydrocephalus. ln the first instance hydrostatic forces are 

applied to an organ which is rapidly developing and plastic and 

therefore easily deformable . rtain structural alterations 

occur but the basic integrity of the organ i preeerved; tiaaue 

necrosis i not a feature (ther i "bending" with little 

"bre age"). 

Later , a relatively mature but le a deformable cerebellwa 

emer e which ie subject to the a e extrinsic forces; thia 
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maturity nvolves gross s t ruct ure and also the cellular level . 

'e are now dealing with a canparatively rigid organ in a bony 

compartment pounded by hydrostatic forces acting from above 

the tentorium . Structural changes are now minimal (the organ 

is less deformable), tissue necrosis becomes a dominant feature 

(''breakage" is important, "bending" is minimal) . 

Although these later changes are significant in 

explaining acme of the cerebellar features of this malfor mation, 

they do not really contribute much to our understanding of 

pathogenesis . The pathogenetic issue is better resolved by 

pinpointing and analysing changes which are recognisably early 

ones and those which occur later . The former applie s t o such 

alterations occurring on the superior surface, particularl y 

abnormal fissuring, and elongation and displacement of ventral 

structures such as the nodule, inferior medullary velum and 

flocculi . The association between hydrocephalus, cystic 

prolongation of the rhombic roof, and caudal displacement of 

the flocculo- nodular unit is clearly important in this context; 

it is a good example of the extraordinary malleability of an 

early developing organ in response to an adjacent disrupt ive 

force . Unfortunately it can only be regarded as one uni t in 

what is clearly a highly complex pathogenetic system . 

In Part 6 I discussed the ventricular surface of the 

cerebellum in this malformation . The elongated medullary velum 

and nodule were emphasised and the significance of the 

flocculus as a marker of this elongation was pointed out . 

It was then implied that these three ventral structures were 
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isplaced tog ther; the reason w their close e ryological 

rel tionship, the nodule, velum d flocc:u i originating from 

t ame phylogenetic lobe. It can also b deduced that 

such displace nt must have occurred at a relatively early 

st ge inutero !or such malleability to have been possible. 

Cystic prolongation of the imper£or te th bic roof has 

received little attention in th past. en the e cysts 

have b en ob erved there has been a tendency to regard them in 

isolation; it is proposed here t t th se cyst are pr arily 

responsible for the cerebellar alfo aticwi. 'nlere are 

sever 1 expla ations for failure of the rhombic: roof to 

perforate: the melllbrane migbt be fntdn ically abnor al and 

tbi ight fit in with dner •s idea that the rhombic roof 

"for eta to bee e adequately pecme ble". Ca al displac:e.ent 

of the th bic roof could obliter te the pace necessary to 

!low th m brane to di tend eo that a p ysiol ical rupture 

doe not take place. A thizd possibility is a lowered 

cerebrospinal fluid pres ure in the fourth ventricle due to an 

ly fistulous escape of flui~ thr gh patent central canal 

into the iotic fluid; thus th pressure i l t that is 

nor ly required to disrupt the embryonic roof and form the 

f ina. 

atever tbe reason f or the persistence of the rho hie 

roof it is clear that, in any instance• these int t embrenes 

r o cy tic prolongati"'1, the cyste pointing caudally, down 

the cervical c: al, dorsal to the cervical spinal cord and 

beyond the t caudal nd 0£ the cerebeU • hen the central 
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canal of the cord becomes obstructed (presum bly) in the region 

of the cervico-medullaryki.nk), tlllY build u. of pressure in 

the fourth ventricul r ayste is likely to exert itself 

directly onto the intact rhombic roof. If this is allowed to 

go unchecked it is reasonable that uch embrnnes will disteml 

and e •entually become cystic . T rin phen non is 

probably of paramount irnportnnce in potentiating this process . 

Th strategic position of these cysts in rel tion to the 

fourth ventricle, nd more specific lly to the rentr 1 aspect 

of the cerebellum, can be clearly seen; y progression of 

these cysts during the foet 1 eriod ill inevit bly cause 

traction on the flocculo-nodular unit. rin e ly foetal 

life ith its property of increased or an lleabil"ty, gross 

d gre s of structural defor ities cane sily result. The 

cystic prolongation of the fourth ventricle is, in fact, similar 

to an intestinal hernia; if left untre ted, continued intra• 

nbdo~in 1 pressure inevitably le ds to progression of the 

condition. (Another analogy would be le din point in an 

inte~tinal intu suwception) . 

It is only by appreci ting the· port nee o t ese cysts, 

their r lation to the roof of the fourth ventricle, t e 

hydrost tic forces to which they are 

Berin effect, can e fully ppreci t 

ub"ect, including the 

the ost · portant 

in le f ctor in the pathogenesis of the cerebellar deformity 

in this m !:formation, i.e . c etex dislocat.on of t e 

cerebellar "t il" into the upper cervical c nal . 

It is evident that any of these cy ts rupture before 
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birth; tbi i supported by th frequent finding of what 

appe to be r gged embrane t the lower end of the 

cerebellu in thi series . Gardner thought that they 

rupture at the tie of birth du to pre sure on the he 

as it pas e through th birth canal. Intact cyst ere 

foun in ix case in the present study and they have been 

reported by a num r Qf other authors. Whatever the ti.min 

of ruptur it ls cle r t t hen thi happens a potentially 

very i ni.ficant dieruptiv mechani i "awitc ed off'' . 

rurth r investigation of thi part of the lform tion i 

only po ibl by etudyin fetu with myelocele following 

ter ination of pregnancy, preferably by by, terot · y. lbi 

ill pr elude pr • ure chan econdary to nomal d livery 

and if this is the u ual echani £ rupture thes cy ta 

will · found intac • Such f tuse cwld beco e ore 

readily a ail ble as selective te inat·on of pre n cy 

b-ec on, based on ser iotic fluid 

~ -fetoprotein ati ation . 

other rit of thie pathogenetic hypothesi• is that 

it ill explain a cocamunieating hydroc phalus in th preaence 

o£ a fully elev lop d bindbrain lfo ation; wb n the cy t 

ruptures there i a clear ro t f ~ ven f' icular fluid into 

th spinal ubar chnoid paceai this ur de pite the 

pre ence of ignifieant inf'rafor inal di loc tion of 

c r bell • 

lbe the y of develo ental arrest i b ed ainly on 

tbe any tructural ilarittea betw en the ormal early 
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hindbrain and those present in the 111al£on1ation. Major 

degrees of elongation and diapl•cement of the caudal lobules 

are not aeen in noraal early development and tbia, in itself, 

is atrong argument against this hypothesis. 

Soae of the features o£ the •alfol'fllation reseabling 

thoae normally found in embryonic and fetal life include the 

intraventriculu poaition of the choroid plexus, failure of 

the pOlltine flexure to develop, the beak-like defonaity of the 

11idbrain ati<l the overall confiauration of the cerebellua 

reeealJ1ing that found in the eabryo. 

AU eae features may, however, be explained on the 

ba&i& of simple echanical factors. "Squaahing" of the 

id train between the distended third ventricle and the pona 

probably leada to beaking over the uperior surface of the 

cerebellum. Failure of the rhOlllbic roof to perforate and 

ita poaaible causes have ·already been discussed. ' Preaervation 

of thie mesnbr-,ie will inevitably result in persistence of an 

intraventricular choroid plexus. r the aiae reaeon the 

caudal end of the cerebellum will not rotat upwarda and the 

embryonic coofi uraticn would perai t. Crowdin, of hindbrain 

structure in the 811al1 poaterior foaaa with elong&tion of 

the fourth ventricle would e .. ily explain failure of the 

pontine flexure to develop. 

us, the considerable diaplac:ement of the cerebellar 

lobules into the cervic:al c:ane.1 would not be COfflpatible 

with a ccncept of .development ar~eat; the evidence ia 

strongly in favour of this part of the deformity bein. a 
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econdary anif e t t ioo,,. I h ve also referred to the 

occ ional occurrence of the 11split" ce,:ebellu and other 

abnor al fi surin on the uper1or surface of the cerebel1 • 

It has b n ho that th e change• represent p rt of a 

continu of cer bellar chan e and i not an isolated ano aly . 

r i no counterpart £or this an aly in any of the t es 

of nor al cere 11 r develop nt. 

ri a prop d by illi ar b ed on the assumption 

that the hindbrain alfor ation develops at, or oon after , 

birthi this, ho ver, i negated by the f ct th t the 

lfor tion i a1re y well establish d at irthj (one of 

the tillborn neonates in this eriea had a sever de.for ity 

in which the cerebe11 xtended S.4 cm. into th cervical canal). 

Moreover, it is well known t h t the d formity occurs aa an ent ity 

in early prenatal life. Willi t ory i bas don the idea 

that cerebropsinal fluid by- aase the alformati ~ caudal­

ceph d direction, a concept which he upport with intraapinal 

and intra-ventricular prea ure studie during crying, feeding 

and oth r n onat 1 ove e.nts . It is difficult to envi e 

thi dir ction of cerebro pinal fluid fl , especially in the 

pr sence of severe lfor ations; 

to accept this idea in thos cases 

rb bic roof. 

it is, of cour e, impossible 

ith · perforation of the 

1be hindbrain tructures are someti e ily di lod ed 

u ward through the for en magn in the post orte tate 

using 11 ht digital pre sure; tbis could easily lter 

intr ventricular pressure without nece ari1y ltering 
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intraventriculd fluid vol e. 1 would suggest that cephalad 

displacement of hilldbrain 1ec:fflda.ry to raised intraspinous 

preaeur consequent upon crying and other anoeuvree in the 

neonate would account for tbe pr •• r changes reco.rded by 

William i t e presence of the hiftdbrain alfor11tation. 

Certain difficulties in accepting the 0 overgrowtb theory" 

as av lid concept have already be n aentioned. Barry and 

colleagues C 19.57) believed that th cerebellua ••• hypoptaa.tic 

at birth and explained this on the baaie of a di£ferential 

growth between cer bl'UII and eerebellu during the latter part 

of intrauterine life. Preauaably he 111 ant that ov rgrowtb of 

cerebru ccmpreae•d the cerebellUIII to the extent that the 

latt r, in epit ol intrin ic overgrowth, appears hypoplastic: 

at birth. However, if the cerebellar defoniity were due to 

neural overgrowth, one would expect the longer cerebellar 

"tails" to occur in those cereb 11WDS which are heavier. 

However, tbia doea not appear to be the caae #hen the data in 

Figure 4 i considered. 

Another criticism ol this theory ia the paradox between 

the s 11 po teeior ioeea and neural overgrowth of the 

hindtrain. Barry' s description of the hindbrain malfor•ation 

in a young foetus suggests that neural overgrowth nst have 

commenced at an early ate.,e, that is, before migration of the 

transverse sinuses is C011Jplete; surely such over rowth would 

inevitably result in a migrational arrest of the venous sinus 

and c paratively 1ar,e posterior fossa. 

It is perhaps ti ly to redeecribe the aequ nee which 
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re ults in the vem n 0 the cer 11 .r:ior 

£ossa b ed prop ed new concept o i • 

uggested by dner. there 

ventricul r re ure due t 

i SU 

ru. tu 0 t 

in i tra­

neur u e (uaually 

t the c udal end); thi results in an rin 

effect, foll ed by xagger t d p t rior · ration of t e 

tr ver e sinus. This lea to 

The cere llum now grows within 

1 

Cereb 11 r or holoay it lf i pr ba y in 

this ata e. 

Due to one of the rea on given ove, 

fo 

ined space . 

• 

lly alter at 

outt v o ricular 

exit for in f i1 to develop ; h cen r can of th c:or , at 

first p tent, bee es ina.d quate as an ef ectiv fistulous es cape 

f or cerebro pin 1 fluid fro the ven ricula.r 

b relat d to t e develo. ent o t e "ldn ... .:n ° 

dullary Junction . Iner ed res ur 

ventricle results in diverticul 

unperforat d rho bic roof . 

(cy t) f 

diverticu 

• ght 

cervico-

t e four t h 

i onl y ab to 

extend in a caudal direction; the re lt · tr tion on the early 

p nat l v ntr lobules - there i elon tion oft e ull y 

el and nodule with proportion l displ ce nt o the l terally 

placed flocculi . 

Varying de rees of fourth ventricul n occur ; hia 

i s probably mainly because of crowdin o hindbrain s ructure in 

t he 11 posterior foss but 1 o due to ourth entricular 

e longatiat. Forebrain hydrocephalus i compou ded. The idbrain 

beco compres ed be een disten ed th -·d vent r icle and 

cerebell ; thia "concertina ffect" cauaes beaking of tbe 

...... ./165 



- lb.S -

midb ain i th distortion of the aqueduct; ob t r uction would be 

potentiate at this level but this es to be unc ( 

l 7 ). truction to the £1 of cere ro · nal luid within 

the fourth ventricle my be minimal or ab nt, in hich case the 

by oce us is c unicating in ty , pro ·ded that the 

for ina are patent. 

Gardner su cested that t e · perforate rh bic roof micltt 

ru ture durin the process of birt. ever, any c es in this 

no evidence of cysts or their remnant, al though it 

is po s·b1 that they~ pht h e exit d 11 before i rth; 

re orption of resid l mbrane foll ing early rupture is possible • 

.Anot er theory is that ourth •entricu1 extension into the 

the edulla in c ses ( yr·n l>ulbia) could• in 

t e 
' 

v prOduced the same effect su ge ted for these cysts; 

th th th fo ina re im r!or te or obstruc ted. 

u=·~•"er, syrin ob lbia was not -ery c on and it i ore likely 

elop and rupture dif erent times inutero this 

uld ccou t or t e ide vari tion int cOfflplexity of the 

deformit· • 

id variation in the ro m r olo oft e cerebellum 

ed; it i su~ sted tA t t e milde types were 

pr b bly s ilar to them lfor 

tee i o s e e •idenc 

is therefore lie 

t on een ··n t e adult, for which 

c n nit 1 or· in. The 

to be re ate n the e adult 

cases rf or te rh ic roo and o cer be 1 ar deformation 

e u ual and internal hydrocep alu is lso so times seen. It 

•ould th t neural tube rupture is note senti 1 f r the 

pat o enesis of thi mid deformity. Gardner su ested that, 
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in the ca e, t he per eability of the rh l e roof durin 

early fo tal l ife is only p ti ly di urbed. 

di ten ion , 1tho h not u ficient to rupture t e neural tube, 

would be uff i c i ent to uce e de e of foet hydr ce alus; 

t e ture hindbrain could be caudally i placed o t hat the 

future ci ter a.gna i reduced; t the sp ce nece aary for 

ran di ten ion and basal for not 

av ilabl e . e ydrocephal s, , beco e C pe sated, 

but m y be reactivated a.t r e. 

it re rd to at th c nclu ion of t is etudy 

Y e 

caudal 

fol ( ee l gure 65): the early lesion 

i 

ear l y ne ral t u • 
' 

ent of hindfn! in foll 

in ccordance wit 

rupture ol the 

er • t eory , this 
... 

r uptur i con uent upo e arl y n u tube di ten ion to 

some disturb in the 

is arly i p ce nt 

ability o t e pr".itive r o bic roof . 

y i d d us a y jus t auff icient 

to obl · te ci ter a a; t 

ve e to the more ca 

the mi r tia'l ft e tentor 

this etermi t e 

i tulou escape of cerebro ina! oi 

1 or ina t her fore 

pos i tion o t cerebell 

re ter than normal; 

Ventricular- iotic 

1· · ted tot early 

art ft e de el ent o the ma form tion ut ecanes 

pro res i vely l e eff.ectiv. 

econ ydr ce alu C nee e o the 

of the r om ic roof; the infer · or me di t nds 

c a ly t o fo cy tic " C et". i re ults in 

tio - tr ction sy te . t early entr 1 ules e long te ' 
i exp nslon o t he me ary el an elongation of the nodule . 

• 
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Figur 6S 
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'rhombic roof 
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narrowin& of aqueduct 
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int r-relat d foetal ev tac ain t cerebellar 

11 lfol'llation. 
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0 cyst" ruptures, pre um bly t aryin st es in the 

de elo nt of the deformity net traction on the cerebellum 

Thi t e in the gene of the defor ity is 

r. oci t d ith elongation and narr in of the fourth 

entricle; ~ome degree of aqueductal narro ing due to di tortion 

of th idbr ·n is so to bee cte • 

rin the second trimest r cer bellar rowth is slow but 

cont t; howe er, there is prob bly no, or ery little, 

rg nee of cerebellar ti sue bove the tentorium cere 11!, 

the 1 tter being probably hypo 1 tic tan early sta e . 'Ibis 

t ntori 1 exit i blocked by the hydroceph lie occipital lobes 

and th re ult is development oft cerebell in all, 

ri id, nly bony compartment. 'lbe or an ppears to grow into 

its lf, producin aberrant fissures 

'nle rowth spurt of the organ c 

inly on the upper surface . 

ences at the end of the 

second tri ter; · this gro th i ob tructed int 11 

po terior fossa. Both the infra.for in 1 p t of the 

cerebellum and the ortion above th for n gn are 

d pre eure and isch emi; the result is necrosis d 

trophy of the more caudally placed 1 ules. 
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Piqre 66 

Compcnent Forces Acting in l>efonaing th llua 

'tc 

. .. 
D 

A - t e influ nc of for brain rocephal , which is a 
relati ely late fo tal ev t. 

u ard, 
pr illar i1 y 

C - early c clal diaplac t of the cer Uua, probably 
neural tu • 

D • 

occurri a t tiae f ru ture t 

nr•,v•ontion of inward rotation of inferi cerebellar 
• secondary to persist c of th r oabic roof aald 
l or ab ent baa ciat m. 

- el ati of the ly ntral 1 u ; l followe 
failure of perforation of t basal for•ina, cerebroapinal 

u ation forces, cyst £0 ati c al traction • 
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y WU! 

condi ion of tbe neural arc ee. n e put this te baa been 

1 
DA oa;tJL'r. • unn•e coaditlo o the neural -cbta. 

•Pinal cor ie ueua.1ly nontal. only iaibl xterna1 

aboo,: ality aay be 1ocal1aed 8\lper£ic,1a1 s oefecta. 

- apift& bliida ia accaapanied b-y herniation o.f the 

aeningea out of the spinal canal. 
-~ 

directly on tbe aurf ace or covered by normal o.c abno.r al akin. 

e cord r•aina within th spinal caoa , but aay ehow riety 

of aa1£o ationa. uer than ••Dina y loc:;ele, and .fected 

child&' n bav a auch better protJnoaia. 

lmlLOOU.E - an area of uncloaed neural pl Ill la ex:poae at the 

site o e •Pilla 1:>ilicta. 

.................. L .. ocn& __ ....... .. a aye1oce1e ich haa becOtM ecur over 

epitbelialiae soon after bit'th. Garclfter (1968) prefer• 

to te aye1oce1e .ratbel' tb.,, aenin1C19ye1ocele cause be 

neural ttaa\le conatitutea tbe pl'i.aary co ent of the aac. 

R 

witb pirla bifida (racbia ia th . Greek word spinal co11111n). 

achiachiaie. ia tbe.refor:e aore ayn y,aoua with myelocele • 
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hydrocephalus in idl t re ie no e re I of c r b1o inal f lu.i.d 

from t even ricle into t aubiu: c oid c.es . 

and t sub-free c ....... -~~ 

arachnoid ap ce. 

b twee t • t,:icular 

Cl . aica11y occur 

ol cer brospinal fluid or en r -

over-prOduction 

orptive surfac over the 

cerebral surfaces are obliterated. 

f th •k.ull , 

u u ly in tbe midline; alaoat alway ace by pro r:uaion 

of ninaea, c taining fluid or n ral tisa • Tbe for•r ua 

u ually own u cranial n oc 1 • e latter encepbalocele • 

.Bxencepbaly (ayn. encercephalu•) ia a bro er tera which 

en aaee both th s co iti • 

.............. ..;;;;;;~ .... ov r-du sion cd th c ntt'al c al o£ e apiaal 

cord. 'lb c: tral canal u• ally cloae1 late in iAt ra-ut eriae 1.Ue. 

tn tt,e pre ence of 1'flmtricul .. " bydrocep lu. inadequate 

penaeability of t e rbollb~ r .£, central canal bec<nes 

diaten !th c rebroapin.al fluid ; aoat likely to occur wit.II 

£ailure o£ th baaal tor.-Jna to tor • 
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§!m!QE!mllL:,!I!A ... a localia diat n !o of t central canal . 

'lbe ayrinx undergoes progresai e enl t ca e 

cer brospillal fluid continues to ent r. 

DIAS mt'YELIA ... a locaU. ed plication o! the epinal cord 

ated by tissue deriv £r 

tlaau .. 

.;.;;;;,;;;.;;...,;;;.;. ... I;;;.aA - ( ayn. crani stra. luck nae .. 1, tu:unar 

• 11 ty) , these are locali are of bony aplaaia 

involving t calvari: ; t to sap ar rill 

t fir t 2•3 aon .tter birth. G dne.r (1965) llevea 

the c to be pre 1111.are on t by over-distended 

cerebral III tle . 

the do 

abltormal!ty racterlaed by 

no1111oua dilatation oft e fourih tri~l with a paration IU1d 

n,oplasi of the cerebellar spbu • at og ne ia is 

diecus ed in the text . U ually aseociat d wit h forebrain 

hydl'ocephal rforation of rh bic roof . 
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ath 

1 / 2 • 
S2 /7 ? 

3 /7 s. 
1sn ? 

? I 
3112 . ., ' 

? sn . 
14/52 ? 
2/12 

1 i/7 
1S/7 

/S2 
152 1 

1 /7 s. and P. 
6S ') ' T. tho ax 

/7 • 
15/7 • 
13/7 s. 

? 3/52 V 
"N 6 19/7 
71 5/52 
73 Pr 14/7 
73 ? 3/7 
74 'I /52 v. • 
7 L / 2 • 
7 1/12 ? 
77 34 2/ 2 
78 ? IS 
7 42 2/52 

44 2/5 
3/52 e iratory infection 
2/12 

) -
M. C.A. 

1 r . 
/7 

? T/L 2/7 coni aspiration 
T/ 1/ 

41 .5 L/S / 2 ? 
T/L 12/7 r it ltia 

91 i ? 'I 1n ... . . . 
92 3 ? 'IL /5 ? 

? L /12 Intracardiac 'lbro o• i 
3150 'I 22/7 v. 
• s T/ 4yr . .en l f ilure 

10/1 
L S/1 ? 

97 38 L 2/S v. s. 
? T/ S l /12 c .I/C. •ten ion 

Pl' /. 3/ 2 
1 T/. 6/ 7 . 
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Appsndix l Contd.) 

In several cases the ediate cause 0£ death was difficult 

to tain. lbese cases were usual! y ~esarded as belonging t o 

Emery ' s type "cot death". In the majority of cases the back 

lesion as operated on within tlv nty-four h urs of birth . 

ally, an infected eningomyelocel , or the severity of 

ssoci ted con enital abnormalities contra-indicated operative 

·nten~ ntion. In several instance the sociated ultiple 

con enital abnormalities ere held to b responsible £or death . 

th due to acute intracranial bypertension usually 

occurr din the older age group and re invariably secondary to 

hunt bloct ge ; this was occasionally the cause of death in the 

youo er unt-treated group. 

Hi to1ogy was perfor d in all cases; this either confirmed 

or permitted a cbang in the initial post mortem diagnosis • 
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Cervical Dislocation of the Cerebellum in Children 
with Meningomyelocele 

S. VARIEND AND JOHN L. EMERY 
Department of Pathology, Children's Hospital, Sheffield, 
SJ O 2TH, England 

ABSTRACT In a study of 100 cerebellums from children dying with 
meningomyelocele, the lobular pattern of the dislocated segment was identified 
and classified. There was a graded variation in the degree of cerebellar deformity 
ranging from complete absence of cerebellar tissue in the upper cervical canal to 
one in which the upper cerebellar lobules were displaced through the foramen 
magnum. Within this range there were 2 instances in which the cerebellar defect 
conformed to that found in the Chiari type 1 deformity, consisting of prolapse of 
tonsillar tissue only. During fetal life the lobular relation in the caudal aspect of the 
cerebellum undergoes considerable change and it is likely that the type of de­
formity present in the cervical canal is closely related to the stage of cerebellar 
development at which the alteration in growth has its inception. The evidence 
presented argues against the defect being of a primary developmental nature. The 
terms "Chiari type 1 deformity" and "Arnold-Chiari malformation" have outlived 
their usefulness and future descriptions of the cerebellum in children with hind­
brain deformities should indicate the shape of the lobules and precise ones in­
volved in the herniation. 

In 1883 Cleland described a congenital 
anomaly of the brainstem in which the 
medulla was elongated, the 4th ventricle 
extended into the cervical canal, the 
midbrain protruded dorsally , and the in­
ferior vermis of the cerebellum was dis­
placed caudally. In 1891 Chiari described 
3 types of hindbrain anomaly associated 
with the hydrocephalus. In his type 1 de­
formity he described caudal extension of 
the cerebellar tonsils and medial parts of 
the inferior lobes. This deformity was re­
stricted to the cerebellum and in no way 
involved th e pons or the medulla 
oblongata. His type 2 deformity, which he 
believed to be a severe form of type 1, was 
described in a girl with meningomyelocele 
and was similar to that described by Cle­
land but in which he also noted a dorsal 
protuberance at the junction of the 
medulla and cervical cord. 

Arnold (1894) presented a less detailed 
description of the type 2 deformity, and 
Schwalbe and Gredig ('07) , working in Ar-

TERATOLOGY. 13: 281-290. 

nold's laboratory, coined the term "Ar­
nold-Chiari malformation" to designate 
the Chiari type 2 deformity. In many in­
stances the Chiari type 2 deformity is com­
pletely associated with meningomyelocele 
and this relation is now well established. 
Russell and Donald ('35) stated that they 
doubted the existence of a type 2 deform­
ity in the absence of meningomyelocele. 
The Chiari type 1 deformity, however, 
may be found in a wide range of conditions 
including cerebral tumors, platybasia 
(Peach, '64), and cerebral edema (Emery 
and Reid, '62). 

In an effort to characterize the type 2 
deformity further , a number of new 
neuroanatomical features have been de­
scribed, and some have been reempha­
sized. These include over-riding of the 
medulla onto the cervical cord causing a 
characteristic kink (Schwalbe and Gredig, 
'07); cephalad course of the upper cervical 
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nerve roots from their points of origin 
(Russell and Donald, '35); low insertion of 
the tentorium cerebelli resulting in a small 
posterior fossa (Penfield and Coburn, '38; 
Cameron, '57); "hypoplastic" appearance 
of the cerebellum (Schwalbe and Gredig, 
'07; Russell and Donald, '35); and ana­
logous malformation of the midbrain 
(Feigin, '56). Certain radiological features 
of the skull have also been reported (Kryff 
and Jeffs, '66). However, it is now evident 
that of these features many may also be 
found associated with the Chiari type 1 de­
formity. For instance, caudal displacement 
of the pons and medulla has been reported 
with acute cerebral edema in children, 
even producing a kink in the region of the 
medullocervical junction (Emery, '67) , and 
the peculiar course of the upper cervical 
roots has also been described with in­
tracranial space-occupying lesions 
(Gardner and Goodall, '50) implying cau­
dal displacement of the pons and medulla. 

However, despite this rather significant 
overlap in features between these 2 hind­
brain anomalies, attempts to categorize 
them into 2 distinct groups have continued 
to gain ground . Peach ('64) drew attention 
to the considerable confusion i the use of 
the terms "Chiari type 1 deformity" and 
the "Arnold-Chiari malformation ," and 
quoted a number of reports in which the 
deformity had apparently been wrongfully 
designated the "Arnold-Chiari malforma­
tion" which were, in fact, examples of 
Chiari's first type. In an effort to clarify the 
situation he stressed the difference in mor­
phology of the cerebellum in the two de­
formities, i.e., herniation of the cerebellar 
tonsils in the type 1 deformity and hernia­
tion of the cerebellar vermis in the type 2 
deformity. 

In Chiari's second report (1896) in which 
he described 24 cases of congenital hy­
drocephalus there were 7 instances of the 
type 2 deformity and these were all associ­
ated with meningomyelocele . Fourteen 
cases were of the type 1 deformity and it is 
interesting that among these there was 1 
case of spina bifida. Furthermore, the cere-

bellar defect of the Chiari type 1 deform­
ity has been reported in a child with 
meningocele, hydrocephalus, and elon­
gated medulla and 4th ventricle (Russell , 
'49). Also, Cameron ('57) described 26 
cases of myelocele and meningomyelocele, 
found 2 cases in which only the tonsils 
formed the cerebellar defect. 

In the original report by Cleland and 
those by Chiari (1891), Lichtenstein ('42) , 
Cameron ('57) , Daniel and Strich ('58), and 
Peach ('65), the displaced segment of the 
cerebellum in the type 2 deformity was 
consistently referred to as "the inferior 
vermis" or "an elongation of the inferior 
vermis." Other authors have referred to it 
as a "tongue-like process from the inferior 
poles of the cerebellar hemispheres" (In­
graham and Scott, '43) or a "tongue of 
variable length consisting of cerebellar 
tissue" (Russell and Donald, '35). We 
thought it useful to record the actual cere­
bellar tissue that had herniated through 
the foramen magnum in a series of 100 
necropsies on chi ldren dying with 
meningomyelocele. 

MATERIALS AND METHODS 

The brain was fixed in the skull prior to 
dissection. The upper cervical canal was 
opened and, with the neck in a midposition 
between full extension and full flexion , the 
distance between the foramen magnum 
and the lowest part of the cerebellum was 
measured with calipers. The fissural pat­
tern and lobular arrangement of the dislo­
cated segment of the cerebellum were 
mapped and photographed. The skull was 
then opened from above and, after re­
moval of the cerebral hemispheres, the 
cerebellum was dissected free. A detailed 
examination was then made with regard to 
the fissural and lobular pattern of the 
posterior surface above the level of the 
foramen magnum. This area was similarly 
mapped and photographed. The whole 
cerebelluilJ was weighed; the results of this 
have already been reported(Variend and 
Emery, '73). The lobules within the herni­
ated part of the cerebellum were then 
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identified in relation to the rest of the 
lobules constituting the posterior surface 
of the organ. In this way we were able to 
confirm or change our initial assessment of 
the lobular composition of the in­
traforaminal portion of the cerebellum. 

The study comprised 100 cerebellums 
from children with meningomyelocele. 
Their ages ranged from birth to 6 years 
and the causes of death varied from pul­
monary to renal complications, ventriculitis 
to shunt crises. Twenty cases had received 
decompression treatment with a Holter 
valve for a period exceeding 2 weeks. 
Detailed descriptions of other deformities 
in the spinal cords of these cases have 
already been reported (Emery and Levick, 
'66 ; MacKenzie and Emery, '71; Emery 
and MacKenzie, '73; Emery and Lendon, 
'73). 

RESULTS 

Our cases were divided according to the 
extent of the cerebellar dislocation 
through the foramen magnum (fig. 1) . 

Group A (18 cases). The horizontal 
fissure was displaced into the upper cervi­
cal canal so that the dislocated segment of 
the cerebellum included the superior semi­
lunar lobules, inferior semilunar lobules, 
biventral lobules, tonsils , pyramid, uvula, 
and nodule. 

Group B (32 cases). All of the lobules 
below the level of the horizontal fissure 

c~ Pb 
t u t 

n 

Fig. 1 Diagramatic representation of the various 
groups to show the pattern of the lobules in the dislo­
cated segment. N, nodule; U, uvula ; P, pyramid ; T, 
tonsil ; B, biventral lobule; I, inferior semilunar lobule; 
S, superior semilunar lobule. 

were displaced into the cervical level. The 
horizontal fissure itself was still above the 
level of the foramen magnum. The dislo­
cated segment of the cerebellum therefore 
included inferior semilunar lobules, biven­
tral lobules, tonsils, pyramid, uvula, and 
nodule . This was the most common group 
encountered . 

Group C (20 cases). The biventral 
lobules together with the tonsils, pyramid, 
uvula, and nodule were displaced into the 
upper cervical canal. 

Group D (14 cases). The tonsils 
together with the uvula and nodule were 
displaced below the level of the foramen 
magnum. 

Group E (2 cases). The tonsils alone 
were displaced. 

Group F (10 cases). No cerebellar 
tissue was found below the level of the 
foramen magnum. In some of these cases a 
close inspection often revealed cerebellar 
tissue approximating the foramen magnum 
from above but there was no displacement 
of tissue beyond this point . Of these 10 
cases, 5 were in the untreated population 
and 5 in the shunt-treated group. 

Minor degrees of asymmetry in the cere­
bellar hemispheres were common so that 
one side of the dislocation often involved 
more lobules than the other . Occasionally 
the asymmetry was more marked ; in 1 case 
the right side showed tonsillar tissue only 
while the opposite side showed displace­
ment up to the level of the inferior semi­
lunar lobules. In this classification the high­
est level was taken into account so that the 
latter case was put into Group B. In some 
cases the infraforaminal lobules were 
clearly smaller than one would have ex­
pected for the age of the child and in com­
parison with the rest of the cerebellum and 
gave the impression of having undergone 
atrophy. This was especially so in the older 
shunt-treated group. In other cases atro­
phy appeared to have resulted in com­
plete, or almost complete, loss of lobular 
differentiation so that any attempt to iden­
tify individual lobules in this region had to 
be abandoned. However, it was still possi-
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ble to determine the level of cerebellar 
displacement as the lobular tissue above 
this level was relatively well preserved. In 
4 cases the entire cerebellum had under­
gone such degeneration as to render them 
totally unsuitable for inclusion in our 
classification. 

In some cases the degree of displace­
ment was so extreme as to include lobules 
of the superior surface anterior to the 
superior semilunar lobules. Among the 
cases in Group A there were 9 in which the 
lobuli simplex were found in the upper cer­
vical canal and 2 cases also showed the 

quadrangular lobules. Such severe cerebel­
lar deformities can only really be appreci­
ated by referring to figure 7, which 
classically shows the fissures of the su­
perior surface passing almost directly to 
the foramen magnum so that the most an­
terior lobules of the superior surface are 
displaced through the foramen magnwn. 

DISCUSSION 

We found a wide range of deformity in 
the cerebellar component of the hindbrain 
anomaly, and the common statement that 
the displaced segment of the cerebellum is 

Fig. 2 Cerebellum from Group A showing the level of indentation of the posterior margin of the 
foramen magnum. The horizontal fissure has been displaced below this level so that the superior 
semilunar lobules are part of the dislocated cerebellar segment, together with the more caudal 
lobules. 
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simply an elongated inferior vermis is both 
vague and inaccurate. In 10% of our series 
no cerebellar tissue appeared in the upper 
cervical canal. The least severe cerebellar 
deformity showed displacement of the ton­
sils only, whereas the most complex de­
formity was associated with displacement 
of the horizontal fissure below the foramen 
magnum so that the superior surface of the 
cerebellum presented in the upper cervi­
cal canal. 

There were 2 cases in which only tonsils 
were displaced; this is compatible with the 
cerebellar defect in the Chiari type 1 de­
formity. These individuals were 3 days and 
31 months old. In each the nodule, as well 
as the other lobules, was easily identified 
and there was no question of loss of tissue . 

It is impossible to explain the more com­
plex deformities of the cerebellum simply 
on the basis of caudal displacement of a 
normal organ through the foramen mag­
num. As reported in the past (Variend, '74) 
the cerebellar lobules of the upper and 
posterior surfaces were displaced dorsally 

and caudally, espectively, Vlhich resulted 
in lobules being more concentrated in the 
caudal end of the organ, this is well illus­
trated in figure 2. Lack of depth of the 
posterior fossa associated with low inser­
tion of the tentorium cerebelli was almost 
invariably present in the type 2 deformity 
and necessitated the cerebellum occupy­
ing a more caudal position relative to the 
foramen magnum. The two factors most 
likely to explain the infraforaminal compo­
nent of the cerebellar deformity are, first 
the displacement of the lobules within the 
organ itself and second the displacement 
of the cerebellum relative to the posterior 
fossa. The complex nature of the cerebellar 
deformity has not been alluded to before 
in any detail , except perhaps by Margolis 
and Kilham ('69) who described a similar 
malformation in hamsters with viral-in­
duced hydrocephalus. Although the cere­
bellar lobules were not specifically men­
tioned they noted that "most of the 
cerebellum was displaced downwards as 
an elongated conical sleeve-like structure 

Fig. 3 A cerebellum from Group B showing the inferior semilunar lobules immediately below the 
posterior margin of the foramen magnum. The more caudal lobul es are relatively compressed and 
lack differentiation. 
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Fig. 4 The posterior aspect of the cerebellum is indented at the level of the biventral lobules 
which, together with the tonsils , pyramid, uvula, and nodule, form the dislocated cerebellar segment. 
The horizontal fissure is displaced about half-way down the posterior surface. 

investing the posterior and lateral aspects 
of the pons, medulla and cervical cord, 
and extending far through the foramen 
magnum." 

In the 10 cases without cerebellar tissue 
in the upper cervical canal, the cerebellum 
was invariably found to be abnormal. Such 
cases could be divided into 2 groups. The 
first belonged to the younger age group 
without shunt treatment. They showed 
compression of cerebellum resulting in a 
squeezing together of the hemispheres 
over the posterior surface so that the nor­
mal depression of the inferior vermis was 
obliterated (fig. 6) and, at the same time, 
the tonsils seemed to approximate the fora­
men magnum from above. There were 5 
cases in this group. The other 5 cases were 
in older children where decompression 
treatment of the hydrocephalus had been 
established for a long time and where an 
additional finding was loss of tissue in the 

caudal aspect of the cerebellum, i.e. , 
lobules had apparently been present and 
had become necrotic. 

It was often impossible to identify the 
individual lobules below the foramen 
magnum without stripping off the pia­
arachnoid and relating it to the lobular pat­
tern of the posterior surface above the 
foramen magnum. It is likely that identi­
fication of individual lobules of the dis­
placed segment of the cerebellum is not 
possible during limited surgical explora­
tion. 

Our results, as well as the results of 
others, show that the cerebellar defect of 
both the Chiari types 1 and 2 deformities 
occur in children with meningomyelocele 
although type 2 deformities are far more 
frequent. In half of the cases without her­
niation the cerebellum closely resembled 
that found in the type 1 deformity, but 
with the tonsils approximating but still 
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Fig. 5 The tonsils, pyramid, uvula, and nodule are inferior to the foraminal indentation. This is an 
example of the cerebellar deformity in Group D. 

Fig. 6 Cerebellum from a child with meningomyelocele without cerebellar tissue in the upper 
cervical canal. The organ is poorly differentiated into hemispheres and the inferior vermis is obliter­
ated. The pyramid is more superficial than normal. 

287 
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Fig. 7 A severe deformity with part of the superior surface dislocated into the foramen magnum. 
The tissue in the caudal part of the cerebellum is atrophied and cannot be differentiated into lobules. 

above the foramen magmun. In cases show­
ing the classical cerebellar defect of the 
type 2 deformity there was marked varia­
tion in the number of displaced lobules. 
We interpret this to mean that they are 
degrees of severity of the same basic 
defect of the cerebellum. 

It is well known that the lobular arrange­
ment of the caudal aspect of the fetal cere­
bellum changes with gestational age; the 
nodule forms the most caudal part at an 
early stage of development . According to 
Langelaan ('19) the flocculonodular lobe 
from which the nodule eventually 
develops is a well-developed structure at 
the beginning of the 4th month of in­
trauterine life, but it soon lags behind in 
development. This "regression" of the 
nodule seems to be augmented by the cau­
dal movement of the posterior lobules sec­
ondary to increased growth in the inferior 
semilunar lobules so that the tonsils now 
assume the most caudal aspect of the fetal 
cerebellum. This transition seems to occur 
over a relatively short time and it is easy to 
imagine that a common insult acting at 
either end of this period could produce 2 
different cerebellar deformities, compati­
ble with the 2 types already described. 

It therefore seems likely that the cere­
bellar deformities described have a com­
mon pathogenetic mechanism which is 
variable in terms of time of onset relative 
to cerebellar development and in its 
rapidity of action, or possibly both. Since 
Chiari's original description these hind­
brain deformities have been traditionally 
classified as Chiari type 1 and the "Arnold­
Chiari malformation" (Chiari type 2 de­
formity), but it would seem from the 
foregoing evidence that these terms have 
perhaps outlived their usefulness from a 
viewpoint of developmental pathology of 
the central nervous system. It would be 
more accurate and certainly more useful in 
future descriptions to record the precise 
lobular composition of the displaced seg­
ment of the cerebellum. In addition such 
graded alterations in the form of the cere­
bellum indicate a secondary rather than a 
primary developmental anomaly. It also 
supports Chiari 's original impression that 
his type 2 deformity is but a severe form of 
his type 1 deformity. 
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The Weight of the Cerebellum in Children with Myelomeningocele 
S. VARIEND, JOHN L. EMERY 

Introduction 
That the cerebellum is abnormal in children with myelomeningocele has been known since the original descriptions of the associated hind-brain anomaly by Cleland ( 1883), Chiari (1891, 1896), Arnold (1894) and Schwalbe and Gredig (1907). The last-named authors were the first to coin the term 'Arnold-(~hiari' malformation. In 1891 Chiari described the anoma­lies of the hind-brain and divided them into four groups:-Type I-shows a variable displacement of the cerebellar tonsils into the upper cervical canal, without caudal dislocation of the medulla. · 

Type 2-shows a variable displacement of the inferior vermis of the cerebellum into the upper cervical canal, with a similar caudal displacement of the lower pons and medulla and an elongated fourth ventricle. 
Type 3-shows a downward displacement o.f the medulla, with herniation of the cerebellum into a high cervical meningocele. 
Type 4-shows hypoplasia of the cerebellum. 

There is now an extensive literature on the subject. While some recent reports have e!Tectivcly dispelled old theories such as traction of the cord (Barry et al. 1957, Emery and Naik 1968, Naik and Emery 1968), others have formulated new theories such as devclor­mental nrrest (Daniel and Strich 1958, Peach 1965). llowcvcr, the question or morpho­genesis remains unscttlc<l. 
The cerebellum has rarely been considered on its own in previous studies, and such an approach could well add information which has eluded a more general approach to the subject. This paper forms the first part of a study of the cerebellum in children with myelo- · meningoccle and is concerned with the weight of the cerebellum and its relationship to the cerebral hemispheres. 

Material and Methods • 
The material came from necropsies carried out by the Department of Pathology at the Sheffield Children's Hospital, and consisted of 60 cerebellums from apparently normal brains and I 00 cerebellums from children with myelomeningocele. Of the latter, 19 had received decompression treatment for hydrocephalus with a Holter valve. The brains for the normal series came almost entirely from 'cot deaths' and were handled as described in a previous paper which reported the weights of cerebral hemispheres in children with myelo­meningocele (Emery 1964). 
The hind-brain structures were removed after fixation within the skull and were then handled in the same manner as the normal brains, care being taken not to damage the pons and fourth ventricle. The cerebellum was weighed after being cleanly divided at the cere­bellar peduncle and along the superior medullary vellum. 

Department of Pathology, The Children's Hospital1 Western Bank, Sheffield SIO 2TH. 
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Most of the children had been well nourished. The mean gestational age at birth of the children with myelomeningocele was 40 weeks ; for the apparently normal children it was 37 weeks. 
Detailed descriptions of other deformities in the spinal cords of the cases with myelo­meningocele have already been reported (Emery and Levick 1966, MacKenzie and Emery 1971, Emery and Mackenzie 1973, Emery and Lendon 1973). 

Results 
The weights of the cerebellar hemispheres of 63 children with myelomeningocele who died before the age of one month are shown in Fig. I, superimposed upon the total range of cerebellar weights of 15 apparently normal children of the same age. There is an obvious reduction in weight of the cerebellar hemispheres in the children with myelomeningocele as compared with the apparently normal controls. · 
The equivalent data for the children over one month of age (with an age-range up to six years) are shown in Fig. 2. This shows the mean line for the weights of the normal cerebellar hemispheres and also distinguishes between the children treated with a Holter valve and those who were not. It would appear that the diminution in the weight of the cerebellar hemispheres seen in the newborn period persists throughout the age-groups surveyed. Fig. 3 shows the relationship between the weights of the cerebral hemispheres and the cerebellar hemispheres over the whole age-range. It is obvious that the ratio of cerebral : cerebellar hemisphere weights in the cases wi.th myelomeningocele remains above the mean of the normal series. This appears to be a constant finding throughout the whole age-range studied, and to ~ unaffected by treatment in the older children. 

gms 
40 

30 

20 

10 

• ' I , • ........ 
1:., .... '·· . le ~.. •• • ' . ,, . . 
•• 

B 1 

• 
2 3 

WEEKS 

• 

4 

• 

78 

Fig. 1. The weights of the cerebellum in children with myelomeningocele dying within four weeks of birth, compared with the range of weights from overtly normal children. 
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The disparity between the rates of growth of the cerebrum and the ce.rebellum is well 

known. The cerebellum grows more rapidly during the first two years after birth; the 

greater proportion of growth occurs during the first 12 months, at the end of which time it 

has reached almost two-thirds of its adult weight. After the end of the first year the growth is 

less rapid, and by the second year the weight of the cerebellum is about four-fifths the adult 

weight (Ellis 1920). 

In contrast; the cerebrum increases in weight more slowly; by the second year the wet 

weight has increased about three-fold, compared with a seven-fold increase in the wet weight 

of the cerebellum (Winick et al. 1970). It is not so well appreciated that there is marked 

variation .in the absolute cerebellar weights at different ages, 30g or more during the first 

three months after birth (Pfister, cited by Ellis 1920). 

The weight of the cerebellum in children has been established by some other workers. 

The results of the study by Blinkov and Glezer (1968) are not very satisfactory, as they were 

derived mainly from hospital material at the end of the last century. Ellis (1920) calculated 

values for the weights of the cerebrum and cerebellum from a smooth curve, based on the 

results of three different authors and involving a large number of children. 

We have calculated an average of the cerebellar weights for males and females which 

Ellis (1920) presented in his table. For this reason we have also calculated our values for 

cerebral and cerebellar weights from a smooth curve. The results of our normal series are 

compared with those of Ellis in Table I. The range of cerebellar weights in our series is / 

somewhat higher than that of Ellis, which could reasonably be explained by the different 

populations studied. As an essentially identical procedure was used with our normal and 

abnormal brains, we have used our own material for local comparison rather than incorpora-

ting outside data. 

· The weights of the cerebellum of the deformed children in our series are uniformly 

diminished, not a single child having a cerebellar hemisphere weight reaching the mean of 

normal in the immediate postnatal period. This finding is markedly in contrast with that in 

the same children when the weights of cerebral hemispheres are compared with the normal 

range. It has been pointed out by Potter (1961 ), and confirmed by Emery ( 1964), that the 

hydrocephalic cerebral hemisphere weight at birth is higher than the mean weight in normal 

children of the same age. In untreated ~ases of hydrocephalus dying before the age of six 

TABLE I 

Cerebellar weights in present series compared with Ellis (1920) 

Ellis (1920) 
Varie11d and Emery (197 J) 

Cerebral Cerebellar Cerebral/ Cerebral Cerehrllar Cer£'bral/ 

weight weight cerebellar weight wei,:ht cereb£'/lar I 

Age (g) (g) weight ratio (g) (g ) welghl ratio 

Newborn 367 21 17 ·5 340 20 17·0 

2 months 471 34 13 ·9 520 40 13 ·0 

4 " 
565 48 11 ·8 620 62 10 ·0 

6 " 
662 60 11 ·0 738 82 9·0 ' 

9 " 
765 76 10·0 833 98 8·5 

12 " 
827 86 9·6 852 104 8·2 

18 " 
922 98 9·4 935 110 8·5 .. 

24 .. 1000 106 9·4 1018 117 8·7 

8-14 years 1231 129 9·6 1543 147 10·5 1..-

(6 yrs) ,_ 

1, 
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months, there appears to be a suppression of growth of the cerebral hemispheres, as deter­

mined by weight. In the untreated cases who survive for more than 18 months, the hemi­

sphere weight approaches the normal range. 

The weight of the cerebellum in the older children in our study is uniformly diminished in 

comparison with the normal range; even in children over the age of three years the weight 

does not approach the normal range. It would appear, therefore, that in children with 

myelomcningocele there is a consistently different weight pattern of the cerebellum com­

pared with that of the cerebral hemispheres in the postnatal period . When the ratio of the 

weights of the cerebral hemispheres to the cerebellum is considered (see Fig. 3), it is seen that 

the greatest disparity lies in the immediate postnatal period, and that after about six months 

of age the ratio stabilises at a level just above the mean of normal. No difference was 

observed between the ratios of children who had been treated by Holter valve decom­

pression and those who had not. 
It is only possible to interpret these data in a very general sense, as many of the children in 

this study died from different causes- pulmonary or renal crises or shunt blockage. The 

reason for the diminution in weight of the cerebellum has not yet been elucidated. Russell 

and Donald (1935) and Schwalbe and Gredig (1907) have referred to the cerebellum as being 

hypoplastic, but whether this is due to necrosis of particular lobes that have herniated out of 

the posterior fossa of the skull, or to general growth arrest, or to vascular and ischaemic 

changes within the substance of the cerebellum will be the subject 9f further study. 

SUMMARY 

The cerebellums were removed and weighed from 100 children who had died with 

myelomeningocele and from 60 apparently normal control children who had died from other 

causes. 19 cases with myelomeningocele had received Holter valve decompression treatment 

for their hydrocephalus. The weight of the cerebellum in the children with myelomeningocele 

was uniformly diminished in the immediate postnatal period in comparison with the control 

group. This was in contrast with the· weight of the cerebral hemispheres, which have been 

shown to be increased above the normal range at the time of birth. 

Decompression treatment of hydrocephalus, even over a long period of time, had little 

effect in increasing the weight of the cerebellum to the normal range, which again differs 

from the findings for the cerebrum. The ratio of the weights of the cerebral and cerebellar 

hemispheres was above the normal ratio and this relati'lnship is maintained despite pro­

longed treatment of the hydrocephalus. 

RESUME 

Poids du cervelet chez des enfants presentant un myelomeningocele 

Les cervelets de 100 enfants !llOrts avec un myelomeningocele et de 60 enfants apparem­

ment normaux morts pour une autre raison ont ete preleves et peses. Parmi les enfants 

atteints de myelomeningocele, 19 avaient beneficie d'un traitement decompressif pour 

hydrocephalie. 
Le poids du cervelet chez les nourrissons avec myelomeningocele a ete trouve invariable­

ment plus bas que le poids moyen chez les enfants normaux de meme age. Ceci est en 

opposition avec lcs donnees concernant le ccrveau, qui a ete montre pesant davantage chez 

les enfants atteints de myelomeningocele que chez les enfants normaux au moment de la 

naissance. 
Le traitement decompressif de l'hydrocephalie, meme sur de tres longues periodes, agit 
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peu pour accroitre le poids du cervelet chez Jes enfants avec myelomeningocele jusqu'au 

poids normal, bien qu'il y ait des indications que le poids du cerveau chez ces enfants plus 

ages tende a se situer dans la moyenne. Parmi Jes sujets atteints, le rapport des poids des 

hemispheres cerebraux et cerebelleux est au-dessus de la moyenne que l'enfant ait ou non 

re~u un traitement prolonge pour hydrocephalie. 

ZUSAMMENFASSUNG 

Das Klein/rirngewicht bei Kindern mil Myelomeningocele 

Die Kleinhirne von 100 Kindern, die mit Myelomeningocele gestorben waren, und von 

60 Kindern, die an anderen Ursachen verstorben waren, wurden herausgenommen und 

gewogen. 19 der l(jnder mit Myelomeningocele hatten eine druckentlastende Behandlung 

wegen Hydrocephalus erhalten. 

Das Gewicht d·es Kleinhirns bei den Neugeborenen mit Myelomeningocele war konstant 

niedriger als das Durchschnittsgewicht bei gleichaltrigen normalen Kindern . Das steht im 

Gegensatz zu Untersuchungen Uber das Grof3hirn, die zeigten, daf3 das Gewicht bei Kindern 

mit Myelomeningocele hoher liegt als bei normalen Kindern zum Zeitpunkt der Geburt. 

Druckentlastende Behandlung des Hydrocephalus sogar Uber langere Zeit lief3 das Gewicht 

des Kleinhirns bei Kindern mit Myelomenrngocele nur geringfiigig bis inncrhalb des 

Normalbereichs zunehmen, obwohl es dafiir Beweise gibt, daf3 das Grof3hirngewicht bei 

diesen alteren Kindern wieder die Tendenz zeigt im Normbereich zu sein. Unter den betrof­

fenen Patienten war der Grof3hirn/Kleinhirn-Gewichtsquotient Ubernormal, gleich ob das 

Kind eine langere Hydrocephalusbehandlung bekommen hatte oder nicht. 

RESUMEN 

El peso de/ cerebelo en nifios con mielomeningocele 

Se extrajo y peso el cerebelo de 100 niii.os que habian fallecido con mielomeningocele y de 

60 ninos aparentemente normales que habian fallecido por otras causas. De los ninos con 

mielomeningocele, 19 habian recibido un tratamiento descompresivo por hidrocefalia. 

El peso del cerebelo en los ninos recien nacidos con mielomeningocele era invariablemente 

mas bajo que el peso medio de ninos normales de Ia misma edad. Esto esta en contraste con 

los hallazgos respecto al cerebro, que se ha visto que pesaba mas en ninos con mielomenin-.. 
gocelo que en nifios normales en el momento de] parto. 

El tratamiento descbmpresivo de la hidrocefalia, incluso durante largos periodos, hizo 

poco para aumentar el peso de! cerebelo en los nifios con mielomeningocele hasta alcanzar el 

peso normal, aunque hay evidencia de que el peso del cerebro en estos ninos mayores 

igualmente tiende a estar dentro de! margen de lo normal. Entre los pacientes afectos, la 

relacion entre el peso de los hemisferios cerebrales y cerebelosos estaba por encima de lo 

normal, tanto si el nifio habia recibido un tratamiento prolongado por hidrocefalia como 

si no. 
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The Pathology of the Central Lobes of the 
Cerebellum in Children with Myelomeningocele 

S. VARIEND JOHN L. EMERY 

Introduction 
Chiari (1895), in his description of the types of deformity of the cerebellum, drew the 

important distinction between the deformities seen in adults (distortion and dislocation of 
the tonsils), and those in infants associated with myelomeningoceles (distortion and hernia­
tion of the central lobes). The latter is related to the fact that the central lobes of the 
cerebellum develop before the lateral lobes and it is likely that the movement of the central 
lobes forms the key to the understanding of most of the cerebellar abnormalities associated 
with myelomeningocele. 

We thought it worthwhile to make a detailed study of the changes that occur in the 
central lobes of the cerebellum, and this report concerns a detailed study of the lesions found 
in a series of 100 children with myelomeningocele. 

/Material and Method I 
The material comprised 100 cerebellums from children with myelomeningocele, being a 

random series coming to necropsy at the Children's Hospital, Sheffield. Detailed descriptions 
of other deformities of the spinal cord and of the medulla from many of these same cases 
have already been reported (Emery and Levick 1966, Mackenzie and Emery 1971, Emery 
and Lendon 1973), as have the weights of these cerebellums :as compared with normals 
(Variend and Emery 1973). The ages of the children varied from birth to six years. 24 of the 
children had received decompression treatment for the hydrocephalus by means of a Holter 
valve for periods longer than two weeks. The causes of death varied from renal and pul­
monary complications to ventriculitis and shunt blockage. 

) 

After fixation of the brain within the skull, the uppe_r cervical canal was opened and the 
distance between the foramen magnum and the lowest part of the cerebellum was measured 
with calipers. The skull was opened from above and, after removal of the cerebral hemi­
spheres at the level of the cerebral peduncles, the hind-brain structures were removed and 
the cerebellum was dissected free. Theiobes were identdied and mapped out m relauon to " 
the foramen magnum, and t e cerebellum was separated from the pons. Each cerebellum 
was then bisected in the mid-sagittal plane. The midline lobes were photographed and 
identified and a gross assessment was made of compression, necrosis and loss of tissue in 
different lobes. A midline sagittal block was taken from the right half of each specimen for 
histology and microscopy. The midline photographs and histology of the midline sections 
were collated and a survey was made of the state of each of the six main lobes of the 
cerebellum, i.e. the central lobe, the culmen, the declive, the pyramid, the uvula and the 
nodule. 

The lesions found were classified in the following way. The presence of haemorrhagic 
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necrosis and recent liquefaction of brain tissue with phagocytosis was termed 'acute necrosis' 

(both recent and old haemorrhages were included under this heading). Cases in which the 

brain tissue was not grossly disorganised but where there was loss of cellular elements and 

apparent atrophy of tissues, we termed 'long-standing necrosis'. We noted a variety of 

abnormal structural formations in tissues particularly related to the nodule, and in the 

central areas related to the inferior velum. These areas have been described by others as 

'heterotopic folia' (Peach 1965) and 'internal microgyria' (Crome 1952). The essential 

features of these abnormalities seemed to be an abnormal arrangement of the tissues in their 

local growth, therefore we used the more conventional term of the developmental pathologist 

and classified them as dysplasias. 
Calcification and old haemorrhage were usually confirmed by special staining techniques. 

An assessment was made of the proportion of Purkinje cells that had been lost; this was based 

on a scan of the Purkinje cell layer, on our knowledge of the normal variability in these parts, 

and on the values of the most normal part of the cerebellum under study. In most cerebellums 

there were small areas of relatively normal cerebellar cortex, if not in the central lobes then 

in sections from other parts of the cerebellum. 

Results 
The length of the cerebellar component in the upper cervical canal ranged from 0mm to 

68mm. There were 11 children in whom the cerebellum showed no tissue below the foramen 

magnum. Six of these had received decompression treatment with a Holter valve, and they 

comprised 25 per cent of the shunt-treated group. The remaining five children comprised 

only 6 per cent of the untreated group. 
When the weight of the cerebellum was related to the length of the dislocated segment, an 

inverse relationship was apparent (Fig. 1). There was a diminution in the length of the tail 

corresponding to children with larger cerebellums and also in association with increased 

survival time. 
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Acute Necrosis 
Of the 100 specimens, 33 showed histological and gross evidence of acute necrosis (Fig. 2), 

mainly confined to the upper central lobes. Acute necrosis was associated with two distinct 
clinical groups. The tirst group of 26 children were all under the age of one month, 14 being 
between the age of birth and one week, six between one and two weeks, and six between two 
weeks and one month. The second group were six older children with a recently introduced 
Holter valve. The interval between the introduction of the shunt and death varied from one 
day to one week. There was no overlap in age distribution between the two groups. The 
remaining child, who showed both acute and chronic necrosis, had been treated with a valve 
for many months ; the course had been complicated by recurrent blockage and frequent 
revisions, one of which precipitated the terminal «tate. 

Old Necrosis 
Histological evidence of long-standing necrosis was found in all of the 100 specimens 

examined. 13 cases showed diffuse, chronic necrosis which affected all of the lobes. In 
general, the distribution of chronic necrosis was chiefly within the pyramid, uvula and nodule 
(Fig. 3). The principal feature of chronic necrosis was the loss of cellularity of the internal 
granular layer and Purkinje cell layer. These changes sometimes affected very local areas of 
the cortex and were more Liable to affect the ridges of the folia than the deeper interstices. 
Individual folia were frequently affected, particularly in the pyramid, and probably corre­
sponded to areas where the cerebellum had apparently been in direct contact with the 
posterior margin of the foramen magnum or the floor of the posterior fossa. These lesions' 
were similar to those described by Cameron (1957). In a few cases the nodule seemed to 
have necrosed almost completely, there being merely small areas of ependyma and central 
nervous tissue, with ghost-like areas of depopulated cerebellar cortex. Small fragments of 
folia indicated the tissue origin. 

Purkinje Cell Loss 
This was only considered to be significant when less than half the normal population of 

Purkinje cells appeared to be present ; this occurred in some part of the section in 83 of the 
100 cases studied. 

The distribution of Purkinje cell loss is shown in Figure 4 and principally affected the 

Fig. 2. (below) Distribution of acute necrosis in the 1 o o 
central lobes of the cerebellum. 

Fig. 3. (right) Distribution of chronic necrosis in the 
central lobes of the cerebellum. 
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same lobes as did chronic necrosis. However, Purkinje cell loss and chronic necrosis do not 
necessarily go hand in hand and there were a number of cerebellums in which there had been 
extensive Purkinje cell loss with little gross cortical atrophy. 

Dysplasias 
Dysplastic changes, the most difficult to define, occurred in 70 of the 100 cases (Fig. 5). 

About a quarter of the most grossly deformed cerebellums contained a central mass of 
dysplastic tissue lying just above the roof of the fourth ventricle and near the roots of the 
nodule and uvula. This area of dysplastic tissue usually appeared to be caudal or anterior to 
the central group of ganglion cells which were usually present in normal sections from the 
same area. 

The most characteristic dysplastic lesions consisted of irregular masses of Purkinje cells 
and what appeared to be a mixture of internal granular cells and strands and foci of molec­
ular layer tissue. These areas very rarely showed calcification or evidence of old haemorrhage 
and necrosis. We prefer to use the term 'dysplasia' rather than 'heterotopic folia', as this 
tissue is abnormal and there is no true folium formation. 

Cystic Degeneration 
Slit-like cavities occurred in eight midline sections. These were not lined with ependyma 

and occasionally contained groups of lipid-laden cells. 
These cavities all occurred within the folia and showed branching into others. The 

appearance was of a degeneration of the centres of the white cores of the folia running into 
the hilum of the cerebellum, but not necessarily communicating with the fourth ventricle. 
Some of these cysts contained many compound granular cells but none were filled with 
blood. We did not examine serial sections to trace the ramifications of these lesions, but 
from our midline study we were not impressed by their linking with the fourth ventricle, 
nor with evidence of any associated dilatation of the fourth ventricle. The lining of the roof 
of the fourth ventricle in most of these children appeared to be very well organised with 
cuboid and even columnar ependyma. However, this did not apply to six children who 
showed gross dilatation of the fourth ventricle (this finding will be discussed as part of a 
separate study). 
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Fig. 4. Distribution of marked Purkinje-cell loss 
in the central lobes of the cerebellum. 
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Fig. 5. Distribution of dysplastic change in the 
central lobes of the cerebellum. 



Discussion 
Our findings reveal a varying pattern of necrosis, dysplasia and acute degeneration. Most 

of the lesions we describe have already been noted by previous observers, but the purpose of 
this study of a large number of deformed cerebellums was to see if the lesions formed any 
distinct pattern which would help our understanding of the underlying condition. 

The most frequent abnormality was necrosis, chiefly involving the caudal lobes. As will 
be seen from Figure 3, the extent of the necrosis was directly related to the position of the 
lobe. Within the 100 organs examined, there was none with a remaining normal nodule, 
whereas in most cases the lingula and central lobes were probably within normal limits for 
the age of the child. This finding suggests that the deformities within the cerebellum were 
probably secondary and were not likely to be due to any primary general cerebellar con­
dition. The areas of chronic necrosis, while affecting the caudal lobes, were not confined to 
the lobes that were dislocated at the time of death. 

When we measured the extent of the cerebellar herniation into the neck (see Fig. 1) we 
found a diminution with age. Interpretation of these data is not easy, as we are dealing with 
a necropsy series and it could quite justifiably be argued that the longer-surviving children 
were those less deformed at birth. This is undoubtedly a factor, but we have further evidence 
within the skull which indicates that the g~owth of the cerebellum continues in children who 
have either undergone arrest or have been stabilised with Holter valves. The direction of 
growth alters from a caudal to a cranial direction: this can be seen clearly in the way in 
which the cerebellum in older children very frequently herniates upwards through the 
tentorium (Emery 1965). The occurrence of old focal necrosis in the pyramid suggests that 
at an earlier stage this part of the cerebellum was in very firm contact with the foramen 
magnum and that this had later been relieved. Also, in a number of children, we have direct 
evidence that there had been very extensive necrosis of the nodule and, in some instances, 
complete disappearance of this lobe, which seems to be independent of shunt treatment. 
This is illustrated in Figures 6 and 7. 

We believe, therefore, that there is a reduction in the cerebellar dislocation following 
birth. Three factors are involved: (1) the severity of the condition related to mortality; 
(2) alteration in the direction of cerebellar growth; and (3) necrosis and atrophy of the 
herniated tissue. 

Apart from simple necrosis, the next most frequent observation was areas of dysplasia, 
particularly affecting the tissues just deep to the surface of the fourth ventricle and near the 
roots of the nodule, pyramid and uvula. These lesions have been discussed by Lichtenstein 
(1942) and Cameron (1957), and our observations confirm the suggestion by Cameron that 
they are probably not primary developmental disorders but are due to interference with 
cortical development of the lobes of the cerebellum which are growing while being squashed 
into the vertebral canal. These areas of dysplasia are almost invariably associated with 
chronic necrosis of the overlying lobular folia . 

As well as cortical atrophy and necrosis, there are areas in which the white matter of the 
folia have undergone degeneration, forming branchlike cavities within the white matter of 
the folia and, on occasion, forming fairly definite irregular cysts. In his study of 26 full 
cerebellums, Cameron (1957) found such lesions in 54 per cent of his cases. We found such 
lesions in 8 per cent of our single sagittal sections of the cerebellum. In no instance was this 
cystic change associated with normal overlying cerebellar cortex. Cameron considered that 
these cavities communicate with the fourth ventricle. Although we have not done serial sec­
tions to follow the extent of these lesions, our impression is that they are frequently widely 



Fig. 7. Mid-sagittal view of cerebellum from a 
child with myelomeningocele, at age J 8 months. 
Decompression treatment with Holter valve was 
performed at three months. Arrow shows the 
prepyramidal fissure. Although the pyramid 
appears to be comparatively normal, the nodule 
and uvula show marked atrophy and tissue loss. 

Fig. 6. Mid-sagittal view of cerebellum from child with myclomeningocele, soon after 
birth. Arrow shows the prepyramidal fissure. The nodule and uvula are necrosed and 
elongated. The pyramid appears to be comparatively normal. 

separated from a diminished fourth ventricular cavity and that they require further study. 

While frequently there is evidence of old haemorrhage near some of these cysts, their con­

tents rarely suggest that they are caused by haemorrhage. They usually contain, if anything, 

small groups of compound granular cells only and are not lined by ependyma. 

The pattern of acute necrosis in the cerebellum does not coincide with that of chronic 

necrosis. Acute necrosis was found in two groups of children, one consisting of children 

under the age of one month and the other consisting of children who had suffered alteration 

in pressure on the cerebellum following a very recent operation for decompression. 

The drop in cellularity in the cerebellar cortex is the subject of a further study, but the 

more gross Purkinje-cell loss forms a pattern that is undoubtedly related to the chronic 

cortical necrosis. In addition, however, there is probably an over-all reduction in Purkinje 

cells related to the same factors-such as chronic hypoxia or congenital heart disease­

which produce a similar loss in other children. The relatively low Purkinje cell loss in the 

most normal lobes of the cerebellum in our children suggests that the original number and 

distribution of these cells was probably genetically normal. The general counts of the cells 

in the most sheltered lobes of the cerebellum (the lingula, central lobe and culmen) are such 

that we would not normally expect them to be associated with any clinically observable 

cerebellar lesions. 
The results of this study confirm our impression that the areas of necrosis and dysplasia 

found in these cerebellums are secondary and are due to intra-uterine pressure and disloca­

tion, with necrosis of the most caudal lobes of the cerebellum. Further, in surviving children, 
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parts of the cerebellum which have not undergone necrosis appear to be capable of normal 
growth. Our other observations suggest that further damage to the cerebellum is liable to 
occur around the time of birth, and in association with periods of blocked shunt and acute 
decompression procedures. 

SUMMARY 
A study has been carried out of 100 cerebellums from children with myelomeningocele. 

Deformities were present in all to varying degrees. There was necrosis and atrophy of the 
most caudal lobes of the cerebellum, particularly the nodule, and there was evidence that 
the nodule could completely disappear in some cases. 

Following birth and treatment of surviving children, the pressure on the caudal lobes 
diminishes and the surviving and residual parts of the cerebellum, i.e. the more cranial 
lobes, appear to develop in a normal way. Dysplastic areas in the cerebellum seem to be 
secondary to attempts at growth under abnormal pressures. Areas of acute necrosis are 
related to very recent alterations in position and pressure within the fourth ventricle, either 
related to birth or to recent bouts of intracranial hypertension or possibly hypotension. 

The findings confirm the impression that the deformities usually described as Cleland or 
Arnold-Chiari deformity are due to secondary states and are not a primary condition. 

RESUME 
Pathologie des lobes centraux du cervelet chez !es en/ants atteints de myelomeningoceles 
Une etude a ete faite de cent cervelets provenant d'enfants porteurs de myelomeningo­

celes. Des alterations etaient presentes clans tous les cas et a des degres divers; ont ete 
notees en particulier une necrose et une atrophie de la plupart des lobes caudaus du 
cervelet, notamment le nodule ; clans quelques cas, le nodule avait completement disparu. 

Chez les enfants qui survivent a la naissance et au traitement, la pression sur les Jobes 
caudaux diminue et Jes portions subsistantes du cervelet, notamment Jes lobes Jes plus 
craniaux se developpent normalement. Des zones dysplasiques clans le cervelet semblent 
secondaires aux effets de Ia croissance sous pression anormale. Les zones de necrose aigue 
sont reliees a des modifications tres recentes de position et de pression clans le quatrieme 
ventricule, causees par la naissance ou par des acces recents d'hypertension ou d'hypo­
tension intracranienne. 

Ces decouvertes confirment l'impression que les deformations decrites usuellement 
comme syndromes de Cleland ou d'Arnold-Chiari sont liees a des conditions secondaires 
et non primaires. 

ZUSAMMENFASSUNG 
Die Pathologie des Kleinhirnmittellappens bei Kindern ,nit Meningomyelocele 

100 Kleinhirne von Kindern mit Meningomyelocele wurden untersucht. Veranderungen 
unterschiedlichen Ausmal3es waren in alien Fallen nachweisbar. Hinweise auf Nekrose 
und Atrophie fanden sich in den meisten Kleinhirnhinterlappen, insbesondere im Nodulus ; 
bei einigen Fallen warder Nodulus vollstandig verschwunden. 

Bei Kindern, die Geburt und Behandlung iiberleben, verringert sich der Druck auf den 
Hinterlappen und die erhaltenen Kleinhirnteile, d.h. die mehr cranial gelegenen Lappen, 
scheinen sich normal zu entwickeln. Dysplastische Bezirke im Kleinhirn scheinen sekundar 
<lurch das Gr6l3enwachstum behindernden abnormen Druck zu entstehen. Bezirke akuter 
Nekrose sind bedingt <lurch Lage- und Druckveranderungen im Bereich des vierten 
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Ventrikels, verursacht entweder <lurch die Geburt oder <lurch kurz zuvor aufgetretenen 

erhi:ihten oder erniedrigten intracraniellen Druck. 
Die Befunde bestatigen die Vorstellung, daf3 die Veranderungen, die gewohnlich als 

Cleland oder Arnold-Chiari Mif3bildung beschrieben werden, durch sekundare Bedingungen 

entstehen und nicht als primare Gegebenheit anzusehen sind. 

RESUMEN 

La patologia de los l6bulos centrales de! cerebelo en ninos con mielomeningocele 

Se realiz6 un estudio con 100 cerebelos obtenidos de nifios con mielomeningocele. 

Estaban presentes deformaciones en todos los grados variables. Habia una evidencia de 

necrosis y atrofia de los 16bulos mas caudales de! cerebelo, particularmente el n6dulo; en 

algunos casos el n6dulo habia desaparecido completamente. 

En nifios que sobreviven al parto y al tratamiento, Ia presi6n sobre los 16bulos caudales 

disminuye y las partes residuales supervivientes de! cerebelo, esto es, los 16bulos mas 

craneales, se desarrollan de un modo normal. Las areas displasicas en el cerebelo parece son 

secundariasa a los intentos de crecer bajo presiones anormales. Areas de necrosis aguda 

estan relacionadas con alteraciones muy recientes en posici6n y presi6n dentro del cuarto 

ventriculo, causadas bien por el parto o por recientes alteraciones de la hipertensi6n o 

hipotensi6n intracraneal. 
Los hallazgos confirman la impresi6n de que las deformidades usualmente descritas 

como Cleland o Arnold-Chiari son debidas a estados secundarios y no a una alteraci6n 

primaria. 
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