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 Summary
 Background: A suspicion of ventriculo–peritoneal shunt failure is classified as the most common indication for 

CT in children with hydrocephalus. The main target of the study was to evaluate the diagnostic 
value of a low-dose protocol and to compare a total DLP received by patients in compared 
protocols.

 Material/Methods: Our retrospective analysis included 256 examinations performed in patients aged from 1 month 
to 18 years, with body mass ranging from 3 to 100 kg. The examinations were conducted in the 
years 2009–2011. A total number of 128 examinations were performed on the basis of the low-
dose protocol and 128 according to a standard protocol using the Siemens SOMATOM Definition AS 
128-slice scanner.

 Results/Conlusions: The analysis showed a full value of the diagnostic low-dose protocol with a simultaneous decrease 
of the total dose of DLP to the average of 40%.

  Application protocol with lower mAs in assessing the causes of ventriculo-peritoneal shunt failure 
in children with hydrocephalus is coherent with the valid principles of radiation protection in 
pediatrics and reduces the total DLP while maintaining a very good diagnostic value.
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Background

The incidence of hydrocephalus in children ranges from 
1/1000 to 1/500 births. On the basis of ultrasound exami-
nation results, hydrocephalus can be diagnosed in approx. 
95% of cases. In older children, where the transfontanelle 
ultrasound is impossible, the examination of choice is CT 
(computed tomography). Hydrocephalus in children is a 
result of an increased volume of the cerebrospinal fluid, 
especially in ventricles (internal hydrocephalus) or in sub-
arachnoid space (external hydrocephalus), due to congeni-
tal anomalies of the CNS, posttraumatic or postinflamma-
tory changes, hypoxic-ischemic or postoperative injuries. 
Hydrocephalus can be accompanied by chromosomal 
aberrations – in 3% this concerns isolated hydrocephalus, 
and in 8% hydrocephalus related to other CNS anomalies. 

In case of an increased CSF pressure, it is necessary to 
implant a ventriculo-peritoneal shunt. Misdiagnosed ven-
triculo-peritoneal shunt failure leads to damage within the 
cortex and white matter. The final result can be patient’s 
death. Therefore, a suspicion of an abnormally function-
ing ventriculo-peritoneal shunt is a very common indica-
tion for a head CT, both in emergency and in elective cases 
before neurosurgical revision. A high number of head 
CTs in pediatric patients of the Clinic and Department of 
Pediatric Neurosurgery of the Clinical Hospital in Poznan, 
an improving access to tomographic examinations, as well 
as an increasing number of indications for head CTs in chil-
dren referred by pediatricians and surgeons, induced us to 
carry out a comparative analysis of head CTs in children 
with hydrocephalus performed according to a low-dose 
protocol and a standard protocol.
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Aim of the work

The diagnostic value of a low-dose and a standard-dose 
head CT in children with hydrocephalus was evaluated 
based on whether it was possible to answer the following 
questions: 
1.  What is the width of the ventricular system and suprac-

erebral fluid spaces?
2.  What is the course of catheters of the ventriculo-perito-

neal shunt? Is their continuity preserved?
3.  Are there any symptoms of recent bleeding?

Material and Methods

The authors conducted a retrospective analysis of 256 CTs 
of the head in children aged from 1 month to 18 years with 
hydrocephalus or suspected ventriculo-peritoneal shunt 
failure. Group A included 128 examinations performed 
according to the low-dose protocol (lower mAs settings) 
and group B included 128 examinations performed with 
the use of standard parameters (Table 1). In 9 cases, the 
CT was conducted according to both the low-dose proto-
col and the standard method, and in 6 of them the exami-
nation was repeated a few times. The analysed examina-
tions were carried out in the years 2009–2011 at Pediatric 
Radiology Department with the use of a 128-slice CT scan-
ner Somatom Definition AS by Siemens. CT examinations 
were preceded by a physical examination conducted by the 
neurosurgeon on call. The choice of examination protocol, 
i.e. with a lower or with a standard mAs value was made 
by the radiologist.

We also compared the values of maximum, mean, and 
minimum doses in two subgroups of children: with a body 
mass below 20 kg and above 20 kg. The minimum body 
mass was 3 kg, while the maximum 100 kg.

Due to patients’ clinical condition and age, 60% of them 
required a short-term sedation.

Results

All the performed examinations, both in group A (low-dose 
protocol) and in group B (standard protocol), i.e. 256 exami-
nations in total, were evaluated by radiologists. The analy-
sis showed that the obtained images allowed for answering 

the questions asked by the neurosurgeon, and thus for clas-
sifying the examinations as fully diagnostic.

In all patients, the examinations allowed for evaluating the 
width of the ventricular system, localising the intraven-
tricular tip of the ventriculo-peritoneal shunt catheter, and 
analysing the course and continuity of the catheter (both in 
the intracranial and in the examined extracranial section) 
(Figure 1). No significant differences were found in imaging of 
supracerebral fluid spaces between both groups. The obtained 
images allowed also for excluding recent bleeding. However, 
according to the evaluating radiologists, the fact of blurred 
cortico-subcortical junction in the examinations with a lower 
mAs value was important, as it hindered the diagnostics of 
oedematous lesions in e.g. rapidly progressing hydrocephalus. 
However, the radiologists and neurosurgeons concluded that 
despite an increased amount of noise producing film grain, 
the examinations helped to solve significant clinical problems.

Children with a body mass of less than 20 kg

Low-dose protocol Standard protocol

CareDose 4D function – on
Eff. mAs – 100

KV – 120 

CareDose 4D function – on
Eff. mAs – 190

KV – 120 

Children with a body mass of 20 kg and more

Low-dose protocol Standard protocol

CareDose 4D function – off
Eff. mAs – 200

KV – 120 

CareDose 4D function – off
Eff. mAs – 350

KV – 120 

Table 1. Specifications of protocols.

Figure 1.  Nonenhanced computed tomography. (A) axial brain CT, 
position of the ventriculo – peritoneal shunt catheter, 
(B) course of the catheters outside the skull in VRT. Both 
images were obtained in the low-dose protocol.

A

B
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Minimum, mean, and maximum doses of DLP were also 
compared, which expressed the total radiation dose 
(Table 2). According to the conducted analysis, the total 
radiation dose received by every patient was much lower 
in the examinations using lower mAs values. Especially the 
evaluation of doses received by the same patient in repeat-
ed examinations, conducted according to the compared pro-
tocols, allowed for defining differences between low-dose 
and a standard examinations (Table 3). The difference in 
doses was calculated by subtracting the mean dose used in 
examinations with reduced mAs values from the mean dose 
of standard CT examinations of the head. A percentage dif-
ference was also calculated (Table 4).

Percentage comparison showed their reduction by 20–70%, 
with maintained diagnostic value.

Discussion

CT examinations according to the low-dose protocol allow 
for obtaining images of sufficient sensitivity and specificity. 

It should be pointed out that although the quality of imag-
es obtained in examinations with lower mAs values is 
slightly worse (Figure 2), it is still sufficient for the evalu-
ation of basic brain structures, the degree of widening of 
the ventricular system, location of the catheter or recent 
bleeding. Such examinations are in accordance with the 
ALARA principle which, especially in children, should be 
taken into account when choosing the diagnostic protocol. 
Patients with suspected ventriculo-peritoneal shunt failure 
constitute a group frequently subjected to diagnostic imag-
ing, and after the infancy, CT remains the only ‘method of 
choice’. According to Goeser et al., the most common caus-
es of such a failure include obstruction of the central end 
of the catheter, as well as catheter damage in the cervical 
segment [1]. It is possible to diagnose the above mentioned 
causes of failure and a less common slit ventricle syn-
drome, recent bleeding or increased density of the cerebro-
spinal fluid (which may accompany infection) with the use 
of examinations with lower mAs values. Images obtained 
with the low-dose protocol in our work were considered 
by both radiologists and neurologists as fully diagnostic, 

Figure 2.  Nonenhanced computed tomography, axial and sagittal brain CT. (A) image in the low-dose protocol, (B) image in the standard protocol.
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as in the studies conducted by other centers, where simi-
lar procedures were used [2–4]. Patients with hydroceph-
alus need to undergo repeated tests at short time inter-
vals. This reduces the risk of dose accumulation. At the 
same time, as mentioned by other authors, the age of the 
discussed patients significantly enhances their long-term 
exposure and their sensitivity to radiation, which is even 
10-times higher than in adults [5–7]. Despite the increasing 

availability of CT, we should not make exceptions to the 
rule of reasonableness of such examinations. An intentional 
choice of optimal diagnostic methods, protocols with lower 
mAs values, adjusted to patient’s body mass (which is very 
diverse, especially in the youngest age groups) allows for 
lowering the absorbed dose by up to 70% [3]. Thanks to the 
modified protocol used in our CT Laboratory, we obtained 
a dose reduction of approximately 40%, and in one patient, 

Total dose of DLP (mGy*cm) Low-dose protocol Standard protocol Difference in mGy*cm 

Max. 1333 2087  754 (36%)

Min. 156 234  78 (33%)

Mean 563 933  370 (40%)

Table 2. Comparison of the total doses of DLP* received by patients in both groups covered by the analysis.

* DLP is a measure of accumulated dose (total energy of radiation) received by the patient. The unit of this index is mGy × cm. It incorporates not 
only the mean radiation dose in the visualised volume (CTDIvol) but also the length of the scanned area L.

Patient
Mean dose mGy*cm

Difference in doses Number of low-dose 
examinations

Number of standard 
examinationsLow-dose 

examination
Standard 

examination

A 687 1193 506 1 2

B 844 1333 489 6 1

C 601 1089 488 2 2

D 247 311 64 3 1

E 225 837 612 3 3

F 208 380 172 1 1

G 680 1284 604 1 1

H 439 593 154 1 1

I 208 397 189 2 1

Table 3. Comparison of total doses of DLP received by patients during head CTs with standard and low-dose protocols.

Patient
Mean total dose of DLP (mGy*cm) Difference in doses 

(mGy*cm) % difference in doses
Low-dose examination Standard examination

A 687 1193 506 42%

B 844 1333 489 37%

C 601 1089 488 45%

D 247 311 64 21%

E 225 837 612 73%

F 208 380 172 45%

G 680 1284 604 47%

H 439 593 154 26%

I 208 397 189 48%

Table 4. The difference in doses between the low – dose protocol and the standard protocol in the same patient.
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who underwent the examination 6 times, the difference in 
the absorbed dose between the standard method and the 
low-dose protocol was 70%. It is difficult to evaluate the 
radiation risk in children subjected to CT, including head 
CT. On the basis of the literature review it may be con-
cluded that due to an increasing number of examinations, 
patients’ irradiation (though not substantial) may be con-
nected with quite a low but statistically significant (for the 
study population) risk of neoplasm development [7,8]. Due 
to the above mentioned risks, the role of radiologists con-
sists not only in evaluating the examinations but also in 
defining the examined area and in choosing correctly the 
possibly most dose-saving protocol of head CT examination 
in a child, adjusted to a specific clinical situation [9–14].

Conclusions

1.  Computed tomography belongs to the most common 
imaging methods in case of suspected ventriculo-perito-
neal shunt failure in children with hydrocephalus.

2.  The use of the low-dose protocol (with lower mAs val-
ues) allows for a significant (by approx. 40%) reduction 
of the absorbed dose, with the full diagnostic value being 
maintained.

3.  An increasing number of CTs in pediatric patients 
enhances the risk of accumulation of the absorbed dose, 
which requires the radiologists to follow procedures in 
accordance with the rules of radiological protection and 
to optimise examination protocols.
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