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Background and Purpose: Central venous catheter (CVC) infection is a common problem during hospitalization
and nosocomial bloodstream infection in these patients is associated with increased morbidity, mortality, and
health care cost. This prospective study examined the risk factors of CVC-related infections.

Methods: During a 6-month period, a total of 281 patients who underwent central venous catheterization after
general surgery were enrolled.

Results: The mean duration from CVC insertion to the development of infection was 7.12 days. The rate of bloodstream
infection without isolation of the same organism from the catheter was 1.4% (4/281). The rate of catheter-related
bloodstream infection was 6.0% (17/281). The rate of catheter bacteremia, defined as positive culture from a catheter
blood sample in a patient without signs of infection, was 8.5% (24/281). The incidence of catheter-related bloodstream
infection was 7.5/1000 catheter-days. Risk factors for catheter-related infection on univariate analysis included
place of insertion (operating room or surgical ward), total parenteral nutrition (TPN), more than 3 tubings, and
duration of catheterization. TPN was a significant risk factor in the logistic regression analysis.

Conclusions: Established infection control guidelines should be rigorously observed with regard to catheter use
and various risk factors controlled to prevent the occurrence of CVC-related infection, especially in patients receiving

TPN.
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| ntroduction

Central venous catheter (CVC) infection is a common
problem. In patients with compromised immunity,
bacteria and fungi can more easily migrate from the
skin surrounding the catheter insertion site and colonize
at the catheter tip [1-3]. The increase in the prevalence
of CVC use has been accompanied by a corresponding
increase in cases of catheter-related sepsis. Previous
studies estimated that 20-30% of nosocomial
bloodstream infections were associated with CVCs
[4-7]. These studies also found CVC colonization
or contamination rates ranging from 3.8-4.7%, and
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catheter-related infection rates from 2.5-25% [4-7].
Given that nosocomial bloodstream infection resultsin
higher morbidity, mortality, and health care cost, there
should be good infection control and aquality assurance
program to prevent infection [8]. Severe digestive tract
disorders frequently occur in patients after general
surgery and a CVC isfrequently inserted for parenteral
nutrition support [9,10]. This study was conducted to
assess the risk factors for catheter-related infectionsin
patients undergoing general surgery.

M ethods

The study was conducted from July 1, 2002 to December
31, 2002. All patients who underwent central venous
catheterization at general surgery wards of a medical
center or who were transferred to genera surgery wards
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within 24 h after undergoing central venous catheteri-
zation in operating roomswere enrolled in this prospective
study. Data for patients were collected for as long as
the patient retained the CVC under any circumstances,
until CVC removal due to stabilization of clinical
condition or death. Patients who received repetitive
insertion of CVC were excluded from the study.

When central venous catheterization(ARROWg*ard
Blue® [Arrow International Inc., Reading, PA, USA]
catheter, 7 Fr. x 20 cm) was performed, maximal
precaution was always taken. The doctors responsible
for the procedure washed their hands by the standard
procedure and wore masks, sterile gowns and gloves.
Theinsertion site was covered with sterile drapes after
disinfecting with 10% povidone-iodine [11] and then
with 70% alcohol. The disinfectant was allowed to
remain on the skin for at least 30 sec to air-dry before
inserting the catheter. After the catheter was inserted,
the insertion site was sutured and covered with sterile
trangparent membranes (Tegaderm™; 3M, St. Paul, MN,
USA). No topical antimicrobial ointment was applied
to the insertion site. The procedures performed were
the same both in the wards and operation rooms. The
insertion site was regularly observed for any symptoms
or signs of redness, swelling, heat, pain or suppuration.
The dressings were changed every 3 days and the
injection site was disinfected using 10% povidone-
iodine. After the catheter had been inserted, it was
normally connected to the tubing through a hub. The
hub was not used in drawing blood.

After removal, the catheter tip was cultured
immediately with the roll-plate semi-quantitative
method. Blood culture was immediately taken from the
catheter after its insertion and before its removal.
Peripheral venous blood cultures were performed if the
insertion site showed signs of redness, inflammation,
heat, tenderness or the patient experienced unexplained
fever.

Bloodstream infection was defined as isolation of
bacteria from peripheral venous blood in a patient with
systemic inflammatory response syndrome, while other
infection sources were excluded. Catheter-related
bloodstream infection was defined as isolation of the
same organism from a semi-quantitative culture of a
catheter tip and a peripheral blood culture with systemic
inflammatory response syndrome, after exclusion of
other infection sources [12]. Catheter bacteremia was
defined as isolation of bacteriafrom culture of ablood
sample obtained via the catheter in a patient without
clinical symptoms of sepsis. Colonization of the catheter
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tip was defined as the finding of more than 15 colony-
forming units of bacteriain the semi-quantitative culture
from the catheter tip in a patient without clinical
symptoms of sepsis [12,13]. Exit site infection was
defined as signs of erythema, tenderness, induration or
exudate over the skin within 2 cm around the insertion
siteinthe absence of concomitant bloodstream infection.
Patients who had bacteremia before insertion or positive
blood culture obtained from the catheter immediately
after insertion were excluded from this study. Non-
infection was defined to include those patients who did
not receive antimicrobial therapy and develop sepsis
whether positive culture or not. Catheter bacteremia
and colonization of the catheter tip were classified as
non-infection.

Several continuous factors, including age, gender,
underlying diseases, place of insertion (operating room
or surgical ward), site of insertion (jugular vein or
others), use of parenteral nutrition, use of blood products,
use of pain control device, number of tubings, use of a
3-way hub, operations, types of wound (clean, clean-
contaminated, contaminated, and dirty-infected [14]),
use of antibiotics, and duration of catheterization were
analyzed using Student’s't test. Categorical variables
were analyzed using chi-squared test or Fisher’s exact
test. The duration of catheterization, use of parenteral
nutrition, number of tubings, and place of insertion,
which were statistically significant in Student’s t test,
were analyzed using logistic regression model. Epi
info 6.02 software (USD Inc., Stone Mountain, GA,
USA) and the Statistical Package for the Social Sciences
(SSPS) for Windows (Version 10.0; SPSS, Chicago,
IL, USA) were used to process odds ratio and 95%
confidence interval values. A value of p<0.05 was
considered to be statistically significant.

Results

During the 6-month study period, atotal of 281 patients
underwent central venous catheterization. The mean
duration from CV C insertion until its removal was 7.12
days. None of the patients experienced mechanical
complications after CV C insertion. The mean number
of catheter days without infection sign at the insertion
site was 5.8 days. The rate of bloodstream infection
was 1.4% (4/281), the rate of catheter-related
bloodstream infection was 6.0% (17/281), the rate of
catheter bacteremia was 8.5% (24/281), the rate of
colonization of the catheter tip was 5% (14/281), and
the rate of exit site infection was 0.7% (2/281).
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Table 1. Analysis of risk factors
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Risk factor Infection (n = 23) Non-infection (n = 258) OR (95% Cl) p
Age (mean * SD; years) 66.74 + 11.89 63.99 + 15.51

=76 6 66 1.027 (0.393-2.712) 0.958
Gender

Female 5 73 0.421 (0.509-3.968) 0.501
Underlying diseases

Diabetes mellitus 11 24 0.471 (0.022-3.791) 0.749

Malignancy 7 95 0.823 (0.281-2.402) 0.889
Place of insertion 8.001 (3.012-21.648) 0.000

Operating room 9 216

Ward 14 42
Site of insertion 1.879 (0.594-5.944) 0.276

Jugular 19 232

Others 4 26
Use of TPN 19 43 23.750 (7.676-73.289) 0.000
Use of PPN 7 48 1.914 (0.746-4.909) 0.171
Use of blood products 3 48 0.656 (0.187-2.298) 0.507
Use of PCD 4 48 0.921 (0.300-2.831) 0.886
No. of tubing =3 8 32 3.767 (1.479-9.590) 0.003
No. of 3-way >1 5 37 1.659 (0.580-4.474) 0.340
Operation 17 240 0.79 (0.390-1.591) 0.488
Type of wound 0.993

Clean 1 17

Clean-contaminated 13 183

Contaminated 2 29

Dirty-infected 1 11
Use of antibiotics 20 224 1.010 (0.261-4.532) 1.000
Duration of catheterization (mean + SE) 9.87 + 4.06 6.88 + 4.08

>7 days 16 87 4.493 (1.782-11.329) 0.001

Abbreviations: OR = odds ratio; Cl = confidence interval; SD = standard deviation; TPN = total parenteral nutrition; PPN = partial
parenteral nutrition; PCD = pain control device; 3-way = 3-way hub connected to the central venous catheter; SE = standard error

Catheter-related bloodstream infection was
combined with exit site infection in 4 patients. The
incidence of catheter-related bacteremia was 7.5/1000
catheter-days. The mean duration between changing
dressing was 2.3 days. The main causes of changing
dressing were regular order (48.2%), loosening of
dressing (22.7%), exudate (14.1%), and return from
operating room (12.5%).

Table 1 shows the results of risk factor analysis
of infections which included bloodstream infection
(n=4), catheter-related bloodstream infection (n = 17),
and exit siteinfection (n = 2). The patients were divided
into groups by age 76, since a quarter of patients were
older than 76 years. The factors which were statistically
significant for CV C-related infections included place
of insertion, total parenteral nutrition (TPN), more
than 3 infusion linesin asingle CVC, and duration of
catheterization. The types of wound were not associated
with CV C-related infections (p=0.99). Diabetes mellitus
and malignancy were not associated with CV C-related
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infections. None of the 102 patients with malignancies
received chemotherapy during the hospitalization.
Only 1 patient, who took oral prednisolonefor systemic
lupus erythematosus, received corticosteroid therapy
during hospitalization. As shown in Table 2, TPN
was a significant risk factor in the logistic regression
analysis. Asshown in Table 3, the most frequent isolates
were coagul ase-negative staphylococci (23.66%), fungi
including Candida spp. (20.51%), Staphylococcus
aureus (11.83%), Gram-positive cocci (10.75%), and
enterococci (8.6%). The 4 isolates from bloodstream
infection were viridans group streptococcus (50%),
Praoteus spp. (25%), and Candida albicans (25%). The
17 isolates from catheter-related bloodstream infection
were coagulase-negative staphylococci (41.18%),
S aureus (23.53%), enterococci (17.65%), Enterobacter
cloacae (5.88%), C. albicans (5.88%), and Candida
norvegensis (5.88%). The most frequent isolates from
the colonization of catheter tip were Gram-positive cocci
(35.71%) and yeast (35.71%).
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Table 2. Logistic regression of risk factors

Variables RC SE OR (95% Cl) p

Duration of catheterization 0.939 0.606 2.558 (0.780-8.383) 0.121
Use of TPN 1.927 0.685 6.868 (1.793-26.309) 0.005
No. of tubing =3 -0.957 1.122 0.384 (0.043-3.465) 0.394
Place of insertion -0.820 0.613 0.440 (0.132-1.464) 0.181

Abbreviations: RC = regression coefficient; SE = standard error; OR = odds ratio; Cl = confidence interval; TPN = total parenteral

nutrition
Discussion

CVCs have extensive clinical applications, particularly
in intensive care. But catheter use may cause a variety
of mechanical complications, such as pneumothorax,
hemothorax, bleeding and thrombosis, and infectious
complications, of which catheter-related sepsis poses
the highest risk [2]. Previous studies reported a
prevalence of infection at theinjection site ranging from
2.99-24% [15,16] which was higher than the 0.7% rate
found in this study.

Table 3. Results of organism culture

In this study, catheterization for more than 7 days
was arisk factor for infections on Student’s t test, but
not in the logistic regression analysis. A previous
study found that intravascular catheter use for more
than 48 h was arisk factor for infection [17]. Ullman
et a suggested catheter replacement once every 7 days
to reduce catheter-related sepsis[18]. The meantimein
place for al linesin their study was 13 days, and 45%
(14/31) of the catheters and 30% (28/93) of the lumens
had bacteriaor fungi isolated. In astudy of colonization
and sepsis in critically ill patients who had CVCs

Peripheral blood Cathetered blood Catheter tip Total (%)
Isolate n =224 n=>52 n =281 n =557
Inf N-Inf Inf N-Inf Inf N-Inf
Total 21 14 7 6 17 28 93 (16.70)
Gram-positive cocci
Coagulase-negative staphylococci 7 5 2 1 7 0
Staphylococcus aureus 4 0 2 0 4 1 11 (11.83)
Gram-positive cocci (unclassified) 0 0 0 0 0 10 10 (10.75)
Enterococcus spp. 3 1 0 1 3 0 8 (8.60)
Viridans group streptococcus 2 0 0 0 0 0 2 (2.15)
Gram-negative Bacilli
Enterobacter cloacae 1 0 1 0 1 0 3 (3.29)
Acinetobacter junii 0 2 0 0 0 0 2 (2.15)
Citrobacter freundiii 0 0 0 1 0 1 2 (2.15)
Enterobacter aerogenes 0 0 0 1 0 1 2 (2.15)
Acinetobacter baumannii 0 0 0 0 0 1 1 (1.08)
Acinetobacter johnsonii 0 1 0 0 0 0 1 (1.08)
Flavobacterium spp. 0 1 0 0 0 0 1 (1.08)
Klebsiella pneumoniae 0 0 0 0 0 1 1 (1.08)
Proteus spp. 1 0 0 0 0 0 1 (1.08)
Stenotrophomonas maltophilia 0 1 0 0 0 0 1 (1.08)
Gram-negative bacilli (unclassified) 0 0 0 0 0 1 1 (1.08)
Gram-positive Bacilli
Bacillus spp. 0 3 0 0 0 0 3 (3.23)
Gram-positive bacilli (unclassified) 0 0 0 0 0 1 (1.08)
Fungi
Yeast 0 0 0 1 0 10 11 (11.83)
Candida albicans 2 0 1 0 1 0 4 (4.30)
Candida norvegensis 1 0 1 0 1 0 3 (3.23)
Candida parapsilosis 0 0 0 1 0 1 2 (2.15)

Abbreviations: Inf = infection; N-Inf = non-infection
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replaced every 48-72 h or 73-120 h, Mantese et al
reported that positive tip cultures were found in 35%
of all catheters, with 39% in the 48 -72 h group and
29% in the 73-120 h group displaying no significant
difference between groups [4]. In our study, the mean
of number of catheter-days without infection signs
at the insertion site was 5.8 days and 0.7% (2/281) of
patients developed exit site infection. The prevalence
of catheter-related bloodstream infection was 7.5/1000
catheter-days.

Catheter-related infections frequently occurred
when catheter insertion was performed in the ward in
this study. Doctors who performed CVC insertion
were residents in wards and anesthesiol ogists in the
operating room in this study. The cause of the higher
rates of infection among patients with catheter insertion
performed in wards may have been due to incomplete
precaution of isolation and lower skill level among
operators. Cronin et al reported that colonization of
central venous line occurred in 27% of patients, and that
heavily manipulated devicesand thosein placefor longer
periods of time were the most frequently colonized [1].
Education of residents about the necessary precautions
and skills required to perform CVC catheterization is
mandated.

This study showed that TPN was a significant risk
factor for CV C-related infection inthelogistic regression
analysis. Other studies also reported similar findings
[19,20]. In our previous study, duration of TPN and
frequency of catheter insertion werethe main risk factors
for catheter-related infections in multivariate logistic
regression analysis[21]. Dimick et al [22] and Eggimann
et al [23] found that proper insertion and care of catheters
are essential to avoid infection. Personnel must have a
high level of training when TPN infusion is used.

The prevalence of CVC use has led to a 2-3-fold
increase in primary nosocomial bloodstream infections
in the past decade [24]. The relative frequencies of
coagulase-negative Staphylococcus, Candida spp.,
S aureus, and enterococci as etiologic agents of these
infections haveincreased significantly [24]. Our findings
were similar to these reports.

Periphera blood samplesfrom the patients classified
as having non-infection yielded 14 different species of
isolates. These isolates, including coagul ase-negative
Staphylococcus, Acinetobacter junii, Acinetobacter
johnsonii, Flavobacterium spp. and Bacillus spp., are
all common skin commensals [11] and no specific
procedures were performed before drawing the blood.
Stenotrophomonas maltophilia was isolated from 1
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patient, but no sepsis developed and no antimicrobial
therapy was given, suggesting it might have been a
contaminant. One Enterococcus spp. was isol ated after
replacing the Foley catheter and it might have been due
to atransient bacteremia. A true ‘gold standard’ for
differentiating pathogens from contaminants does not
exist [25] and the judgment must be made on both
microbiological and clinical grounds. Interpretation of
positive blood culturesis critical and should receive due
attention, especially for commensal organisms.

This study demonstrated that factorsincluding place
of insertion, TPN, more than 3 tubings, and duration
of catheterization were significantly associated with
infection in general surgery patients. TPN was the only
independent risk factor inthelogistic regression analysis.
Established infection control guidelines should be
rigorously observed with regard to catheter use and
various risk factors controlled to prevent the occurrence
of CVC-related infection, especialy in patientsreceiving
TPN.
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