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ABSTRACT

Introduction: The use of real time ultrasound guided cannulation of the subclavian
vein is increasing in critically ill and surgical patient population. The larger diameter of
the veinduringcannulationhelps to reduce the frequency of associated complications.

Objectives: To compare change in the diameter of the subclavian vein in 15° head
down and 15° head up position with that of the supine position.

Methodology: A prospective observational study was conducted among the patients
visiting Department of Anesthesia and Critical Care in Birat Medical College Teaching
Hospital for elective surgery from April 2023 to January 2024.

Results: The diameter of subclavian vein increased by 18.384+9.1% in head down
(Trendelenburg) position and decreased by 15.8+9.8 % in head up position compared
to supine position when evaluated by real time ultrasound.

Conclusion:The head down (Trendelenburg) increases the diameter of the subclavian
vein, so this position is advisable during cannulation or any other procedures.

INTRODUCTION

The subclavian vein cannulation is carried out in the intensive care unit, emergency
room and operation theatres. The main objectives of choosing subclavian vein
can be same as choosing jugular or femoral veins for intravenous access, insertion
of hemodialysis catheters, monitoring of central pressures or providing various
vasopressors , inotropes and intravenous nutrition, placing cardiac pacemaker leads.*
The subclavian vein offers some specific advantages like maximum patient comfort and
tolerance , reduced rate of infection and thrombosis.?® Furthermore the subclavian
vein provides unique advantage of being patent even in hypovolemic patients as the
clavipectoral fascia holds the vessel open.* The “blind” or landmark guided approach
of subclavian vein cannulation was found to be associated with various complications
like pneumothorax, arterial puncture, hematoma formation, air embolism and failure
to puncture. The rate of these complications has been found to be around 12.3%.°
The body of evidence linking the use of ultrasound and reduction in complications is
increasing. The Agency for Healthcare Research and Quality(AHRQ) in USA and the
National Institute of Clinical Excellence (NICE) in UK have recommended the use of
USG guidance for CVC placement as one of the practices to improve patient care.®”’
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The successful cannulation of the subclavian vein depends on
various factors. The use of real time ultrasound increases the
success rate and decreases the rate of complications. The
major factor in successful puncture of the subclavian vein is the
diameter of the vein at the time of puncture. Various maneuvers
have been described to increase the diameter of the vein®
°Keeping the patient in Trendelenburg (head down) position
is thought to increase the caliber of the vein and increase the
chances of successful puncture, decrease the chances of injury
to the surrounding structure and reduce the chances of venous
air embolism. *The knowledge regarding the angle of the
patient for optimal head down position and degree of change in
size of the vein in different angles are limited.

Similarly in many scenarios the patient can’t be put in head
down position and the physicians are required to cannulate the
subclavian vein in head up position. These instances may include
patients with respiratory distress, injury to spinal column, head
injury patients etc. In such scenarios the change in diameter
of the subclavian vein as compared to supine position is not
properly known.™ In these patients the subclavian vein has to be
cannulated in head up position. The data regarding the diameter
of the subclavian vein in such instances is very limited.

The objective of this study was to measure the diameter of the
subclavian vein in supine patients and compare it to the 15°
head down (Trendelenburg position) and 15° head up position
using real time ultrasonography in patients visiting Birat Medical
College Teaching Hospital for elective surgical procedures.

METHODOLOGY

This prospective, cross-sectional and observative study was
carried out in 100 patients (ASA | and Il) who were about to
undergo various elective surgeries. Ethical approval was taken
from the Institutional Review Committee Written informed
consent was taken from the patients scheduled for elective
surgeries. The patients with thoracic injuries, previous history
of clavicle fracture or surgery, any lung diseases were excluded
from the study.A convenience sampling method was used and
data was collected from April 2023 to June 2023. A sample size
of 100 patients was calculated based on previous study.

The demographic data was recorded as per the proforma. The
patients were asked to lie down supine with arms by the side of
the body and head kept in the neutral position. After attaching

Table 2: Study variables

standard ASA monitors they were asked to expose the upper
chest. A female nurse was asked to standby during examination
of the female patients. A high frequency linear probe (6-13
MHz) (Sonosite® M-Turbo, Fujiflm® Sonosite, Bothell, WA,
USA) was used to scan the infraclavicular area. The short axis
view of the right subclavian vein was obtained and maximum
anterior posterior diameter was measured and recorded. Since
the right subclavian is the preferred vein in maximum patients
due to relatively easy accessibility and comfort of the physician
performing the cannulation.In addition to that the right
subclavian vein has shorter course to the right atrium compared
to left, we choose to scan and record changes in the right
subclavian vein only. The bed was then be tilted upwards by 15
degrees. The tilt was confirmed by an angle dial attached at the
lateral end of the bed. After waiting for 3 Minutes, a repeat scan
of the infraclavicular area was done and the maximum anterior
posterior diameter was recorded. The bed is then again tilted by
15 degrees head down position and similar observations were
recorded.

Data were entered in Microsoft Excel ®2013 and analysed
using SPSS®22 (SPSS Inc., Chicago, IL, USA). The results were
averaged (mean + standard deviation [SD]) for each parameter
for continuous data. The Chi-square test was used to determine
the statistical difference between variables. Frequencies and
percentages were used to represent data.

RESULTS

100 patients were examined which included 45 males and 55
females. The age of the patients varied from 19 years to 86 years
with a mean age of 63.5 years. The height of the patients varied
from 145 cm to 182 cm with mean age of 161.87 cm. The weight
varied from 42 kg to 94 kg with mean 61.7 kg.

Table 1: Demographic variables

1. Age 19-86 years 63.5 £18.34 years
2. Height 145-182 cm 161.87 £7.39 cm
3. Weight 42-94 kg 61.7 +10.19 kg

4. BMI 15.52-36.52 23.68 £4.32

m Mean diameter £SD(cm) Mean change from supine £SD — Percentage change from supinetSD

Supine 0.75+0.14 0.00
Head down 0.884£0.13 0.13+0.05
Head up 0.63+0.14 0.11+0.08

= 0.00
0.006 18.38+9.1
0.017 15.849.8
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Fig 1: Mean diameter of Subclavian vein during supine, 15°

head down and 15°head up positions with mean change in
diameter compared to diameter in supine position.

The mean #SD diameter of the vein in supine position was
0.75£0.14 cm. When the patients were put in head up position
the diameter decreased to 0.63+0.14 cm. The diameter
increased to 0.88+0.13 cm when the position was converted
to head down. The mean decrease in diameter during head
up position from supine position was 15.8+9.8 %. The mean
increase in diameter during head down position from supine
position was 18.38+9.1% which was statistically significant.

DISCUSSION

Anatomically the subclavian vein is direct continuation of the
axillary vein. The distinct demarcation between axillary and
subclavian vein is lacking.*?The lateral part of the subclavian is
actually part of the axillary vein but this does not make much
of a difference in the cannulation of the vein in terms of caliber
of the vein, difficulty in performing the cannulation or the
rate of complications. The major advantages of cannulating a
subclavian vein are in shock patients; reduced catheter related
infections and increased patient’s comfort. The subclavian vein is
surrounded by fascia which prevents its collapse in hypovolemic
shock patients and can be used during emergency.’> ** The rate
of catheter related infections were lower in subclavian vein
cannulation when compared with femoral or internal jugular
vein.'®

In this study, the mean diametert SD of the subclavian vein
was 0.88+ 0.13 cm in head down (Trendelenburg) position.
This finding is similar to the study conducted by Fortune et al
in 10 healthy individuals.! Similar to the study by Fortune et
al, in our study, the diameter was measured keeping the head
in neutral position and without arching the shoulders. Various
controversies exist regarding the optimal position of head and
shoulders for visualization and cannulation of the subclavian
vein. Earlier it was thought that Trendelenburg position with
head turned to the opposite side and a roll placed beneath the
shoulder arch would facilitate the visualization and puncture of
the subclavian vein.**But large part of this idea was challenged
by various studies done in cadavers, volunteers and magnetic
resonance imaging.®#'” ' The Trendelenburg position is thought

to increase the venous return to the thorax and distend the
subclavian vein by increasing the hydrostatic pressure.®

The head turning to the opposite side is thought to increase
the traction on superior venacava thereby allowing the catheter
inserted to direct towards internal jugular vein rather than
superior venacava.’® This can be prevented by keeping the
head position in neutral i.e. staring forward.® But in a study by
Fortune et al, they found that the head kept in neutral position
has maximum diameter when compared to that of head turned
to opposite or same side.! This finding helps to support our
hypothesis of keeping head in neutral position. On the contrary
in a study conducted by Kim et al, 30 degrees of head rotation to
the ipsilateral side increased the mean diameter when compared
with contra lateral side.' This difference could be because our
patients were fasted for eight hours for surgical procedure.

Similarly placing a shoulder roll between the shoulder blades
or below the shoulder was thought to bring the subclavian vein
more superficial and facilitate at much less depth.** This has
been disputed and head and shoulders in neutral position is
postulated as optimal for visualization and cannulation.?”

The diameter of the subclavian vein decreased when the
patient was kept in head up position. This can be attributed to
decrease in hydrostatic pressure in the larger veins. In a similar
study conducted by Lister et al., they found the decrease in
mean diameter of the subclavian vein in head up position when
compared to supine position was 0.65+0.33 cm.* This finding
is similar to our study. The authors of this study did not come
across any studies where subclavian vein has been cannulated
in head up position. This can be attributed to the decrease in
diameter of the vein, increasing discomfort to the patient and
difficult ergonomics for the physician performing the procedure.
Furthermore the added fear of indrawing of air from the
puncture site into the vein and causing venous air embolism
reduces the enthusiasm.

In a study conducted by Lavallee et al, the mean diameter of the
subclavian vein in Trendelenburg position was 1.0240.3 cm in
the right side which is larger compared to our study. The increase
in size can be attributed to them measuring in anesthetised
individuals with endotracheal intubation and positive pressure
ventilation.’® We measured the diameter in spontaneously
breathing individuals with eight hours of fasting before the
elective surgical procedure.

The use of real time ultrasound has various advantages during
the subclavian vein visualization and cannulation. In our study
we did not cannulate the vein but having large diameter
vein during the cannulation decreases the risk of injury to
surrounding structures like subclavian artery, pleura, brachial
plexus and lungs.?>? The maneuver of putting the patient in
Trendelenburg or head down position is the most feasible for
increasing the size of subclavian vein. But this maneuver is
sometimes poorly tolerated in patients with severe respiratory
distress and patients with increased intracranial pressure.™
These groups of patients are deprived of benefits of subclavian
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venous cannulation. In addition, the use of subclavian vein for
use of dialysis catheterization was associated with increased
risk of venous stenosis in chronic kidney disease patients in long
term.?

CONCLUSIONS

The head down (Trendelenburg) position with head and arm in
neutral position increases the diameter of the subclavian vein,
so this position is advisable during visualization of the vein for
any procedures.

Recommendations: We recommend further studies in the
patients regarding the ease of cannulation, rate of complications
along with time required for successful cannulation of the
subclavian vein after the patient has been kept in Trendelenberg
position. We would also like to recommend studies looking for
feasibility and rate of complications during cannulation of the
subclavian vein in reverse Trendelenberg or head up position.

Limitations of the study There are several limitations in our
study. We only used ultrasound to measure the diameter of the
vein but the success of the subclavian vein cannulation is guided
by various factors like cooperation from the patient, experience
of the clinician and procedure being performed. Larger size of
the vein is obviously easier to visualize but may not indicate
successful and complication free cannulation. We measured
the changes in the right subclavian vein only which may or may
not be extrapolated directly to the changes in left subclavian
veinWe measured the subclavian vein in normal breathing,
non anesthetized patients. This finding may not be reliably
extrapolated in anesthetized patients or in patients with various
pulmonary or vascular co morbidities, patients with obesity,
critically ill patients or patients who are in severe hypovolemia.
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