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ABSTRACT

BACKGROUND: Central venous catheterization is essential for careful administration of fluids and drugs in cardiac
critical care patients. The axillary vein might represent an alternative to subclavian and jugular vein accesses, with the
advantage of being extra-thoracic, more distal from the pleural space and with more likehood of comfort for the patient.
Conventional ultrasound-guided cannulation of the axillary vein is technically demanding and does not guarantee precise
visualization of the needle tip.

METHODS: We describe a new in-plane technique with a dedicated bracket support for the needle, giving full tip control
and continuous visualization of the tip and vessel, making the maneuver easier and safer. In a prospective observational
study we also report the feasibility and safety of the novel procedure in a series of 35 cardiac critical care patients, also
receiving non-invasive ventilatory support and/or being fully anti-coagulated.

RESULTS: With the novel technique, we obtained 97% success with procedural times comparable to other insertion sites
and without complications.

CONCLUSIONS: Placement of a central line catheter in the axillary vein using a novel ultrasound-guided bracket-
assisted technique may be a feasible, safe and rapid alternative to the conventional jugular and subclavian approaches.

(Cite this article as: Farina A, Coppola G, Bassanelli G, Bianchi A, Lenatti L, Ferri LA, et al. Ultrasound-guided central ve-
nous catheter placement through the axillary vein in cardiac critical care patients: safety and feasibility of a novel technique in
a prospective observational study. Minerva Anestesiol 2020;86:157-64. DOI: 10.23736/S0375-9393.19.13670-X)

KEeY worbps: Axillary vein; Ultrasonography; Central venous catheters; Cannula.

ccess to the central venous system is of para-

mount importance in critical care medicine.
For cardiac patients, measure of the central ve-
nous pressure and oxygen saturation allows care-
ful fluid infusion avoiding overload. The first
choice is usually jugular out-of-plane ultrasound
(US)-guided cannulation; the subclavian vein is
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an alternative associated with more morbidity.!-4
The axillary vein, originating from the confluence
of the brachial and basilica veins at the inferior
margin of pectoral muscle and overriding the first
rib continuing as subclavian vein, is an alterna-
tive, yet rarely used. It has the advantage of being
extra-thoracic and farther from the pleural cavity
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but lacks precise anatomical landmarks,5 ¢ and
only an US-guided approach makes it a viable
option. In previous literature, there is some ex-
perience of US-guided axillary puncture, but the
described procedures include introducer-needle
inserted at a steep angle to the chest wall and out-
of-plane in respect to the ultrasound beam.”- This
way does not guarantee continuous visualization
of the true tip of the needle, with some risk of ac-
cessing the thorax between the ribs. Moreover, the
out-of-plane technique does not allow continuous
real-time guidance for all the procedural steps.
The less commonly used free-hand in-plane tech-
nique can not assure constant visualization of the
true needle tip, because even minimal movements
of the hand during the procedure can significantly
displace the tip and/or the direction of the probe,
and adjustments on the longitudinal axis to visu-
alize the trajectory of the needle are technically
complex;!0-12 an intermediate approach with
the same limitations is the oblique axis view +
in-plane puncture (OA-IP technique).!? Finally,
in patients with full anti-coagulation or strong
intra-thoracic pressure respiratory swings (both
common in cardiac critical care patients) the tra-
ditional free-hand approach to the axillary vein
may become even more hazardous.

The objective of the present study was to de-
scribe a novel US-guided technique for cannu-
lation of the axillary vein, in which a dedicated
bracket guarantees real-time visualization of
both the vein and the needle tip throughout the
whole procedure, with the hypothesis of high
first pass success and low complications rate.
We also report a series of cardiac critical care
patients in whom the procedure was performed
to demonstrate feasibility, efficacy and safety of
this approach.

Materials and methods
Patient population

Eligible participants were all consecutive pa-
tients admitted to the Intensive Cardiac Care Unit
(ICCU) of Manzoni Hospital in Lecco, Italy, be-
tween January 2018 and December 2018 needing
central venous cannulation as per clinical indica-
tion. They were assessed by one of two attending
physicians for axillary approach because internal
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jugular or subclavian veins were unavailable (e.g.
catheters in place), contraindicated (e.g. antico-
agulation for subclavian access) or anatomically
difficult (e.g. impossibility to interrupt non-in-
vasive ventilation [NIV] or continuous positive
airway pressure [CPAP] delivered with the hel-
met). The operators were experienced in central
venous cannulation and US-guidance. As control
group to compare procedural times, we used 25
patients with internal jugular approach admitted
to the same ICCU during the same period of time.
We recorded procedural time (seconds), from lo-
cal anesthesia to echo confirmation of tip posi-
tion, and any clinical complication related to cen-
tral cannulation occurring during ICCU stay. The
Ethics Committee of the Manzoni Hospital ap-
proved the study and, following the EU Regula-
tion n. 536/2014,'4 informed consent was waived
due to the critical conditions of the patients.
Supplementary Digital Material 1 (Supple-
mentary Video 1, 3 minutes, 32MB) shows the
whole procedure in a trial patient can be found
online as a data supplement to this article.

Preparation

Patients were kept in neutral position with 15°
Trendelenburg and were monitored using con-
tinuous electrocardiography, pulse oximetry and
non-invasive blood pressure. A bilateral pre-
procedural US scanning was performed with a
portable Philips CX-50 device and a linear vas-
cular high-resolution 10-MHz transducer (L12-
3), moving from the clavicular mid-point later-
ally in a short-axis projection to assess patency,
diameter and depth of the axillary vessel; this
was in accordance to Rapid Central Vein Assess-
ment (RaCeVA) protocol which on allowed us to
choose the vein side and segment with the best di-
ameter, and to keep an optimal vessel-to-catheter
ratio of at least of 3:1.15 This preliminary phase
was also useful to study relations of the vein
with confining structures, in particular the axil-
lary artery, its collateral thoraco-acromial trunk
(TAT) which can encroach the vein, the pleural
line and, more lateral, the brachial plexus (Fig-
ure 1). The cannulation procedure was performed
under full sterile conditions including mask, cap,
full gown, and gloves, without antibiotic pro-
phylaxis nor sedation, if not otherwise indicated.
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Figure 2.—Long axis view and PW-Doppler profile of axillary vein and artery in the infraclavicular region.

Skin was cleaned with 2% alcoholic chlorhexi-
dine (Cloraprep 2% 6 mL) and all the region of
interest, head-neck-thorax, was covered with an
adhesive holed surgical sheet (75x90 cm), ac-
cording to recommendation for maximal barrier
precautions. Before sterile wash of the operator, a
bracket with three different angles was mounted
on the probe to support the needle; the surgical
field was set up (disposable suture kit, SURGI-
KA, Italy); the probe was covered with US gel
and wrapped in a sterile sheath, and a 18-gauge
9-cm needle (Cook) was inserted in the dispos-
able support mounted on the covered probe (Ul-
tra-Pro II Needle Guide, CIVCO, IA, USA).

Identification of the vein and in-plane puncture

Moving to the in-plane projection, the vein course
was studied in all its extension; distinction from
the artery was recognized by the antero-caudal-
superficial position, the thinner wall, the higher
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compressibility, the presence of valves and eventu-
ally by Doppler and color-Doppler showing a flow
phasic with breathing and Valsalva maneuver (Fig-
ure 2). The puncture site was chosen laterally in the
deltoid-pectoral sulcus, in a segment with sufficient
diameter and away from the costal-clavicular stric-
ture, in order to avoid pinch-off risk and to optimize
medication. Local anesthesia was administered
with 2% lidocaine. The probe bracket allowed pre-
cise advancement of the introducer needle on the
plane of the ultrasound beam (Figure 3) until the

Figure 3.—Bracket mounted on linear probe and in-plane
needle advancement.
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Figure 4—Needle tip indenting axillary vein wall under di-
rect vision and J-tipped guidewire advancement in axillary
vein (on the right clavicular shadowing).

vessel wall appeared indented and blood was freely
aspirated in the syringe; then a soft j-tipped guide-
wire was advanced according to the Seldinger’s
technique under direct visualization (Figure 4); the
probe was then removed, the dilator was advanced
with the push-and-twist technique, and finally the
catheter or the introducer was inserted. We used
any of the following: for central venous access a
7-Fr catheter with a length of 20 cm for left side or
obese patients or 16 cm for other cases; for pacing,
a 5-Fr introducer; for right heart catheterization an
8.5-Fr introducer; for renal replacement therapy a
12-Fr double lumen catheter.

Confirmation of correct positioning

Trans-thoracic echocardiography, particularly
if carried out with contrast enhancement, has
proven to be a valid method for the detection of
the catheter tip in the distal superior vena cava
or in the right atrium and is always available in
ICCU.416 At the end of the procedure we per-
formed a rapid injection of a mixed air-saline
solution bolus (9 mL of saline and 1 mL of air)
through the distal lumen of the catheter; in the
case of correct positioning a dense US image
became visible in the right atrium immediately
after injection from sub-costal or apical window
using a cardiac probe, whereas in the case of
catheter misplacement the opacification would
have appeared after a delay (more than two car-
diac cycles) (Figure 5). In the latter case, the
catheter tip was first searched with linear probe
in the ipsilateral jugular vein and then by chest
radiography in the contralateral anonymous
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Figure 5.—Bubble test from sub-xiphoid window: immedi-
ate right chambers opacification (correct positioning).

vein.!7 When necessary, US-guided technique
was also used for repositioning, allowing the j-
tip view in the axillary vein during withdrawal of
the guidewire and monitoring the correct proce-
dure repositioning during the new advancement
(Figure 6). Finally, pneumothorax was excluded
with linear probe by appearance of at least one
between these signs: lung sliding, lung pulse, B-
lines.!8 Chest X-ray was performed anyway to
confirm US results.

Statistical analysis

The study has descriptive purposes and no for-
mal sample size calculation was done. However,
a post-hoc calculation of power with 35 patients
and no clinical complications or placement fail-
ures, allows to exclude a higher than 8% rate
of these events with 95% confidence level and
80% power. Continuous variables are presented
as means£SD and categorical variables as fre-
quencies (%). Variables between the axillary and
jugular vein cannulation groups were compared
by Student’s #-test (software Microsoft Excel,
Edition 2010). A P value of 0.05 was considered
statistically significant.

Results

We performed axillary vein cannulation using
the axillary approach in 35 patients: their clini-
cal and procedural characteristics are shown in
Table 1. Age was 75+9 years with BMI 27.34£5.3
Kg/m2. The site of insertion was right in 24 pa-
tients and left in 11 patients. We inserted 24 cen-
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Figure 6.—Correct position of the guidewire in right atrium
(arrowhead).

tral venous catheters, six of which 12Fr dialysis
catheters, and 15 introducers (two introducers
in the same vessel for patients undergoing per-
manent pace-maker implantation) with diameter
from 5 to 8.5 Fr; although this site is notoriously
associated with an increased incidence of vein
stenosis, which could translate in a problem for
future definitive dialysis, temporary CVVH-D
was performed from axillary vein in emergency
conditions, during anticoagulant therapy, and for
the minimal necessary time. A good US window
was obtained in all patients, even obese ones, and
vein puncture was effective in all at first attempt.
Only in one patient, undergoing permanent PM

TABLE l.—Patients and procedural characteristics.

Characteristics 18\7](11;?)’ (Jll\llgllzl%r) P
Age 74.949.1 7248 NS
Male gender, N. (%) 19 (51) 16 (64) NS
BMI (kg/m2£SD) 273453  26+4.8 NS
Anticoagulated pts, N. (%) 25 (67) 17 (70) NS
Antiaggregated pts, N. (%) 22 (59) 15 (60) NS
Indications, N. (%) NS
Fluid/drugs infusion 18 (51) 15 (60)
CVVHD 6(17) 3(12)
Temporary PM 2(6) 5(20)
Swan Ganz 5(14) 2(8)
Left side access, N. (%) 11 (31) 3(12)
Right side access, N. (%) 24 (69) 22 (88)
Procedural time, min+DS 9.3+2.2 8.5+1.1

>1 pucture for access, N. 0 0
Wire repositioning, N. (%) 2(5) 0
Catheter permanence, days  5.3+4.6 3+1.2

CVVHD: continuous venous-venous hemodialysis; PM: pace-
maker; PM/ICD: pace maker-internal cardioverter defibrillator;
BMI: Body Mass Index; SD: standard deviation.
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implantation, from the left side advancement
of the guide appeared impossible, despite cor-
rect puncture of the vessel, and fluoroscopic
positioning showed an anatomical variant with
kinking of the anonymous vein. In two other
patients, there was a malposition from the right
axillary vein with the tip ending up in the ipsilat-
eral jugular vein and inducing a transient otalgia;
this was detected in one case by US online as-
sessment during the maneuver and in the second
case by delayed right atrium opacification after
bubble test.In all cases, repositioning was easily
performed without new puncture by pulling the
j-tip of the wire in axillary vein, under US moni-
toring, and advancing it in the correct position
through right turn of the J tip and concomitant
right arm abduction.

Procedural time, defined as the time elapsed
from local anesthesia to confirmation of the cor-
rect positioning by means of US, was 9.342.2
minutes for the axillary approach and it did not
differ from control patients with jugular access
(Table I).

Of note, 67% of the patients were on full anti-
coagulation with heparin or oral anticoagulant
(warfarin or dabigatran) and did not have hemor-
rhagic complications; antiaggregant therapy was
present in 22 patients (59%), with aspirin in all
and a second drug (clopidogrel or ticagrelor) in
12 (34%). One procedure was done during ad-
ministration of full dose systemic thrombolysis
during massive pulmonary embolism and was
uneventful.

There were no complications in term of hemo-
thorax, pneumothorax, hematoma, local infec-
tion, catheter-related sepsis (Table II). Finally,

TABLE Il.—Safety and efficacy endopoints.

Characteristics (/?\;(ilgg}; (Jlslgj ;'(;r)
Failure, N. (%) 13 0(0)
Guide-wire malposition, N. (%) 2 (6) 1(4)

Hematoma, N. 0 0

Pneumothorax, N. 0 0
Hemothorax, N. 0 0
Local infections, N. 0 0
Catheter-related sepsis, N. 0 0
Brachial plexus injury, N. 0 0
Concordance Echo-Xray control, % 100 NA
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the concordance between US bubble-test and
chest X-ray for confirmation of correct position
was 100 percent.

Discussion

We report a new US-guided bracket-assisted
technique for central venous catheter placement
through the axillary vein. We also assessed fea-
sibility and safety of the novel technique in 35
cardiac critical care patients. Finally, comparison
with a series of patients receiving jugular cath-
eterization showed comparable results.

Central venous catheterization is an impor-
tant skill in emergency and critical care medi-
cine. In the cardiac critical care patients it has
several indications: infusion of irritants or potent
vasoactive drugs, lack of valid peripheral ve-
nous access, invasive hemodynamic monitoring
for careful infusion therapy, temporary pacing,
continuous renal replacement therapy.!% 20 The
traditional access sites are femoral, jugular and
subclavian, each of them with both some advan-
tages and disadvantages. The femoral vein is far
from the thoracic structures and vital organs, and
is useful during cardiac arrest and percutaneous
coronary interventions because its cannulation
does not interfere with cardiac massage, trache-
al intubation or angiographic procedures. The
femoral access is the first choice during severe
hypothermia because it avoids dangerous intra-
cardiac manipulation of the wire and the risk of
precipitating ventricular fibrillation; in all other
scenarios it is the last choice because it is associ-
ated with an increase in thrombotic and infective
complications and limits patient mobilization.
Moreover, it does not allow measure of central
venous pressure, being the tip of the catheter in
the abdomen rather than in the thorax. The sub-
clavian vein is characterized by fixed anatomical
landmarks and ligaments that keep it open and
make it easily accessible also during shock, but
it is an intra-thoracic and uncompressible vessel
with the inherent risk of pneumothorax and he-
mothorax, particularly in the frequent-cases of
anti-coagulated cardiac patient.2! Moreover, cla-
vicular acoustic shadowing makes it unfavorable
for an US approach. Anyway, it is still often used
because of a low risk of thrombotic and infec-
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tive complications and rapidity of cannulation.22
Nowadays, the jugular vein is the first recom-
mended site because it is easily suitable for an
US-guided cannulation increasing the likelihood
of first passage success and reduces the risk of
arterial and pleural puncture. Moreover, it allows
a briefest and straightest path to the right atrium
and is not close to the thoracic duct. However,
the jugular vein might be difficult to access in
patients with high BMI, short neck or receiving
non-invasive ventilation. The axillary-vein ap-
proach is still underused because of technically
difficulties in echo-guided approach, also with
the recently described in-plane approach.23

We report a case series with a new technique
for cannulation of the axillary vein. We hypoth-
esized that a standardized, easy and safe ap-
proach to this cannulation site could become a
valid alternative to the jugular vein access, a real
alternative due to it being more easily accessible.
The axillary vein is not commonly used in emer-
gency and critical care medicine due to the lack
of anatomical landmarks and relative complex-
ity in free-hand US-guidance. The previously
reported US-assisted out-of-plane puncture does
not guarantee real time control of needle posi-
tion, and also an in-plane puncture has the risk of
misalignment between needle tip and ultrasound
beam, requiring remarkable manual ability. As
compared to previous reports, in the present
study, we tried to overcome such limitations by
using a dedicated bracket for in-plane approach
with firm needle-probe alignment and constant
visualization of the needle tip. In our experience,
the use of a dedicated bracket to support the ma-
neuver has several advantages: first, it makes the
puncture easier to perform, and this is demon-
strated in our series from a procedural time com-
parable with standard jugular cannulation despite
years of experience vs. no experience with this
new approach. Secondly, it makes the position
of the needle stable in respect to the probe and
allows handling of the guidewire under direct
vision. Thirdly, but perhaps most important, this
technique gives absolute certainty of real time
monitoring of the true needle tip, avoiding punc-
ture of other important structures like the axillary
artery, the pleural cavity, and the brachial plexus.
Real time echo-guidance allows monitoring of
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the guidewire path and to promptly redirect it in
case of ipsilateral jugular displacement.

The series of patients reported herein demon-
strates the feasibility and safety of echo-guided
axillary vein puncture with 97% correct catheter
positioning and absence of major complications,
even in high risk settings, such as anticoagulated
patients and non-invasive ventilation support.
Procedural times resulted comparable to the stan-
dard jugular approach. Apart from being an alter-
native as US-guided access, an advantage of this
cannulation site might be patient comfort during
long-term use of the access and during active
mobilization. The ideal exit site is infraclavicu-
lar, in the deltoid-pectoral sulcus, an area where
dressing is optimal and long-term complications,
like infections and thrombosis, are minimal; this
exit site is also distant from ventilatory support
and tracheostomy.24

The present study was aimed at assessing the
feasibility of the new method, specifically in pa-
tients deemed at high-risk of, or unsuitable for,
alternative approaches to central vein catheter-
ization, as detailed in the Methods. We would
suggest the type of patient appropriate for the
axillary approach: presence of multiple central
catheters, powerful anti-thrombotic therapy, de-
pendence on non-invasive respiratory support,
presence of tracheostomy, high risk of infective
complications.

A Health Technology Assessment analysis
goes beyond the scope of our study and should
include an analysis of the cost of the clinical
complications caused/avoided by the present vs.
alternative methods.

Limitations of the study

Limitations are the limited sample size, the sin-
gle center experience, and the non-randomized
comparison with the jugular access group; all of
these features limit generalisability to others set-
ting and centers.

Conclusions

In conclusion, the new US-guided bracket-
assisted axillary vein access for positioning of
central venous catheters might represent a safe
alternative to more traditional approaches with
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specific advantages in cardiac critical care pa-
tients. More experience also in other subgroups
of critical care patients is needed to confirm this
preliminary data, especially on the safety of the
technique.

What is known

* Echo-guided central venous catheteriza-
tion is the standard of care.

* Axillary vein is an alternative to jugular
and subclavian vein.

What is new

¢ In-plane echo-guided axillary vein can-
nulation can be assisted by a dedicated brack-
et for the needle.

* Axillary vein cannulation is effective
and rapid also in emergency.

» Axillary vein cannulation is safe also
during anti-thrombotic therapy and non-in-
vasive ventilation.
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