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Abstract

Quality Problem: The incidence of central line-associated bloodstream infections (CLABSI) in Latin

America has been estimated at 4.9 episodes per 1000 central line (CL) days, compared to a pooled

incidence of 0.9 in the United States. CLABSI usually result from not adhering to standardized

health procedures and can be prevented using evidence-based practices.

Initial Assessment: The first phase of the ‘Adiós Bacteriemias’ Collaborative was implemented in

39 intensive care units (ICUs) from Latin America from September 2012 to September 2013 with a

56% overall reduction in the incidence of CLABSI.

Choice of Solution: Bundles of care for the processes of insertion and maintenance of CLs have

proven to be effective in the reduction of CLABSI across different settings.

Implementation: Building on the results of the first phase, we implemented a second phase of the

‘Adiós Bacteriemias’ Collaborative between June 2014-July 2015. We adapted the Breakthrough

Series (BTS) Collaborative model to guide the adoption of bundles of care for CLABSI prevention

through virtual learning sessions and continuous feedback.

Evaluation: Eighty-three ICUs from five Latin American countries actively reported process and

outcome measures. The overall reduction in the CLABSI incidence rate was 22% (incidence rate

0.78; 95% CI 0.65, 0.95), from 2.58 episodes per 1000 CL days at baseline to 2.02 episodes per 1000

CL days (P < 0.01) during the intervention period.

Lessons Learned: Adiós Bacteriemias was effective in reducing the incidence of CLABSI and

improving the adherence to good practices for CL insertion and maintenance processes in partici-

pating ICUs in Latin America.
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Quality problem

Healthcare-associated infections (HAIs) are among the most com-
mon adverse events during hospital care [1, 2]. Bloodstream

infections associated with the insertion and maintenance of central
lines (CL) are the most common cause of HAIs to the bloodstream
[3]. Approximately 90% of central line associated bloodstream
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infections (CLABSI) occur at the CL insertion site, which is contami-
nated either at the time of puncture or by migration of the patient’s
own bacterial flora in the days after placement [3, 4]. An
International Nosocomial Infection Control Consortium (INICC)
surveillance study (January 2007–December 2012) in 503 intensive
care units (ICUs) in Latin America, Asia, Africa, and Europe
reported a pooled rate of CLABSI of 4.9 episodes per 1000 central
line days, compared to a pooled rate of 0.9 reported from compar-
able ICUs in the United States [5].

CLABSI is associated with a pooled crude mortality of 24.9%, a
pooled extra mortality of 17%, a pooled average length of stay
(LOS) of 19.47 days and a pooled average extra LOS of 13.37 days
[5]. CLABSI-associated costs have been estimated at US $ 2619 on
average [6]. In developing countries, these infections are usually the
result of failure to follow standardized health procedures and can be
prevented using evidence-based practices during the processes of
insertion and maintenance of CLs; however, these practices are not
yet sufficiently widespread [6–8]. Among the contributing factors
are irregular adherence and compliance with infection control
guidelines, lack of medical supplies, low nurse-to-patient staffing
ratios, and insufficient number of trained health workers [9–11].

Initial assessment

The first phase of the ‘Adiós Bacteriemias’ (‘Goodbye Bacteriemia’
in English) Collaborative—a multi-country, quality-improvement,
virtual initiative was implemented in 39 intensive care units (ICUs)
in four Latin American countries from September 2012 to
September 2013. This initiative was promoted by the Latin
American Consortium for Innovation, Quality and Safety in Health
(CLICSS)— and implemented with the support from the Avedis
Donabedian Foundation, the Institute for Healthcare Improvement
(IHI) and the Institute for Clinical Effectiveness and Health Policy.

Choice of solution

The use of bundles of care for the processes of insertion and main-
tenance of CLs has proven to be effective in the reduction of

CLABSI across different settings [12–22]. Keystone ICU Project
achieved a 66% reduction in CLABSI rates in 103 participating
ICUs in the state of Michigan after 18 months of implementation
bundles of care for the insertion of CLs [14], and a 100% reduction
after 3 years, with an estimated impact of over USD $200 million
and more than 15 000 lives potentially saved [15]. In 2011, the
Centers for Disease Control and Prevention (CDC) issued new
recommendations for preventing CLABSI, which included education
to healthcare providers regarding indications for CL use, proper
procedures for the insertion and maintenance of CLs, and appropri-
ate infection control measures to prevent infections [23]. Building
on the success of the Keystone ICU Project, and following CDC’s
recommendations, the Bacteremia Zero project achieved a reduction
of 50% in the rate of CLABSI from baseline in 192 Spanish ICUs
following the implementation of bundles of care for both the process
of insertion and maintenance of CLs, plus active engagement and
education [18, 19]. Similarly, the Target CLAB Zero campaign
achieved a reduction of 90% (from a baseline of 3.32 to 0.28) in the
rate of CLABSI in 23 participating ICUs from New Zealand in 12
months, following the implementation of bundles for both the inser-
tion and maintenance processes [24].

Adiós Bacteriemias Collaborative adapted the Institute for
Healthcare Improvement (IHI) Breakthrough Series (BTS)
Collaborative model [25]—a quality improvement collaborative
(QIC) approach centered around shared learning and improvement
—coupled with the Model for Improvement (MFI) [26] to promote
the adoption and local-context adaptation of the CL insertion and
maintenance bundles of care for CLABSI prevention through virtual
learning sessions and continuous feedback (Fig. 1). The foundation
of the BTS model is the idea that quality improvement teams work-
ing in collaboration towards a common goal are likely to be more
effective than teams working in isolation [25]. During the implemen-
tation phase of the BTS, face-to-face learning sessions (LS) are held
every three to four months, where participants convene to share pro-
gress and best practices as well as barriers, challenges, facilitators
and lessons learned during the implementation of a project. LS are
followed by Action Periods (AP) during which participating teams
test and document change ideas using the MFI and Plan-Do-Study-

Figure 1 Adaptation of IHI’s Breakthrough Series (BTS) Collaborative Model.
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Act (PDSA) cycles. During these periods, teams also collect and
report data on key measures on a monthly basis. Typically, a central
data repository is made available for teams to report data [25].

Given the multi-country nature of the ‘Adiós Bacteriemias’
Collaborative and the fact that there was no funding available to
host face-to-face meetings, the model was adapted to Webex® vir-
tual learning sessions.

The second phase of the Collaborative began with a planning
and preparation period and then moved to an implementation
period:

Planning and preparation period (January–June 2014)

• Task force formation. The Adiós Bacteriemias task force con-
sisted of experts in infection control, quality improvement, and
patient safety.

• Identify implementing partners. The Adiós Bacteriemias
Collaborative brought together leading organizations in patient
safety and quality improvement from Latin America, Spain, and
the United States to serve as implementation partners. Additionally,
scientific societies (infection control, nursing, critical care, etc.) were
invited to participate.

• Development and adaptation of evidence-based interventions.
Two evidence-based bundles of care were adapted to the local
context, one for the process of insertion and one for the process
of maintenance of CLs (Fig. 2). Similarly, t an implementation
and a measurement guide was distributed to all interested orga-
nizations. These documents described the Collaborative and its
objectives, outlined core program components, and included a
variety of data collection tools, such as standardized checklists
and data collection forms.

• ICU enrollment and commitment. As a starting point, the hospi-
tals that had participated in the first phase of the Collaborative
and other acute care hospitals from across Latin America were
invited to participate via email and through one-on-one connec-
tions. Hospitals that expressed interest were then invited to fill
out a commitment form that summarized the intervention as
well as the responsibilities of both the task force and the partici-
pating teams. The form required the signatures of an executive
leader from the hospital and a representative of the local
improvement team. All the ICUs that registered and submitted a
commitment form were included in the Collaborative. There
were no fees associated with participation in the Collaborative.
No exclusion criteria were applied.

• Team formation. A key driver of the Collaborative was effective
teamwork. ICU teams that enrolled in the Collaborative were
asked to form a multidisciplinary quality improvement team,
and to assign roles and responsibilities to all team members:
senior sponsors, project leader, a clinical expert, an improvement
expert, and an infectious control or epidemiological surveillance
expert. Leadership and senior sponsors were actively engaged
and kept informed of the results of the participating ICUs
throughout the Collaborative.

• Set up of a shared data repository. An online, shared data reposi-
tory was created and made available to participating teams. The
repository allowed for teams to report data on key outcome and
process measures, document PDSAs, communicate with other
participating teams, and access and share resources. This reposi-
tory also automatically generated run charts for teams as they
entered their monthly data, allowing for real-time data analysis
to guide decision-making. The task force team used this reposi-
tory to access and analyze aggregated and individual data, and
to provide feedback on a regular basis.

• Baseline data collection. Participating ICUs were asked to collect
and report baseline data on monthly CLABSI rates for at least
the five months prior to the start of the intervention (January-
May 2014).

Intervention period (June 2014–July 2015):

The intervention period of the second phase of the Adiós
Bacteriemias Collaborative occurred between June 2014 and July
2015. This period consisted of biweekly, virtual Webex® LS fol-
lowed by AP. LS covered: fundamentals of patient safety, epidemio-
logical surveillance, quality improvement methods, effective
teamwork and communication, and behavior change. The LS were
designed as a space to promote the implementation of bundles of
care for the insertion and maintenance of CLs, where participating
hospitals could learn and share best practices and success factors, as
well as reflect on barriers, challenges, and facilitators through virtual
interaction. LS also allowed for participating teams to build quality
improvement capability and to consult with experts, colleagues, and
leaders on CL infection control. Additional support was provided
by the Collaborative task force throughout the implementation peri-
od in the form of virtual, continuous feedback and coaching.
Aggregated results for outcome and process measures were pre-
sented during the LS. Additionally, bright spots were identified and
invited to present on PDSAs, results, barriers and challenges, and
lessons learned during the LS.

During the AP, participating teams tested change ideas using
PDSA cycles to promote the adoption of the bundles of care for the
CL insertion and maintenance processes. Teams collected and
reported data for outcome and process measures on a monthly
basis.

Measures

Outcome measure

The outcome measure was the monthly rate of CLABSI, defined as
the number of CLABSI episodes per 1000 CL days.

Process measures

Two process measures were used:

CL insertion bundle: 

hand hygiene•

•
•

•

•
•

•

•

•

maximum barrier precautions

cutaneous antisepsis with chlorhexidine

subclavian localization preference for insertion of central lines.

CL maintenance bundle: 

hand hygiene

daily assessment of the dressing and change if necessary

use of aseptic technique to access and change the central line

standardization of central line replacement

daily revision of the central line and withdrawal of unnecessary lines.

Figure 2 Components of the CL insertion and maintenance bundles.
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(1) Percentage compliance with the CL insertion bundle (number
of patients with a CL for whom all the components of the CL inser-
tion bundle were complete / number of patients with a CL placed)

(2) Percentage compliance with the CL maintenance bundle
(number of patients with a CL for whom all the components of the
CL maintenance bundle were complete / number of patients with a
CL placed)

The process measures were treated as all-or-nothing: if any of
the bundle components was missing for a patient with a CL, it was
considered as non-compliant.

Data collection

An availability sample of 83 ICUs from 5 different Latin American
countries was included. Standardized data collection forms for each
of the measures were provided to participating teams. For reporting,
an online centralized platform was made available for teams to enter
raw data for each of the measures. Participating teams were trained
on how to use the data repository. Process and outcome data were
self-reported on a monthly basis.

Data analysis

Descriptive statistics were used to summarize the data, and an
uncontrolled before-and-after comparison of CLABSI rates was con-
ducted to estimate the association between the intervention with the
reduction of CLABSI rates using Fisher’s exact test. Random-effects
Poisson regression analysis was used for CLABSI incidence rates,
based on average monthly rates, and using type of hospital, size of
hospital, size of ICU and starting phase as covariates. Control charts
were also used to plot the data and analyze variation in the outcome
measures over time. All p values are two sided, with p≤ 0.05 con-
sidered statistically significant. Descriptive and analytic statistics
were computed using STATA 14.0.

Ethics and permissions

Every participating hospital received information about the motiv-
ation for the Collaborative. Anonymity and confidentiality of their
demographic information and reported data were ensured. Besides
the commitment form signed by each participating hospital, there
was not an informed consent required for patients because CLABSI
prevention was considered a standard of care.

Evaluation

Eighty-three ICUs from 32 hospitals from across five Latin
American countries (Argentina, Chile, Colombia, Mexico, and
Uruguay) actively reported process and outcome measures. Senior
sponsors from all 32 hospitals signed a pledge agreeing to partici-
pate. CLABSI rates were submitted on 1070 (92.1%) ICU-months
of a maximum of 1162. Complete data were submitted for all
months by 72 (86.7%) ICUs. Twenty-seven (69.2%) of the 39 ICUs
that participated in the first phase of the Adiós Bacteriemias
Collaborative also participated in this second phase, representing
32.5% of the 83 participating ICUs. Table 1 summarizes the demo-
graphic characteristics of the participating ICUs. The mean (range)
number of beds per hospital was 191 (51–683) and the mean (range)
number of beds per ICU was 12 (2–55). Of the participating ICUs,
43 (52%) ICUs belonged to public hospitals, and 38 (46%) ICUs
were from teaching hospitals. As for the type of ICU, 37 (45%)
were mixed, 14 (17%) were adult ICUs, 13 (16%) were pediatric

ICUs, 10 (12%) were neonatal, and 9 (11%) were either surgical or
cardiovascular ICUs (classified as Other).

During the intervention period of the second phase of the
Collaborative, a total of 24 learning sessions were held. During
these, quality improvement, teamwork, process control, infection
control, data analysis, reliability, and patient safety topics were cov-
ered. An average of 28 (87.5%) of the 32 hospitals participated in
each session.

Table 2 shows the number of CLABSI episodes and CL days for
the baseline and intervention periods and the crude before and after
CLABSI incidence rates and incidence rate ratios. These are reported
for all participating ICUs (aggregated), and stratified by ICU type,
hospital size, type of hospital (public or private), and by the phase
in which ICUs joined the Collaborative. During the baseline period
of the study, a total of 157 episodes of CLABSI were registered per
a total of 60 919 CL days, for a baseline incidence rate of 2.58.
During the intervention period, a total of 381 episodes were regis-
tered per a total of 188 368 CL days, for a rate of 2.02. The overall
reduction in CLABSI rate between the baseline and intervention per-
iods was 22% (incidence rate [IR], 0.78; 95% CI 0.61, 0.92), which
was statistically significant (P < 0.01). The highest baseline CLABSI
incidence rates were those reported by mixed ICUs (3.79), ICUs that
belonged to medium size (51–150 beds) hospitals (5.5), ICUs that
participated only in the second phase of the Collaborative (3.67),
and ICUs that belonged to public hospitals (2.6). Neonatal and
ICUs classified as Other showed a statistically significant reduction
in CLABSI incidence rates with a 63% (P-value <0.01) and a 41%
(P-value <0.05) reduction respectively. Similarly, the reduction in
CLABSI incidence rates for medium size (51–150 beds) hospitals,
ICUs with one to 10 beds, ICUs that started on the second phase of
the Adiós Bacteriemias Collaborative, and private hospitals was stat-
istically significant.

Table 1 Characteristics of participating ICUs (N = 83)

Characteristic n (%)

ICUs per participating country
Mexico 34 (41.0)
Argentina 28 (33.7)
Colombia 18 (21.7)
Chile 3 (3.6)
Uruguay 1 (1.2)

ICU size (number of beds)
1–10 36 (43.4)
11–25 18 (21.7)
>25 29 (35.8)

Teaching/Non-teaching
Teaching 38 (45.8)
Non-teaching 45 (54.2)

Type of ICU
Mixed 37 (44.6)
Adult 14 (16.9)
Pediatric 13 (15.7)
Neonatal 10 (12.1)
Other 9 (10.8)

Type of hospital
Public 43 (51.8)
Private 40 (48.2)

Hospital size (number of beds)
51–150 (Medium) 36 (43.4)
151–500 (Large) 41 (49.4)
>500 (Extra-large) 6 (7.2)
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For the process measures, during the baseline period (January to
May 2014 for the Compliance with Central Line Insertion Bundle
measure and April to May 2014 for the Compliance with Central
Line Maintenance Bundle measure) the mean percentage compliance
with the insertion bundle of care was 67.8%, compared to a mean
percentage compliance of 81.3% during the implementation phase.
This represented an increase of 20% in the mean percentage compli-
ance with the insertion bundle of care. The mean percentage compli-
ance with the CL maintenance bundle of care during the second
phase of the Collaborative was 87.8%. Fig. 3 graphically displays
monthly data for CLABSI incidence rates, including self-reported
baseline data.

Random-effects Poisson regression analysis (Table 3) showed
that ICUs from public hospitals had an average of 1.29 higher
CLABSI rates than private hospitals (P-value<0.01), that ICUs from
hospitals with more than 150 beds had an average of 2.07 lower
CLABSI rates than those with equal or less than 150 beds
(P-value<0.01), and that ICUs that participated in both the first and
second phases of the collaborative had an average of 1.23 lower
CLABSI rates than those that only participated in the second phase
(P-value<0.01).

Limitations

Our project had several limitations. First, the absences of a control
group with which to compare the impact of the adoption of the
insertion and maintenance bundles on the CLABSI rate. Second, this
is a before-and-after analysis rather than a stepped wedge design,
which increases our risk of bias and limits our ability to attribute
changes seen in CLABSI rates to the Collaborative. Third, partici-
pating ICUs were non-randomly selected; we used availability sam-
pling instead, which may have also biased our results. Fourth, we
used self-reported data, and did not conduct any audits to verify the
accuracy of the data. However, our results are consistent with those
of similar projects implemented in developing countries and we
believe our proposed interventions are more likely generalizable to

other ICUs with similar demographic characteristics in Latin
American countries given that this was treated as a quality improve-
ment and not as a research project and that the participation was
voluntary. Future studies should use robust quasi-experimental
designs to better understand the factors that determine the degree of
adoption of best practices as a result of using quality improvement
methods.

Lessons learned

To our knowledge, this is the first study to report results from a
multi-country, virtual quality improvement collaborative. The results
of our study are similar to those of other quality-improvement colla-
boratives aimed at reducing CLABSI incidence rates in developing
countries [27–30]. The highest (albeit lower) baseline CLABSI inci-
dence rates were observed for mixed, surgical, and cardiovascular
ICUs, which is consistent with results from the International
Nosocomial Infection Control Consortium (INICC) report [5]. ICUs
with more than 10 beds, ICUs from private, and ICUs from larger
size hospitals (>150 beds) had the lowest baseline CLABSI incidence
rates.

Several factors may have contributed to a lower baseline
CLABSI incidence rate for the second phase (2.58 episodes per 1000
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Figure 3 CLABSI Rate Control chart.

Table 3 Association between sociodemographic characteristics

and CLABSI rate

N = 83 ICUs CLABSI Rate

Variable Coeff 95% CI P-value

Public hospital 1.29 (0.60, 1.97) <0.01
>150 hospital beds −2.07 (−2.78, −1.35) <0.01
>25 ICU beds −0.33 (−1.22, 0.56) 0.47
Having participated in Phase 1 −1.23 (−1.94, −0.52) <0.01

Note: Coeff = coefficient; CI = confidence interval.

*Random-effects Poisson regression analysis.
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CL days) of the Collaborative compared with that of the first phase
(5.68 episodes per 1000 CL days), including a potential secular
trend from 27 (69.2%) of the 39 ICUs that had participated in the
first phase of the Collaborative and continued to the second phase.
Effects of secular trends on the reduction of HAIs have been docu-
mented before [31].

Previous studies have documented education, active engagement
of ICU staff and hospital leadership, performance monitoring, and
continuous feedback as key success factors to the adoption of
evidence-based best practices for CLABSI prevention [14, 32–36].
Some of the key success factors of the Adiós Bacteriemias
Collaborative included: (1) convergence of expert organizations and
individuals from different countries; (2) leveraging existing local
expertise within each country; (3) translation and local-context adap-
tation of evidence into practice; (4) active leadership involvement
and commitment; (5) local capacity building in quality improvement
and CLABSI prevention; (6) continuous reporting of processes and
outcome measures; (7) availability of an online repository for data
reporting, and literature and tools sharing; (8) credibility and trust
resulted from the perception of it being an international initiative;
and (9) sense of connectedness and belonging to a community that
allowed for knowledge development and best-practices sharing
across participating hospitals and across countries. As for barriers
and challenges to the successful adoption of standards and protocols
for infection prevention, previous studies have documented lack of
medical supplies, understaffing, inadequate or insufficient training on
infection control, inadequate communication and lack of teamwork,
work overload, and lack of measurement systems among others
[9–11, 17, 37, 38]. Some of the challenges and barriers that were
observed to the adoption of the CL bundles during the implementa-
tion of the Adiós Bacteriemias Collaborative included: (1) lack of
acknowledgment of the problem and resistance to change at the
beginning; (2) low quality improvement and technological literacy
among participating teams; (3) high variability in adoption of
guidelines and protocols for infection prevention across participating
ICUs; and (4) lack of or insufficient supplies.

Even though the compliance with the bundles of care improved
during the implementation of the Collaborative, cultural change
around quality improvement requires consistent and long-lasting
actions for their institutionalization and sustainability. We recom-
mend that the participating hospitals continue to actively engage
and support health care providers in the implementation of quality
improvement efforts to ensure that the results are sustained over
time.

The Adiós Bacteriemias Collaborative was successful in improv-
ing adherence to evidence-based best practices for CL insertion and
maintenance and in reducing the incidence of CLABSI. Our study
demonstrated that adaptations to the traditional BTS model, such
as virtual collaboratives, allow for the incorporation of quality
improvement methods to promote the adoption and local-context
adaptation of best practices and produce similar results than colla-
boratives that involve face-to-face interaction. Virtual collaboratives
represent a good alternative to bring quality improvement methods
and evidence-based best practices at a lower cost to developing
countries and to promote knowledge sharing between and across
teams from different settings.

In conclusion, evidence-based interventions and a multi-country,
virtual Collaborative were associated with a significant reduction in
the rate of CLABSI in Latin American ICUs. These findings may be
applicable for the mitigation of CLABSI across Latin American ICUs
with similar characteristics.
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