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Long-term sustainability of zero central-line
associated bloodstream infections is possible with
high compliance with care bundle elements

E. Hakko,’ S. Guvenc,? I. Karaman,’? A. Cakmak,? T. Erdem? and M. Cakmakci*
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ABSTRACT Central-line-associated bloodstream infection (CLABSI) is one of the most important problems in
intensive care units (ICUs) worldwide. A bundle of CLABSI care measures was introduced at a 13-bed medical/
surgical ICU in Kocaeli, Turkey in January 2010. Compliance rates with the bundle were measured atthe beginning
of the third quarter of 2010 until June 2013 and compared with CLABSI rates. During the post-intervention period,
of 2196 ICU patients, 732 lines placed for 4366 line-days were monitored. Feedback to staff reinforced a culture
of patient safety in the ICU. Infection rates remained zero for 38 months after the implementation. There was a
strong negative correlation between bundle compliance rate and CLABSI rates. With the implementation of the
central-line bundle of care, together with emphasis on high compliance with all its components and a culture of
patient safety, it was possible to achieve and maintain a zero rate of CLABSI in this ICU.

La pérennité d’'un taux zéro d'infection sur cathéter central est rendue possible par un haut niveau
d'application des éléments de I'ensemble de soins

RESUME Les infections sur cathéter central sont|'un des problémes les plus importants dans les unités de soins intensifs
au niveau mondial. Un ensemble de soins dispensés en cas d'infections sur cathéter central a été introduit dans une
unité de soinsintensifs médicaux et chirurgicaux de 13 lits a Kocaeli (Turquie) en janvier 2010. Le degré d'application de
I'ensemble de soinsaété évalué du débutdutroisieme trimestre 2010 jusqu'ajuin 2013 etcomparé auxtauxd'infections
sur cathéter central. Au cours de la période suivant l'intervention, parmi les 2196 patients ayant séjourné dans |'Unité
des soins intensifs, 732 cathéters centraux posés pendant 4366 jours cumulés ont été soumis a observation. Le retour
d'information fourni au personnel a permis de renforcer la culture de la sécurité du patient en unité de soins intensifs.
Les taux d'infections sont restés nuls pendant les 38 mois ayant suivi la mise en ceuvre. Il existait une forte corrélation
négative entreledegré d'applicationdel'ensemble de soinsetlestauxd'infectionssurcathétercentral. Lamise en ceuvre
de cetensemble de soins concernantles cathéters centraux, associée al’accent mis surle degré d'application de toutes
ses composantes et une culture de la sécurité du patient, a permis d'atteindre et de maintenir un taux zéro d'infection
sur cathéter central dans cette unité de soins intensifs.
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Introduction

Central-line-associated bloodstream
infection (CLABSI) is one of the most
important problems in intensive care
units (ICUs) worldwide. Such infections
are associated with a high morbidity
rate and excess utilization of medical re-
sources. In the United States alone, there
are an estimated 80 000 catheter-related
bloodstream infections, with 28 000
deaths every year. The average cost of
care for a single patient with this infection
is approximately US$ 45000 and the
total annual expenditure is around US$
2.3 billion (1). CLABSI s associated with
increased length of ICU and hospital
stays by 2.4 and 7.5 days, respectively (2).
According to the National Healthcare
Safety Network (NHSN) 2004 report,
the median rate of CLABSI in ICUs of
all types ranges from 1.8 to 5.2 per 1000
catheter-days. However, the NHSN
benchmarks continue to decrease the
rates to an ultimate goal of near zero (3).
The call for elimination of CLABSI has
gained international attention (4,5).

Reported intervention studies have
shown success in reduction of CLABSI
rates but few have reported long-term
improvements. Recently, interventions
for control of CLABSI have been for-
mulated into a so-called “bundle” of rec-
ommendations for care (6) that helps
providers to deliver more consistent
care by giving a set structure to an event
with all the steps being “all-or-nothing”
events which are either performed or
not performed (7). With the goal in
mind, we implemented a bundle of care
in the medical/surgical ICU in a hospi-
tal in Turkey. This paper reports how
we achieved and sustained a zero rate of
CLABSI for 3 years after the immediate
post-intervention period.

Study design and setting

This was a 4-year observational cohort
study at Anadolu medical centre, which

is 2 209-bed, non-profit private hospital
in Gebze district of Kocaeli province,
Turkey. It includes a 13-bed medical/
surgical ICU. The nursing to patient
ratio is on average 1:2 and rarely 1:3.

Patients

All patients who were admitted to the
ICU from January 2010 to December
2013 and who received a central venous
catheter were prospectively included
in the study. The Centers for Disease
Control and Prevention case definition
for CLABSI was used: 1) patient has
a recognized pathogen cultured from
one or more blood cultures, and the
organism cultured from blood is not
related to an infection at another site; 2
patient has at least one of the symptoms
fever (> 38 °C), chills or hypotension;
positive laboratory results not related
to an infection at another site; and a
common skin contaminant (ie. diph-
teroids [ Corynebacterium spp.]. Bacillus
spp. [not B. anthracis], Propionibacterium
spp., coagulase-negative staphylococci
lincluding S. epidermidis], viridans
group streptococci, Aerococcus spp. or
Micrococcus spp.) is cultured from 2 or
more blood cultures drawn on separate
occasions.

For this study blood cultures were
drawn if the patient had fever (38 °C),
chills or hypotension. At least 2 vials
were taken: one from the central line,
the other from a peripheral vessel. If
blood yielded a microorganism and
the patient had no other infection at
another site the case was considered as
a central-line infection. Additionally, if
blood taken from the central line was
positive earlier than the other vial, we
strongly accepted the case as CLABSI.
According to our hospital infection con-
trol programme, 2 sets of blood cultures
are taken from every patient who has fe-
ver before starting empirical antibiotics.

In this study period, 4290 blood cul-
tures were obtained per 4366 central-
line days (98%) from 2196 patients (i.e.
a blood culture set of approximately 2
vials per patient).
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Intervention

A multidisciplinary team was formed to
implement the central-line care bundle.
The team included the head physician
of the ICU, the infectious diseases phy-
sician, the nurse manager of the unit and
an infection control nurse. The target
was to reduce the CLABSI rate towards
near-zero in the ICU. Infection control
strategies that were previously used for
the prevention of CLABSI were put
in the bundle protocol. All health-care
workers including physicians, nurses
and technicians were trained about this
protocol. The bundle was introduced
in January 2010 and from the third
quarter of 2010, the nurse manager of
the ICU and the infection control nurse
checked the compliance with the bun-
dle by using a central-line chart daily.
We measured the compliance rates
for every element but we accepted full
compliance if every element suitable for
this patient performed simultaneously
assuming the “all or nothing” principle.

The bundle included the following 4
elements: 1) removal of all lines placed
in the emergency room or in another
hospital within 24 hours, assuming that
compliance to the maximum barrier
precautions were not 100% in that set-
ting; 2) use of aseptic technique, hand
hygiene and maximum barrier precau-
tions (caps and masks, surgical scrub,
sterile gown and gloves); 3) use of a
dedicated lumen for total parenteral nu-
trition; and 4) total parenteral nutrition
infusion sets changed in 24 hours.

Other infection control precautions
regarding CLABSI were: 1) hand hy-
giene before and after each procedure;
2) avoiding femoral site catheter inser-
tion; 3) review of central lines on a daily
basis; 4) evaluation of the insertion site
for symptoms of infection twice daily;
and 5) covering the catheter insertion
site with a transparent dressing and not
changing it unless it became soiled.

Data analysis

The rate of infection was calculated as
follows: (number of CLABSIs/number
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of central-line days) x 1000 for each
month and quarterly. Device utilization
ratio was calculated as follows: number
of device or catheter-days/number of
patient-days.

SPSS version 17.0 was used to per-
form the data analysis. The relationship
between parameters was analysed with
scatter-plot and the results showed that
distribution was both monotonic and
linear. Not all variables were normally
distributed as assessed by the Shapiro-
Wilk test. Non-parametric Spearman
correlation test was performed to deter-
mine any association between bundle
compliance rate and CLABSI rate.

Pre-intervention

Our hospital began providing patient
care in 2005. The rate of CLABSI that
year was 12.8 per 1000 catheter-days.
From 2006 to 2010, the CLABSI rates
ranged from 1.6 t0 22.9 per 1000 cathe-
ter-days. The run chart of quarterly rates
of CLABSI in relation to the infection
control strategies are shown in Figure 1.

From the blood cultures Pseu-
domonas spp., Burkholderia cepacia, En-
terococcus faecalis, methicillin-resistant
Staphylococcus aureus, Escherichia coli,
Streptococcus pyogenes, coagulase nega-
tive staphylococcus, Acinetobacter spp.,,
Stenotrophomonas maltophilia were
found. We did not have any outbreaks.

25

Avoidanxe from

20 femoral catheters

[Education
154

In 2005, our efforts were on educa-
tion of the medical staff. However, we
had a peak CLABSI rate in 2006, cor-
responding with a high usage of femoral
catheters. With avoidance of femoral
catheters the rate decreased from 22.9
to 5.93 per 1000 catheter-days. We were
still not on target and so a strategy was
implemented of checking the necessity
of the catheters and daily compliance
with maximum barrier precautions. Be-
tween 2007 and 2010 efforts were made
to raise the awareness of the staff about
these issues and to re-educate newly
appointed nurses. Hand hygiene cam-
paigns were promoted. Nevertheless,
we could not eliminate CLABSIs from
the ICU and decided to implement a

bundle of infection control measures.

Post-intervention

In January 2010, we introduced the
bundle of care for CLABSI prevention.
During the post-intervention period
reported here (2010-13), a total of 732
lines were placed in 2196 patients for
4366 line-days. Of these lines, 73.6%
were jugular, 24.9% subclavian, 1.5%
femoral and 100% multiple lumen. The
lines stayed in for a range of 2-28 days,
mean 5.9 days. The overall mean length
of ICU stay was 4.6 days but the length
of stay was greater in patients with cen-
tral lines because patients who had a
central line were mostly nonsurgical
patients. The mean oflength of ICU stay
in these patients was 13.4 days. Patients

Hand hygiene

were Turkish residents and patients
coming from different countries such as
Romania, Bulgaria, Irag, Libya, Russia,
Kazakhstan and Turkmenistan.

We commenced periodic measure-
ments of the rate of compliance with
the bundle in the month of May 2010
because we wanted to see if this new in-
tervention was accepted by health-care
workers. The compliance rates were
initially high but then started to fall.
Therefore, by the third quarter of 2010
we started to systematically check the
compliance rate with the bundle.

Figure 2 shows the annual compli-
ance rates on 4 components of the bun-
dle before and after the implementation
of this surveillance. In 2010 adherence
to the elements of the care bundle was
clearly suboptimal. From 725 surveyed
patients, the bundle element of taking
maximum barrier precautions was ob-
served in 620 patients (86%), changing
of catheters inserted in the emergency
room or in another hospital was ob-
served in 98 patients (14%), dedicating
a line for total parenteral nutrition in
561 patients (77%) and changing of
infusion sets periodically in 724 patients
(100%). In 2011 and 2012, however,
compliance with each of the elements of
the bundle was 100% (Figure 2).

Figure 3 plots the trend of monthly
total compliance rates (ie. the average
of the 4 elements of the bundle of care)
and the CLABSI rates throughout 2010

Auditing compliance
with bundles
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Figure 1 Central-line-associated bloodstream infection rates at Anadolu medical centre, annually and quarterly (2005-2013)
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Figure 2 Compliance rates with the elements of the central-line bundle of care
introduced at Anadolu medical centre (TPN = total parenteral nutrition)

and 2012 (until we stopped measur-
ing compliance rates). The compliance
rates in May to July 2010 were initially
100% and CLABSI rates were zero, but
after that the compliance rate dropped.
For example, compliance fell to 60%
in August 2010 and remained below
100% in October and November. A
corresponding rise in CLABSI rates
was seen in these months from zero to
12.8 per 1000 catheter-days in August,

120 -
100 -
80
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20

Percentage compliance (%)

2010

e=$==Bundle compliance rate

10.3 in September and 8.2 in Octo-
ber. We therefore set out to encourage
and educate the staff to increase the
compliance, and by the end of 2010
compliance with the bundle had re-
turned to 100% and CLABSI rates
returned to zero. Zero CLABSI rates
were sustained for 3 years by auditing
and maintaining compliance rates with
the care bundle. Statistically, there was
a strong negative correlation between

CLABSI monthly rates (2010-2012)
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bundle compliance rates and CLABSI
rates (P < 0.001).

Discussion

This study shows that it is possible

to achieve and sustain a zero rate of
CLABSI in an ICU by implementing
a bundle of care to prevent central-line
infections; this was accompanied by
encouraging a culture of patient safety
in the hospital with behaviour change
and adaption of health-care workers.
It is important to note that not only
achieving an overall CLABSI rate of
zero but also sustaining this rate for
a long time is a difficult and complex
process. The Michigan-Keystone pro-
ject in 103 ICUs in the United States
of America reported a major reduc-
tion in CLABSI rates throughout the
18-month study period (35). Recently,
the Matching Michigan study reported
a marked reduction CLABSI rates in
United Kingdom ICUs with a 2-year
programme (5,7). However, to our
knowledge, our study will be the first
published article which reports a suc-
cess in creating zero catheter-related

sAep-1319y1ed QOO 43d 34 [STVTD

== CLABSI rate per1000 catheter-days

Figure 3 Correlation between central-line-associated bloodstream infection rates and compliance rates with the central-line
bundle of care at Anadolu medical centre, monthly in the post-intervention period (Spearman correlation, P < 0.001)
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infection rates for such a long period,
38 months.

Our approach to reducing the
CLABSI rate in the ICU evolved over
the first 6 years of our hospital’s exist-
ence. Because the hospital was newly
opened, all medical staff came from dif-
ferent centres with different habits and
backgrounds. It took approximately 1
year for them to become a real team.

Insertion sites of the catheters are an
importantrisk factor for catheter-related
bloodstream infection. Skin flora at the
insertion site influences the incidence
of infection. Femoral catheters have a
relatively high colonization rate, there-
fore standard guidelines recommend
avoiding femoral catheter use (1). In
2006, coinciding with an increased
use of femoral catheters (21.2%), the
CLABSI rate in our hospital reached
229 per 1000 catheter-days. This may
be explained by the young age and in-
experience of internists who preferred
femoral catheters. We started to en-
courage physicians to avoid femoral site
insertion and the rate sharply decreased
to 5.93 per 1000 catheter-days in 2007.
Nevertheless, the infection rates in sub-
clavian veins were lower than in jugular
veins. There were two important rea-
sons for the high usage of jugular instead
of subclavian veins: the risk of arterial
puncture and pneumothorax. The team
was more competent in insertion of
jugular lines than subclavian veins. Even
though there was a decrease in CLABSI
rates with certain infection control ef-
forts before 2010, we never succeeded
in totally eliminating infections. In 2010,
we introduced the bundle method for
prevention of CLABSI.

Strategies for prevention of CLABSI
over the last decade have focused on
the collective application of multifac-
eted bundles of care (8). The bundle
method was developed by the Insti-
tute for Healthcare Improvement and
subsequently the effectiveness of bun-
dles has been validated in various tri-
als (9-12). A bundle of care is based
on evidence-based interventions or

accepted consensus recommendations
for care which can be easily applied us-
ing existing resources. It consists ofaset
structure for every event. However, asin
our case, simply introducing a bundle of
care does not guarantee meaningful and
permanent reductions in infection rates.
When the new intervention was imple-
mented, we needed to check if there
was a lack of compliance. Considering
this, we started to check the compliance
rates with the bundle elements and we
noticed that it varied over the months.
We decided to audit it systematically
and intervene if there were gaps in com-
pliance. We were able to consistently
eliminate these infections from our ICU
by introduction of and sustained adher-
ence to the bundle of care.

In daily practice, omission of one
or more of the bundle’s components
can result in failure (i.e. development
of CLABSI). Our auditing process
revealed such omissions in the early
stages of implementation of the bundle.
Through continuous assurance of high
levels of adherence to the bundle we
were able to achieve sustained elimina-
tion of CLABSI in our ICU.

There can be barriers to compliance,
such as lack of awareness and lack of
agreement with the implementation by
staff. Therefore, all staff should be ade-
quately educated and observed on their
compliance with the implementation
of a new strategy. A previous study has
demonstrated that significant improve-
ment in outcomes can be achieved with
high compliance inimplementinga care
bundle (13). Furuya et al. stated that
monitoring of the bundle elements and
only moderate compliance is not suffi-
cientto reduce CLABSI rates. However,
in order to assure high reductions in
CLABSI, compliance needs to be cou-
pled with the ICU team’s acceptance of
the bundle’s effectiveness (8).

In our study, with a high level of
compliance we could finally achieve a
zero infection rate which was sustained
for 38 months. For instance, compliance
with the element requiring removal or

change of a catheter which had been
inserted in another health centre or in
the emergency room within 24 hours
was only 33% at the onset of our study.
With sustained focus on adherence to
all elements of the bundle, this omission
was eliminated. Observing and assuring
compliance is important for sustained
success.

According to Pronovost et al,
sustainability can be achieved with a
comprehensive culture of patient safety,
by education, by learning from mistakes
and with the engagement of senior lead-
ership (14). Feedback can have a signifi-
cant positive impact on a team (15). In
our case providing feedback to the ICU
team about the reduction in infection
rates was an important motivator and
helped to convince them of the bundle’s
usefulness. To foster team pride in this
success, we compared our results with
those of other hospitals in our meetings,
rewarded the team and advertised their
achievement in the hospital.

Sustainability of this success can
only be possible by installing a culture
of safety, rather than by temporary
improvements. Patient safety culture
increases the success of the interven-
tion, but team effort and leadership en-
gagement s crucial in installing a patient
safety culture. In this regard, leadership
support and role modelling are very im-
portant ( 16). Learning, engagement of
leadership and creating a collaboration
culture are important to success (17).In
our study, the medical and nurse direc-
tors were very supportive. As Bosk et al.
stated, changes in outcome are more
complex than the simple introduction
of a checklist or bundle, and reflect more
complex social and cultural behaviour
changes (18). Our study bears this out.
The clinical bundle was introduced 6
months prior to achieving a zero rate of
CLABSI. However, achievement and
maintenance of success only came with
the emergence of a culture of patient
safety within the ICU team and their
motivation on the importance of the
implementation of the bundle. In a
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study of nurses’ perceptions of a patient
safety climate, ICU nurses are especially
positive on this issue (19).

Our study focused on an ICU
patient population in which central
lines stayed in for a mean of 12.6 days.
However, central lines have also been
used in some other patient populations
such those in haematology, oncology
and haemodialysis settings. It may not
be possible to claim a zero target in
such patients. A study by McLaws et al.
showed that patients with a central ve-
nous line with prolonged hospital stays
were associated with a higher infection
rates (20). Therefore, we agree with

Worth et al. that a zero rate of infection
should be limited to ICU patients with
short-term central venous catheters and
this is not always applicable to high-risk
groups with long stays in hospital (21).

Conclusion

With the implementation of the central-

line bundle of care, sustained adherence
to all of its components and a culture of
patient safety installed, it was possible
to achieve and maintain a zero rate of
CLABSI in an ICU. In our hospital, this
was achieved by engagement of medi-
cal and nursing leadership, intensive

La Revue de Santé de la Méditerranée orientale

education and monitoring efforts, and
ultimately motivation of the ICU team

on compliance with the bundles.
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