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Summary 

Subarachnoid haemorrhage (SAH) often leads to subarachnoid 
fibrosis and resultant normal pressure hydrocephalus; however, 
how snbarachnoid fibrosis occurs is unknown. We examined the 
changes within arachnoid granulations (AGs) and the subarachnoid 
space (SAS)chronologically at the parasagittal region obtained 
from patients with SAH at autopsy and made comparison with con- 
trols by immunostaining for cytokeratin, specific marker for 
leptomeningeal cells and by the elastica Masson-Goldner methods. 
Within a week some AGs were tom, and many inflammatory cells 
filled the AGs and SAS. Cytokeratin positive cells were scarce. 
During the next two weeks cytokeratin positive cells increased. 
After three weeks, AGs and SAS were filled by dense deposits of 
extracellular matrices surrounded by multiple layers of leptomenin- 
geal cells. 
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Introduction 

It  is we l l  k n o w n  that  hyd rocepha lu s  occurs  a few 

w e e k s  to mon ths  after  suba rachno id  h a e m o r r h a g e  in 

some  cases.  I t  has  been  r epor t ed  that  no rma l  pressure  

hyd rocepha lu s  is i nduced  af ter  suba rachno id  f ibros is ,  

wh ich  was r evea led  by  h i s topa tho log ica l  s tudies [2, 

91. But  no one has e luc ida ted  how subarachno id  f ibro-  

sis occurs .  There  are few studies  on wh ich  cel l  types  

or  wh ich  k inds  o f  f ibres  pa r t i c ipa te  in suba rachno id  

f ibros is .  Wa tanabe  et  aI. r epor ted  that  the l ep tomen in -  

gea l  (LM)  cel ls  p ro l i f e ra t ed  in the suba rachno id  space  

( S A S )  after  suba rachno id  h a e m o r r h a g e  [10], His to -  

log ica l  examina t i on  showed  the accumula t ion  o f  col-  

l agen  dur ing  f ibros is  and the L M  cel l  seems  to be one 

of  the cel ls  wh ich  p roduces  co l l agen  [7]. L M  cel ls  

have  many  funct ions ,  that  is, p ro l i f e ra t ion  and pro-  

duc t ion  of  ex t race l lu l a r  ma t r ix  (ECM)  such as type  I, 

III ,  and IV co l l agen  in r e sponse  to infec t ion ,  t rauma,  

or neop las t i c  inf i l t ra t ion  [7], phagocy t i c  ac t iv i ty  [2], 

in f luence  on the g rowth  o f  m e d u l l o b l a s t o m a  [6], 

secre t ion  of  t rophic  fac tors  for  e m b r y o n i c  neurons  [4] 

and neuroblas t s  [1], s t ructural  suppor t  of  the centra l  

Figs. 1 a, 2 a, 3 a, and 4 a are immunostainings for cytokeratin. Figs. 1 b, 2 b, 3 b, and 4 b are elastica Masson-Goldner method. D means 
dura mater. Scale bar is 100 gm. Fig. 1. (a) In control group arachnoid granulations (AGs) were recognized at the parasagittal region (arrow 
head), Cells in and lining the granulations were immunoreactive for cytokeratin. (b) Loose collagen fibres were recognized in AGs (arrow). 
Erythrocytes and inflammatory cells were not present in AGs 

Fig. 2. (a) In group I AGs stained less deeply than those in controls (arrow head). Cytokeratin positive cells were not so frequently recog- 
nized, (b) Many erythrocytes and inflammatory cells filled AGs. Some AGs were torn and inflammatory cells leaked out (arrow). Fibrous 
tissue did not increase 

Fig. 3. (a) In group II AGs were distended and looked round compared with control specimens (arrow head). Torn AGs were not recognized. 
Many cyotkeratin positive cells were present in AGs. (b) Collagen fibres slightly increased (arrow) 

Fig. 4. (a) In group III AGs were also distended and looked round compared with control specimens (arrow head). Cytokeratin positive cells 
in AGs were present but not so obviously as compared with those in group II. (b) Dense collagen fibres were recognized in the subarachnoid 
space and AGs (arrows) 
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nervous system [7], and the circulation of cerebrospi- 
nal fluid [5]. These data led us to the hypothesis that 
leptomeningeal cells, which are broadly recognized in 
the subarachnoid space, proliferate and produce 
extracellular matrices so that finally hydrocephalus 
occurs following subarachnoid fibrosis. To verify this 
hypothesis we examined the leptomeninges of the 
parasagittal region, especially the arachnoid granula- 
tion and SAS, obtained at autopsy from patients with 
subarachnoid haemorrhage and other diseases but no 
intracranial haemorrhagic lesions by immunohisto- 
staining for cytokeratin, specific marker for leptome- 
ningeal cells, and by the elastica Masson-Goldner 
method. 

Materials and Methods 

Leptomeninges of the parasagittal region were obtained at 
autopsy from patients with subarachnoid haemorrhage (12 cases) 
and other diseases, as shown in Table 1 (3 cases). We divided the 
patients with subarachnoid haemorrhage into three groups accord- 
ing to the time interval from the onset of SAH to death, as follows: 
group 1 0-7 days (7 cases), group II 8-21 days (2 cases), and group 
III 22-days (3 cases). X-ray computer tomography (X-CT) showed 
hydrocephalus in 2 cases. The tissue specimens were fixed in 10% 
formaldehyde and embedded in paraffin. Serial sections were made 
and stained by the elastica Masson-Goldner method. 

Immunohistostaining for cytokeratin was also performed by the 
avidin-biotin peroxidase complex method. The sections were depa- 
raffinized and hydrated. To inhibit the internal peroxidase activity 
the sections were put into methanol containig 0.3% hydrogen per- 
oxidase for half an hour. Predigestion was not performed. Mouse 
monoclonal anit-human cytokeratin antibody (DAKO A/S Glos- 
trup, Denmark) was used at a 1 : 50 dilution and incubated over- 
night in the refrigerator. The second antibody, biotinized anti- 
mouce antibody (Vector Laboratories, Inc., Burlingame, USA), 
was used at a 1 : 100 dilution and incubated for one and a half hours 
at room temperature. 

Results 

Representative aspects of each group are shown. In 
the control group arachnoid granulations (AGs) were 
recognized in the parasagittal region (Fig. 1 a). Cells 
in and lining the arachnoid granulations were immu- 
noreactive for cytokeratin (Fig. 1 a). Loose collagen 
fibres were recognized in AGs in elastica Masson- 
Goldner preparations (Fig. 1 b). Erythrocytes and 
inflammatory cells were not present in AGs 
(Fig. 1 b). In group I cytokeratin positive cells and 
fibrous tissue were rarely encountered (Fig. 2 a, b). 
Many erythrocytes and inflammatory cells filled AGs 
(Fig. 2 b). Some AGs were torn (Fig. 2 b). In group II 
AGs were distended and looked round compared to 
control specimens (Fig. 3 a). Torn AGs were not rec- 

ognized. Many cytokeratin positive cells were present 
in AGs (Fig. 3 a). Collagen fibres increased 
(Fig. 3 b). In group III AGs were also distended and 
looked round compared to control specimens 
(Fig. 4 a). Cytokeratin positive cells in AGs were 
present but not so frequently when compared with 

those in group II (Fig. 4 a). Dense collagen fibres 
were recognized in the subarachnoid space and AGs 
(Fig. 4 b). 

Discussion 

Our evidence is thought compatible with our 
hypothesis, namely that LM cells proliferate after 
SAH and finally dense collagen deposition occurs in 
AGs and SAS. From the viewpoint of the healing pro- 
cess we consider the events leading to subarachnoid 
fibrosis to happen as follows. First of all, rupture and 
so destruction of AGs occurs, possibly as the result of 
physical pressure from the SAH and from chemical 
effects of digestive enzymes released from inflamma- 
tory cells. The inflammatory process begins and vari- 
ous chemical factors are released into the central ner- 
vous system. In fact, cerebrospinal fluid of patients 
with SAH contains some chemical factors [3, 8]. LM 
cells, which might be stimulated by these chemical 
factors, proliferate [7] to repair the AGs and get rid of  
some other agents [2], such as degenerative products 
of SAH. Then, proliferated LM cells produce extra- 
cellular matrices [7] and finally cause obstruction to 
the circulation of cerebrospinal fluid and suppression 
of its production. 
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Comment 
This is a well written, well illustrated very concise article. 
The methods used are straight forward and the results are con- 

vincing. 
The results are very much in line with the expectations of the 

authors (and the expectations of most other neurosurgeons) and 
lack therefore the sense of surprise, that is felt when something 
really new and unexpected is encountered. 

This is, however, no reason to discard the results as unimpor- 
tant, since the confirmation of a plausible hypothesis by way of 
carefully performed post mortem histological examinations, as the 
authors did, is very valuable. 
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