Non-tumoural aqueduct stenosis and normal
hydrocephalus in the elderly

pressure

JAN VANNESTE, RON HYMAN
From the Department of Neurology, Sint Lucas Ziekenhuis, Amsterdam, and the Department of Biological
Psychiatry, University Hospital, Utrecht, The Netherlands

From 1981 to 1985 a prospective study on normal pressure hydrocephalus was performed. One of the aims of this study was to determine the site of CSF obstruction. Among 17
consecutive patients with a tentative diagnosis of normal pressure hydrocephalus, nine appeared to
have non-communicating hydrocephalus most probably due to primary non-tumoural aqueduct
stenosis. This unexpected finding provides evidence that non-tumoural aqueduct stenosis is a
frequent cause of normal pressure hydrocephalus in older patients. Some clinical, aetiological and
therapeutic aspects in this particular subgroup are discussed.
SUMMARY

Normal pressure hydrocephalus is a syndrome com- stenosis. All of these were aged 60 years or over. This
bining the non-specific clinical triad of gait instability, particular group is discussed.
mild to moderate mental deterioration and occasionally urinary incontineiice with chronic hydro- Patients
cephalus and- normal CSF pressure at random lumbar
punctures. - This syndrome is known to occur in The clinical profile was similar in all patients and is sumboth non-communicating and communicating hydro- marised in table 1. Two illustrative cases are briefly
cephalus,1 4-6 but most articles on normal pressure described.
Case 2 A 69-year-old man complained of slight gait
hydrocephalus deal with communicating hydro- difficulties
for one year. Neurological examination disclosed
cephalus, of known or unknown aetiology.
bilateral pyramidal tract involvement, decreased vibration
Reports on normal pressure hydrocephalus infre- sense in the legs and gait imbalance. CT scans with and
quently implicate non-tumoural aqueduct stenosis as without contrast enhancement and metrizamide cisthe cause of the syndrome and major review articles ternography showed marked internal hydrocephalus consison adult non-tumoural aqueduct stenosis rarely men- tent with non-tumoural aqueduct stenosis. Cisternography
tion older patients with normal pressure hydro- with radioactive labelled human albumin was normal. A
neurosurgical procedure was refused by the patient but four
cephalus.7 -19
later further mental deterioration and increasing gait
After having encountered a number of patients months
instability led to ventriculoatrial shunting, resulting in
presenting with normal pressure hydrocephalus due marked
improvement. His neurological condition remained
to non-tumoural aqueduct stenosis, we performed a stable until
he died 18 months later following the compliprospective study from January 1981 to January 1985 cations of an oat-cell bronchus carcinoma. A CT brain
scan
on all patients presenting with a potential normal and lumbar puncture one month before his death failed to
pressure hydrocephalus syndrome, diagnosed on the demonstrate intracranial metastases.
basis of clinical criteria, CT characteristics and nor- Case S A 62-year-old woman presented in December 1983
mal CSF pressures at random lumbar puncture. Sev- with gait instability, propulsion and excessive muscular
enteen patients met the criteria and nine appeared to fatiguability in the legs. The medical history revealed a bacterial meningitis at the age of 8 years. Neurological findings
have normal pressure hydrocephalus due to aqueduct consisted
of slight hypokinesia, hyperreflexia, a bilateral
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extensor plantar response and gait imbalance. A CT brain
scan showed marked internal hydrocephalus with a normal
fourth ventricle. Two lumbar punctures disclosed normal
CSF pressures. Metrizamide cisternography was characterised by filling of the fourth ventricle and absence of contrast
at the convexity. RIHSA cisternography was normal except
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Table I
Patients
No

Clinical data
History

Sex

(yr)

1
2

M
M

Duration of
symptoms before

first examination

Age

Signs
G

M

I

in years
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Factors aggravating
normal pressure
hydrocephalus
symptoms

68

Severe headache during infancy

5

++

++

-

-

69

Idem

I

+++

++

Later +

Abdominal surgery

3

F

73

Viral meningoencephalitis aet. 70 yr

10

++

++

Later+

Mild head injury

4

M

77

-

3

++

+

Later +

Abdominal surgery

5

F

62

Bacterial meningitis aet. 8 yr

4

+

+

6

F

65

-

5

++

+

Later+

Mild head injury

-

Head injury

+

-

7

F

72

Head injury aet. 67 yr

5

++

++

8

M

73

Cytomegaloencephalitis aet 66 yr?

3

+

+

9

F

81

-

3

++

+

Abbreviations: G, gait instability; M, mental deterioration; I, incontinence; VAS, ventriculoatrial shunting; (-), absent; (±), fluctuating;
(+ ), slight; (+ +), moderate; (+ + +), marked.

for slightly prolonged stasis of the isotope at the convexity.
Non-tumoural aqueduct stenosis as the cause of this normal
pressure hydrocephalus appeared likely. Nine months later,
gait imbalance increased and mental functions deteriorated
further. Repeat removals of 30 ml CSF resulted in a slight
improvement and relative clinical stabilisation.
Methods

The following examinations were performed: plain skull
radiography and, when indicated, sellar tomography; electroencephalography; CT brain scan with and without contrast enhancement; measurements of the intracranial pressure by repeat lumbar punctures in a horizontal lateral
decubitus position: a pressure of more than 200 mm H20
was considered to be elevated; cisternography with both
radioactive iodinized human serum albumin (RIHSA) and
metrizamide in patients 1-5 and with metrizamide alone in
patients 6-9; quantitative evaluation of the hydrocephalus
consisted of calculation of the ventricular size index (VSI)20
and the maximal width of the third ventricle, the temporal
horns and the fourth ventricle, measured in mms. The cortical sulci were evaluated as absent (-), normal (+) or
enlarged (+ +).
Lumbar CSF tap tests2' with removal of 30 ml CSF and
quantitative evaluation of the effect on both motor and mental functions were performed in patients 3-9. Neuropsychological testing consisted of Luria's neuropsychological test battery22 and additional tests involving
motor speed, attention, concept-shifting, visual scanning and
memory processes.23
The criteria of failure were that normal pressure hydrocephalus due to aqueduct stenosis patients scored at or below
the tenth percentile of an age-matched normative group.
Serial psychometric testing and CT scanning were used for
both evaluation of progression and postoperative course.
There were no facilities for cerebral blood-flow measurements before and after CSF removal. More invasive
diagnostic procedures such as prolonged intracranial pres-

sure monitoring and CSF infusion tests were not performed
either because they were refused by the patients or their
family or because these investigations were considered not to
influence substantially therapeutic management.
CSF shunting was only offered to patients with a clear-cut
clinical deterioration. It consisted of insertion of a ventriculoatrial shunt with a Holter medium-pressure valve. The
effect of surgery was evaluated by subjective evaluation of
improvement (opinion of the patient, his family and the
nursing staff) and by serial quantitative functional and neuropsychological parallel testing. In two patients an additional ventriculography with metrizamide was performed
(cases 2 and 7).

Results
The most important additional investigations are
listed in table 2.
CT scans of the brain showed markedly dilated
lateral and third ventricles and a normal fourth ventricle. The VSI ranged between 0A45 and 0-65 but eight
of the nine patients had a VSI greater than 0 53.
Repeat lumbar punctures in each case yielded pressures between 140-190 mm H20. In patients 1-5
RIHSA cisternography showed no ventricular reflux,
a normal passage through the basal cisterns and normal or minimal slowing of the isotope clearance at the
convexity. In patients 2-9 the metrizamide cisternography showed a normal configuration of the
basal cisterns, filling of the fourth ventricle and no
contrast in the third ventricle. In two patients the
metrizamide failed to migrate sufficiently to the convexity (cases 4 and 5) but in these patients additional
RIHSA scans showed sufficient convexity flow with
only slight slowing of CSF resorption. In these cases
the metrizamide cisternographies provided inadequate information.

Vascular disease

Therapy

Multiple cerebral strokes

VAS

Aortic aneurysm peripheral vascular
VAS refused, accepted 5 months later after
disease
deterioration
Slight hypertension (mean 180/105mm Hg) VAS refused, accepted 1 year later after
deterioration
VAS
Repeat CSF taps

Minimal hypertension (mean 170/100)

531

Improvement

Further course

+

Died 2 years later after repeat
strokes
Died 18 months later from oat-cell
carcinoma
Improvement persisted for 3 years

++

++
++
+

Improvement persisted until now
(4 months)
Fluctuating with episodic flare-ups of
normal pressure hydrocephalus signs
Improvement persisted for 2%/2 years

VAS

++

VAS

-

Further deterioration

Repeat CSF taps for 18 months VAS after
further deterioration
Repeat CSF taps

++

Improvement persisted for 2 years

+

Slight progression of gait instability
and mental defects

The predictive value of the CSF tap tests was disappointing: from the five operated patients in whom the
test was performed, three tests were false negative, one
false positive and one equivocal. Repeat CSF
removals in two unoperated patients yielded stabilisation in one and persisting amelioration in the
other patient.
The neuropsychological investigations showed a
profile as described in the so-called "hydro-dynamic
dementia".24 Minimal disturbances of the higher cortical functions contrasted with a significant deterioration on tests measuring motor speed, concept shifting, verbal memorising and delayed recall.
Ventricular shunting was offered to the patients
with clinical progression, documented either by the

history or by serial clinical and neuropsychological
testing. The results of surgery are documented in
table 2.
Discussion
One of the aims of our study was to investigate the
incidence of non-tumoural aqueduct stenosis in normal pressure hydrocephalus. The nine described
patients conformed with the clinical criteria of normal
pressure hydrocephalus and the CT brain scans suggested hydrocephalus due to non-tumoural aqueduct
stenosis. Arguments to perform additional neuroradiological investigations were that in communicating hydrocephalus the fourth ventricle may

Table 2 Investigations and postoperative course
Age
(yr)

Metrizamide

CT scan

Patient

No

RIHSA scan

scan

VSI

Temporal
Cortical
horns
sulci
enlargement enlargement

1

68

0-60

+

+

2
3
4

69
73
77

0-63
0-53
0-52

++

+
+

+
+
+

5

62

0-65

+++

6

65

0-55

+

++
0

7
8

72
73

053
045

++
0

+
+

AS
CF:N
AS,CF:N
AS, CF:N
AS
CF:minimal
AS
CF:absent
AS
CF:N
AS, CF:N
AS, CF:N

9

81

0-57

++

+

AS, CF:N

Influence of CSF tap test

Postoperative improvement

G

M

G

M

N

np

np

+

+

N
N
N except minimally

np
0
0

np
++
+
0

+++
++ +
+++

+++
+++
++

delayed resorption

N except slightly delayed (1st) + +
resorption
(2nd) + +
0
np

+

+

No shunt

np
np

+
0

++
0

+++
0
+++

np

0

0

No shunt

+++

0
+++

Abbreviations: VSI, ventricular size index; CF, convexity flow; AS, aqueduct stenosis; np, not performed; N, normal; 0, no; +, slight;
+ +, moderate; + + +, marked.
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Fig 1 Case 5. Woman, aged 62 years. First normal
pressure hydrocephalus symptoms at 58years. Marked
hydrocephalus (a-b) but normal fourth ventricle (c). Many
sulci are still present. Fluctuating course with slight clinical
improvement after CSF taps.

normal on CT brain scans25 -27 and that the
site of CSF flow obstruction may be situated at more
than one level. Furthermore, our need to ascertain the
presence of non-tumoural aqueduct stenosis was supappear

ported by Messert's statement that in the problem of
" occult" normal pressure hydrocephalus, an aqueduct stenosis might play a greater role than commonly
presumed.28
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Fig 2 Case 6. Woman, aged 65 years. Cisternography one hour after lumbar introduction of metrizamide. (a)fillin
fourth ventricle, (b) absence of contrast in the third ventricle; metrizamide has already reached the Sylvian fissures.

In our series non-tumoural aqueduct stenosis was
confirmed by an additional metrizamide ventriculography in only two cases. Nevertheless we considered the presence of non-tumoural aqueduct stenosis
as highly probable: the fourth ventricle was normal in
contrast to markedly enlarged lateral and third ventricles; in spite of this ventriculomegaly, no metrizamide
migrated from the fourth to the third ventricle, suggesting an aqueductal block. Finally, the demonstration of an unimpaired CSF flow from the basal cisterns to the convexity excluded an extraventricular
CSF block as the cause of chronic hydrocephalus.
Non-tumoural aqueduct stenosis is a common
cause of chronic hydrocephalus in children but it
occurs less frequently later in life.29 -31 In adults the
average age of non-tumoural aqueduct stenosis lies
between 20-40 years.8"-8 The occurrence of symptomatic non-tumoural aqueduct stenosis in older
patients has rarely been quoted: we were therefore
surprised to find nine such cases among a series of 17
consecutive patients with a potential normal pressure
hydrocephalus seen within 4 years. Clinically they
confirmed previous experiences that when nontumoural aqueduct stenosis decompensates in the
elderly it usually does so in a normal pressure hydrocephalus fashion. 12 13 17 30 In the same period, no per-

sons aged 60 years or older with non-tumoural aqueduct stenosis and increased intracranial pressures
were met.
Speculations and controversies concerning the origin of non-tumoural aqueduct stenosis have been
extensively reviewed.15 29 31 32 Congenital aqueductal

malformations, post-infectious periaqueductal gliosis
or the combination of both factors have been demonstrated as the cause. In our patient group three had
possible congenital non-tumoural aqueduct stenosis
as they underwent medical treatment during their
infancy for prolonged and intractable headache and in
three others an infectious factor may have played a
role in the origin or further progression of the aqueduct of Sylvius (see table 1). However, the lack of
anatopathological confirmation does not exclude the
presence of small and slow growing periaqueductal
microgliomas, which ultimately appeared to be the
unexpected (but very rare) cause of a chronic noncommunicating hydrocephalus attributed to nontumoural aqueduct stenosis during life.9 15 16 31
The question of secondary or "functional" aqueduct stenosis has been a matter of debate. Williams33
and McMillan"7 state that there is no proven basis for
the assumption that aqueduct stenosis precedes
hydrocephalus, arguing that in some patients with
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communicating hydrocephalus a secondary aqueduct duct stenosis may become symptomatic in the elderly.
stenosis has been demonstrated. Several mechanisms The suggestion that late decompensation in nonhave been proposed to explain a functional aqueduct tumoural aqueduct stenosis may be partly due to
stenosis: mesencephalic compression by the dilated slowly increasing periaqueductal gliosis awaits
temporal horns33 or downward displacement of the pathological confirmation.
upper brainstem with aqueductal kinking and/or
obstruction."1 34 Williams' arguments for a secondary The authors thank Gareth Davies and Ben Ansink for
aqueduct stenosis were mainly based on theoretical their helpful comments and Wilma Stoke for careful
considerations, on cases of functional aqueduct steno- preparation of the manuscript.
sis in high-pressure hydrocephalus and on experimental hydrocephalus in animals. To the best of our
knowledge, such mechanisms have not been demon- References
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