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Introduction
Infraclavicular subclavian approach, cephalic vein cut down, 

and axillary vein puncture are accepted methods for implanting 
endocardial pacemaker and transvenous defibrillator leads. Even 
though the subclavian approach is a widely used method for lead 
placement in cardiac pacing, different acute complications like for 
example a 1-3% incidence of pneumothorax or hemothorax have been 
noted [1-4]. Furthermore, lead fracture due to the entrapment of the 
lead by the costoclavicular ligament and/or the subclavius muscle, has 
been presented as subclavian crush and is a major concern [5,6]. As an 
alternative method, cephalic cut down has been shown to be associated 
with a lower incidence of lead fracture but the cephalic venous 
approach requires skills in surgical cut-down technique and the vessel’s 
smaller diameter makes insertion of multiple large diameter leads 
more technically demanding [7]. As a solution to problems associated 
with cephalic vein cut down, the axillary vein puncture has been tried. 
Experience with axillary vein approach is mainly clinical and limited, 
and immediate and long term complications over other methods are 
not well established in observational studies [8,9]. 

We present our single center experience in fluoroscopy-guided 
axillary vein puncture using the modified Seldinger technique. This 
study was approved by the Institutional Review Board.

Methods
Study methods

This is a retrospective observational study done on all patients who 
underwent a pacemaker, a defibrillator device implant or lead change 

for a period of 23 months in our institution. Patient information was 
gathered by chart review, specifically from operative/procedure notes. 

Axillary vein cannulation

Clinical anatomy: The axillary vein is a large vein that is a 
continuation of the bacilic vein (Figure 1). It starts at the lower border of 
the teres major tendon and terminates immediately beneath the clavicle 
at the outer border of the first rib, where it becomes the subclavian vein. 
It is anterior and medial to the axillary artery and brachial plexus and 
partially overlaps. At the level of the coracoid process, the axillary vein 
receives the lateral cephalic vein [10].

Procedure: We access the axillary vein under fluoroscopy. An 
incision is made just medial to the coracoid process in the middle 
of the deltopectoral groove and carried inferomedially in a direction 
perpendicular to the deltopectoral groove. The incision is carried down 
to the surface of the pectoralis major muscle. The image intensifier is 
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Abstract
Introduction: The subclavian venous approach is a widely used method for venous access in device implantation 

and is associated with pneumothorax as a short term complication and lead fracture as a long term complication. The 
axillary vein approach is an alternate method for venous access, and this study evaluates the successfulness and 
immediate complications of fluoroscopy-guided axillary vein puncture compared to other venous approach methods.

Methods: This is a retrospective observational study on all patients who underwent pacemaker, defibrillator 
implant or lead change over 23 months. The fluoroscopy-guided modified Seldinger technique was used for axillary 
vein puncture and if failed, venography was performed. 

Results: Out of 261 device implants or lead changes, 210 patients underwent fluoroscopy-guided axillary vein 
puncture. The mean age of the patients was 65.43 ± 15.7 years; 96.1% were African American; 57.6% were males. 
In 194 (92.3%) patients left or right axillary vein approaches were successful by either fluoroscopy or venography 
guidance. When anatomical abnormalities were excluded the success rate for axillary vein puncture was 97% and for 
fluoroscopy-guided axillary vein puncture was 94.5 %. Multiple leads were placed without any resistance and none 
of the patients had pneumothorax, hemothorax or hematoma as immediate complications.

Conclusion: Based on this first study conducted in a relatively large consecutive United Sates patient 
population, we report that fluoroscopy-guided axillary vein puncture using the first rib as a landmark, is a safe and 
effective method for device implantation with single or multiple leads, without patients getting exposed to intravenous 
contrasts.
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pulled over to the incision and the first rib is identified. An 18 gauge 
percutaneous needle and syringe is placed on pectoralis major muscle 
in the superior aspect of the incision. Using fluoroscopy the needle tip 
is placed in the middle of the first rib (Figure 2 and 3). The angle of the 
needle and syringe is advanced from 60° to 90° as needle is advanced 

through the pectoral muscle. Needle advancement is continued until 
the first rib is struck. Once the first rib is touched, the needle and 
syringe are slowly withdrawn under suction until the vein is entered. 
If the first pass is unsuccessful the needle and syringe are moved either 
medially or laterally along the first rib, and the maneuver repeated until 

Figure 1: Anatomy of the axillary vein and superficial landmarks.

Figure 2: The angle of the needle in relationship to the first rib. Needle should be angled to 60 to 90 degrees as 
shallow angle runs the risk of entering the intercostal space, causing pneumothorax.
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the vein is entered. Once the vein is entered the guide wire is passed and 
the sheath applied per standard technique [10,11].

Multiple accesses are obtained if the patient requires dual chamber 
permanent pace maker/ defibrillator or biventricular implantable 
cardioverter defibrillator. 

The method to fix the lead at the venous access site is the one 
described by Peter Belott [12].

Results
Two hundred and sixty-one patients underwent device implant 

or lead change during the study period (Table 1). In 210 patients 
fluoroscopy-guided left axillary vein approach was performed, and in 
51 patients the subclavian or cephalic access was utilized.

The median fluoroscopy time was 6.8 seconds with a range of 0.1 

to 58.9 seconds. Table 2 presents the fluoroscopy time data for different 
procedures. 

The mean age of the patients who underwent axillary vein approach 
was 65.43 ± 15.78 years. The majority of them, 96.1%, were African 
American and 57.6% were males. 

Out of 210 patients who had axillary vein approach attempted, 
in 194 patients (92.3%) left or right axillary vein approaches were 
successful by either fluoroscopic or venography guidance (Table 1 
and Figure 4). In 16 (7.6%) patients axillary vein puncture was not 
successful and alternative sites were required.

The identified reasons for unsuccessful cannulation were 
anatomical variations/ abnormalities including persistence of left 
superior vena cava (then venous access was obtained in right axillary 
vein), venous obstruction, tortuosity of the axillary vein, and clavicular 
and rib abnormalities. Venous stenosis was also seen in two patients: a 
hemodialysis patient and an intravenous drug user. After the anatomical 
abnormalities were excluded, the success rate for axillary vein puncture 
(either fluoroscopy or venography guidance) was 97% and the success 
rate for fluoroscopy-guided axillary vein puncture was 94.5 % (Table 3).

Once the venous access was obtained, pacemaker leads or 
defibrillator leads were successfully placed via the axillary vein 
regardless of the number of leads, ranging from 1 to 3. Difficulty in 
placing introducer sheath or lead was not seen in any patients. The 
characteristics of the devices and the number of leads successfully 
placed are shown in Table 4. A total of 325 successful axillary vein 
punctures were performed. Lead removal and replacement were also 
done successfully in patients who had a preexisting device. 

The patients were watched for immediate complications clinically 
and radiographycally: postero-anterior and lateral chests X-ray were 
performed and none of the patients had pneumothorax or hemothorax 
as immediate complications. 

Discussion
Other operators have published different techniques to mark the 

position of the axillary vein, and for example the anterior side of the 
second rib was used as the guiding site for puncture site and direction 
(9). Our study used the first rib as landmark, not the second rib, and 
therefore this method prevented excessive bleeding at the puncture 
site and allowed for better and easier lead fixation. Although this could 
be considered as a technique sometimes used in the clinical practice, 
we have done a thorough literature review, and we found only one 
retrospective chart review published study conducted in a smaller 
patient population in Israel, that used the most lateral edge of the first 
rib as a fluoroscopic landmark [13].

Venous access is one of the most important steps in device 
implantation and the subclavian approach is a widely used method. 
The subclavian vein access is associated with short and long term 
complications: 1-3% of the incidence of pneumothorax or hemothorax 
as acute complications and subclavian crush phenomenon leading to 
lead fracture as a long term complication [5,6]. As shown in our study, 
axillary vein puncture is not associated with immediate complications 
[2-4].

Out of the small number of published data on axillary vein puncture 
most are non United States smaller scale studies that compare various 
methods, namely, the contrast venography-guided, the Doppler-
guided, and the ultrasound-guided puncture methods except for a 
few studies done in Israel, Japan and India with fluoroscopy-guided 

Venous puncture site Number of patients
Total left axillary  attempted 210

Left axillary  successful 190
Left axillary failed then,

 right axillary
subclavian

Cephalic cut down 

20
4
9
7

Primarily other site
   common femoral

subclavian-- left
subclavian --right
cephalic cut down

51
1
17
4
29

Total device/lead change 261

Table 1: Type of venous access obtained for device implant or lead change during 
the study period.

Procedure/
Fluoroscopy time 

(seconds)
Mean Median Standard 

deviation Minimum Maximum

1-single chamber 
pacemaker        8.0 8.7 3.0 4.3 10.8

2-dual chamber 
pacemaker 6.2 5.8 3.1 1.1 15.9

3-single chamber ICD 6.7 4.6 7.4 0.8 35.1
4-dual chamber ICD 9.1 8.1 6.1 2.2 32.0

5-bivent CRTD 18.4 15.6 11.7 4.4 58.9
6-lead replace 9.4 6.9 7.2 2.1 30.0

Table 2: Fluoroscopy time for different procedures.

Figure 3: Flouroscopic view of the axillary vein approach R-first rib, N-needle, 
V-axillary vein draining into subclavain vein.
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approach [9,11,13-15]. This study is a North-American experience 
with fluoroscopy-guided axillary vein puncture using the first rib as a 
landmark; it is done in a relatively large African-American population, 
and discusses the immediate complications of the procedure.

Our study shows that fluoroscopy-guided axillary vein puncture 
is a safe method with limited immediate complications. There was an 
overall 97% success in axillary vein puncture (either fluoroscopy-guided 
or venography-guided) after excluding failures due to anatomical 
abnormalities. Fluoroscopy-guided axillary vein puncture alone also 
had a success rate of 94.5 % after excluding failures due to anatomical 
abnormalities. 

The main advantages of fluoroscopy-guided approach are that 
patients are not exposed to the hazards of intravenous contrasts 
as in venography-guided approach, and the reduced incidence of 
pneumothorax or hemothorax. While some literature mentions 
the difficulty in measuring the depth of the vessel with fluoroscopy 
guidance we did not recognize it as a major barrier [14]. Most 
importantly, multiple access could be obtained for multiple leads to 
be inserted without any failure. We did not experience any immediate 
complications such as pneumothorax or hemothorax, and this could be 
correlated with the advanced experience of the principal investigator. 
According to the published literature, leads placed with axillary vein 

Figure 4: Flouroscopy-guided axillary vein approach.

Success rate
Patients

Number Percentage
Axillary vein puncture successful (by fluoroscopy or venogram) 194/210 92.3%

Axillary vein puncture  not successful 16/210 7.6%
Failures due to anatomical variations 10/16

Axillary vein puncture successful - after excluding anatomical variations 194/200 97%
Axillary vein puncture successful with fluoroscopy 189/210 90%

Axillary vein puncture successful with fluoroscopy - after excluding anatomical variations 189/200 94.5 %

Table 3: Success rate of right or left axillary vein puncture.
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Device type
Patients Number of 

punctures at 
axillary veinNumber Percentage

1-single chamber pacemaker 10 5.3% 10
2-dual chamber pacemaker 42 22.2% 84

3-single chamber ICD 48 25.4% 48
4-dual chamber ICD 22 11.6% 44

5-bivent CRTD 36 19% 108
6- ICD upgrade to bivent CRTD 12 6.3% 12

7-lead replace 19 10% 19
 Total 189 325

Number of leads inserted
1 74 39.2%
2 67 35.4%
3 48 25.4%

Pre-exciting leads
present 32 16.9%
absent 157 83.1%

Table 4: Characteristics of the devices /leads placed successfully with fluoroscopy-
guided left or right axillary vein approach.

approach have minimum risk for lead fracture [16]. To identify the long 
term complications including lead fracture, we will be following these 
patients for 12 to 24 months prospectively.

The main limitations of this study are the fact that this is a 
retrospective observational study, and also there is no direct comparison 
between fluoroscopy-guided axillary vein puncture and the traditional 
methods of vascular access, like venography-guided axillary vein 
puncture, cephalic vein cut down or subclavian vein puncture.

Conclusion
We report that fluoroscopy-guided axillary vein puncture using 

the modified Seldinger technique is a safe and effective method for 
the implantation of pacemaker of defibrillator device with single or 
multiple leads, and it has limited immediate complications.
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