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M. González-Hernández a, A. Nolasco-Bonmatı́ b

aDepartment of Preventive Medicine, Alicante University General Hospital, Alicante, Spain
bDepartment of Community Nursing, Preventive Medicine and Public Health and History of Science,
Alicante University, Alicante, Spain
A R T I C L E I N F O

Article history:
Received 23 May 2013
Accepted 22 April 2014
Available online 15 May 2014

Keywords:
Catheter-related bloodstream
infection
Central venous catheter
Primary bloodstream infection
Surveillance
Infection control
* Corresponding author. Address: Unidad de
Baeza, 12, 03010 Alicante, Spain. Tel.: þ34 9

E-mail address: sanchez_jos@gva.es (J. Sá
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S U M M A R Y

Background: Surveillance programmes have become the most effective tool for control-
ling catheter-related bloodstream infections (CRBSI). However, few studies have investi-
gated programmes covering all hospital settings.
Aim: To describe the results of a control and prevention programme for CRBSI based on
compliance with recommendations for insertion and maintenance, using annual burden of
disease in a tertiary level hospital.
Methods: A CRBSI control and prevention programme involving all hospital settings was
implemented. The programme consisted of CRBSI surveillance, direct observation of
insertion and maintenance of catheters to determine performance, and education for
healthcare workers.
Findings: In total, 2043 short-term catheters were inserted in 1546 patients for 18,570
catheter-days, and 279 long-term catheters were inserted in 243 patients for 40,440
catheter-days. The annual incidence density was 5.98 (first semester 6.40, second semester
5.64) CRBSI per 1000 catheter-days for short-term catheters, and 0.57 (first semester 0.66,
second semester 0.43) CRBSI per 1000 catheter-days for long-term catheters. One hundred
and forty insertion procedureswere observed,with an average insertion timeof 13 (standard
deviation 7) min. Compliance with recommendations was as follows: hand hygiene, 86.8%;
use of alcoholic chlorhexidine solution for skin disinfection, 35.5%; use ofmask, 93.4%; use of
gloves, 98.7%; use of gown, 75.0%; use of sterile cloth, 93.8%; use of cap, 92.2%; bandage
application, 62.7%; and use of aseptic technique, 89.5%. Forty-fivemaintenance procedures
were observed, and compliance rates were as follows: hand hygiene, 42.1%; use of gloves,
78.1%; and port disinfection with alcoholic chlorhexidine solution, 32.5%.
Conclusion: The CRBSI control and prevention programme implemented at the study
hospital has decreased the rate of CRBSI, provided important information about the total
burden of disease, and revealed possible ways to improve interventions in the future.
ª 2014 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
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Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhin.2014.04.008&domain=pdf
mailto:sanchez_jos@gva.es
www.sciencedirect.com/science/journal/01956701
http://www.elsevierhealth.com/journals/jhin
http://dx.doi.org/10.1016/j.jhin.2014.04.008
http://dx.doi.org/10.1016/j.jhin.2014.04.008
http://dx.doi.org/10.1016/j.jhin.2014.04.008


H.R. Martı́nez-Morel et al. / Journal of Hospital Infection 87 (2014) 165e170166
Introduction

Bacteraemia is among the top four causes of healthcare-
associated infection, and is most commonly related to the
use of central venous catheters.1e3 In Europe, the rate of
catheter-related bloodstream infections in intensive care units
(ICUs) is estimated to range between 1 and 4.2 per 1000
catheter-days,4,5 although it has been reported to reach 13.3
per 1000 catheter-days.6 Clinical guidelines for safe insertion
and maintenance of intravascular catheters exist,7,8 but
compliance is inadequate9e12 and there is wide variation in
practice across hospitals.

The main tools for controlling catheter-related bloodstream
infections are surveillance programmes and associated education
campaigns for healthcare workers involved in catheter insertion
or maintenance.13e19 Implementation of these programmes
markedly reduces the rate of catheter-related bloodstream in-
fections, and rates stay low in settingswhere programmes remain
active.20 Infection control strategies have been well studied in
ICUs, mainly due to the high prevalence of use of central venous
catheters in these units.21,22 However, the absolute number of
patients with a central venous catheter is higher outside ICUs,
and in some centres, the prevalence of catheter-related blood-
stream infections is higher outside ICUs.23,24 Furthermore, risk
factors for catheter-related bloodstream infections and control
strategies are different outside ICUs,24,25 and some groups of
patients outside ICUs, including those receiving parenteral
nutrition, those on dialysis and those using tunnelled central
venous catheters, require special precautions.

As a consequence, the evaluation of infection control pro-
grammes requires a systematic assessment of catheter-related
bloodstream infections in different hospital settings.26 This
study aimed to describe the total annual burden of disease of
catheter-related bloodstream infections in a tertiary level hospi-
tal, including all settings with patients with central venous cath-
eters and other types of catheters; and to describe a control and
prevention programme for catheter-related bloodstream in-
fections based on measuring compliance with recommendations
for the insertion and maintenance of central venous catheters.
Methods

Study population

A catheter-related bloodstream infection control and pre-
vention programme, involving all hospital settings, was
implemented in a tertiary university hospital. The hospital has
900 beds and 3000 healthcare workers, providing coverage to
300,000 people and serving as point of referral for almost two
million people. The programme consisted of three main ac-
tivities: surveillance of central venous catheters; observation
of compliance with recommendations for insertion and main-
tenance of central venous catheters; and education for
healthcare workers, distribution of leaflets about the recom-
mendations, and feedback of the surveillance findings to the
hospital settings after the first five months. Education courses
were initiated with the programme and were delivered to
groups of 10 healthcare workers on a three-weekly basis
(60 min during work time). The education courses covered safe
catheter handling, hand hygiene, barrier precautions and
biomedical waste management.
Surveillance of catheter-related bloodstream
infection

Surveillance included all patients with central venous
catheters inserted at the Alicante University General Hospital
between February 2009 and December 2009. The period from
February to June 2009 was termed the ‘first semester’ and the
period from July to December 2009 was termed the ‘second
semester’. All central venous catheters were included from
insertion until removal, death of the patient or the diagnosis of
catheter-related bloodstream infection. Catheters were
defined as short term or long term based on intended life span.
Short-term catheters were supported for a maximum of 90
days, and included Swan Ganz, epicutaneous, Sheldon, drum-
cartridge and standard one-, two- or three-lumen catheters.
Long-term catheters were skin tunnelled, and included Hick-
man, Port-A-Cath and Permcath catheters. Follow-up was
extended to six months for long-term central venous catheters.

In both semesters, a nurse gathered information on a daily
basis about all central venous catheters inserted at the hospi-
tal. Data on patient characteristics (age, sex, main diagnosis),
intrinsic risk factors (obesity, malignancy, diabetes, neu-
tropenia, burns, immunosuppression) and extrinsic risk factors
(urinary catheter, peripheral line, nasogastric tube, arterial
catheters, major surgery, chemotherapy, invasive procedures)
for catheter-related bloodstream infection, catheter charac-
teristics (insertion date, hospital setting, type of catheter,
insertion site, number of lumens, urgent insertion) and pres-
ence of catheter-related bloodstream infection were
collected. Catheter-related bloodstream infection was
defined, in accordance with the criteria of the Centers for
Disease Control and Prevention,7 as the presence of one or
more positive blood cultures and a positive catheter tip cul-
ture, whereby the same organism (species and antibiogram) is
isolated and not related to another site of infection. Two
positive blood cultures or at least one blood culture and
physician-instituted appropriate antimicrobial therapy were
required in cases of possible skin contaminants. In borderline
cases (e.g. colony count slightly below the limit), a systematic
review of medical records was conducted, and the case was
considered positive if catheter-related bloodstream infection
was diagnosed and the patient underwent treatment with
appropriate antibiotics. In the study hospital, all catheters
with suspected infection are cultured routinely using a quan-
titative method. Incidence densities of catheter-related
bloodstream infections were measured for the full year and
then in each semester to assess changes over the year.
Measurement of compliance with effective, proven
recommendations

Observation periods of 30e60 days were undertaken in each
hospital setting (ICU, operating room, paediatric ICU, recovery
room and radiology) to verify the insertion of central venous
catheters, with at least one observation period performed in
each semester. For each observed insertion procedure, a nurse
checked compliance with recommended safety measures for
insertion. The variables observed were: operator (staff or resi-
dent); insertion time; hand hygiene; use of alcoholic chlorhex-
idine solution; use of barrier methods (mask, sterile gown,
sterile drapes, sterile gloves, cap); use of sterile dressings; use



Table II

Characteristics of short- and long-term catheters

CVC characteristics Short-term
catheters

Long-term
catheters

CVCs, N 2043 279
Catheter-days, N 18,570 40,440
Type of CVC, % (N)

Standard 75.0 (1533) e

Swan Ganz 10.8 (222) e

Epicutaneous 6.1 (125) e

Hickman e 27.6 (77)
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of aseptic technique; and if all personnel who participated in
the procedure had complied with the recommendations.

Observation periods lasting 2 h were undertaken in each
inpatient unit to verify the maintenance of central venous
catheters. Compliance with recommendations was checked
each time a healthcare worker handled a central venous
catheter. The variables recorded were: hand hygiene; use of
gloves; and disinfection of ports with alcoholic chlorhexidine
solution before handling.

Statistical analysis

Percentages were used to describe categorical variables, and
means with standard deviations or medians with interquartile
ranges (IQR) were used to describe quantitative variables. Inde-
pendent variables and catheter-related bloodstream infection
were compared by univariate analysis, using Chi-squared test for
categorical variables, and Student’s t-test or Mann-Whitney U-
test for continuous variables. Incidence density was calculated
for catheter-related bloodstream infection episodes per 1000
catheter-days, and incidence rate ratios with 95% confidence
intervalswere compared between the first and second semesters
using Poisson regression analysis. P < 0.05 was taken to indicate
statistical significance. Statistical Package for the Social Sciences
Version 10 (SPSS Inc., Chicago, IL, USA) and Epidat Version 3.1
(Xunta de Galicia, Santiago de Compostela, Spain and Pan
American Health Organization/World Health Organization,
Washington, DC, USA) were used for statistical analyses.

Results

In total, 2043 short-term catheters were inserted in 1524 pa-
tients for 18,570 catheter-days, and 279 long-term catheters
were inserted in 243 patients for 40,440 catheter-days.
Table I

Patient characteristics and risk factors for catheter-related
bloodstream infection

Short-term CVC Long-term CVC

Patients, N 1524 243
Age in years,
median (IQR)

60 (39e72) 51 (30e66)

Male sex, % (N) 61.2 (932) 56.8 (138)
Intrinsic risk factors,
% (N)
Obesity 7.2 (110) 4.5 (11)
Neoplasia 22.7 (346) 64.2 (156)
Neutropenia 1.3 (20) 18.1 (44)
Diabetes 18.9 (288) 18.1 (44)
Burns 0.9 (14) 0 (0)
Immunosuppression 3.1 (47) 14.4 (35)

Extrinsic risk factors,
% (N)
Urinary catheter 73.4 (1119) 9.9 (24)
Peripheral line 64.6 (985) 51.8 (126)
Nasogastric tube 51.1 (779) 5.3 (13)
Arterial catheter 52.6 (802) 4.5 (11)
Mechanical ventilation 20.3 (309) 3.3 (8)
Chemotherapy 5.9 (90) 43.2 (105)
Surgery 49.8 (759) 7.4 (18)

CVC, central venous catheter; IQR, interquartile range.
Characteristics of patients and risk factors for catheter-related
bloodstream infection are summarized in Table I. Characteris-
tics of both short- and long-term catheters are shown in Table II.
For short-term catheters, the median duration of use was seven
days (IQR four to 12 days). The most common catheter site was
the jugular vein, followed by the subclavian and femoral veins. A
standard three-lumen catheter was used most commonly in all
hospital settings. Catheters inserted in the operating theatre by
anaesthesiologists were removed sooner than catheters inserted
in other units, and catheters inserted in interventional radiology
remained in use for longer periods and were primarily inserted in
internal medicine patients. For long-term catheters, the median
duration of usewas 183 days (IQR 109e184 days). Themajority of
long-term catheters were inserted in patients with malignancy
and undergoing chemotherapy, with a high prevalence of neu-
tropenia. The most common insertion site was the jugular vein.
Catheter-related bloodstream infection

One hundred and eleven catheter-related bloodstream in-
fections were identified in short-term catheters, compared
with 23 catheter-related bloodstream infections in long-term
Port-a-Cath e 39.1 (109)
Permcath e 33.3 (93)
Other 7.9 (163) e

CVC location, % (N)
Subclavian vein 21.1 (431) 11.1 (31)
Jugular vein 49.3 (1008) 82.4 (230)
Femoral vein 19.3 (394) 2.9 (8)
Other 10.3 (210) 3.6 (10)

Parenteral nutrition, % (N) 18.6 (381) 1.8 (5)
Number of lumens, % (N)

1 11.6 (237) e

2 12.6 (257) e

�3 75.8 (1549) e

Hospital setting, % (N)
ICU 31.3 (640) e

Operating theatre
(anaesthesiologists)

40.2 (821) e

Recovery room
(anaesthesiologists)

8.3 (169) e

Neonatal ICU 6.2 (127) e

Interventionist radiology 5.9 (120) 54.1 (151)
Operating theatre
(surgeons)

e 23.7 (66)

Operating theatre
(paediatric surgeons)

0.9 (18) 15.4 (43)

Other 7.2 (148) 6.8 (19)

CVC, central venous catheter; ICU, intensive care unit.



Table III

Annual burden of disease (incidence density per 1000 catheter-
days) of catheter-related bloodstream infection

Short-term
catheters

Long-term
catheters

Annual incidence
density

(N CRBSI/catheter-days)

5.98 (111/18,570) 0.57 (23/40,440)

First semester
incidence density

(N CRBSI/catheter-days)

6.40 (53/8287) 0.66 (16/24,206)

Second semester
incidence density

(N CRBSI/catheter-days)

5.64 (58/10,283) 0.43 (7/16,234)

Incidence rate
ratio (95% CI)

0.81 (0.08e7.74) 0.67 (0.07e6.42)

CRBSI, catheter-related bloodstream infection; CI, confidence
interval.
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catheters. Incidence density rates for the entire year and the
two semesters are shown in Table III. Higher rates of infection
were found in catheters inserted in the femoral vein (8.7% vs
other 3.9%; P < 0.001), catheters used for parenteral nutrition
(8.4% vs 3.8%; P< 0.001), and catheters with more lumens (one
lumen, 1.7%; two lumens, 2.4%; three lumens, 5.7%; P< 0.001).
The micro-organisms identified in short-term catheters were:
coagulase-negative staphylococci, 46.8%; Pseudomonas aeru-
ginosa, 20.7%; Candida spp., 8.1%; Enterobacteriaceae, 13.5%;
Enterococcus spp., 3.6%; Staphylococcus aureus, 3.6%; and
other, 3.6%. Micro-organisms identified in long-term catheters
were: coagulase-negative staphylococci, 61.1%; Candida spp.,
4.8%; Enterobacteriaceae, 9.5%; Enterococcus spp., 4.8%;
Staphylococcus aureus, 4.8%; and other, 14.3%. No cases of
meticillin-resistant Staphylococcus aureuswere identified, and
33% of Enterobacteriaceae were extended-spectrum beta-
lactamase producers.

Compliance with recommendations during insertion
and maintenance procedures

In total, 140 catheter insertion procedures in all hospital
settings were observed (70 h of observation). The average time
for insertion was 13 (standard deviation 7) min. Compliance with
recommendations was as follows: hand hygiene, 86.8% (81.6%
and 95.5% in first and second semesters, respectively); use of
alcoholic chlorhexidine solution for skin disinfection, 35.5%
(34.0% and 37.5%); use of mask, 93.4% (87% and 100.0%); use of
gloves, 98.7% (100.0% and 98.1%); use of gown, 75.0% (64.2% and
100.0%); use of sterile cloth, 93.8% (91.4% and 94.3%); use of
cap, 92.2% (88.6% and 100.0%); bandage application, 62.7%
(50.0% and 93.8%); and use of aseptic technique, 89.5% (88.3%
and 90.2%). All staff who participated in a given procedure
complied with the recommendations in 78.9% of cases (68.7%
and 93.9% in first and second semesters, respectively). Forty-five
maintenance procedures were observed, and compliance rates
were as follows: hand hygiene, 42.1%; use of gloves, 78.1%; and
port disinfection with alcoholic chlorhexidine solution, 32.5%.

Discussion

To the authors’ knowledge, this is the first study to obtain
data on the annual burden of disease of catheter-related
bloodstream infections in a tertiary hospital, covering all hos-
pital settings, and including short- and long-term catheters.

A low level of compliance with some recommendations was
observed during insertion or maintenance of catheters in the
study hospital, in agreement with other studies.25 This suggests
that in addition to the promotion of clear and updated clinical
guidelines, there is a need for continuing staff education and
periodic checks to assess gaps in practice and establish im-
provements. This study found significant deficiencies in hand
hygiene and port disinfection during catheter maintenance,
while these practices were performed with acceptable
compliance during insertion procedures. Low use of alcoholic
chlorhexidine solution was observed, as healthcare workers
preferred to use povidone-iodine before catheter insertion,
and aqueous chlorhexidine solution for catheter care. This
corresponds with the progressive but slow availability of col-
oured alcoholic chlorhexidine solution in all hospital settings.
Compliance with almost all parameters improved in the second
semester, but the number of procedures observed was small. A
one-year study may have been too short to expect a significant
improvement in compliance. The deficiencies in safety mea-
sures observed during catheter insertion (performed by doc-
tors) and maintenance (performed by nurses) were different.
Therefore, there is a need for refresher courses for homoge-
neous groups, stressing the infection control practices ac-
cording to each professional role. The courses should also be
periodic and cyclic, because healthcare workers who attend
more courses appear to be more likely to comply with
recommendations.27

The incidence of catheter-related bloodstream infection in
the study hospital is higher compared with other hospitals with
similar characteristics.6,15 According to the EPINE study,28

bacteraemia has increased in Spanish hospitals in recent
years, becoming the third leading cause of healthcare-
associated infection. This study identified a high percentage
of coagulase-negative staphylococci and a low percentage of
Gram-negative bacteria, especially in long-term catheters.
This pattern is related to the inclusion of all wards, because if
the ICU is considered alone, coagulase-negative staphylococci
were found in 39.2% of catheters, similar to other ICU-based
studies.6,13 Catheter-related bloodstream infection declined
in all hospital settings after six months of the programme. The
decrease was not significant, possibly because the follow-up
time was short, but it is hoped that this will become signifi-
cant with maintenance of the programme. This intervention
does not imply an obligation or sudden change in the routine of
professionals, but rather a gradual process of self-management
through the improvement of knowledge about recommenda-
tions and the importance of compliance, and more individual-
ized recommendations according to each professional role.

There are limited studies on catheter-related bloodstream
infection in long-term central venous catheters, and most were
conducted on specific population groups, such as patients with
cancer or receiving haemodialysis. There are still important
unresolved issues, such as whether or not to remove the device
when an infection is diagnosed, the validity of certain tech-
nologies and devices, and handling techniques to avoid
contamination.29 This study reported the total burden of dis-
ease of catheter-related bloodstream infection, device char-
acteristics and patient characteristics. After starting the
programme, the number of long-term catheter-related blood-
stream infections decreased, although this was not significant.
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The impact of catheter-related bloodstream infections in long-
term catheters is greater than that in short-term catheters, so
there is a need for further study to identify appropriate mea-
sures to avoid complications related to the use of long-term
catheters.

The limitations identified are specific to this type of study. It
is impossible to determine the degree of improvement that was
attributable to the programme, rather than that due to the
presence of a surveillance system itself. Compliance with
recommendations may have been overestimated, because the
healthcare workers may have improved their performance as
they were being observed by a person outside their usual team
(Hawthorne effect). In the study hospital, the presence of
observers is not a novelty, as this method had been in use for
four years prior to this surveillance. Direct external observa-
tion of catheter insertion needs the cooperation of the units to
notify the observer before proceeding. This could generate
selection bias, and led to a small sample size in the present
study. However, it does permit the collection of very reliable
data.

In conclusion, the control and prevention programme
implemented at the study hospital has decreased the rate of
catheter-related bloodstream infection, provided important
information about the total burden of disease, and revealed
possible ways to improve interventions in the future.
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