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Abstract
Introduction: It is recommended nowadays to perform invasive procedures under ultrasound guidance. Efficacy profile for axillary/

subclavian vein catheterization, however, was not shown to improve under ultrasound guidance according to the results of six metaanalyses. Small size is an obvious obstacle to catheterization of any vessel and should be taken into account during the procedure.
Aim: To study safety and effectiveness profile of ultrasound-guided catheterisation of Axillary Vein of a Small Size.

Materials and Methods: Ultrasound-guided catheterisation of axillary vein of a small size was performed using optimised technique
in 12 patients.

Results: Technique was successful at first skin and vein puncture without needle redirections in 11 out of 12 cases, mean time to
guidewire insertion was 171 ± 6s. There were no mechanical complications.

Conclusion: Optimised technique for ultrasound-guided catheterisation of axillary vein of a small size is effective and safe and can
be introduced into clinical practice.
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Introduction
Unlike internal jugular vein, ultrasound guidance during subclavian/axillary vein catheterisation remains debatable [1-6]. Even

though rare mechanical complications such as pneumothorax are excluded with the use of ultrasound [7,8], effectiveness profile remains
unchanged. There is little or no improvement in the time for catheterisation, number of attempts, successful catheterisations, including at

first time, redirections of the needle [1]. These facts make ultrasound guidance optional during axillary/subclavian vein catheterisation
despite the fact that it is the safest site for central venous catheterisation concerning all kinds of complications, i.e. infectious, thrombotic
and mechanical ones [9,10].

In an array of studies influence of positioning of the patient was studied on effectiveness of catheterisation of axillary/subclavian vein.

Shoulders retraction (i.e. with an interscapular roll) [11] and arm caudal traction [12] are no longer recommended. Ipsilateral head turn

helps to increase cross-sectional area [13]. Trendelenburg position and passive leg elevation can be of help increasing diameter [14], es-

pecially in combination with positive end-expiratory pressure [15]. New positions - upper arm 90° abduction, bending and external rota-

tion [16] and lumbar elevation [17] - are shown to increase diameter of the vessel. Despite doubt expressed by Kashani (2018) whether
10% vein increase is clinically relevant, further search of new positions, including combination of already known useful maneuvers, is of
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clinical relevance for effective and uncomplicated catheterisation of axillary/subclavian vein [18]. Some positions are obviously not applicable, though, as supine position after the procedure results in misplacing of the catheter tip.

Cross-sectional area of the vein is one of the factors affecting successful catheterisation. It was shown for internal jugular vein that a

small size of the vein is associated with the high rate of unsuccessful catheterizations and complications [19]. The same holds true for
axillary/subclavian vein [20].

Aim of the Study

The aim of this study was to evaluate safety and effectiveness of catheterisation of axillary vein of a small size using optimised ultra-

sound technique with respect to positioning of the patient.

Materials and Methods

Series of 12 cases of catheterisation of axillary vein less than 7 mm was analysed. All procedures took place in cardiac the intensive

care unit in September 2018 - January 2020 in Pokrov City Hospital, Saint-Petersburg, Russia, and were performed by the author of the

article with 3 years of personal medical experience and 3 years of experience in vascular ultrasonography. Linear probe of ultrasound machine ‘AU4Idea’ (Italy) and central venous catheters ‘Certofix’ and ‘Intradyn’ were used. Patients aged over 18 years old requiring central

venous catheterisation were included in the study. Exclusion criteria were as follows: refusal to participate, local inflammatory process in

subclavian fossae, severe thrombocytopenia and coagulopathy. The study was approved by the Local Ethical Committee of North-Western

State Medical University when the author was performing academic research in the form of randomised controlled study. All participants
signed informed consent form.
Technique

At first, axillary/subclavian vein was visualized on both sides. The greater vein would have been chosen. Should veins have been the

same diameter, right side would have been preferred in order not to harm the wall of superior vena cava due to differences in angles at
which right and left brachiocephalic veins enter superior vena cava [21]. When antero-posterior diameter of axillar vein was less than

7 mm, standard supine position of the patient would have been changed to arm abduction with prominence under ipsilateral shoulder
[22,23]. Display of the ultrasound machine was positioned on the other side of the bed in front of the eyes of the operator. Aseptic protocols with sterile sheath on the probe were employed. Firstly, axillary vein was identified in transverse view, then the probe was rotated
until longitudinal view was obtained (Figure 1). Then invasive part of the procedure followed with the flush of local anaesthetic through
small-bore needle which was constantly visualised on the screen. After that, 18G needle was advanced towards the vein on the same tra-

jectory as the small needle, and axillary vein was finally cannulated using Seldinger technique under ultrasound guidance in the longitudinal view in order not to penetrate posterior wall of the vein and easily insert a guidewire at a more shallow angle than in the transverse

view. The bevel of the needle as well as the J-tip of the guidewire were oriented in the caudal direction with a view to ensure correct position of the tip of the catheter in the osteum of superior vena cava [24]. After the procedure, proper position of the catheter and absence
of pneumothorax were confirmed with the ultrasound protocol incorporating ultrasound visualisation of both axillary/subclavian and
internal jugular veins, transthoracic echocardiography and BLUE protocol [25,26].

Figure 1: Longitudinal view of axillary vein.
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As for optimization of the technique, axillary vein was being scanned exactly in the deltopectoral groove so that ‘ghost’ image arte-

facts were excluded, which were discovered in the subclavian fossa in the course of academic research when positioning the longer old-

fashioned probe parallel to the clavicle (Figure 2). Until this research, this kind of artifact was described for the aorta when visualizing it
with the linear probe through recti muscles of the abdomen [27]. In the subclavian fossa refraction occurs because of round corner of the
deltoid muscle. As a result, returned refracted and non-refracted waves present as ‘two’ veins when in reality there is one. Most certainly,

these artifacts are responsible for absence of strict recommendations to use ultrasound guidance during catheterisation of the subclavian
vein [1-6].

Figure 2: ‘Ghost’ image artifact discovered in the subclavian fossa.

Success rate at single puncture of the skin and the vein without redirections of the needle, time from the start of ultrasound scanning

to the puncture of the skin (T1), time required for the invasive part of the procedure (T2), overall time (T3), frequency of pneumothorax,
puncture of axillary/subclavian artery, formation of haematoma and proper position of the catheter were recorded and analysed using

Statistica10 programme. Normality of distribution was assessed using Kolmogorov-Smirnov test, results of descriptive statistics were
presented as mean ± standard deviation, time before and after puncture of the skin were compared using T-test for data of the same group.
Results were considered to be statistically significant when p was ˂ 0.05.

Results and Discussion

Characteristics of the patients are presented in table 1.

Characteristic

Value

Age, years old

77.4 ± 10.6

Gender, female:male

9:3

Height, cm
Weight, lb

Side of catheterisation, right:left
Indications:

Prolonged infusion therapy
Inotropes

Placement of a temporary pacemaker

164.5 ± 8.2
161 ± 37
10:2
10
1

1

Table 1: Demographic and diagnostic characteristics of the patients.
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In altered position subclavian/axillary vein enlarged in all patients. The results of the study are shown in table 2.
Endpoints

Value

Success rate at single puncture of the skin and the
vein without redirections of the needle

11/12 (92%)

T3, sec

170.8 ± 50.5

T1, sec
T2, sec

Inadvertent puncture of the artery
Haematoma

Pneumothorax

Correct position of the catheter on ultrasound

25

116.1 ± 37.4
54.7 ± 16.4
0
0
0

11/12

Table 2: Safety and effectiveness profile of the optimised technique.

The only case of failure was observed in the patient with severe sepsis and was caused by thrombus formation in the needle. The dif-

ficulty was overcome by addition of heparin to the solution in the syringe.

T1 was significantly higher than T2 (p = 0.014) and search, identification and choosing the right point for puncture of the vein took the

best part of T1, which drives scientific search in the direction of improving pre-puncture ultrasound scanning.

Lack of mechanical complications and correct position of the catheters except one supports the statement that ultrasound improves

safety profile of invasive procedures [28] and substitutes chest X-Ray in confirming the right position [25] and absence of pneumothorax

[26] showing the same findings. The only case of catheter misplacement (in ipsilateral internal jugular vein) was observed in the female
patient with pronounced scoliosis; there were difficulties inserting the guidewire. This case necessitates cessation of the procedure and
change to another catheterisation site in such circumstances.

The study has its limitations. It was held in the single centre and by the single operator. The main drawback, however, is that samples

are homogenous in nature, with patients from cardiac intensive care unit demonstrating signs of heart failure. However, it is not always
easy to puncture the vein with a large-bore needle as the bigger the surface, the less the pressure exerted on the wall of the vein. Puncture

of the vein with a smaller needle first could be of help. Position-enlarged size of axillary/subclavian vein does not correlate with central

venous pressure [29] and ease of the puncture, and in clinical practice of the author the patient with haemorrhage it was easy to puncture
small axillary vein without change of position.

Conclusion

Described optimised technique of ultrasound-guided catheterisation of axillary/subclavian vein is safe, effective and after large con-

trolled studies probably can be implemented in clinical practice.

Conflict of Interest

No financial interest and conflict of interest to declare.

Citation: Aleksey Karavaev. “Ultrasound-Guided Catheterisation of Axillary Vein of a Small Size”. EC Anaesthesia 6.7 (2020): 22-27.

Ultrasound-Guided Catheterisation of Axillary Vein of a Small Size

Bibliography
1.
2.
3.
4.
5.

6.
7.
8.
9.

26

Brass P., et al. “Ultrasound guidance versus anatomical landmarks for subclavian or femoral vein catheterization”. Cochrane Database
of Systematic Reviews (2015).

Lalu MM., et al. “Ultrasound-Guided Subclavian Vein Catheterization: A Systematic Review and Meta-Analysis”. Critical Care Medicine
43 (2015): 1498-1507.

Wu SY., et al. “Real-time two-dimensional ultrasound guidance for central venous cannulation: A metaanalysis”. Anesthesiology
(2013): 361-375.

Randolph AG., et al. “Ultrasound guidance for placement of central venous catheters: A meta-analysis of the literature”. Critical Care
Medicine (1996): 2053-2058.
Hind D., et al. “Ultrasonic locating devices for central venous cannulation: meta-analysis”. British Medical Journal 327 (2003): 361.
Calvert N., et al. “Ultrasound for central venous cannulation: economic evaluation of cost-effectiveness”. Anaesthesia (2004): 5.

Fragou M., et al. “Real-time ultrasound-guided subclavian vein cannulation versus the landmark method in critical care patients: A
prospective randomized study”. Critical Care Medicine 39 (2011): 1607-1612.

Vezzani A., et al. “A randomized clinical trial of ultrasound-guided infra-clavicular cannulation of the subclavian vein in cardiac surgical patients: short-axis versus long-axis approach”. Intensive Care Medicine 43 (2017): 1594-1601.
Parienti J-J., et al. “Intravascular Complications of Central Venous Catheterization by Insertion Site”. The New England Journal of Medicine 373 (2015): 1220-1229.

10. McGee DC., et al. “Preventing complications of central venous catheterization”. The New England Journal of Medicine 348 (2003):
1123-1133.

11. Kim HJ., et al. “Comparison of the neutral and retracted shoulder positions for infraclavicular subclavian venous catheterization: a
randomized, non-inferiority trial”. British Journal of Anaesthesia 111 (2013): 191-196.

12. Kang M., et al. “Influence of shoulder position on central venous catheter tip location during infraclavicular subclavian approach”.
British Journal of Anaesthesia 106 (2011): 344-347.

13. Kim H., et al. “The effect of head position on the cross-sectional area of the subclavian vein”. Anesthesia and Analgesia 126 (2018):
1946-1948.
14. Kim JT., et al. “The influence of passive leg elevation on the cross-sectional area of the internal jugular vein and the subclavian vein in
awake adults”. Anaesthesia and Intensive Care 36 (2008): 65-68.

15. Kwon M-Y., et al. “The effects of the Trendelenburg position and intrathoracic pressure on the subclavian cross-sectional area and
distance from the subclavian vein to pleura in anesthetized patients”. Anesthesia and Analgesia 117 (2013): 114-118.
16. Sadek M., et al. “The Influence of Arm Positioning on Ultrasonic Visualization of the Subclavian Vein: An Anatomical Ultrasound Study
in Healthy Volunteers”. Anesthesia and Analgesia 123 (2016): 129-132.
17. Gu YJ., et al. “Effect of lumbar elevation on dilatation of the central veins in normal subjects”. American Journal of Emergency Medicine
(2018).
18. Kashani HH. “Statistical Versus Clinical Significance in Subclavian Vein Cross-Sectional Area: Is a 0.10-cm2 Difference Really Meaningful or Just an Example of False Precision?” Anesthesia and Analgesia 127 (2018): e111.
Citation: Aleksey Karavaev. “Ultrasound-Guided Catheterisation of Axillary Vein of a Small Size”. EC Anaesthesia 6.7 (2020): 22-27.

Ultrasound-Guided Catheterisation of Axillary Vein of a Small Size

27

19. Mey U., et al. “Evaluation of an ultrasound-guided technique for central venous access via the internal jugular vein in 493 patients”.
Support Care Cancer 11 (2003): 148-155.

20. Bodenham AR. “Ultrasound-guided subclavian vein catheterization: beyond just the jugular vein”. Crit Critical Care Medicine 39
(2011): 1819-1820.
21. Marino P. “Marino’s The ICU Book”. 4th Edition. Wolters Kluwer Health/Lippincott Williams and Wilkins; n.d.

22. Pittiruti M., et al. “How to make the axillary vein larger? Effect of 90° abduction of the arm to facilitate ultrasound-guided axillary vein
puncture”. The Journal of Critical Care 33 (2016): 38-41.
23. Ahn JH., et al. “Influence of arm position on catheter placement during real-time ultrasound-guided right infraclavicular proximal
axillary venous catheterization”. British Journal of Anaesthesia 116 (2016): 363-369.

24. Park H-P., et al. “Influence of orientations of guidewire tip on the placement of subclavian venous catheters”. Acta Anaesthesiologica
Scandinavica 49 (2005): 1460-1463.
25. Ablordeppey EA., et al. “Diagnostic Accuracy of Central Venous Catheter Confirmation by Bedside Ultrasound Versus Chest Radiography in Critically Ill Patients: A Systematic Review and Meta-Analysis”. Critical Care Medicine 45 (2017): 715-724.

26. Alrajab S., et al. “Pleural ultrasonography versus chest radiography for the diagnosis of pneumothorax: review of the literature and
meta-analysis”. Critical Care 17 (2013): R208.
27. Baad M., et al. “Clinical Significance of US Artifacts”. Radiographics 37 (2017): 1408-1423.

28. National Institute for Clinical Excellence (NICE). “Guidance on the use of ultrasound locating devices for placing central venous catheters” (2002).

29. Nassar B., et al. “Trendelenburg position does not increase cross-sectional area of the internal jugular vein predictably”. Chest 144
(2013): 177-182.

Volume 6 Issue 7 July 2020
© All rights reserved by Aleksey Karavaev.

Citation: Aleksey Karavaev. “Ultrasound-Guided Catheterisation of Axillary Vein of a Small Size”. EC Anaesthesia 6.7 (2020): 22-27.

