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Highlights
• The number of head computed tomography (CT) performed in children has been decreasing in recent years.
• Pediatric protocols significantly minimize children’s exposure during head CT.
• In diagnosing the highest doses are given to children <1 year of age.

Abstract
Objectives: Computed tomography (CT) in children with hydrocephalus is a procedure often performed from the first days of the child’s life. It is im-
portant in diagnosing and monitoring treatment progress. Material and Methods: Based on a retrospective analysis of CT scans, the level of exposure 
to ionizing radiation in children with hydrocephalus subjected to this study was calculated. The probability of induction and death from leukemia or 
other cancers as a result of CT scans was also calculated. Results: The highest exposure is observed in children <1 year of age: M±SD 4.2±0.9 mSv/year. 
In the following years, this exposure decreases, reaching the level of 0.7±0.1 mSv/year at the age ≥11 years. This is correlated with the probability of in-
duction of leukemia and other cancers, which is highest in the first year of life. In subsequent years, the probability decreases. The probability of dying 
from these cancers remains at a similar level all the time. By the age of 17 years, a patient with hydrocephalus diagnosed in infancy may receive a to-
tal effective dose of almost 21 mSv. Conclusions: After analyzing exposure over the years, a significant reduction in the number of CT examinations 
performed and a reduction in the radiation dose received by children was found through the introduction of pediatric CT examination protocols. Int 
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INTRODUCTION
Imaging tests are an integral part of modern diagnostics. 
Particular attention is required for diseases during the treat-
ment of which imaging tests must be repeated many times 
to monitor the treatment process. Hydrocephalus is one of 
such diseases.

Hydrocephalus is a neurological disease that causes dam-
age to the balance between nervous tissue, cerebrospinal 
fluid and vascular bed, which leads to an increase in intra-
cranial pressure and excessive accumulation of cerebrospi-
nal fluid in the ventricular system of the brain.
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MATERIAL AND METHODS
The analyzed group of patients included children and ad-
olescents <18 years of age who were treated for hydro-
cephalus at pediatric reference center in January 2021 – 
August 2022 and during the treatment process were sub-
jected to CT of the head. The tests were performed using 
a Canon GENESIS ONE 640 TSX-305 A/5 CT scanner 
(Canon Medical Systems, Ōtawara, Japan; manufactured 
in 2019). All head CT examinations in children at the pe-
diatric reference center were performed in accordance 
with applicable medical procedures for pediatric pa- 
tients [10].
Patients and their parents/carers were informed about 
the procedure for performing a head CT examination. 
Head CT examination is usually performed without an-
esthesia, but the patient’s cooperation is required dur-
ing the examination. The patient must remain in the po-
sition determined by the electroradiologist conducting 
the examination, do not say anything, do not move. This  
is crucial because only in this way the electroradiologist is  
able to achieve the required diagnostic image quality; 
otherwise, artifacts will be created that make it impossi-
ble to detect pathology, and the test will have to be repe-
ated. To avoid such situations, in the case of small chil-
dren and uncooperative children, it is sometimes nec-
essary to use general anesthesia, thanks to which the 
small patient remains still and the diagnostic process 
proceeds properly.
Patients received protective shields on their thyroid, chest, 
abdomen and pelvis for the duration of the study. Care was 
also taken to protect parents who accompanied young pa-
tients during head CT examinations, and women of child-
bearing age were informed that they could not accompa-
ny their children during the examination if they were or 
were likely to be pregnant.
All radiological examinations described in this work were 
performed in accordance with the generally accepted ref-
erence level regarding radiation doses. The Table 1 shows 

The balance between the production and absorption of ce-
rebrospinal fluid is extremely important, because it per-
forms very important functions in the body. It acts as 
a shield for the cerebral cortex, providing mechanical and 
immunological protection inside the skull, and also plays 
an important role in cerebral circulation.
The obvious symptoms of the disease are a sharp increase 
in head circumference, bulging and widening of the fonta-
nel. Other symptoms include: vomiting, drowsiness, irri-
tability, convulsions, as well as the “sunsetting” symptom, 
in which the eyeballs are turned down when looking up.
Hydrocephalus has many causes:

 – it may be congenital hydrocephalus, i.e., existing from 
the moment of birth, which is related to genes regulat-
ing the growth and development of the brain and most 
often involves narrowing of the aqueduct;

 – can be acquired and may occur at any stage of a person’s 
life as a result of an accident, surgery, cerebral bleed-
ing, tumor, meningitis and/or other causes – mainly as 
a result of pathological processes that affect ventricu-
lar outflow, the function of the subarachnoid space or 
susceptibility of cerebral veins.

During the treatment of hydrocephalus, X-ray comput-
ed tomography (CT) is most often performed. Although 
it is related to exposure to X-rays, this test is repeat-
ed many times during the treatment process to control 
the effectiveness of this process [1–7]. In CT examina-
tions, the radiation dose is received not only by the head 
area, but also by other organs that are not imaged dur-
ing head CT [8]. A large number of CT repeats in child-
hood can significantly influence the probability of can-
cer induction later in life and lead to death as a result of 
its induction [9].
The aim of this analysis is to assess the exposure to ioniz-
ing radiation in children who were treated for hydroceph-
alus and repeatedly examined using a CT scanner, and to 
estimate the risk of induction and death due to leukemia 
or other types of cancer.
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In this way, the effective dose can be expressed as:

 E = DLP × Kw (1)

where:
E – effective dose (mSv),
DLP – dose-length product (mGy × cm),
Kw – conversion factor appropriates for a given age group 
(mSv/mGy × cm).

All statistical calculations were performed in Statistica 
13.3 software.
The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Bioethical Commis-
sion of the Medical University of Lodz, Łódź, Poland (ap-
proval No. RNN/239/23/KE, October 10, 2023).

RESULTS
In total, data from 141 patients aged <1 year to 17 years 
who underwent CT in January 2021 – August 2022 were 
analyzed.
Table 2 presents data on the average number of CT exam-
inations per patient for each age group.
Average DLP values were calculated for patients from spe-
cific age groups. They are presented in Table 3.
The effective dose values estimated in this way for patients 
from age groups are presented in Table 4. The values given 
above in Table 4 should be interpreted as follows:

 – the child <1 year old receives an average effective dose 
of 4.2 mSv,

 – the child 1–3 years old receives an effective dose of 
10.5 mSv, and in each subsequent year of this interval 
a dose of 3.1 mSv is received,

 – the child 4–10 years old receives an effective dose of 
16.0 mSv, and in each subsequent year of this interval, 
a dose of 0.8 mSv is received,

 – the patient 11–17 years old receives an effective dose of 
20.8 mSv, and in each subsequent year of this interval, 
a dose of 0.7 mSv is received.

the range of pediatric head CT dosimetry reference values 
for the Canon scanner.
The head CT examination protocol was performed in ac-
cordance with the current recommendations for pediatric 
head CT examinations [10].
In the analysis, patients were divided into 4 age groups: 
<1 year, 1–3 years, 4–10 years and ≥11 years. This division 
reflected the frequency of tests ordered by neurologists in 
the treatment process and monitoring its effects. Dose length 
product (DLP) (mGy × cm), CT dose index CTDIvol (mGy), 
peak kilovoltage (kVp), milliampere-seconds (mAs)/tube rev-
olution were recorded for all patients; all CTDIvol values report-
ed in dose reports were based on a 16 cm diameter phantom.
The exposure parameters of the head CT scans were as 
follows:

 – age 0–2 years – 135 mAs and 100 kV,
 – age 3–5 years – 240 mAs and 100 kV,
 – age ≥6 years – 337 mAs and 100 kV or 225 mAs and 

120 kV,
All the examinations were performed at slice collima-
tion 5 mm.
Based on the effective doses received by children in spe-
cific age groups calculated in the study, the probability of 
developing and dying from leukemia or any other cancer 
was calculated based on BEIR VII [11].
However, to assess the importance of exposure for the 
health of the studied children, it is necessary to estimate 
the effective dose, which allows estimating the probabili-
ty of stochastic effects. The effective dose can be estimat-
ed from the DLP value using conversion factors. These co-
efficients were decided based on the results of simulation 
calculations, considering the location of the areas (body 
parts) that were exposed and the size of the patient, which 
in the case of children is related to their age. In simula-
tion calculations, patients are imitated by mathematical 
phantoms. This study uses data published in Lee et al. [12] 
and IARC document [13] relating to head examinations in 
children of different ages.
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ber of cases of patients who had CT scans performed more 
than twice in the period of 2–11 months:

 – in the age group of children <1 year old, there were 
3 cases with a number of tests ranging from 5 to 7,

 – in the group 1–3 years old there were 6 cases with 
3–4 tests,

 – in the group 4–10 years old there were 8 cases with 
the number of tests ranging from 3 to 7,

 – in the group ≥11 years old, there were 12 patients with 
the number from 3 to even 9 tests.

The mentioned list of dose values means that the great-
est radiation burden is experienced by children <1 year of 
age in whom hydrocephalus has just been detected and is 
being diagnosed.
If control (or other therapy) is continued in the subsequent 
years of the patient’s life, each subsequent year adds a spe-
cific effective dose, although the frequency of CT exami-
nations decreases significantly, as do the values of effec-
tive doses.
As a result, by the age of 17 years, a patient with hydro-
cephalus diagnosed beginning from infancy may receive 
a total effective dose of almost 21 mSv.
Tables 2–4 show the mean DLP and effective dose values. 
However, the source data (which are not included in the 
paper due to their considerable volume) include a num-

Table 1. Reference dosimetric values for head computed tomography 
protocols performed with a Canon scanner for age groups

Age group
Reference dosimetric value

DLP
[mGy × cm]

CTDIvol

[mGy]

0–2 years 278.7 19.8 

3–5 years 495.4 40.5

6–12 years 568.7 40.5

13–16 years 778.4 55.4

≥17 years ≥978.0 59.1

CTDIvol – computed tomography dose index; DLP – dose-length product.

Table 2. Average number of computed tomography (CT) examinations  
per patient for each age group of children and adolescents <18 years,  
treated for hydrocephalus and subjected to CT at pediatric reference center,  
Poland, January 2021 – August 2022

Age group
Patients

(N = 141)
[n]

Tests
[n]

(M±SD)

<1 year 17 2.3±1.9

1–3 years 37 1.6±0.9

4–10 years 37 1.9±1.7

≥11 years 50 1.9±1.7

Table 3. Average dose-length product (DLP) values 
in individual age groups of children and adolescents <18 years, 
treated for hydrocephalus and subjected to CT at pediatric reference center, 
Poland, January 2021 – August 2022

Age group
Age range

[years]

Tests*
[n]
(M)

DLP
[mGy × cm]

(M±SD)

<1 year 1 2 342±74

1–3 years 2 2 504±145

4–10 years 7 2 716±114

≥11 years 7 2 1029±134

* Rounded to whole numbers.

Table 4. Estimated effective doses (E) for patients in specific age groups 
based on mean dose-length product (DLP) values – study among children 
and adolescents <18 years, treated for hydrocephalus  
and subjected to computed tomography at pediatric reference center, 
Poland, January 2021 – August 2022

Age group
Kw

[mSv/mGy × cm]

E
[mSv]

(M±SD)

the entire 
age range

per 1 year of life

<1 year 0.0062 4.2±0.9 4.2±0.9

1–3 years 0.0062 6.3±1.8 3.1±0.9

4–10 years 0.00383* 5.5±0.9 0.8±0.1

11–17 years 0.00233 4.8±0.6 0.7±0.1

Kw – conversion factor.
* Value calculated as the average for the age groups 4–6 years old and 9–11 years old 
included in the work [13].
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of developing leukemia and other cancers, regardless of 
gender. However, the probability of dying from it remains 
constant throughout the teenage years. This is consistent 
with the available literature [15].
In addition to the discussion of the DLP results presented 
in Table 3, it should be noted that despite the use of stan-
dard testing protocols assigned to specific age groups, the 
coefficient of variation of DLP is relatively high: 13–29%. 
The explanation is probably the natural variation in the 
body structure of children in the same age group.
The assessment of hydrocephalus as the cause of numer-
ous CT examinations in children treated at pediatric refer-
ence center was carried out 16 years ago, and the results of 
this assessment were published in Rybka et al. [16]. Com-
puted tomography examinations were then performed us-
ing a fourth-generation single-row scanner PICKER-2000 
(Picker International, Cleveland, OH, USA). The software of 
this scanner did not include dedicated pediatric protocols,  
so children were examined according to the same proto-
cols as adult patients. Data on 380 patients aged from 
a few months to 19 years, examined for hydrocephalus 
in 1996–2006, were analyzed. It was found that on average 
7 CT examinations were performed for 1 patient – without 
indicating the age range. The result referred to the entire pe-
riod of patient observation during the treatment process. The 
distribution of the number of tests performed showed that  

The most CT examinations were performed in a child aged 
3–4 years, who had 11 CT examinations over 11 months.
Table 5 shows the calculated probability of induction and 
death from leukemia or other cancer by gender, for the 
individual age groups analyzed in the study. The number 
of cases per 100 000 people irradiated with the doses pre-
sented in Table 4 was calculated.

DISCUSSION
In the analyzed CT studies the exposure covers only the 
head, in children receiving a significant effective dose is 
more important than in the case of adult patients, because 
in children (especially in the early years of life) a signifi-
cant part of the red bone marrow is located in the bones 
of the skull.
According to data published in Abu-Gheida et al. [14], 
in a child aged 2–3 months, the skull bones contain 30% 
of the total mass of red bone marrow, while by the age of 
5 years – this content decreases to 20% (this justifies the 
differences in the values of conversion coefficients Kw for 
specific age groups). Nevertheless, in a child <4 years of 
age, approx. 25% of the red bone marrow is located in the 
repeatedly irradiated skull, which significantly increases 
the probability of inducing leukemia (Table 5).
The calculated probabilities of leukemia and other can-
cers show that children in the first 4 years are most at risk 

Table 5. Number of incidents and deaths from leukemia or any other cancer per 100 000 persons for specific age groups following receipt of the doses 
specified in Table 4 – study among children and adolescents <18 years, treated for hydrocephalus and subjected to CT at pediatric reference center, Poland, 
January 2021 – August 2022

Age group

Lifetime attributable risk
[n/100 000 persons]

cancer incidence cancer morality

leukemia all cancers leukemia all cancers

males females males females males females males females

<1 year 14 8 108 201 3 2 46 74

1–3 years 24 20 211 531 9 7 126 202

4–10 years 8 30 94 908 21 15 235 369

11–17 years 5 23 61 642 21 15 184 281
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CONCLUSIONS
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the young patient.
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