Ultrasound-Guided Infraclavicular Axillary Vein
Versus Internal Jugular Vein Cannulation in
Critically lll Mechanically Ventilated Patients: A

Randomized Trial

OBJECTIVES: This clinical trial aimed to compare the ultrasound-guided in-plane
infraclavicular cannulation of the axillary vein (AXV) and the ultrasound-guided out-
of-plane cannulation of the internal jugular vein (IJV).

DESIGN: A prospective, single-blinded, open label, parallel-group, randomized
trial.

SETTING: Two university-affiliated ICUs in Poland (Opole and Lublin).

PATIENTS: Mechanically ventilated intensive care patients with clinical indica-
tions for central venous line placement.

INTERVENTIONS: Patients were randomly assigned into two groups: the JV
group (n = 304) and AXV group (n = 306). The primary outcome was to com-
pare the IJV group and AXV group through the venipuncture and catheteriza-
tion success rates. Secondary outcomes were catheter tip malposition and early
mechanical complication rates. All catheterizations were performed by advanced
residents and consultants in anesthesiology and intensive care.

MEASUREMENTS AND MAIN RESULTS: The IJV puncture rate was 100%,
and the AXV was 99.7% (chi-square, p = 0.19). The catheterization success
rate in the 1JV group was 98.7% and 96.7% in the AXV group (chi-square, p =
0.11). The catheter tip malposition rate was 9.9% in the 1JV group and 10.1% in
the AXV group (chi-square, p = 0.67). The early mechanical complication rate in
the 1JV group was 3% (common carotid artery puncture—4 cases, perivascular
hematoma—2 cases, vertebral artery puncture—1 case, pneumothorax—1 case)
and 2.6% in the AXV group (axillary artery puncture—4 cases, perivascular hema-
toma—4 cases) (chi-square, p = 0.79).

CONCLUSIONS: No difference was found between the real-time ultrasound-
guided out-of-plane cannulation of the IJV and the infraclavicular real-time ultra-
sound-guided in-plane cannulation of the AXV. Both techniques are equally
efficient and safe in mechanically ventilated critically ill patients.

KEY WORDS: axillary vein; central venous cannulation; complication; internal
jugular vein; success rate; ultrasound

he real-time ultrasound-guided infraclavicular cannulation of the ax-
illary vein (AXV) is one of the methods of central venous catheteriza-
tion used in ICUs (1-10). This technique is recommended by experts
in the field as the method of choice for infraclavicular central venous cannu-
lation (11). Although this approach to central vein catheterization is growing
in popularity, there is a lack of the randomized trials to prove its usefulness
(12). Furthermore, cannulation of the AXV via infraclavicular route has only
been addressed in one scientific guideline (13). Whether the infraclavicular
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@)\ KEY POINTS

Question: To compare the ultrasound-guided
in-plane infraclavicular cannulation of the axillary
vein (AXV) and the ultrasound-guided out-of-plane
cannulation of the internal jugular vein (IJV).

Findings: The primary outcome of a prospective,
single-blinded, open label, parallel-group, ran-
domized trial was to compare the [JV group and
AXV group through the venipuncture and cath-
eterization success rates. The |JV puncture rate
was 100% and the AXV was 99.7%, whereas the
catheterization success rate in the [JV group was
98.7% and 96.7% in the AXV group.

Meaning: Both techniques are equally efficient
and safe in mechanically ventilated critically il
patients.

. J

approach to the AXV is as safe and effective as the in-
ternal jugular approach is thus unclear.

We prospectively compared two methods of real-
time ultrasound-guided central venous cannulation,
namely infraclavicular axillary and internal jugular,
in terms of success rate, overall complication, rate and
first-time puncture success rate. The aim of our trial
was to test the hypothesis that real-time ultrasound-
guided infraclavicular cannulation of the AXV is as
effective and safe as the real-time ultrasound-guided
cannulation of the internal jugular vein (IJV).

MATERIALS AND METHODS

This was a prospective, single-blinded, open label, paral-
lel-group, randomized trial conducted between 2 August
2016,and 16 August 2020, in two university-affiliated ICUs
in Poland (Opole and Lublin). The management commit-
tee developed the trial protocol using a predefined sample
size calculation and statistical analysis. The study protocol
was approved by two local ethics committees, one per site
(Komisja Bioetyczna Opolskiej Izby Lekarskiej w Opolu;
decision number: 224/2015). Written informed consent
for enrollment was obtained from the patients’ closest
relatives. The trial was registered before the recruitment
of participants (ClinicalTrials.gov: NCT02624323) and
carried out according to the principles of Good Clinical
Practice and the Declaration of Helsinki.
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Trial investigators consisted of intensivists di-
rectly involved in the day-to-day management of
ICU patients. Minimal requirements for investigators
performing procedures were established. The inves-
tigator was either a consultant in anesthesiology and
intensive care (7 consultants) or a resident (after com-
pletion of fourth yr of specialized training in anes-
thesiology and intensive care—8 residents). Minimal
documented experience consisted of 10 procedures of
real-time ultrasound-guided internal jugular out-of-
plane (transverse) catheterization and 10 procedures
of real-time ultrasound-guided infraclavicular AXV
in-plane (longitudinal) catheterizations. Out-of-plane
technique was used for the IJV as short-axis view is a
typical visualization for this access. In-plane technique
was used for AXV as it is a standard procedure applied
in both participating centers.

Inclusion criteria comprised mechanically venti-
lated ICU patients with clinical indications for central
venous catheter placement in the area of the superior
thoracic aperture. In addition, initial ultrasound pres-
canning of both IJVs and both AXVs had to demon-
strate acceptable conditions for the catheterization of
at least one IJV and at least one AXV. Exclusion crite-
ria comprised age under 18 years old, trauma, or/and
hematoma at the catheterization site, clinically signif-
icant coagulation disorders, anatomical abnormalities
at the catheterization site, local infection at the cath-
eterization site, catheterization for renal replacement
therapy, and lack of closest relative consent. All cath-
eterization procedures were performed at two ICUs
of two participating sites using Affinity 50, Affinity
70, and CX-50 ultrasound machines (Philips Medical
Systems, Andover, MA) and L12-4 or L12-3 linear
probes (Philips Medical Systems).

Mechanically ventilated patients requiring cen-
tral venous catheterization were screened and
enrolled by trial investigators immediately prior to
procedure using opaque, sealed envelopes contain-
ing blank catheterization protocols that directed
the investigator to cannulate either the internal
jugular or AXV. The exterior of each envelope was
printed with a consecutive randomization number.
The investigator was instructed to choose the low-
est consecutive envelope number. The computer-
generated randomization sequence was 1:1. The
randomization in blocks of four was selected to ob-
tain an equal size of study arms.
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The two study groups consisted of: the internal jug-
ular group (IJV) and AXV group. The randomization
procedure was performed in advance by the primary
investigator (T.C.) using Randomizer for Clinical Trial
(Version 2.0; Medsharing 2012, Fontenay Sous Bois,
France) mobile application for iPad or/and iPhone
(Apple inc., Cupertino, CA). All cannulation proce-
dures were performed using the Seldinger technique
(a thin-walled introducer needle, 18 Ga x 6.35cm)
and double, three- or four-lumen, 16 cm (for the right
IJV) or 20 cm (for the left IJV or AXVs), central venous
catheters (Arrow International, Reading, PA).

Real-Time Ultrasound-Guided 1JV Out-of-Plane
Catheterization

The preferred side for this technique was chosen after
an ultrasound prescan of the neck. The orientation
of the cannulation needle was out-of-plane, and the
jugular vein was imaged transversely (Supplemental
Digital Content—Fig. 1, A and B, http://links.lww.
com/CCM/H249). To puncture the vein, the needle
was inserted through the skin and directed slowly at
an angle of 30° above the skin toward the wall of the
vein. The introduced needle caused so called “tenting
effect” which was a deflection of the wall of the vein
when the tip of the needle encountered the wall of the
vein (Supplemental Digital Content—Fig. 1C, http://
links.lww.com/CCM/H249). When the needle punc-
tured the vein, the blood was aspirated, and the needle
was visualized on the screen as a white dot within the
lumen of the vein (Supplemental Digital Content—
Fig. 1D, http://links.lww.com/CCM/H249). Insertion
of a guidewire and a catheter was not performed under
direct visualization; however, the intravascular posi-
tion of both a guidewire and catheter were immedi-
ately confirmed.

Real-Time Ultrasound-Guided Infraclavicular
AXV Catheterization

The preferred side for this technique was chosen after
an ultrasound prescan of the infraclavicular fossa. The
orientation of the cannulation needle was in-plane, and
the AXV was imaged longitudinally (Supplemental
Digital Content—Fig. 1, E and F, http://links.lww.
com/CCM/H249). To puncture the vein, the needle
was inserted through the skin and directed slowly at an
angle of 30° above the skin toward the wall of the vein.
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When the tip of the needle encountered, the wall of
the vein the “tenting effect” was observed on the screen
(Supplemental Digital Content—Fig. 1G, http://
links.lww.com/CCM/H249). When the needle punc-
tured the vein, the blood was aspirated, and the needle
was visualized on the screen with the tip within the
lumen of the vein (Supplemental Digital Content—
Fig. 1H, http://links.lww.com/CCM/H249). Insertion
of a guidewire and a catheter was not performed
under direct visualization; however, the intravascular
position of both the guidewire and the catheter was
confirmed.

Postprocedure Imaging

Directly after finishing the procedure, the investigator
performed a lung ultrasonography and a transthoracic
echo in order to diagnose any early mechanical com-
plications, and within 2 hours of the catheterization,
chest radiography was necessary in anteroposterior
view to localize the tip of the catheter and to diagnose
any early mechanical complications. The localizations
of the tip of the catheters were assessed by consultant
radiologists.

Outcomes

The primary outcome of the trial was to compare the
IJV group and AXV group through the venipuncture
and catheterization success rates. A successful veni-
puncture was defined as the cannulation needle in-
sertion into the lumen of the vein under real-time
ultrasound imaging and visualization of the needle in
the lumen of the cannulated vein. A successful cath-
eterization was defined as the insertion of a catheter
into the lumen of the cannulated vein with subsequent
confirmation of IV position by ultrasound visualiza-
tion and blood aspiration.

Secondary outcomes were the catheter tip malpo-
sition rate (misguided position of the tip of the can-
nula outside the junction of the right atrium with the
distal part of superior vena cava); the early mechanical
complication rates (artery puncture, pneumothorax,
hemothorax, cardiac tamponade, perivascular hema-
toma); and cardiac arrhythmias incidents. Mechanical
complications were diagnosed with lung ultrasonog-
raphy, transthoracic echocardiography, chest radiog-
raphy, and physical examination. Cardiac arrhythmias
were detected with electrocardiographic monitoring.
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Statistical Analysis

Assuming a difference between trial arms of 10%
according to the primary outcome, and drop-out rate
of up to 20%, a sample size of 600 patients was calcu-
lated as providing 90% power. The quantitative vari-
ables were characterized by the arithmetic mean, sp,
median or maximum/minimum (range), and 95% CI.
The categorical variables were presented with the use
of count and percentage. In order to check whether
quantitative variables were derived from a popula-
tion of normal distribution, the W Shapiro-Wilk test
was used. On the other hand, to prove the hypotheses
regarding the homogeneity of variances, the Levene
(Brown-Forsythe) test was used.

The statistical significance of differences between
two groups (unpaired variables model) was processed
with the ¢ Student test (or Welch test in the case of
lack of homogeneity) or Mann-Whitney U test (where
conditions for the t Student test were not satisfied or
for variables measured by ordinal scale). Chi-square
tests for independence were used for categorical vari-
ables (with the use of Yates correction for cell counts
below 10 and using Cochrane’s conditions or with
Fisher exact test). In order to determine dependence,
strength, and direction between variables, correla-
tion analysis was used by determining the Pearson or
Spearman correlation coefficients. In all calculations,
a statistical significance level of p value equals to 0.05
was used. Statistica, Version 12 (StatSoft, Tulsa, OK),
was used as the data analysis tool.

RESULTS

A total of 614 critically ill, mechanically ventilated
patients requiring central venous cannulation were
enrolled. The study flow chart is shown in Figure 1.
Of the 614 randomized patients, 304 were assigned to
the IJV group and 306 to the AXV group. Four patients
died after randomization and before cannulation, and
a total of 610 patients completed the study.
Supplemental Digital Content—Table 1 (http://
links.lww.com/CCM/H249) presents the demographic
characteristics of both study groups. There were no
significant differences between groups with respect
to sex, age, body mass index (BMI), variables of me-
chanical ventilation, indications for central venous
catheterization, and cannulation settings (emergency
vs planned). Acute respiratory failure, sudden cardiac
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arrest, and septic shock are common prerandomiza-
tion diagnoses among the patients enrolled in this clin-
ical trial.

The IJV puncture rate reached 100% (79.9% in the
first attempt) and the AXV reached 99.7% (74.1% in
the first attempt). No differences between groups were
noted (chi-square, p = 0.19). The catheterization suc-
cess rate in the IJV group was 98.7% and 96.7% in
the AXV group. No differences between groups were
noted (chi-square, p = 0.11).

The catheter tip malposition rate was 9.9% in the
IJV group and 10.1% in the AXV group. No differences
between groups were noted (chi-square, p = 0.67).

The early mechanical complication rate in the IJV
group was 3% (common carotid artery puncture—4
cases, perivascular hematoma—2 cases, vertebral ar-
tery puncture—1 case, pneumothorax—1 case) and
2.6% in the AXV group (axillary artery puncture—4
cases, perivascular hematoma—4 cases). No differ-
ences between groups were noted (chi-square, p =
0.79). Ultrasound visualization variables and detailed
trial outcomes are shown in Table 1.

There was no difference in the success and com-
plication rates between consultants and residents.
Consultants performed 495 cannulations with 97.98%
success rate (75.5% in the first attempt). Residents
performed 115 cannulations with 96.5% success rate
(73.9% in the first attempt). The complication rate did
not differ as consultants placed almost 4.5 times as
many catheters as residents, which is about the same
ratio as the complication rates.

The following relationships were not confirmed be-
tween: BMI and catheterization success rate (IJV group:
Mann-Whitney U, p = 0.22; AXV group: Mann-Whitney
U, p = 0.24), variables of mechanical ventilation and cath-
eterization success rate (IJV group: Mann-Whitney U, Vt,
p = 0.77, PIP, p = 0.18, positive end-expiratory pressure
[PEEP], p = 0.7; AXV group: Mann-Whitney U, Vt, p =
0.96, PIP, p = 0.76, PEEP, p = 0.69), cannulation setting
and catheterization success rate (IJV group: chi-square,
p = 0.58; AXV group: chi-square, p = 0.33), cannulation
side (left or right) and catheterization success rate (IJV
group: chi-square, p = 0.67; AXV group: chi-square, p =
0.19), needle visibility and catheterization success rate
(IJV group: chi-square, p = 0.57; AXV group: chi-square,
p = 0.71), and tenting effect visibility and catheterization
success rate (IJV group: chi-square, p = 0.06; AXV group:
chi-square, p = 0.55).

February 2023 « Volume 51 ¢« Number 2

Copyright © 2022 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.


http://links.lww.com/CCM/H249
http://links.lww.com/CCM/H249

Online Clinical Investigations

Assessed for eligibility (n = 763)

Enrollment Excluded (n = 149):
* Cannulation of axillary veins impossible (n = 17)
* Cannulation of jugular veins impossible (n = 78)
* Poor ultrasound visualization (n = 22)
4» .
* Spontaneous breathing (n = 23)
* Significant coagulation disorders (n = 3)
* No time for randomization (n = 5)
* Screening error (n = 1)
v
Randomized (n = 614)
— | Died after randomization (n =4)
v
Allocation
Internal jugular vein (n = 304) Axillary vein (n = 306)
Analysis
Internal jugular vein (n = 304) Axillary vein (n = 306)
Figure 1. Study flow chart.
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TABLE 1.
Ultrasound Visualization Variables and Trial Outcomes

Internal Jugular Vein

Axillary Vein Group

Variables Group (N = 304), n (%) (N = 3086), n (%)

Needle visibility 282 (92.8) 302 (98.7) 0.0003
Tenting effect visibility 289 (95.1) 296 (98.7) 0.2993
Number of venipuncture attempts 0.1903

1 243 (79.9) 226 (74.1)

2 48 (15.8) 54 (17.7)

3 11 (3.6) 21 (6.9)

4 2 (0.7) 4 (1.3)
Catheterization success rate 300 (98.7) 296 (96.7) 0.1074
Guidewire visibility 297 (99) 292 (98.6) 0.6906
Cannula visibility 265 (88.3) 256 (86.5) 0.4967
Early mechanical complication rate 9 (3) 8 (2.6) 0.7951
Cannula tip positions 0.6735

Superior vena cava 269 (90.0) 265 (89.5)

Right atrium 25 (8.4) 23 (7.8)

Right internal jugular vein 2 (0.7) 4 (1.4)

Right ventricle 1 (0.3) 0 (0.0)

Left internal jugular vein 0 (0.0) 1 (0.3)

Left brachiocephalic vein 1 (0.3) 1 (0.3)

Right brachiocephalic vein 0 (0.0) 1 (0.3)

Right subclavian vein 1 (0.3) 1 (0.3)

DISCUSSION

In this clinical trial, no difference was found between
IJV group and AXV group with regard to success rate
variables and safety measures.

Several prospective observational or randomized
controlled studies have proved the higher success rate
of real-time ultrasound-guided techniques of central
venous cannulation over landmark-based methods
(14-21). However, there are still too few prospective
randomized trials directly comparing different central
venous approaches with the most commonly used jug-
ular approach (12).

In a prospective, multicenter, randomized trial,
Shin et al (22) assessed the complication rate and pro-
cedure-related complications of ultrasound-guided
subclavian vein (SCV) versus jugular vein cannula-
tion. The complication rate for both approaches was
very low (0.7% for SCV and 0.1% for IJV; p = 0.248).
The success rate on the first attempt was significantly

e42 www.ccmjournal.org

higher in the IJV group compared with the SCV group
(IJV 98.4%, SVC 95.9%; p = 0.004). However, all study
procedures were planned and performed by experi-
enced anesthesiologists. In our study, the complica-
tion rate was higher (IJV 3%, AXV 2.6%; p = 0.795)
without separation between groups. Furthermore,
the majority of the study procedures were performed
at admission, under emergency conditions, and in
hemodynamically compromised patients (patients
receiving vasopressors).

In a prospective, single-center, randomized trial,
Shinde et al (23) compared out-of-plane IJV with
in-plane AXV approach in 97 spontaneously breath-
ing anesthesia patients scheduled for cardiac sur-
gery. The author reported high first pass success rates
(98% IJV vs 95.8% AXV) with a low rate of poten-
tially dangerous early mechanical complications and
confirmed the efficacy of AXV cannulation in this
specific group of patients. Unlike in our study, all pro-
cedures were planned and performed in spontaneously
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breathing patients, solely by experienced cardiac
anesthesiologists.

There was no difference in the success and complica-
tion rates between consultants and residents in our study.
As the learning curve of ultrasound-guided central ve-
nous cannulation is steep (authors’ personal opinion),
we established minimal requirements for investigators
performing procedures, which consisted of minimal
documented experience of 10 procedures of real-time
ultrasound-guided internal jugular out-of-plane (trans-
verse) catheterization and 10 procedures of real-time
ultrasound-guided infraclavicular AXV in-plane (longi-
tudinal) catheterizations. However, one scientific guide-
line recommends that each trainee should perform at
least 30 successful procedures within 12 months (13).

An optimal insertion site of short term central ve-
nous catheters in relation to catheter-related blood
stream infection (CRBSI) remains undetermined.
Some data favor the subclavian approach over the IJV,
whereas recent cumulative data show no differences
in this regard (24-26). However, existing guidelines
recommend using the infraclavicular approach to the
SCV, rather than jugular or femoral approach in adult
patients (27). The infraclavicular approach to the AXV
could represent an alternative regarding the CRBSI
risk reduction technique possibly through the anatom-
ical location of the skin puncture site.

Several limitations to our clinical trial need to be
considered. First, it was a two-center trial, and the
participating centers had significant experience in
ultrasound-guided central venous cannulation. The
procedure success rate may be lower when cannula-
tions are performed by physicians with less experience
in critical care ultrasonography. Second, we did not
record the differences in cannulation times between
both techniques. However, successful completion of
procedures within 30 minutes and total procedure
times are performance indicators recommended by
some experts in the field. Shorter time to successful
cannulation may reduce infectious complications rate
(13). Third, in line with recent evidence, the routine
postprocedural chest radiography for positioning the
tip of the central venous catheter is not an optimal
procedure, and ultrasonography seems to be a more
reliable screening tool (13, 28, 29). Fourth, the pulsa-
tile blood flow from a cannulating needle is not a re-
liable diagnostic sign of an accidental artery puncture
in hemodynamically compromised patients. A careful

Critical Care Medicine

ultrasonographic examination of the position of the
needle should be performed instead (authors’ personal
opinion). However, accidental artery puncture with
subsequent hematoma formation precludes proper ul-
trasonic visualization in the vast majority of patients.

CONCLUSIONS

There were no differences between real-time ultrasound-
guided internal jugular out-of-plane cannulation and
real-time ultrasound-guided infraclavicular AXV in-
plane cannulation techniques in critically ill, mechan-
ically ventilated patients with regard to the procedure
success rate and early mechanical complication rate.
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