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ABSTRACT

Objective: To reduce the incidence density of ventilator-associated pneumonia (VAP), central line-
associated bloodstream infection (CLABSI), and catheter-associated urinary tract infection (CAUTI)
in the intensive care unit (ICU) using the Improvement Science method.

Methods: This was a single-center retrospective cohort study. A collaborative quality improvement
team developed and implemented local changes to HAl-related processes and protocols. Pre-
intervention, intervention, and post-intervention periods were compared. The study was conducted
at the Adult ICU of a hospital in southern Brazil. Variables were analyzed using interrupted time
series analysis with segmented linear regression, simple correlation, and hypothesis testing.
Results: There was a reduction in the incidence density of all infections. VAP was reduced from
27.2% to 7.2% (p < 0.001), CLABSI from 3.0% to 0.9% (p = 0.017), and CAUTI from 8.3% to 1.8% (p <
0.001). The ICU stay was also reduced from 6.7 to 6 days (p = 0.018).

Conclusion: There was an improvement in all the evaluated parameters. Ongoing monitoring of
related indicators and adherence to implemented measures are essential to sustain improvements.
Applying the Improvement Science methodology can reduce the incidence of HAls in the ICU.
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INTRODUCTION ICU3. In developing countries, the incidence of HAls in
the ICU seems to be at least three times higher than that
in the USAZ These infections are associated with

increased morbidity, length of hospital stay, and

Healthcare-associated infections (HAls) are the
most common adverse events in healthcare settings

worldwide'2. In the United States, approximately 4% of
all hospital admissions and 9% to 20% of all intensive care
unit (ICU) admissions are complicated by HAIs>“.
Approximately half of all in-hospital HAls develop in the

hospital costs>®.

The application of evidence-based
recommendations can significantly reduce the incidence
of these complications3-®. However, uniform application
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of these measures often necessitates system-wide
organizational changes’®. Adapting to the local context
significantly  influences the success of an
intervention'®'. Isolated interventions are not expected
to lead to consistent improvements. Effective
interventions must be systemic and multifaceted'"3.
The development of an intervention must be a gradual
process that continuously evolves to adapt to the local
context and allow for the removal of unforeseen
obstacles and unintended effects'®'315,

The Science of Improvement methodology'®,
which uses the Improvement Model with PDSA cycles
(Plan-Do-Study-Act), is used to promote and accelerate
the improvement of healthcare’™". This model is
adopted by the Institute of Healthcare Improvement
(IH)'7, which also encourages and guides the
organization of quality improvement collaboratives
wherein several teams located in different health
institutions or groups within the same institution work
together to achieve an improvement®'>18,

This study was part of the Salus Vitae project, a
Quality Improvement Collaborative comprising 14 ICUs
across four Brazilian states. The objective of this project
was to reduce the incidence density of ventilator-
associated pneumonia (VAP), central line-associated
bloodstream infection (CLABSI), and catheter-associated
urinary tract infection (CAUTI) in ICUs using the
Improvement Science method.

METHODS
Quality Improvement Collaborative - "Salus Vitae"

From July 2015 to December 2016 (18 months), a
hospital ICU team participated in a quality improvement
collaboration called Salus Vitae. The Salus Vitae project
was organized and sponsored by the Associacdo
Congregacdo de Santa Catarina (ACSC) in partnership
with the IHI of the United States. A group of 14 ICUs in
12 hospitals managed by the ACSC across four Brazilian
states participated in the project. Two physicians and

Table 1 — Strategies used in the Improvement Model.

two nurses from each ICU were selected. The teams
were trained on the Science of Improvement, health-
related infections, and their prevention methods via
virtual meetings conducted every month and face-to-
face meetings conducted every six months.

The objective of the project was to jointly
develop improvement strategies (Table 1) using the
Improvement Model with PDSA cycles to reduce the
incidence density of VAP, CLABSI, and CAUTI. Measures
to prevent these infections were already implemented
in these hospitals, and the mandatory reporting of these
indicators was already carried out by the Hospital
Infection Control Commission, which forwarded these
data to the Agéncia Nacional de VigilGncia Sanitdria
(ANVISA) every month. The teams analyzed the
processes related to infections and implemented
improvement measures, changes, and strategies so that
all stages of these processes were carried out more
effectively and efficiently according to the local
characteristics of each ICU. During the multidisciplinary
visit, a checklist was introduced for the removal of
invasive devices.

Population, location, duration, and sampling

The study was conducted at the Adult ICU of a
hospital in southern Brazil, which is a regional referral
center for cardiology, cardiac surgery, neurosurgery,
orthopedics, oncological surgery, and trauma'. It is a
30-bedded general ICU for patients aged over 14 years
and the only reference in Intensive Care Medicine of the
Public Health System (SUS) in an 18 cities sub-region
located in the south of Santa Catarina, which comprised
a population of 363,565 inhabitants in 2017, according
to the Brazilian Institute of Geography and Statistics
(Instituto Brasileiro de Geografia e Estatistica - IBGE)?.
The 18-month intervention period lasted from July 2015
to December 2016. All patients admitted to the ICU from
48 months before the start of the intervention (i.e., July
2011) to 24 months after the completion of the
intervention (i.e., December 2018) were included in this
study.

Reduce complications associated with the use of mechanical ventilation (MV):

1. Consider non-invasive ventilation;
2. VAP bundle;
3. Venous thromboembolism (VTE) prophylaxis;

4. Sedation protocol, weaning, lung injury/acute respiratory distress syndrome, oral hygiene/aspiration precautions,

enteral nutrition, mobility, stress ulcer;
5. Be careful with the ventilation circuit.

Reduce complications associated with the use of a central venous catheter (CVC):

1. CVC insertion bundle;

2. CVC maintenance bundle;

3. Standardization: kits/insertion carts/dressing;
4. Align with other sectors to standardize insertion;
5. Replace urgently inserted CVCs.

Reduce complications associated with indwelling bladder catheterization (IBC):

. Avoid unnecessary use;
. Develop criteria for insertion;
. Ensure availability of alternatives to IBC;

. Review IBC needs daily;
. Perform intimate hygiene whenever appropriate;

NOUTAWN =

. IBC maintenance based on pre-established criteria in the literature.

. Reminders, alerts, and locks in the prescription that pay attention to revising the need for the catheter.




Michels Junior et al. Rev Cienc Saude. 2023;13(3):66-73

68

This study was approved by the Research Ethics
Committees of the University of Southern Santa Catarina
(Registration no. 3,615,875 from 2 Oct 2019). Following
the rules of Resolution 466/2012 of the National Council
of Health, the anonymity of participants and the
authorization/knowledge of the institution under study
were respected. A waiver of written informed consent
was requested because of the retrospective nature of
the study.

Data collection

The diagnostic criteria, calculation of the
incidence density of infections, and rates of use of
invasive devices were established by the ANVISA?', These
data were collected from the medical records of the
Hospital Infection Control Committee team, which are
mandatorily sent to ANVISA. Data for the evaluation of
monthly averages, length of ICU stay, and ICU mortality
were obtained using a digital report generated in the
Tasy® (Phillps) electronic medical record system. No
individual medical records of patients were used in this
study.

The formulas for calculating the study variables
were as follows:

= Density of the incidence of infection = (n°
infections/n°® patients with a day device during the
period) * 1000

= Use rate = (n° patients with invasive device/n°
patients during the period) * 100

= Average permanence = (n° day-patients in the
period/ n° hospital discharges during the period) * 100

= Average mortality = (n° deaths in the period/ n°
hospital discharges during the period) * 100

Study design and data analysis

This was a clinical, epidemiological study based
on a retrospective cohort, with data collection from a
secondary database, to evaluate the incidence density
of VAP, CLABSI, and CAUTI before, during, and after
implementing the changes based on the Improvement
Science methodology.

IBM SPSS® v.21 software was used to analyze
interrupted time series with segmented linear regression

to analyze the effect of the intervention on the trend of
variables and simple correlations and to assess the
distribution of variables using the Shapiro-Wilk normality
test. Continuous variables were reported as
mean/standard deviation and median/interquartile
range, and pre- and post-intervention values were
tested using Student’s t-test. P-values < 0.05 were
considered indicative of statistical significance.

RESULTS

The results were divided into three periods: (1)
pre-intervention, (2) intervention, and (3) post-
intervention. The incidence density of CLABSI showed a
non-normal distribution in all three periods. The
incidence density of CAUTI showed a non-normal
distribution only in the post-intervention period. All
other variables had a normal distribution.

The time series analysis (Figures 1, 2, and 3)
showed no cyclical or seasonal variations, allowing
segmented linear regression to assess the trend of the
variables in the different study periods.

The incidence densities of all infections showed a
reduction at the end of the study. The incidence
densities of VAP and CAUTI (Tables 2 and 3) showed a
sustained decrease throughout the study. The regression
showed a downward trend during and after the
intervention. VAP decreased by 70.7% (p < 0.001) and
CAUTI by 78.3% (p < 0.001) compared with the pre-
intervention period. The incidence density of CLABSI
showed the most significant reduction during the
intervention but rose again after this period.
Nevertheless, the final reduction was 70% (p < 0.017)
compared with that in the pre-intervention period. The
regression showed a slight downward trend during the
intervention and an increase in the post-intervention
period.

The time series of the invasive device utilization
rates (Figures 1, 2, and 3) showed a similar pattern. They
showed an initial drop at the beginning of the
intervention period and a subsequent increase, with a
final upward trend. After the intervention, the upward
trend was maintained.

Table 2 — Densities of incidence of infections and rates of use of invasive devices, mortality, and length
of stay in the ICU in the Pre-intervention, intervention, and post-intervention periods.

Periods Pre-intervention Intervention Post-
intervention

d-VAP? 27.2+9.6° 25.6 + 8.8 7.9+45
d-CLABSI® 3.0 3.7)7 0.0 (0.0)7 0.9 2.1)7
d-CAUTI” 8.3+4.9 6.0 + 3.5 1.8 (2.0)°
r-mv1 68.3+4.9 61.9+ 6.7 65.2 + 6.7
r-cvc# 66.6 + 6.6 57.4+5.2 59.9 + 5.0°
r-uc” 78.4+ 6.3 55.3+7.0° 62.3+5.1
r-LOS™ 6.7 +0.9 5.6 + 0.4 6.0 +0.6"
r-Mortality# 20.0 + 4.7 20.5 + 3.9 23.8 + 3.9

*Mean and standard deviation; "Median and interquartile range; *d-VAP - Incidence density of ventilator-associated pneumonia;
d-CLABSI - Central line-associated bloodstream infection incidence density; /’d-CAUTI - Density of incidence of catheter-
associated urinary tract infection; r-MV - Rate of use of mechanical ventilation; #r-CVC - Rate of use of the central venous
catheter; **r-UC - Rate of use of the urinary catheter; ™ r-LOS - Length of stay in the ICU; ¥ r-Mortality - Mortality rate
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Figure 1 — Time series of incidence density of central line-associated bloodstream infection (d-CLABSI) and the rate of use of central venous catheter (r-CVC).
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Figure 2 — Time series incidence density of catheter-associated urinary tract infections (d-CAUTI) and urinary catheter use (r-UC) rate.
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Figure 3 — Time series of incidence density of ventilator-associated pneumonia (d-PAV) and rate of use of mechanical ventilation (r MV).

Table 3 — Differences between incidence densities and rates of invasive device use, mortality rates,
and length of stay in the following time intervals: (1) Pre-intervention versus intervention period;
(2) Intervention versus post-intervention period; and (3) Pre-intervention versus post-intervention
period. The arrows represent the change over the specified period of the column.

Difference (1) Pre/Int’ (2) Int/Post’ (3) PrePost’
d-VAPT 11.6 (0.070) 117.7 (< 0.001) 119.3 (< 0.001)
d-CLABSF 13 (0.003) 1-0.9 (0.395) 12.1 (0.017)
d-CAUTIS 12.3 (0.249) 14.2 (< 0.001) 16.5 (< 0.001)
r-Mv9 16.4 (< 0.001) 1-3.3 (0.280) 13.1 (0.120)
r-CVC# 19.2 (<0.001) 1-2.5 (0.221) 16.7 (0.002)
r-uc” 123.1 (< 0.001) 1-7 (0.007) 116.1 (< 0.001)
r-LOSTT 11.1 (< 0.001) 1-0.4 (0.057) 10.7 (0.018)
r-Mortality™ 10.5 (0.041) 1-3.3 (0.012) 1-3.8 (0.194)

*Difference in percentages and p-value; 'd-VAP - Incidence density of ventilator-associated pneumonia; *d-CLABSI
- Central line-associated bloodstream infection incidence density; d-CAUTI - Density of incidence of catheter-
associated urinary tract infection; r-MV - Rate of use of mechanical ventilation; *r-CVC - Rate of use of the
central venous catheter; **r-UC - Rate of use of the urinary catheter; ™r-LOS - Length of stay in the ICU; *r-
Mortality - Mortality rate
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At the end of the study period, the utilization
rates of all invasive devices and the incidence densities
of all infections were reduced (Tables 1 and 2).
However, the reduction in the rate of use of mechanical
ventilation (4.6%) (p = 0.120) was not statistically
significant. Urinary and central venous catheter use
rates were reduced by 10.1% (p = 0.002) and 20.6% (p =
0.001), respectively. The regression showed an
increased trend during and after the intervention.

The ICU length of stay initially reduced from 6.7
days to 6.0 days in the final period, representing a 10.4%
decrease (p = 0.018). There was a weak correlation
between ICU length of stay and infection incidence
densities (r = 0.08 for VAP and r = 0.18 for CLABSI).
Analyzed together, the reduction of the three infections
had r = 0.12. The regression showed a slight upward
trend in all three periods.

The mortality rate increased in all periods. The
difference between the mortality rate in the initial
period (20.0%) and the end (23.8%) was not statistically
significant (p < 0.194). There was a weak correlation (r
= 0.09) between infection incidence density and
mortality rate. The regression showed a slight upward
trend during (regression coefficient = 0.2991) and after
(regression coefficient = 0.2046) the intervention.

No correlation was found between the use rate of
mechanical ventilation and VAP (r = -0.05). Correlations
between the rate of central venous catheter use and
CLABSI (r = 0.34) and the rate of urinary catheter use
and ICU (r = 0.38) were weak.

DISCUSSION

In this study, the initial densities of infection
incidence and the rates of use of invasive devices were
high compared with those in other studies*??. The
incidence densities of all infections and the utilization
rates of all invasive devices in the post-intervention
period were lower than those in the pre-intervention
period. Similar results have been reported in reviews of
the effectiveness of improvement measures in the
Quality Improvement Collaborative?*%,

In addition to reducing ICU and VAP incidence
densities, the regression showed a downward trend post-
intervention, a result considered ideal. The incidence
density of the CLABSI time series indicated a significant
reduction in infection before intervention initiation.
This was likely attributable to the implementation of a
chlorhexidine bath for the patient in the ICU nine months
before the initiation of the intervention. Even so, there
was a reduction in the intervention period, but in the
post-intervention period, the incidence density of
CLABSI increased again, and the regression showed an
increase.

The rates of invasive device use and incidence
density of CLABSI declined during the intervention
period, followed by an increase in the post-intervention
period. The regression trend of these variables also
increased. The various study interventions were
progressively implemented during the 18-month
intervention period but were concentrated in the initial
period. Control of adherence to intervention measures
was performed only during implementation, and
adherence likely decreased over time. This result shows

the importance of maintaining the improvement effort,
with periodic reinforcement of the importance of
measures and the need to ensure adherence to the
implemented changes.

The study showed no decrease in the rate of MV
use. Among the invasive devices, MV is the most difficult
to remove. It depends on the severity of the patient, and
the decision-making process is more complex and
involves more professionals.

There was a significant reduction in the ICU
length of stay, but it was not possible to demonstrate
the benefit related to mortality. There was an increase
in the mortality rate, but this was not statistically
significant. Some variables could not be considered in
the study, such as demographic variables and severity
scores, which may have potentially influenced the
results.

No correlation was observed between the rate of
use of MV and VAP. The baseline rate of VAP in this study
(19.9 per 1,000 MV-days) was higher than the VAP rate
reported by the National Healthcare Safety Network of
the Centers for Disease Control and Prevention (0.8 per
1,000 MV-day in 2013)%. However, the rate in this study
was lower than that reported by Rosenthal et al. in
Argentina, i.e., 46.3 and 51.28 VAPs per 1,000 MV-day?’.

The correlation between central venous catheter
use, CLABSI, urinary catheter use, and UTI was weak.
This shows that the study's multifaceted interventions
were critical in reducing infection incidence densities.
The early withdrawal of these devices, which reduced
their utilization rate, may decrease infection incidence
densities.

The widespread implementation of CLABSI
prevention packages has significantly reduced the
overall prevalence of CLABSI in some countries?®. A
meta-analysis of 79 studies evaluating the impact of
CLABSI prevention packages in adult, pediatric, and
neonatal ICUs demonstrated a 60% reduction in CLABSI
rates (i.e., from 6.4 [interquartile range (IQR), 3.8 -
10.9] to 2.5 [IQR, 1.4 - 4.8] CLABSI per 1,000 catheter
days and incidence rate [IRR], 0.44; 95% CI, 0.39 - 0.50;
p < 0.0001; I> = 89%)%.

A study evaluating the impact of a suite of
interventions, including staff education, a daily
electronic checklist, and an indwelling urinary catheter
removal protocol, found no CAUTIs reported during the
intervention period, reducing the rate to 1.33 per 1,000
catheter days°.

Some limitations of this study should be
acknowledged. This was a single-center, retrospective,
nonrandomized study with no control group. Therefore,
the results should be interpreted with caution. However,
several factors support a strong correlation between the
intervention measures and the results. There was at
least a transient reduction in the incidence density of all
infections and utilization rates during the intervention
period. The upward trend in the post-intervention period
also suggests that the control of adherence to changes
made during the intervention was effective. We did not
quantify the degree of adherence to the different
improvement measures. In addition, the relative
importance of individual interventions in this
multifaceted intervention was not assessed. Finally,
patient demographic data and other variables that could
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influence the results were not collected.

The study showed a significant reduction in the
incidence densities of VAP infection, CLABSI, and UTI in
the ICU. It also showed a reduction in the length of ICU
stay. Although not directly demonstrated in the study,
this results in decreased ICU cost, morbidity, and
mortality. Using the Improvement Science methodology,
better patient care and a safer ICU were obtained using
the same human resources and equipment.

CONCLUSION

Applying the Improvement Science methodology
can reduce the incidence of HAI in the ICU. This study
showed that implementing multifaceted interventions
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