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Abstract - The main aim of the research was to study the addressability for CT scanning of neonates with suspicion of 
cerebral pathology and the role of this investigation in diagnosis. The specific objectives of the research were to describe the 
population characteristics in terms of age, sex and clinical diagnosis and to investigate the value of computer tomography as 
diagnosis test for hydrocephalus. In the study were included 56 newborns with suspicion of cerebral pathology addressed to the 
Radio-Imaging Department. In regard with sex and age distribution, 61% were males and the average age was 25 days. 
Most of the patients had as clinical diagnosis the suspicion of hydrocephalus and cranial-cerebral trauma. In half of the cases, 
there existed a concordance between the clinical and the computer tomographic diagnosis. For the majority of the cases sent 
with suspicion of hydrocephalus (64%), the diagnosis was confirmed by computer tomography. 12.5% from the cases sent 
with cranial-cerebral trauma were confirmed with hemorrhage, 12.5% with epidural hematoma, and for the others cases 
computer tomography examination could not identify any pathological modifications. The results of the study revealed the 
necessity of improving the communication between the clinician and the radiologist and also the necessity for continuous 
medical education, both for the radiologist and the clinician, in order to deepen the knowledge regarding the indications and 
the diagnostic utility of imaging investigation methods. 
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Introduction 

Radio-imaging investigation techniques 
in neonatal cerebral pathology have advantages 
and limits that must be considered in the 
management of the patient from this age group. 
Due to structural and functional immaturity of 
the newborn central nervous system, its answer 
to various injuries is limited, while the clinical 
manifestations are unspecific. Thus, it is difficult 
to obtain a precise diagnostic and an early 
proper treatment.  
In the majority of diseases, transfontanelar 
ultrasonography is the first line investigation, 
due to the advantages of the method and to the 
quality of the information that can be obtained 
[1-6]. 
Computed tomography at neonate children is, 
nowadays, a current examination, even if 
frequently is performed complementary, after 
ultrasonography, because the latest is well 
adapted to pediatric particularities. 
The computer tomography examination of a 
neonate must consider the followings problems: 

• The small dimension of images – difficulty 
that can be surpassed now by using image 
magnification techniques 

• The small quantity of fatty tissue 
• The little child lack of cooperation and the 

impossibility to obtain voluntary apnoea  
Cerebral scanning at neonates is, usually, a 
second line examination, following 
transfontanelar ultrasonography [7]. It is 
indicated in the evaluation of diseases where 
discrepancies are discovered between the clinical 
signs and transfontanelar ultrasonography and 
also in the evaluation of lesions difficult to 
explore by ultrasonography: cerebral convexities 
fluid accumulations, brain stem or cerebellum 
diseases [8,9].  
 
Research hypothesis 

The main aim of the research was to 
study the addressability for CT scanning of 
neonates with suspicion of cerebral pathology 
and the role of this investigation in diagnosis. 
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The objectives of the research were: 
1. To describe the population characteristics in 

terms of age, sex and clinical diagnosis 
2. To evaluate the role of computer 

tomography in neonatal cerebral pathology 
diagnosis and to investigate its value as 
diagnosis test for hydrocephalus 

 
Material and Method 

The target population was represented 
by Romanian newborns with a clinical suspicion 
of cerebral pathology. According with the 
financial and human resources, the available 
population was represented by newborns from 
Cluj district, with a clinical suspicion of cerebral 
pathology, born in the Gynecology Clinic and 
addressed for investigations to the Radio-
Imaging Department of the Cluj District 
University Hospital. The following inclusion and 
exclusion criteria were applied: 
• Inclusion criteria: 

• Newborns from Cluj district, born in 
the Gynecology Clinic, between January 
2002 and February 2006; 

• Clinical suspicion of cerebral pathology; 
• Clinical recommendation for computed 

tomography addressed to the Radio-
Imaging Department of the Cluj 
District University Hospital 

• Exclusion criteria:  
• Newborns with a prenatal diagnosis of 

cerebral pathology 
• Newborns for which the health status 

did not allow their transportation from 
the Gynecology Clinic to the Radio-
Imaging Department of the Cluj 
District University Hospital 

• The family refused to perform the 
investigation 

Computer tomography technique 
The tomodensitometric investigation was 
performed with a scanner Picker – Marconi type 
SeleCT, third generation. 
The following steps were performed in the 
examination procedure: 
a). Preparation of the newborn 
1. Examination after feeding 
2. Soft sedation with a sedative easy to 

administrate, safe, with a controllable 
duration of action  

3. Intravenous lines available 
4. Immobilization of the newborn (for 

diminishing the voluntary and the 
abdominal respiratory movements). This 
was performed by applying a system of  
bands over the child’s thorax and abdomen 
(it has also maintained an optimum 
corporeal temperature) 

b). The examination 
• The newborns were placed in dorsal 

decubitus 
• The sequence of the slides was determined 

on „scout view” 
• Usually the examination began by 

performing a number of non-contrast slides 
and if a lesion was identified, bolus iodine 
contrast was administered 

c). The examination protocol used is presented 
in Table 1. 
d). The CT images were stocked on the device 
memory, on radiological films and recorded on 
CD. 
e). For each patient, at the end of the 
investigation, an examination result was 
released, where the normal and/or pathologic 
aspects visualized were described and 
interpreted. 

 
Table 1. The computer tomographic protocol 

Parameter Value 
Position/Marking Supine head / Orbito-meatal line  
Direction of scout  Cranio-caudal  
Starting point Skull base  
Ending point Vertex  
Scanning type Axial  
kV / mA 120 kV/70 mA   
Collimation 3 mm  
Slide type 3 mm, contiguous -  posterior fossa  

5 mm, contiguous - supratentorial  
FOV  240  
Intravenous contrast medium 1 cm3/kg   
Injection type  Manual 
Delay 4 min  
Window  Parenchyma, bone  
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Statistical analysis 
The data obtained were summarized and 
analyzed with the Statistic 6.0 software. The 
graphical representations were obtained with 
Microsoft Excel. The statistic parameters 
associated with the assessment of computed 
tomography as diagnostic tool were calculated 
using a dedicated software [10]. The statistic 
tests were applied for a significance level of 5%. 
The 95% confidence intervals (95%IC) 
associated to relative frequencies were calculated 
using a method based on binomial distribution 
[11]. 
 
Results 

A number of fifty-six neonates 
accomplished the inclusion and exclusion 
criteria and were investigated by computer 
tomography for cerebral pathology. Twenty-two 
of them were female (almost 39%, 95%CI 
[26.35 - 52.60]).  
The investigated patients had an age between 2 
and 30 days, with an average of 25 days (95%CI 
[24 - 27]). The age distribution on classes is 
presented in Figure 1. 
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Figure 1. The age histogram of the 
investigated neonates  
 
Ninety-one percent of the investigated neonates 
had an age between 20 and 30 days.  The 

distribution on age classes according with the 
year of investigation is presented in Table 2. 
 
Table 2. Distribution of the studied sample 
according with age classes and investigation 
year 

Year Age class 
(days) 2002 2003 2004 2005 2006 Total
2 - 6     1 1   2
7 - 10           0
11 - 14         1 1
15 - 18     2    2
19 - 22     5 1 1 7
23 - 26 6 2 6 2   16
27 - 30 5 5 14 2 2 28
Total 11 7 28 6 4 56

 
The distribution of clinical diagnosis according 
with neonates sex is presented in Table 3. 
 
Table 3. Computer tomography 
investigation: clinical diagnosis versus 
neonates sex 

Sex Clinical diagnosis 
F M 

Total

Tetraparesis 0 1 1 
Cerebral atrophy 0 1 1 
Stroke 1 0 1 
Tonico-clonic convulsions 1 1 1 
Cerebral edema 0 2 2 
Epilepsy 0 1 1 
Epicranial hematoma 1 0 1 
Hemorrhage 2 3 5 
Hydrocephalus 10 15 25 
Sagital sinus thrombosis 1 0 1 
Malformation 1 1 2 
Meningitis 0 3 3 
Meningoencephalitis 0 1 1 
Microcephaly 1 0 1 
Cranio-cerebral trauma 4 4 8 
Cerebral cystic tumor 0 1 1 
Total 22 34 56 

 
The types of clinical diagnosis for the 
investigated neonates are presented in Table 4. 
All neonates were investigated by computed 
tomography. The concordance between the 
clinical diagnosis and the computer topographic 
diagnosis is presented in Table 4.
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Table 4. Concordance between clinic and computer tomographic diagnosis 

Clinical diagnosis Computer tomography 
diagnosis 

Stroke (1 case) 1 case - hydrocephalus 
1 case - hemorrhage (Figure 2) 
6 cases - n.p.f. Cranio-cerebral trauma (8 cases) 
1 case - epicranial hematoma  
1 case - cerebral edema (Figure 3) Cerebral edema (2 cases) 
1 case - n.p.f. 
17 cases - hydrocephalus (Figure 4) Hydrocephalus (25 cases) 
8 cases - n.p.f. 

Tetraparesis (1 case) 1 case - n.p.f. 
Epilepsy (1 case) 1 case - n.p.f. 
Hemorrhage (5 cases) 5 cases - hemorrhage (Figure 5) 
Cerebral cystic tumor (1 case) 1 case - cystic tumor (Figure 6) 
Epicranial hematoma (1 case) 1 case - epicranial hematoma (Figure 7) 
Cerebral atrophy (1 case) 1 case - n.p.f. 
Meningoencephalitis (1 case) 1 case - n.p.f. 
Sagital sinus thrombosis (1 case) 1 case - sagital sinus thrombosis (Figure 8) 
Meningitis (3 cases) 3 cases - n.p.f. 
Malformation (2 cases) 2 cases - malformation (Figure 9) 
Microcephaly (1 case) 1 case - n.p.f. 
Tonico-clonic convulsions (1 cases) 1 case - n.p.f. 

n.p.f. = no pathological findings 
 

 
Figure 2. Unenhanced cerebral CT – 
Hemorrhagic focus in a case of a 20 days old 
age male new born baby  

 
Figure 3. Unenhanced cerebral CT – Diffuse 
cerebral edema (diffuse hypo-density, 
erasing of the cerebral gyriy) in a case of a 
20 days old age male new born baby  
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Figure 4. Unenhanced cerebral CT – 
hydrocephalus a. Internal in a case of a 30 
days old age male new born baby (frontal 
horns enlargement – arrows and occipital 
horns of the lateral ventricles – arrow tips); 
b. External in a case of a 30 days old age 
female new born baby (great enlargement of 
the ventricular system – frontal and occipital 
horns of the lateral ventricles)  
 

 
Figure 5. Unenhanced cerebral CT – Right 
parietal hemorrhagic focus (arrow) in a case 
of a 25 days old age male new born baby  
 

 
Figure 6. Unenhanced cerebral CT – Cystic 
occipital expansive process (arrow) and left 
cerebellar (*) in a case of a 21 days old age 
male new born baby  
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Figura 7. Unenhanced cerebral CT – Right 
parietal epicranial hematoma in a case of a 
14 days old age female new born baby (a), 
and in a case of a 6 days old age female new 
born baby (b), with clinical diagnosis of 
cranio-cerebral trauma  
 

 
Figure 8. Unenhanced cerebral CT – Sagital 
sinus thrombosis in a case of a 27 days old 
age female new born baby 
 

 
Figure 9. Unenhanced cerebral CT – 
Pachygiria in a case of a 20 days old age 
female newborn baby  

 
In order to test the null hypothesis that there is 
no correlation between clinical and computer 
tomographic diagnosis the Spearman rank 
correlation was applied and the results are 
presented in Table 5.  

In order to assess the role of computed 
tomography as diagnosis tool of hydrocephalus, 
a number of statistical parameters were 
computed based on the 2×2 contingency table 
presented in Table 6.  

 
Table 5. Clinical versus computer tomographic diagnosis: rank correlation 

 Valid n Spearman correlation p 
Clinical diagnosis & 

Computer tomographic diagnosis
56 0.378859 0.005150 
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Table 6. 2×2 contingency table: computer 
tomography in hydrocephalus diagnosis  

CT diagnosis Clinic diagnosis 
Positive Negative 

Total

Positive 17 8 25 
Negative 2 29 31 
Total 19 37 56 

 
The name of the parameters, their punctual 
values and the 95% confidence intervals were: 
• Prevalence = 0.3393 [0.2260 - 0.4690] 
• Positive predictive value: 0.6800 [0.4852 – 0. 

8350] 
• Negative predictive value: 0.9355 [0.8000 – 

0.9833] 
• Accuracy = 0.8214 [0.7050 – 0.9032] 
• False positive ratio: 0.2162 [0.1091 – 0.3681] 
• Negative positive ratio: 0.1053 [0.0262 – 

0.3050] 
• Probability of a wrong positive test: 0.3200 

[0.1650 – 0.5148] 
• Probability of a wrong negative test: 0.0645 

[0.0167 – 0.2000] 
• Probability of a positive test: 0.4464 [0.3217 

– 0.5766] 
• Probability of a negative test: 0.5436 [0.4234 

– 0.6783] 
 
Discussions 

In the study were included patients 
addressed by the neonatologist, after he/she 
performed the clinic examination and 
sometimes even some investigations, in the limit 
of his/her competencies. Taking into 
consideration the clinical indication and the lack 
of absolute contraindications of the 
investigation methods at this age group, 
computer tomographic examinations were 
performed on a sample of 56 patients. 
As it can be seen, the studied sample was a 
relatively homogenous sample in regard with the 
sex distribution of the patients included. It has 
been observed a slight preponderance for male 
patients (61%) comparatively with the female 
patients (39%), which is related to the higher 
number of male births, as it comes out from the 
statistical data of the Cluj District University 
Hospital in the studied period, with the 
exception of the year 2005, year in which the 
ratio was inverse.   
Regarding the age of the patients included in the 
study, as it can be seen in Figure 1, most of the 
newborns had an age between 27-30 days, the 

majority of the investigated cases (91%) having 
an age between 20 and 30 days. 
Analyzing the distribution of the studied sample 
on age classes and years, it can be seen that most 
of the patients were investigated in 2004 
(twenty-eight patients). Only four cases were 
investigated in 2006, but this fact can be 
explained by the period of only two months in 
2006 included in the study (January and 
February). 
Generally, it can be observed that, there is a 
relatively equal distribution between sexes, in 
relation with the clinical diagnosis, with the 
exception of the cases sent with a clinical 
diagnosis of hydrocephalus, for whom male 
patients were more than female patients (60%) 
(see Table 3). 
Analyzing the concordance between the clinical 
suspicion and the computer tomographic 
diagnosis the following remarks can be done 
(see Table 4): 
• For the majority of the cases sent with 

suspicion of hydrocephalus (64%), the 
diagnosis was confirmed by computer 
tomography. 

• All cases sent with a clinical suspicion of 
cerebral cystic tumor, epicranial hematoma, 
sagital sinus thrombosis, hemorrhage and 
malformations were confirmed by computer 
tomography. 

• For the cases sent with a clinical suspicion 
of tetraparesis, epilepsy, meningitis, tonico-
clonic convulsions, there were not identified 
any pathological findings with computer 
tomography. 

• 12.5% from the cases sent with cranial-
cerebral trauma were confirmed with 
hemorrhage, 12.5% with epidural 
hematoma, and for the others cases 
computer tomography examination could 
not identify any pathological modifications. 

• One of the two cases sent with a suspicion 
of cerebral edema was diagnosed at 
computer tomography with cerebral edema, 
the other one presenting no pathological 
findings. 

• The case sent for stroke was computer 
tomographic diagnosed with hydrocephalus. 

Thus, it can be stated that, approximately in half 
of the cases included in the study there existed a 
concordance between the clinical diagnosis and 
the computer tomographic diagnosis. This 
observation is also sustained by the significance 
of the rank Spearman correlation coefficient (see 
Table 5). The value of 0.3788 tells us that there 



 10

is a significant relation between the clinical 
diagnosis and the computer tomographic 
diagnosis (p = 0.005), but this correlation is 
weak. 
In evaluating computer tomography as 
diagnostic tool for hydrocephalus, as it can be 
observed from the data presented in Table 6, 
from twenty-five patients having a clinical 
diagnosis of hydrocephalus, seventeen were 
diagnosed with hydrocephalus at computer 
tomography, thus existing eight false positive 
results. Two patients out of thirty-one 
investigated by computer tomography for other 
pathologies were diagnosed with hydrocephalus, 
these patients being classified as false negatives. 
Almost 68% from the patients with a positive 
clinical diagnosis presented computer 
tomographic diagnosed hydrocephalus. Thus, 
the capacity of the clinical diagnosis to predict 
to a subject with a positive diagnosis the risk to 
be ill, in the studied sample, was 68%. The 
percentage of the patients with no 
hydrocephalus from all of the patients 
investigated by computer tomography for other 
pathologies was 93%. Thus, in the studied 
sample, the capacity of the clinical diagnosis to 
predict to the subject with a negative test the 
risk not to have the disease was 93%. 
Approximately 32% of the studied population 
was false positive, having a clinical diagnosis of 
hydrocephalus not confirmed by computer 
tomography. Almost 6% of the investigated 
patients had a false negative clinical diagnosis. In 
the studied sample, the probability of a clinical 
diagnosis of hydrocephalus was almost 34%; the 
probability for a clinical diagnosis of indemnity 
for hydrocephalus was almost 55%. The 
probability for a wrong clinical diagnosis of 
hydrocephalus was 0.3200; the probability of a 
wrong clinical diagnosis of indemnity for 
hydrocephalus was 0.0645. For the studied 
sample, the prevalence was 32%. 
 
Conclusions 
1. In the study were included patients 

addressed for imaging investigations to the 
Radio-Imaging Department by clinicians 
from the Neonatology Department.  

2. In relation with the sex distribution, the 
studied sample was homogenous, with no 
significant statistic differences between the 
number of male and female patients. 

3. The majority of the investigated cases had 
an age between 20 and 30 days, with an 
average age of 25 days. 

4. Most of the patients had as clinical diagnosis 
the suspicion of hydrocephalus and cranial-
cerebral trauma. 

5. In almost fifty-four percent from the cases 
addressed for computer tomography, 
pathological findings were identified. 

6. A significant statistic week correlation was 
identified between the clinical diagnosis and 
the computer tomographic diagnosis. 

7. Justifying the indication for a computer 
tomographic investigation is important, 
taking into consideration both the risk of 
investigations using radiations and its costs, 
in relation with the diagnostic utility of the 
method. 

8. The studied sample was quite heterogenous 
from the point of view of the possibility to 
perform statistical analysis. Even in these 
conditions, the study reveals interesting and 
concrete information, over a long period, 
which can become a basis for further 
research. 

9. The results of the study revealed the 
necessity of improving the communication 
between the clinician and the radiologist. 

10. The results of the study revealed the 
necessity for continuous medical education, 
for the radiologist, in order to deepen the 
knowledge in the particular domain of 
neonatology, and also for the clinician, in 
order to deepen the knowledge regarding 
the indications and the diagnostic utility of 
imaging investigation methods. 
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