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Abstract
Introduction: Efforts to reduce central line-associated bloodstream infection (CLABSI) rates require strong microsystems for suc-
cess. However, variation in practices across units leads to challenges in ensuring accountability. We redesigned the organization’s 
mesosystem to provide oversight and alignment of microsystem efforts and ensure accountability in the context of the macrosys-
tem. We implemented an A3 framework to achieve reductions in CLABSI through adherence to known evidence-based bundles. 
Methods: We conducted this CLABSI reduction improvement initiative at a 395-bed freestanding, academic, university-affiliated 
children’s hospital. A mesosystem-focused A3 emphasized bundle adherence through 3 key drivers (1) practice standardization, (2) 
data transparency, and (3) accountability. We evaluated the impact of this intervention on CLABSI rates during the pre-intervention 
(01/15-09/17) and post-intervention (07/18–06/19) periods using a Poisson model controlling for baseline trends. Results: Our quar-
terly CLABSI rates during the pre-intervention period ranged from 1.0 to 2.3 CLABSIs per 1,000 central line-days. With the meso-
system in place, CLABSI rates ranged from 0.4 to 0.7 per 1,000 central line days during the post-intervention period. Adjusting for 
secular trends, we observed a statistically significant decrease in the post versus pre-intervention CLABSI rate of 71%. Conclusion: 
Our hospital-wide CLABSI rate declined for the first time in many years after the redesign of the mesosystem and a focus on prac-
tice standardization, data transparency, and accountability. Our approach highlights the importance of alignment across unit-level 
microsystems to ensure high-fidelity implementation of practice standards throughout the healthcare-delivery system. (Pediatr Qual 
Saf 2020;2:e272; doi: 10.1097/pq9.0000000000000272; Published online March 25, 2020.)
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INTRODUCTION
Central line-associated bloodstream infec-
tions (CLABSI) are a major healthcare-as-
sociated infection (HAI).1 CLABSI is 

associated with both increased morbidity and 
duration of hospitalization, resulting in a sig-

nificant increase in hospital costs.2 The rate 
of CLABSI has been declining in the United 
States, with standardized infection ratios 
(SIR) for acute care hospitals decreasing 
by 19% between 2016 and 2017 com-
pared with national baseline.3 Despite these 

declines, the estimated total direct medical 
costs due to CLABSIs is between $0.7 and 

$2.7 billion annually.4 Adherence to the central 
line insertion and maintenance bundles, which 

are evidence-based practices performed together, has been 
shown to reduce the rates of CLABSIs.5–8 However, hav-
ing a hospital policy for a central line bundle or having 
moderate adherence to the bundle is insufficient for the 
reduction of CLABSI. An adherence of 95% or greater is 
associated with a decline in CLABSI.8 Despite knowing 
what to do, implementation remains challenging.

Healthcare systems commonly rely on clinical 
microsystems—an interdependent group of healthcare 
providers who work together regularly to provide direct 
care typically at a unit level—for implementation of 
hospital initiatives.9,10 Clinical microsystems are known 
to be important to optimize quality, safety, and overall 
care delivery.11,12 Despite having a robust microsystem 
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infrastructure in our healthcare system, we encountered 
challenges that can mitigate the strengths of a microsys-
tem approach. First, the reliance on microsystems to 
define optimal processes for various populations results 
in variability from clinical unit to unit in whether and 
how standards are modified. Second, as microsystems 
adopt and iterate on variations of the bundle, we moved 
away from adherence to all of the bundle elements and 
focused instead on performance on individual elements 
to define success. This focus led to a perception that 
despite following most of the bundle elements, CLABSI 
rates were immutable. Third, microsystems also adapt 
performance measures specific to each unit, which meant 
there was an emphasis on different measures in each unit. 
As an example, due to gestational age restrictions on the 
use of chlorhexidine in neonates, the neonatal intensive 
care unit (NICU) developed an alternate bathing proto-
col for their patients. These differences led to migration 
away from common standards, limiting transparency/
comparability, and making accountability challenging 
for an entire system. This variation also led to confusion 
for providers, caregivers, and patients when they moved 
between clinical units.

We recognize that we cannot achieve meaningful and 
sustained improvements without successful microsys-
tems. However, microsystems working in silos without a 
well-developed mesosystem can be an important gap.11,13 
The mesosystem is the link between the microsystems and 
macrosystem levels. It is the group that sets expectations 
and performance measures, identifies barriers, provides 
evidence-based standards, and links strategy, opera-
tions, and the different microsystems.12 As part of our 
CLABSI reduction effort, there was a need to re-design 
and align various representative elements of the mesosys-
tem to address challenges with variable standards, reli-
ability in practice, and sustainability. This mesosystem, 
which we called the “CLABSI governance team,” would 
also serve as the “glue” connecting the microsystems 
and the microsystems with the macrosystem (enterprise 
leadership).

We describe a systems-based A3 approach to imple-
ment standards across all microsystems with adaptations 
allowed for specific situations approved through the 
CLABSI governance team (mesosystem) and an overar-
ching macrosystem involvement creating a process for 
accountability at all levels.

METHODS
We conducted this improvement initiative at a 395-bed 
academic, university-affiliated, freestanding children’s 
hospital. The initiative was deemed a quality improve-
ment project and not human subjects research. Therefore, 
review and approval by the institutional review board 
were not required. We used Lean and Model for 
Improvement methodologies in our quality improvement 
initiative.14 The multidisciplinary CLABSI governance 

team (the mesosystem) included leadership from quality, 
nursing and shared governance, and infection prevention 
and control. The team developed a systems-based A3 
with key drivers and countermeasures targeted toward 
adherence to the complete bundle. A3 is a problem-solv-
ing tool that involves defining the problem, articulating 
an achievable goal, analyzing causes, identifying key driv-
ers and specific countermeasures, and making iterations 
based on results. The key drivers included (1) practice 
standardization and operations, (2) data and transpar-
ency, and (3) safety culture and accountability (Fig. 1 and 
Supplemental Digital Content at http://links.lww.com/
PQ9/A172 for Figure). We identified these key drivers 
through lessons learned from several years of CLABSI 
reduction work and with input from unit-level physician 
and nurse leaders. Implementation of the A3 involved 
additional members from information systems, analytics, 
vascular access, interventional radiology, physician and 
nurse leaders, and front-line providers.

For work on key driver “practice standardization and 
operations,” nursing utilized the Ferrari Method for 
Practice Standardization, which marries lean methodol-
ogy and evidence-based practice to address procedural 
practice standardization, in this case, central line care.15 
Teams of front-line nurses from all pertinent units and 
relevant stakeholders such as quality and infection pre-
vention and control representatives convened to create 
agreed-upon standards for central line care and device 
selection. The team evaluated the current state and devel-
oped evidence-based interventions targeted at CLABSI 
reduction. This nursing-led team met over 2 days to 
develop standardized approaches relevant to central line 
maintenance practices (changing of needleless connector, 
changing of intravenous tubing, chlorhexidine bathing, 
scrubbing the hub, protection of central line environ-
ment, procedure for blood culture drawing) and imple-
mentation of bundle round audit process (which entails 
bedside rounding on all elements of the bundle for every 
central line).

The key driver, “data and transparency,” focused on 
leveraging existing patient-level data and developing 
unit-level data to inform individuals and unit leaders, 
respectively, on bundle compliance. Patient-level data 
focuses on ensuring that bedside nurses are reviewing 
bundle elements each shift as part of their daily workflow 
and that patient-level bundle adherence was reviewed at 
shift handoffs to ensure ongoing visibility. The unit-level 
data allow unit-level leadership to track adherence to 
the individual elements as well as all of the bundle ele-
ments. Through this system-wide unit level dashboard, 
we changed from capturing missing elements on a sample 
of patients to visibility on adherence with all elements 
for all patients at a unit and hospital-level. The clarity on 
standards and transparency of data allowed for identify-
ing low adherence to specific bundle elements at a unit or 
hospital level, thereby prompting leadership to identify 
and resolve the barrier.

http://links.lww.com/PQ9/A172
http://links.lww.com/PQ9/A172
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The third key driver, “safety culture and accountabil-
ity,” focused on creating a culture of accountability both 
in general and specifically on the importance of bundle 
adherence in CLABSI prevention. The approach incor-
porated general elements of “just culture” of individual 
accountability with improvement in systems.16 There 
were several interventions instituted specifically for the 
CLABSI reduction effort. First, we used the patient-level 
dashboard to ensure that bedside nurses were aware and 
accountable for bundle elements for the patients in their 
care. Second, we used the unit-level dashboard to ensure 
unit leaders were engaged and accountable for the per-
formance of their unit on adherence to the all-or-none 
central-line bundle. Third, the quality leadership team 
implemented a cadence of rounding in the units. Finally, 
our executive leadership communicated consistent mes-
saging to front-line staff and faculty about expecta-
tions and the importance of bundle adherence and hand 
hygiene.

We identified CLABSI using standardized surveillance 
definitions used by the Centers for Disease Control and 
Prevention National Healthcare Safety Network.17 We 
report quarterly hospital-wide CLABSI rates defined 
as the total number of CLABSI events per 1,000 cen-
tral line days per quarter. We also report our hospital’s 
quarterly SIR for CLABSI, which reflects the observed-
to-expected ratio of infections adjusting for hospital 
characteristics. CLABSI SIR >1.0 indicates that there 
were more CLABSIs observed than predicted; con-
versely, a SIR <1.0 indicates that there were fewer 
CLABSIs observed than predicted.18 We used statisti-
cal process control (SPC) charts to display the CLABSI 

rate and SIR over time. The center-line represents the 
average with 3 standard deviations upper and lower 
control limits included in the chart. The control charts 
were produced using the plug-in QI Macros for Excel. 
While both CLABSI rate and SIR exclude mucosal bar-
rier injury-related bloodstream infection, SIR adjusts 
for the facility and/or patient-level factors that contrib-
ute to HAI risk. Data included for analysis were from 
January 1, 2015, to June 30, 2019. For comparison, we 
also examined our hospital’s quarterly catheter-asso-
ciated urinary tract infection (CAUTI) rates per 1,000 
urinary catheter days during the same period.

To evaluate the impact of this multi-faceted inter-
vention on CLABSI rates, we used a Poisson regression 
model to measure the effect of the intervention on quar-
terly changes in CLABSI rates, controlling for baseline 
trends. Since the intervention incorporated several key 
drivers over several quarters, we considered the interven-
tion period to extend from October 2017 to June 2018, 
and we excluded that period from the analysis. Thus, 
our pre-intervention period ranged from January 2015 
to September 2017, and our post-intervention period 
included data from July 2018 to June 2019. Our inde-
pendent variables included the intervention (post versus 
pre-intervention), time (secular trends based on quarterly 
data), and an interaction term to determine whether the 
intervention resulted in a change in slope for the compar-
ison of the post versus pre-implementation period. Since 
the interaction term was not significant, we present the 
most parsimonious CLABSI model here. We present inci-
dence rate ratios with 95% CI. A P-value of < 0.05 was 
considered statistically significant.

Fig. 1. CLABSI A3 showing the main buckets of key drivers and abridged version of the interventions. Q indicates quarter.



Reduction of CLABSI

4

Pediatric Quality and Safety

RESULTS
We implemented our multifaceted intervention begin-
ning in the fourth quarter of 2017 with a focus on prac-
tice standardization. Simultaneously, we developed and 
tested our patient-level and unit-level dashboards based 
on the practice standards developed. Our data and 
transparency and accountability teams began rollout 
and completed implementation in all units by the third 
quarter of 2018.

Implementation of CLABSI A3—NICU 
Microsystem Example
Historically the NICU made modifications to enter-
prise-wide initiatives because of the specific needs of their 
neonatal population, which resulted in the evolution of 
their practices away from our expected standard. Units 
governed their practices, and alignment with organi-
zational standards or teams was not prioritized. In this 
initiative, our NICU team realigned efforts within the 
context of a mesosystem focused on CLABSI prevention, 
with specific, justifiable requests for adaptation of the 
standards for their population. For example, the NICU 
team specifically reviewed the evidence for the safety and 
effectiveness of chlorhexidine bathing in the NICU pop-
ulation. After their review, they requested the use of a 
bathing protocol that specifically incorporated the use of 
specific products and frequency by gestational age, which 
the CLABSI governance team approved based on their 
evidence review. Also, the NICU works in an open bay 
environment, where there were concerns about the role 
of the physical environment and risk for infections. Thus, 
the NICU also emphasized the importance of adherence 
to unit-specific environmental hygiene practices as a key 
component of their infection prevention efforts. Despite 

these unit-specific adaptations, the overall emphasis 
remained on all-or-none bundle adherence and account-
ability for practice. Data on bundle element adherence 
were provided to bedside nurses and unit leadership. Unit 
leadership conducted bedside bundle rounds to provide 
just-in-time education to bedside staff on best practices 
for individual bundle elements to ensure consistency and 
high reliability. Hospital leadership conducted rounds 
with the NICU teams to emphasize the importance of 
CLABSI prevention to the organization and to further 
enhance the sense of accountability at all levels.

Impact of Intervention on CLABSI rates
Figure 2 shows the quarterly CLABSI rates from January 
2015 to June 2019, annotated with the implementa-
tion of interventions for the key drivers. Baseline quar-
terly CLABSI rates during the pre-intervention period 
ranged from 1.0 to 2.3 CLABSIs per 1,000 central line-
days. During the post-intervention period, the quarterly 
CLABSI rate ranged from 0.4 to 0.7 per 1,000 central 
line days. When adjusting for secular trends, we found a 
statistically significant decrease in the post versus pre-in-
tervention CLABSI rate of 71% (Table 1).

Similarly, we observed a significant decrease in the 
CLABSI SIR in the post-intervention period compared 
with the pre-intervention period (Fig.  3). Based on the 
control limits in the pre-intervention period, the trend of 
5 consecutive points for the CLABSI rate and SIR below 1 
SD of the center-line in the post-period indicate a process 
shift in the mean (Figs. 2 and 3). Even with the exclusion 
of the NICU (which had a significant reduction in rate), 
there was an overall decline in the hospital-wide CLABSI 
rate (Supplemental Digital Content at http://links.lww.
com/PQ9/A173 for Table).

Fig. 2. SPC chart with quarterly CLABSI rate per 1,000 central line days for the years 2015–2019 with time-line of interventions for 
the key drivers. Q indicates quarter; UCL, upper control limit; CL, centerline; LCL, lower control limit.

http://links.lww.com/PQ9/A173
http://links.lww.com/PQ9/A173
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DISCUSSION
There was a decline in the CLABSI rate and SIR fol-
lowing a baseline of sustained high rates, despite sev-
eral previous interventions over many years. The strong 
microsystem culture in our healthcare system remained 
critical to this success. We identified variability in stan-
dards across microsystems as an important contributor to 
the challenges in the previous CLABSI reduction efforts. 
The formation of the mesosystem to interface with the 
microsystems, develop standards, coordinate resource 
utilization, and serve as the “glue” between the microsys-
tems as well as providing a reporting structure and lever-
aging the vision and engagement of the macrosystem was 
crucial in this improvement initiative.11,19 To our knowl-
edge, this is the first reported experience identifying the 
important role of the mesosystem in CLABSI reduction 
at an institution.

One of the limitations of our project includes the 
absence of a control group. However, in comparing 
with another HAI such as CAUTI in the same period, 
where we did not have a similar mesosystem-focused 

initiative, we did not observe declines. Second, our find-
ings may have been due to a Hawthorne effect (changed 
behaviors while being observed), since there was con-
sistent and very visible macrosystem focus on the goal 
of CLABSI reduction. Yet, a similar macrosystem focus 
in several years prior did not yield similar reductions 
in CLABSI. Finally, our post-intervention period only 
included four quarters of data; thus, we will need to 
continue monitoring to ensure the sustainability of the 
mesosystem intervention. However, by not adding to 
the workload of our front-line providers and streamlin-
ing it through a clear process, we believe the results of 
this intervention are sustainable. Ongoing work to inte-
grate other best practices such as reducing placement 
of lines, prompt removal of lines, and reducing central 
line access will potentially further reduce the incidence 
of CLABSIs.

While the bundle itself is incredibly important, creating 
a system to allow for adherence to all of the bundle will 
have to be tailored to the challenges that could be unique 
to a healthcare system. In this initiative, we used the exis-
tent robust microsystems and re-designed a mesosystem 
to create and implement the improvement tool. We are 
using our experience with CLABSI to address reduction 
efforts of other healthcare-associated conditions, thereby 
achieving the goal of standardization.
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Table 1. Changes in Quarterly Rates Over Time for CLABSI 
and CAUTI

CLABSI CAUTI

IRR (95% CI) P IRR (95% CI) P

Time (slope) 1.02 (0.97–1.08) 0.39 1.06 (0.995–1.13) 0.07
Intervention  

(level change)
0.29 (0.14–0.59) 0.001 N/A N/A

IRR indicates incident rate ratio.

Fig. 3. SPC chart with CLABSI quarterly SIR 2015–2019Q2. Q indicates quarter; UCL, upper control limit; CL, centerline; LCL, lower 
control limit.
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