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The aim of this study is to find out the jon of the ventricular size of the brain, as it is estimated
using brain computed tomography (CT) scan indexes in patients with normal pressure hydrocephalus (NPH),
to: a) the clinical symptoms, and b) the re erebrospinal fluid (CSF) shunting procedures. We looked
for any predictive value in the estimation of€grain CT scan indexes, in patients as above, in whom a shunt is
going to be placed. It is well known that it ifficult to decide who is going to improve after shunting.
We studied 40 cases of patients with the diagn «NPH» in whom the ventricular shunts were placed. Every
symptom (disturbance of gait, of memory 4 ence) was separately evaluated preoperatively. The outcome
of shunting was also evaluated and the were graded. The following CT scan indexes were estimated
from the preoperative CT scans of the brain in case: the ventricle-brain ratio (VBR), the bi-caudate and
bi-frontal ratios, the third ventricle-Sylvian fissure (3V-SF) ratio, and the four largest cortical gyri. The method we
have used for statistics is «one way analysis of variance», correlating the CT scan indexes to the symptoms of
the patients preoperatively, and the outc SR poSstoperatively.
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The main conclusion is that the size of t
the outcome after CSF shunting surgery, bu
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| ventricles of the brain preoperatively is not correlated to
related to the symptoms of NPH preoperatively.

ydrocephalus, CSF shunting procedures, CSF shunting

Introduction
NPH is a clinical syndrome of the elderly consiste
of the presence of chronic hydrocephalus, without el-

ese indexes may have a predictive value in patients
ith NPH and subjects for SCF shunt procedure.

Patient selection

evated pressure of the CSF, and a triad of symptomsmaterial and methods

dementia, disturbance of gait and incontinence. It is
syndrome of great importance because it is possible
to succeed an important improvement in cases
progressive dementia after a CSF shunt procedure:
Since 1965, when Hakim and Adams first described
this syndrome, it remains a big problem to pre
those patients who are going to improve after surgery,
because the initial enthusiasms were followed by dis-
appointing results. The correct decision for shunting
is very difficult, even in our days with the tremendous
improvement of neuroimaging and interventional pro-
cedures (ICP measurements), and the international
bibliography is unable to give a standard order for
the patients selection for shunting.

In this retrograde study we examined the correlation
of the brain CT scan indexes to the clinical picture
of the patients with NPH (preoperatively), and to the
clinical result after CSF shunting procedure (postop-
eratively). The aim of this is to test the hypothesis that
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This study is based on 40 patients who were ad-
itted in the Departement of Neurosurgery of K.A.T.
General Hospital in ten years with the diagnosis of
ommunicating hydrocephalus-NPH”, and were sub-
iacted in surgical implantation of a ventriculo-peritoneal
shunt. The search for the data used in this study
included: the hospital charts, the department’s opera-
tion logbook, and the outpatient follow up documents.
The CT scan images were kept in the hospitalization
files of the patient.

The diagnosis of NPH was established by both,
clinical and, most importantly, CT scan criteria. The
clinical criteria consist of the characteristic triad of
gait disturbance-ataxia, memory disturbance-signs of
dementia, urination disturbances-incontinence or urgent
urination. The CT scan criteria refer to the evident of
dilatation of the ventricular system and the lack of sulci
and fissure enlargment (to avoid the false diagnosis
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of NPH in cases with ex-vacuo hydrocephalus, which
is marginally improved by the drainage of CSF, as
it is mentioned and reported in the literature)*46 4959,
The patients were subjected in a surgical procedure
for the implantation of a ventriculo-peritoneal shunt
via a medium pressure valve. The operations were
not performed by the same surgeon in all cases, but
the same general principles of pre-, intra-, and post-
operative treatment, including 48 hour recumbence,
were applied®.

The postoperative assesment was performed b
different surgeons in different time intervals, but in

disturbances (well enstablished in 33), while urination
disturbances 25 of them. The time from symptoms on
set was three months for 8 patients, between three
and six months for 10, between six months and a
year for 8 and more than one year for 14 patients.
Many of the patients complained of headache (mild)
and easy fatigability. For two of them episodes of
spasms were reported. Co-morbid conditions (diabetes
mellitus, hypertention) were also reported. The clinical

amination revealed mild pyramidal signs in some

tients (mostly brisk reflexes and the Babinsky sign),
while extra pyramidal signs in three patients. The

the present study the clinical state that the patmeasurement of CSF pressure was performed either
presented with after three months is concidered as trm lumbar puncture in the lateral recumbent position

postoperative state*?. This time coincides for most
them with a new postoperative brain CT scan. Of th

was 45 and the oldest 82, while the mean age wa

during the implantation of the ventricular catheter
the operating theater. The value was marked in 26

the marked values, two were up to 100 mm H20 and

40 patients, 26 were men and 14 women. The younges:tients, while it was found normal in the rest. For

65 years; the age in groups is shown in table 1.

was not recorded to justify the presence of comuni
cating hydrocephalus, therefore it is characterised a

were between 100 mm and 200 mm H2O. In the

ion of the ventricular system was observed (to regard
e hydrocephalus as obstructive in such case), and

In more of these patients history, a causative factoﬁudy of the brain CT scan preoperatively, no obstruc-

NPH of unknown origin. The characteristic triad o
symptoms (disturbances of gait, memory, urination
was present in 25 patients, while urinacy disturban
were absent in 15. In order to check the improveme
and give the oportunity for statistical evaluation of
these data, for every of the clinical symptoms the

ere not there noticeable areas of ischaemia. In this
udy the periventricular lucency was not taken into
account, due to the possible unsuccessful estimation
etrospectively [48].
The estimation of the postoperative result was
based on the improvement of the preoperative symp-

patients were divided in the following categorieSgi@™ms triad, and for this study it was divided in three

As far as the gait disturbances were concerned, the
patients presented with:

(0) No gait disturbance

(1) Instability but able to walk

(2) Inability to walk without assistance.

(3) Inability to walk.

No patient belongs to category (0), 5 belonged in
(1), 21 in (2) and 4 in (3). u

— signs of dementia are concerned, the patient

categories:

(1) Very good, which means the patients returned

their premonbid activities without neurological
eficit.

(2) Good, this means return to activities but with
urological deficit.

(3) Poor, which means no improvement, i.e. the
ainage was of no assistance for the patients.

(43%) good, and 8 (20%) had a poor result. The total

As far as the symptoms of memory disturban Of the 40 patients, 15 (37%) had an excellent result,

presented with:
(0) No disturbance

ercentage of successful outcome was high in the given

eries of patients, compared to others*%4¢. Of the 25
(1) Mild loss of memory that can be revealed onI@tients presenting with the complete triad of symptoms,

after difficult questions and testing. (No special neu
rophychiatric evaluation tests were used.)

(2) Moderate memory disturbance with difficult
recalling recent events.

(8) Severe disturbance with time-space disorientag
tion.

No patient belongs to category (0); 7 in (1), 23 in
(2) and 10 in (3).

According to the urination disturbances the patients
were divided in the following categories:

(1) No disturbance

(2) Mild disturbance (as urgent urination)

(3) Moderate disturbance (only nocturnal incon-
tinence)

(4) Severe disturbance (daytime incontinence
too0).

15 patients belonged to the first category, 8 in the
second, 9 in the third and 8 in the fourth. In total,
40 patients presented gait disturbances, 40 memory
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substantial improvement was observed in 18 (76%)
while no improvement in 7 (28%). Of those without
continence, 15 in total, improvement was observed in
(94%) while one had no improvement (6%).
As far as the result from the drainage is concerned
relation to the time of appearance of the symptoms,
it is found the following: all those with symptoms for
3 months and all those with symptoms for 6 months
were improved, of 8 patients with symptoms from 6
months to 1 year improved 7, while of those with
symptoms for more than one year only 7 out of the
14 were improved (most of them had symptoms for
more than 2 years). Postoperative subdural collections
presented in 2 patients (it was found in brain CT scan);
the one belonged in the group with good postoperative
result, while the other in the group with the poor one.
In these cases the drainage catheter was ligated for a
future prospective of substituting the valve for another
type. Finally, 4 patients died postoperatively from dif-
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TABLE 1
Age in years Number of patients
<50 3
50-60 12
60-70 13
70-80 11
80< 1
o
[ |
3'd.vent.r|c|e- m:frontal Bi-caudate
No Sylvian fissure . )
index ) index index
A B C
1 0.63 ! 0.42 0.31
2 0.64 0.62 0.40
3 0.66 0.61 0.48
4 0.59 ! 0.42 0.31
5 0.67 0.64 0.5
6 0.64 0.41 0.3
7 0.47 0.39 0.24
8 0.67 0.43 0.27
9 0.48 0.4 0.24
10 0.56 0.49 0.32
11 0.5 e 0.46 0.33
12 0.7 0.43 0.33
13 0.53 0.48 0.27
14 0.66 0.53 0.35
15 0.53 0.39 0.33
16 0.64 @0.51 0.3
17 0.72 0.43 0.32
18 0.53 m s 0.39 0.26
19 0.68 0.47 0.39
20 0.7 0.46 0.38
21 0.68 0.45 0.32
22 0.66 0.48 0.30
23 0.64 0.44 0.32
24 0.56 0.7 0.6
25 0.54 0.50 0.32
26 0.55 0.42 0.3
27 0.67 0.49 0.31
28 0.63 0.42 0.30
29 0.69 0.46 0.28
30 0.68 0.45 0.29
31 0.49 0.4 0.25
32 0.56 0.4 0.25
33 0.88 0.49 0.3
34 0.8 0.47 0.28
35 0.58 0.44 0.32
36 0.62 0.4 0.3
37 0.67 0.64 0.5
38 0.6 0.6 0.49
39 0.68 0.37 0.26
40 0.58 0.51 0.33
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ferent complications (2 from pneumonia, 1 from severe
meningitis due to infection of the drainage system,
and 1 fell in coma immediately postoperatively). In all
of these patients the immediate response to drainage
was poor. These cases were not taken into account
in the grouping of patients according to the clinical
result of the drainage for the statistical elaboration.
An important condition in the design of this study, in
order to estimate the prognostic value of the CT scan
indexes in the post drainage result, was the prove

good function of the drainage mechanism; it mean

that any poor results could not been due to poor
drainage function. This was possible with the st

size of the ventricular system was measured, whic

at the level of the heads of the caudate nuclei, and
two indexes were calculated: the bi-frontal and the
bi-caudate. The bi-frontal is defined as the product of
the distance between the apexes of the frontal horns,
divided by the total intracranial distance at the same
level. The bi-caudate is defined as the product of the
distance between the two caudate nuclei, divided by
the total intracranial distance at the same level. (Fig.
1B, 2B)

3. Brain - ventricular system indexes.

The measurements took place on a CT section at
a level above the caudate nuclei, where the ventricular

stem is widest. The following indexes were calcu-

dex is defined as the product of the distance between

of postoperative CT scan, where the decrease of thmted the bi-frontal and the bi-occipital. The bi-frontal

is a sign of good drainage function®. A postoperativ
CT scan there was in the files of 24 patients. Therg
was improvement in 22 of them, while none in

this fact is in accordance with the opinion of som

always accompanied by a decrease in the size of th
ventricular system“. In two patients the function of th

e lateral borders of the frontal horns, divided by the
tal intracranial distance at the same level. The bi-
occipital is defined as the product of the distance of
e far lateral borders of the occipital horns, divided

g. 1C, 2C)
4. Cortical gyri index.

authors, that the improvement of the patients is n ﬁ the total intracranial distance at the same level.
i

drainage mechanism was checked by the injection o
metrizamide in the flushing device of the valve an
the following radiological check. In the rest 14
tients good function of the valve was reported in th
patient’s follow up chart or in the readmision file; this
diagnosis was based, by the examiner, on the clinical

The measurements took place on a CT section at

e level of the large cortical sulci, and the absolute

size of the four biggest gyri of the cortex, in the better
imaged hemisphere, was measured. (Fig. 1D, 2D)

All the above measurements were done 3 times

and the mean value was used'’.The measurements

examinations (palpation of the flushing device of jigaummiiere recorded after referral to a common scale. The

valve, to feel the ease of pumping)3:.

Measurements of the brain CT scan indexes
We used linear measurements for the studied

methods, as it is referred in the literature'2447, |

results are given at the tables 2 and 3. As far as the
liability of these indexes is concerned, it must be
id that possible errors are due to the width (a result
f the partial volume) and the size of the CT scan

gdex. The reliability of this index is further decreased

CT scan parameters, since they are totally reIiabIQctions“, especially in the case of the cortical gyri

order to be more precise, we used indexes that have

ecause the CT scans were not performed by the same

been calculated in measurements for cases Wi/ EEE:-onner. 27 exams were done at a Siemens Somaton
cerebral atrophy'4 degenerative and pOst-traumﬁ), while the rest at two other types of scanners. Of
ec

encephalopathies and that were also used to ch
the correlation of the CT scan to continuous moni
toring of the intracranial pressure'®#5; finally for the
calculation of Rout or Cout in infusion studies®. Th
use of divisional indexes reduces the restrictions o
single linear measurements, due to the variety of the
shape and the size of the skull™.

In every one, of the above mentioned 40 cases,
the following indexes were identified from the preop.
erative CT scans:

1. The third ventricle - Sylvius fissure distance
index.

The measurements were made on a CT scan section
at the level of the thalami, in their largest dimensions
where the third ventricle and Sylvius fissure are well
depicted. The distance between the lateral border of
the third ventricle and the innermost border of the
Sylvian fissure was measured in each side (right and
left). The two values were added and divided by the
value of the total intracranial distance at the same
level. (Fig. 1A, 2A)

2. Frontal horns indexes.

The measurements took place on a CT section
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urse, as it is mentioned above, referral to a com-
on measurement scale was performed.

Statistical analysis

For the statistical evaluation of the data, gathered
from the patient group and the measurement of the

T scan indexes, the method of one way analysis of
riance was used. With this method it is possible to
ompare the mean values of the studied groups of vari-
les, and is the most preferable in the case where the
possible influence between the quality characteristics
of the group of patients is being evaluated. To make
these quality characteristics amenable to statistical
analysis, they were expressed in a grading way and
by the numbers 1, 2, 3, 4, as in the table 4.

For the analysis of the variability in one direction,
we calculate the quotient of the variability F which is
compared to the relevant F in the statistical tables for
(k-1) and (n-k) degrees of freedom (for the numera-
tor and the denominator accordingly). In the case
that the calculated value exceeds the relevant value
in the statistical tables, for the relevant degrees of
freedom, and for a given level of significance P~0.05
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Fig. 1. (A) CT scan section at the level of the thalami
index were made. (B) CT section at the level of the heads

indexes were made. (C) CT section at a level above the 8

system indexes were made. (D) CT section at the level of
gyri index were made.

or P~0.01 (in this case we choose P~0.05), then the
compared mean values differ between them in
statistically significant degree; as a result there
statistically important influences between the values
of the studied groups. In the case that the calculated
F is smaller than the corresponding F of the table,
then the interactions between the studied groups are
statistically insignificant. For the analysis of the vari-
ability in one direction, (the statistical packet SPSS
was used), the validity of the following assumption
was checked: the mean values of the studied groups
do not differ between then.

Results

The value of F was bigger than the corresponding
value of F at the statistical tables for a P~0.05, and
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- Moasurements for the third ventricle-Sylvius fissure distance
@ date nuclei where the measurements for the frontal horns

E nuclei where the measurements for the brain-ventricular
ge cortical sulci, where the measurements for the cortical

erefore the assumption, that was made earlier, was
roved to be invalid in the following cases:

1) In the correlation of the index of the third ven-
tricle — Sylvian fissure distance to the symptom “gait
disturbances”. In this case for degrees of freedom n1=2
and n2=37, F=5.5758 (bigger than the relevant of the
table), mean = 0.6278, SD=0.0921, SE=0.0146.

2) In the correlation of the cerebral substance-
ventricular system, between the frontal horns, index
to the symptom of “gait disturbances”. In this case for
n1=2, n2=36, F=7.5762 (bigger than the relevant of
the table), mean= 0.5538, SD= 0.1094, SE=0.0175.

3) In the correlation of the cortical gyri index to the
symptom “gait disturbances”. In this case for n1=2,
n2=37, F=12.2426 (bigger than the relevant of the
table), mean= 4.465, SD= 0.7195, SE=0.1138.
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(BF) / (B'F"), bi-occipital=(BO) / (B'0’).

). (D) Cortical gyri |ndex =

Fig. 2. (A) Third ventricle- Sylvius fissure distan (Ra + L a)/b. (B) Frontal horns indexes;
bi-frontal index = BF / a, bi-caudate index = B Braln ventncular system indexes; bi-frontal =

)+ () + @) + (4, R)or (L)

4) In the correlation of the cerebral substanZe table), mean=0.5538, SD=0.1094, SE=0.0175.

ventricular system, between the occipital horns, index
to the symptom “memory disturbances”. In this case
for n1=2, n2=37, F=4.3122 (bigger than the relevant
of the table), mean=0.6035, SD=7.06, SE=0.0112.
5) In the correlation of the cortical gyri index to the
outcome of the shunting procedure. In this case for
n1=2, n2=34, F=7.7130 (bigger than the relevant of
the table), mean=4.5486, SD=0.6462, SE=0.1062.
6) In the correlation of the cerebral substance-
ventricular system, between the frontal horns, index to
the symptom “memory disturbances”. In this case for
n1=2, n2=36, F=3.3703, (bigger than the relevant of
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7) In the correlation of the cortical gyri index to
the symptom “urination disturbances”. In this case for
n1=3, n2=36, F=3.2402 (bigger than the relevant of
the table), mean=4.4650, SD=0.7195, SE=0.1138.

In all of the above cases the mean values of the
investigated groups differ markedly between them,
and therefore, we considered that there is influence
of the specific indexes on the specific qualitative
characteristics.

In the cases where the value of the third ventricle-
Sylvian fissure index was lower than 0.50, complete
inability to walk was observed. We also observed that
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TABLE 3
No Bi-frontal Bi-occipital Cortical gyri
(BV) index index index
D E F
1 0.48 0.6 4.6
2 0.49 0.58 4.7
3 0.51 0.6 4.9
4 0.49 @.69 4.2
5 0.5 —" 0 4.8
6 0.47 .59 4.7
7 0.69 @.63 3
8 0.53 0.5 4.8
9 0.7 C(o).64 2.9
10 0.6 .56 4
11 0.57 .54 3.2
12 0.54 s 0.73 4.5
13 0.5 .51 5
14 0.6 0.61 4.7
15 0.38 0.61 5
16 0.57 .48 4.5
17 0.56 0.73 45
18 05 T— 52 5.4
19 0.52 0.67 5
20 0.5 .65 5
21 0.47 0.58 5.2
22 0.79 00.73 3.9
23 0.45 = 55 5.4
24 0.54 .63 4.2
25 0.79 ﬁ.ﬂ 4
26 0.62 0.58 3.9
27 0.78 @.70 43
28 0.46 0.56 5.5
29 0.55 .51 4.7
30 0.54 .52 4.9
31 0.71 0.65 29
32 0.71 0.64 3
33 0.55 0.53 4.9
34 0.53 0.51 4.8
35 0.58 0.56 4
36 0.41 0.66 4.4
37 0.5 0.59 4.9
38 0.43 0.6 4.8
39 0.4 0.62 5.5
40 0.77 0.72 4.2
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in 75% of the cases that presented with complete
inability to walk, the value of the cerebral substance-
ventricular system index was around 0.7 and the value
of the cortical gyri index around 2.9. Finally, in 80% of
the patients who benefited mostly from the shunting
procedure had a cortical gyri index higher than 4.7,
while 60% of the patients with poor outcome after CSF
drainage had a cortical gyri index less than 3.2.

In no other cases (except the above seven) that
were examined was proven any influence of the indexe
on the qualitative characteristics (symptoms-results)

Discussion

problems in neurological surgery is to point out and t

between flowing CSF from stagnant CSF. There is a
specific sign, CSF-flow voiding sign (VS), which is
very useful in the distinction of communicating hy-
drocephalus from non-communicating hydrocephalus
and from hydrocephalus ex vacuo. The CSF-VS is a
result of the speed of the CSF pulsating movement. It
is more prominent in the communicating hydrocepha-
lus and less evident, or absent, in the dysgenesis or
stenosis of the aqueduct. However, this sign is not

ecific for the NPH, and presents no correlation to

e degree of improvement after shunting3®%. In the

RI, the sign of periventricular lucency is not use-

BN as in the CT, to verify that the hydrocephalus is

e diagnosis of white matter damage than CT scan.

One of the most commonly discussed clinicmtive, while the MRI is a more sensitive method in

accept a safe criterion for the selection of patients wit

procedure. Review of the literature, concerning result

nally, various volumetric measurements are more

Regarding the CT scan as a fast and non invasive

NPH, who are going to improve after a CSF shuntintecise with the MRE.

of this therapeutic method, show improvement in 509
of the cases treated, independently the criteria used
for the patient selection [48]. The surgical mortalit
varies, in the different studied series, from 8% to 10%
and the morbidity from surgical complications, from
12% to 40%6,27,28,43,49,55,58l

Since 1966, when Adams announced the cas
a patient with symptomatic hydrocephalus and norm
pressure in the CSF, many patients with radiological
evidence of large ventricles and normal pressure
CSF, but not presenting the clinical triad, have b
mistakenly diagnosed and operated on with disappoint-
ing results3 418214859 |t s g fact that the diagnosis
patients with NPH has mainly been based on radio
logical rather than clinical criteria, and this has made
difficult the evaluation of credibility and usefulness
the predictive tests before surgery?.

The role of cisternography seems to be mainly the

ethod, it could be considered the method of choise
in the prognosis of patients selected for surgical
rainage.

The advantages and disadvandages of CT as a
agnostic and prognostic method have been well
ocumented. It also has been documented that ex-
perimental and clinical studies show an existing pres-
ure gradient between the cerebral ventricles and the
barachnoid space, in the pathological physiology
of NPH. Conner and others showed such gradient in

ts after caolin injection'. Hoff and Barber showed
similar results in patients studied intra-operatively?®.

e results of these studies may give an explana-
n for the presence of enlarged ventricles in spite

e existence of normal pressure CSF. The pressure

adient between these two intracranial spaces ap-

ied through the cerebral parenchyma (the mantle)
allows the expansion of the ventricular system. Based

diagnosis of communicated hydrocephalus?8223132 8 ISR these reports an assumption can be created, that
Infusion tests have been considered by many aut&ﬁe pressure gradient between the ventricles and
oth

a valuable preoperative test5 1929424455 put some
ers dispute credibility of them®5%5. These tests see

reasons. First, according Ekstedt, because they hav

e subarachnoid space causes the alteration in the
idth of the cerebral mantle, and as result there is

the cerebral mantle. Based on these assumptions,

to have theoretical rather than practical value for twmcorrelation of this gradient in pressure to the size

been used only in pathological situations and th

in the literature for the reproduction of the results o
this method in the same patient®.

hich rely on the pathophysiological mechanism of

pothesis that:
There is an effect of the sizes of the ventricles

normal values are unknown', and second, accordin trans-mantle pressure as an explanation of NPH,
Borgensen, because there are not convincing elem ere has been an effort in this study to test the

As mentioned above, the diagnosis of NPH
been based mainly on the brain CT scan34%50%7, Large
sizes of the ventricles, periventricular lucency, and the
presence of a small degree or the absence of cortical
atrophy are concidered characteristic evidence of com-
municating hydrocephalus*®143640.5 Therefore, the CT
scan is believed that images the pathological state of
the reduced absorption of CSF, which is considered
responsible, at least in part, for the creation of NPH
by some authors®; others believe that the problem is
the pathological circulation of CSF*.

The MRI is a very promising method in the diagno-
sis, study, and generally the evaluation of hydrocepha-
lus. This method gives the possibility to differentiate
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d the cerebral mantle, measured in CT images,
in the presentation of clinical symptoms and the
outcome of the patients after drainage procedures,
making possible in the last case, the evaluation of
their prognostic value.

a. By using the indicator of the third ventricle-Sylvi-
an fissure, the correlation of the width of the cerebral
mantle to the result of CSF shunting procedure was
studied. The study of this correlation was chosen to
be applied at the level of the third ventricle because
in pneumoencephalography®' and CT scan studies®,
it has been found a stable correlation of the third
ventricle size to the pathological pressure level, in
recordings of the CSF pressure. No statistically impor-
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tant impact between those parameters was noticed.
Therefore, this indicator has no prognostic value in
the outcome of the shunting procedure. This finding
is in accordance with the results of a study done by
Stein and Landfitt; they correlated the width of the
cerebral mantle to the outcome after the shunting,
by means of pneumoencephalography®.

b. By using the indicators of cerebral parenchyma-
ventricular system, the correlation of the sizes of the

shunting was explored. The sizes of the lateral ven

d. By using the indicators of cortical gyri, the cor-
relation of the width of cortical gyri to the outcome
of shunting was checked. This indicator checks the
cerebral cortical atrophy (quality of cortical paren-
chyma), but it may also check the flattening of the
gyri due to existing trans-mantle pressure. In this case,
a statistically important impact between the two vari-
able groups was proven. This means that the lesser
the degree of cortical atrophy, the better the outcome

e degree of gyral flattening (which means greater

lateral ventricles properatively to the outcome after thWer drainage; this might also mean that the greater

tricles were evaluated taking into account separatel
the bi-frontal and bi-occipital indices. The bi-fro
indicator is the quotient of the maximum distance o
the most lateral borders of the frontal horns, divide
by the width of the internal of the skull at the sam
level. As it is mentioned in the international literature
it is a reliable index of the size of the ventricul
system, because it is easier reproducible, than th
indicator of the width of the ventricular bodies*. In
addition, with the study of the bi-occipital indicato
one more method of calculation of the size of th
lateral ventricular system was applied.

No statistically important impact between the siz
of the ventricular system and the outcome of
shunting was noticed. Therefore these indicatore
have no prognostic value for the outcome after the
CSF drainage. This finding is in accordance with the
results of Stein and Langfitt, who used pneum
cephalography to study the correlation of the sizes
of the ventricles to the prognosis®. Crookard als
found no correlation of the sizes of the ventricles t
the recording of pathological pressures; this is a good
prognostic factor comparing groups of patients wit
normal recordings of intracranial pressures, with othe
groups with pathological ones™. Finally, Kosteljanetz

rans-mantle pressure), the better the response to
ainage. However, the poor credibility of this indi-
tor, as it is mentioned earlier, limits its prognostic
lue. Many authors came to the same conclusion by
Iculating cortical atrophy, measuring the width of
e four larger sulci of the cortex or even the Sylvius
fissure using planimeter. Some others estimate the
rtical atrophy empirically, as small, medium and
rge, characterizing the same time the pressure ap-
plied to the parenchyma, at the subarachnoid spaces
the convexity, when they are restricted242238.5559  Ag
result we can say that no single CT scan param-
er, of those studied comprises a definite prognostic
criterion. After the study of the correlation of the CT
can indexes to the clinical symptoms of the patients
e can conclude the following:
a. The size of the ventricular system, calculated
the cerebrum-ventricular system (bi-frontal and
bj-occipital) indexes, has a statistically significant influ-
ce in the severity of the symptom “memory distur-
nces”. This is mainly due to vascular disturbances
nd vessel dilatation in the periventricular region; this
sults in a decrease in blood flow and consequently
e malfunction of the areas and pathways regarding
memory (perihippocampal region that lies in the vicinity

found no correlation of the size of the ventric#oMEEEEE thc temporal horn of the lateral ventricle), and of

system to the resistance of CSF flow (Rout), wrﬁe cognitive areas causing dementia.2,

is also considered a good prognostic criterion b
many authors®. In the cases of patients who di
not improve postoperatively, it seems that they have
sustained a non reducible injury of the neural circuit
in the periventricular white matter®'.

c. By using the indicators of the frontal horns of
the lateral ventricles, the correlation of the qualit
the parenchyma to the outcome of the shunting was
checked. Specifically, in the frontal white matter i
measured by the bi-frontal indicator, at the tips of
frontal horns, and in the caudate area is measured
by the bi-caudate indicator. Both those indicators are
sensitive in the study of subcortical atrophy'°®2, which
is not necessarily correlated to cortical atrophy. The
subcortical atrophy is connected to varius pathologi-
cal entities independent of age, in contrast to cortical
atrophy which is age related. No statistically important
correlation of the outcome to the above mentioned
indicators was proven. This possibly means that there
were no coexistent degenerative diseases, covering the
good response after shunting, in patients with NPH,
giving poor results®%3952 Therefore these indicators
have no prognostic value for the outcome.
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b. The width of the cerebral gyri, calculated by

e cortical gyri index, has a statistically significant
influence in the severity of the symptom “urination
sturbances”. This is probably due to a malfunction
the cortical centres of micturition and defecation in
the paracentral lobule, and its periventricular pathways,

e to transmantle pressure applied to that cortical

ea especially when the subarachnoid spaces are
literated?.

However, there have been cases with severe dis-
turbance of urination and small cortical gyri index.
In these cases, probably it has been existed frontal
syndrome due to cerebral atrophy' that was not
properly diagnosed. The same is probably true in
the case of the statistically significant influence of
the cortical gyri index in the severity of the symptom
of gait disturbances in patients with small cortical
gyri index. For those cases it must be said that the
cerebral gyri index is of low credibility.

c. The size of the ventricular system, calculated
by the cerebrum-ventricular system (bi-frontal) index,
has statistically significant influence in the symptom
“gait disturbances”. This is probably due to the fact
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that the dilatation of the lateral ventricles causes dis-
placement and tenderness of the fibres that originate
from the precentral motor cortex on their way to the
internal capsule'®. Additionally, alterations in the vas-
cularity of the periventricular parenchyma structures
have been implicated to explain the mobility dysfunc-
tion®2. The correlation of the large ventricles to the
gait disturbances is mentioned in many studies'®19:54,
Sudarsky and Ronthal examined a series of 50 elder
patients with gait disturbances and found that thi
group had an enlarged ventricular system, compare
to a healthy group®.

npoadlopiobnkav ol e&ng deikteg amd TIG agovoto-
HOoYpPaPIKEG arelkovioelg Tou eykepdlou: o Jelking
anootdoewq TPITNG KoWiag-oxiopnig tou Sylvius, ot
delkTeq TwV PeTWTIAiWY KEPATWV TWV TAQY(WV KOIALWV,
ol deikteq eyKE@ANOU-KOIAIAKOU CUOTHUATOG KAl O
delktng eAlkwv PAolol. ZTn cuvéxela Xpnaolororonke
n avdiuon petafAnténrag katd pia dielbuvon cav
OoTatloTkn HEB0dog yia Tnv dlepelvnon tng emdpd-
JEWG TWV AVWTEPW OEIKTWV OTA TOLOTIKA XAPAKTN-
OTIKA TNG onddag Twv aoBevVWY (CUUTTTWHUATA TIPLY

L €kBaon PETA TNV MAPOXETEUAT)).
A6 TNV HEAETN TWV ATIOTEAECUATWV TIPOEKUYE oAV

d. The depth of the cerebral mantle, calcul ==, , GyuMéPACHA OTL TO HEYEDOG TOU KOWALAKOU Ou-

by the third ventricle — Sylvian fissure index, has
statistically significant correlation to the severity of th
symptom “gait disturbances”. This is probably relate
to the dilatation of the third ventricle, which has no
been examined in this study and causes displaceme
and stretching of the fibres of the internal capsule; thi
also correlates to the pathologic pressure in studies
with recording of intracranial pressure?).

Conclusion

The basic conclusions that can be drawn fro
the above are:

a) The size of the ventricular system of the brain;
as it is calculated by the CT scan indexes, may cor-
relate to the severity of the symptoms in NPH.

b) The size of the ventricular system of the b
does not comprise a definite prognostic criterion for
the outcome of shunting procedures.

NEPIAHWH

Y3pokéPaAog PUOIONOYIKHG MECEWG KAl
afovoTopoypa@ikoi SEiKTEG EYKEPAAOU.

H mpoyvwoTik a&ia Toug yla Tnv ékBaon Twv
TTAPOXETEUTIKWV EMEPPRATEWV Kal N OXEON TOUG
pe TNV KAIVIK oupmTwparoloyia.
XATZHAAKHZ E., MMAPAAZ T., MMOYPAMAX A.,
ANAFNQZTOMOYAOS A., SIMOMOYAOS K.

untdpxel OXEon TOU HEYEBOUG TOU KOIMAKOU CUOTH LA

._8

to outflow of CSF in NPH. Acta Neurochir (Wien) 57:67-73
Borgesen SE, Gjerris F (1982) The predictive value of con-
ductance to outflow of cerebrospinal fluid in normal pressure

Auatog, énwg autd unoAoyileTal e TOUG AVWTEPW

ikteq otnv afovikn Topoypagia, oxetideTal pe v

MUITWHAToAOY(a OTOV UDPOKEPAAO (PUCLOAOYLKNG

€0ewg al\d dev anotelel MPoyvVWOoTIKO KPLTELOo Yia
TNV €KBaon TWV TMAPOXETEUTIKWY EMEUBATEWV.
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