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Abstract. To eva lua te  whe the r  a n a t o m i c  change  o f  the 
r e l a t ionsh ip  o f  the  Chia r i  I I  m a l f o r m a t i o n  a n d  the c ran ia l  
base  was  occur r ing ,  22 ch i ldren  wi th  m e n i n g o m y e l o c e l e  
h a d  serial  M R I  scans reviewed.  A ra t io  (B/A)  was es tab-  
l ished be tween  the d i s tance  f rom the f o r a m e n  m a g n u m  to 
the  c a u d a l m o s t  p o r t i o n  o f  he rn i a t ed  ce rebe l lum (B) and  
the d i ame te r  o f  the f o r a m e n  m a g n u m  (A) and  this ra t io  
was c o m p a r e d  on  serial  M R I  scans.  E igh teen  ch i ldren  
h a d  an  increase  in the  B / A  ra t io ,  two ch i ld ren  h a d  a 
decrease ,  and  two h a d  no  change.  This  indica tes  tha t  
con t i nuous  a n a t o m i c  change  o f  the  Ch ia r i  I I  m a l f o r m a -  
t ion  a n d  the skull  base  is o c c u r r i n g l  Cl in ica l  de t e r i o r a t i on  
in the  o lde r  chi ld  m a y  be exp la ined  by  a c o m b i n a t i o n  o f  
compress ive  and  t r ac t ion  forces  due  to this change.  

Key words: Chia r i  I I  - M e n i n g o m y e l o c e l e  - Pos t e r io r  
fossa  - H i n d b r a i n  dys func t ion  - Skul l  base  - M a g n e t i c  
r e sonance  imag ing  

H i n d b r a i n  dys func t ion  r ema ins  the  mos t  f requen t  cause  
o f  m o r t a l i t y  in ch i ld ren  wi th  m e n i n g o m y e l o c e l e  ( M M )  
[30]. Al l  ch i ld ren  wi th  M M  have  M R I  evidence o f  the  
Chia r i  I I  m a l f o r m a t i o n .  In  the  Ch icago  Ch i ld ren ' s  series, 
a 32% m o r b i d i t y  a n d  an  11% m o r t a l i t y  ra te  cou ld  be 
a t t r i bu t ed  to h i n d b r a i n  dys func t ion .  H i n d b r a i n  dysfunc-  
t ion  was re spons ib le  for  73% o f  all  dea ths  o f  ch i ld ren  
wi th  M M  [30]. 

The  Chia r i  I I  m a l f o r m a t i o n  was first  r e p o r t e d  by  Cle- 
l and  [12] in 1883 and  then  desc r ibed  by  Chia r i  [9, 10] in 
1891. Since tha t  t ime m a n y  theor ies  have  sough t  to  ex- 
p la in  why  the Chia r i  I I  m a l f o r m a t i o n  becomes  symp-  
t o m a t i c  [3, 6, 7, 1 0 - 1 2 ,  21, 26, 29, 32, 4 1 - 4 3 ,  47, 52]. 
Theor ies  to expla in  the  p a t h o p h y s i o l o g y  m u s t  t ake  in to  
accoun t  tha t  n o t  all the ch i ld ren  become  s y m p t o m a t i c ,  
t ha t  once  they  do  deve lop  s y m p t o m s  there  can  be r a p i d  
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progress ive  de t e r io ra t ion ,  tha t  this de t e r io ra t i ng  course  
can  somet imes  be reversed  by  a decompress ive  p roce-  
dure ,  and  tha t  the neona te  a ppe a r s  to have  a d i f ferent  
c l inical  course  than  the o lder  chi ld  wi th  M M  [4, 18, 51]. 
I t  is cu r ren t ly  unc lea r  why  an  o lde r  chi ld  wi th  M M  and  
a func t iona l  C S F  shunt  shou ld  sudden ly  de te r io ra t e  f rom 
s y m p t o m s  o f  a congen i t a l  h i n d b r a i n  m a l f o r m a t i o n .  This  
s tudy  was p e r f o r m e d  to address  this ques t ion  a n d  assess 
whe the r  a n d  to w h a t  ex tent  the  Chia r i  I I  m a l f o r m a t i o n  is 
o f  a s ta t ic  o r  a d y n a m i c  na tu re  in the  o lder  child.  

Materials and methods 

Twenty-two children were selected from 400 patients with MM 
repaired at Children's Memorial Hospital between June 1979 and 
December 1989 and represent the study cohort. The selection crite- 
ria were for all children who had two or more MRI scans performed 
that included their posterior fossa and cervical spine. The initial and 
final MRI scans (n = 44) were reviewed and compared. The average 
interval between MRI studies was 25.8 months (range 11 months to 
59 months). The average age of the child at first study was 4.9 years 
(range 7 months to 11.25 years). 

The MRI studies were obtained for a variety of indications not 
necessarily related to hindbrain dysfunction. The children had MRI 
studies performed after a change of either diminished strength or 
increased tone was noted in their motor examination. Six children 
had either lower cranial nerve difficulties, neck pain, or respiratory 
difficulties. All subjects had functional shunts. This is supported by 
the fact that only two children had a shunt revision, 1 month and 
3 months, respectively, after their last MRI study. 

MRI studies were reviewed blinded for date independently by 
two of the authors (J. M., J. R. ). The distance (B) from the foramen 
magnum to the caudalmost tip of the herniated vermian peg was 
determined on the midsagittal Tl-weighted MR image. A line was 
drawn across the foramen magnum, then a perpendicular line was 
drawn from the foramen magnum to the tip of the vermian peg and 
the distance (B) measured. The anteroposterior diameter (A) of the 
foramen magnum was then measured (McRae's line) on the same 
midsagittal MR image (Fig. 1). The growth rate of the foramen 
magnum of normal children has previously been published [5, 46]. 
The ratio B/A was calculated and compared on serial studies. 

On those scans with accurate scales the anteroposterior diameter 
of the foramen magnum was measured at different ages and com- 
pared to published norms. 



Results 

The anteroposterior diameter of the foramen magnum 
was for the most part larger than published norms but 
followed similar growth curves (Fig. 2). The age of pa- 
tients, interval between MRI scans, and ratio changes are 
shown in Table ~. 

The ratio B/A increased in 18 children, showed no 
change in two, and decreased in two. The monthly inter- 
val change was similar for those children who had an 
increase in the B/A ratio (Fig. 1). 

Three children in our series had a decompressive pro- 
cedure performed in the interval between MRI studies. 

Fig. 1. Ratio B/A established. B, Distance from foramen magnum 
(McRae's line) to vermian peg; A, anteroposterior diameter of fora- 
men magnum 
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Of these three children, the B/A ratio change increased in 
one, decreased in one, and remained the same in one. 

Discussion 

The Chiari II malformation is a congenital malformation 
consisting of multiple CNS abnormalities [2, 7-12, 15, 
21, 28, 41, 42, 47, 52]. These are characterized by caudal 
displacement of the brainstem, IV ventricle and cerebel- 
lar vermis through an enlarged foramen magnum into the 
cervical spinal canal with medullary kinking [35, 36, 38]. 
Cephalad herniation of the cerebellum likewise occurs 
through an enlarged tentorial incisura [36]. The tectal 
plate is often "beaked" and the aqueduct of Sylvius is 
sometimes "forked" [36, 42]. The skull base is malformed 
in that the petrous bone is scalloped and the basiocciput 
is concave. The entire posterior fossa is small with the 
insertion of the tentorium occurring low, often at the 
foramen magnum [13, 22, 25, 27, 35, 55]. 

In addition to anatomically displaced CNS structures, 
much of the CNS is malformed [40-42, 48]. The folia and 
cytoarchitecture of the cerebellum are abnormal. Brain- 
stem nuclei may be absent or hypoplastic. The thalamic 
massa intermedia is often large. Polymicrogyria and par- 
tial or complete agenesis of the corpus callosum are often 
present [37]. 

The neonate has a different clinical course than the 
infant and older child [17, 51] and usually has the most 
severe symptoms of these three age groups. The neonate 
often presents within a week of birth with severe respira- 
tory stridor, apnea, facial nerve paresis, lack of gag reflex, 
and quadriparesis [1, 17, 19, 20, 23, 24, 39, 44, 49, 50]. 
There is often a rapid clinical deterioration which may be 
unaffected by a decompressive procedure. It is speculated 
on the basis of sparse autopsy studies that these children 
have dysplastic brainstem nuclei, which would not be 
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Fig. 3. Monthly interval change (total 
change/interval) in ratio of B/A compared 
to interval between MRI scans 

Table 1. Patient data 

Case Age at first MRI Interval B/A ratios Ratio 
no. between change 

MRIs 1st 2nd 
MRI MRI 

1 8 years 1 month 21 0.50 0.69 0.19 
2 2 years 19 1.43 1.94 0.51 
3 4 years 3 months 31 0.92 0.96 0.04 
4 7 years 24 0.40 0.50 0.10 
5 3 years 37 0.40 0.57 0.17 
6 3 years 34 0.57 0.75 0.18 
7 5 years 3 months 35 0.34 0.58 0.24 
8 2 years 7 months 16 0.75 0.86 0.11 
9 10 years 4 months 35 0.79 0.88 0.09 

10 7 years 2 months 29 1.09 1.20 0.11 
11 3 years 3 months 23 0.92 1.00 0.08 
12 2 years 4 months 38 0.40 0.79 0.39 
13 10 years 8 months 16 0.24 0.32 0.08 
14 3 years 7 months 39 0.81 1.00 0.19 
15 9 years 11 0.63 0.63 0.00 
16 11 years 3 months 11 0.47 0.62 0.15 
17 1 year 6 months 34 0.63 0.87 0.24 
18 2 years 4 months 11 1.02 0.94 -0 .08  
19 6 years 2 months 16 0.41 0.26 -0 .15  
20 7 months 14 0.62 0.64 0.02 
21 4 years 15 0.52 0.52 0.00 
22 16 months 59 0.85 0.91 0.06 

affected by surgical decompression [20, 48]. However, 
Pollack and Pang (unpublished data) have reported dra- 
matic improvement of the neonate with surgical decom- 
pression. 

Clinical series support a difference in outcome be- 
tween the older child and neonate. Pollack and Pang 
(unpublished data) reported on 22 children symptomatic 
from Chiari II malformation. In their study the preoper- 
ative neurologic condition seemed to be a more impor- 
tant predictor of postoperative outcome than age. Al- 
though the neonate and infant did worse than the older 
child, they also presented in worse condition. The 
neonate faired as well as the older child with the same 

preoperative condition. However, although this study 
seems to indicate little difference between the neonate 
and the older child, others more strongly suggest a differ- 
ence. Hoffman et al. [18] reported in 1975 on 16 patients 
who were operated on for symptomatic Chiari II malfor- 
mation. Of the eight infants studied, five recovered com- 
pletely, one died, and two developed meningitis, while of 
the eight older children, seven made a full recovery and 
only one died of meningitis. Bell et al. [4] reported on 19 
children with symptomatic Chiari II malformation who 
underwent surgical decompression. Seventy-one percent 
(10/14) of the infants who underwent decompression 
were symptomatic postoperatively, compared to 0% (0/ 
5) of the older children treated similarly. Venes et al. [51] 
reported on a series of 14 children who underwent surgi- 
cal decompression; of these, ten improved, two had mild 
residual symptoms, and five were unchanged. The study 
showed no difference in outcome between ages. 

Older children often present with swallowing diffi- 
culties, neck pain, nystagmus (and other ocular motility 
problems), increased spasticity, and motor weakness [30]. 
They can also present with vocal cord paralysis, respira- 
tory stridor, and aspiration pneumonia, but this is more 
typical of the infant [19, 20]. 

Several theories have attempted to explain the patho- 
physiology. One theory suggests a vascular mechanism. 
Morley [33] reported two cases of children who at autop- 
sy were found to have medullary hemorrhages. He specu- 
lated that the abnormal anatomy might render the brain- 
stem susceptible to ischemia and that venous congestion 
may play a role. Brainstem and cerebellar infarcts have 
been reported by Cameron [7] in 1957. It has been shown 
by Emery and Levick [14] on post-mortem angiographic 
studies that there is an abnormal descent and looping of 
the posterior inferior cerebellar artery which may render 
it susceptible to compressive injury. 

Congenital malformation of the brainstem nuclei may 
account for their dysfunction. There has been a report of 
an inherited bilateral vocal cord paralysis [16, 45, 53] and 
of a mother and son with Charcot-Marie-Tooth disease 
with bilateral vocal cord paralysis [20]. 
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Fig. 4a, h. Rationale for using a ratio rather than direct measure- 
ments or comparison to neighboring spine, a Assuming no descent 
of cerebellum but continued growth of spine, vermian peg appears 
shorter when compared to C-2. b Assuming equal growth of spine 
and descent of  cerebellum, vermian peg appears unchanged in rela- 
tionship to C-2 despite significant caudal descent of cerebellum 

Vascular injury and congenital malformation theories 
may help to explain the occurrence of  the neonate who is 
born with severe hindbrain dysfunction and who contin- 
ues to deteriorate despite surgical intervention, but  they 
fail to explain the late onset of  symptoms in many children 
and teenagers. They also fail to account for the reversibil- 
ity of the symptoms after a surgical decompression. 

Direct traction on the lower cranial nerves as they 
'course upward through the foramen magnum has also 
been implicated in the pathophysiology [48]. Because of  
the herniated hindbrain contents and crowded foramen 
magnum, the lower cranial nerves are at increased risk of  
compressive injury or traction injury. This may account 
for the autopsy findings of cranial nerve nuclei hypo- 
plasia. Traction injury to the cranial nerves is an attrac- 
tive theory because of the reversibility of  the injury. 
Whereas one would not expect an infarcted brainstem to 
recover, a mild compression or traction injury to the cra- 
nial nerves would be expected to recover once the tension 
was relieved. Traction may account for the lower cranial 
nerve involvement but does not explain the myelopathic 
findings or central apnea. 

It is the general experience that hydrocephalus may 
cause many of  these symptoms and that once this is cor- 
rected, hindbrain symptoms improve [30, 31]. The pre- 
sumed mechanism of  this is of  temporary distention ei- 
ther of  a dilated IV ventricle or syrinx, or caudal displace- 

% + 

Fig. 5. Interpretation of changes in the ratio B/A. A " + "  change 
necessarily means that B has increased since there is no evidence to 
suggest A decreasing. A " - - "  change means either B has decreased 
or A has increased. No change in ratio implies either no change in 
the absolute measurements of A, B or equivalent changes 

ment of  the hindbrain structures from non-communicat- 
ing hydrocephalus. 

Direct compression of the hindbrain at the foramen 
magnum and cervical canal causing neural dysfunction is 
the most plausible theory. Wickramasinghe et al. [54], in 
1968, first reported improvement after surgical decom- 
pression in a subgroup of  these children. Since then, oth- 
ers [4,-18~ 30, 51] .have confirmed his findings, M ullan and 
Raimondi [34] reported that at surgery flexion of the head 
of a patient who has the Chiari II malformation can cause 
apnea, which responds to repositioning, presumably be- 
cause of  hindbrain compression. Just as the neural 
deficits caused by CNS compression from intracranial 
mass lesions are often reversible if decompressed early, so 
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Fig. 6. Continual change in the relation- 
ship of the CNS to the cranial base may 
account for delayed neurologic deteriora- 
tion in the older child with Chiari II 
malformation 

likewise the deficits from hindbrain compression often 
reverse after a decompressive procedure. However, this 
theory fails to explain why this compression should 
develop at variable times, often years after birth. 

Findings of arachnoidal adhesions and sometimes 
"open" CSF spaces at surgery have led some to speculate 
that symptomatology may be secondary to a cervical 
"tethering" mechanism. Just as releasing a tethered spi- 
nal cord improves symptoms, cervical decompression 
may be accomplishing a similar result (Rekate, personal 
communication, 1989). 

Our results indicate that even in the older child, 
anatomical changes are occurring in the relationship of 
the vermian peg to the diameter of the foramen magnum, 
which could explain the late onset of hindbrain compres- 
sion. The ratio B/A was established for several reasons 
(Fig. 4). First, an internal control was necessary to elimi- 
nate the variability between scans performed on different 
machines with different scales and to increase the accura- 
cy of measurements, since scale factors were unnecessary. 
Secondly, simply comparing the herniated vermian peg to 
neighboring bone structures requires many assumptions. 
The spine would have to not change between studies, or 
change at a different rate between studies, in order to 
make any change in the herniated vermian peg notice- 
able, if one were using the spine as the measure of com- 
parison. Thirdly, the child's brain and skull are rapidly 
developing and growing. An absolute measurement may 
simply be reflecting normal growth - not pathophysiology. 

In this study, 18 of 22 children had an increase in the 
ratio B/A between serial MRI scans. An increase in B/A 
means that either A (foramen magnum) got smaller or 
that B (herniated cerebellar peg) increased. We were able 
to show that the foramen magnum in these children starts 
larger than published norms, but grows at approximately 
the same rate. The only other possibility is that B in- 
creased, meaning that the vermian peg descended be- 
tween studies. 

In two children there was no change in the ratio - 
which may indicate no change in growth or that the ver- 
mian peg descended at the same rate of growth as the 
foramen magnum diameter change. In two children the 

ratio got smaller - which probably means the vermian 
peg did not change whereas the foramen magnum contin- 
ued to grow (Fig. 5). 

This study cohort was not necessarily symptomatic 
from hindbrain dysfunction. Some underwent release of 
their tethered cord between or after the MRI scans. Some 
simply improved spontaneously. In one child a shunt 
revision was performed 1 month after the last MRI scan 
and at 3 months in another child. This gives credence to 
the assumption that the changes observed in the B/A 
ratio did not reflect a shunt malfunction. 

Hindbrain dysfunction secondary to the Chiari II mal- 
formation occurs as the result of direct compression of 
the hindbrain structures at a variable age during develop- 
ment. Our study supports the theory that there is a con- 
tinual change in the relationship of the hindbrain to the 
cranial base (Fig. 6). Individual characteristics of the 
child's cranial base and cervical canal along with other 
factors such as CSF dynamics would dictate when the 
child would become symptomatic. Surgical decompres- 
sion is most effective if performed early. Delay may lead 
to irreversible hindbrain injury, perhaps on a vascular 
basis. 

Most of the children in our experience who are symp- 
tomatic from hindbrain dysfunction are evaluated with a 
single MRI and then operated upon and are thus exclud- 
ed from the present analysis. Further study is necessary to 
evaluate whether the child clearly symptomatic from 
hindbrain dysfunction has a more dramatic change in the 
ratio and whether this ratio change can be altered with 
surgical decompression. 
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