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Abstract. CSF-protein profiles of 25 children with acute 
cerebellar ataxia and of 39 children with intracranial 
midline tumours at diagnosis were examined by 
quantitative zone electrophoresis in agarose gel. The 
profiles were compared with those obtained from a 
control group of 86 cases, and those from 61 patients 
with aseptic meningitis and 40 children with bacterial 
meningitis. The data from the latter groups demon- 
strated the CSF-protein pattern of moderate or severe 
disturbance of the blood-CSF barrier (B-CSF-B), 
respectively. The children with acute cerebellar ataxia 
showed minor signs of a B-CSF-B impairment and no 
increase of  y-globulin. These findings point to a slight 
acute vascular lesion. CSF changes indicative of a 
moderate-to-severe dysfunction of the B-CSF-B oc- 
curred in the majority of the patients with cerebellar 
astrocytomas, pontine gliomas, turnouts around the 
3rd ventricle, and medulloblastomas. Therefore acute 
cerebellar ataxia can be differentiated from intracranial 
midline tumours in most. cases by means of CSF- 
protein electrophoresis. A striking finding was that 12 
out of 14 children with medulloblastomas revealed a 
marked increase of 7-globulin. Since in 5 of these cases 
oligoclonal 7-globulin could be detected, this finding 
means local immunoglobulin synthesis within the CNS. 
The marked increase of )/-globulin which almost 
exclusively occurred in association with medullo- 
blastomas allows their seperation from acute cerebellar 
ataxia and the other turnout groups. Quantitative 
agarose gel electrophoresis can be a complementary 
diagnostic test in children with acute ataxia and 
suspected of having a CNS infection, or in cases with a 
negative CT brain scan in which intracranial midline 
tumour is a likely possibility. 

Key words: Cerebrospinal fluid - Protein electro- 
phoresis - Acute cerebellar ataxia - Medulloblastoma - 
Astrocytoma - Pontine glioma 

Introduction 

Acute cerebellar ataxia is a well-described syndrome 
characterized by the sudden onset of severe ataxia, 
often shortly after a non-specific infectious disease. 
Intention tremor, abnormal eye movements (nystag- 
mus), hypotonia, irritability and vomiting are less 
frequent manifestations. It affects primarily children 
between one and five years of age. In most of the cases 
complete recovery occurs within one week to six 
months (Weiss and Carter 1959; Bell and McCormick 
1975; Weiss and Guberman 1978). The CSF is usually 
normal although a mild pleocytosis or a modest 
increase of total protein can occur. The CSF protein 
pattern has been reported to be normal (Weiss and 
Guberman 1978). 

In patients with intracranial midline tumours the 
results of electrophoretic CSF studies by agar gel 
electrophoresis are inconsistent (Wieme 1959; Bauer 
and Habeck 1963; Lowentha11964; Frick 1966; Schmidt 
1968). The introduction of computerized tomography 
(CT brain scan) has brought about a 60% reduc- 
tion in the use of lumbar puncture as a diagnostic 
procedure (Ferry 1980). CT has become the diagnostic 
method of choice since it supplies direct evidence of the 
tumours in the majority of the cases. Usually the in- 
formation obtained from the lumbar puncture does not 
justify exposing the child to the potential hazard of 
tentorial or tonsillar herniation but lumbar puncture is 

0340-6199/81/0137/0049/$01.80 



50 H. Siemes et al.: CSF-Protein Pattern 

A 610 nm 1 ~ /,82 nm 

~ , , 1 , 

0 20 /~0 60 80 100 120 

P1 P2 A[b ~1 cti a-2 &2' ct2" [31 ~'2 "[" 'Y1 "Y2 "Y3 'Y4 

M re[ 

Fig. 1. CSF-protein pattern (absorbance scan 
and the computer generated contributing 
protein fractions) in 11 ~-year-old boy 
without CNS disease. A = absorption, 
Mra : relative electrophoretic mobility, 
P~, P2 = prealbumins, Alb = albumin, 
a~-74 : globulins 
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Fig. 2. Identification of the main single plasma proteins of the 
CSF-phoretogram by the technique of immunofixation electro- 
phoresis (Cawley et al. 1976). The electrophoretic fractions are 
designated according Fig. 1, S = application slot, Mrel = relative 
electrophoretic mobility referring to the distance of albumin 
from the application slot. Several electrophoretic fractions are 
mainly or totally built up by one protein: P~ (prealbumin), 
Alb (albumin), fll and r (transferrins) and 73 (IgG), c~-antitrypsin 
essentially contributes to the c~-fraction, c~2-macroglobulin to 
the c~2 and haptoglobin to ~2'-fraction 

ind ica ted  w h e n  the  d iagnos i s  is u n c l e a r  and  w h e n  

infec t ion  is a l ikely poss ibi l i ty .  I n t r a c r a n i a l  mid l ine  

t u m o u r s  and  the  s y n d r o m e  of  acu te  ce rebe l l a r  a tax ia  o f  
c h i l d h o o d  have  s o m e  s y m p t o m s  a n d  signs in c o m m o n ,  

so tha t  p r o b l e m s  in d i f fe ren t ia l  d iagnos i s  can  arise.  T h e  

pu rposes  o f  this C S F - s t u d y  were  to:  

1. ana lyse  the  p ro t e in  p a t t e r n  in c h i l d h o o d  acu te  cere-  

be l l a r  a t ax ia  in o r d e r  to  e luc ida te  its pa thogenes i s ;  

2. cha r ac t e r i z e  the  p r o t e i n  p rof i l e  in in t r ac ran ia l  m i d -  

l ine t u m o u r s ;  and  

3. c o m p a r e  the  pa t t e rns  o f  b o t h  diseases  in the  h o p e  

tha t  in ce r ta in  ins tances  s o m e  d i s c r i m a n t  fea tu res  

cou ld  give useful  d i agnos t i c  i n f o r m a t i o n .  

Patients and Methods 

Clinical Series 

Lumbar CSF from 251 patients, 3 months to 15 years of age, 
was investigated. Twenty-five children suffered from acute 
cerebellar ataxia of childhood: 18 of these cases were between 
1~./2 and 4 years, 5 between 5 and 8 years of age. The diagnostic 
criteria according to Bell and McCormick (1975) were: 

1. abrupt onset of truncal and gait ataxia several days to several 
weeks after onset of an exanthem or an nonspecific infectious 
illness (19 cases, 1 case each after measles and chicken-pox), 
or no signs of preceding infection (6 cases); 

2. no signs of meningeal irration or increased intracranial 
pressure; 

3. dysmetria, intention tremor, hypotonia, decreased muscle 
stretch reflexes and occasionally nystagmus and slurred 
speech in addition to ataxia; and 

4. normal CSF-findings or only slight elevation of the cell count 
and total protein concentration. 

CT brain scans were performed in 18 children. With the 
exception of one child who transiently showed a hypodense area 
in the cerebellum they were all normal. Ataxia lasted 1-4 weeks. 
In one child it disappeared after 3 days, in two other children it 
persisted for 6 and 10 weeks, respectively. Only one child did 
not have total recovery. 

In 39 children with an intracranial midline turnout CSF was 
examined before any treatment was started. Lumbar puncture 
was performed in the children as a diagnostic procedure when a 
CSN infection was suspected or when CT brain scan was 
negative and/or  when there was no evidence of increased 
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Table 1. Determination of the degree of blood-CSF barrier 
disturbance by changes of the CSF-protein pattern 

Protein fractions Normal range Points 
(%) (x~ + 2 S) 

1 2 
( > 2 S - 3 S )  (>3S) 

Prealbumin (P~) 8.4- 4.0 < 4.0- 2.8 < 2.8 

Albumin 51.9-63.9 >63.9-66.9 >66.9 

fi~-globulin 8.9- 5.7 < 5.7- 4.9 < 4.9 

r-globulin 5.6- 2.8 < 2.8- 2.1 < 2.1 

One further point was added in each case (a) if 321 exceeded the 
normal upper range (>2.4), (b) for disapperance of y4-globulin 
(a microglobulin), and (c) occurrence of additional plasma 
proteins C~a-, C~eA-globulin 

~g= mean, s = standard deviation. For calculation of points, the 
changes of the main secretory type proteins (prealbumin Pl, Z') 
and of the most salient plasma proteins (albumin,/~-globulin) 
were considered most reliable. If relative concentrations were 
between two and three standard deviations of the mean (> 2s -  
3 s) 1 point was given and if the valgues were higher (> 3 s) 2 points 
were given. The deviations scored 1 additional point were due to 
a more severe injury to the B-CSF-B. The maximum possible 
sum of points was 12. changes of most of the a-globulins and 
of y2- and 73-globulin have not been considered, since they were 
equivocal (see Table 2 and text). 

intracranial pressure. The CT-scan was positive in only 21 out of 
28 children on the first investigation. This method failed to 
demonstrate the tumor in some cases of medulloblastoma and 
pontine glioma (3 out ofg,  and 3 out of 6 children, respectively). 

A high proportion of positive results was achieved by angio- 
graphy (36 out of 39 patients). 

The final diagnosis of the brain tumour was made by 
histologic investigation of tumour tissue after craniotomy or by 
radiological findings alone. Thirty children showed an infra- 
tentorial space-occupying mass (medulloblastoma: 14 cases; 
cerebellar astrocytoma: 7 cases; brain-stem glioma: 9 cases) and 
9 children had a tumour located in the region of the 3rd 
ventricle (hypothalomic turnout: 4 cases; tumour of the pineal 
body: 3 cases, craniopharyngioma: 2 cases). 

Eighty-six children without a CNS-disease in whom lumbar 
puncture was performed to exclude meningitis served as con- 
trols. For details of selection of the cases see Siemes et al. 
(1975). 

For comparison, CSF from another 61 children with aseptic 
meningitis and 40 children with bacterial meningitis was 
investigated. The samples were taken on the day of diagnosis. 
During the initial stage of these diseases, the protein pattern of 
moderate and severe blood-CSF-barrier (B-CSF-B), respec- 
tively, disturbance can be demonstrated (Siemes et al. 1980). 

Laboratory Methods 

Total CSF protein was determined by the Biuret-method (Bio- 
chemica-Test-Combination, Boehringer, Mannheim). Quantita- 
tive analysis of the protein fractions was performed in agarose 
gel as previously described in detail (Siegert and Siemes 1977). 

The procedure comprised the following steps: concentration of 
CSF by ultrafiltration in collodion tubes; refractrometric 
estimation of the protein content of the concentrate; application 
of about 40 gg protein to the agarose gel film (8 gg/ml); staining 
of the protein with Amidoblack 10B after electrophoresis; 
photometric scanning of albumin at the wavelength of 482nm 
and of prealbumin and the globulins at 610nm (wavelength 
factor 3.7). The phoretograms were evaluated by means of an 
analogue computer (modified Du Pont Curve resolver 310). 
Gaussion curves generated by the computer were adjusted 
successively to the single protein fractions until the super- 
position curve of all Gaussians fitted the scanning curve. The 
percentage of each proteins (% of total protein) was calculated 
automatically. The relative electrophoretic mobility of the 
protein fractions was determined by comparing their horizontal 
position to the distance of albumin from application slot. In 
children without CNS disease 15 regular protein fractions can 
be characterized in relation to total protein and electrophoretic 
mobility (Fig. 1). Pathological phoretograms were evaluated on 
the basis of the normal protein profile: when necessary, 
additional fractions were introduced. 

Hand-drawn Gaussian curves can serve as a substitute for 
computerized analysis of the phoretograms. The area under the 
curves are measured by means of an integrator curve. With 
some experience the normal and abnormal patterns can be 
differentiated by visual inspection. 

Most of the proteins that build up the different fractions of 
the phoretogram can be identified by immunofixation per- 
formed after standard electrophoresis by layering the antiserum 
over the agarose gel (Cawley et al. 1976). The analysis of 20 
pooled CSE-samples is shown by Fig. 2. 

For determination of the degree of B-CSF-B disturbance, a 
scale from 0 to 12 was applied (Table i). This scale was based on 
the sterotyped deviations of the protein pattern in a case with a 
lesion of the B-CSF-B (Siemes et al. 1980). 

Results  

A) Acute Cerebellar Ataxia 

Ten ou t  o f  the  25 ch i ld ren  wi th  acu te  ce rebe l l a r  a t ax ia  

s h o w e d  a s l ight ly  e l eva ted  C S F  cell c o u n t  (8 cases 

4 - 5 0  cells, one  chi ld  93 cells, one  ch i ld  160 cells p e r  

ram3). In  3 cases to t a l  p r o t e i n  c o n c e n t r a t i o n  was ra i sed  

( 4 1 0 - 9 0 0 r a g / i ,  n o r m a l  1 0 0 - 3 5 0 r a g / I ) .  Fig.  3 shows  

the changes  o f  C S F - p r o t e i n  f r ac t ions  in a chi ld  wi th  

acute  ce rebe l l a r  a taxia .  The  prof i le  in all ch i ld ren  is 

c h a r a c t e r i z e d  by  s ign i f ican t  c h a n g e  o f  8 f rac t ions :  s l ight  

decrease  o f  p r e a l b u m i n  (P0,  c~1-, c~2'-, c~2"-, f12- and  71 

and  74-globulin and  m a r k e d  e l eva t ion  o f  a l b u m i n  

(Table  2). H o w e v e r ,  these  dev i a t i ons  m e a n  o n l y  a 

m i n o r  a b n o r m a l i t y  i f  t hey  are  c o m p a r e d  wi th  the  

changes  o b s e r v e d  in the  ch i ld ren  wi th  acu te  asept ic  o r  

bac te r ia l  men ing i t i s  w h o  d e m o n s t r a t e  the  respec t ive  

p ro te in  pa t t e rn s  o f  m o d e r a t e  o r  severe  B - C S F - B  

d i s tu rbance .  E x c e p t  fo r  the  pa t i en t s  wi th  acu te  m e n i n -  

gitis, there  was no  e l eva t ion  o f  c~2-globulin (ma in ly  bu i l t  

up by  the  large  p ro t e in  c~2-macroglobulin)  and  of  73- 

g lobu l in  (cons i s t ing  o f  I g G ,  see Fig.  2). 
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Fig. 3. CSF-protein profile in a 3-year-old boy 
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Fig. 4. Degree of B-CSF-B disturbance and frequency of occur- 
rence of increased y3-globulin in intracranial midline tumours 
and acute cerebellar ataxia of childhood; MB= medulloblastoma, 
PON= pontine tumour, CA = cerebellar astrocytoma, VEN= 
turnouts in the region of the 3rd ventricle, TU=all turnout 
patients, A CA = acute cerebellar ataxia. Scores refer to the score- 
system of Table 1 

B) Children with Brain Tumours 

Cell count was elevated in 10 out of the 14 children with 
medulloblastomas, in 2 of the 9 children with pontine 
gliomas and none of the remaining tumour  patients. 
Tumour cells were identified in 6 of the children with a 
medulloblastoma and none of the other children. 

Total protein was frequently increased in associa- 
tion with a medulloblastoma (12 out of the 14 cases), 
rarely in the other tumour  patients (4 out of 25). 

The significant changes of the protein pattern in the 
children with brain tumours as a whole apply to nearly 

all the fractions, giving a pattern which is similar to that 
in acute non-bacterial meningitis. However, several 
proteins are more markedly involved [prealbumin (P0, 
albumin, C~l-, a2'-, fl~-, and r-globulin] indicating a 
moderate-to-severe B-CSF-B disturbance. To our sur- 
prise the increase of the a2-fraction (mainly c~2-macro- 
globulin, see Fig. 2) observed in acute aseptic menin- 
gitis was absent in the tumour  patients. Its occurrence 
in cases of acute meningitis could be explained by the 
strong "acute-phase reaction" in the plasma which is 
reflected in the CSF. Fig. 4 demonstrates the two most 
important aspects of the protein profiles: the degree of 
B-CSF-B disturbance estimated according Table 1, and 
the frequency of increased y3-globulin (IgG). Most of 
the children with pontine gliomas, cerebellar astro- 
cytomas and tumours around the 3rd ventricle revealed 
a moderate B-CSF-B disturbance, whereas half the 
patients with medulloblastomas showed a marked 
disturbance. Figs. 5 and 6 illustrate the different degree 
of barrier involvement. 

The children with medulloblastomas revealed a 
marked increase of/3 which comprises most of the IgG 
(Table 2). In 5 cases, oligoclonal ?'-fractions appeared 
(Fig. 6). In one child, 1 fraction; in 3 children, 3 frac- 
tions; and in 1 child, 6 fractions were found. Oligo- 
clonal y-globulin amounted to 1.9-12.4% of total 
protein. Four of these children were erroneously con- 
sidered to have aseptic meningitis for several weeks 
since they had meningism and a moderate pleocytosis 
(100-220 cells per mm 3) on admission to hospital. 

The tumours located around the 3rd ventricle 
caused a more severe decrease of prealbumin, com- 
pared with the other tumour  groups (Table 2). 
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Fig. 6. CSF-protein profile in a 11 Y~-year-old 
girl with a medulloblastoma showing a severe 
disturbance of the B-CSF-B and a marked 
increase of 7-globulin associated with the 
occurrence of oligoclonal 7-globulins; these 
fractions consist of IgG (identification by 
immunofixation electropboresis according 
to Cawley et al. 1976); for explanation of the 
symbols see Figs. 1 and 2: aia and a2A 
are additional plasma protein fractions due to 
severe disturbance of the B-CSF-B 

C) Differentiating Acute Cerebellar Ataxia 
and Brain Tumours by CSF-Pmtein Analysis 

The sl ight  changes of  the p ro te in  prof i le  in the chi ldren 
with acute  cerebel lar  a tax ia  and  the m a r k e d  devia t ions  
in the chi ldren with b ra in  t umour s  result  in signif icant  
differences of  p r ea lbumin  (PI), a lbumin ,  ~2A-, fli-, r-  
and  73-fraction between these disease groups  (Table  2). 

Wi th  the except ion  o f  one case, all chi ldren with a 
bra in  t u m o u r  showed the p ro te in  prof i le  of  a B-CSF-B 
lesion (Fig.  4). The values represent ing different  degrees 
of  d i s tu rbance  o f  the B-CSF-B par t i a l ly  over lap  in the 
t u m o u r  pa t ien ts  and  the chi ldren with acute  cerebel lar  
ataxia.  Since the changes were only  slight in the lat ter ,  a 

modera t e  or  severe devia t ion  indicate  tha t  a t u m o u r  is 
more  likely. 

The 73-fraction was above  the upper  l imit  of  n o r m a l  
in near ly  all  cases of  medu l lob l a s toma ,  but  rare ly  in the 
other  t u m o u r  pat ients .  Ol igoclonal  7-fractions only  
occurred in associa t ion  with medu l l ab las tomas .  There-  
fore, a p ro te in  pa t t e rn  with the signs of  mode ra t e - to -  
severe B-CSF-B d i s tu rbance  wi thout  increase of  7- 
g lobul in  character izes  the chi ldren with pon t ine  
gl iomas,  cerebel lar  a s t rocy tomas ,  and  tumours  a r o u n d  
the 3rd ventricle.  

In 9 out  o f  the 14cases with medu l lob l a s tomas  there 
was a modera te  to severe d i s tu rbance  of  the B-CSF-B.  
On the o ther  hand ,  a marked  increase o f  73-globulin 
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Table 2. Results of CSF-electrophoresis: Relative concentration and electrophoretic mobili ty of protein fractions 

I. II. III. IV. V. 
Protein Controls Acute aseptic Acute bacterial Acute cere- Significant Tumours Significant 
fractions (n = 86) meningitis, meningitis bellar ataxia difference a difference a 

~, (SD) encephalitis (n = 40) (n = 25) (n = 39) 
(n=61) X,(SD) ~,(SD) I - I V  I I - I V  X,(SD) I - V  I I - V  I V - V  
~, (SD) 

Prealbumins 

P~ 6.2 (1.3) 2.9 (1.5) 1.3 (1.2) 4.3 (1.8) + + 2.0 (1.7) + + + 
P2 1.2 (0.5) 1.0 (0.6) 0.8 (0.5) 1.0 (0.4) 0.8 (0.5) + 

Albumin 58.5 (3.2) 65.2 (6.4) 61.7 (7.2) 65.5 (5.2) + 70.3 (7.0) + + + 

Globulins b 

~ 3.8 (0.7) 3.2 (1.0) 3.8 (1.2) 2.8 (0.6) + 2.5 (0.8) + + 
c~ 0.9 (0.2) 0.9 (0.3) 1.2 (0.5) 0.8 (0.3) 0.9 (0.3) 

C~A 0.0 (0.0) 0.0 (0.1) 0.2 (0.3) 0.0 (0.0) 0.1 (0.2) + 
C~2 3.6 (0.8) 4.3 (1.1) 5.7 (2.1) 3.6 (1.2) 3.4 (1.3) + 
C~2A 0.0 (0.0) 0.3 (0.4) 0.7 (0.7) 0.0 (0.0) + 0.2 (0.3) + 
C~2' 3.9 (0.8) 2.8 (1.0) 3.1 (1.6) 2.6 (1.0) + 2.3 (1.2)' + + 
c~2" 1.5 (0.4) 1.1 (0.3) 1.4 (0.4) 1.0 (0.3) + 1.0 (0.3) + 

fl~ 7.5 (0.8) 6.3 (1.0) 6.0 (1.4) 7.4 (1.4) + 5.6 (1.2) + + 

f12 1.8 (0.6) 1.5 (1.1) 1.3 (0.5) 1.2 (0.5) + 1.2 (0.5) + 

z 4.5 (0.8) 3.1 (1.0) 2.5 (1.3) 4.0 (1.1) + 2.5 (1.1) + + 

yl 1.6 (0.4) 1.3 (0.4) 2.3 (1.2) 1.3 (0.4) + 1.1 (0.6) + 

y2 1.4 (0.5) 1.6 (0.7) 1.8 (0.8) 1.3 (0.4) 1.1 (0.6) + + 

y3 2.8 (0.9) 4.2 (1.2) 5.7 (3.6) 2.6 (l.0) + 4.7 (2.6) + 

74 0.8 (0.4) 0.3 (0.3) 0.2 (0.3) 0.5 (0.5) + 0.3 (0.5) + 

+ 

+ 

+ 

•= mean value; SD = standard deviation of the mean; n = number  of  patients 
a Significant difference (P < 0.01, U-test of Mann-Whitney) 
b C~A and A2A = additional plasma proteins due to B-CSF-B disturbance, otigoclonal 7-globulins are included in y3 

occurred in association with only a slight disturbance of  
the B-CSF-B. An elevated ~3-fraction was observed in 
only two patients in the other turnout  groups and in 
none of  the cases of  acute cerebellar ataxia. Therefore 
this f ind ing- -and  even more important ,  the occurrence 
of  oligoclonal 7-globul in--s t rongly  points to a me- 
dulloblastoma. 

Discussion 

The protein changes in the CSF which we observed in 
children with acute cerebellar ataxia and intracranial 
tumours  may  be explained as: 

1. the result of  a b lood-CSF barrier (B-CSF-B) disturb- 
ance; 

2. secondary to reduced CSF-f low caused by a mech- 
anical obstruct ion of  the CSF-pathways;  or 

3. the consequence of  abnormal  local product ion  of  
proteins within the CSN. 

Under  normal  physiological condit ions the CSF-  
protein pat tern is characterized by 3 specific fractions: 
prealbumin,  z-globulin and ~24 (7-trace)-globulin 
(Fig. 1). Prealbumin is actively secreted into the CSF,  
the r-globulin is a locally produced transferrin variant,  
and the 74-fraction is built up by a microglobulin that  
cannot  be separated in the serum profile (Siemes et al. 
1975). 

Most  lesions of  the CNS are associated with a 
disturbed function of  the b lood-CSF barrier (B-CSF- 
B), the regulatory interface which separates the b lood 
from the brain and the CSF. In acute infectious diseases 
and malignant  tumours  of  the CNS, the permeabili ty of  
the B-CSF-B for  proteins is increased, resulting in an 
elevated protein concentra t ion of  the CSF. A con-  
comitant  change in the CSF-prote in  pattern to one 
more  akin to the serum type is a characteristic finding in 
these disorders (Schultze and Heremans 1966). It can 
easily be observed that the above mentioned protein 
fractions which characterize the CSF decrease gradual-  
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VI. VII. VIII. 
Medullo- Significant Pontine tumours+ Significant Tumours around Electrophoretic 
blastomas difference ~ cerebellar difference a 3rd ventricle mobility Mrel 
(n = 14) IV - VI astrocytomas (n = 9) (all children) 
~, (SD) (n = 16) I -  VII IV- (VI  + VII) X, (SD) x, (SD) 

.g, (SD) 

2.2 (1.8) + 2.5 (1.6) + + 0.7 (O.4) 19.7 (1.2) 
0.9 (0.6) 0.8 (0.5) + 0.8 (0.3) 30.0 (1.0) 

68.8 (8.6) 71.3 (5.0) + + 70.7 (7.7) 40 

2,7 (0.9) 2.6 (0.7) + 2.2 (0.5) 49.7 (0.9) 
0,8 (0.3) 0.9 (0.4) 0.9 (0.3) 56.4 (1.0) 
0.1 (0.3) 0.0 (0.2) + 0.0 (0.0) 
3.4 (1.2) 3.4 (1.2) 3.2 (1.5) 63.1 (1.1) 
0.3 (0.4) + 0.1 (0.2) + 0.1 (0.2) 
2.0 (1.2) 2.2 (1.0) + 2,8 (1.4) 68.3 (1.2) 
1.0 (0.3) 0.9 (0.3) + 1.1 (0.3) 75.8 (0.7) 
5.1 (1.2) + 5.7 (0.7) + + 6.3 (1.7) 80.1 (1.0) 
1.1 (0.4) 1.0 (0.3) + 1.6 (0.6) 85.0 (1.0) 
2.4 (1.1) + 2.4 (0.8) + + 2.9 (1.5) 90.2 (0.9) 
1.2 (0.7) 1.0 (0.3) + 1.3 (0.6) 96.6 (1.1) 
1.1 (0.9) 1.1 (0.4) + 1.3 (0.6) 103.6 (1.2) 
6.7 (2.9) + 3.6 (1.2) + 3.5 (2.1) 113.5 (1.7) 
0.2 (0.3) + 0.3 (O.4) + +.  O.6 (0.8) 124.3 (2.2) 

ly according to the intensity of  the lesion (Siemes et al. 
1980). With mechanical  obstruct ion o f  CSF-f low the 
barrier sites located distally to the obstruct ion are in 
prolonged contact  with the CSF, leading to higher 
CSF-protein levels and a change in the protein pat tern 
to one more  similar to that in the plasma (Matiar-Vahar  
1968). At  present it is impossible to determine f rom the 
changes of  the protein profile whether increased barrier 
permeabili ty or impeded CSF-f low is responsible for  
the abnormali ty.  

Subacute or  chronic CNS infections are associated 
with an increase of  y-globulin in relation to the other  
fractions. In cases with a simull:aneous B-CSF-B 
disturbance the elevation is out  of  p ropor t ion  to that  
which might be expected by this mechanism alone. The 
occurrence of  oligoclonal y-globulin in the CSF is a 
most impor tan t  feature of  local immuno-globul in  
synthesis within the CNS (Siemes et al. 1977). 

The pathogenesis  of  acute cerebellar ataxia is 
unknown.  It may  occur spontaneously  or  follow a 

recognized viral or  non-viral  illness: varicella, E C H O ,  
or Coxsackie infections, mycoplasma pneumoniae  
infection, or  a non-specific infectious disease. The 
anatomico-pathological  correlates are unknown,  since 
virtually all patients recover but it has been ascribed to 
aseptic encephalitis with pr imary involvement of  the 
cerebellum. A toxic or an au to immune  reaction has 
also been proposed  (Bell and McCormick  1975). In 
acute bacterial and viral infections of  the CNS the 
increased vascular permeabili ty to proteins is induced 
by a vasculitis. The finding of  only a slight impairment  
of  the B-CSF-B in our  patients with acute cerebellar 
ataxia suggests that  the cerebral b lood vessels are 
involved to a lesser degree than is the case in acute 
aseptic meningitis. Since symptoms  and signs point  to 
the cerebellum as the main site o f  the illness, a more  
localized infection of  the CNS seems to be the most  
probable cause o f  acute cerebellar ataxia. Peters et al. 
(1978) reported that  in two cases ofvaricella-associated 
acute cerebellar ataxia varicella-zoster antigens were 
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found in CSF cells. The authors concluded that direct 
viral invasion of the CNS plays an important  part  in the 
pathogenesis of varicella cerebellar ataxia and that their 
data rule out a single immune-medicated mechanism. 
In our patients there is no evidence of local immuno-  
globulin production within the CNS, pointing against a 
hyperimmune reaction: the concentration of y-globulin 
in relation to the other fractions was within normal 
limits and no oligoclonal y-globulin was present. 

In human malignant brain tumours there are three 
potential routes for vascular leakage of protein: i.e., 
interendothelial gaps, transport  by cytoplasmatic ves- 
icles, and fenestrae. Long (1970) found a number of  
widely patent endothelial cell-junctions which would 
allow free passage of proteins. He also observed an 
elevation in the number  of cytoplasmatic vesicles. 
According to the findings of Waggener and Beggs 
(1976) fenestrae also appear to play a role. Extra- 
vasated serum accumulates within the extracellular 
space of the tumours and the surrounding white tissue 
(Hossmann et al. 1979). The CSF reflects the protein 
composition of the brain extracellular fluid since the 
exchange between both fluids is not restricted by a 
barrier (Brightman and Reese 1969). On the other hand 
a decreased CSF-turnover due to partial or total 
obstruction of the CSF-pathways by the tumour can 
lead to an elevated concentration of CSF-protein and 
to a concomitant change of the protein pattern. 
Depending on the type and localization of the tumour,  
one of the two factors probably plays a major  role. In 
our study the B-CSF-B was most severely impaired in 
some of the patients with medulloblastomas. This can 
easily be explained by the histologic features of this 
rapid growing tumour  (Long 1970; Waggener and 
Beggs 1976). The permeability of the B-CSF-B for 
proteins is moderately increased in the majority of the 
children with pontine gliomas, cerebellar astrocytomas 
and tumours around the 3rd ventricle. 

At present the questions as to why some of the 
patients with medulloblastoma reveal only a slight B- 
CSF-B disturbance but show a marked increase of 7t- 
globulin (IgG), and why oligoclonal v-globulins occur 
in some of the patients with medulloblastoma, cannot 
be answered. These abnormal  immunoglobulins may 
reflect hyperimmunization due to persistance of viruses 
inducing a prolonged viral infection. The fact that in 
some of these cases the associated CSF pleocytosis was 
more marked than in the other children without oligo- 
clonal y-globulins could support  this assumption. On 
the other hand, the occurrence of oligoclonal gamma-  
globulins in medulloblastomas could mean local 
synthesis of antibodies caused by tumour tissue 
components without secondary viral infection. 

The observation that prealbumin was markedly 
lower in cases with a tumour located around the 3rd 

ventricle than in the other tumour  groups could be 
explained by partial obstruction of the CSF-pathway in 
that region since prealbumin is actively secreted by the 
choroid plexus, mainly into the CSF of the lateral 
ventricles. 

Problems in differential diagnosis can arise in 
children with acute ataxia which is a cardinal sign both 
in patients with acute cerebellar ataxia and those with 
intracranial midline tumours. Only on rare occasions is 
ataxia the presenting manifestation of acute bacterial 
or aseptic meningits, and other more characteristic 
signs soon develop (Schwarz 1972; Yabeck 1973; Bell 
and McCormick 1975). If lumbar puncture is con- 
sidered necessary despite the potential hazards, CSF- 
protein electrophoresis should be performed in ad- 
dition to investigation of cells and total protein content. 
Distinction between the syndrome of acute cerebellar 
ataxia and intracranial midline tumours can be made 
by CSF-electrophoresis in a high percentage of cases. 
Several of our children with a brain tumour  revealed an 
abnormal CSF-protein pattern though CT brain scan 
was considered normal at the first investigation. In 
doubtful cases the electrophoretic findings can be 
helpful in deciding how far diagnostic procedures 
should go. In the case of a negative CT brain scan, a 
CSF pattern of  a moderate or severe B-CSF-B 
disturbance could support  the decision for a more 
invasive diagnostic procedure. In a child with acute 
ataxia the detection of oligoclonal y-globulin strongly 
points to a medulloblastoma, since this is an uncom- 
mon finding during the acute stage of a CNS-infection. 
On the other hand, a normal CSF-pattern would point 
away from a brain tumour.  
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