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 Abstract

Introduction: Central venous cannulation is widely used in critically ill 
patients. Although the landmark-guided technique has a high success 
rate, it can cause serious complications due to anatomical variations. 
The aim of this study was to determine the anatomical variations 
between the internal jugular vein (IJV) and carotid artery (CA). Another 
aim of the study is to reveal the risk of complications associated with 
cannulation performed using anatomical landmark guidance. 

Methods: This retrospective study included 61 patients admitted to 
the pediatric intensive care unit. Information was obtained from the 
recorded files. Descriptive statistical analyses, the chi-square, Fisher’s 
exact, and Bonferroni tests, and multivariate logistic regression 
analysis were used as statistical tools.

Results: Thirty-six patients were male and 25 were female. The most 
common admission diagnosis was respiratory failure (60.1%). The 
mean age of the patients was 58.1±62 months (2 to 192 months). 
Most catheterizations were performed unilaterally. The right side 
was predominantly preferred. The most common locations of the 
IJV and CA on both sides were anterolateral. Significant overlap was 
detected on the right side in 18 patients (29.5%) and on the left side 
in 21 patients (34.4%). It was also observed that, on the left side, as 
weight and age decreased, the overlap increased significantly. 

Conclusion: Our findings support the routine use of ultrasound 
(USG)-guided catheterization in children. This study has shown 
that the risk of complications is high in catheterization procedures 
performed without USG, especially in infants and underweight 
children.

Keywords: Anatomical variations, carotid artery, internal jugular 
vein, pediatric, USG-guided catheterization

 Öz

Giriş: Santral venöz kanülasyon, kritik hastalarda yaygın olarak 
kullanılan bir işlemdir. Anatomik işaret noktalarına dayalı kılavuzluk 
tekniği yüksek başarı oranına sahip olsa da anatomik farklılıklar 
nedeniyle ciddi komplikasyonlara yol açabilir. Bu çalışmanın amacı, 
internal juguler ven (IJV) ve karotis arter (CA) arasındaki anatomik 
farklılıkları belirlemektir. Çalışmanın bir diğer amacı ise anatomik işaret 
noktalarına dayalı kılavuzluk kullanılarak yapılan kanülasyonlarda 
olası komplikasyon riskini ortaya koymaktır.

Yöntemler: Bu geriye dönük çalışmaya, çocuk yoğun bakım 
ünitesine yatırılan 61 hasta dahil edildi. Bilgiler, kayıtlı dosyalardan 
elde edildi. İstatistiksel analiz araçları olarak tanımlayıcı istatistiksel 
analizler, ki-kare testi, Fisher’in kesin testi, Bonferroni testi ve çok 
değişkenli lojistik regresyon analizi kullanılmıştır.

Bulgular: Hastaların 36’sı erkek, 25’i kadındı. En sık görülen 
yatış tanısı solunum yetmezliğiydi (%60,1). Hastaların ortalama 
yaşı 58,1±62 ay (2 ila 192 ay arası) idi. Çoğunlukla tek taraflı 
kateterizasyon yapılmıştı. Sağ taraf daha çok tercih edilmişti. Her iki 
tarafta da en sık görülen IJV ve CA yerleşim yerleri anterolateraldi. 
Sağ tarafta 18 (%29,5) hastada ve sol tarafta 21 (%34,4) hastada 
anlamlı örtüşme tespit edildi. Ayrıca sol tarafta ağırlık ve yaş azaldıkça 
anlamlı örtüşmenin önemli ölçüde arttığı gözlemlendi.

Sonuç: Bulgularımız, çocuklarda ultrason (USG) eşliğinde 
kateterizasyonun rutin kullanımını desteklemektedir. Bu çalışma, 
özellikle bebeklerde ve düşük kilolu çocuklarda, USG kullanılmadan 
yapılan kateterizasyon işlemlerinde komplikasyon riskinin yüksek 
olacağını göstermiştir.

Anahtar Kelimeler: Anatomik varyasyonlar, karotis arteri, internal 
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Introduction

Central venous cannulation (CVC) is a widely used procedure 
by pediatric  intensivists, surgeons, and anesthesiologists.1 

This procedure is used for various indications, such as blood 
sampling, vasopressor administration, parenteral nutrition, 
antibiotic administration and long-term chemotherapy, 
hemodialysis, and plasmapheresis.1-5 The internal jugular vein 
(IJV), femoral, and subclavian veins are commonly used for 
this purpose in children. The IJV is preferred in children due 
to its anatomic position, accessibility, and low complication 
rates.6 A right-sided approach is generally recommended for 
CVC insertion because the right IJV has a larger diameter and 
lies more superficially.

Although ultrasound (USG)-guided IJV cannulation procedures 
are the gold standard, CVC is still performed using anatomical 
landmark guidance and is associated with variable success 
and complication rates in developing countries such as our 
country.7 The Sedillot triangle has been used for IJV punctures 
for years as an anatomical landmark. In this anatomical 
landmark guidance technique, it is assumed that the IJV is 
usually lateral to the carotid artery (CA).8,9 Although cannulation 
procedures using this technique generally have a high success 
rate, adverse events may occur at varying rates depending 
on multiple factors.10,11 During cannulation, accidental arterial 
puncture, hematoma, or both can decrease success rates. 
However, USG-guided cannulation will increase the success of 
the procedure and reduce the likelihood of complications.12 
Knowledge of the variable anatomical relationship between 
the CA and the IJV will minimize undesirable complications 
during the procedure. Limited information on this topic is 
available for children. Therefore, we analyze the anatomical 
relationship between CA and IJV in pediatric cases by point-
of-care USG.

The objective of this study was to determine the anatomical 
variations between the IJV and the CA. Another aim of 
the study is to reveal the risk of possible complications in 
cannulations using anatomical landmark guidance.

Materials and Methods

This study, which retrospective analysis of prospectively 
collected data, in cluded 61 patients who were admitted 
to the Pediatric Intensive Care Unit of Gaziantep University 
Gaziantep Research and Training Hospital between 
01.07.2023 and 01.03.2024, aged between 28 days and 18 
years, and underwent IJV catheterization using USG imaging. 
Exclusion criteria for the study were known abnormal neck 
anatomy, neck trauma, neck tumor, previous neck surgery, or 
previous IJV catheterization.

Demographic data (age, gender, weight), clinical characteristics 
(mortality scores, main hospitalization diagnoses, co-morbid 
conditions, indication for CVC), and catheterization procedure 
information (side where the catheter is inserted, artery-vein 
relationship, and number of catheters inserted) were obtained 
from the recorded files.

The USG examination was performed in the supine position. 
The examination was performed with the neck extended and 
the head rotated 15-30° to the opposite side, as adopted for 
IJV cannulation. A small rolled towel was placed under the 
child’s shoulder to ensure neck extension. The same pediatric 
intensivist performed all USG examinations. This pediatric 
intensivist had been performing CVC cannulation on patients 
for over 13 years. For the last 10 years, he has also been 
performing USG-guided CVCs. A portable USG “(ESAOTE/
MYLAB 30CV, ESAOTE S.p.A. Florence/Italy)” machine with a 
linear array (vascular) probe was used. 

Sedillot’s triangle is defined as a triangle bounded by the 
medial and lateral heads of the sternocleidomastoid muscle, 
with its base formed by the medial end of the clavicle. The 
probe was placed perpendicular to the apex of the Sedillot 
triangle (Figure 1A). The apex of the triangle was the point 
where a needle was inserted into the IJV. Vessels were 
visualized in transverse section using B-mode and color 
Doppler (Figure 1B). The patients were sedated (fentanyl 
1-2 μg/kg and/or midazolam 0.15 mg/kg). Afterward, the 
catheter was introduced using the Seldinger technique under 
sterile conditions.

The relationship between CA and IJV was classified according 
to the degree to which the IJV overlapped the CA (Figure 2), 
consistent with previous studies.6,13,14 This classification is 
based on the locations of the IJV and CA and on their overlap 
rates. The lateral position is defined as the IJV being in a lateral 
location and not overlapping with the CA; the anterolateral 
position is defined as the IJV being in a lateral location and 
having <50% overlap with the CA; the incomplete anterior 
position is defined as the IJV being in a lateral location and 
having >50-99% overlap with the CA; the anterior position 
is defined as the IJV completely overlapping the CA; the 
anteromedial position is defined as the IJV being in a medial 
location and having <50% overlap with the CA; and the 
medial position is defined as the IJV being in a medial location 
and not overlapping with the CA. When ultrasonography 
was not used, positions at risk of CA puncture during IJV 
puncture (anterior and incomplete anterior) were considered 
“significant overlap”. The l ateral position (no risk of CA 
puncture) and the anterolateral position (low risk of CA 
puncture) were considered “non-significant overlap”. 
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Ethical approval for this study was provided by the Gaziantep 
University Non-Invasive Clinical Research Ethics Committee 
(approval no: 2024/89, date: 27.03.2024). Informed consent 
was waived for this research due to the retrospective nature 
of the studies.

Statistical Analysis

All data were analyzed using the Statistical Package for 
the Social Sciences (SPSS) version 22.0 (SPSS Inc., Chicago, 
IL, USA). Descriptive statistical analyses were performed 
for demographic characteristics. The results were reported 
as mean ± standard deviation. Categorical variables were 
compared using the chi-square, Fisher’s exact, and were 
expressed as counts and percentages. Multivariate logistic 
regression was performed to identify independent risk factors 

associated with significant overlap. P<0.05 was considered 
statistically significant.

Results 

A total of 61 patients were included in the study. Of the 
patients, 36 were male and 25 were female. The most 
common admission diagnoses were respiratory failure 
(60.1%), neurological diseases (40.1%), and sepsis (32.8). 
Forty-one (67.2%) patients had comorbidities. The mean 
age was 58.1±62 months (2 to 192 months), and the mean 
weight was 17.7±15 kg (4 to 70 kg). Clinical and demographic 
characteristics are presented in Table 1.

Mostly unilateral catheterization was performed. The right side 
was mostly preferred. Blood sampling, sedoanalgesia, and the 

Figure 1. First, ultrasound-guided visualization of vascular structures is performed (1A); then the cannulation procedure is performed in the appropriate position (1B)

1A 1B

Figure 2. Defining the relationship between vessels according to the rate of overlap of the artery by the vein



Konca et al. 
Ultrasound-guided Internal Jugular Vein Cannulation

need for inotropes were the most common indications for 
CVC. The most common IJV and CA locations on both sides 
were anterolateral. Significant overlap was detected in 18 
(29.5%) patients on the right side and 21 (34.4%) patients on 
the left side. Details of CVC procedures are given in Table 2.

Factors that may be related to significant overlap were 
examined (Tables 3-5). On the right side, a high rate of 

significant overlap was observed among children weighing 
less than 10 kg. However, this difference was not statistically 
significant (p=0.065). On the left side, overlap increased 
significantly as weight and age decreased. Multivariate 
logistic regression analysis revealed that gender and weight 
were independent risk factors for significant overlap (Table 5).

Table 1. Clinical and demographic characteristics of the patients

Parameters n %

Gender

Male 36 59.1

Female 25 40.9

Admission diagnoses*

Respiratory failure 37 60.1

Neurological diseases** 25 40.1

Sepsis 20 32.8

Congenital heart diseases 7 11.5

Oncological diseases 7 11.5

Metabolic diseases 7 11.5

Trauma 5 8.2

Post-arrest 4 6.6

Hepatic failure 4 6.6

Renal failure 4 6.6

Others 4 6.6

Co-morbidities

Yes 41 67.2

No 20 32.8

Continuous data Mean ± SD Min-max

Age (months) 58.1±62 2-192

Weight (kg) 17.7±15 kg 4-70
*: There may be several diagnoses, **: Epileptic seizures, encephalitis, intracranial hemorrhage, altered consciousness, SD: Standard deviation

Table 2. Details of CVC procedures

Parameters n %

CVC procedures

Unilaterally 57 93.5

Bilaterally 4 6.5

CVC side*

Right 47 77.1

Left 18 29.5

CVC indications

Blood sampling 61 100

Sedoanalgesia 35 57.4

Need for inotropes 34 55.7

Dialysis 14 22.9

Multiple antibiotic therapy 5 8.2

TPN 4 6.5

Chemotherapy 2 3.3
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Table 2. Continued

Parameters n %

IJV and CA locations and overlap rates

Right side

Lateral 20 32.8

Anterolateral 23 37.7

Incomplet anterior 13 21.3

Anterior 5 8.2

Anteromedial 0 0

Medial 0 0

Left side

Lateral 18 29.5

Anterolateral 22 36.1

Incomplet anterior 13 21.3

Anterior 8 13.1

Anteromedial 0 0

Medial 0 0

Significant overlap

Right side 18 29.5

Left side 21 34.4
*: Bilateral catheterization was performed in 4 patients, CVC: Central venous cannulation, TPN: Total parenteral nutrition, IJV: Internal jugular vein, CA: Carotid artery

Table 3. Parameters that may be associated with significant overlap on the right side

Parameters
Significant overlap (+), n=18 Significant overlap (-), n=43

p-value
n % n %

Gender 

0.265Male 13 72.2 24 55.8

Female 5 27.8 19 44.2

Co-morbidities

0.395Yes 11 61.1 30 69.8

No 7 38.9 13 30.2

Age (months)

0.259

1-36 12 66.7 22 51.2

37-72 2 11.1 3 7.0

73-144 4 22.2 11 25.6

145-216 0 0 7 16.3

Weight (kg)

0.065

1-10 14 77.8 19 44.2

11-30 3 16.7 11 25.6

31-60 1 5.5 12 27.9

60-90 0 0 1 2.3
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Discussion 

The use of IJV for CVC is widely preferred by physicians, especially 
intensivists and anesthesiologists. Many, complications such 
as inadvertent arterial puncture, hematoma, accidental 
intraarterial cannulation, and IJV-CA fistula, may develop 
during this procedure.15 To minimize these complications, IJV-
CA locations must be well-known. Although the use of USG 
during the CVC procedure is recommended, it is not a routine 
practice. This study highlights complications that may develop 
from the anatomical relationship between the CA and the IJV 
when USG is not used.

Many studies have shown that the right IJV is preferred for 
CVC procedures. Turba et al.9 reported that cannulation of 
the IJV was successfully achieved in the 184 patients with 
a patent IJV, 75% on the right. Another study stated that 
the safe position for CVC is 85% on the right and 72% on 
the left.4 Maneenai and Arjhansiri5 reported that the right 
IJVs were usually larger than the left IJVs. Additionally, one 

study reported that the right IJV was wider than the left.16 In 
our study, consistent with previous studies, the right IJV was 
preferred in 77.1% of cases.

The relationship between CA and IJV has been investigated 
using different methods in numerous adult studies. In a study 
of adult patients evaluated by CT, the IJV was predominantly 
in the lateral position (94.2%).5 A study found that the IJV was 
located mostly in the anterolateral position (81% on the right 
side and 71% on the left side).4 Another adult study reported 
that, in the neutral position, the anterolateral position was 
most common on both the right and left sides whereas when 
the head was turned to the other side, the anterior position 
was more common on both sides.6 Lorchirachoonkul et al.17 
reported that in all positions where the head was turned to 
the right and left at certain angles, the IJV was mostly in 
the lateral position. In one of a limited number of pediatric 
studies, the right IJV was located laterally in 84% of cases.16 
Our results are similar to those of Parmar et al.4 The primary 

Table 4. Parameters that may be associated with significant overlap on the left side

Parameters
Significant overlap (+), n=21 Significant overlap (-), n=40

p-value
n % n %

Gender 

0.275Male 15 71.4 22 55.0

Female 6 28.6 18 45.0

Co-morbidities

0.056Yes 11 52.4 30 75.0

No 10 47.6 10 25.0

Age (months)

0.038*

1-36 15 71.4 19 47.5

37-72 3 14.3 2 5.0

73-144 3 14.3 12 30.0

145-216 0 0 7 17.5

Weight (kg)

0.029*

1-10 15 71.4 16 40.0

11-30 4 19.1 11 27.5

31-60 2 9.5 12 30.0

60-90 0 0 1 2.5

Table 5. Factors related to significant overlap were evaluated using multivariate logistic regression analysis (parameters that were 
significant are given)

Parameters Odds ratio 95% CI p-value

Right side 

Weight 1.376 3.959 (1.587-9.877) 0.003

Gender (male) 1.327 3.769 (1.004-14.154) 0.049

Left side

Weight 1.326 3.768 (1.618-8.772) 0.002

Gender (male) 1.254 3.504 (1.009-12.164) 0.048

CI: Confidence interval
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reason our findings differ from the existing literature is that 
the age group evaluated is different. In the pediatric study 
discussed, only children weighing less than 4000 g were 
evaluated; therefore, differences compared with our results 
may have occurred.

Many previous studies have examined the relationship 
between IJV, CA, and vertebral artery (VA). The common goal 
of these studies is to identify high-risk vascular locations and 
significant rates of overlap. In a study evaluating preschool 
children, more than half were at moderate to high risk for 
VA puncture at the time of IJV cannulation.18 In a study of 
adults, the rate of significant overlap was 5.8%.5 In an adult 
study examining the relationship between IJV and CA, 15% of 
patients had a dangerous position on the right side, and 28% 
had a dangerous position on the left.4 In an ultrasonography 
study, significant overlap was 30.7% on the right and 41.1% 
on the left in the neutral position; when the head was turned 
to the opposite side, it was 37.3% on the right and 46.6% on 
the left.6 In our study, significant overlap rates were examined 
using USG with the head turned to the opposite side. In this 
case, we observed a significant overlap of 29.5% on the right 
and 34.4% on the left. Additionally, this significant left-sided 
overlap increased with decreasing age and weight. These rates 
indicate a high risk associated with catheterization performed 
without USG guidance in pediatric patients, especially infants.

Study Limitations

The most important limitation of the study is that, while 
the relationship between IJV and CA was evaluated, the 
relationship with VA was not. Another limitation of the study 
is the relatively small number of cases evaluated at a single 
center. We would like to state that the sample size may reduce 
the statistical power of the study, and that subgroup findings 
should be interpreted cautiously.

In addition, if adults were evaluated alongside children, the 
effect of age on the relationship between IJV and CA could 
be understood more clearly.

Conclusion

Despite its limitations, we believe that our study will contribute 
to the literature. Our findings support the routine use of USG-
guided catheterization in children. This study has shown 
that the risk of complications will be high in catheterization 
procedures performed without using USG, especially in infants 
and underweight children. 
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