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Abstract
Background: The carotid arteries serve as major blood supply to the head and neck region of the
body. Understanding their structure and function in the pathogenesis of stroke and in
interventional neuroradiology due to luminal stenosis, atherosclerosis and wall stiffness is
paramount. Doppler ultrasound scan plays key role in the early diagnosis of the pathologies of
the arteries as it is an affordable, accessible, reliable and non-invasive clinical tool. Knowing
normal average diameter of the carotid arteries among healthy individuals is important in making
correct clinical diagnosis in any population. The aim of the study was to determine mean
diameters of the carotid arteries among healthy adult Nigerians for reference.
Materials and methods: Prospectively studied 104 healthy Nigerians within the ages of 18 and
65 years by taking doppler scans of their carotid arteries (common, internal and external) on both
sides and measured each diameter. Using a 95% confident level, P-value of <0.05 was
significant.
Results: Of the studied population, 62 were males and 42 were females, and the average age of
the subjects was 28.32 ± 9.09 years. From this study, the average luminal diameter of the
common carotid artery = 0.61 ± 0.08 cm, internal carotid artery = 0.60 ± 0.08 cm and external
carotid artery = 0.49 ± 0.10 cm. The results showed that although, there are differences in
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measurements between the two sexes (males slightly higher than females in CCA) and between
right and left sides (with right side slightly higher), they are not statistically significant.
Conclusions: This sonographic study on healthy Nigerian adults has given us normal reference
values of the luminal diameters of the carotid arteries among Nigerians, which clinicians can
make reference to, when assessing carotid artery diameters of patients in Nigeria.
Key words: carotid artery, luminal diameter, ultrasound scan, reference values, Nigerians

INTRODUCTION
Blood supply to the brain is one of the key reasons why neurosurgeons and neurologists
are interested in the structure and function of the carotid arteries, especially the internal carotid
artery. The carotid arteries also play cardinal role in regulating the volume and pressure of blood
that reaches the head and neck in addition to supplying oxygenated blood, as they are known to
be influenced by cardiac outputs and blood pressure. However, the internal carotid artery also
serves as a gateway for vascular interventions in the brain, in addition to supplying blood to the
cerebrum1,2,3. Stroke is global killer and the relationship between carotid artery diameter and
cardiovascular risk for cerebrovascular events with the attendant compensatory dilation in
atherosclerosis has been established4,5. Interestingly, the carotid artery is also known to suffer
several disease conditions, that may affect its major function6. Atherosclerosis, luminal stenosis,
wall stiffness may all affect its effective diameter, elasticity, and the velocity and volume of
blood it can supply to the brain7.
Ultrasonography is currently the first and preferred mode of assessment of the carotid
arteries by clinicians because it is easily affordable, accessible, reliable with little or no
complications as a non-invasive method with ease for follow-up8,9,10,11. However, it would be
difficult to state the exact degree of stenosis or dilation of the carotid arteries without normal
reference values in the patient’s environment, as there are indications to show racial variations in
the size of the arteries12. In Nigeria, most clinicians use reference values in foreign texts to
deduce their conclusion on the status of the luminal diameters of the carotid arteries, especially
when there are no obvious atherosclerotic plagues to suggest pathology. This is partly because
there is no existing established data of normal standardized reference values from healthy
Nigerian subjects.
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The aim of this study was to determine the mean luminal diameters of the carotid arteries
in healthy adults to serve as normal reference values for clinical diagnostics among Nigerian
patients.
MATERIALS AND METHODS
One hundred and four (104) healthy Nigerian adults between the ages of 18 and 65 years
were sampled in this prospective cross-sectional study. The study was approved by the Ethics
Committee of the University of Port Harcourt. Adequate consent from all participants were
obtained. Subjects with history and overt signs of cardiovascular, cerebrovascular and metabolic
disorders were excluded. Using ultrasound scan machine “EcoMed” version VERTU-3 Portable
USG with linear transducer and frequency of 7.0MHz, all participants were scanned by
experienced radiologist. Sonographic measurements of luminal diameter for common carotid
artery (CCA), internal carotid artery (ICA) and external carotid artery (ECA) on both right and
left sides about 1 cm from the carotid bifurcation in grayscale and B-mode were made. The
measurements were done according to the recommendations of the Japan Society of Ultrasonics
in Medicine and the American Society of Echocardiography using two-dimensional (2D)
ultrasound images in end-diastolic phase. The diameter was basically obtained as the distance
between one intimal layer and its opposite intimal layer13,14. All measurements were in
centimeters (cm). The data acquired was analysed using the IBM SPSS version 23.0 from which,
mean, standard deviation and T-test based on age and sex were calculated. Using a 95%
confident level, P-value of <0.05 was significant. Fig. 1 shows a measured carotid artery.

Table 1: Descriptive statistics of the measured dimensions of the Carotid Arteries.
Carotid artery
diameter (cm)

Male [62]
Min

Max

CCA diameter

0.46

0.83

ICA diameter

0.35

0.81

Female [42]
Mean ±
SD

Min

Max

0.43

0.77

0.27

0.79

Mean ±
SD

Right
0.63 ± 0.0
9
0.60 ± 0.0
9
3

0.61 ± 0.
07
0.61 ± 0.
10

ECA diameter

0.31

0.71

CCA diameter

0.42

0.77

ICA diameter

0.39

0.73

ECA diameter

-0.43

0.71

0.49 ± 0.0
8

0.33

0.79

0.47

0.70

0.43

0.81

0.51 ± 0.
09

Left
0.60 ± 0.0
9
0.60 ± 0.0
7
0.47 ± 0.1

0.59 ± 0.
06
0.61 ± 0.
07
0.49 ± 0.

0.26 0.66
4
07
Min = Minimum, Max = Maximum, S.D = Standard Deviation, CCA = Common Carotid Artery,
ICA = Internal Carotid Artery, ECA = External Carotid Artery.
Table 2: Reference value ranges for the diameters of the carotid arteries.
Parameter (cm)

Male

Female

Total
0.45-0.76

Common carotid artery diameter

0.46-0.74

0.44-0.79
0.44-0.75

Internal carotid artery diameter

0.45-0.76

0.44-0.75
0.30-0.67

External carotid artery diameter

0.34-0.65

0.26-0.69

RESULTS
Out of the total 104 subjects, the males were 62 and females 42. The average age of the
subjects was 28.32 ± 9.09 years. The average height, weight, body mass index and blood
pressure of the subjects were 1.72 ± 0.06 m, 67.65 ± 12.42 kg, 22.84 ± 4.15 kg/m2 and 113.92 ±
13.46/73.40 ± 9.84 mm Hg respectively. As shown in the tables (Table 1), the results of this
study showed that there are differences in measurements between the two sexes (males slightly
higher than females in CCA and females higher than males in ICA and ECA) and between right
and left sides (with right side slightly higher), however they are not statistically significant. The
right diameter measurements for CCA are, males = 0.63 ± 0.09, females = 0.61 ± 0.07; for ICA,
males = 0.60 ± 0.09, females = 0.61 ± 0.10; for ECA, males = 0.49 ± 0.08, females = 0.51 ±
4

0.09. The left diameter measurements for CCA, males = 0.60 ± 0.09, females = 0.59 ± 0.06;
for ICA, males = 0.60 ± 0.07, females = 0.61 ± 0.07; for ECA, males = 0.47 ± 0.14, females =
0.49 ± 0.07. From this study, the average luminal diameter for both sexes for the CCA = 0.61 ±
0.08 cm, ICA = 0.60 ± 0.08 cm and ECA = 0.49 ± 0.10 cm. Reference range of values for the
diameters of the carotid arteries within which diameters can be said to be normal were calculated
using the formulae according to Kirkwood & Sterne, 2003; Lawless & Fredette, 2005 below and
are represented in table 2.

√
√

LOWER LIMIT =m−t 0.975, ∞ ×
UPPER LIMIT =m+t 0.975, ∞ ×



n+ 1
×S.D
n

n+ 1
×S.D
n

where,

t 0.975, ∞=1.96 , n- sample size, S.D- standard deviation.15,16

Figure 1. Doppler scan of Carotid Arteries with measurements.
DISCUSSION
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Carotid artery lumen plays an important role in clinical practice in the cardiovascular as
well as vascular neurosurgical sectors. The importance of normal reference values to guide
diagnostic and operative work up in-patient care cannot be overemphasized. The lack of Nigerian
data with normal anatomical range of values for carotid artery diameters is one major problem
this research has solved. Relying solely on foreign data is not desirable as there are known and
established racial or demographic differences12,17,18 that would also affect clinical decisionmaking in-patient care in Nigeria. More so, the carotid arteries are not all the same in calibre and
morphology19,20. Furthermore, from our study, the proximity in diameter of the lumen of the
internal carotid artery (0.60 cm) to that of the common carotid artery (0.61 cm) confirms that the
former is a direct branch of the later as noted in embryology of the vessels as they both
developed from the same third aortic arch. Whereas, a wide difference is noted between the
common carotid artery and the external carotid artery (0.49 cm), which developed from a
different source (ventral pharyngeal artery)21.
Review of similar studies in Sweden, by Jensen-Urstad et al noted the mean CCA in
Swedish males and females as 0.63 ± 0.6 cm and 0.56 ± 0.5 cm respectively with significant
difference between the two sexes22. However, in our index Nigerian study mean CCA diameter
for males and females were 0.62 ± 0.09 cm and 0.60 ± 0.07 cm respectively, where we find close
values with that of the Swedish study only in the males but noted higher values in our females in
comparison to that of the Swedish. In the US, one study by Krejza et al gave normal values of
diameter of CCA of males and females as 0.65 ± 0.98 cm and 0.61 ± 0.80 cm respectively17. In
another study by Hwaung et al, mean total values for the females (0.62 ± 0.88 cm) were higher
than those for the males (0.57 ± 0.79 cm) in same country23. This is similar to our study with the
diameters of ICA and ECA, where the values for females were higher than those of males.
Although, there was significant difference between the sexes with reference to the diameters of
the carotid in the study by Hwaung et al, we did not record the same significance.
Whereas our values for CCA in the males were lower than those from Sweden and those
from one study in the US, we had higher values for CCA in our females in comparison to those
from Sweden17,22. We also had higher values in our males compared with those of the second
study from US with relatively lower values in our females to theirs23. Our values were higher on
both sides for the values published from an Iraqi study8, where diameter of right CCA = 0.60 ±
0.7 cm and left CCA = 0.58 ± 0.7 cm.
6

In a Nigerian study, Agunloye and Owolabi worked on two cohort groups of patients. The
‘control’ were hypertensive patients without any form of cerebrovascular accident and the ‘case’
were hypertensive patients with any form of cerebrovascular accident. The results of the
common carotid artery diameters obtained for the ‘control’ (right CCA = 0.59 ± 0.07 cm and left
CCA = 0.58 ± 0.12 cm)24 were similar to those of our index study but slightly lower (0.62 ± 0.08
cm and 0.59 ± 0.08 cm, respectively). One would have expected their values to be higher than
normal healthy subjects as in our study based on the hypertensive factor25,4, however, this was not
the case. It may be that the degree of hypertension in their ‘control’ group at that time had not
affected the diameter of the subjects just as there were no clinical signs or symptoms of stroke.
This is an important point to note as the values of carotid artery diameter from the ‘case’ group,
which were those hypertensives patients with any form of cerebrovascular event (right CCA =
0.66 ± 0.10 cm and left CCA = 0.63 ± 0.10 cm) were much higher than values from our study.
Since we were dealing with apparently healthy population with the aim of providing
refence values, it was important to restrict the extremes of age. We believe the age bracket and
body size of the subjects could have also played key roles in determining the diameter of the
carotid arteries in our index study as they were mostly young adults with normal body size and
blood pressure with no obvious clinical comorbidities, where age and weight related changes
have not become evident. This select population was important for the inclusion criteria as
laboratory serum investigations which were termed invasive were not also intended.
CONCLUSIONS
This sonographic study on healthy Nigerian adults has given us normal reference values
for the luminal diameters of the carotid arteries (CCA, ICA and ECA), which clinicians can refer
to, when assessing carotid artery diameters of patients in Nigeria for clinical decision making. It
also establishes that, although there are notable differences in values from different populations
across countries, the Nigerian population has peculiar carotid artery diameter values, having
higher values than some countries and lower for others, which needed to be established as the
largest black nation in the world. It is also possible to infer the embryological relation between
the common carotid artery and the internal carotid artery based on their proximity in luminal size
from our study.
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Limitation of the study
The study did not include laboratory work up of the subjects like serum cholesterol as the
were no intents or consent for invasive investigations of the subjects.
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