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Background. Although there are simple and low-cost measures to prevent healthcare-associated infections (HAIs), they remain
a major public health problem. Quality issues and a lack of knowledge about HAI control among healthcare professionals may
contribute to this scenario. In this study, our aim is to present the implementation of a project to prevent HAIs in intensive
care units (ICUs) using the quality improvement (QI) collaborative model Breakthrough Series (BTS).

Methods. A QI report was conducted to assess the results of a national project in Brazil between January 2018 and February
2020. A 1-year preintervention analysis was conducted to determine the incidence density baseline of the 3 main HAIs: central
line-associated bloodstream infections (CLABSIs), ventilation-associated pneumonia (VAP), and catheter-associated urinary
tract infections (CA-UTIs). The BTS methodology was applied during the intervention period to coach and empower healthcare
professionals providing evidence-based, structured, systematic, and auditable methodologies and QI tools to improve patients’
care outcomes.

Results. A total of 116 ICUs were included in this study. The 3 HAIs showed a significant decrease of 43.5%, 52.1%, and 65.8%
for CLABSI, VAP, and CA-UTI, respectively. A total of 5140 infections were prevented. Adherence to bundles inversely correlated
with the HAI incidence densities: CLABSI insertion and maintenance bundle (R =-0.50, P=.010 and R=-0.85, P <.001,
respectively), VAP prevention bundle (R=-0.69, P<.001), and CA-UTI insertion and maintenance bundle (R=-0.82,

P <.001 and R = —0.54, P =.004, respectively).
Conclusions.
approach to preventing HAIs in critical care settings.
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infection; ventilator-associated pneumonia.

Descriptive data from the evaluation of this project show that the BTS methodology is a feasible and promising
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Healthcare-associated infections (HAIs) represent one of the
most common unintentional adverse events related to patient
care [1-3]. Nowadays, HAISs are considered a major public health
problem because of their high impact on the morbimortality and
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quality of life of patients, as well as the economic impact on health
services [4-8].

Considering the existence of simple, low-cost prevention and
control measures that are disseminated globally, HAIs can cur-
rently be recognized as possible failures in healthcare [6].
Deficiencies in quality and a lack of knowledge about HAI con-
trol among healthcare professionals may contribute to this sce-
nario [4-6].

In light of this, the World Health Organization (WHO) has
recognized HAIs as a global challenge in need of action and
preventive measures as a priority [6]. To achieve these goals,
collaborative efforts to improve patient care outcomes, enhance
healthcare system performance, and develop work teams to es-
tablish a patient safety culture are required. Currently, a well
known and widely used approach is the Breakthrough Series
(BTS) [9]. This quality improvement (QI) model consists of a
short-term collaborative approach that facilitates the learning
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of participating institutions through contact with teams and
professionals experienced in a selected subject, using struc-
tured, systematic, and auditable methodologies in search for
improvements in patients care, closing the gaps between the
finest scientific evidence available, and daily practice [9].

Regarding the success of this approach in healthcare pro-
grams [10-13], in 2017, the Brazilian Ministry of Health pro-
moted, in line with the National HAI Prevention and Control
Program, and the National Patient Safety Policy, the collabora-
tive initiative “Large scale patient safety improvement,” simpli-
fied as “Saiide em Nossas Mdos” (SNM) from the Portuguese
“Health in our hands,” which aimed to reduce HAIs in inten-
sive care units (ICUs). This article aims to present the imple-
mentation and results of this project in Brazil using the BTS
model.

METHODS

Study Design

This is a QI report with a retrospective analysis assessing the
collaborative project Large scale patient safety improvement
in Brazil during its implementation from January 2018 to
February 2020. The project involved a preintervention analysis
between January and December 2017 to determine the monthly
incidence density baseline of HAIs from the participating ICUs.
During the intervention period, monthly indicators were sys-
tematically collected to create the database used for this aca-
demic article.

Participants

The Brazilian Ministry of Health promoted this project through a
support Program for the Institutional Development of the Unified
Health System (PROADI-SUS). An open call was made at the na-
tional level for all public institutions with adult ICUs throughout
Brazil. The application was voluntary and no financial incentive
was provided to the participating organizations.

The inclusion criteria were as follows: public or not-for-profit
organization hospitals with more than 100 beds, including at
least 10 ICU beds, and high-complexity reference centers in their
region. The exclusion criteria were as follows: absence of a for-
malized quality department, absence of an infection control
committee, and/or failure of the organization’s director or leader
to agree to participate. According to these criteria, the hospitals
were ranked, and the first 120 institutions (numbers predefined
by the project) were selected. For PROADI-SUS purposes, to im-
prove and support the Brazilian public health system, private in-
stitutions were not included.

Intervention

The SNM Collaborative followed the Institute for Healthcare
Improvement (IHI)’s BTS methodology from January 2018 to
February 2020, with adaptations to local settings (Figure 1).

The overarching aim was to provide equitable access to inte-
grated, evidence-based care to help the participating ICUs in
patient care to prevent HAIs. The Ministry of Health and 5 pri-
vate institutions of recognized excellence belonging to the
PROADI-SUS, together with the IHI support team, developed
the intervention framework and conducted preliminary work:
they recruited the QI teams to provide intervention leadership,
coordination, and in-practice coaching. The theory of change
was adopted based on the driver diagram from the QI model
(Figure 2). Before launching, expert working group meetings
were held to help shape the contents, refine technical issues,
and prepare the QI teams to start the implementation. Each in-
stitution of the PROADI-SUS, called a hub, acted as a leader,
coordinator, and QI mentor for the participating ICUs.

The 5 QI teams were compounded by interdisciplinary mem-
bers representing key disciplines as follows: infectious diseases
and intensive care physicians, nursing, respiratory therapists, tech-
nical nursing, and at least 1 member certified by the IHI in im-
provement science. Each QI team developed its own site-specific
aim aligned with the overall collaborative aims based on its popu-
lation of focus, and small adaptations were accepted to support in-
terdisciplinary participation and allow for customization.

The Breakthrough Series Model

The intervention included 6 onsite training sessions held every
3 to 4 months. Between the sessions (action period), monthly
online remote support sessions and onsite educational techni-
cal visits were held, where the process to prevent HAI, QI tools,
and teamwork techniques were tracked. Moreover, during
these periods, teams were coached to work with other health-
care workers engaged in intensive care at their sites to test
and implement changes using plan-do-study-act (PDSA) cycles
(Figure 1).

In all of these meetings, the ICU teams received the following
basic training on QI methods: (1) how to design initial tests of
change to reduce HAI rates, and (2) how to share successful expe-
riences and challenges in implementing the changes. Simulation
training on preventing HAI was also conducted. Each ICU team
received at least 1 coach call monthly, aside from the collective
call, to support them in the activities in improving healthcare
and multiply the acquired knowledge inside their hospitals during
the virtual and in-person sessions. For further doubts and queries,
the SNM Collaborative also created an online platform (https:/
saudeemnossasmaos.proadi-sus.org.br/biblioteca-virtual) to sup-
port ICUs professionals during the implementation period and
for uploading and disseminating all knowledge files, technical doc-
uments, guidelines, and recorded meetings.

Outcomes

The proposed goal of the SNM project was a 50% reduction in
the baseline incidence densities of HAI in intensive care set-
tings, focusing on the infections with the greatest impact on
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Figure 1. Adaptation of the Breakthrough Series model to the collaborative initiative “Large scale patient safety improvement” in Brazil. A, Act; D, Do; P, Plan; S, Study.
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Figure 2. Summary of the main topics covered by the driver diagram of the Breakthrough Series model used in the collaborative initiative “Large scale patient safety
improvement” in Brazil. CA-UTI, catheter-associated urinary tract infections; CLABSI, central line-associated bloodstream infections; HAI, healthcare-associated infections;
ICU, intensive care unit; VAP, ventilation-associated pneumonia.
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Figure 3. Shewhart charts between January 2018 and February 2020 and time-series modeling. (A) Incidence density of central line-associated bloodstream infections (CLABSI)

per 1000 catheter-d. (B) Incidence density of ventilator-associated pneumonia (VAP)

per 1000 ventilator-d. (C) Incidence density of catheter-associated urinary tract infections

(CA-UTI) per 1000 catheter-d. (D) Incidence density of CLABSI time-series model. () Incidence density of VAP time-series model. (F) Incidence density of CA-UTI time-series model.
Blue dots, monthly incidence density; green line, center line; red line, upper and lower control limits. ICU, intensive care unit; IPCSL1, incidence density of central line-associated
bloodstream infections; ITU-AC1, incidence density of catheter-associated urinary tract infections; PAV1, incidence density of ventilation-associated pneumonia;

morbidity, mortality, and hospital costs: central line-associated
bloodstream infections (CLABSIs) confirmed through labora-
tory tests, ventilation-associated pneumonia (VAP), and
catheter-associated urinary tract infections (CA-UTIs). The di-
agnosis criteria were defined using the National Health
Surveillance Agency (ANVISA) definitions [14] following the
Centers for Disease Control and Prevention recommendations
[15-17]. A driver diagram was developed for each of the HAIs
studied, including bundle specifications and hand hygiene proto-
cols using the finest evidence available (Supplementary Table 1
shows the driver diagram for hand hygiene as an example).
Before implementing changes, ICU teams were supported to
standardize their clinical data entry using an electronic record
form template. This form allowed the standardization of clinical
care and QI indicators. Teams reported monthly aggregated, non-
nominal quality metrics and a qualitative description of change.

Variables

Two important QI indicators were assessed in this study: (1)
adherence to the prevention bundles of each analyzed HAI
and (2) adherence to hand hygiene. Both indicators were calcu-
lated using the following formula:

Number of observations in which there was adherence 100

Total number of observations

These indicators were not systematically measured before the

SNM implementation, thereby it was not possible to perform
a historical analysis. These variables were compared with the
density of the incidence rates of each HAI with the respective
bundle and each of their subitems.

Statistics

A Shewhart chart was used to analyze the CLABSI, VAP, and
CA-UTI incidence densities over the intervention period. Data
from the CLABSI, VAP, and CA-UTI were modeled using a
time series. The model used for the adjustment was regression
with autoregressive integrated moving average (ARIMA) errors
using a transfer function model. A “project” variable was created
with values (1) equal to zero for the baseline months (preproject)
and (2) equal to 1 for the intervention months. The model was
adequate for all of the 3 indicators, and the adjusted model resid-
uals showed no correlation. The percentage of adherence to bun-
dles and hand hygiene was correlated with HAI incidence
densities during the study period, and Pearson’s correlation coef-
ficients were calculated. The significance level was set to d = 5%.
Statistical analysis was performed using Minitab v18 (State
College, PA, USA) and JMP v16 (Cary, NC, USA).

Patient Consent Statement

The SNM project was promoted and implemented by the Brazilian
Ministry of Health in accordance with national ethical recommen-
dations. For this academic article, the access to the SNM database
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Figure 4. Correlation between adhesion to the insertion/maintenance bundles and the incidence densities of the studied healthcare-associated infections. (A) Correlation
between adhesion to the insertion bundle and incidence density of central line-associated bloodstream infections per 1000 catheter-d. (B) Correlation between adhesion to
the maintenance bundle and incidence density of central line-associated bloodstream infections per 1000 catheter-d. (C) Correlation between adhesion to the prevention
bundle and incidence density of ventilator-associated pneumonia per 1000 ventilator-d. (D) Correlation between adhesion to the insertion bundle and incidence density of
catheter-associated urinary tract infections per 1000 catheter-d. (E) Correlation between adhesion to the maintenance bundle and incidence density of catheter-associated
urinary tract infections per 1000 catheter-d. IPCSL1, incidence density of central line-associated bloodstream infections; IPCSL3, adherence to the insertion bundle central
line-associated bloodstream infections; IPCSL4, adherence to the maintenance bundle central line-associated bloodstream infections; ITU-AC1, incidence density of catheter-
associated urinary tract infections; ITU-AC3, adherence to the insertion bundle catheter-associated urinary tract infections; ITU-AC4, adherence to the maintenance bundle
catheter-associated urinary tract infections; PAV1, incidence density of ventilation-associated pneumonia; PAV3, adherence to the prevention bundle ventilation-associated

pneumonia.

was approved by the local human research ethics committees
(Certificado de Apresentagio de Apreciagio Etica - CAAE
39657220.8.0000.5330) of the 5 PROADI-SUS institutions, with
the consent of the SNM coordinator and the authorization of the
ministry responsible. The available database presented indicators
of QI processes and did not exhibit any data referring to or men-
tioning the participating institutions or patients involved. Hence,
this study does not include factors necessitating patient consent.

RESULTS

A total of 226 institutions spread across all the 26 Brazilian
states and the Federal District applied to this project
(Supplementary Figure 1A). A total of 120 ICUs were selected
to participate in this initiative, and only 4 withdrawals were re-
ported until February 2020 (Supplementary Figure 1B). Further
features of the participant ICUs are provided in Supplementary
Table 2. The included ICUs were randomly assigned in equal
numbers to 1 of the 5 hubs.

Throughout the project, the hubs used continuous strategies to
generate engagement and empowerment in the ICU teams. These

ICU teams were also combined with the following interdisciplin-
ary members: intensive care physician, nursing, respiratory thera-
pists, technical nursing, and at least 1 member of infection control
committee. These activities were performed equally in all the par-
ticipating ICUs and included the following: (1) in-person learning
sessions (28 lectures, 23 workshops, and 226 storyboards) coordi-
nated by representatives of the Ministry of Health and staff from
the 5 hubs (90 and 72, respectively), both nationally and regionally,
with the participation of 3381 and 1670 health workers, respective-
ly; (2) virtual learning sessions (28 meetings) with the attendance
of 12960 professionals; and (3) reunions (600 visits including
leadership huddles, technical encounters, and gatherings to com-
memorate good results), where more than 1.6 million kilometers
were traveled and 160 000 hours dedicated.

Every month, the ICU teams posted their data on out-
come, process, and balance measures into a database of the
project, and they submitted a monthly report to their hub
for analysis, discussion, and feedback. All of the participat-
ing ICUs reported their data. The data were aggregated
and analyzed by the governance team to assess the progress
of the project.
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Table 1. Correlation Between the Incidence Density of Central-line Associated Bloodstream Infections Confirmed Through Laboratory Tests and the

Adhesion to Each Bundle Item

Bundle

Adherence (%)

Incidence Density

CLABSI Per 1000 Catheter-days

Insertion Bundle Items R? P Value
Evaluate the indication for CVC insertion -0.89 <.001
Use maximum barrier precaution -0.07 740
Perform skin antisepsis with chlorhexidine -0.58 .002
Optimally select the insertion site -0.51 .008
Dressing properly after insertion 0.31 122

All or nothing —-0.50 .010

Maintenance bundle items R? P Value
Register the indication of CVC permanence -0.53 .005
Adhere to aseptic technique in catheter handling -0.74 <.001
Carry out maintenance of the infusion system -0.12 578
Adhere to correct dressing technigue 0.25 217

All or nothing —0.85 <.001

Bold text: All or nothing results.

Abbreviations: CVC, central venous catheter; CLABSI, central line-associated bloodstream infections.

#Pearson test.

Table 2. Correlation Between the Incidence Density of Ventilation-associated Pneumonia and the Adhesion to Each Bundle ltem

Bundle

Adherence (%)

Incidence Density

VAP Per 1000 Ventilator-day

Prevention Bundle Items R? P Value
Perform routine oral hygiene —0.569 .002
Keep the head of the bed elevated 30 to 45 degrees -0.64 <.001
Perform sedation reduction -0.88 <.001
Daily check for the possibility of extubation -0.80 <.001
Maintain cannula cuff pressure between 25-30 cmH,0 (or 20-22 mmHg) —0.56 .003
Maintenance of the mechanical ventilation system® -0.66 <.001
All or nothing —0.69 <.001

Bold text: All or nothing results.
Abbreviation: VAP, ventilation-associated pneumonia.
#Pearson test.

®According to the recommendations in force in the country.

Reducing Healthcare-Associated Infections
Healthcare-associated infection incidence density baseline of the
enrolled ICUs was 5.47, 13.90, and 4.24 per 1000 device-days for
CLABSI, VAP, and CA-UTI, respectively. During the study pe-
riod, CLABSI reached a 43.5% reduction, decreasing to 3.09
(Figure 3A); VAP reached a 52.1% reduction, declining to 6.66
(Figure 3B); and CA-UTI attained a 65.8% decrement, declining
to 1.45 cases per 1000 device-days (Figure 3C). Time-series mod-
eling demonstrated a significant impact on decreasing incidence
densities baselines after the implementation of the SNM project
for CLABSI (R* = 0.89, P < .001), VAP (R*=0.94, P < .001), and
CA-UTI (R*=0.92, P <.001) (Figure 3D-F).

Overall, based on the intervention impact in the historical
baselines, we estimated that 5140 infections might have been
prevented. Furthermore, 60.5%, 71.0%, and 23.7% of the

ICUs reached over 1000 device-days without infections at
some time during the projects for CLABSI, VAP, and
CA-UTI, respectively.

Adherence to Device Bundles and Healthcare-Associated
Infection Prevention

Figure 4A and B show the adhesion to the insertion and main-
tenance bundles gradually increasing, followed by a progressive
reduction in the incidence density of CLABSI, evidencing a sig-
nificant negative correlation for both (R = —0.50, P =.010 and
R =-0.85, P <.001, respectively). Figure 4C shows a negative
correlation between the prevention bundle of VAP and the de-
crease in its incidence density (R =—0.69, P <.001). Finally,
Figure 4D and E present the interaction of the insertion and
maintenance bundle fidelity and the incidence density of
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Table 3. Correlation Between the Incidence Density of Catheter-associated Urinary Tract Infections and the Adhesion to Each Bundle Item

Bundle

Adherence (%)

Incidence Density

CA-UTI Per 1,000 Catheter-day

Insertion Bundle ltems R? P Value
Indicate the use of bladder catheter only when appropriate -0.59 <.001
Comply with aseptic technique when inserting a bladder catheter -0.55 .004

All or nothing —0.82 <.001

Maintenance bundle items R® P Value
Keep the drainage system closed -0.54 .004
Execution of the correct technique when handling the drainage system -0.562 .006
Perform daily hygiene of the urethral meatus -0.78 <.001
Daily verification of the need to maintain the urinary catheter -0.45 .022

All or nothing —0.54 .004

Bold text: All or nothing results.
Abbreviation: CA-UTI, catheter-associated urinary tract infections.
#Pearson test.

CA-UTI, also revealing a contrary correlation between them (R
=-0.82, P<.001 and R =—0.54, P=.004, respectively). The
adherence to each item of each bundle for CLABSI, VAP,
and CA-UTI are presented in Table 1-3, respectively.

Adherence to Hand Hygiene and Healthcare-Associated
Infection Prevention

A negative correlation was observed between adherence to
hand hygiene and the incidence densities of CLABSI, VAP,
and CA-UTI (R =-0.200, R=0.368, and R = —0.310, respec-
tively); however, no significant associations were found in
this sample (P > .05 for all) (Supplementary Figure 2).

DISCUSSION

Participating ICU teams have made significant progress in imple-
menting evidence-based changes to clinical workflow and patient
care processes, with a focus on HAI prevention. As a result, a sig-
nificant impact on HAI reduction was observed, with a decrease
of over 43% and up to 65% in the 3 most critical HAIs during a
short intervention period. These findings reinforce the relevance
of healthcare professionals’ training and empowerment, and the
use of structured, systematic, and auditable methodologies to im-
prove outcomes in patients’ care, creating an appropriate safety
patient culture, especially in intensive care settings.

To the best of our knowledge, this is one of the largest QI col-
laboratives worldwide, one of the first in Latin America, and
one of the first made in Brazil using the BTS model to prevent
HAIs [10, 11, 18, 19]. However, this is the first attempt includ-
ing over 100 ICUs, reducing, simultaneously, the 3 most crucial
HAISs, leading to a striking impact on the public health system
in terms of prevention, relevant clinical indicators, care quality,
safety, and economical savings, especially in a middle-income
country such as Brazil. Moreover, recognizing the vast diver-
gences among the participant ICUs, including different regions

across Brazilian territory, patients’ profiles (general, surgical,
neurological, and others), structural and human resources dis-
tinctiveness, financial gaps, and the features of each service, this
project emphasizes how a well structured QI approach can
achieve outstanding and similar results among all units
regardless of divergences. This is far-reaching in the context
of low- and middle-income countries seeking low-cost and
highly effective public health strategies to reduce HAIs.

The WHO efforts aimed at preventing HAIs have continued
to grow globally [6, 20], and apparently, they have begun pro-
ducing adequate results in recent years, showing favorable
changes in HAI incidences [21-25]. National reports have
also revealed positive results, with a decrease from 4.4 to 3.9,
12.2 to 10.7, and 4.7 to 3.6 in the incidence of CLABSI, VAP,
and CA-UTI, respectively, between 2017 and 2019 [26]. The re-
sults evidently represent that CA-UTI shows greater potential
for reduction. Indeed, our initiative achieved a 65.8% reduction
of CA-UTI, almost thrice more than the number published in
the Brazilian national report, including 1525 to 1637 ICUs in
2017-2019 [26]. Daily review of the catheter indication, as no-
ticed in the participant ICUs during this project, contributed to
less utilization and consequently fewer infections [27]. In addi-
tion to the technical aspects of CA-UTI prevention, there has
been a focus on the role that changes in behavior and culture
play in QI [27, 28]. As proposed in the BTS methodology, ef-
forts involving both technical and QI interventions are neces-
sary to bridge the gap between evidence and end users in
CA-UTI prevention.

Furthermore, the main challenge was CLABSI incidence
density reduction [29], probably because central venous cathe-
ters are difficult to handle and involve many steps in insertion
and maintenance care [30]. Most participating ICUs did not
have standardized alcohol swabs, transparent dressings, or
closed infusion systems for 100% compliant handling.
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Despite this, a considerable decline of 43% in CLABSI was
achieved, demonstrating better performance than the national
curve (11% reduction in the 3-year period) [26]. Although a di-
rect causal link between these interventions and a reduction in
CLABSI cannot be established based on this project, improved
staff knowledge and behaviors may have contributed to im-
proving bundle compliance and, further, led to fewer
CLABSIs [31-34].

Despite strategies to prevent VAP, its prevalence remains
stable [20, 35]. Several factors contribute to this scenario, in-
cluding a lack of resources, noncompliance with infection con-
trol procedures, and insufficient knowledge of VAP among
health professionals. In fact, VAP occurrence was inversely as-
sociated with adherence to prevention bundles [36-39]. Thus,
QI approaches focusing on adherence, allowing reflections, re-
view, and adequacy (PDSA) by the ICUs professionals, imple-
mented in a cyclical fashion in our project, was critical for
success in VAP reduction [40]. Our findings firmly established
the negative correlation between bundles compliance and VAP
reduction, and once again they exposed a considerable decrease
of more than 52% from the baseline—thrice more than that
published in the Brazilian national report, including 1521 to
1644 ICUs in 20172019 [26].

Altogether, we also reinforce the importance of the use of au-
ditable methodologies [6], evidencing how adhesion to the pre-
vention bundles is highly and significantly negatively correlated
with HAI incidence densities (R < —0.5 for all), with every sin-
gle item essential for infection control. It is remarkable that we
did not find a significant correlation between the dressing tech-
nique subitems in the insertion and maintenance of CLABSI
bundles. This finding can be related, as mentioned above, to re-
source and supply issues and is not necessarily associated with a
lack of adhesion. Proper dressing to cover the catheter site and
subsequent monitoring and replacement are imperative for
CLABSI control, and we still highly recommend it [41].

The SAVE LIVES: Clean Your Hands initiative is part of a
major global effort led by the WHO: it includes “My Five
Moments for Hand Hygiene”. Hand hygiene is the single
most important measure to reduce the transmission of micro-
organisms, but health worker compliance regarding this is still
a challenge [42, 43]. In fact, it is evident how the adherence
curve is increasing, albeit slowly, through the intervention pe-
riod, which might have revealed difficulties in reaching this
goal, and it could have explained why no significant correlation
was found with the HAI incidence densities in our sample.
Once again, supply readiness, underreported data, or a low
number of ICUs with implemented protocols may also have
contributed to this result because many hospitals had no alco-
holic product at the bedside or a multimodal strategy before the
project [44]. We emphasized hand hygiene as one of the most
cost-effective tools in fighting HAT; however, the WHO efforts
do seem to be enough for HAI control, mainly in developing

countries [45]. Indeed, there is a demand to update the
WHO recommendations [46]. As proposed here, the success
of our intervention is not only based on technical issues, but
it is also focused on multimodal QI strategies adapted to local
and cultural contexts [47]. Our findings reinforce that hand hy-
giene alone, despite being mandatory, is not enough for HAI
control, and futures strategies, both nationally and internation-
ally, should include a wider overview of the problem [42, 43,
46-50].

The 100000 Lives Campaign was a nationwide initiative
launched by the IHI to significantly reduce morbidity and mor-
tality in American healthcare [51]. To follow the goal of this
crusade, we used previous mortality rates reported for HAI
[52-54] and local data of the participating ICUs (unpublished
data), estimating a mortality rate for each: 0.31 for CLABSI,
0.51 for VAP, and 0.1 for CA-UTL Therefore, we calculated
the potential of 1836 lives saved during the present initiative
until February 2020: 398, 1309, and 129 for CLABSI, VAP,
and CA-UT]I, respectively.

Limitations

Despite the outstanding results presented in this study, because
the SNM Collaborative was initially not proposed and imple-
mented as a research project, it is not exempt from academic
limitations. First, considering the retrospective analysis, some
variables were not included in this report due to missing values
or insufficient data. For example, a valuable QI indicator such
as knowledge acquisition by the ICU teams was collected before
and after some learning sessions, but final data were not robust
enough for a proper analysis.

Second, although the call to participate was open to all insti-
tutions, the selected ICUs may not be representative of the real
healthcare situation in Brazil. Likewise, stakeholders may either
represent ICUs with notorious deficiencies claiming for the ap-
plication of QI strategies or services with a culture of QI mind-
set. For this reason, exclusion of institutions with a lack of
patient care quality service and/or infection control committee,
which can suggest lower quality ICUs, might have contributed
to a selection bias; nevertheless, the inclusion criteria were ap-
propriate in terms of applicability and sustainability according
to the intervention proposal.

Third, this project proposed a pre- and postintervention
analysis. In academic terms, it would be desirable to have a con-
trol group to assess the impact of the implementation com-
pared to usual care. In light of this, we compared the
project’s results to the national HAI report using the published
density in several ICUs reported at the national level during the
same analyzed period, serving as the bottom line of our tempo-
ral analysis. Another strategy would have been to include the
ICUs that applied to the SNM but were not selected; however,
because it was not initially proposed and due to resources lim-
itations, it was not possible to follow-up these institutions.
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Fourth, although the HAI mortality rate can be used as an es-
timate for projecting deaths from CLABSI, VAP, and CA-UTI,
there is a risk of death that is inherent to ICU patients (baseline
risk) based on multiple factors [7, 8]. Therefore, it is necessary
to estimate the increase in the probability of death of an ICU
patient with HAI versus without HAT using the local settings.
Further studies are necessary to enhance the accuracy of esti-
mating saved lives.

Fifth, as previously mentioned, the wide divergence among
the participant ICUs, in addition to the hospital features and
health service specificities where they belong, did not allow
for further subgroup analysis. Specific yields would have been
desirable to better understand the ICUs’ performance.

Finally, we did not collect demographic and severity scores
of the patients cared for by the participants, and we cannot ex-
clude that it might have changed throughout the intervention,
although it is very unlikely because they are public, highly de-
manded tertiary hospitals with high acuity and they did not re-
ceive any financial performance-based benefit.

CONCLUSIONS

This study confirms that the BTS methodology is a feasible and
promising approach for QI in healthcare organizations in low-
and middle-income countries, demonstrating that the implemen-
tation of evidence-based preventive bundles and improvement
science are high-potential strategies to achieve remarkable out-
comes related to patients’ safety and HAI control.
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