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Abstract
Background. Hydrocephalus, which is the most common disease of the central nervous system in children, has 
a diverse etiology and clinical picture. Children suffering from hydrocephalus are often treated either by using 
a neuroendoscopic procedure or by Orbis Sigma shunt implantation. 
Objectives. To evaluate the long-term psychological effects of neuroendoscopic surgical treatment on the mental 
development and cognitive abilities of children suffering from hydrocephalus, in comparison with the results fol-
lowing Orbis Sigma shunt implantation, and to assess the impact of the kind of hydrocephalus on the outcome of 
the treatment. 
Material and Methods. The study involved 78 patients treated surgically for chronic noncommunicating hydro-
cephalus: 39 patients who had undergone neuroendoscopic surgery (average age: 12 years, SD ± 7 years), and 
39 who had undergone implantation of a ventriculo-peritoneal shunt (average age: 14 years ± 5 years). The psycho-
motor development of the two groups was analyzed using psychomotor development tests including the Brunet-
Lezine test, the Terman-Merrill test, Raven’s Standard Progressive Matrices, Raven’s Colored Progressive Matrices, 
the Benton Visual Retention Test, the Bender Visual Motor Gestalt Test, the Rey Fifteen-Item Memory Test, lat-
eralization tests and a questionnaire. 
Results. In the shunt group there were statistically significant prevalences hydrocephalus diagnosed perinatally 
and in the first year of life (p = 0.0291), epileptic seizures (p = 0.0181), intellectual disability (p = 0.0049) and gait 
disturbances (p = 0.006). There were statistically significant differences between two groups in the relative changes 
of linear measurements of the cerebral ventricle depending on the type of treatment: Relative Frontal Horn Index 
(RFHI): 0.93 following endoscopy and 0.64 following shunt implantation; Relative Evans’ ratio (RER): 0.93 follow-
ing endoscopy and 0.62 after shunt implantation; Relative Frontal and Occipital Horn Ratio (RFOHR): 0.89 after 
endoscopy and 0.69 after shunt implantation. The time treatment was undertaken and the incidence of mental 
retardation did not differ significantly between the two groups.
Conclusions. The analysis of cerebral ventricle enlargement expressed in linear ventricular enlargement measure-
ments revealed statistically important differences in the intellectual, cognitive and motor development between the 
groups treated with the two neurosurgical techniques (Adv Clin Exp Med 2012, 21, 3, 373–384).
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Streszczenie
Cel pracy. Ocena odległych następstw leczenia operacyjnego za pomocą neuroendoskopowej wentrikulostomii 
komory III dla rozwoju intelektualnego i przebiegu poszczególnych procesów poznawczych u osób leczonych 
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z powodu wodogłowia i porównanie z rezultatami leczenia pacjentów po implantacji układu zastawkowego. Ocena 
wpływu rodzaju wodogłowia na wynik leczenia. 
Materiał i metody. Badania przeprowadzono u 78 osób leczonych operacyjnie z powodu przewlekłego niekomuni-
kującego wodogłowia (jedną grupę stanowiło 39 pacjentów po zabiegu neuroendoskopowym, średni wiek wynosił 
12 lat (SD ± 7 lat), drugą kontrolną 39 badanych po implantacji zastawki komorowo-otrzewnowej, średni wiek 
wynosił 14 lat (SD ± 5 lat)). W pracy zastosowano Skalę Rozwoju Psychoruchowego Brunet-Lezine, Termana-
Merrill, Test Matryc Kolorowych Ravena i Standard, Test Bentona, Test Bender, Test Zapamiętywania 15 Słów 
Reya, próby lateralizacji oraz ankietę. 
Wyniki. W grupie pacjentów po implantacji zastawki istotnie statystycznie częściej: diagnoza wodogłowia jest 
stawiana w ciąży i pierwszym roku życia (p = 0,0291), występuje padaczka (p = 0,0181), niepełnosprawność intelek-
tualna (p = 0,0049), a także zaburzenia lokomocji (p = 0,006). Istnieje istotna różnica we względnych wskaźnikach 
liniowych układu komorowego w zależności od rodzaju dobranego leczenia (Relative Frontal Horn Index (RFHI): 
endoskopia 0,93; zastawka 0,64; Relative Evans’ ratio (RER): endoskopia 0,93, zastawka 0,62; Relative Frontal and 
Occipital Horn Ratio (RFOHR): endoskopia 0,89; zastawki 0,69). Czas podjętego leczenia, diagnoza upośledzenia 
umysłowego nie różnicowały obu grup.
Wnioski. Analiza szerokości układu komorowego wyrażona wskaźnikami liniowymi w zależności od rozwoju 
intelektualnego, poznawczego i lokomocji ujawniła istotne różnice w grupie pacjentów leczonych za pomocą obu 
technik neurochirurgicznych (Adv Clin Exp Med 2012, 21, 3, 373–384).

Słowa kluczowe: wodogłowie, funkcje poznawcze, inteligencja, opóźnienie rozwoju psychomotorycznego.

Hydrocephalus, which is classified as the most 
common disease of the central nervous system in 
children, has a diverse etiology and clinical picture. 
Psychological research on people with hydroceph-
alus usually find that from 19.5% to 25% of them 
are retarded in intellectual development compared 
to 2.2% in the general population [1, 2]. The path-
omechanism underlying the observed symptoms 
of the disease is associated with impaired hydrody-
namics of the cerebrospinal fluid (CSF) consisting 
of an imbalance between production, circulation 
and absorption [3]. The most common cognitive 
and perceptual motor disorders in individuals with 
a diagnosis of hydrocephalus include visual-spatial 
function impairment, reduced manual dexterity, 
dyskinesia, disturbances of eye-hand coordination, 
apraxia, disordered perception and spatial percep-
tion [4]. There is also a reduction in memory ca-
pacity and impaired recall [5]. Research conducted 
by the Department of Neurosurgery at the Polish 
Mother’s Memorial Hospital Research Institute 
(Łódź, Poland) with the aim of evaluating early 
mental development, verbal ability, visual-motor 
coordination and memory in children with hydro-
cephalus revealed that, despite the children’s nor-
mal psychomotor development, their cognitive 
development is reduced in comparison to healthy 
peers [6]..Delaying treatment until after the pa-
tient is 3 months old increases the risk of psycho-
motor impairment, and treatment complications 
such as epilepsy or bleeding into the brain exert 
an impact on the patients’ mental abilities [6]. 
Dandy and Blakfan introduced the classification 
of hydrocephalus into communicating hydro-
cephalus, where there is free outflow of cerebro-
spinal fluid (CSF) from the brain ventricles to the 
subarachnoid space, and noncommunicating hy-
drocephalus, in which there is obstruction of CSF 

outflow [7]. The consequences of different meth-
ods of surgical treatment of noncommunicating 
hydrocephalus on the patients’ general intellectual 
ability and individual cognitive processes have not 
been thoroughly investigated. Current methods 
used for treatment of hydrocephalus are shunt im-
plantation or an endoscopic procedure to restore 
communication routes by creating a connection 
between the isolated part of the ventricular system 
and the pathways of natural CSF circulation [8]. 
In cases of noncommunicating hydrocephalus, an 
endoscopic third ventriculostomy (ETV) is usually 
performed [9]. Both shunt implantation and ETV 
are burdened with various types of distant and di-
rect complications and a risk of death, which in the 
case of ETV ranges from 0.2% to 2%, and in the 
case of shunt implantation is estimated at 0.1% [8]. 
Mortality in neuroendoscopic procedures is signif-
icantly lower now than in the 1980s. Still, there is 
greater early morbidity connected with the use of 
neuroendoscopic techniques than with shunt im-
plantation. On the other hand, valve implantation 
is associated with a higher risk of long-term com-
plications, mainly due to the need for shunt revi-
sions: In cases of shunt implantation in newborns, 
at least one revision of the system is usually neces-
sary due to the growth of the child’s body. 

There have been no comparative studies pub-
lished in Polish psychological literature regarding 
the long-term effects of different types of surgi-
cal treatment on the progression of noncommu-
nicating hydrocephalus and mental development. 
Several studies found in the literature from other 
countries indicate that differences in the postop-
erative course depend on the surgical technique 
performed on patients before the age of one year. 
These differences are related to the width of the 
ventricular system and rate of head circumfer-
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ence growth. A significant correlation has been 
described between a slight decrease in the width 
of the ventricular system width and a persistent-
ly high rate of head circumference growth after 
ETV in contrast to shunt implantation [10–13]. 
It seems worthwhile to seek an explanation for 
these differences, and to investigate whether they 
are related to excessive drainage of CSF following 
shunt implantation or inadequate absorption of 
CSF following endoscopic procedures. The aim 
of this study is to assess the long-term effects of 
surgery on the development of the intellectual and 
cognitive faculties of individual patients treated 
for hydrocephalus using ETV, and to compare the 
results with the effects of treatment by shunt im-
plantation.

Material and Methods
The study was involved 78 patients treated 

surgically for chronic non-communicating hydro-
cephalus in the Department of Neurosurgery of 
the Polish Mother’s Memorial Hospital Research 
Institute. One group consisted of 39 patients who 
had undergone neuroendoscopic surgery; a second 
group consisted of 39 subjects who had undergone 
implantation of a ventriculo-peritoneal Orbis Sigma 
shunt. At the time of the psychological assessment 
the average age of the patients who had undergone 
ETV was 12 years (SD: ± 7 years) and that of the 
patients who had undergone shunt implantation 
was 14 years (SD: ± 5 years). The average age of the 
patients at the time of the initial surgical procedure 
was 4.96 years (SD: ± 6.69) in the ETV group and 
0.34 years (SD: ± 0.65) in the shunt group. 

In the ETV group the origins of hydroceph-
alus were very diverse. The most frequent cause 
was congenital atresia of the Sylvian aqueduct in 
14 patients; it was accompanied by central nervous 
system (CNS) infection in two cases and by intrac-
ranial bleeding in three cases. The second most 
common cause was arachnoid cyst in six patients. 
Other causes included benign inoperable periaq-
ueductal glioma (three cases), Chiarii II malforma-
tion (3 cases), intracranial bleeding (4 cases), CNS 
infection (3 cases) and both intracranial bleeding 
and CNS infection (one case). The shunt group was 
less diverse in terms of the origin of hydrocepha-
lus. The most prevalent causes of hydrocephalus in 
this group were Chiarii II malformation in 16 cas-
es and congenital atresia of the Sylvian aqueduct in 
14 cases; other causes were posthemorrhagic oblit-
eration of CSF pathways (six cases) and infection 
(three cases).

In the ETV group, surgical treatment had been 
scheduled in 36 cases and urgent in three cases. In 

the shunt group, all of the procedures had been 
scheduled. The groups did not differ significant-
ly in terms of gender: the ETV group was com-
posed of 15 females (38.5%) and 24 males (61.5%); 
the shunt group included 20 females (51%) and 
19 males 19 (49%). Overall 35 females and 43 males 
took part in the study. 

In order to reduce the influence of postop-
erative complications on the psychological assess-
ment, both of the analyzed groups were composed 
of patients in whom the surgical procedure was 
successful. In the ETV group there was no need 
to implant a shunt after the neuroendoscopic pro-
cedure. In the shunt group there was no need for 
shunt revision throughout the follow-up period. 

Tests were used to assess the general level of 
intelligence and specific cognitive functioning, 
in relation to the age of the subjects: the Brunet-
Lezine scale of psychomotor development, the 
Terman-Merrill Intelligence Scale, Raven’s Stan-
dard Progressive Matrices, Raven’s Coloured Pro-
gressive Matrices, the Benton Visual Retention 
Test, the Bender Visual Motor Gestalt Test, the 
Rey Fifteen-Item Memory Test and lateralization 
tests. The children’s parents completed a question-
naire written by the current authors consisting of 
28 questions, which were used to collect additional 
information about family structure and economic 
status, the parents’ educational background, the 
etiology of the hydrocephalus and the time of di-
agnosis and neurosurgical treatment. Both groups 
were comprised of patients who had undergone 
neurosurgical procedures at least one year prior to 
the current study. All the patients underwent MRI 
of the head, the evaluation of which focused on the 
width of ventricular system expressed as linear in-
dicators.

The parameters assessed in the analysis of the 
imaging studies were the width of the cerebral 
ventricles measured with linear measurement in-
dices like the Frontal Horn index (FHI – the ratio 
of the largest distance between the extreme points 
of the frontal horns in a plane passing through 
two foramens of Monro) and the width of the ce-
rebral hemispheres in the same line as assessed in 
any diagnostic imaging. In addition, Evans’ ratio 
(ER) was used (the ratio of the maximum width of 
the frontal horns to the largest width of the hemi-
spheres of the brain), as was the Frontal and Oc-
cipital Horn Ratio (FOHR – the ratio of the sum 
of the greatest diameter of the frontal and occipital 
horn distance to double the width of the largest 
diameter of the cerebral hemispheres at the level 
of the foramens of Monro). The width of the third 
ventricle (III) was also assessed. The dynamics of 
changes in ventricular enlargement after surgery 
were expressed as decimal fractions for each pa-
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rameter. These fractions were based on linear 
measurements taken before and after surgery: The 
postoperative value was divided by the original 
preoperative value. The resulting ratio reveals any 
relative preoperative-topostoperative changes in 
the parameters, specific to the individual patient. 

The results were relative linear measurements: 
Relative Frontal Horn Index (RFHI), Relative 
Frontal and Occipital Horn Ratio (RFOHR), Rela-
tive Evans’Ratio (RER) and the Relative Width of 
the Third Ventricle (RIII). In cases of no change in 
the width of cerebral ventricles following the surgi-
cal procedure, the value of a relative measurement 
was 1; an increase gave a value above 1; and a re-
duction gave a value of less than 1. StatSoft’s Sta-
tistica for Windows (EN, S.5.5) was used for the 
statistical analysis, which entailed Fisher’s exact 
test and an analysis of variance (ANOVA) test. 
Fisher’s test allows an assessment of the signifi-
cance of differences between the values of two in-
dependent samples to be assessed and can be used 
when the values are small (20 < N ≤ 40). It was as-
sumed that the existing differences are statistically 
significant when p < 0.05.

Results 
The level of education of the children’s moth-

ers, based on the data from the questionnaire, is 
presented in Table 1. The mothers’ education, av-
erage age and professional activity were similar in 
both groups (Tables 1 and 2). The average age of 
subjects’ mothers at the time of the subjects’ birth 
was 28.6 years in the neuroendoscopic group and 
26.3 years in the shunt group. 

Analyzing the structure of patients’ families, it 
was found that patients who had undergone shunt 
implantation were more frequently from incom-
plete families (Table 3), as do most patients with 
spinal dysphraism.

The number of children in the families of both 
groups was similar: Most families had two or three 
children. There were 11 families with only one 
child in the shunt group, and seven such families 
in the neuroendoscopic group. 

Most of the parents completing the question-
naire described their material conditions as “good” 
(20 families in each group, representing about 51% 
of the families). There were 13 in the shunt group 
and 12 in the neuroendoscopic group who rated 
their material conditions as “sufficient”; only two 

Table 1. Mothers’ education in both groups (N = 78)

Tabela 1. Wykształcenie matek w obu badanych grupach (N = 78)

Education  
(Wykształcenie)

Mothers of patients who had 
undergone neuroendoscopic 
surgery  
(Matki pacjentów, którzy byli  
leczeni chirurgicznie)

Mothers of patients who had 
undergone shunt implantation  
(Matki pacjentów, którzy byli 
poddani implantacji układu 
zastawkowego)

Significance 
level  
(Poziom 
istotności)

Primary (Podstawowe)  2  4 ns

Vocational (Zasadnicze)  8 10

Secondary (Średnie) 18 15

Higher (Wyższe) 11 10

Total (Suma) 39 39

Table 2. Work experience of mothers of the patients in both groups (N = 78)

Tabela 2. Praca zawodowa matek badanych pacjentów z obu grup (N = 78)

Work experience  
(Praca zawodowa)

Mothers of patients who had 
undergone neuroendoscopic 
surgery  
(Matki pacjentów, którzy byli  
leczeni chirurgicznie)

Mothers of patients who had 
undergone shunt implantation  
(Matki pacjentów, którzy byli 
poddani implantacji układu 
zastawkowego)

Significance 
level  
(Poziom 
istotności)

Economically active 
(Zatrudnieni)

24 23 ns

Not working 
(Niezatrudnieni)

15 16

Total (Suma) 39 39
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families in the shunt implantation group and one 
in the ventriculostomy group stated that their ma-
terial conditions were “poor”. 

The groups of patients did not differ signifi-
cantly (p = 1.00) in terms of their place of resi-
dence: Among the patients who had undergone 
neuroendoscopic surgery 20 lived in cities and 
19 in villages; among the patients who had un-
dergone shunt implantation, 21 lived in cities and 
18 in villages. 

The analysis of the children’s ages at the time 
of the diagnosis revealed a statistically significant 
difference between the two groups (Table 4). 

In the group of patients that had undergone 
shunt implantation there were more frequent 
co-occurrences of CNS malformation and other 
diseases. Children in this group suffered from 
epilepsy significantly more frequently: 11 pa-
tients, as compared to three patients in the group 
that had undergone neuroendoscopic surgery 
(p = 0.0181).

Dividing the patients depending on the etiol-
ogy of the disorder, in the ETV group there were 
22 patients with congenital hydrocephalus and 
17 with acquired hydrocephalus. In the shunt 
group, 30 patients suffered from congenital hy-
drocephalus and 9 from acquired hydrocephalus. 
The predominance of patients with congenital 
hydrocephalus in the shunt group was statistically 

significant in comparison to the ETV group: in 
Fisher’s exact test p = 0.0459. 

Assessment of the intellectual ability test 
showed that intellectual disability occurred signifi-
cantly more frequently in patients who had under-
gone shunt implantation (Table 5).

Data obtained from observation and the ques-
tionnaire indicated a higher incidence of gait dis-
turbances in patients who had undergone shunt 
implantation (17 people) in comparison to those 
that had had neuroendoscopic surgery (6 pa-
tients), which is a statistically significant difference 
(p = 0.006).

The analysis of the frequency of perceptu-
al-motor dysfunctions, cognitive dysfunctions, 
visual-motor coordination problems, spatial or-
ganization problems, lateralization abnormali-
ties, auditory and visual memory dysfunctions did 
not show significant differences between the two 
groups (Table 6).

Some of the relative linear measurements de-
termined on the basis of MRI study differed signif-
icantly depending on the operative method used. 

The threshold of statistical significance in the 
variance analysis (ANOVA) tests was reached on 
the following parameters: RFHI (p = 0.00), RER 
(p = 0.00), RFOHR (p = 0.00) (Tables 7–9 and Fig-
ures 1–3). The change in RIII was on the borderline 
of statistical significance (p = 0.06) (Table 10).

Table 3. The family structure in both groups (N = 78)

Tabela 3. Struktura rodziny w obu grupach (N = 78)

Type of family  
(Rodzaj rodziny)

Families of patients who had 
undergone neuroendocopic  
surgery  
(Rodziny pacjentów, którzy byli 
leczeni chirurgicznie)

Families of patients who had 
undergone shunt implantation  
(Rodziny pacjentów, którzy byli 
poddani implantacji układu 
zastawkowego)

Significance 
level  
(Poziom 
istotności)

Complete (Pełna) 35 28  p = 0.0413

Incomplete (Niepełna)  4 11

Total (Suma) 39 39

Table 4. Child’s age at the time of diagnosis of hydrocephalus (N = 78)

Tabela 4. Wiek dziecka a czas rozpoznania wodogłowia (N = 78) 

Child’s age and the time  
of diagnosis  
(Wiek dziecka i czas roz-
poznania wodogłowia)

Patients who had undergone 
neuroendoscopy  
(Pacjenci, którzy byli leczeni 
chirurgicznie)

Patients who had undergone 
shunt implantation  
(Pacjenci, którzy byli pod-
dani implantacji układu 
zastawkowego)

Significance 
level  
(Poziom 
istotności)

Pregnancy and first year 
(Ciąża i 1. r.ż.)

26 34 p = 0.0291

After first year (> 1. r.ż.) 13  5

Total (Suma) 39 39
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According to the ANOVA test, there were 
no statistically significant differences among the 
changes in indicators RFHI, RER, RFOHR or RIII 
with respect to the time treatment was undertaken 
(before or after the end of the first year of life): 
for RFHI, p = 0.77; for RER, p = 0.8; for RFOHR, 
p = 0.15; and for RIII, p = 0.14. This held true for 
the entire group of patients in the study, as well as 

for the shunt group and neuroendoscopic group 
when analyzed separately. 

The ANOVA test found no statistically signifi-
cant differences in the changes in the parameters 
RFHI, RER, RFOHR and RIII for the entire group 
with regard to the presence of mental disability: 
for RFHI, p = 0.44; for RER, p = 0.12; for RFOHR, 

Table 5. Evaluation of the level of mental development (N = 78) 

Tabela 5. Ocena poziomu rozwoju umysłowego (N = 78)

Mental development 
(Rozwój umysłowy)

Patients who had undergone  
neuroendoscopy  
(Pacjenci, którzy byli leczeni 
chirurgicznie)

Patients who had undergone 
shunt implantation  
(Pacjenci, którzy byli pod-
dani implantacji układu 
zastawkowego)

Significance 
level  
(Poziom 
istotności)

Normal IQ >70 
(Prawidłowy IQ >70)

34 23 p = 0.0049

Mental retardation IQ < 70 
(Opóźniony IQ < 70)

 5 16

Total (Suma) 39 39

Table 6. Disturbances in the function of perceptual-motor and cognitive abilities, in both groups (N = 78)

Tabela 6. Zaburzenia funkcji percepcyjno-motorycznych i poznawczych w obu grupach (N = 78)

Type of dysfunction  
(Rodzaj zaburzenia) 

Patients who had undergone  
neuroendoscopy  
(Pacjenci, którzy byli leczeni  
chirurgicznie)

Patients who had undergone shunt 
implantation  
(Pacjenci, którzy byli poddani 
implantacji układu zastawkowego)

Eye–hand coordination  
(Koordynacja oko–ręka)

23 21

Spatial organization  
(Organizacja przestrzeni)

24 21

Crossed, non-defined, delayed lateralization 
(Opóźniona lateralizacja)

16 13

Auditory memory (Pamięć słuchowa) 26 20

Visual memory (Pamięć wizualna) 25 24

Speech (Mowa) 11  7

Table 7. The Relative Frontal Horn Index (RFHI) in both 
groups in relation to the type of surgery (N = 78) 

Tabela 7. Względny wskaźnik rogów czołowych (RFHI) 
w obu grupach a rodzaj zabiegu (N = 78)

Type of surgery  
(Rodzaj zabiegu)

RFHI SD

Shunt implantation  
(Implantacja układu 
zastawkowego) n = 39

0.642967 0.185217

Endoscopy  
(Endoskopia) n = 39

0.930263 0.189287

Total (Suma) 0.782932 0.235545

Table 8. The relative change in Evans’ ratio (RER) (the 
decimal fraction of its original value before treatment) and 
type of surgery (N = 78) 

Tabela 8. Względny wskaźnik Evansa (ułamek dziesiętny 
jego wartości pierwotnej przed zabiegiem) a rodzaj 
zabiegu (N = 78)

Type of surgery  
(Rodzaj zabiegu)

RER  
average

SD

Shunt implantation 
(Implantacja układu 
zastawkowego) n = 39

0.617940 0.193414

Endoscopy  
(Endoskopia) n = 39

0.930000 0.194297

Total (Suma) 0.769969 0.248461
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Table 9. The Relative Frontal and Occipital Horn Ratio 
(RFOHR) and the type of surgery (N = 78) 

Tabela 9. Względny wskaźnik Czołowo-Potyliczny 
(RFOHR) a rodzaj zabiegu (N = 78)

Type of surgery  
(Rodzaj zabiegu)

RFOHR  
average

SD

Shunt implantation 
(Implantacja układu 
zastawkowego) n = 39

0.690661 0.164999

Endoscopy 
(Endoskopia) n = 39

0.892895 0.147573

Total (Suma) 0.789185 0.186022

Table 10. The relative width of the third ventricle (RIII) 
and the type of surgery (N = 78)

Tabela 10. Względna szerokość komory III – RIII a rodzaj 
zabiegu (N = 78)

Type of surgery  
(Rodzaj zabiegu)

RIII average SD

Shunt implantation 
(Implantacja układu 
zastawkowego) n = 39

0.694000 0.290647

Endoscopy  
(Endoskopia) n = 39

0.847368 0.421251

Total (Suma) 0.768718 0.366072

Fig. 1. Changes in the Frontal Horn 
Index expressed as decimal fractions 
of the original value in relation to 
the type of surgery, in both groups 
(N = 78)

Ryc. 1. Ułamek dziesiętny wyjścio-
wego wskaźnika rogów czołowych 
w obu grupach a rodzaj zabiegu 
(N = 78)

Confidence Interval 95%
Przedział ufności 95%
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Fig. 2. The relative rate of changes 
in Evans’ Ratio expressed as deci-
mal fractions of the original value 
in relation to the type of surgery, in 
both groups (N = 78)

Ryc. 2. Względny wskaźnik Evansa 
(ułamek dziesiętny jego warto-
ści pierwotnej przed zabiegiem) 
a rodzaj zabiegu (N = 78)
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p = 0.3; and for RIII, p = 0.78. Similarly, no such 
correlation was found when the shunt group and 
the ETV group were considered separately. In the 
shunt group the values were RFHI p = 0.51; RER 
p = 0.54; RFOHR p = 0.4; and RIII p = 0.56. For the 
ETV group the values were RFHI p = 0.32; RER 
p = 0.24; RFOHR p = 0.65; RIII p = 0.45. 

For the whole study group, there were no sta-
tistically significant differences in the reduction 

of most of the linear measurement indicators in 
relation to epilepsy accompanying hydrocepha-
lus (RFHI p = 0.19; RER p = 0.12; RIII p = 0.51). 
However, there was a significant relationship for 
the RFOHR (p = 0.01 – Table 11). An analysis of 
differences in relative linear measurements de-
pending on the occurrence of epilepsy accompa-
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Fig. 3. The relative fronto-occipital 
horn ratio and the type of surgery 
(N = 78)

Ryc. 3. Względny Wskaźnik 
Czołowo-Potyliczny a rodzaj zabiegu 
(N = 78)

Table 11. The occurrence of epilepsy and the RFOHR 
value in both groups (N = 78)

Tabela 11. Występowanie padaczki a wskaźnik RFOHR 
w obu grupach (N = 78)

Epilepsy  
(Padaczka)

RFOHR 
average

SD

Yes (Tak) n = 14 0.690000 0.208290

No (Nie) n = 64 0.812757 0.174940

Total (Suma) 0.790724 0.186044

Table 12. Locomotion and RFHI in patients who had 
undergone endoscopy

Tabela 12. Lokomocja a RFHI u pacjentów po endoskopii 

RFHI aver-
age

SD

Not walking 
(Niechodzący) n = 6

1.110000 0.298195

Walking (Chodzący) 
n = 32

0.896563 0.144905

Total (Suma) 0.930263 0.189287

Table 13. Locomotion and RER in patients who had 
undergone shunt implantation

Tabela 13. Lokomocja a RER u pacjentów po implantacji 
zastawki 

RER average SD

Not walking 
(Niechodzący) n = 6

1.086667 0.290356

Walking (Chodzący) 
n = 32

0.900625 0.160683

Total (Suma) 0.930000 0.194297

Table 14. Locomotion and RFOHR in patients who had 
undergone endoscopy

Tabela 14. Lokomocja a RFOHR u pacjentów po 
endoskopii

RFOHR 
average

SD

Not walking 
(Niechodzący) n = 6

0.995000 0.093113

Walking (Chodzący) 
n = 32

0.873750 0.148991

Total (Suma) 0.892895 0.147573
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nying hydrocephalus was performed separately for 
each of the operating methods. Patients treated by 
shunt implantation demonstrated a statistically 
significant difference in the reduction of III with 
respect to the presence of epilepsy (p = 0.01). This 
may be partly related to the treatment, because af-
ter shunt implantation a greater reduction in the 
diameter of the cerebral ventricules was observed. 
RIII is important in the assessment of decompres-
sion of the ventricular system, which may be also 
associated with more advanced hydrocephalus: In 
patients with epilepsy, III was wider. The other 
linear measurement indices did not indicate any 
correlation with epileptic seizures in children after 
shunt implantation: For RFHI, p = 0.93; for RER, 
p = 0.87; for RFOHR, p = 0.1). In the endoscopic 
group there was no correlation, either with RIII or 
with the other linear measurements. In this group 
RFHI p = 0.97; RER p = 0.95; RFOHR p = 0.85; 
and RIII p = 0.71

Changes in the linear measurement indices 
for the entire study group were also examined in 
relation to the patients’ ability to walk indepen-
dently. According to the ANOVA test, for RFHI, 
p = 0.41; for RER, p = 0.57; for RFOHR, p = 0.73; 
for R-III, p = 0.79. The same relationship was ex-
amined separately in patients who had undergone 
neuroendoscopic treatment; in this group, RFHI 
p = 0.01 (Table 12). In patients without gait dis-
turbances the ventricular system was narrower, 
which seems to indicate a lower degree of severity 
of hydrocephalus. A similar relationship was ob-
served for RER: p = 0.03 (Table 13). The difference 
in RFOHR was on the borderline of statistical sig-
nificance: p = 0.06 (Table 14). In the neuroendo-
scopic group, there was no evidence of reduction 
in the other linear measurement indices in relation 
to motor abilities. 

In patients treated with neuroendoscopy, no 
correlation was confirmed between the reduction 
of the third ventricle and gait disturbances (for 
RIII, p = 0.59). For patients treated with shunts, 
the relationship between ambulation and reduc-
tion in the ventricular system was as follows: RFHI 
p = 0.53; RER p = 0.86; RFOHR p = 0.73; and RIII 
p = 0.47.

According to the ANOVA test regarding the 
presence of mental impairment, no statistically 
significant differences were found in the chang-
es in the linear measurement indices either for 
the entire group (for RFHI, p = 0.44; for RER, 
p = 0.12; for RFOHR, p = 0.3; RIII–p = 0.78) or for 
the two groups of patients considered separately. 
In the shunt group: RFHI p = 0.51; RER p = 0.54; 
RFOHR p = 0.4; and RIII p = 0.56. In the neu-
roendoscopic group: RFHI p = 0.32, RER p = 0.24; 
RFOHR p = 0.65; and RIII p = 0.45.

In patients treated with shunt systems, no sta-
tistically significant prevalence of patients with 
impaired mobility due to dysraphic defects was 
found. 

Discussion
Hydrocephalus often leads to serious distur-

bances in the physical, mental and social function-
ing of the patient and his or her family. It is widely 
believed that the material situation of families 
with a disabled child is lower because of the need 
for comprehensive assistance from professionals 
(doctors, physiotherapists, psychologists, speech 
therapists) and the mothers giving up work. Com-
paring the families of the two groups in the pres-
ent study in this respect, there was no statistically 
significant difference in the mothers’ employment: 
62% of the mothers of patients who had under-
gone neuroendoscopic surgery and 59% of the 
mothers who had had shunt implantation were 
employed. Among the families of patients in the 
neuroendoscopic group, 33% do not benefit from 
any additional financial support (such as a care al-
lowance), compared to 16% of the families of pa-
tients in the shunt implantation group, which may 
be associated with the less frequent occurrence of 
incomplete families (fewer single mothers) in the 
neuroendoscopic group. 

There is a relatively large number of psycho-
logical research reports on intellectual ability and 
cognitive processes in patients with hydrocephalus. 
L.P. Lassan found that children and adolescents 
aged 7 to18 years with congenital hydrocephalus 
are impaired cognitive function regardless of na-
ture of the pathological processes in the brain and 
the age of the respondents [14]. Several other stud-
ies have compared the development of children 
with myelomeningocele and isolated hydrocepha-
lus for intelligence and neuropsychological func-
tion. Respondents suffering from dysraphic defects 
presented a higher average level of intelligence than 
people with isolated hydrocephalus (IQ = 103 vs. 
IQ = 75), and they had a better long-term memory, 
learning ability and executive skills. Many authors 
believe that hydrocephalus seems to be the cause of 
more cognitive deficits than myelomeningocele [5, 
15]. One recent report by Lindquist et al. concerns 
the long-term effects on cognitive development in 
adults treated for hydrocephalus at one year of age 
by means of shunt implantation. These individu-
als were initially assessed at the age of 6–17 years 
with the Wechsler Intelligence Scale for Children 
(WISC), and then at the age of 35 with the Wechsler 
Adult Intelligence Scale III (WAIS III) [16]. In this 
study, there were no statistically significant differ-
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ences in the full-scale IQ, verbal IQ scale and IQ at 
the executive level. There were deficits in memory 
and processing speed, but complications resulting 
from shunt insertion did not influence general in-
tellectual ability. Lindquist et al. postulate a need 
to monitor the cognitive development of children 
with hydrocephalus in order to monitor advances 
in methods of treatment [16]. 

There have been attempts to explain the most 
common forms of memory impairment in patients 
with chronic hydrocephalus. The pathophysiology 
of mental impairment entails neural compression, 
local and global fiber stretching and hypoxia due 
to the increased volume and pressure of cerebro-
spinal fluid. In particular, the hippocampus, which 
plays an important role in memory processing, is 
in direct contact with the increasing CSF in the 
ventricular system of the brain [17]. Analyzing 
the frequency of occurrence of particular cogni-
tive impairments revealed that the profile of these 
functions in the patients in the current study was 
similar to previously published findings on the 
most profound deficits in nonverbal functions.

In the current study the most common disor-
ders among the 78 patients in the two groups were 
impairment of visual memory (in 49 patients) and 
auditory memory (in 46 patients), visual-motor co-
ordination (in 44 patients) and spatial organization 
(in 45 patients).The least frequent disorder in the 
study group was impaired verbal communication. 
The current study revealed more frequent mental 
retardation in patients after shunt implantation 
(41%), which is likely to be associated with the con-
comitant additional impairments of the CNS, such 
as epilepsy. The effects of multiple shunt revision 
on these patients’ neurological state was eliminated, 
because the group was composed of patients that 
had not needed shunt revision throughout the en-
tire follow-up period. Among the patients who had 
undergone neuroendoscopic ventriculostomy of 
the third ventricle, intellectual disability was seen in 
nearly 13%, which was a better result than indicated 
in the research by Cassari and Fantino, and in the 
study by Mattarazzo and Mattarazzo, where mental 
handicaps were found in 19.5% the patients [1, 2]. 

In the current study, the ages of the patients 
in the two groups at the time of the psychological 
examination were similar and it was assumed that 
they had been subjected to environmental factors 
allowing them to compensate for deficits in devel-
opment to a similar extent. 

The study groups showed differences in the 
etiology of hydrocephalus. The impact of etiologic 
factors on the development of cognitive function 
in patients with hydrocephalus is still debated. 
Data from studies are sometimes contradictory, 
stressing the lack of such a link or the importance 

of other concurrent brain abnormalities, post-in-
flammatory or post-hemorrhagic etiology [18, 19]. 
Despite the fact that acquired hydrocephalus was 
more frequent in the neuroendoscopic group than 
in the shunt group, mental retardation was not sig-
nificantly higher. 

Some researchers believe that the timing of 
shunt insertion has no significant effect on overall 
intellectual function [20]. The present study shows 
significantly earlier surgical intervention in patients 
who had undergone shunt implantation than in pa-
tients who had undergone ETV. However, it seems 
that in certain situations (hydrocephalus without 
complications and a marked reduction in the width 
of the ventricles of the brain), early implantation 
may result in a reduction in disturbances of intel-
lectual function [21]. In the present study the analy-
sis of the linear measurement indices of ventricular 
width showed a significant difference in the width 
of the ventricle depending on the operative method 
used. After the treatments using neuroendoscopic 
techniques the ventricular system was significantly 
larger than in patients who had undergone shunt 
implantation. This coincides with many previous 
authors’ observations [10–13]. 

Despite the impact of damage to the central 
nervous system by the increased intracranial pres-
sure on cognitive processes that is associated with 
hydrocephalus, there was no significant correla-
tion in the current study between the width of the 
ventricle and the diagnosis of mental retardation. 
This may indicate that despite a lesser degree of 
reduction of the ventricular system in patients 
who had undergone neuroendoscopic procedures, 
hydrodynamic equilibrium was reached in cere-
brospinal fluid circulation. Patients treated with 
the use of the ventricular shunt system had signifi-
cantly smaller cerebral ventricles, because of the 
impact of the mechanism for regulating the flow 
of CSF at a rate of 0.25 mL/min on the circula-
tion of cerebrospinal fluid: The implanted mecha-
nism results in a new type of hydrodynamic equi-
librium, to which the body fully adapts. Perhaps 
endoscopic techniques show the potential natural 
reduction of the width of the ventricular system, 
while shunt implantation is associated with mild 
overdrainage, to which the body adapts, in most 
cases. In this light, it seems curious that the time 
treatment begins has no apparent impact on the 
ultimate reduction of the ventricular system, ei-
ther in patients treated using neuroendoscopic 
techniques or in patients treated with a shunt. In 
the neuroendoscopic group this may be associated 
with the degree of fluid absorption by arachnoid 
granulations in younger children and thus a small-
er reduction in the ventricle following neuroendo-
scopic procedures. A siphoning effect observed in 
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patients with implanted shunts is the result of the 
impact of the upright position on the outflow of 
cerebrospinal fluid from the cerebral ventricular 
system through the valve mechanism to the perito-
neal cavity. However, in the case of shunt systems 
implanted before the age of one year, this siphon-
ing effect is rarely seen.

The results obtained and the statistical anal-
ysis of long-term clinical effects in patients with 
chronic hydrocephalus treated with endoscopic 
techniques and shunt implantation support the 
following conclusions:

There were no statistically significant differ-
ences in cognitive processes in the two groups in 
relation to the mothers’ education, mean maternal 
age at the time of the patients’ birth, the mothers’ 
employment or the families’ material conditions. 
There were significant differences in the etiology 
of hydrocephalus.

Despite the fact that patients treated with en-
doscopic techniques had normal intellectual devel-

opment more frequently than patients treated with 
shunt implantation, the number of impairments 
in cognitive processes impairment was similar in 
the two groups. Epilepsy, intellectual disability 
and gait disturbances were significantly more fre-
quent in the group of patients who had undergone 
shunt insertion, despite less frequent occurrences 
of acquired hydrocephalus than in the endoscopic 
group.

Depending on the type of treatment, there were 
significant differences in the linear measurements 
of reduction in the ventricular system such as the 
Frontal Horn Index, the Evans’ ratio and Frontal 
and Occipital Horn Ratio. In patients treated by 
shunt implantation, the degree of reduction in the 
Frontal and Occipital Horn Ratio and the Third 
Ventricle were significantly different, depend-
ing on the existence or absence of accompanying 
epilepsy (ANOVA test p = 0.01). Patients treated 
with neuroendocopic techniques without gait dis-
turbances had narrower ventricules.
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