
© 2013 Restrepo Valencia et al. This work is published by Dove Medical Press Ltd, and licensed under Creative Commons Attribution – Non Commercial (unported, v3.0)  
License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted without any further 

permission from Dove Medical Press Ltd, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Ltd. Information on how to 
request permission may be found at: http://www.dovepress.com/permissions.php

International Journal of Nephrology and Renovascular Disease 2013:6 215–221

International Journal of Nephrology and Renovascular Disease Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
215

O ri  g in  a l  R e s e a r c h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/IJNRD.S46788

Hemodialysis catheter implantation in the axillary 
vein by ultrasound guidance versus palpation  
or anatomical reference

Cesar A Restrepo Valencia1

Carlos A Buitrago Villa1

Jose A Chacon Cardona2

1Internal Medicine, Nephrology, 
2Epidemiology, Caldas University, 
Manizales, Colombia

Correspondence: Cesar A Restrepo 
Valencia  
Associate Professor, Universidad 
de Caldas, Department Clinico, 
Facultad de Ciencias para la Salud, 
Calle 25 Nro 48-57, Manizales, 
Caldas, Colombia 
Tel +57 6 873 3060 Ext 31262 
Email caugustorv@une.net.co

Background: We compared the results of four different methods of hemodialysis catheter 

insertion in the medial segment of the axillary vein: ultrasound guidance, palpation, anatomical 

reference, and prior transient catheter.

Methods: All patients that required acute or chronic hemodialysis and for whom it was deter-

mined impossible or not recommended either to place a catheter in the internal jugular vein 

(for instance, those patients with a tracheostomy), or to practice arteriovenous fistula or graft; 

it was then essential to obtain an alternative vascular access. When the procedure of axillary 

vein catheter insertion was performed in the Renal Care Facility (RCF), ultrasound guidance 

was used, but in the intensive care unit (ICU), this resource was unavailable, so the palpation 

or anatomical reference technique was used.

Results: Two nephrologists with experience in the technique performed 83 procedures during 

a period lasting 15 years and 8 months (from January 1997–August 2012): 41 by ultrasound 

guidance; 19 by anatomical references; 15 by palpation of the contiguous axillary artery; and 

8 through a temporary axillary catheter previously placed. The ultrasound-guided patients 

had fewer punctures than other groups, but the value was not statistically significant. Arterial 

punctures were infrequent in all techniques. Analyzing all the procedure-related complications, 

such as hematoma, pneumothorax, brachial-plexus injury, as well as the reasons for catheter 

removal, no differences were observed among the groups. The functioning time was longer in 

the ultrasound-guided and previous catheter groups. In 15 years and 8 months of surveillance, 

no clinical or image evidence for axillary vein stenosis was found.

Conclusion: The ultrasound guide makes the procedure of inserting catheters in the axillary 

veins easier, but knowledge of the anatomy of the midaxillary region and the ability to feel the 

axillary artery pulse (for the palpation method) also allow relatively easy successful implant 

of catheters in the axillary veins.
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Introduction
The ideal vascular access placement for hemodialysis patients is the arteriovenous 

fistula. In a significant number of patients receiving acute or chronic hemodialysis 

therapy, transitory or long-term catheters are necessary. For the placement of central 

vein catheters, the blood vessels are located via anatomical references, palpation of 

contiguous arteries, or visualization of the arteries with ultrasound. In recent years, 

ultrasound has gained popularity and is currently the technique recommended by many 

scientific societies and institutions.1–3 However, ultrasound is frequently not available, 

and thus it is still necessary, both for daily practice and for the physician in training, 

to know the anatomical references and structures surrounding the veins to puncture 
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or to acquire the ability to recognize them by palpating the 

arteries adjacent to the central veins. For many years, it has 

been common to cannulate axillary veins in their medial seg-

ment in patients for whom it is impossible to cannulate the 

internal jugular veins. In addition, for many years, we used 

anatomical references and palpation techniques to gain access 

to the axillary vein.4 With the recent acquisition of ultrasound, 

we have a new resource for inserting catheters in the axillary 

vein. We present here many years of experience in the axillary 

implantation of catheters by various techniques.

Materials and methods
All participating patients were treated in the procedure room 

of the Renal Care Facility (RCF) and Intensive Care Unit 

(ICU) in Manizales (Caldas, Colombia, South America). 

The patients had an indication of dialysis (acute or chronic), 

and it was determined to be impossible or not recommended 

(patients with tracheostomy) to use the internal jugular vein 

or to practice arteriovenous fistula or graft. It was required 

that we use vascular access. The study was performed 

over the course of 15 years and 8  months (from January 

1997–August 2012). The insertion of catheters in RCFs in 

recent years (since October 2007) were ultrasound-guided; 

in the ICUs, because of the absence of sonographic assis-

tance, the catheters always were inserted by anatomical 

reference and palpation techniques. Demographic variables 

and procedure-related complications were evaluated. All 

patients or first-grade relatives gave consent to perform the 

procedure. It was not considered necessary to receive the 

approval of the ethics committee, as the procedure was not 

experimental and its use represented only a single choice 

for central venous access. In all cases, a chest X-ray was 

obtained to confirm the placement of the catheter. For the 

anatomical reference technique, the description made by 

Taylor and Yellowlees was used;5 in these cases, the patients 

were obese, and it was not possible to palpate the axillary 

artery pulse. For the palpation technique, it was possible to 

feel the artery pulse in the middle axillary region each time, 

and the puncture was made immediately caudal to the artery. 

For the ultrasound-guided technique, we used Sonofine EUS 

B2 (Gauges North West, Southport, UK) equipment with a 

lineal transducer of 5–7.5 MHz.

In all cases, the patency of the catheter was verified and 

the procedure was successful if the catheter gave a pump 

flow equal or superior to 300 mL/minute by at least 2 weeks. 

A technical failure was considered to have happened if this 

goal were not achieved.

Statistical analysis
We developed a database in Excel (Excel 2011 for Mac) 

(Microsoft Corporation, Redmond, WA, USA) that was 

analyzed using SPSS 14.5 (IBM Corporation, Armonk, NY, 

USA) and Epi-Info™ (Centers for Disease Control and Pre-

vention, Atlanta, GA, USA). Bivariate analyses were taken 

as a dependent variable of the complications, and using an χ2 

test, the comparisons were made with a statistical significance 

level less than 0.05.

Results
Two nephrologists who had experience with the procedure 

made the insertions over a period of 15 years 8  months, 

from January 1997 to August 2012. We have not recorded 

the total number of catheter inserted in central veins that we 

performed over the last 15 years, but we have inserted a total 

of 551 catheters in RCFs and ICUs in Manizales during the 

last 2 years (Table 1). A total of 83 axillary catheter insertions 

were attempted in 51 men and 32 women, with a mean age 

of 59.7 ± 16 years (69 patients with chronic kidney disease 

and 14 with acute kidney injury). The main causes of chronic 

kidney disease were diabetic nephropathy and hypertensive 

Table 1 Catheters inserted by the authors during the last 2 years

Location Year and type of renal failure

2011 2012

Acute hemodialysis Chronic hemodialysis Acute hemodialysis Chronic hemodialysis

Cuffed 0 54 2 35
Femoral 0 7 0 8
Jugular 0 46 2 24
Axillary 0 1 0 3
Noncuffed 100 124 119 116
Femoral 78 30 96 24
Jugular 22 90 22 89
Axillary 0 4 1 3
Sum 100 178 121 151
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Figure 1 Long-term catheter in axillary vein.

Figure 2 Ultrasound guidance axillary vein cannulation.

Figure 3 Palpation technique axillary vein cannulation.

nephropathy, and the main causes of acute kidney injury 

were acute tubular necrosis associated with renal ischemia 

and sepsis. Sixteen catheters were long-term (Figure 1), and 

66 were temporary. In 41 procedures, the ultrasound-guided 

technique was used (Figure 2); in 19, the anatomical refer-

ence technique was used; in 15, the palpation of the axillary 

artery was used (Figure 3); and in the remaining 8 cases, 

the catheter was placed over a vein previously cannulated 

by another axillary catheter (usually when a temporary 

catheter was replaced by a permanent one). The main factor 

that prompted the use of axillary vein access in the ICU was 

the presence of a tracheostomy (Figure 4); in the RCF, it was 

the impossibility of obtaining any other access or practicing 

arteriovenous fistula or graft (Table 2).

The successful implantation of the catheters was achieved 

in 78 patients (93.98%), while the procedure failed in 

five patients: two by nonlocalization of the vein (one for 

anatomical references and another by palpation technique) 

Figure 4 Axillary vein implantation in patient with tracheostomy.

and three by abnormal catheter placement (one for anatomical 

references and two for ultrasound-guided technique).

The number of punctures needed to obtain the proper 

insertion was slightly less with ultrasound guidance, but the 

difference was not statistically significant. The number of 

artery punctures was similar in all groups.

In the meantime, catheter use was retained longer in the 

palpation-guided and previous transitory catheter groups, 

but this length of time was probably longer because in these 

groups many long-term catheters were used (Table 3).

Analyzing both techniques, the procedure-related compli-

cations (hematoma, pneumothorax, brachial plexus injury), 

and the reason to remove the catheter, there were no differ-

ences among the groups (Tables 3 and 4).

In the 15 years and 8 months of the study, nonclinical evi-

dence for axillary vein stenosis was found, but it is important 

to note that the maximum usage time was observed in patients 

with a previous catheter as a guide, at 216 ± 222 days.
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Table 3 Complications

Anatomic guide Palpatory guide Sonographic guide Previous catheter guide

Successful insertion
  Yes 18 13 39 8
  No 2 1 2 0
Punctures  
(number, means)

30 in 20 patients  
(mean, 1.57)

22 in 14 patients 
(mean, 1.38)

55 in 41 patients 
(mean, 1.34)

0

Artery punctures 2 2 1 0
Average time of use (days) 51 ± 39 123 ± 265 53 ± 67 216 ± 222
Removal cause
  In use 0 1 2 6
  TrPD 4 1 2 1
  RTr 0 0 1 1
 CC I 1 1 14
  RFR 2 2 1
 C Tro 2 2 7
  Death 3 6 8
 C RS 2 0 3
 A -VF 4 0 2
 A cR 0 0 1
Malposition 1 0 0
Soft tissue hematoma 1 0 0 0
Pneumothorax 0 0 0 0
Brachial plexus injury 0 0 0 0
Axillary vein stenosis 0 0 0 0

Abbreviations: TrPD, transfer to peritoneal dialysis; RTr, renal transplantation; CCI, cuffed catheter implant; RFR, renal function recovery; CTro, catheter thrombosis; 
CRS, catheter related sepsis; A-VF, arterio-venous fistula; AcR, accidental removal.

Table 2 Baseline characteristics of study patients according to the method used for the guide

Anatomic guide  
(n = 19)

Palpatory guide  
(n = 15)

Sonographic guide  
(n = 41)

Previous catheter guide  
(n = 8)

Age (years) 52 ± 18 64 ± 11 59 ± 17 67 ± 14
Sex
  Male 10 13 25 3
  Female 9 2 16 5
Acute kidney injury 4 5 5 0
Chronic kidney disease 15 10 36 8
Kidney disease etiology
 H N 2 2 6 3
  DN 5 4 3 3
  Unk 6 3 5 1
 CG  1 0 2 1
  BCN 1 1 1 0
 C IN 1 1 0 0
  Isch ATN 1 1 4 0
 S ept AKI 2 3 1 0
  RN 1
 C IntN 2
 SS  1
  ON 5
Procedure indication
  OANP 15 10 37 8
  Trc 4 5 4 0
Catheter type
 C uffed 2 3 4 8
  Noncuffed 17 12 37 0

Abbreviations: HN, hypertensive nephrosclerosis; DN, diabetic nephropathy; Unk, unknown; CG, chronic glomerulonephritis; BCN, bilateral cortical necrosis; 
CIN, contrast induced nephropathy; Isch ATN, ischemic acute tubular necrosis; Sept AKI, septic acute kidney injury; RN, reflux nephropathy; CIntN, chronic interstitial 
nephritis; SS, systemic sclerosis; ON, obstructive nephropathy; OANP, other access was not possible; Trc, tracheostomy.
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Table 4 Complications analysis according to variables

Variables Complication P

Hematoma Artery  
puncturen %
n %

Guide
 A natomic 1 33.3 2 66.7 NS
 S onographic 0 0.0 1 100.0 NS
  Impossibility 0 0.0 1 100.0 NS
  Palpatory 0 0.0 2 100.0 NS
Sex
  Female 1 25.0 3 75.0 NS
  Male 0 0.0 3 100.0 NS
Renal failure type
 A cute 1 33.3 2 66.7 NS
 C hronic 0 0.0 4 100.0 NS
Kidney disease etiology
  BCN 0 0.0 1 100.0 NS
  DN 0 0.0 1 100.0 NS
 SE PT AKI 1 50.0 1 50.0 NS
  Unk 0 0.0 3 100.0 NS
Procedure indication
  OANP 0 0.0 5 100.0 NS
  Trc 1 50.0 1 50.0 NS
Catheter type
  Noncuffed 1 14.3 6 85.7 NS
 C uffed 0 0.0 0 0.0 NS
Result
 S uccessful 1 20.0 4 80.0 NS
  Failure 0 0.0 2 100.0 NS
Vein
  Right 1 33.3 2 66.7 NS
 L eft 0 0.0 2 100.0 NS
  Neither 0 0.0 2 100.0 NS
Removal cause
 C tro 0 0.0 1 100.0 NS
  Death 0 0.0 1 100.0 NS
  In axillary artery 0 0.0 1 100.0 NS
  RFR 1 50.0 1 50.0 NS
  TrPD 0 0.0 1 100.0 NS
  Not applicable 0 0.0 1 100.0 NS
Age group
  Younger than 50 years 1 20.0 4 80.0 NS
  Between 50 and 75 years 0 0.0 2 100.0 NS
  Older than 75 years 0 0.0 0 0.0 NS
Time of use
 L ess than 15 days 0 0.0 3 100.0 NS
  Between 15 and 30 days 1 33.3 2 66.7 NS
  Between 30 and 60 days 0 0.0 1 100.0 NS

Abbreviations: BCN, bilateral cortical necrosis; DN, diabetic nephropathy; 
Sept AKI, septic acute kidney injury; Unk, unknown; OANP, other access was 
not possible; Trc, tracheostomy; CTro, catheter thrombosis; RFR, renal function 
recovery; TrPD, transfer to peritoneal, dialysis; NS, not significant.

Discussion
Different methods are used to implant central vein catheters; 

the success of the procedure is directly related to daily expe-

rience with the technique. The use of anatomical references 

and the palpation method to identify the veins before the 

cannulation attempt is based on the assumption of a given 

vessel location. With this information in mind, the physician 

then performs a blind insertion of the needle until obtaining 

blood. In the RCFs and the ICUs of Manizales, it is common 

to puncture different venous beds,4–9 one of which is the axil-

lary vein. In a relatively recent publication, we presented our 

experience with the axillary vein cannulation by anatomical 

guidance and by palpation of the adjacent axillary artery.4

The axillary veins have their origin in the axillary fold, 

and they turn into the subclavian vein at the level of the exter-

nal rim of the first costal arch (Figure 5). They are divided 

into three segments, proximal, middle (posterior), and distal, 

related to the pectoralis minor muscle. The muscle’s location 

is entirely extrathoracic, and its position does not change with 

the rotation of head, such as with jugular access.10 Axillary 

vein cannulation is not easy because of its deep location, and 

for this reason it is necessary to go through the entire pectora-

lis major muscle (Figure 6). The muscle’s palpation by poorly 

trained hands is difficult in edematous patients or in those 

with a big adipose panicle. This is why we need both proper 

knowledge of the anatomical references of the infraclavicular 

region or the ability to locate the adjacent axillary artery by 

palpation. In spite of the difficulty previously mentioned in 

the location of the axillary vein, its use is secure because 

Internal jugular vein

External  jugular vein

Innominate vein

Subclavian vein

Axillary
vein

Axillary fosa

Heart

Brachial vein

Inferior cava
 vein

Figure 5 Axillary Catheter For Hemodialysis, an Alternative Vascular Access. 
Nefrologia. 2008;1:77–81.
Note: © 2008 Sociedad Española De Nefrologia. Reproduced with permission 
from Restrepo Valencia CA. Catéter axilar para hemodiálisis, un acceso vascular 
alternativo. [Axillary catheter for hemodialysis, an alternative vascular access]. 
Nefrologia. 2008;28(1):77–81.4
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Pectoralis major muscle

Deltoid muscle

Biceps brachial
 muscle

Figure 6 Pectoralis major muscle.
Note: © 2008 Sociedad Española De Nefrologia. Reproduced with permission 
from Restrepo Valencia CA. Catéter axilar para hemodiálisis, un acceso vascular 
alternativo. [Axillary catheter for hemodialysis, an alternative vascular access]. 
Nefrologia. 2008;28(1):77–81.4

of its extrathoracic position, as it is entirely surrounded by 

soft tissues, and because of its constant anatomical relation 

adjacent to the axillary artery.

The use of ultrasound guide could overcome, in theory, 

the previously mentioned difficulties in locating the axillary 

vein by performing the procedure with echographic and real-

time visualization of the vein and the needle.

In 2001, the Agency for Healthcare Research and Quality, 

in the document “Making Health Care Safer: A Critical 

Analysis of Patient Safety Practices,” recommended using 

ultrasound for the insertion of central vein catheters.11

To use a sonographic guide, transducers with a frequency 

major or equal to 7 MHz are recommended because they give 

superior resolution of superficial structures.

In different publications, complications related to central 

vein access were analyzed for patients not receiving dialysis, 

and a significant reduction in the complication index was 

detected using ultrasound as a guide, as well as a lower level 

of technique failure, a superior possibility of success in the 

first puncture, and a lower index of artery punctures.12–14

Guidelines for performing ultrasound-guided vascular 

cannulation were recently presented by the American Society 

of Echocardiography and the Society of Cardiovascular 

Anesthesiologists,15 recommending that physicians with 

proper training use real-time ultrasound whenever possible 

during the internal jugular vein cannulation, both to obtain a 

better result and to reduce the incidence of associated com-

plications with big catheter insertions. This recommendation 

is in category A and has level 1 evidence. For subclavian vein 

implantation, this recommendation is in category A and has 

level 3 evidence.

The central vein catheter implantation for hemodialysis 

could generate a bigger risk, because of its big diameter 

and associated conditions, such as uremic environment, that 

predispose to hemorrhagic complications. For this reason, 

the Kidney Disease Outcomes Quality Initiative 2006 guide-

lines recommend sonographic identification of central veins 

before the insertion procedure for hemodialysis catheters.1

In dialysis patients, a recent meta-analysis and systemati-

cal review that included seven proofs including 830 central 

vein catheters inserted by ultrasound guide versus anatomi-

cal references concluded that the use of an ultrasound guide 

significantly reduced the risk of failing during the catheter 

implantation, the first puncture failure, artery puncture, 

hematoma, and in general, in the total number of punctures. 

This study had the inconvenience of not clearly discriminat-

ing the vascular beds used for puncture.16

In our experience, in recent years, with the acquisition 

of ultrasound equipment, ultrasound guidance has been rou-

tinely implemented during the insertion of axillary catheters 

in the RCF whenever jugular vein access was not possible. 

However, outside the RCF, we continued using nonultra-

sound guidance techniques.

In a large number of procedures, we observed that implan-

tation of catheters in the axillary vein is relatively easy if you 

have the training, and ultrasound guidance achieved a slight 

decrease in the number of punctures without a significant 

reduction in complications associated with the procedure 

(Table 3). It is important to note that the number of procedures 

performed using ultrasound guidance exceeds that of each of 

the other groups, although it is likely that if we extended the 

number of the latter, the results may be different.

It is not our intention to go against current international 

recommendations, but we think future nephrologists first need 

to be familiar with the techniques of insertion of hemodialysis 

catheters by anatomical reference and palpation of arteries 

adjacent to venous beds (axillary, carotid, and femoral) before 

learning the ultrasound-guided technique. This recommendation 

could equip the nephrologist with the ability to successfully face 

difficult situations when no ultrasound guidance is available.
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