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Comparison Between the Jugular and Subclavian Vein as Insertion Site for
Central Venous Catheters: Microbiological Aspects and Risk Factors for

Colonization and Infection

Geraldo Sadoyama and Paulo Pinto Gontijo Filho Laboratory of Microbiology - ARIMP - Federal
University of Uberlândia, Uberlândia/MG, Brazil

Bacterial counts were made of catheter insertion site and of catheter tips to help determine
risk factors associated with catheterization of the jugular and subclavian veins. Among the 116
patients included in this study, 69% had central venous catheters (CVC) in the subclavian vein.
Seven or more days catheterization (p=0.001) and ≥≥≥≥≥3 invasive devices (p=0.01) were infection
risk factors associated with catheterization of the jugular vein. More than half of the patients
presented high colony counts at the insertion site (≥≥≥≥≥200 CFU/20 cm2) and 27% of the catheter
tips were contaminated. The risk factors associated with contaminated catheter tips were ≥≥≥≥≥14
days hospital stay (p=0.02), ≥≥≥≥≥7 days catheterization (p=0.01) and antibiotic therapy (p=0.04).
Coagulase–negative staphylococci (CoNS) and Staphylococcus aureus were the most common
microorganisms at the insertion site (78%) and in the catheter tip (94%). Five patients presented
sepsis (4.1%), four caused by Staphylococci and one by GNB. Twelve patients had the same
microorganisms at the insertion site and catheter tip. We found a high prevalence of ORSA
(62.5%) and ORCoNS (57.1%) in catheter tips. The high counts of staphylococci, including
ORSA and ORCoNS, at the insertion site, and the significant association of this colonization with
catheter tip contamination, indicate that the skin is an important reservoir of microorganisms
associated with catheter-related bloodstream infection (CR-BSI). Health professionals should be
aware of this potential source of infection at the CVC insertion site.
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Infection is a potentially life-threatening complication
of central venous catheter (CVC). Many factors may
contribute to the contamination of CVC [01].
Multivariate analyses of prospective studies on risk
factors for central venous related infection rank heavy
insertion-site colonization as one of the most important
factors [02].

Contamination of CVC is a common problem in
intensive care units. Several studies have reported

contamination or colonization rates of catheters to range
between 3.8% and 4.7% [01] and incidences of
catheter-related bloodstream infections (CR-BSI) for
short-term, noncuffed, central venous catheters range
from 3% to 5%, which is much higher than that reported
for peripheral intravenous catheters [03].

We qualitatively and quantitatively evaluated
contamination with microorganisms at the skin insertion
site of CVC (subclavian or jugular vein), of catheter
tips, as well as sepsis and other risk factors associated
with these procedures.

Materials and Methods

A prospective observational study of nontunneled
CVC (116 patients) over a 11-month period was
conducted from September 2000 to June 2001at the
Clinical Surgical II Ward (33 beds) and the Intensive
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Care Unit (9 beds) of the Uberlândia Federal University
Hospital (HC-UFU).

All the CVCs (vialon biomaterial - Becton
Dickinson) followed in this trial were placed by
cannulation, without using the Seldinger technique, in
the jugular or subclavian vein by attending physicians
or supervised medical students; they used aseptic
technique for insertion, with sterile gloves, drapes,
gowns, face masks and surgical scrubbing with
povidine-iodine. The option for vascular access (jugular
x subclavian) was decided by the surgeons/physicians/
supervised medical students based on experience,
without considering the severity of the case. After the
introduction of the CVC, the skin insertion site was
cleaned with alcoholic povidine iodine solution daily.
The insertion site was inspected every 24 hours for
evidence of infection, such as erythema, purulence,
swelling, or tenderness near the catheter. The catheter
remained in place either until it was no longer needed,
or when a specific event, such as a possible catheter-
related infection, made removal necessary.

The skin at the insert site of CVC was initially
swabbed. Two samples were taken: the first, when the
catheter was inserted, and the second 5-7 days after
insertion. Approximately 20 cm2 of skin at the catheter
insertion site was cleaned with sterile pre-moistened
swabs. Each swab was then inoculated on both blood
agar and salted mannitol agar. A skin culture was
considered positive if ≥200 colony forming units (CFU)
were isolated [04]. Catheters were removed under
sterile conditions. The tips of the catheters were cut
with sterile scissors and transported to the laboratory
in tubes containing 10 mL of phosphate-buffered saline
(PBS) + 0.1% Tween 80. The cultures of the catheter
tips were conducted quantitatively, using a modified
Brun-Buisson technique: a segment of approximately
5 cm of the catheter tip was placed in a tube containing
10 mL of PBS + 0.1% Tween 80 and agitated with a
vortex for 1 minute; 0.1 mL of the liquid was inoculated
on blood agar, McConkey agar, and mannitol salt agar
[05]. The cultures were considered positive if ≥102

CFU/mL were isolated. The clinical specimens obtained
from the skin and from the tip of the CVC were
identified by traditional techniques. They were initially

classified as Gram-negative bacilli (GNB), Gram-
positive bacilli (GPB), Gram-positive cocci or yeast
fungi by Gram stain. The Gram-positive cocci were
submitted to supplemental tests, such as: catalase,
coagulase, fermentation of the mannitol and DNAse,
and were separated into S. aureus, coagulase-negative
staphylococci (CoNS) and other Gram-positive cocci.
The blood specimens were obtained by peripheral
venous puncture. The blood cultures were made by
inoculating 5-10 mL of blood in a Bactec/Alert
(Organon Teknika Corp.). bottle, an automated
commercial system Samples were identified by
traditional phenotypic tests.

A catheter-related bloodstream infection (CR-BSI)
was defined as: isolation of the same microorganism
(i.e., identical species and type of resistance) from a
semiquantitative or quantitative culture of a catheter
segment and from the blood (preferably drawn from a
peripheral vein) of a patient with accompanying clinical
symptoms and no other source of infection.
All Staphylococcus isolates were plated on Mueller-
Hinton agar, supplemented with 4% NaCl and oxacillin
(6µg/mL). The inoculum size was adjusted to yield a
final inoculum of approximately 105 CFU/mL. Oxacillin
resistance was confirmed by surface growth, after
incubation for 24 h at 30º-35ºC [06]. Statistical
significance was defined by a p value less than 0.05.
The frequencies of qualitative variables were compared
using a chi-squared test with Yates’ correction or
Fisher’s Exact Test (two-tailed). Epi Info 2000
Software (Centers for Disease Control and Prevention,
Atlanta, GA) was used to perform the statistical
analyses.

Results

Of the 116 patients included in this study, 43 were
hospitalized in the Intensive Care Unit and 73 in the
Clinical Surgical II Ward. We were able to recuperate
just half (50.9%) of the catheter tips. High rates of
contamination at the catheter insertion site were found
in about half of the patients. Most patients were
catheterized in the subclavian vein (69%). The risk
factors ≥7 days catheterization (p=0.001; RR=2.92)

CVC: Jugular and Subclavian Vein
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Table 1. Risk factors associated with central venous insertion of catheters in the jugular and subclavian vein

Table 3. Risk factors associated with colonization in the catheter tip

CVC: Jugular and Subclavian Vein

Table 2. Relationship of bacterial contamination between insertion site and catheter tip

Risk factors Insertion site

Jugular Subclavian p (RR)
N=36(%) N=80(%)

Insertion site ≥200 CFU/20cm2 21 (58.3) 38 (47.5) 0.49 (1.28)
Age ≥ 60 years 9 (25.0) 26 (32.5) 0.59 (0.78)
≥ 14 days hospital stay 25 (69.4) 50 (62.5) 0.60 (1.24)
≥ 7 days catheterization 26(72.2) 35 (43.7) 0.01 (2.22)
ICU- Care 17 (47.2) 26 (32.5) 0.19 (1.52)
Surgical Ward 19(52.8) 54 (67.5) 0.19 (0.66)
TPN2 11 (30.5) 21 (26.2) 0.79 (1.16)
Antibiotic therapy 21(58.3) 32 (40.0) 0.10 (1.66)
 ≥ 3 antibiotics 10(27.8) 15 (18.7) 0.39 (1.40)
Other invasive devices 33(91.7) 68 (85.0) 0.38 (1.63)
 ≥3 devices 22 (61.1) 31 (38.7) 0.04 (1.87)
Mortality 2 (5.5) 1 (1,2) 0.22 (2.2)
 ICU: intensive care unit; TPN: total parenteral nutrition.

Catheter tip

Insertion Site Negative Positive
(CFU/20cm2) N= 43 (%) N=16 (%)

< 200 CFU 26 (60.5) 04 (25.0)
> 200 CFU 17 (39.5) 12 (75.0)

p = 0.03 (RR=1.48).

Risk Factors Catheter tip

Positive Negative p (RR)
N=16(%) N=43(%)

Dressing 2(12.5) 6(13.9) 1.0 (0.91)
Age ³ 60 years 8(50.0) 18(41.9) 0.79 (1.27)
Hospital stay ³ 14 days 15(93.7) 26(60.5) 0.02 (6.59)
Catheterization ³ 7 days 15(93.7) 23(53.5) 0.01 (8.29)
Antibiotic therapy 15(93.7) 28(65.1) 0.04 (5.58)
 > 3 antibiotics 06(37.5) 05 (11.6) 0.05 (2.62)
Other invasive devices 16(100) 38(88.4) 0.31 (nc

*
)

 > 3 devices 07(43.7) 14(32.6) 0.62 (1.41)

* not calculated
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Table 4. Microorganisms colonizing the insertion site of the CVCs in the jugular and subclavian vein

and the use of ≥3 invasive devices (p=0.01;RR=2.09)
were gave significantly more contamination in the jugular
vein, than in the subclavian vein. No significant
differences were found between these two insertion
sites in the frequency of microorganisms (p=0.49), age
(p=0.59), hospital stay (p=0.60), ICU-care (0.19),
surgical ward (0.19), TPN (0.79), antibiotic therapy
(0.10) or mortality (p=0.22) (Table 1). Among the 59
catheter tips that were obtained and processed, about
27% were contaminated. There was a significant
correlation between contamination rates at the insertion
site and in catheter tips when there were ≥200 CFU/
20 cm2 skin surface at the catheter site
(p=0.03;RR=1.48) (Table 2). Bivariate analysis of the
risk factors associated with bacterial contamination of
the catheter tip demonstrated significant differences in
relation to hospital stay ≥14 days (p=0.02; RR=6.59),
≥7 days catheterization (p=0.01; RR=8.29) and
antibiotic therapy (p=0.04; RR=5.58) (Table 3). The
number of microorganisms at the CVC insertion site in
the jugular vein was not significantly different from that
of the subclavian vein (p=0.49; RR=1.28).
Staphylococci were the most frequent microorganisms
in the qualitative analysis of the bacterial contaminations
at these sites (jugular 75% vs. subclavian 86%); these
differences were not significant (p=0.22; RR=0.63).
The GNB (p=0.03;RR=2.31) and yeasts
(p=0.008;RR=2.48) were more frequent at the jugular
vein (Table 4), however, there were no differences in
the numbers of the most frequently isolated
microorganisms between those found on the day of

catheter insertion and 5-7 days after insertion. Among
the 116 patients, five (4.3%) presented sepsis and three
of them (2.6%) had CR-BSI. Staphylococcus aureus
was isolated in eight (50%), five of these samples were
ORSA (62.5%), and seven CoNS (43.7%); 571% of
the CoNS were resistant to oxacillin. Among the 16
contaminated catheter tips, just one (6.3%) was GNB.
Microorganisms detected at the insertion site and within
the catheter tip were the same in 12 of the 16 samples,
and in three of these 12 patients, the same
microorganism was detected in the blood. There were
no differences in the frequency of isolates resistant to
oxacillin or to antimicrobial use (p=0.52) in the patients
who had staphylococci at the insert site and in the
catheter tip (Table 5).

Discussion

The risk factors for CVC infections include: the use
of a multilumen catheter, hemodialysis, catheterization
for ≥4 days, difficulty in catheter insertion, prolonged
stay in the ICU before catheter insertion and insertion
site contamination [07]. Another study associated CVC
infections with: insertion sites contaminated with
>50CFU of CoNS or contaminated with any other
microorganisms or cutaneous contamination of the site
with >102 CFU [08].

Half of the patients in our study were contaminated
at the insertion site with ≥102 CFU. This proportion is
high compared to the less than 17% found in other
studies [4,9]. The HC-UFU routine does not include

CVC: Jugular and Subclavian Vein

Microorganisms Insertion site

Jugular Subclavian p (RR)
N=36(%) N=80(%)

Gram-positive cocci 30(83.3) 74(92.5) 0.24 (0.58)
Staphylococci 27(75.0) 69(86.3) 0.22 (0.63)
Other cocci 03 (8.3) 05 (6.2) 0.70 (1.23)
Gram-negative bacilli 06(16.7) 03 (3.8) 0.04 (2.34)
Yeasts 08(22.2) 04 (5.0) 0.007(2.69)
Others 01 (2.8) 02 (2.5) 1.0 (1.01)
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Table 5. Qualitative and quantitative analysis of Staphylococcus aureus and Staphylococcus spp. at the insertion
site, inside the catheter tip and in the blood

occlusive dressing of wounds at the insertion site of the
catheter, although this practice is considered a category
II procedure [10]. This fact could be the reason for
the high rate of contamination found in our study.

Although there have been no previous randomized
trials comparing the insertion of CVCs in the jugular
and subclavian veins, some studies found a lower
frequency of infection with catheterization in the
subclavian than in the jugular vein [11,12]. However,
clinicians must weigh this potential benefit against the
higher risk of mechanical complications at this site. Also,
observational studies made with dialysis catheters have
suggested the contrary [13,14].

In our study, the significant risk factors for
contamination at the jugular vein were: ≥7 days
catheterization and ≥3 invasive devices. This indicates
that the patients with catheters at this site were more
seriously affected and therefore required more care by
the health workers.

Although central venous catheters can be
contaminated by blood flow from a distal site [15], the

available data show that intravascular catheters can
easily become colonized externally by microorganisms
from the patient’s cutaneous microflora. Microorganisms
can also contaminate the catheter hub where the solution
feed tubing attaches to the catheter, or they may gain
access to the fluid column and be infused directly into
the patient’s bloodstream [16]. The relative importance
of colonization sources in the catheter and subsequent
infection has been widely debated. Raad et al. have
suggested that skin colonization is associated with short-
term catheters, while hub colonization is common in
long-term catheters [17]. The strategies to make
transcutaneous access to microbes more difficult, such
as the use of more potent antiseptic agents, use of
catheters with antimicrobials (antiseptics and
antibiotics), and strict use of barrier measures during
insertion, have helped to prevent the contamination of
catheters and CR-BSI. Nevertheless, these practices
are costly, except for the latter (maximal barrier
precautions) [18]. This precaution measure was not
considered in our study.

Patient Insert Therapeutic Insertion Catheter Microorganism Microorganism Microorganism
vein use of anti- site (≥≥≥≥≥ 200 tip in the insertion in the catheter in blood

microbials CFU/20 cm2) ≥≥≥≥≥ 102 CFU  site tip

1 Sub + + + ORSA1 ORSA ORSA
2 Sub - + + ORCoNS2 ORCoNS _
3 Sub + + + ORSA/ORCoNS ORSA _
4 Sub + + + ORSA/OSSA3 ORSA _
5 Jug + + + OSSA OSSA OSSA
6 Sub + + + ORCoNS ORSA _
7 Sub + - + ORCoNS4 GNB5 _
8 Sub + - + ORCoNS ORCoNS _
9 Jug + + + OSCoNS OSCoNS _

10 Sub + + + OSCoNS ORCoNS _
11 Sub + + + OSSA OSSA OSSA
12 Sub + + + ORSA/OSCoNS OSCoNS _
13 Sub + + + ORCoNS/ORSA ORSA _
14 Sub - + + OSSA OSSA _
15 Sub - + + ORCoNS/OSCoNS ORCoNS OSCoNS
16 Jug - - + OSSA/OSCoNS OSCoNS GNB

Sub=subclavian; Jug=jugular; 1 Oxacillin resistant Staphylococcus aureus; 2 Oxacillin resistant coagulase negative staphylococci.
3 Oxacillin susceptible Staphylococcus aureus; 4 Oxacillin susceptible coagulase negative staphylococci; 5 Gram-negative bacilli.
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The contamination rates in the catheters can vary
according to catheter type, and some studies have
demonstrated prevalence rates of bacterial
contamination in CVCs of from 4.7% to 70% [19,20].
In our study the contamination rate was 27% and there
was a significant relationship (p=0.03) between
contamination in the catheter tip and at the insertion
site (≥102CFU).

The device that poses the greatest risk for CR-BSI
today is the CVC: up to 75% of CR-BSI originate
from CVCs. These catheters inserted percutaneously
into the subclavian or jugular vein have shown rates of
CR-BSI in the range of 3.3%-5.1% [21]. Our findings
demonstrated a rate of CR-BSI of 2.6%.

Among the microorganisms most frequently found
in the CVC-related infections are: CoNS, S. aureus,
Enterococcus spp., Candida spp., Corynebacterium
spp, Klebsiella spp. and Enterobacter spp. [22].
Sheretz [23] demonstrated that CoNS and
Staphylococcus aureus are associated with CVC
infections (28% and 16%, respectively) and they come
from the skin. In our investigation there was no
quantitative difference in the numbers of the most
frequent microorganisms at the jugular versus the
subclavian vein. However, qualitative analysis indicated
a significantly higher presence (p < 0.05) of GNB and
yeasts in the jugular vein. Some reports suggest that
CVCs at this site become more infected by these
microorganisms than those in the subclavian vein due
to the proximity of the oropharynx, higher temperatures
and difficulty in maintaining the dressing in place [09].
Staphylococci resistant to oxacillin (ORSA and
ORCoNS) are increasing common, especially in
tertiary and/or teaching hospitals: 34% in Brazilian
institutions, 34% in American hospitals, and about 1.8-
54% in European countries [24]. Oxacillin-resistant
staphylococci are commonly resistant to various
antimicrobial substances, which makes it difficult to treat
these types of infections; in Brazil the choice of
treatment is usually empirical [25]. ORCoNS isolates
can have prevalence rates of up to 85.5% [26,27],
while ORSA can reach rates of 81% [27, 28]. The
rates of 62.5% and 57.1% for ORSA and ORCoNS,
respectively, were high in our series, considering that

the patients were not in critical care units (Surgical).
Among the risk factors for colonization/infection by
multiresistant staphylococci are the use of antimicrobial
substances [29,30]. However, in our study,
antimicrobial substance use was not associated with
an increased frequency of resistant strains at the
insertion site and in the catheter tip, as about 80% of
the patients that had an ORSA/ORCoNS isolate at
the insertion site/catheter tip were being treated with
antimicrobial substances and half of the patients with
susceptible isolates were also using these substances.
Though we studied relatively few patients (n=116), our
results suggest that there is a potential risk when not using
occlusive dressings in routine care of CVC as more than
the half of the patients had high counts of staphylococci
at the insertion site of CVCs. A significant association of
the type of isolate at the insertion site and in the catheter
tip also confirmed the importance of the skin as a CR-
BSI reservoir. Although patients with catheters in the
jugular vein were more severely ill and therefore had a
greater bacterial contamination/infection risk when
compared to those with CVC in the subclavian vein,
there were no quantitative differences in the skin
contamination of the insertion site nor was there a greater
contamination of the catheter tips in this vein.
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