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Abstract. Background: Central line-associated bloodstream infections (CLABSI) are associated with significant
morbidity,mortality and costs.Multimodal intervention programs are effective in bringing down the rates ofCLABSI,
but they are difficult to sustain. In an attempt to improve sustainability, we implemented twomultimodal intervention
programs focusing on high-yield measures and assessed their effect on monthly CLABSI rates over a period of
42 months.

Methods: The CLABSI rates were tracked on a monthly basis in a 300-bed Indian Corporate hospital and an
analysis of the various contributingvariableswas done.Thefirst interventionprogram in July 2009put into practice the
central line bundle. The second program went beyond the bundle and introduced high-yield measures like dedicated
central line team and trolley, involved the senior management and promoted the ‘Scrub the Hub’ campaign while
rectifying deficiencies observed in the first intervention program. The rates of CLABSI were statistically analysed in
both the pre- and post-intervention periods.

Results: The CLABSI rates varied between 0 to 9.8 infections per 1000 catheter days in the 42 months period, the
mean being 2.9. The difference in mean CLABSI rates before and after the first intervention program was not
significant (5.2 versus 4.4 infections per 1000 catheter days (P> 0.05)). However, the next intervention program saw a
significant decrease in the mean rates of CLABSI in the subsequent 24 months (0.7 infections per 1000 catheter days
(P < 0.05)). An overall 86.3% reduction in CLABSI rates in the entire study period was observed.

Conclusions: Repeated multimodal intervention programs with a focus on high-yield measures resulted in a
sustained reduction in CLABSI rates (86.3%).
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Background
Central line-associated bloodstream infections (CLABSIs)
are the first or second most common hospital-acquired
infections (HAI) in intensive care units (ICU) (30 to40%)1 and
a predominant infection in chemotherapy units and dialysis.
They are costly and potentially lethal with a mortality rate of
12 to 25%.2 CLABSI rates in ICUs range from 0.0 to 5.4
throughout the world:3 1.5 to 2.9 in developed countries4 and
7.7 to 17.6 in developing countries5.

Centers for Disease Control and Prevention6 (CDC)
defines CLABSI as bacteraemia and/or fungaemia in a
patient with an intravascular catheter with at least one
positive blood culture obtained from a peripheral vein,
clinical manifestations of infections (i.e. fever, chills, and/or
hypotension), and no apparent source for the bloodstream
infection except the catheter. CLABSI has been identified
by CDC as one of its seven healthcare safety challenges
with a goal to reduce such complications by 50% in 5 years.7

Many factors influence CLABSI,8 including catheter-
related factors such as the material of the lines, patient-related
factors9 and pathogenic mechanisms of the microbe.10 An
intervention by Pronovost et al.11 demonstrated that the
incidence of CLABSI could be significantly reduced by
skin antisepsis with chlorhexidine (2%), maximal sterile
precautions, hand hygiene, optimal catheter site selection
and daily review of line necessity.6,11

Traditionally in the western world, Gram-positive isolates
predominate in CLABSIs (80%) with coagulase-negative
Staphylococci (CONS), Staphylococcus aureus, and
Enterococci being the commonly isolated ones.12 However,
some studies indicate a Gram-negative preponderance.13 The
Gram-negatives include Pseudomonas spp., Enterobacter
spp., Serratia spp., Klebsiella spp., E. coli and Acinetobacter
baumannii. Candida spp., especially Candida albicans and
Candida glabrata are the common fungal pathogens in
patients receiving parenteral nutrition fluids.12
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To study the impact of repeated multimodal intervention
programs involving bundled interventions on CLABSI rates,
we undertook this study for a period of 42 months (January
2009 to June 2012) in the form of a 6-month pre-intervention
period (January 2009 to June 2009) followed by two
interventions: Phase I (July 2009 to June 2010) and Phase II
(July 2010 to June 2011) in a tertiary-care hospital in India.
A 1-year post-intervention period (July 2011 to June 2012)
was also included in the study. In our interventions wemoved
beyond the bundle and looked at other factors which could
positively impact CLABSI.

Methods
Setting

A 300-bed tertiary-care private hospital in India.

Study design

The present study was carried out for a 3.5-year period
(January 2009 to June 2012) in patients from the ICU and
wards (admitted under cardiology, neurology, oncology and
nephrology specialities) which involved retrospective
analysis for the first 6 months followed by the prospective
analysis of the CLABSI rates.We also introducedmultimodal
intervention programs in the form of CLABSI prevention
bundle and observed its impact on reduction ofCLABSI in the
subsequent months.

The study was divided into the following phases.

Pre-intervention
The study began with a retrospective analysis of CLABSI

rates for a period of 6 months (January 2009 to June 2009).
Diagnosis of a CLABSI case was done by utilising the
appropriate clinical and laboratory diagnostic criteria as
recommended by CDC- NNIS (National Nosocomial
Infections Surveillance System) and NHSN (National
Healthcare Safety Network).

CLABSI rates were calculated as:

CLABSI rate ¼ Number of CLABSI
Central line days

� 1000

Intervention
Phase I: first intervention program (July 2009). The first

intervention program introduced the ‘Central line bundle’– a

set of evidence-based interventions for patients with central
lines that, when implemented together have been shown
to result in better outcomes than when implemented
individually.14 Implementing the bundle involved
establishing a culture of safety among clinicians, ensuring
access to resources, knowledge and competence among all
healthcare workers associated with central line.

Bundle components:
* use of chlorhexidine skin antisepsis (2% chlorhexidine w/v
in 70% alcohol)

* maximal barrier precautions (patient: sterile drape covering
from head to toe with a small opening and operator: cap,
mask, gown and gloves)

* hand hygiene (WHO 5 moments of hand hygiene were
used as standards: particularly at the point-of-care and
during high-risk procedures (before and after contact with
central line)).

* optimal catheter site selection (subclavian site preferred)
* daily review of line necessity
* introduction of needleless connectors (neutral
displacement, luer-activated, mechanical valve with
internal blunt cannula offering a closed system)
Protocols were established before, during and after

insertion of the central line (Table 1) based on the Society for
Healthcare Epidemiology of America (SHEA) and Infectious
Diseases Society of America (IDSA) guidelines15 and
incorporated into the CLABSI checklist (attached as
Appendix).

Process surveillance was conducted to see the compliance
achieved to the bundle components. The impact of the
intervention on the CLABSI rates was prospectively analysed
in the subsequent 1-year period (July 2009 to June 2010) and
deficiencies noted.

Phase II: second intervention program (June 2010). The
second intervention program in June 2010 saw us moving
beyond the bundle and the following interventions were
included:
(1) Rectification of the deficiencies observed in the first

interventionprogramand reiterationof all the components
of bundle

Implications
* Successive intervention programs bring about a
reduction in CLABSI rates.

* High-yield measures (hand hygiene, daily review of
line necessity and needleless connectors) may prove
effective.

* Involvement of senior management is an effective
strategy to facilitate a sense of responsibility and a
safety culture within the organisation.

Table 1. Areas focused on for implementation of the prevention bundle

Procedure Protocols

Before insertion Patient education, protocol, competency of staff.
Knowledge and adherence of infection control
guidelines

Filling of check lists – team leader/doctor
Infrastructure
Appropriate manpower
Appropriate device

During insertion Hand hygiene
Maximal barrier precautions
Cleaning of the site
Maintenance of a sterile field throughout the procedure

After insertion Appropriate dressings
Change of IVs, connectors, dressings at recommended
time interval.
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(2) Introduction of an active, dedicated and trained central
line team. This team involved a group of personnel trained
in central line insertion and maintenance to reduce the
chances of repeated manipulation of the line by the
untrained staff leading to reduced contamination and
overall CLABSIs.

(3) Dedicated central line trolley with supplies. This trolley
contained all the essential items for central line insertion
and maintenance procedure in order to prevent the
occurrence of CLABSI due to contaminated trolleys
being used for other purposes and also to decrease
movement of personnel and instruments outside of the
aseptic field.

(4) ‘Scrub theHub’ campaign: It involved cleaning of the hub
of needleless connectors with an alcohol swab at least
for 15 s every time the hub was accessed to reduce
contamination.

(5) Teamwork building and development of communication
skills

(6) Involvement of senior doctors and management in the
programs by highlighting the data
The impact of the second intervention on CLABSI rates

was analysed in the intervention period phase II (July 2010 to
June 2011).

Post-intervention
The reduction in CLABSI rates was again observed in the

post intervention period (July 2011 to June 2012) in order to
observe the sustaining effects of the interventions.

Data collection. The compliance of the individual
bundle was checked from the checklists filled by the staff for
each central line.Eachchecklistwas collected and thedatawas
compiled for amonth. Themeanmonthly compliancewith the
checklist was calculated.

Data analysis. The data was analysed statistically for the
pre-intervention, intervention and the post-intervention
periods using SPSS software version 20.0 (IBM Corp.,
Armonk, NY, USA). The CLABSI rates followed a normal
distribution and therefore the mean values of the data were
used for analysis. A paired t-test was applied to the dataset and
P-values were obtained. The significance (P< 0.05) of each
bundle element in contributing CLABSI reduction was
calculated statistically.

Ethics waiver was granted by ethics committee as this was
an observational study.

Results
The CLABSI rates varied between 0.0 to 9.8 infections per
1000 days in the 42 months period showing a normal
distribution, the mean being 2.7 (overall 38 CLABSI for
13 459 catheter days). The first 2 months were the
observation months with zero CLABSI rates, therefore the
actual analysis began from March 2009 when the CLABSI
rates started rising from 4.7 in March to 9.8 per 1000
catheter days in June 2009. ThemeanCLABSI rate for thefirst
6 months was 5.2 infections per 1000 catheter days.

After the first intervention program introduced in July
2009, the mean CLABSI rates in the intervention period
Phase I (July 2009 to June 2010) were 4.4. The percentage
reduction in the CLABSI rates in this period was 15.3%
(P > 0.05). The bundle components hand hygiene, use of
chlorhexidine skin antisepsis, maximal barrier precautions,
optimal catheter site selection, daily review of line necessity
and use of needleless connectors showed an individual
average compliance of 55%, 70%, 75%, 85%, 42% and
41% respectively (Table 2).

The deficiencies detected following the first intervention
program included lack of adherence to the prevention bundle
components (especially hand hygiene and daily review of
line necessity showing low bundle compliance of 55% and
42% respectively), inadequate training of staff regarding
insertion, maintenance and removal of central line, lack
of dedicated central line trolley and low acceptance of
needleless connectors.

The CLABSI rates also increased in the last fewmonths of
this period. This indicated the need of a second intervention
program to fill in the gaps left by the first one.

The second intervention program introduced in June 2010
showed a significant decrease of 36.9% in the mean rates of
CLABSI in the subsequent year reducing the rate to 2.8 per
1000 catheter days (P < 0.05). The compliance to the bundle
components was reviewed and an increase of 16.3% and
78.6% was observed in hand hygiene and daily review of line
necessity from the previous figures, raising their individual
compliance rates to 64% and 75% respectively. There was a
further reduction of 74.6% in the mean CLABSI rates (0.7 per

Table 2. Percentage compliance achieved to the bundle components
Pre-intervention (Pre) was from January to June 2009; Phase I (I) was from July 2009 to June 2010; Phase II (II) was

from July 2010 to June 2011

Parameter Pre-intervention Intervention period P-value
Phase I Phase II Pre� I Pre� II

CLABSI rates (mean) 5.2 4.4 2.8 0.616 0.0356
Hand hygiene compliance 47 55 64 0.14 0.0005
Chlorhexidine antisepsis 47 70 75 0.0002 0.0001
Maximal barrier precautions 50 75 85 0.0001 0.0001
Daily review of line necessity 39 42 75 0.3504 0.0001
Optimal catheter site selection 56 85 90 0.0001 0.0001
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1000 catheter days) in the post intervention period (July 2011
to June 2012).

An overall 86.3% reduction was observed in the CLABSI
rates in the 3.5-year study period as the mean CLABSI rate
reduced from 5.2 per 1000 catheter days (pre intervention
period) to 0.7 per 1000 catheter days (post interventionperiod)
(Fig. 1).

The organisms isolated from CLABSI cases were studied
and showed the predominance of Gram-negative isolates
79.3%over the others (Gram-positive 17.2%andyeasts 3.5%)
(Table 3).

Discussion
Intravascular catheters are indispensable in modern-day
medical practice, particularly in ICUs. Although such
catheters provide necessary vascular access, their use puts
patients at risk for local and systemic infectious
complications, including local site infection, CLABSI, septic
thrombophlebitis, endocarditis, and other metastatic
infections (e.g. lung abscess, brain abscess, osteomyelitis,
and endophthalmitis). However, the majority of serious
catheter-related infections are associated with central venous
catheters (CVCs). In the ICU, central venous access might be
needed for extended periods of time and the catheter can be
manipulated multiple times per day for the administration of

fluids, drugs, and blood products, allowing patients to be
colonised with hospital-acquired organisms.4

The magnitude of CLABSIs in our study ranged from 0.0
to 9.7 infections per 1000 catheter days and the mean being
2.7. According to the NHSN system of the CDC, the pooled
mean of CVC-associated bloodstream infection is 4.5 per
1000 catheter days in the ICU16 and the median rate of
CLABSI ranges from 1.8 to 5.2 per 1000 catheter days.6,17

Though our rates are below the pooled mean of NHSN, our
target is always to minimise CLABSI to a lowest possible
level with the aspirational target being zero.

A multimodal intervention program has been shown to
effectively reduce the rate of CLABSIs.14,18 Based on this
premise, we introduced amultimodal intervention program in
the month of July 2009 incorporating bundle components and
assessed its effect onCLABSI rates in the subsequentmonths.
The lowest compliance was observed with hand hygiene
(55%) and daily review of line necessity (42%). Appropriate
hand hygiene before catheter insertion or maintenance,
combined with proper aseptic technique during catheter
manipulation, provides protection against CLABSI.6 The
reason for low compliance rates in hand hygiene may be high
attrition rate of staff and work overload. Daily review of line
necessity showed a low compliance due to lack of knowledge
and inadequate training regarding its importance in preventing
infections. Use of chlorhexidine skin antisepsis, maximal
barrier precautions and optimal site of catheter insertionwere,
however, adhered to by the staff. Use of needleless connectors
with closed ports was also encouraged to reduce the incidence
of sharp injuries and possible decrease of manipulation and
contamination,19 thereby reducing CLABSI.

The deficiencies detected in the first intervention program
were analysed and rectified in the following intervention
program (June 2010). The possible causes of the deficiencies
mayhavebeen inadequate training of staff regarding insertion,
maintenance and removal of central line, low acceptance of
needleless connectors initially, lack of proper documentation
and lack of adherence to checklists and inadequate audits.

While reiterating the bundle components in the second
intervention program the hand hygiene compliance rose from
55% to 64% and daily review of line necessity from 42% to
75% in the followingyear.All this resulted in further reduction
of CLABSI rates in the intervention period from 4.4 per 1000
catheter days in phase I to2.8per 1000 catheter days inphase II
and 0.7 per 1000 catheter days in the post-intervention period
(overall reduction: 84.1%). The other interventions in the
second intervention program were introduction of an active,
dedicated and trained central line team, a dedicated central line
trolley with supplies, ‘Scrub the Hub’ campaign, teamwork
building and involvement of the senior management in the
programs by highlighting the data. All these interventions
were complied to, leading to an overall decrease in CLABSI
rates.

The analysis of the repeated multimodal intervention
programs showed an overall reduction of 86.3%, as compared
with the pre-interventionmean rates from 5.2 to 0.7 CLABSIs
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Fig. 1. Trend of CLABSI rates at a private Indian hospital over a 3.5-year
period.

Table 3. Organisms isolated from CLABSI cases during January 2009
to June 2011

Organism Total no. of isolates
(n= 29) (%)

Klebsiella 8 (27.5)
Acinetobacter baumannii 7 (24)
Pseudomonas sp. 3 (10.3)
Staphylococcus aureus 2 (6.8)
Coagulase-negative Staphylococci 2 (6.8)
E. coli 2 (6.8)
Others (Candida sp., Enterococci, Proteus sp.,

Aeromonas sp., Chryseomonas sp.)
5 (17.2)
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per 1000 catheter days in the post-intervention period.
Corresponding results were obtained by Pronovost et al.11

where the median rate of infection decreased from 2.7 per
1000 catheter-days at baseline to 0 within the first 3 months
after the implementation of the intervention and an overall
66% reduction in the CLABSI rates in 16 to 18 months.
Another study byRosenthal20 showed a reduction in CLABSI
rates in three phases (from 45.9 to 11.1 bloodstream infections
per1000 catheter days) as a result of two consecutive
intervention programs.

The pathogens isolated from cultures included Gram-
negative organisms, 79.3% (K. pneumonia: 27.6%,
A. baumannii: 24.1% and E. coli: 6.9%), Gram-positive
organisms, 17.2% (S. aureus and CONS each contributing
6.9%), and fungal pathogens, 3.5% (only Candida spp. was
isolated). A similar study done by Tan et al.13 also reported
the Gram-negatives as the most common organisms, 80.5%.
In contrast to our findings, studies by CDC-NNIS systems
have reported Gram-negative bacilli, 14%, with S. aureus and
CONS, 37% and 13% respectively.6

Studies on Candida spp. have revealed its contribution
as 8% to catheter-related bloodstream infections.21–23 On
the Indian subcontinent, Gram-negative infections take a
precedence over Gram-positive and fungal ones, probably
because of lack of appropriate hygienemeasures adopted at all
times and colonisation with gut flora. We recommend more
detailed studies to understand the pathogenicmicroorganisms
associated with CLABSI.

Conclusions
The present study highlighted the role of repeatedmultimodal
intervention programs (involving a root cause analysis
followed by a corrective action) in keeping the CLABSI rates
low. This was evidenced by the sustained reduction in
CLABSI rates after the second intervention program in phase
II (36.9%) and the post intervention period (74.9%) as
compared with the first one (15.3%). Hand hygiene and daily
review of line necessity have proved to be the high-yield
measures in reducing CLABSIs. Other factors like
introduction of needleless connectors, a dedicated and active
central line team and central line trolley and regular training
and auditing have also contributed in bringing the CLABSI
rates down. We have been successful in sustaining the
positive impact of the intervention programs and inculcating
a natural culture of safety in the organisation.
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