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ABSTRACT: Background: The cortical changes resulting from chronic hydrocephalus in adults are not well defined. Methods: 
Retrospective analysis of twenty-one patients (age 64-88 years) with a clinical diagnosis of "normal pressure hydrocephalus" who 
underwent cortical biopsy at the time of intracranial pressure monitoring or shunt insertion, and eight patients who were biopsied but not 
shunted. Eleven brains (age 26-92 years), seven from patients who could be considered to have "normal pressure hydrocephalus", were 
also examined following autopsy. Age- and sex-matched control brains with small ventricles and no history of dementia were compared 
to the hydrocephalic brains. Senile plaques and neurofibrillary tangles were assessed semiquantitatively and a non-parametric statistical 
analysis was employed. Results: Five biopsies exhibited both senile plaques and rare neurofibrillary tangles, while two had only neu
rofibrillary tangles. Neurofibrillary tangles were more prevalent in hydrocephalic brains than in controls. There was no difference in the 
prevalence of senile plaques between the two groups. Grumose bodies in the substantia nigra were identified in five autopsy brains, a 
prevalence higher than in control brains. Conclusions: These pathological features are not specific for hydrocephalus; however, they 
suggest that long-standing ventriculomegaly is associated with degenerative brain changes in sites beyond the periventricular white mat
ter. The presence of senile plaques in cortical biopsies from hydrocephalic patients does not appear to be a contraindication to shunting; 
however a prospective study in patients undergoing intracranial pressure monitoring would better address the issue. 

RESUME: Changements neuropathologiques dans rhydrocephalie chronique chez I'adulte: biopsies corticales et observations faites a l'au-
topsie. Introduction: Les changements corticaux consecutifs a rhydrocephalie chronique chez I'adulte sont mal definis. Methodes: Nous pr&entons 
une analyse retrospective de vingt-et-un patients (ages de 64 a 88 ans) chez qui un diagnostic clinique d'hydroc£phalie normotensive avait ete pose et 
qui ont subi une biopsie corticale au moment du monitorage de la pression intracranienne ou lors de la mise en place d'une derivation, et de huit 
patients chez qui on a fait une biopsie mais sans derivation. Onze cerveaux (age de 26 a 92 ans), dont sept provenant de patients qui pourraient etre 
consideres comme presentant une hydrocephalie normotensive, ont ete examines lors d'une autopsie. Des cerveaux controles apparies pour Page et le 
sexe dont les ventricules etaient petits et qui provenaient de patients ne presentant pas d'histoire de demence ont ete compares a des cerveaux 
hydrocephales. Les plaques seniles et les amas neurofibrillaires ont ete evalues semiquantitativement et les donnees ont ete analysees au moyen d'une 
methode statistique non-parametrique. Resultats: Cinq biopsies presentaient des plaques seniles et de rares amas neurofibrillaires et deux n'avaient 
que des amas neurofibrillaires. Les amas neurofibrillaires etaient plus prevalents dans les cerveaux hydrocephales que dans les cerveaux controles. II 
n'y avait pas de difference dans la prevalence des plaques seniles entre les deux groupes. Des corps grumeleux ont ete identifies dans la substance 
noire de cinq cerveaux provenant d'autopsies de patients, une prevalence plus elevee que dans les cerveaux controles. Conclusions: Ces observations 
anatomopathologiques ne sont pas specifiques de rhydrocephalie. Cependant elles evoquent la possibilite qu'une ventriculomegalie de longue duree 
est associee avec des changements degeneratifs du cerveau dans des sites qui sont au-dela de la substance blanche periventriculaire. La presence de 
plaques seniles dans les biopsies corticales de patients presentant une hydrocephalie ne semble pas etre une contre-indication a la mise en place d'une 
derivation. Cependant une etude prospective chez des patients qui subissent un monitorage de la pression intracranienne serait plus adequate pour 
repondre a cette question. 
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Pathological changes in the cerebral cortex of adult humans 
with chronic hydrocephalus are not well documented.1 Cortical 
biopsies have infrequently been performed when cerebrospinal 
fluid (CSF) shunts were placed in patients with the "normal 
pressure hydrocephalus" syndrome (NPH). Two reports con
cerning a total of twenty patients documented no abnormalities 
in patients who responded to shunting, while Alzheimer's dis
ease-type changes were associated with a poor response to 
shunt.2,3 More recently, among eighteen patients undergoing 
frontal biopsy at time of shunting for NPH, four had Alzheimer-
type abnormalities, two had evidence of cerebrovascular disease, 
and three had "non-specific degenerative changes".4 That there 

may be increased prevalence of neurofibrillary tangles in hydro
cephalic cerebral cortex was first suggested by Wisniewski and 
coworkers in an abstract, the details of which are not published 
to our knowledge.5 We have attempted to define whether chronic 
hydrocephalus in the adult predisposes to the development of 
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neurofibrillary tangles or senile plaques. Twenty-one cortical 
biopsies from adults undergoing a CSF shunt procedure for 
hydrocephalus and eleven autopsy brains from hydrocephalic 
patients were compared to age and sex-matched controls. 

PATIENTS AND METHODS 

Adult patients with suspected NPH referred to a single neu
rosurgeon (EC) were studied retrospectively. All had gait distur
bance, urinary incontinence, and/or dementia (at least % 
features), with gait disturbance being the overshadowing com
plaint, and a CT scan showing ventriculomegaly. All patients or 
their guardian gave full consent for subsequent studies and pro
cedures, and the project was approved by the local Hospital 
Ethics Committee. 

Patients and their relatives were interviewed and examined 
by the same physician. Follow-up clinical examinations were 
performed 3 and 12 months after shunting. Pre- and post-opera-
tively patients had a mental state examination consisting of ori
entation to person place and time, immediate and short term 
recall, knowledge of current events, serial subtraction of 7 from 
100, and ability to reverse a series of digits. Gait was assessed 
for fluidity, balance, and speed by visual inspection. Sixteen 
patients with a tentative diagnosis of NPH underwent intracra
nial pressure monitoring.6 At the time of catheter insertion a 
biopsy of the cerebral cortex was performed. Eight patients with 
altered CSF pressure dynamics underwent a ventriculoperitoneal 
shunting procedure with a low pressure valve 1-8 weeks later. 
The other eight patients whose intracranial pressure dynamics 
did not meet the criteria for NPH were not shunted. Following 
loss of funding for the cerebral hydrodynamics testing, the diag
nosis of NPH was made on clinical and radiological criteria 
alone. Thirteen patients undergoing a shunt procedure had a 
biopsy of the posterior parietal cortex at the site of shunt inser
tion. During the period of study, 13 additional patients were 
diagnosed with NPH and shunted but refused consent for 
biopsy. 

Biopsy tissue (approximately 1 mm diameter by 2-19 mm 
long) was immersion fixed in 10% buffered formalin. Paraffin-
embedded sections (6 (im) were stained with hematoxylin and 
eosin, modified Bielschowsky method,7 and Congo red on 7-10 
serial levels and each was examined independently by two 
observers. Because the biopsies were not of regular size and 
could not be precisely matched to a control area we did not 
attempt strict quantification. We assessed senile plaques 
(defined as "those with thickened silver-positive neurites") using 
the semiquantitative scale of "sparse" (+), "moderate" (++), or 
"frequent" (+++) proposed by the Consortium to Establish a 
Registry for Alzheimer's Disease (CERAD).8 Diffuse plaques 
were not included. At lOOx ocular magnification the biopsies 
occupied 'A to % of the field. With biopsies of this size, "fre
quent" plaques were obvious, however, "sparse" plaques might 
be missed. Intracytoplasmic silver-positive neurofibrillary tan
gles were searched for at 400x ocular magnification and graded 
as "+" if one or more were found or "++" if more than one per 
high power field (400x) were identified. In no case were the 
findings in the biopsy specimen used to guide the decision to 
shunt. 

Eleven brains retrieved at autopsy from hydrocephalic adults 
were also studied. None of these patients was biopsied during 

life. Patients 3, 6, 7, 8, 9 were studied by us in entirety. For the 
other six, only photographs of the brains and paraffin-embedded 
tissues were available. In all cases the hospital records were 
reviewed in detail. The criteria for inclusion were a) active 
hydrocephalus diagnosed during life with or without shunting, 
or b) ventriculomegaly identified at autopsy in the absence of 
other abnormalities that would cause cerebral atrophy. Moderate 
ventriculomegaly is defined as ventricular enlargement with sep
tum to mid-caudate distance of 2-4 cm; severe ventriculomegaly 
is defined as ventricular enlargement with extreme thinning of 
the cerebral mantle to less than 2.5 cm at any point or septum to 
mid-caudate distance of > 4 cm. All cases were specifically 
examined for pathological changes in the periventricular region, 
deep white matter and cerebral cortex (particularly at sites of 
maximal thinning), hippocampus, basal ganglia, structures sur
rounding the third ventricle and cerebral aqueduct, and substan
tia nigra. All sections were examined using hematoxylin and 
eosin staining; Luxol fast blue or solochrome cyanine was used 
to stain myelin and the modified Bielschowsky method was 
used to identify senile plaques and neurofibrillary tangles, which 
were graded in the same manner as in the biopsy specimens. 
Marchi staining was performed on samples of maximally 
thinned periventricular white matter in 5 pat ients . 
Immunohistochemical staining using anti-GFAP (Biogenex; 
1/100 dilution) was used to assess reactive astrogliosis, anti-neu-
rofilament (Biogenex; 1/200 dilution) was used to assess 
periventricular axons, and anti-HLA-DR (Dako; 1/200 dilution) 
was used to assess microglial reaction. 

Control cases, chosen from our autopsy cases, were age and 
sex-matched to both surgical and autopsy patients. None of the 
controls had any documented history of dementia or neurode
generative disorder (causes of death included cardiac events, 
sepsis, and acute trauma). None had ventricular enlargement 
evident at the time of brain cutting. The cortical site to be 
assessed was matched to the site of the surgical biopsy. We did 
not try to precisely match the size of the area searched for senile 
plaques and neurofibrillary tangles to the size of the somewhat 
irregular biopsies. We studied an area approximately lOx larger 
in control tissues than in surgical specimens and accepted that 
there would be a greater likelihood of finding plaques and tan
gles in the control cases; thus the hypothesis that hydrocephalus 
is associated with these types of neurodegenerative changes 
could be subject to Type I error. In the case of autopsies, plaque 
and tangle comparisons were made in the frontal lobe at the 
coronal level of the head of the anterior commissure, approxi
mating the site at which biopsies were taken in the first subset of 
the surgical group. For statistical comparisons, the plaque score 
was expressed as a number from 0-3 and the tangle score was as 
a number from 0-2. Wilcoxon signed rank test for paired non-
parametric data was used to compare the data. 

RESULTS 

Clinical Data 

The data for 21 patients undergoing shunting for NPH are 
summarized in Table 1. Patient age ranged from 64-88 years. 
Four patients had a potentially related prior history of trauma, 
subarachnoid hemorrhage, or meningitis. Five patients had 
Parkinsonian symptoms in addition to their other findings. 
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Seven patients had a history of hypertension. Five patients were 
unimproved after shunting, 9 exhibited minor improvement of 
functional status ("good" outcome) usually with regard to gait 
and incontinence, and 7 had substantial or complete resolution 
of symptoms ("very good" or "excellent" outcome respectively). 
Beneficial response to shunting was observed in 4/4 patients 
with a relevant past history and 3/5 patients with Parkinsonian 
symptoms. Two patients developed chronic subdural hematomas 
and one patient developed an abducens palsy after shunting. 
Seven patients are known to have died but none of their brains 
was obtained for autopsy study. 

Table 1: Hydroce 
ICP monitoring or 

Patient 

1 
2 
3(f) 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Age / se> 

80 M 
72 M 
72 M 
76 M 
82 M 
68 F 
68 F 
68 M 
73 F 
88 M 
68 F 
73 F 
77 F 
64 M 
85 M 
78 F 
78 M 
85 M 
87 F 
77 F 
65 F 

)halic patients undergoing 
shunting (a). 

CT findings 
(b) 
V,A 
V,A 
V 

V,A 
V,P,A 

V 
V 

V,P 
V,P,A 

V 
V 

V,A 
V 
v,i 
V,P 
V,A 
V,P 
V 

V,P,A 
V,A 
V,A 

Plaques 
(c) 

++,B 
-

++,C 
-
-
-

+++, c 
-
-
-
-

++, c 
-
-
-

++,B 
+,A 

-
-
-
-

cerebral biopsy at time of 

Tangles 
(d) 
++ 
-
+ 
-
-
-
+ 
-
+ 
-
-
+ 
+ 
-
-
+ 
-
-
-
-
-

Outcome of 
shunt (e) 

G 
G 

VG 
G 
G 
G 
NI 
E 

VG 
G 
G 

VG 
E 
G 
Nl 
NI 
VG 
NI 
G 

VG 
NI 

Footnotes for Table 1. 
a) Patients 1-8 underwent ICP monitoring and anterior frontal lobe 
biopsy at that time, patients 9-21 underwent posterior parietal lobe 
biopsy at time of shunting. 
b) CT scan data include ventriculomegaly (V), atrophy (A), old infarcts 
(I), and periventricular lucency (P). 
c) Semiquantitative senile plaque grading based on CERAD criteria, + 
sparse, ++ moderate, +++ frequent; letter grade corresponds to the age-
related plaque score. 
d) Neurofibrillary tangle counts, + if one or more seen, ++ if more than 
one per 40x high power field. 
e) Results of shunting after 12 months- no improvement (NI); some 
functional improvement, good (G); significant functional improvement, 
very good (VG); returned to normal, excellent (E). 
f) Patient 4 was paraplegic as a result of a motor vehicle accident 33 
years prior to presentation. 

The clinical and pathological features of the eleven autopsy 
cases are summarized in Table 2. Five of eleven patients (# 1, 3, 
5, 9, 11) were elderly with clinical features typical of NPH. Four 
of the eleven patients had long-standing hydrocephalus with 
mild head enlargement secondary to a congenital defect; two of 
these had chronic gait symptoms similar to those found in the 
NPH syndrome (#8, 10), the other two patients were mentally 

retarded (#2, 7). The remaining two patients were unusual; one 
was a schizophrenic (Patient #4) with severe rigidity who after 
death was found to have severe ventriculomegaly with disrupted 
septum pellucidum; the other a man who presented with 
headaches and unsteadiness at age 23 years and was found to 
have "aqueductal stenosis" with moderate ventriculomegaly 
(Patient #6). Twenty-seven years later, following two shunt revi
sions, he died of a malignant astrocytoma in the midbrain. Five 
of the 11 patients were shunted and four responded well. One 
patient with NPH (Patient #5) died too soon after shunting to 
assess the response. Two NPH patients (#1 and 9) died within 2 
months of shunting. 

Among the eleven autopsy brains, examination of the cere
bral cortex revealed five with senile plaques (two had, in addi
tion, innumerable diffuse plaques) , five with rare 
intracytoplasmic neurofibrillary tangles, four with microvascular 
changes secondary to hypertension, and two with foci of neu
ronal loss and reactive gliosis (Table 2). In addition, the substan
tia nigra of 5/11 patients had grumose bodies, as many as six on 
a single section (Figure 1). A sixth patient had intracytoplasmic 
neurofibrillary tangles in the periaqueductal region, particularly 
in neurons of the oculomotor nucleus. Only 1/32 autopsy patient 
controls had any grumose bodies in the substantia nigra. 
Furthermore, in our recent autopsy experience of eighty unse-
lected brains from adults over age 50 years, only four had gru
mose bodies; among these, two had Alzheimer's disease and the 
other two had multiple cerebral infarcts. 

Analysis of neurofibrillary tangles and senile plaques in 
comparison to control cases 

Among the 21 biopsies from shunted patients, five exhibited both 
rare intracytoplasmic neurofibrillary tangles and senile plaques, two 
had only scattered tangles, and one had only rare plaques. Of the five 
patients who did not respond to shunting, three had normal biopsies. 

Figure 1: Photomicrograph showing a large grumose body (arrow) with 
slightly granular appearance in the substantia nigra pars reticularis of 
autopsy Patient 9. There is a paucity of pigmented neurons at this site. 
Hematoxylin and eosin. Bar = 20 fun. 
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Table 2. 

Age 

sex 

1 92 F 

2 32 M 

3 77 F 

4 67 M 

5 85 M 

6 50 M 

7 26 M 

Summary of 

Clinical 

Findings 

headache, 

gait 
mental 

retardation 

headache, 

gait, memory 

schizophrenia 

rigidity 

gait, 
incontinent, 

memory 

headaches 

mental 

retardation 

neuropathological findings in 

Ventricu-

lomegaly 

(a) 

moderate 

severe 

moderate 

severe 

moderate 

moderate 

severe 

Hydrocephalus 

etiology and 

duration (b) 

unknown; > 1 

year 

congenital -

precise cause 

unclear; 32 years 

meningeal 

fibrosis; > 6 years 

meningeal 

fibrosis; ? years 

meningeal 

fibrosis; 4 years 

midbrain 

astrocytoma; 

27 years 

congenital 

aqueductal 

stenosis; 26 years 

autopsy patients. 

Response 

to shunt 

(c) 

yes 

yes 

-

-

?(died 3 

weeks after 

shunt) 

yes 

Brain 

Weight 

(grams) 

1140 

1700 

1400 

1320 

1520 

1600 

1600 

Cortex 

hypertensive 

vessel changes 

hypertensive 

vessel changes 

diffuse 

plaques 

diffuse 

plaques 

focal gliosis 

and neuron 

loss 

Senile 

Plaques 

(d) 

+ 

-

+ 

+ 

Neurofi

brillary 

tangles (e 

+ 

-

++ 

++ 

+ 

White Matter 

(D 

swollen axons 

swollen axons, 

myelin debris 

myelin debris, 

gliosis 

Brainstem 

(g) 

grumose bodies 

single Lewy body 

grumose bodies 

tangles in 

periaqueductal 

region 
61 M headaches, 

depression, 

low IQ, 

spasticity 

severe congenital 

tonsillar 

herniation; 

61 years 

1375 focal gliosis 

and neuron 

loss 

myelin debris grumose bodies 

9 67 M 

10 68M 

1178M 

gait, slow severe 

speech, flat 

affect 

gait problems severe 

since childhood, 

rigidity, memory 
gait, rigidity, severe 

incontinence 

meningeal 

fibrosis; 1 year 

congenital 

platybasia; 

63 years 
meningeal 

fibrosis; >4 years 

yes 

• 

1300 

1650 

1350 

hypertensive -
vessel changes 

focal gliosis + 

hypertensive + 
vessel changes 

+ 

myelin debris 

swollen axons, 

gliosis 

gliosis 

grumose bodies 

grumose bodies 

Footnotes for Table 2. 
a) Ventriculomegaly was judged on CT scan prior to shunt or at time of brain cutting for unshunted patients. Moderate indicates a septum to mid-cau

date distance of 2-4 cm, and severe is > 4 cm. 

b) For hydrocephalus type "Congenital" refers to onset early in childhood. The estimated duration of hydrocephalus is based on the history of symp
toms. 

c) Patients 1, 2, 5, 6, and 9 were shunted. A response is considered to be any improvement in clinical status. Patient 5 died too soon after shunting to 
make a valid judgment. 

d) Semiquantitative assessment of senile plaques (neuritic type) in the lateral frontal cortex as defined by CERAD criteria. 
e) Neurofibrillary tangles in lateral frontal cortex, + if one or more found, ++ if more than one per 40x high power field. 
f) Periventricular white matter changes. Gliosis is mentioned only if a dense band extended beyond 2 mm from the ventricle surface. Myelin debris 

was identified by Marchi staining which was not done in all cases. 

g) Lewy bodies, grumose bodies, or pale-staining neurons were observed in the substantia nigra. Neurofibrillary tangles were observed in several sites 
in the periaqueductal region. 

Chi square analysis was performed on 2x2 contingency table com

paring the presence or absence of neurofibrillary tangles to the 

response or non-response following shunting. There was no signifi

cant relationship between the presence of plaques or tangles and 

response to shunting (chi square = 0.13; 1 d.f.; p = 0.72). Even % 

patients with an age-related senile plaque score of "C" as defined by 

CERAD criteria responded well to shunting. Congophilic angiopa

thy was detected in one biopsy (Patient 12). 

Eight patients underwent ICP monitoring and frontal lobe 

biopsy but were not shunted. Four met the ICP criteria for 

diagnosis of NPH but refused shunt. One of these had no 

plaques or tangles, the other three had rare neurofibrillary tan

gles and an age-related senile plaque score of "C". Four other 

patients did not exhibit any abnormalities on ICP monitoring 

and were not shunted. Among these, two had no plaques or 

tangles, the other two had age-related senile plaque scores of 

"A" and "C". Overall, among biopsied patients with suspected 

NPH, neurofibrillary tangles were more prevalent in the frontal 
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cortex (8/16) than in the parieto-occipital cortex (4/13). 
Patients who might reasonably be diagnosed with chronic 

adult NPH syndrome were pooled. This included 21 biopsy 
specimens from shunted patients, 4 biopsy specimens from 
patients who refused shunts, and 9 autopsy specimens with NPH 
syndrome or chronic hydrocephalus in adulthood (the two men
tally retarded patients were excluded). Among the hydrocephalic 
patients 15/34 had neurofibrillary tangles, compared to 6/34 age 
and sex-matched controls. This difference was significant 
according to the statistical analysis (p = 0.0269). There was no 
apparent relationship between the duration of hydrocephalus (to 
the best of our ability to estimate this on the basis of symptoms) 
and the presence of neurofibrillary tangles. Senile plaques were 
found in 14/34 hydrocephalic patients and 11/34 controls. The 
difference was not statistically significant (p = 0.375). Statistical 
comparison including all biopsied patients and controls did not 
yield a different conclusion (p = 0.0081 for tangles; p = 0.247 
for senile plaques). 

DISCUSSION 

Three decades after the initial description of the "normal 
pressure hydrocephalus" (NPH) syndrome, accurate prediction 
of a beneficial response to shunting remains imprecise. 
Furthermore, the name of this syndrome is found to be inaccu
rate; the term "idiopathic adult hydrocephalus syndrome" has 
been suggested.9 Patients most likely to respond to shunting 
have a short history of gait disorder, not overshadowed by 
dementia, and studies suggestive of hydrodynamic abnormali
ties.10 Arterial hypertension appears to be a risk factor for 
NPH.1114 Our understanding of the neuropathological changes 
in NPH remains incomplete. Leptomeningeal and arachnoid 
granulation fibrosis may contribute to impaired CSF flow.15,16 

Myelin loss, axonal damage, accumulation of myelin debris, and 
gliosis in periventricular white matter are well recognized 
sequelae of chronic hydrocephalus in adults (not necessarily 
with the classic NPH syndrome).117'18 The cerebral cortex and 
other brain areas have been only infrequently studied in chronic 
adult hydrocephalus.19 

We studied cerebral biopsies from twenty-nine patients with 
a clinical diagnosis of NPH, as well as the brains of eleven 
hydrocephalic patients, five of whom presented with typical 
NPH and two others with NPH-like features due to long-stand
ing congenital hydrocephalus.20 An obvious shortcoming of this 
retrospective study is the heterogeneity of patients, with regard 
to method of diagnosis, management, and tissue available for 
examination. Questions remain concerning how episodic alter
ations in intracranial pressure and cerebral blood flow might dif
ferentially affect the frontal and parietal regions, particularly 
when one considers that the majority of hydrocephalic adults 
exhibit preferential frontal horn enlargement.1 Regardless, more 
hydrocephalic patients than controls exhibited typical neocorti-
cal intracytoplasmic neurofibrillary tangles, albeit in small 
quantity. A published abstract also reported that the brains of 
14/30 hydrocephalic adults with mental retardation had neu
rofibrillary changes.5 The presence of neurofibrillary tangles in 
the midbrain of our autopsy patient 7 is more unusual. Similar 
changes were observed in another severely retarded young adult 
with congenital hydrocephalus.21 It has been suggested that 
metabolic and oxidative stresses, which are known to occur in 

hydrocephalus,4'22 could contribute to neurofibrillary tangle for
mation.23 

Senile plaques were equally prevalent (approximately 30% 
of patients) in hydrocephalic and age-matched control cases, as 
might be expected for an elderly population.24 Accordingly, the 
presence of senile plaques in biopsied cortex was not associated 
with a poor response to shunting as has been previously sug
gested.2 Some patients with Alzheimer's disease can present 
with NPH-like signs and symptoms; however in these patients 
dementia is the prevalent feature.25"28 We did not attempt to 
define whether the plaques in hydrocephalic patients were quali
tatively different than in the control population.29 Two of our 
autopsy patients, one of whom was only 50 years old, had abun
dant diffuse plaques in the cortex. It has been hypothesized that 
diffuse plaques may represent a generalized end response to 
brain injury.30-31 It is evident that more severe injury to the cor
tex can occur, as illustrated in our two autopsy patients with 
very severe ventriculomegaly associated with focal loss of neu
rons and pancortical astrogliosis.32"35 

With the exception of atrophy in corticospinal tracts passing 
through the cerebral peduncles and medullary pyramids, patho
logical alterations in the brainstem due to hydrocephalus are not 
well documented.1 We were surprised by the grumose bodies in 
the substantia nigra of 5/11 hydrocephalic brains. Four patients 
were elderly with the NPH syndrome. The fifth patient was a 
schizophrenic who, in addition, had a single Lewy body in the 
substantia nigra. Grumose bodies in the substantia nigra are 
observed in a variety of degenerative brain disorders, 
Parkinson's disease being a notable exception.3839 The nature of 
these structures is not entirely understood. They are thought to 
be astrocytic inclusions, perhaps related to phagocytosis of local 
degenerative material.39 Rare Lewy bodies have been observed 
in 4-5% of brains from individuals without clinical Parkinson's 
disease and might in some cases represent a non-specific result 
of nigral damage.3637 Patients with hydrocephalus not uncom
monly present with Parkinsonism.40 Eight patients in this report 
had rigidity or tremor. Parkinsonism in hydrocephalic patients 
has generally been attributed to striatal dysfunction, and patho
logical changes in the substantia nigra could represent a retro
grade degenerative phenomenon. 

In summary, chronic hydrocephalus in adults, in particular 
with the NPH syndrome, may be associated with subtle degener
ative processes in cerebral cortex, including neurofibrillary tan
gle formation. Degenerative changes may also occur in the 
substantia nigra. While the changes reported here are not spe
cific for hydrocephalus, they suggest that chronic untreated 
hydrocephalus might be harmful to brain structures beyond the 
periventricular white matter. The cause of cortical and brainstem 
changes could be a combination of direct mechanical stresses, 
retrograde degeneration due to axonal injury, and chronic meta
bolic stresses.1,22 A prospective trial in hydrocephalic patients 
undergoing intracranial pressure monitoring would be needed to 
determine if cortical biopsy is of any value in predicting which 
patients will respond to shunting. 
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