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ABSTRACT
Aim: Transcranial   Doppler   (TCD)  is a widely used method for the evaluation of vertebrobasilar system. There is not neither 
a consensus nor significant number of publications about normal spectral Doppler waveform and resistance index (RI), peak 
systolic velocity (PSV), and end diastolic velocity (EDV) values of basilar artery (BA). We aim to define normal PSV, EDV, RI 
values of BA via TCD in healthy infants.  
Material and Method: BA was evaluated from anterior fontanelle by creating sagittal and coronal images. Color Doppler 
ultrasonography (CDUS) and spectral Doppler examinations were performed by placing the cursor in the middle portion of 
BA. PSV, EDV, and RI values were recorded. Patients were divided into 4 subgroups to analyze the change of normal values 
according to age groups: (1) 0-120 days, (2) 121-180 days, (3) 181-270 days, (4) >271 days.
Results: 115 healthy infants were included into the study. A weak positive correlation was found between PSV, EDV values 
and age; meanwhile a weak but significant negative correlation was present between age and RI values.  We cannot find any 
correlation between sex and CDUS parameters. 
Conclusion: BA PSV, EDV and RI values change by age. No correlation is present between CDUS characteristics and sex. BA 
pathologies are rare in pediatric population, nevertheless knowing normal CDUS characteristics can help radiologists for an 
appropriate assessment.
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INTRODUCTION
Transcranial   Doppler  ultrasound or sonography  (TCD)  
is main evaluation method of vertebrobasilar system and 
circle of Willis in pediatric patients before closing anterior 
and posterior fontanelles (1,2).  Both color Doppler 
ultrasound (CDUS) and spectral Doppler examinations 
can be performed transcranially (3,4). Normal CDUS 
characteristics and spectral Doppler waveforms of 
many intracranial vascular structures such as common, 
internal/external carotid arteries, vertebral arteries and 
intracerebral arteries etc. were previously defined (5-7). 

Basilar artery (BA) pathologies are not very common in 
infants. The main diagnosis in the pediatric population 
(between the ages of 0-17 years old) resulting from 
the basilary artery is mostly stroke. In these cases, the 
diagnosis was generally taken with computed tomographic 
angiography and/or conventional angiography (8-10). 
In literature, the knowledge about TCD usage for the 
evaluation of BA pathologies is very limited. In the same 

way, during our daily practice, we have noticed that a 
limited number of radiologists evaluate BA waveform 
during routine TCD. Also, as far as we know, there 
is not neither a consensus nor significant number of 
publications about normal spectral Doppler waveform 
and resistance index (RI), peak systolic velocity (PSV), 
and end diastolic velocity (EDV) values of BA. 

Our study aims to define normal PSV, EDV, RI values of 
BA via TCD in healthy infants and contribute a limited 
information repository.

MATERIAL AND METHOD 
This current prospective study was carried out with the 
permission of Keçiören Training and Research Hospital 
Ethics Committee (Date: 20.06.2018, Decision No: 2012-
KAEK -11/2238). Informed consent form was signed 
by the parents of all participants. The study data was 
collected between February 2019 and August 2019.
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We performed TCD for examining BA to the infants 
who were referred to pediatric radiology clinic for a 
transcranial ultrasound examination. They were all 
healthy children whose parents were willing to participate, 
or the children came for another health issues: such as 
developmental dysplasia of hip, diarrhea, vomiting etc. 
We excluded patients with genetic and metabolic disease, 
heart failure, intracranial bleeding, or infection. Totally, 
115 infants were included into the study. 

CDUS examinations were performed with 3.5 MHz 
convex transducers in longitudinal and transverse planes 
(iU22 Philips Healthcare, Best, the Netherlands; and 
Aplio, Toshiba Medical Systems, Japan). 

BA was evaluated from anterior fontanelle by creating 
sagittal and coronal images. CDUS and spectral Doppler 
examinations were performed by placing the cursor 
in the middle portion of BA. PSV, EDV, and RI values 
were recorded (Figure 1). Patients were divided into 4 
subgroups to analyze the change of normal values by age: 
(1) 0-120 days, (2) 121-180 days, (3) 181-270 days, (4) > 
271 days.

Statistical Analysis
Data were analyzed using Statistical Package for Social 
Sciences (SPSS) 25 for Windows (IBM SPSS Inc., Chicago, 
IL). Normal distribution of the data was evaluated with 
the Kolmogorov-Smirnov test.  Numerical were shown 
as median, minimum-maximum values. Categorical 
variables were shown as number and percentage. 
Consecutive variables were evaluated with Mann-Whitney 
U and Kruskal-Wallis tests. Spearman correlation analysis 
was used to define possible correlations between BA 
spectral Doppler parameters and age, sex.

RESULTS
Median age of the population was 69±2 days (1-367 
days). 69 participants (60%) were males, 46 participants 
(40%) were females. 

Normal values of PSV, EDV, and RI values according 
to age subgroups can be seen in Table 1 and Figure 
2. Median PSV, EDV, and RI values were found to be 
significantly different amongst age subgroups (Table 
1, Kruskal-Wallis p value=0.001). According to 
Spearman correlation analysis results, a weak positive 
correlation was found between PSV, EDV values 
and age; meanwhile a weak but significant negative 
correlation was present between age and RI values 
(Table 2). We cannot find any correlation between sex 
and CDUS parameters. 

Figure 1. 153 days old healthy infant. CDUS images and spectral 
waveform acquired from basilar artery. PSV was 187.2 cm/s, EDV 
was 61.1 cm/s, RI was measured as 0.67. 

Figure 2. Scatterplots of median PSV, EDV, and RI values in healthy infant.

Table 1. Median Basilar artery PSV, EDV, and RI values according to age
Age  (days) Number PSV  (cm/s) EDV  (cm/s) RI P values (KW/MWU)

0-120 75 113.4  (95.7-397.2) 30.2  (11.7-122.3) 0.71  (0.7-0.89) P=0.001, P=0.03
121-180 22 153.3  (13.1-204.3) 53.2  (3.4-82.4) 0.62  (0.6-0.79) P=0.001, P=0.04
181-270 14 164.8  (13.5-248.4) 75.8  (7.8-119.7) 0.54  (0.51-0.72) P=0.001, P=0.001

271 and above 4 206.6  (186.8-247.2) 86,7  (77.9-101.1) 0.58  (0.54-0.59) P=0.001, P=0.02
Whole population 115 131.9  (95.7-397.2) 44.8  (11.7-122.3) 0.66  (0.7-0.89)

KW: Kruskal-Wallis, MWU: Mann- Whitney U, Note: Very low PSV, EDV and RI values were ignored in the table because these values are probably due to the crying effect. 
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DISCUSSION 
In the current study, we defined the normal PSV, EDV, 
and RI values of basilar artery in newborn, neonate, 
and infants. We found that normal values of mentioned 
parameters change by age, and there was no statistically 
significant difference between genders (p>0,05).

Blood flow of a vessel is affected from the difference of 
pressure between two ends of the vessel and the resistance 
of the vessel wall. Every major vessel has a characteristic 
CDUS pattern which is mainly created by PSV, EDV and 
RI values (11,12). 

CDUS is an important tool for the evaluation of major 
vessels in pediatric patients with lacking ionizing 
radiation, being easy to access and cheap etc. (13). 
Although the CDUS characteristics of major cranial 
arteries have been defined in the literature, there is not 
sufficient information about the basilar artery to the best 
of our knowledge (5,6).

In the adult based study of Scheel et al. (14) if many 
studies compared, giving the name of the study will 
make it easy to understand), normal PSV value of BA was 
found as 131±21 cm/s. As far as we know, there was only 
one pediatric population-based study belongs to Binokay 
et al. (15) in the literature and according to the study’s 
results, mean of PSV value was 84.7 cm/s. In our study, 
our median PSV value in the whole population was 131.1 
cm/s. Our results were closer to the adult study than 
the pediatric study. The difference between the other 
pediatric population-based study and ours might be the 
result of populations’ age characteristics; our median age 
was 69 days, mean age of the mentioned study was 10.2 
years. 

For vertebral artery, in neonates, PSV changes between 
27–57 cm/sec and PSV value of internal carotid artery 
is defined between 47-73 cm/s (16,17). According to our 
data, median PSV value for the first 3 months of life was 
131.1 cm/s, higher than vertebral and internal carotid 
arteries. The result is consistent with previous adult-
based studies. Likewise, in adult-based studies, PSV 
values of BA are higher than PSV values of vertebral and 
internal carotid arteries (18,19). 

In the adult-based study of Scheel et al. (14) normal EDV 
value of BA was defined as 39.9±8.1 cm/s . Whereas, in the 
pediatric population-based study of Binokay et al., mean 
EDV value was 49.5 cm/s (15). Our median normal EDV 

value was 39.1 cm/s, similar with adult values, slightly 
lower than the pediatric based study. The difference 
might be the result of populations’ age characteristics, 
same as PSV values.

Two different studies belonging Kehrer et al. (16,17) 
including neonatal population, EDV values of vertebral 
and internal carotid arteries were respectively altered at 
the range of 5-11 cm/s and 13–21 cm/s. According to our 
results, EDV values of BA were higher than vertebral and 
internal carotid arteries. The results of another adult-
based study of Schneel et al; EDV values of BA is also 
higher than EDV values of vertebral and carotid arteries 
like our study (19).

RI values can be calculated from PSV and EDV values 
via the formula (PSV-EDV)/PSV (20). In the literature, 
for adults, normal mean RI value of BA was defined 
as 0.58±0.10 (16,17). For infants, mean RI value was 
0.41±0.17 (14). 

According to the literature, the normal RI values of the 
internal carotid and vertebral arteries were ranged from 
0.64 to 0.80 and from 0.73 to 0.89, respectively, in the 
neonatal population (17,18). Also, in full term neonates 
RI values of anterior, middle, and posterior cerebral 
arteries vary between 0.60 and 0.80 (9). These values 
were like our results (RI values of BA). We think that 
these similarities that do not change according to age 
population and the study   also prove the reliability of our 
results. 

According to a pediatric based study performed by 
Kehrer et al. (16) in healthy infants, EDV values 
of vertebral and internal carotid arteries increases 
with age. On the other hand, they cannot find any 
correlation between PSV values and age. In the same 
study, no significant correlation was defined between 
sex and CDUS parameters of vertebral/internal carotid 
arteries. As far as we know, there is no information 
about the correlation between CDUS parameters of BA 
and age/sex in the literature. Our results were partially 
consistent with the studies that discussed above. We 
cannot find any statistically correlation between sex 
and CDUS parameters (p>0,05). However, different 
from the literature, we defined a negative correlation 
between age and EDV, and a positive correlation 
between age and PSV. This subject is open for further 
prospective studies.

Considering the studies in the literature, flow velocities 
in all intracranial arteries decreased continuously from 
early childhood to adulthood and waveform parameters 
remained constant (21). This is probably due to the 
decrease in cerebrovascular resistance with age (22). In 
our study, arterial flow characteristics were found to be 
more like adults than children.

Table 2. Correlations between age and PSV, EDV, RI values
Correlations PSV EDV RI

Age r= 0.45
p= 0.00

r= 0.49
p= 0.00

r= (-) 0.42
p= 0.00

Sex r= 0.11
p= 0.07

r= 0.21
p= 0.1

r= 0.22
p= 0.09

https://pubmed.ncbi.nlm.nih.gov/?term=Sch%C3%B6ning+M&cauthor_id=8971745
https://pubmed.ncbi.nlm.nih.gov/?term=Sch%C3%B6ning+M&cauthor_id=8971745
https://pubmed.ncbi.nlm.nih.gov/?term=Sch%C3%B6ning+M&cauthor_id=8971745
https://pubmed.ncbi.nlm.nih.gov/?term=Sch%C3%B6ning+M&cauthor_id=8971745
https://pubmed.ncbi.nlm.nih.gov/?term=Sch%C3%B6ning+M&cauthor_id=8971745
https://pubmed.ncbi.nlm.nih.gov/?term=Sch%C3%B6ning+M&cauthor_id=8971745
https://pubmed.ncbi.nlm.nih.gov/?term=Sch%C3%B6ning+M&cauthor_id=8971745
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This study has some limitations including the small 
population number. We did not have any participants 
older than 1 years of age. Our results include only a small 
part of the pediatric population. Interobserver variability 
of CDUS parameters was ignored since only a small 
number of infants was evaluated by both authors. We have 
studied only with healthy infant, further studies including 
the cases with BA pathologies might help to define cut 
off values for abnormal cases. The technical limitations 
of the CDUS examination of the pediatric population, 
such as patient agitation and difficulty creating optimal 
waveforms, were also valid for our study. 

PSV and EDV rates were extremely low in several 
patients. To the best of our knowledge, it is not known 
the exact reason but crying could have been a factor, 
altering brain hemodynamics and misleading RDUS 
measurements. In healthy humans, the Valsalva 
maneuver causes characteristic changes in flow velocity in 
the cerebral arteries, reflecting sympathetic and cerebral 
autoregulation responses, respectively. Considering 
crying and Valsalva maneuver is similar mechanism, 
this hypothesis can explain changes in the parameters 
of cranial Doppler ultrasonography. All of the children 
in our study were younger than 1 year old and cried 
from time to time during the examination. This effect is 
another limitation of our study (23).

As we tried to summarize and emphasize, there is not 
sufficient information about CDUS characteristics of BA. 
There is only one pediatric population based study in the 
literature (8), and it has different results with regard to 
our study; possibly as a result of examining different age 
groups. We believe that it is obviously needed to conduct 
further prospective studies including wide range of age 
groups, to define normal CDUS parameter ranges more 
precisely and correctly.

CONCLUSION
BA PSV, EDV and RI values change by age. No 
correlation is present between CDUS characteristics 
and sex. BA pathologies are rare in pediatric population, 
nevertheless knowing normal CDUS characteristics can 
help radiologists for an appropriate assessment.
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