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ABSTRACT 
Background: In developing country like India, central venous catheter is still inserted using anatomical landmark 
guidance with success rate up to 97.6% and complications up to 15%. 
Aims & Objective: This study was aimed to determine the anatomical variations of the internal jugular vein (IJV) in 
relation with carotid artery (CA) with the help of 2-D ultrasound.  
Material and Methods: This prospective randomized study was conducted in a teaching and tertiary care hospital on 
100 young healthy volunteers of either sex, aged 20 years to 40 years. Each volunteer was placed supine with 15˚ down 
trendlenberg position with 45˚ neck rotation on contra-lateral side. Linear array probe with 7.5 M Hz of “Sonosite 
Micromaxx” ultrasound machine was placed perpendicular to the apex of the triangle formed by two heads of 
sternocleidomastoid muscle and clavicle. Vessels were visualized in transverse section in 2-D ultrasound. Exact location of 
IJV was identified in relation to the CA on ultrasound and recorded as lateral, antero-lateral, anterior, medial, and 
posterior. The diameter of IJV and CA, distance from skin to IJV were recorded on both sides of neck for each volunteer.  
Anterior position of IJV in relation to CA was defined as dangerous position. Small sized IJV was defined as diameter ≤7 
mm. Data were analyzed using Graphpad prism software version 5.1. P value < 0.05 was taken as significant. 
Results: The mean diameter of IJV was 13.23 (2.52) mm in right and 10.25(2.29) mm in left side of neck (p=0.0001). Small 
sized IJV was in 1% in right and 8% in left side (p=0.0349). 15% and 28% of volunteers had dangerous position of IJV in 
relation to CA on right and left side of neck respectively (p=0.0381).  
Conclusion: Significant number of healthy young volunteers had anatomical variations in terms of size and position of 
IJV (left side > right side) in relation of CA by ultrasound screening. Thus, anatomical landmarks are not sufficient, 
alternative measures like ultrasound scanning should be implemented prior to catheterization to identify the individual 
with potentially difficult catheterization. 
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Introduction 
 

Central venous cannulation is a common 

procedure and has become an integral part of 

management of critically ill patients. It is used for 

central venous pressure monitoring, inotropic 

supports, dialysis and long term parenteral 

nutrition. Internal jugular vein (IJV) is preferred 

because of external landmarks, low risk of 

pneumothorax. Subclavian route is less preferred 

because of haemothorax, pneumothorax and 

stricture. Immobilization, phlebothrombosis and 

infection is commonly associated with femoral 

route.   

 

In developing country like India, central venous 

catheter (CVC) is still inserted using anatomical 

landmark guidance with success rate up to 97.6% 

and complications up to 15%.[1] Incidence of 

carotid artery (CA) puncture was from 5.7% to 

13.3% with anatomical landmark guidance in IJV 

cannulation.[2] 

 

Anatomical variations in size and position of IJV 

and unreliability of the external landmarks may be 

underlying cause for failure, difficult access, 

arterial puncture, and pneumothorax.  

 

Modern ultrasound (USG) machine are compact, 

portable and handy with good resolution and real 

time guidance. Ultrasound guided interventions 

can save time and increase accuracy, efficacy and 

safety by reducing medical errors and improving 

medical care. Literature recommends that 

ultrasound guidance should be considered for 

central venous cannulation instead of anatomical 

landmark guidance.  

  



 

Siddharthkumar Parmar et al. Anatomical Variations of the Internal Jugular Vein and Carotid Artery 

 

224 International Journal of Medical Science and Public Health | 2013 | Vol 2 | Issue 2 

 

Thus, objective of this study was to determine the 

anatomical variations of the IJV in relation with 

carotid artery with the help of 2-D ultrasound. 

 

Materials and Methods 
 

This prospective study was conducted in a 

teaching and tertiary care hospital.  Total 100 

young healthy volunteers of either sex, aged 20 

years to 40 years, were randomly selected after 

getting their informed written consent. Exclusion 

criteria were scar, swelling or previous surgery in 

the neck, torticolis, short neck, obesity, fracture 

clavicle, prior catheterization in neck and refusal 

for the procedure.   

 

The procedure of study was explained to the 

volunteers. Each subject was placed supine with 

15˚ down trendlenberg position with 45˚ neck 

rotation on contra lateral side. Triangle formed by 

medial and lateral heads of the sternocleido-

mastoid muscle and base by medial end of the 

clavicle, was identified and marked. This was the 

point where a needle would be inserted to access 

the central venous line in IJV.  In case of query, 

subject was asked to lift the head against 

resistance to locate triangle easily.  Surface 

marking and sonography was done by a single, 

experienced investigator (SBP). A portable 

ultrasound “Sonosite Micromaxx” machine with 

7.5 M Hz Linear array (vascular) probe was used. 

Probe was placed perpendicular to the apex of the 

triangle formed by two heads of sternocleido-

mastoid (SCM) muscle and clavicle. Vessels were 

visualized in transverse section in 2-D ultrasound. 

Care was taken to apply probe gently so as not to 

distort low pressure venous structure. Carotid 

artery was seen as a circular, pulsatile structure 

while IJV as an oval, non-pulsatile structure on 

ultrasound screen. On applying downward 

pressure with probe, IJV get compressed whereas 

CA remained as such.  

 

Exact location of IJV was identified in relation to 

CA on USG and recorded as lateral, anterolateral, 

anterior, medial, and posterior. The diameter of 

IJV and CA, distance from skin to IJV was recorded.  

Anterior position of IJV in relation to CA was 

considered as dangerous position. Small sized IJV 

was defined as diameter ≤ 7 mm. The procedure 

was done on both sides of neck for each volunteer.  

 
Figure-1: Methods of Positioning and Sonography  
 

 
Figure-2: Anterior Position of IJV in Relation to CA 
on Ultrasound Screen  
 

 
Figure-3: Anterolateral Position of IJV in Relation to 
CA on Ultrasound Screen 
 

 
Figure-4: Lateral Position of IJV in Relation to CA on 
Ultrasound Screen  
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Statistical Analysis 
 
Data were analyzed using Graphpad prism 

software version 5.1.  We summarized descriptive 

data as mean (S.D.) or percentage. Student’s t test 

was applied for quantitative data and Fisher exact 

test for qualitative data.  P value < 0.05 was taken 

as significant. 

 

Results 
 

We were able to visualize the IJV and CA on USG in 

all volunteers. There was no absent or 

thrombosed IJV in any volunteer.  

 

The mean diameter of IJV was 13.23 (2.52) mm in 

right side and 10.25(2.29) mm in left side of neck 

(p=0.0001). Small size (≤7 mm) IJV was in 1% of 

volunteers in right side and 8% of volunteers in 

left side.  Thus, small size (≤7 mm) IJV was more 

on left side than right side of neck (p=0.0349). The 

mean diameter of CA was 6.14 (0.56) mm in right 

side and 6.2 (0.45) mm in left side of neck 

(p=0.4046).The mean distance of IJV to skin was 

9.75 (1.88) mm in right side and 10.3 (1.87) mm 

in left side of neck (p=0.0394). 

 

The commonest position of IJV in relation to CA 

was anterolateral; 81% on right side and 71% on 

left side of neck. Anterior position was 15% on 

right side and 28% on left side. Lateral position 

was 4% on right side and 1% on left side of neck.  

So, 15% of volunteers had dangerous position of 

IJV and 85% of volunteers had safe position of IJV 

on right side of neck.  28% of volunteers had 

dangerous position of IJV and 72% of volunteers 

had safe position of IJV on left side of neck. Thus, 

dangerous position of IJV in relation to CA was 

more on left side than right side of neck 

(p=0.0381). 

 

Total anatomical variations in form of size and 

position were 14% of volunteers on right side and 

29% of volunteers on left side of neck (p=0.0153).  

 

Table-1: Demographics of the Study 
Demographic data Mean (S.D.) 

Age (years) 27.12 (4.41) 
Gender (ratio) 1 : 1 

Weight (kg) 61.98  (9.55) 
Height (cm) 164.31 (7.82) 

 

Table-2: Position of IJV in Relation to CA 
Position of IJV in 

relation to CA 
Right Side of 

Neck (%) 
Left Side of 
Neck (%) 

Anterolateral 81 71 
Anterior 15 28 
Lateral 4 1 

Antero-medial 0 0 
Medial 0 0 

Posterior 0 0 
 
Table-3: Measurements of IJV and CA 

Parameter 
Right Side of 

Neck 
Mean (S.D.) 

Left Side of 
Neck 

Mean (S.D.) 
P value 

Diameter of IJV 13.23 (2.52) 10.25 (2.29) 0.0001 
Diameter of CA 6.14 (0.56) 6.2 (0.45) 0.4046 
Distance of IJV 

from skin 
9.75 (1.88) 10.3 (1.87) 0.0394 

 
 
Table-4: Demographics of the Validation Sample 

Anatomical 
variant 

Right Side of 
Neck (%) 

Left Side of 
Neck (%) 

P value 

Safe position 85 72 
0.0381 Dangerous 

position 
15 28 

Adequate size 99 92 
0.0349   

Small size 1 8 

 

Discussion 
 

In present study, we were able to visualize and 

identify the IJV and CA on ultrasound every time 

because investigator was trained and experienced 

for ultrasound guided central line placement.  

There was no absent or thrombosed IJV or CA in 

present study maybe because study was included 

healthy volunteers. Each volunteer was placed 

supine with 15˚ down trendlenberg position with 

45˚ neck rotation on contra lateral side for 

ultrasound scanning as it was the commonest 

position used for central line placement in our 

institute.  

 

In present study, total anatomical variations in 

term of size and position were 14% on right side 

and 29% on left side of neck (p=0.0153).Denys BG 

and Uretsky[3] found that 9.4% of patients had 

anatomical variations of IJV in their study.  IJV 

width < 7 mm in 5% of patients and 4.4% had 

either thrombosed or absent IJV. 

 

In our study, IJV has clinically and statistically 

smaller diameter on left side compared to right 

side. But previous study suggests that there was 

no difference in mean diameter of the IJV between 
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right and left side.[4]   The left internal jugular vein 

is often smaller than the right and demonstrates a 

greater degree of overlap of the adjacent carotid 

artery during head rotation.[5] 

 

In present study, IJV diameter ≤ 7 mm were more 

in left side (8%) than right side (1%). Thanaporn 

L et al[6] found 15% of patients having IJV width ≤ 

7 mm; 10% in Right sided IJV. Mey et al[7] found in 

their study that there are high failure rates and 

complications associated with IJV diameter ≤ 7 

mm in comparison with diameter 7 to 10 mm.  

Anatomically apex of left lung is higher than right 

lung, and injury to thoracic duct is possible in left 

sided catheterization. So, we recommend all 

catheterization in right sided IJV first. In case of 

failure of right sided IJV, we recommend 

experienced clinician to perform left sided IJV 

catheterization with caution as more chance of 

complications.  

In present study, we found anterior position of IJV 

in relation to CA in 15% of volunteers in right side 

and 28% of volunteers in left side. 

 

Trianos et al[8] found 54% rate of anterior position 

of IJV in 1136 surgical patients undergoing 

catheterization. But, difference may be due to 

more elderly patients in their study in contrast to 

young healthy volunteers in our study.  

 

Bing Shi Lin et al[9] found anterior position of IJV 

was 16.4% in left side and 18.3 % in right side in 

their study with ‘SiteRite” USG machine in ureamic 

patients undergoing catheterization.  Difference 

may be due to: (1) they used small pillow under 

shoulders as ureamic patients can’t tolerate head 

down position.  (2) 15 - 30˚ head rotation rather 

than 45˚ head rotation in our study (3) they 

performed USG from high position (cricoid 

cartilage) rather than the low position. .   

 

Caridi JG et al[10] found that anterior position of IJV 

to CA was 15%. Thanaporn L et al[6] found in their 

study in 100 awake, non-sedated, adult patients 

presenting for elective cardiac surgery. With 15˚ 

trendlenberg position and probe of ‘Sonosite’ USG 

machine was positioned at apex of the seldiot 

triangle and simulations were done in six different 

degrees of rotation of head: 0˚, 30˚, 60˚ for both 

right and left IJV. They found the simulated needle 

hit the IJV in 82% of the attempts. The CA is 

medial an deep to the IJV was only in 73 – 83% of 

the time, rest 20 – 25% of patients are at risk of 

CA puncture.  

 

S. and V.P. Chandrashekaran[4] found anterior 

position of IJV was 19.8% on left side and 21% on 

right side in their study in 81 young volunteers. 

They used colour Doppler USG in contrast to 2-D 

USG in our study. Previous study[11]  reported that 

2-D USG guidance is more effective than Doppler 

USG guidance for more difficult procedures.  

 

Logically, with anatomical landmarks and carotid 

palpation technique, attempts for catheterization 

in case of anterior position of IJV may result in 

failure and multiple attempts may lead to CA 

puncture along with double wall puncture of IJV. 

So, in this case, a technically perfect attempt even 

by an experienced clinician based on anatomical 

landmarks, these patients are at risk to the 

possible failure or CA puncture.   

 

We believe that standard maneuver to increase 

size of IJV should be done in case of anterior 

position of IJV as these maneuvers prevent double 

wall puncture of IJV during catheterization and 

thereby CA puncture.  

 

Literature analysis[12-17] reveals that USG guidance 

for catheterization increases success rate with 

minimizing attempts for cannulation and 

complications associated with catheterization. 

USG guidance for catheterization is potentially 

useful and recommended in obese patients as 

anatomical landmarks are not well defined and 

significant overlap between IJA and CA even in 

neutral position.[18] 

 

Lewi G et al[19] found that overall success of IJV 

cannulation is significantly improved with the use 

of ultrasound guidance, without a significant 

difference in traumatic complications specifically 

in children above 1 year of age or 10 kg of weight.  

In critical and emergency conditions, USG guided 

catheterizations are quicker and safer in both 

adults and children.[11] 

 

Ultrasound guided central venous cannulation by 

inexperienced junior doctors with minimal 

training is not only feasible, but also appears to 
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decrease complication and failure rates as well as 

increasing rates of first pass insertion.[14] 

 

Modern USG machine are portable, compact, real 

time guidance and good resolution with no 

radiation. Besides that USG is a simple, reliable 

and quickest tool to identify pneumothorax with 

high specificity and sensitivity.  

 

On the other side, the additional equipment and 

manipulation associated with real-time 

ultrasound guidance may increase the rate of 

catheter-related infections or dependence on this 

technology.  Anthony and joel[20] found some 

benefit in using the 2D ultrasound probe in 

predicted difficult insertions to reduce the 

incidence of complications and time to placement 

of the central line but there was insufficient 

evidence to recommend that the probe be used for 

all cases of central line insertion, especially if 

taking into account the expertise and skill of the 

operator. 

 

“The Stanford evidence based practice centre” has 

recommended ultrasound guidance in central 

venous catheter insertion as one of the 11- point 

recommendations in “A critical analysis of 

patient’s safety practices” in 2001.[21] 

 

“The agency for healthcare quality and research” 

(AHRQ), in its 2001 report on reducing medical 

errors in the United States, placed ultrasound 

guidance for CVC placement in the list of ways to 

reduce medical error.[22] 

 

Based on meta-analysis in 2002, “National 

Institute for clinical excellence” in UK has 

recommended that the use of 2 D ultrasound 

guidance should be considered in the most clinical 

situations where a central venous line is necessary 

electively or in an emergency.[23] 

 

The American Society of Anesthesiologists Task 

Force[24] reported in 2012 in their practice 

guidelines for Central Venous Access that either 

static or real time USG guidance should be 

considered for central venous catheterisation.   

 

Authors believe that the actual no. of anatomical 

variations of IJV in relation to CA in patients may 

be higher than healthy volunteers.  As central 

venous line was inserted mostly in patients who 

are already in a compromised state. So, every 

attempt should be made to reduce the medical 

error to improve the patient safety and quality 

care. We recommend that use of USG for 

catheterization is not only encouraged but made 

mandatory in clinical practice.  

 

Study Limitation  

 

The present study included healthy volunteers, 

not patients. So, the relationship between 

anatomical variations and complications 

associated with central venous catheterization 

was not studied. The present study did not include 

children and geriatric population. So, results may 

vary in them. 

 

Conclusion 
 

We concluded that significant number of healthy 

young volunteers had anatomical variations in 

terms of size and position of IJV in relation of CA 

by ultrasound screening. IJV was smaller in 

diameter and having anterior position more on 

left side than right side of neck.  

 

The individuals were at risk of failure or carotid 

artery puncture during catheterization based on 

anatomical landmark technique. Thus, anatomical 

landmarks are not sufficient, alternative measures 

like ultrasound scanning should be implemented 

before catheterization to identify the individual 

with potentially difficult catheterization for the 

prevention of complications. 
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