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Purpose: Little is known about the prognosis for school performance among children with 

all-cause infantile hydrocephalus (IHC). Using detailed educational data, we investigated the 

school performance for IHC patients compared to other children in Denmark.

Patients and methods: We conducted a population-based cohort study of all live-born 

children in Denmark (1977–2015) based on data from the Danish national health registers and 

the Danish educational register. The cumulative chance of completing school at age 18 years 

was estimated using the Aalen–Johansen estimator. The relative risks presented as ORs for not 

completing school, obtaining grades, or obtaining a grade point average below the national 

mean value were estimated using a logistic regression model.

Results: The cohort included 2,381,413 children, and of these, 2,573 were diagnosed with IHC. 

A total of 86% of IHC children completed compulsory school compared to 96% among other 

children; only 62% of IHC children who completed school received marks vs 96% among other 

children. Mediation analyses indicated that one-third of these poorer performances in IHC chil-

dren could be attributable to their higher prevalence of epilepsy, spasticity, visual disturbances, 

autism, and attention-deficit hyperactivity disorder. Completion rates were similar for isolated 

and non-isolated hydrocephalus, and did not vary by age at diagnosis or number of surgeries. Of 

the children with isolated IHC, 73% obtained grades vs 58% of the children with non-isolated 

IHC. Poorer school performance in IHC children was also observed when considering age at 

school start, grade point average, and completion of further education.

Conclusion: The poorer school performance among IHC children is particularly reflected by 

the larger proportion not obtaining grades compared to other children. However, the performance 

of the IHC children obtaining grades is comparable to that of other children.
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Plain language summary
Hydrocephalus is a condition with accumulation of cerebrospinal fluid within the cavities of 

the brain. The fluid causes pressure on the surrounding brain, which affects brain development. 

It is often treated surgically, usually with a shunt that drains the fluid from the brain, but the 

treatment can be complicated.

So how does the future look for infants diagnosed with hydrocephalus?

We wanted to provide information for the parents who naturally ask this question. One way 

to describe the overall function of a child is to evaluate the school attendance and performance. 

As for later function in society, successful school attendance requires not only intelligence but 

also social skills and physical health. We therefore  investigated school performance in children 

with hydrocephalus compared to other children in Denmark.
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To do so, we used the Danish national registers, which hold 

detailed health care and educational information on the entire 

population of Denmark. Of the 2,573 children diagnosed with 

hydrocephalus, 86% completed compulsory school as compared 

to 96% of the 2,378,840 other children. Although many children 

with hydrocephalus completed school, only 62% of them performed 

well enough to achieve grades upon completion. Grades were given 

on a scale from –3 to 12, and the mean grade point average (GPA) 

was 5.39 for the hydrocephalus children achieving grades and 6.39 

for other children.

Children with hydrocephalus show an overall poor school 

performance when compared to other children. However, the GPA 

among the 62% who did receive grades is comparable to the GPA 

of other children.

Introduction
Hydrocephalus is characterized by accumulation of cerebro-

spinal fluid in the cerebral ventricles. Infantile hydrocephalus 

(IHC) can be caused by congenital malformations or acquired 

from cerebral hemorrhage, tumor, traumas, or infections in 

utero or during infancy. In general, structural brain damage, 

both due to the underlying causes and hydrocephalus itself, 

is very common and typically causes cerebral palsy, visual 

problems, behavioral disorders, and cognitive impairment, 

but the extent is highly variable.1–3 Previous studies have 

investigated the intelligence quotient (IQ) among children 

with hydrocephalus and, as expected, generally observed 

lower IQ scores.4–7 However, Hoppe-Hirsch et al2 noted 

that also hydrocephalic children with normal IQ showed a 

tendency to be functioning poorly at school, because psy-

chological/behavioral disorders affected their performance 

negatively. Thus, school performance may be a better end 

point than IQ scores for functional levels of these children, 

and it is also a relatable measurement for the parents.

Previous studies are restricted to evaluations of school 

attendance and the amount of special needs education for the 

wide-ranging group of pediatric hydrocephalus patients,2,4,8–10 

whereas no studies could be found evaluating the actual 

school performances specifically for children diagnosed with 

hydrocephalus during infancy.

Using the detailed educational data and health informa-

tion from the virtually complete Danish registers, we were 

able to investigate school performance specifically for IHC 

children in a nationwide cohort with almost complete long-

term follow-up. The outcomes included timing of school 

start and completion, achievements of grades, level of 

GPAs, and completion of further education in IHC children 

vs other children in Denmark, and we were able to account 

for clinical factors such as prematurity, etiology, number of 

surgeries, and comorbidities including epilepsy, spasticity, 

visual disturbances, autism, and attention-deficit hyperactiv-

ity disorder (ADHD).

Materials and methods
Data sources
Since 1968, the Danish Civil Registration System has recorded 

information on date of birth, kinship, place of residence, and 

vital status for all citizens in Denmark.11 Every individual is 

assigned a personal identification number (PIN) used in all of 

the national registers, which enabled cross  linkage of informa-

tion between the registers used in this study.11–14

study cohort
The cohort for this study comprised all 2,381,413 live-born 

children in Denmark between January 1, 1977 and July 29, 

2015. Children were identified in the Danish Medical Birth 

Register, which holds information on the birth characteris-

tics of the children born in Denmark, including gestational 

age and weight.12 Preterm birth was defined as birth before 

week 37 and “small-for-gestational-age” (SGA) as the lowest 

10-percentile weight for each gestational week.

Cases of ihC
Cases of IHC were cohort members who received a diagnosis 

of hydrocephalus within the first 2 years of life. They were 

identified in the Danish National Patient Register, which 

holds information on all hospital discharge diagnoses and 

surgeries since 1977, and since 1995 also outpatient and 

emergency room contacts. Information is recorded by ICD 

(International Classification of Diseases) codes (ICD 8th edi-

tion until 1995 and ICD 10th edition hereafter). ICD codes 

used in this study are listed in Table S1.

We subdivided the IHC children into the following 

subgroups, according to the following underlying etiolo-

gies: cerebral tumor (diagnosed before age 5 years), spina 

bifida, Arnold Chiari malformation, perinatal intraventricular 

hemorrhage, Dandy–Walker syndrome, infection or head 

trauma, and chromosomal abnormalities/other congenital 

malformation within or outside the central nervous system. 

All together, these subtypes of IHC were referred to as non-

isolated IHC, whereas IHC was considered to be isolated if 

none of the abovementioned etiologies applied. When no 

record of surgical treatment existed for a case of isolated IHC, 

a minimum of two hospital contacts with a hydrocephalus 

diagnosis was required to ensure this reflected a true case of 

IHC. Furthermore, complications to IHC, including epilepsy, 

visual disturbances, cerebral palsy, autism, and ADHD as well 
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as records of surgical treatment for IHC, were also identified 

in the Danish National Patient Register.

Educational data
Compulsory schooling in Denmark comprises 1 year of pre-

school followed by 9 years of schooling, corresponding to 

primary and lower secondary school. Children normally start 

to school in August the year they turn 6 years old. All public 

and private schools in Denmark report administrative data to 

Statistics Denmark, which generates the nationwide Student 

Register. The content of the Student Register has expanded 

over the years, meaning it holds information on completion of 

compulsory school from 1973 and from 2007 holds informa-

tion on each completed school year. Since 2002, schools also 

report preliminary and examination marks for the final year 

of school. Figure 1 provides an overview of the availability 

of data for each end point throughout follow-up. Marks are 

given on a scale ranging from –3 to 12 with a minimal suf-

ficiency at 2. Furthermore, the register holds information on 

special needs education from 2011.

Information on further schooling was retrieved from 

the Population’s Education Register, which holds annually 

recorded information on the highest achieved education for 

every individual. We divided youth education programs into 

vocational training and upper secondary school (preparation 

for higher education).

statistical analyses
We estimated cumulative mortality using the Kaplan–Meier 

estimator, following IHC children from diagnosis and other 

children from birth, to avoid immortal time bias. For cohort 

members, who were alive on August 1 the year they turned 

4 years old, we estimated time to school start and time to 

completion of compulsory school using the Aalen–Johansen 

estimator, taking into account the competing risk of death. 

The analyses were performed using a discrete time axis with 

cut points on August 1st or June 1st, respectively, for school 

start or school completion, and the age the cohort member 

would reach in the considered year. Cohort members who 

emigrated/died were censored from the date of emigration/

death. We tested the difference between the estimate for 

IHC patients and other children using Wald test, assuming 

the estimate for other children represented the true value for 

the population.

ORs for school attendance and performance for IHC 

patients as compared to other children were estimated using 

a logistic regression model. Analyses were adjusted for sex, 

birth year, birth month, preterm birth, and SGA. Effects of 

age at diagnosis, etiology groups, and isolated vs non-isolated 

IHC on school attendance and performance were evaluated 

using likelihood ratio tests. Treatment modality (number of 

surgeries) was evaluated as a trend where the following values 

were, respectively, considered: 0, 1.5, and the median value 

for the group with three or more surgeries.

To clarify how much of the observed effect could be 

explained by complications to IHC (epilepsy, visual distur-

bances, cerebral palsy, autism, and ADHD), mediation analy-

ses were performed on all four outcomes (see Supplementary 

material for description of method).

All CIs were 95% Wald CIs.

Figure 1 Overview of the availability of data for each end point throughout follow-up.
Note: numbers refer to cohort members eligible for analyses.
Abbreviation: ihC, infantile hydrocephalus.

1977

1981
Cohort

Completion
of 9th grade Marks

2,381,413 in
total
2,573 IHC

2,141,417 in
total
1,953 IHC 839,566 in

total
656 IHC

Starting in 
school

565,782 in
total
547 IHC

Special
education

874,027 in
total
782 IHC

2002

2007
2011

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Epidemiology 2018:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1724

schmidt et al

Ethics
The study was approved by the Danish Data Protection 

Agency. According to Danish law, ethical approval is not 

required for register-based studies.

Results
Of the 2,381,413 live-born children in the cohort, 2,573 

children were diagnosed with IHC, corresponding to 1.08 in 

1,000 live-born children. A total of 61.8% of the IHC patients 

were males and 38.2% females, compared to 51.3% males 

and 48.7% females among other children. Characteristics for 

the IHC children are presented in Table 1. The cumulative 

mortality at 4 years of age was 20.0% for the IHC children 

as compared to 0.7% among other children, and increased 

to 24.9% for IHC children and 1.0% for other children at 

20 years of age.

Table 2 shows ORs for the outcomes “not starting in 

school on time”, “not completing school”, “not receiving 

marks in 9th grade”, “having a GPA below that of other 

children”, and “not completing a youth education program”.

school attendance
Of the cohort members who were alive at school start during 

the years 2007–2015, only 69.5% of IHC patients started on 

time as compared to 90.4% of other children. The difference 

leveled out 1 year later, where 96.8% of the IHC patients and 

98.6% of other children had started school. The cumulative 

proportion of cohort members who completed compulsory 

school (9th grade) is presented in Figure 2 (data available 

from 1981 to 2015). As shown, 54.9% of the IHC patients 

finished school on time (at age 16 years), as compared to 

82.7% of other children. Among IHC patients, 13.6% did 

not complete compulsory school compared to 4.3% of other 

children (at age 18 years), resulting in an OR of 3.38 for not 

completing school (Table 2). During 2011–2014, where infor-

mation on special needs education was available, 46.2% of the 

IHC children attending compulsory school received special 

needs education as compared to 5.9% of other children.

Marks in 9th grade
The proportion of children finishing receiving 9th grade 

marks and the proportion obtaining a GPA above average 

are presented in Table 3. Marks were obtained by 61.9% of 

IHC patients and by 95.6% of other children. The OR for not 

receiving marks in IHC patients compared to other children 

was 10.57 (Table 2). The distribution of GPAs in cohort 

members receiving grades is presented in Figure 3. A mean 

GPA of 5.39 was observed for IHC children, as compared 

to 6.39 for other cohort members. Considering 6.39 to be 

the average GPA for the population, 34.2% of IHC patients 

and 51.7% of other children with marks available obtained 

a GPA above average. The OR for receiving a GPA below 

Table 1 Characteristics of children with infantile hydrocephalus

Characteristics No of patients (%)

All 2,573 (100)
Sex
Male 1,589 (61.8)
Female 984 (38.2)
Age at diagnosis
0–3 months 1,409 (54.8)
3–6 months 401 (15.6)
6–12 months 494 (19.2)
12–24 months 269 (10.5)
Treatment modalitya

Conservative 1,473 (57.3)
1–2 surgeries 441 (17.1)
3+ surgeries 659 (25.6)
Etiology
arnold Chiari malformation 39 (1.5)
Dandy-Walker 75 (2.9)
Perinatal intraventricular hemorrhage 382 (14.9)
Spina bifida 209 (8.1)
syndromic 1,106 (43.0)
infection or trauma 87 (3.4)
Tumor 101 (3.9)
isolated 574 (22.3)

Note: aat age 4 years.

Table 2 Or for not starting, not completing school, not achieving 
marks, getting a grade point average <6.39, and not getting a 
youth education for ihC children as compared to other children

End points Childrena Adjusted OR  
(95% CI)b

Not starting school on time
Other children 433,212 1 (ref)
ihC 403 4.19 (3.30–5.33)
Not completing schoolc

Other children 1,113,346 1 (ref)
ihC 995 3.38 (2.84–4.04)
Not obtaining marks
Other children 708,903 1 (ref)
ihC 544 10.57 (8.84–12.64)
Grade point average <6.39
Other children 678,134 1 (ref)
ihC 340 1.77 (1.41–2.23)
Not getting youth educationd

Other children 571,885 1(ref)
ihC 481 3.74 (3.13–4.49)

Notes: aOnly children with follow-up to the relevant time point and with information 
on covariates were included; bOr adjusted for birth month, birth year, sex, preterm 
birth, and sga; cby 18 years of age; dby 25 years of age.
Abbreviations: ihC, infantile hydrocephalus; sga, small-for-gestational-age; ref, 
reference.
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average in IHC patients compared with other children was 

1.77 (Table 2). Among IHC children, boys and girls seemed 

to have virtually equal school performances (mean GPA 

females: 5.38, mean GPA males: 5.39, P-value for differ-

ence=0.97), whereas for other children, girls had a higher 

GPA than boys (mean GPA females: 6.75, mean GPA males: 

6.04, P-value for difference <0.0001).

The observed relatively small differences in mean GPAs 

are most likely confounded by the fact that a high propor-

tion of IHC children did not obtain grades. For a more fair 

comparison, we compared the median GPAs, when assuming 

that children without grades would have received a mean 

GPA below the median. The median GPA was then 3.26 for 

IHC children as compared to 6.35 for other children, and 

Table 3 Proportion of children completing 9th grade, % with grades, and % with gPa >6.39 in ihC children and other children (among 
children with marks available)

Cohort 
members

No of children completing  
9th grade

% with 
grades

% (of those with grades)  
with GPA >6.39

% (of all children) with  
GPA >6.39

Other children 838,910 95.6 51.7 49.4
ihC 656 61.9 34.2 21.2

Abbreviations: gPa, grade point average; ihC, infantile hydrocephalus.

Figure 2 Cumulative proportion that completed school at a given age in ihC and non-ihC children. 
Notes: aall children were assumed to have birthday on the June 1 (hypothetical date for end of school). bThe P-values were calculated considering the cumulative proportion 
for other children as a given value. Data not shown: at age 19 years, there were 100 ihC children at risk of completing school and <3 completed school; at age 20 years, the 
remaining ihC children had still not completed school.
Abbreviations: ihC, infantile hydrocephalus; CP, cumulative proportion.
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only 21.2% of IHC patients as compared to 49.4% of other 

children had a GPA above average in non-IHC children.

Youth education programs
Among the cohort members who completed compulsory 

school, 46.4% of IHC children and 78.6% of other children 

also completed a youth education program. As presented in 

Table 2, the risk of not completing a youth education program 

by age 25 years was 3.74 for IHC children as compared to 

other children. The youth education programs included upper 

secondary school, which 49.8% of IHC children as compared 

to 65.1% of other children attended, and vocational training 

programs, which 50.2% of IHC children and 34.9% of other 

children attended.
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Treatment modality, age at diagnosis, and 
etiology
We investigated school attendance and school performance 

according to treatment modality, age at diagnosis, and 

etiology of hydrocephalus. The ORs for each outcome are 

presented in Table S2.

We observed an increased risk of not starting in school 

on time with increasing number of surgeries in IHC children 

(P<0.001). In contrast, we observed no association with 

completion of school or marks. We did not observe asso-

ciations between age at diagnosis and any of the outcomes.

Due to the limited number of patients in each etiological 

subgroup, we investigated the differences between children 

with isolated vs non-isolated IHC. The proportions of the 

two groups reaching the different end points are presented 

in Table 4 (ORs are presented in Table S2 and distribution of 

grades in Figure S1). Children with isolated IHC tended to 

perform better on all end points. These differences were sig-

nificant for the chance of obtaining marks in 9th grade, where 

73.2% of isolated IHC children obtained marks as compared 

to 58.6% of the children with non-isolated IHC (P=0.005), 

and for the chance of completing a youth education (59.1% 

vs 41.9% [P<0.001]). The significantly higher risk of a GPA 

below average among children with non-isolated IHC was 

imputable to children with hydrocephalus secondary to spina 

bifida; when excluding these children from the analysis, the 

difference was no longer significant.

Effects of epilepsy, visual disturbances, 
cerebral palsy, autism, and aDhD
We performed mediation analyses to investigate whether 

epilepsy, visual disturbances, cerebral palsy, autism, and 

Figure 3 Distribution of grades in 9th grade for ihC children compared to other children.
Note: Density lines for the distribution of gPas for children with ihC (drawn line) and other children (dotted line).
Abbreviations: ihC, infantile hydrocephalus; gPa, grade point average.
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Table 4 Proportion not starting, not completing school, not 
achieving grades, getting a grade point average below that of 
other children, and not getting further education in children with 
isolated and non-isolated ihC

End points Childrena Proportion  
reaching  
the end point

Not starting school on time
isolated ihC 128 73.1%
non-isolated ihC 419 68.3%
Not completing schoolb

isolated ihC 290 87.7%
non-isolated ihC 996 86.0%
Not obtaining marks
isolated ihC 149 73.2%
non-isolated ihC 507 58.6%
grade point average <6.39
isolated ihC 109 39.5%
non-isolated ihC 297 32.3%
Not getting youth educationc

isolated ihC 149 59.1%
non-isolated ihC 427 41.9%

Notes: aOnly children with follow-up to the relevant time point and with information 
on covariates were included; bat 18 years of age; cat 25 years of age.
Abbreviation: ihC, infantile hydrocephalus.
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ADHD – all considered complications to IHC – mediated any 

of the observed effect on the end points. The estimated indi-

rect effects caused by the mediators are presented in Table 5. 

The mediation analysis suggests that 38.0% of the increased 

risk of not completing school in IHC children (OR 3.38) was 

due to complications related to IHC. For the increased risk of 

not obtaining marks upon completion of compulsory school 

(OR 10.57), 34.4% was mediated by complications to IHC. 

For the increased risk of having a GPA below that of other 

children (OR 1.77), 18.9% was mediated by complications 

to IHC. The complications to IHC mediated 43.5% of the 

increased risk (OR 3.74) of not completing a youth education.

Discussion
In a population-based cohort with almost 2.5 million indi-

viduals, we investigated the school performance in children 

diagnosed with IHC compared to others. While most IHC 

children started in school and on average only slightly 

delayed compared to other children, 13.6% did not complete 

compulsory school, as compared to 4.3% of other children. 

Among the IHC children who completed school, 61.9% 

received marks compared to 96% of other children and with 

a GPA of 5.39, as compared to 6.39 for other children. Upon 

completion of compulsory school, 46.4% of IHC children 

completed a youth education program compared to 78.6% 

of other children. We observed that complications related to 

IHC explained 18%–43% of the risks for poorer school perfor-

mance. Contra-intuitively, their performance did not seem to 

be influenced by the number of surgeries or age at diagnosis.

Receiving education is mandatory by law in Denmark, 

which correlates with the observation that only 3.2% of 

IHC children had not started school by the age of 7 years. In 

previous studies, it has been reported that between 6% and 

9% of children with IHC were not able to attend school.2,8,10 

However, none of these studies reported whether any schooling 

was attempted, which most likely explains the difference. In 

accordance with other studies,2,9 we observed that IHC children 

tended to be 1 or 2 years behind their peers, and a large propor-

tion of IHC children were not able to complete compulsory 

school. Nevertheless, our study reveals that a high proportion 

of IHC children starts and finishes compulsory school.

Only two-thirds of those who completed 9th grade actu-

ally achieved marks. Receiving final marks is mandatory and 

even pupils with physical handicaps, eg, blindness, are not 

exempted from the standardized tests in 9th grade, which are 

modified for such cases. Thus, the most plausible explanation 

for the lower proportion achieving grades is that some IHC 

children were too cognitively challenged to take the tests. 

This proportion without grades is an important notion when 

interpreting the surprisingly small difference in the GPAs 

between IHC children and other children. As IHC children 

receiving marks comprise a selected group, the true under-

lying difference in intellectual skills between IHC children 

and other children is larger than reflected by the observed 

difference in GPAs.

Surprisingly, we did not observe that number of surgeries 

was related with a poorer school performance (with the excep-

tion of timing of school start). This is an interesting finding, 

as one would intuitively expect multiple surgeries to have a 

negative effect on school performance, as is seen for IQ,15 

which is either explained by an association with more severe 

disease or perhaps as a result of the surgeries themselves. 

Previous studies have suggested that an underlying pathol-

ogy such as tumor, infection, or intraventricular hemorrhage 

is correlated with poor outcome.2,4,9 In accordance with this, 

we observed a tendency toward poorer performance in chil-

dren with non-isolated IHC compared to isolated IHC. Also, 

subsequent concurrent disease including epilepsy, cerebral 

palsy, visual disturbances, autism, and ADHD influenced the 

performance negatively. Nevertheless, neither the underlying 

pathology nor concurrent diseases fully explained the poorer 

school performance that we observed in IHC children.

A considerable part of the poor school performance 

in IHC children must be attributable to low IQ scores.4,16 

However, even IHC children with normal IQ tend to perform 

inferior in school and function poorly in society,2,6,17 whereas 

Preuss et al pointed out that school performance was cor-

related with social and professional performance in adult 

life.10 Social and behavioral problems seem to be of impor-

tance for school performance,2,3 but may have a tendency to 

be underdiagnosed due to more obvious disabilities. In one 

study, Lindquist et al observed that seven out of the 67 IHC 

Table 5 Estimated proportion of the observed effect of infantile 
hydrocephalus on not starting, not completing school, not 
achieving marks, getting a grade point average <6.39, and not 
getting a youth education due to epilepsy, cerebral palsy, visual 
disturbances, autism, and aDhD

End points Proportion of effect due 
to complicationsa

not starting school on time 22.3%
not completing schoolb 38.0%
not obtaining marks 34.4%
grade point average <6.39 18.9%
not getting youth educationc 43.5%

Notes: aEpilepsy, visual disturbances, cerebral palsy, autism, or aDhD; bby 18 years 
of age; cby 25 years of age.
Abbreviation: ADHD, attention deficit hyperactivity disorder.
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patients had undiagnosed autism and that 12% of the patients 

with normal IQ had behavioral problems.3 While IQ clas-

sification has the advantage of being a standardized method 

and is easily tested, our data offer a possibility to give an 

informed and more precise prognosis for infants with IHC, 

which is comprehensible for their parents.

This population-based study is, to our knowledge, the 

first study investigating school performance in compulsory 

school specifically by marks. The unique registers allowed 

us to construct a non-selected nationwide cohort with close 

to complete follow-up. In comparison, all previous studies 

on schooling of IHC children are based on single center data 

except from Gupta et al, who relied on American neurosur-

geons to handout questionnaires to patients.18 The educational 

register covers a wide range of educational data, and the tests 

taken upon completion of compulsory school are standard-

ized and used nationally in virtually all private and public 

schools. Since health care is easily accessible and free, and 

reporting discharge diagnoses on all hospital contacts is man-

datory by law, the registration of hydrocephalus is considered 

to be nearly complete. An important limitation of our study 

was the variable availability of data during follow-up due to 

expansion of the educational registers over the years (Figure 

1), meaning the cohorts for each outcome are different. Since 

etiology and treatment have not changed much over the years, 

and since we adjusted for time period, we do believe that the 

cohorts are comparable.

Conclusion
We found that most children with IHC attend and to a high 

degree also finish compulsory school. However, their perfor-

mance, judged by their ability to obtain grades and by the 

level of their grades, is significantly poorer than for other 

children. This pattern was most pronounced for non-isolated 

IHC children, but in general not influenced by age at diag-

nosis and number of surgeries. However, the performance 

of the IHC children obtaining grades is comparable to that 

of other children.
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Supplementary materials
Methods for mediation analysis
Mediation analysis was performed for all five outcomes to 

clarify how much of the observed effect could be explained 

by complications to infantile hydrocephalus (IHC) (epilepsy, 

visual disturbances, cerebral palsy, autism, or attention-deficit 

hyperactivity disorder). The pure direct effect of IHC and the 

total indirect effect of implications were estimated using the 

Lange decomposition,1 estimating first a mediator model and 

subsequently a weighted model for the outcome. The media-

tor was defined as a 16-level variable considering all possible 

combinations of the four mentioned complications, and the 

mediator model was fitted by decomposing the joint probabil-

ity of the 16 levels using chain rule and estimating each of the 

conditional models separately. The proportion not explained 

by the four factors was calculated on log-scale, as the ratio 

between the pure direct effect and total effect. Weights were 

truncated so much so that the ratio between the total effect 

estimated with logistic regression and the one obtained from 

mediation analysis became less than 1.02. Sex, birth year, 

birth month, preterm birth, and small-for-gestational-age 

were included in both the mediator and the outcome model.

Table s1 Disease diagnoses according to the iCD codes

Diagnoses/surgeries ICD-10 codes ICD-8 codes
Exposure
infantile hydrocephalus DQ030, DQ031, DQ038, DQ039, DQ070, 

Dg910, Dg911, Dg912, Dg913, Dg918, 
Dg919

74200, 74201, 74208, 74209, 34793, 34794, 34795

Etiological subdivisions
Tumor DC70, DC71, DC72, DD32, DD33, DD42, 

DD43
191, 192, 225, 238, 19439, 19449, 22620, 22621, 
22629, 22639, 22702
Excluding 19249, 19259, 22559, 22569, 23800–23809, 
23869, 23879

Spina bifida DQ050, DQ051, DQ052, DQ053, DQ054 74100, 74101, 74109
arnold Chiari malformation DQ070
Perinatal intraventricular 
hemorrhage 

DP52 77209, 77809, 77828, 77829

Dandy-Walker DQ031
Congenital malformations of Cns DQ00, DQ01, DQ02, DQ04, DQ06, DQ078, 

DQ079
743

Congenital malformations other 
than Cns

DQ10-DQ99 744–759

infection or trauma Di60, Di61, Di62, Ds06, DP10, DP11
Dg0, Dg913

01300, 01301, 01308, 01309, 02701, 03609,  04509, 
04519, 04599, 05201, 05302, 05403, 05501, 05601, 
09490, 32009, 32019, 32080, 32089, 32090, 32091, 
32092, 32099, 32200, 32202, 32203, 32204, 32208, 
32209, 32408, 32409, 77201, 77108, 77209
430, 431, 800, 801, 802, 803, 804, 850, 851, 852, 853, 
854, 965

Surgical treatment
shunt insertion KaaF05, KaaF15 01380, 01400, 01420, 01440
shunt revision KaaF20 01460
Endoscopic third ventriculostomy KaaF00
Complications to infantile 
hydrocephalus
Epilepsy Dg40, Dg41 345
Visual disturbances Dh47, Dh48, Dh49,

Dh53, Dh54, Dh55,
Dh58.1

373, 37790, 37791, 37840, 78102, 78109, 78110, 
78113, 78119

spasticity Dg80-Dg83 343, 344
autism and aDhD DF84, DF 90 30179, 30184, 31189, 29900

Abbreviations: ADHD, attention-deficit hyperactivity disorder; CNS, central nervous system; ICD-8, International Classification of Diseases 8th edition; ICD-10: 
International Classification of Diseases 10th edition.
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Figure S1 Distribution of grade point averages for isolated (A) and non-isolated (B) ihC as compared to other children.
Abbreviation: ihC, infantile hydrocephalus.
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