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Background: Ultrasound-guided procedures have become more reliable and efficient in daily anesthesiology practice, with
increased patient comfort, better antimicrobial pattern, and easer care, and can be used in routine central
vein catheterization practice. The infraclavicular subclavian vein approach provides all these advandages and
in some clinical scenarios ensures the only appropriate route to central vein access. Therefore, this study of
105 patients aimed to implement and evaluate the use of ultrasound-guided infraclavicular subclavian venous
catheterization.

Material/Methods: We enrolled 108 patients who were scheduled for elective major abdominal surgery and had an indication for
central venous access. Catheterization was done according to the developed protocol. Anesthesiologists with
at least 1 year of experience in regional ultrasound-guided anesthesia participated in this study. Data were col-
lected and compared with the existing literature.

Results: Out of 108 patients enrolled, 3 were excluded due to unfulfilled protocol. The successful catheterization rate
was 98.1%. A significant relationship with deeper and narrower vein and failure was noted. On average, the
distance between the vein entry point and acoustic shadow of the clavicle was 10.45 mm, at this point the
depth was 22.01 mm and the diameter of the vein was 10.74 mm. The length of catheter intratissue passage
was 42.06 mm. The angle between the skin and catheter passage was 31.58°. The malposition rate was 8.7%,
and no predictive factors were identified. Equations to predict vein diameter and depth were generated. Patient
weight more than 119.5 kg predicted procedure failure. There were no complications.

Conclusions: Ultrasound-guided infraclavicular subclavian vein catheterization can be easily and safely integrated into dai-
ly clinical practice, with high success rates and low complication rates.
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Background

Zarskus A. et al:
Ultrasound-guided infraclavicular catheterization
© Med Sci Monit, 2023; 29: €938851

Material and Methods

Despite surgery improvements and less invasive approaches,
central venous access remains crucial for advanced hemody-
namic monitoring, administration of vasoactive drugs, tem-
porary pacing, and even renal replacement therapy [1]. Even
before the ultrasound era, 3 anatomical sites for central line
placement were well described and evaluated. Large multi-
center trails and meta-analyses showed an almost 3-fold bet-
ter antimicrobial effect of using an infraclavicular site [2,3],
but with a significant increase in catheter malposition and
pneumothorax [3]. Use of a jugular site is characterized by
high success rates and arterial puncture [2]. Use of a fem-
oral site improves pleural safety but, due to possible vessel
valves, guidewire introduction may be complicated. As ultra-
sound-guided procedures were implemented into clinical prac-
tice, some of the sites turned out to be better for ultrasound
imaging. Consequently, the standard approach for central ve-
nous access during the last 3 decades has moved toward ul-
trasound-guided internal jugular vein catheterization. Factors
such as proximity to the skin, low level of angulation, distance
to the pleura, and absence of bony structures make this the
easiest site with which to obtain good-quality ultrasound im-
aging, successful guidewire introduction, and fluent catheter
placement. As anesthesiology-intensive care staff members
become more familiar with ultrasound-guided procedures, a
need emerges to introduce a method with a lower incidence of
infection, better patient comfort, and easier nursing care, with
a preserved high success rate and low level of procedure-relat-
ed mechanical complications. The former anatomic landmark
technique-based central vein access through the subclavian
vein has provided these advantages [4]. However, a moderate
success rate (92.5%) and an unacceptably high incidence of
mechanical complications (11.9%) [5] make this technique in-
adequate for modern anesthesia. Even though real-time ultra-
sound-guided internal jugular vein catheterization has proven
to be advantageous, the evidence base for ultrasound-guid-
ed infraclavicular approaches is sparse [1]. Initial evaluation
of the ultrasound usage for subclavian vein puncture in 1994
failed to prove any advantage [6]. Although a meta-analysis
showed clear reduction of mechanical complications, increase
in success was found only in the 2D dynamic ultrasound sub-
group [7]. Even authors who achieved 100% success describes
this method as “technically difficult” [8] To date, only experi-
enced practitioners have managed to achieve a high success
rate and low complication incidence [9].Therefore, this study
of 105 patients who underwent anesthesia and elective sur-
gery at a single center in Lithuania aimed to implement and
evaluate the use of ultrasound-guided infraclavicular subcla-
vian venous catheterization.

Ethics Statement

This study is a part of the large “Alternative central vein access
in bone marrow transplantation program” study. The study was
approved by the Regional Ethical Review Board on 2020.03.02
(registration number BE-2-15) and conducted in accordance
with the Declaration of Helsinki. Patients were informed and
written consent was obtained on the day of surgery.

Enrollment

This prospective, observational, single-center study was con-
ducted between October 1, 2020, and May 1, 2021, at the
Lithuanian University of Health Sciences Hospital Kaunas
Clinics. We included 108 patients who were scheduled for elec-
tive major abdominal surgery and had an indication for cen-
tral venous access during the surgery. Exclusion criteria were
incomplete adherence or breaches to the catheterization pro-
tocol. Six anesthesiologists with at least 1 year of post-train-
ing experience in ultrasound-guided regional anesthesia par-
ticipated in this study.

Study Protocol

A protocol was developed with the goal of creating working con-
ditions comparable to those for internal jugular vein catheter-
ization, as this would ease implementation in routine practice.
The aim was to adopt all current evidence-based techniques
to facilitate the procedure. Catheterizations were performed
under general endotracheal anesthesia.

Patient Positioning

Patients were positioned in the 15-degree Trendelenburg po-
sition to increase subclavian [10] and likely axillary vein dila-
tation and achieve optimal conditions for puncture. A neutral
right arm position near the body was used because it remains
controversial whether arm abduction is advantageous [11],
and most of our operating rooms did not facilitate such po-
sitioning. The anesthesiologist’s position was kept the same
as when catheterizing the internal jugular vein (over the head
of the patient).

Ventilation

Lung-protective ventilation was implemented (tidal volume
of 7 ml/kg ideal body weight [12] and PEEP 6 cm H20), and
ventilation was maintained during the procedure, despite the
possible benefit of apnea [13].
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Figure 1. Ultrasound image of infraclavicular area, guidewire, subclavian and axillary veins are displayed in longitudinal view:
1 - clavicular bone; 2 - distance from the clavicle bone shadow and vein penetration point; 3 — guidewire placed in the vein
lumen; 4 — vein depth; 5 — vein penetration point; 6 — vein diameter; 7 — intratissue passage; 8 — puncture angle.

Equipment

Identical equipment for all procedures was used: Philips Sparq
ultrasound machines with L12-4 Linear Array Vascular probes.
Arrow Two-Lumen Central Venous Catheterization Set ref:
cv-15802 with blue FlexTip®Catheter Arrow, a nonechogen-
ic introducer needle (18Ga x2-1) preloaded with a guide wire
(“)” tip spring — wire guide 0.81 mm/60 cm) was selected for
the study. Strict sterile technique was applied, and Pajunk
SonoCover 6x80 and Parker Sterile Aquasonic 100 Ultrasound
Transmission gel were used. All measurements were performed
with MicroDICOM 3.1.4 software.

Catheterization Technique

The subclavian and axillary veins were visualized using a longi-
tudinal approach because it lessens clavicle artifacts and allows
the determination of needle-vein relationships in real time. In
this way, posterior wall injury, as well as other mechanical com-
plications, can be reduced [14]. The aim was to obtain an im-
age with the medial edge of the transducer overlying the cla-
vicular bone and to ensure that the maximum diameter of the
vein was visualized in the longitudinal view (Figure 1). Due to
the higher success rate, the most proximal point of the vessel
was chosen as the primary puncture site [15]. Needle naviga-
tion or guiding techniques (electromagnetic-guided position
system) were not used, as evidence for their effectiveness in
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humans is insufficient [16]. Venous puncture was performed
using a syringe-free, in-plane technique. The introducer needle
was advanced until the needle tip was clearly seen in the vein
lumen; subsequently, the guidewire was introduced under di-
rect ultrasound observation. The procedure was discontinued if
puncture was unsuccessful after 3 needle redirection attempts
or lasted more than 15 min. To reduce the incidence of cardiac
arrhythmias, guidewire introduction was limited to 20 cm [17].
After confirmation that the posterior vein wall was not pene-
trated, a 9 Fr 10.2-cm tissue dilator was introduced. The cath-
eter could be advanced up to 20 cm because the puncture site
is placed 2-3 cm laterally compared to the anatomical landmark
subclavian vein puncture site [18]. The catheter tip position was
checked with postoperative chest X-ray and in cases of malpo-
sition it was corrected in the Post-Anesthesia Care Unit (PACU)
(Figure 2). Catheterization was considered successful if blood
from both lumens could be drawn freely. Catheter care was car-
ried out as per the hospital protocol, and in case of dysfunc-
tion or premature fall-out, the anesthesiologist was informed.

Statistical Analysis

Statistical analysis was carried out using SPSS v25.0 soft-
ware. The normality of the data was determined with the
Kolmogorov—Smirnov test. Normally distributed data are re-
ported as the mean, and nonnormally distributed data are re-
ported as the median. Binary logistic regression was used to
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Figure 2. Catheter tip confirmation, chest X-ray obtained after catheterization. (A) Image 1, showing catheter’s tip is located in right
jugular vein. (B) Image 2, showing catheter’s tip is located in a left brachiocephalic vein.

Table 1. Demographic and anatomic parameters of patients enrolled into the research. Weight is expressed in kilograms, SAPS in
points, distances in millimeters.

Kolmogorov-Smirnov

Test of Normality Mean Std. error Std. dev Median

Age 0.200 61.36 years 1.72 17.72
CWeight 082  7255kg 155 1595
Csas oot 212 220 points
Distance betweenthe

acoustic shadow and 0.121 10.45 mm 0.43 4.45

vein penetration point

Vein diameter 0.200 10.74 mm 0.29 3.03
CVeindepth 0200  201mm osa ssa
intratissue passage 0200 206mm 079 g1
CAnge 0200  315degrees os0 605

determine factors affecting malposition and failure rate. Linear
regression was used to determine factors affecting vein diameter
and depth. Normally distributed data were compared with the t
test. Comparison with prespecified data was carried out using
a one-sample binomial test. The discrimination threshold was
determined with a receiver operating characteristic (ROC) curve.

Results

In total, 108 cases were enrolled in the study. Three were
eliminated due to incomplete fulfillment of the protocol. The
proportion of men and women was almost equal: 49.5% and
50.5%, respectively. Age, weight, vein diameter, vein depth, vein

entry distance, puncture path, and angle fulfilled the normal
distribution criteria. However, the SAPSII score did not. Our
achieved distance between the vein entry point and acous-
tic shadow of the clavicle on average was 10.45 mm (SD 4.45
mm). At this point, the depth and diameter of the vein were
22.01 mm (SD 5.54 mm) and 10.74 mm (SD 3.03 mm), respec-
tively. The length of catheter intratissue passage was 42.06
mm (SD 0.79 mm). The angle between the skin and catheter
passage was 31.58° (SD 6.05°) (Table 1).

Success Rate and Complications

In all cases our used probes produced satisfactory images; both
ventral and dorsal vessel’s walls can be identified. We achieved
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Table 2. Independent factors for prediction of vein diameter and depth. Age, weight, and male gender are significant independent
prediction factors for large vein. Single independent contributor weight reliable predicts deeper vein location.

Unstandardized B

Vein diameter ~ Constant 3.513
Age oot
Cweight ooss
Sex(Female) 1137
Veindepth  Constant 7518
Cweight 199

Coefficient Standardized
std. error coefficients beta
1.587 = 0.29

""""" o166 o4 <0001
""""" 0017 o021 0006
""""" ose6 0188 o004
""""" 208 - <001
""""" 0028 os;3 <0001

Table 3. Relationship between procedure’s success and body weight, vein diameter, and depth. Weight is expressed in kilograms,

distances in millimeters.

Successful procedure Mean difference

Weight -44.80 kg
Vein diameter 4.46 mm
Vein depth -10.29 mm

Std. error difference Two-sided p value

10.56 <0.001
2.13 0.039
3.846 0.009

a success rate of 98.1% (n=103). No pneumothorax, arterial
puncture, or hematoma formation was observed. Catheter po-
sition was confirmed using postoperative chest X-rays. In 94
(91.3%) cases, correct placement was confirmed: 66 (64.1%)
were positioned in the superior vena cava and 28 (27.2%) in
right atrium. Malposition was observed in 9 (8.7%) patients: 5
(4.8%) in right jugular vein and 4 (3.9%) in left brachiocephal-
ic vein. We were not able to distinguish any predicting factors
(eg, age, weight, vein diameter, puncture angle, puncture prox-
imity) for catheter tip malposition in any location (right inter-
nal jugular vein, contralateral brachiocephalic vein). One pre-
mature catheter fall-out was observed; however, it was due
to an accidental infusion line pull.

Predictors of Vein Diameter and Depth and Successful
Catheterization

Using linear regression analysis, an equation predicting vein
diameter was generated. Age, weight, and sex were identified
as independent contributing factors:

Vein diameter prediction equation [mm]=3.513+0.071xAge[years]
+0.048xWeight[kg] -1.137 Female. R Square -0.240. Durbin-
Watson — 1.850, Std Residual — 2.619; +2.166.

However, by predicting vein depth, these demographic param-
eters showed interdependancy, therefore only weight can be
identified as reliable and significant predictor for vein depth.

Vein depth prediction equation [mm]=7.578+0.199xWeight[kg]
R Square -0.328. Durbin-Watson — 2.287, Std Residual - 2.761;
+2.656 (Table 2).

Binary logistic regression due to the low failure rate was not
able to determine factors related to procedure failure (2 cas-
es). However, an independent sample t test showed statistically
significant smaller (4.46 mm) vein diameter and deeper (10.29
mm) vein location compared to the success group (Table 3).

With only 2 procedure failures, it is difficult to make strong
conclusions, but ROC still identified a cut-off value of more
than 119.5 kg as a predictor for unsuccessful catheterization,
with AUC (area under the curve) - 0.995 (a sensitivity 99.1%
and a specificity 100%) (Figure 3).

Discussion

Long-term vein access through the subclavian vein provides
less restriction of neck mobility and a lower incidence of throm-
bosis [19]. In addition, Niccolo Buettiet al [20] reported an in-
creased risk for catheter-related blood stream infections asso-
ciated with jugular and femoral central catheters placed with
ultrasound guidance. Interestingly, this is not the case for cath-
eters placed in the infraclavicular area using ultrasound guid-
ance. Furthermore, subclavian or axillary vein catheterization
could be more convenient in several clinical scenarios, such as
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Figure 3. ROC with AUC of 0.995, predicting successful
catheterization based on weight cut-off value
119.5 kg, with sensitivity 99.1% and specificity 100%.
ROC - receiver operating characteristic; AUC — area
under the curve.

neck immobilization due to trauma, major larynx or neck sur-
gery, and noninvasive ventilation with a helmet, which makes
jugular access troublesome. Femoral access could potentially
delay the start of surgery because of its proximity to the abdo-
men in urgent laparotomy, and pelvic ring application in trau-
ma makes femoral catheterization impossible. The infraclavic-
ular area in these cases would be the most convenient route;
therefore, mastering US-guided catheterization techniques
to guarantee patient safety and central access is necessary.

The subclavian vein is defined as a continuation of the ax-
illary vein proximal to the lateral border of the first rib and
is located dorsally at the medial third of the clavicle. Using
the landmark technique, the puncture point is a short and
narrow gap between the clavicle and the costoclavicular lig-
ament [21]. Consequently, ultrasound imaging of the point
is limited by clavicular bone. However, distal vessel images
are still available, resulting in more lateral vein penetration,
likely out of the intrathoracic space. The relationship of the
vein with the first rib in practical ultrasound imaging is not
certain. Other studies have used more lateral and steeper
puncture techniques than those described in our study [22].
Therefore, some sources state that the “infraclavicular axil-
lary vein” could be a more appropriate term [21]. In our fu-
ture work, we plan to incorporate 3D CT reconstructions of
the upper thorax to describe the catheter’s relationship with
anatomical structures, which will allow us to name the punc-
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Regarding the visualization technique, we completely agree
with the recommendation of Franco-Sadud R et al [23] that
routine subclavian vein catheterization should be performed
under direct real-time ultrasound observation. Since the out-of-
plane technique cannot guarantee appropriate needle tip visu-
alization, as shown by Andrea Farina et al [24], we are certain
that the in-plane approach should become routine. Moreover,
this is advantageous in the teaching process because it in-
creases successful first-attempt catheterizations from 37%
to 69% and reduces redirections from 2.7 to 1.8 (P=0.0002)
when compared with the out-of-plane technique [25]. Initially,
the medial edge of the ultrasound transducer was placed over
the clavicle for proximal approach documentation. Recently,
we found an additional benefit to this technique. Because the
proposed Microconvex transducers [26] become irrelevant, a
wider area for needle insertion and the desired puncture an-
gle can be achieved just overlying the clavicle with the medi-
al edge of the transducer.

When compared with anatomical landmark technique-based
subclavian vein catheterization, the ultrasound-guided catheter
exit site is 2-3 cm more lateral, near the deltopectoral groove.
Whereas arm abduction in the landmark technique decreased
the success of catheterization by the second attempt from
96.2% to 84.4%, it increased pneumothorax risk from 1.9%
to 9.4% and the artery puncture risk from 2.5% to 8.8% [27].
Therefore, we decided to keep the patient’s right arm parallel
to the body. However, arm abduction reduced catheter tip mal-
position from 3.9% to 0.4% without affecting the success rate
(98.8% vs 97.1%), as shown by Ahn Hand and colleagues [28].

The rate of malposition of the axillary vein catheter tip into
the ipsilateral internal jugular vein or contralateral brachioce-
phalic vein is reported to be as high as 15% [29]. Our observed
malposition incidence (8.7%) does not significantly differ from
the landmark technique-based subclavian vein catheteriza-
tion malposition rate reported in the literature. Ultrasound-
guided subclavian vein catheterization has shown similar re-
sults (9.5%), with the ipsilateral jugular vein being the most
common site of malposition (95%) [30]. In our study, malpo-
sition in the internal jugular vein and left brachiocephalic vein
was similar (4.8% and 3.8%, respectively).

Our achieved overall success ratio of 98.1% is a significant im-
provement in comparison with the anatomic landmark tech-
nique, which is highly related to operator experience and varies
from 89.3% to 95.1% (overall success rate 92.5%, P=0.023) [5].
Our results are comparable to Hyun-Jung Shin et al’s [31] re-
ported success ratio of 95.5% when using an in-plane infra-
clavicular catheterization approach. The rate of catheter mal-
position (8.6%) did not differ significantly from that reported
in the literature (9.3%, P=0.489) [32].
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BMI >30 kg/m? is associated with aggravated subclavian vein
visualization, as shown by Stachura MR et al [19]. Obesity im-
pedes successful catheterization using an US-guided infracla-
vicular approach. We believe this is not due to inability to dis-
tinctly visualize the vessel, as the ultrasound probes we used
provided an acceptable vessel view. However, deeper vein lo-
cation leads to a steeper puncture angle and, consequently, an
inability to adequately visualize the tip of the needle and to
recognize ventral wall penetration. Use of a Microconvex trans-
ducer does not seem to help much. A study in Japan in which
the extrathoracic ultrasound-guided subclavian route was test-
ed for pacemaker/defibrillator leads implantation concluded
that further modifications of the needle are needed for better
visualization. Vein depth was comparable to that in our study
(22.7 mm) but with a very large entry angle (mean, 52.4°) [33].
In comparison to the Hai-Yan Wang et al [15] study, we found
a slightly wider maximum diameter (10.74 mm [SD 3.0 mm]
vs 8 mm [SD 3.3 mm]) and deeper location of the vein (22.01
mm [SD 5.5 mm] vs 19.3 [SD 4.5 mm]). This could be explained
by the pronounced Trendelenburg position, positive-pressure
ventilation, and different population.

The complication rate reported in the literature varies from
1.4% to 18.8% and is the highest when using the landmark
technique [5]. This discrepancy may be due to different levels
of experience of the operators and lack of standardized defi-
nitions of mechanical complications [34].

Since with an ultrasound-guided approach, the catheteriza-
tion site is more lateral and closer to the shoulder, we were
concerned that it would result in premature fall-out or exces-
sive looping in subcutaneous tissue. However, the only pre-
mature fall-out occurred due to accidental pulling of an in-
fusion line attached to the catheter. An additional benefit of
more lateral puncture sites could be a lower risk of pinch-off
syndrome, since the catheter is not inserted through the cos-
toclavicular ligament.

The ultrasound-guided supraclavicular subclavian vein ap-
proach shows promising results, with shorter puncture time
29.8 s, 4% fewer attempts needed, and less guidewire mis-
placement — 0% in comparison to the ultrasound-guided in-
fraclavicular approach (46.9 s, 22.2%, and 8.9%, respective-
ly) [35]. Moreover, it has a higher success rate (98.4%), shorter
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plest route to the central vein, but the advantageous antimi-
crobial pattern and patient comfort still need to be proven.

Limitations

All 6 anesthesiologists who participated in the study had com-
pleted residency and had at least 1 year of constant practice
in ultrasound-guided regional anesthesia. Therefore, how the
results of this study can be extrapolated to trainees or less ex-
perienced practitioners remains uncertain. We were not able
to randomize who would perform the procedure. In addition,
all catheterizations were performed in almost ideal conditions,
which contributes to a higher success rate and might not be
achievable in every clinical scenario of anesthesia practice.
Another limitation is our sample size; it was clearly too small
to detect mechanical complications, but still enough to up-
date our own hospital protocols. A low possibility exists that
late-onset pneumothorax could have been undetected; how-
ever, there were no patients with subsequent clinical signs of
pneumothorax.

Conclusions

Ultrasound-guided infraclavicular subclavian venous access
can be safely and effectively used into routine clinical prac-
tice without any additional changes in preparation protocols.
Procedure failure is mainly associated with increasing vessel
depth. Body weight above 120 kg could be a predictor of pro-
cedure failure. The incidence of catheter tip malposition in our
study is similar to those reported when using the anatomi-
cal landmark technique. We could not find factors associat-
ed with malposition.
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