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Abstract:
							                           
Background and objectives: the implementation of ventilator-associated pneumonia (VAP) prevention bundles in Intensive Care Units (ICU) has been recommended due to the considerable increase in hospital costs, length of stay, morbidity and mortality in affected hospitalized patients. However, the results of its effectiveness are still controversial. This study aimed to assess the impact of implementing a VAP prevention bundle in an Adult ICU of a university hospital. Methods: a quasi-experimental study, with implementation of a VAP prevention bundle in an Adult ICU and analysis of indicators. This study addressed secondary data from hospital records recommended in the routine of the Hospital Infection Control Commission team and from the medical records of patients undergoing mechanical ventilation, from June 2016 to July 2019, who developed VAP. Results: VAP incidence density before the intervention was 4.13 infections, and after the intervention, it was 7.15 infections per thousand patients on ventilation/day. When performing the linear regression test, we showed that VAP density decreased as sedation was reduced, extubation was increased, and when compliance with all bundle elements occurred. Conclusion: there was no reduction in VAP incidence after the adoption of preventive measures, perhaps due to an underreporting of cases in the period prior to the bundle and a low team compliance with the bundle components. However, we noticed a decrease in VAP notifications after the eighth month of implementation of bundle of measures.
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INTRODUCTION


Ventilator-associated pneumonia (VAP) is one of the healthcare-associated infections (HAI) that generate considerable increases in hospital costs, length of stay, morbidity and mortality in hospitalized patients.
1.2



VAP occurs in approximately 10 to 25% of patients who require invasive mechanical ventilatory support for more than 24 hours
3
. It is the hospital infection that most commonly affects patients admitted to the Intensive Care Unit (ICU), representing up to 60% of hospital infections,
4,5
 depending on patients’ comorbidities, clinical status and duration of mechanical ventilation (MV)
6
.

According to the Brazilian National Regulatory Health Agency (ANVISA - AgênciaNacional de Vigilância Sanitária), VAP is characterized by a pulmonary infection occurring after 48 hours of endotracheal MV, associated with one or more chest radiographs with the presence of a new, persistent or progressive infiltrate, fever (> 38°C) or leukocytosis or leukopenia, worsening pulmonary secretions or worsening pulmonary function
7
.

There are several risk factors for the development of VAP, which can be classified as modifiable and non-modifiable.. Non-modifiable risk factors are age, severity score at the time of admission of patient to ICU and presence of comorbidities
8
 . Modifiable factors include length of hospital stay, prolonged intubation time, supine position, surgery, tracheostomy, multiple intubations and use of steroids.
2,5



Considering the relevant negative impact caused by VAP on critically ill patients, it is essential to adopt preventive care, taking into account the modifiable factors. Several studies suggest bundles of measures for VAP prevention in critically ill patients.
2,6,9
 These care bundles have been widely used today, which bring together a small group of interventions that, when implemented together, result in substantial improvements in health care9. In turn, these bundles vary greatly from one institution to another, according to the specificity of hospitalized patients.
10



According to the literature, the effectiveness of bundles for VAP prevention is still controversial. Some studies point to a reduction in VAP incidence
6,9,11-14
, while others failed to observe such an improvement.
2,15,16



Faced with the need to adopt preventive measures in the ICU of a teaching hospital that is a reference for the city and 26 municipalities of Minas Gerais, and, in this scenario of uncertainty regarding the efficiency of bundles, we understand the need to know the effectiveness of bundle implementation for VAP prevention in the population assisted in our service.

Therefore, the aim of this study was to assess the impact of implementing a bundle for VAP prevention in an Adult ICU of a university hospital.





METHODS


This is a quasi-experimental study conducted in an Adult ICU of a teaching hospital in Minas Gerais.

The implementation of VAP prevention bundle in the aforementioned ICU began in January 2018, with the institution of the Ministry of Health’s “Improving Patient Safety on a Large Scale in Brazil” (Melhorando a Segurança do Paciente em Larga Escala no Brasil) program. Initially, the care teams were trained to carry out the measures proposed by the bundle and record the actions performed in patients’ medical records. The records were monitored daily by the Hospital Infection Control Commission (HICC) and collected to evidence the team compliance rate with the bundle elements.

This study addressed secondary data from hospital records, recommended in the routine of the HICC team and assisted patients’ medical records. All HICC data records related to VAP density, from June 2016 to July 2019, from the aforementioned ICU and the medical records of all patients over 18 years of age diagnosed with VAP after admission to the ICU in the same period. In order to compare patients’ profile, medical records of patients who underwent MV for more than 48 hours in the same study period and who did not develop VAP were also included. Medical records of patients under 18 years of age, patients on MV for a period of less than 48 hours and patients diagnosed with VAP prior to ICU admission were excluded.

In the reports, indicators related to VAP incidence in the ICU were analyzed in the months prior to bundle implementation (June 2016 to December 2017) as well as after its implementation (January 2018 to July 2019). In this last period, data related to team compliance with the bundles were collected.

Data were extracted regarding VAP incidence density (number of VAP cases in the month divided by the number of patients on MV/day in the month, multiplied by 1,000), mortality rate, ICU stay rate, length of stay on MV and MV utilization rate. Team compliance with the bundle elements was also verified: keeping the headboard elevated, maintaining adequate cuff pressure, performing sedation reduction, performing oral hygiene with chlorhexidine (0.12%) twice a day, verifying the possibility of extubation and maintaining a MV system, according to the recommendations in force in the country.

In the analysis of medical records, data from patients’ sociodemographic and clinical profile were analyzed, such as age, sex, diagnosis of ICU admission, comorbidities and type of device used for MV at the time of infection (nasotracheal, orotracheal or tracheostomy tube), type of treatment to which patients underwent (clinical or surgical), Apache II severity score, type of VAP and outcome (discharge or death).

Descriptive exploratory analysis of the variables was performed, with numerical variables measured by central tendency and dispersion. To apply the statistical tests, it was necessary to verify the population’s distribution and normality; for this, the Shapiro-Wilk test was performed. To test the hypothesis that two variables presented in the patient table are associated, Fisher’s test was performed comparing the elements presented in the table. A statistical significance was established at * = p< 0,05. Data with non-normal distribution were found, and the Mann-Whitney test was used to assess whether there was a difference in VAP density before and after bundle application. To predict associated factors based on the correlation between VAP density and each element of the bundle, a linear regression and Spearman correlation analysis were performed, in which Spearman’s r values and p-value were found, in addition to R. value. The Odds Ratio for the development of VAP was calculated with a 95% confidence interval. A statistical significance was established at * = p< 0,05.

For statistical analyses, GraphPad Instat and GraphPad Prism, version 8.02, were used. According to distribution (Shapiro-Wilk test), the results with non-normal distributions were expressed as medians (minimum and maximum values), with a significance level lower than 0.05.

Data collection to determine compliance with preventive measures was carried out between January 2018 and July 2019. At least 20 monthly observations of each bundle element were performed. Compliance with these measures was measured through observations of compliance with each bundle element, separately and together.

In order to know the monthly team compliance with thee bundle elements, the number of items in compliance was divided by the total number of items assessed, arriving at the value in percentage of compliance with each element and with all elements together. From these results, the average value of compliance with the bundle elements was calculated, which will be presented as the median of the percentage of compliance.

The procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national, if applicable) and with the Declaration of Helsinki of 1975, as revised in 2000. The study was approved by the institution’s Research Ethics Committee, under CAAE (Certificado de Apresentação para Apreciação Ética - Certificate of Presentation for Ethical Consideration) 04794918.9.0000.8667 and Opinion 3,257,340.





RESULTS


This study involved 64 patients: 30 (46.9%) patients before bundle application and 34 (53.1%) after bundle application, with 15 patients diagnosed with VAP before bundle application and 15 patients without VAP in this period, 17 patients with VAP after bundle implementation and 17 patients without a diagnosis of VAP in the same period.

VAP incidence density value of 4.13 was found before the bundle and 7.15 infections per thousand patients on MV/day after the institution of prevention measures (Figure 1).
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Figure 1



Assessment of VAP density comparing the period before and after bundle application. Mann-Whitney test, p= 0.8966















The median (minimum-maximum value) of patients’ age before the bundle was 54.5 (18-87), and 53.5 (20-87) for patients after the bundle. For the Apache II variable, it was 22 (9-31) for patients before the bundle, and 23 (14-32) for patients after the bundle. The length of hospital stay (in days) was 20.5 (2-123) for patients before the bundle, and 18 (3-123) for patients after the bundle. Regarding MV duration (days), the median was 16 (3-120) for patients before the bundle, and 13.5 (3-102) for patients after the bundle.

Regarding overall mortality, there was no difference between the period before the bundle (30.4%; 13.6-50) and after the bundle was implemented (31.4%; 17.9-39.4).

Most patients were male (66.7% before the bundle and 58.8% after the bundle), with a predominant diagnosis of external causes (e.g., traumatic brain injury, multiple traumas, gunshot wounds, among others) (33.3%) before and (41.2%) after the bundle. They had comorbidities (46.7%) in the pre-bundle and (55.9%) post-bundle periods. They received surgical treatment (60%) pre-bundle and (55.9%) post-intervention

The predominant type of VAP before and after the bundle was late (86.6%), which, after the institution of preventive measures, showed a slight reduction to 82.35%, with no statistically significant difference.

Table 1 shows the detailed characterization of the sample used in the study.




Table 1




shows the detailed characterization of the sample used in the study









	
	
Before the intervention


	
	
After the intervention





	
	
With VAP


	
Without VAP


	
	
	
With VAP


	
Without VAP


	



	
	
n (%)


	
Median

(min-max)


	
n (%)


	
Median

(min-max)


	
p-value*


	
	
n (%)


	
Median

(min-max)


	
n (%)


	
Median

(min-max)


	
p-value*





	
Age


	
	
	
	
	
	
	
	
	
	
	



	< 60 years
	10 (66.7)
	51 (18-85)
	9 (66.7)
	57 (33-87)
	1.000
	
	8 (47.1)
	62 (22-87)
	13 (76.5)
	45 (20-77)
	0.157



	>= 60 years
	5 (33.3)
	6 (40.0)
	
	9 (52.9)
	4 (23.5)



	
Sex


	
	
	
	
	
	
	
	
	
	
	



	Male
	9 (66.7)
	-
	11 (73.3)
	-
	0.700
	
	9 (52.9)
	-
	11 (64.7)
	-
	0.728



	Female
	6 (40.0)
	4 (26.7)
	
	8 (47.1)
	6 (35.3)



	
Comorbidities

	
	
	
	
	
	
	
	
	
	
	



	Yes
	6 (40.0)
	-
	8 (53.3)
	-
	0.715
	
	12 (70.6)
	-
	7 (41.2)
	-
	0.1663



	No
	9 (66.7)
	7 (46.7)
	
	5 (29.4)
	10 (58.8)



	
Treatment

	
	
	
	
	
	
	
	
	
	
	



	Surgical
	11 (73.3)
	-
	7 (46.7)
	-
	0.264
	
	11 (64.7)
	-
	8 (47.1)
	-
	0.4905



	Clinical
	4 (26.7)
	8 (53.3)
	
	6 (35.3)
	9 (52.9)



	
Outcome

	
	
	
	
	
	
	
	
	
	
	



	Hospital discharge
	9 (66.7)
	-
	8 (53.3)
	-
	1.000
	
	8 (47.1)
	-
	6 (35.3)
	-
	0.4905



	Death
	6 (40.0)
	7 (46.7)
	
	9 (52.9)
	11 (64.7)



	
Apache


	
	
	
	
	
	
	
	
	
	
	



	>= 20
	9 (66.7)
	20 (9-30)
	12 (80.0)
	24 (17-31)
	0.427
	
	15 (88.2)
	25 (14-30)
	12 (70.6)
	21 (15-32)
	0.3983



	<20
	6 (40.0)
	3 (20.0)
	
	2 (11.8)
	5 (29.4)



	
Length of stay


	
	
	
	
	
	
	
	
	
	
	



	>= 30
	6 (40.0)
	24 (4-123)
	2 (13.3)
	12 (2-119)
	0.215
	
	7 (41.2)
	24 (9-123)
	2 (11.8)
	14 (3-35)
	0.1175



	< 30
	9 (66.7)
	13 (86.7)
	
	10 (58.8)
	15 (88.2)



	
MV time


	
	
	
	
	
	
	
	
	
	
	



	>= 10 days
	14 (93.3)
	17 (5-102)
	7 (46.7)
	8 (3-120)
	0.014*
	
	16 (94.1)
	17 (9-102)
	6 (35.3)
	9 (3-38)
	0.0008*



	< 10 days
	1 (6.7)
	8 (53.3)
	
	1 (5.9)
	11 (64.7)



	
Total

	15 (100)
	
	15 (100)
	
	
	
	17 (100)
	
	17 (100)
	
	














 VAP - ventilator-associated pneumonia; Fisher’s test; *p<0.05.








The medians (minimum-maximum value) of the percentage of compliance with the bundle by the team were oral hygiene (100%; 30-100), elevated headboard (95%; 65-100), reduced sedation (95 %; 0-100), verification of extubation possibility (100%; 0-100), maintenance of cuff pressure (85%; 55-100), maintenance of ventilator circuits (80%; 40-100) and compliance with all elements (55%; 0-90). We did not see a sustained improvement in team compliance over the months. We had months with an improvement in the performance of a measure, but, on the other hand, a worsening in other elements.

When performing the linear regression test to predict behavior based on the association between VAP density and each bundle element, VAP density decreased as sedation was reduced [(R.=0.4087; p= 0.0032) (Figure 2)], as well as VAP density decreased as extubation increased [(R.=0.5376; p= 0.0003) (Figure 2)], and compliance with all bundle elements managed to decrease VAP density [(R.=0.329; p= 0.0102) (Figure 2).
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Figure 2



Linear regression and correlation of VAP incidence density related to bundle elements during the intervention period (January 18 to July 19), correlating the incidence in the month with the percentage of compliance with bundle indicators: (A) compliance with elevated headboard; (B) compliance with oral hygiene; (C) compliance with sedation reduction; (D) compliance with possibility of extubation; (E) compliance with MV system maintenance; and (F) compliance with all bundle elements. Linear regression was performed, presenting the R² value. For the assessment of correlation, Spearman’s test was performed and the correlation of each of the bundle elements was presented, as well as compliance with all elements. Spearman’s r value and p-value of the test were presented, being statistically significant when p<0.05.















When assessing the Odds Ratio and the confidence interval of some variables on VAP density, length of hospital stay (4.789; 95%CI: 1,354 - 16.94) and MV time (7.857; 95%CI: 1,575 - 39.19) showed to be a risk factor for the development of VAP (Table 2)




Table 2




Analysis of risk factors for the development of VAP in an Adult ICU From June 2016 to July 2019









	
Risk factors


	
With VAP

n= 32


	
Without VAP

n= 32


	
(95% CI) OR


	
p-value*





	
Age


	
	
	
	



	>= 60 years
	14
	10
	1.711 (0.6150 - 4.761)
	0.4390



	< 60 years
	18
	22



	
Sex


	
	
	
	



	Female
	14
	10
	0.5844 (0.2100 - 1.626)
	0.4390



	Male
	18
	22



	
Comorbidities


	
	
	
	



	Yes
	18
	15
	1.457 (0.5441 - 3.902)
	0.6173



	No
	14
	17



	
Treatment


	
	
	
	



	Surgical
	22
	15
	2.493 (0.8987 - 6.918)
	0.1282



	Clinical
	10
	17



	
Apache


	
	
	
	



	>= 20
	24
	24
	1.000 (0.3224 - 3.101)
	1.000



	< 20
	8
	8



	
Length of stay


	
	
	
	



	>= 30
	13
	4
	4.789 (1.354 - 16.94)
	0.0219*



	<30
	19
	28



	
MV time


	
	
	
	



	>= 10
	30
	21
	7.857 (1.575 - 39.19)
	0.0109*



	< 10
	2
	11



	
Outcome


	
	
	
	



	Hospital discharge
	17
	19
	0.7754 (0.2881 - 2.087)
	0.8013



	Death
	15
	13














 OR - Odds Ratio; CI - Confidence Interval; VAP - ventilator-associated pneumonia; MV - mechanical ventilation; *p<0.05.








Figure 3 demonstrates the incidence of pneumonia during the study period, June 2016 to July 2019, in an Adult ICU. There was a significant increase in the notification of VAP cases in January 2018, when bundle implementation to prevent VAP in the ICU began.
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Figure 3



Incidence of numbers of VAP cases during the study period in an Adult ICU



















DISCUSSION


In the present study, VAP incidence density before the intervention was 4.13 infections, and, after the intervention, it was 7.15 infections per thousand patients on MV/day, demonstrating an increase in infections after the introduction of VAP prevention bundle. Although most studies show a reduction in VAP after the adoption of preventive measures
9,11-14
, some studies like this also did not show improvements after the implementation of bundles.
15,16
These results may be due to several factors. First, the diagnostic bias of VAP is one of the factors that affect its incidence; the clinical definitions of VAP are quite subjective and unspecific; and the subjectivity and inconsistencies of VAP diagnostic criteria allow manipulating its real incidence, which can result in underreporting of this infection.
17-19
Moreover, in the period prior to bundle implementation, attention was not focused on the diagnosis of VAP. On the other hand, in the bundle post-implementation period, a multidisciplinary team, composed of physicians, nurses and physiotherapists from the ICU, was assigned to monitor and daily discuss the cases of hospitalized patients, therefore, attention was redoubled in the tracking of suspected cases until the diagnosis is confirmed.

Another point that suggests the underreporting of cases in the pre-bundle period is the data from several studies, which describe VAP prevalence in ICU, ranging from 7 to 40 infections per 1,000 patients on MV/day, values higher than those found in this study.
11,15,16



We should also highlight the team compliance with the bundle elements. This compliance with recommendations has been recognized as the main factor associated with the reduction in VAP rates.
20
 In the literature, we found several sets of measures to prevent VAP.
19
In general, these are simple precautions that, when used together in a systematic way, can prove to be effective
9
. This study was presented in accordance with the Ministry of Health’s “Improving Patient Safety on a Large Scale in Brazil” program, with the adoption of 6 preventive measures: headboard elevation between 30 and 45°; oral hygiene with chlorhexidine twice a day; verification of possibility of extubation, reduction of sedation, maintenance of cuff pressure and maintenance of ventilation circuits, in accordance with the recommendations in force in the country. Compliance with these measures was measured through observations of compliance with each bundle element, separately and together. Most bundle studies have only analyzed complete bundles rather than testing the contributions of each bundle component. According to Klompas, this analysis of the components in isolation is important, because the data that support each component are variable.19


In this study, we observed a general compliance with all bundle elements of 55%, which is lower than that recommended in the literature, which should reach 95%.
11,21
 Overall compliance rates were 71.8% in a study in 6 university hospitals in South Korea21, 74.16% in ICU in Belgium 
14
 and 77% in a teaching hospital of large size in Brazil11, in which reductions in VAP incidence density rates were evidenced. Thus, we can infer that low compliance can also justify the data found in our study. On the other hand, when we analyzed the incidence of VAP and compliance with the bundle elements, we evidenced a trend towards VAP reduction, as was the case of compliance with sedation reduction, verification of possibility of extubation and compliance with all bundle elements in set. Klompas found positive results in VAP prevention, with spontaneous breathing tests and reduced sedation, which corroborates our results.
19
 However, it also found a reduction in VAP with an elevated headboard, which was not evidenced in our research. Differently from what was found here, oral hygiene was reported as an impact factor in VAP reduction in some studies. 21,22
 However, Klompas showed that, despite reducing VAP, oral hygiene with chlorhexidine was potentially harmful and may be associated with higher mortality rates.
10,19


VAP reduction, associated with the components reduction of sedation and verification of possibility of extubation, is in line with the significant risk factor in our study for the development of VAP, which was MV duration and length of hospital stay. The earlier sedation is withdrawn and extubation is performed, the less time patients are susceptible to the development of VAP. Therefore, implementing a bundle based on minimizing sedation and spontaneous breathing tests seems to effectively contribute to VAP prevention. Measures that can contribute to reduce long-term mortality, since VAP has been repeatedly associated with prolonged MV, length of hospital stay and increased mortality.
19,23
 In our study, the overall mortality rate remained stable (30.4%) pre- and (31.4%) post-bundle, and was not related to a higher prevalence of VAP.

When we compared the groups with and without VAP in relation to the Apache II severity score, sex, age, presence of comorbidities and treatment, we did not find significant differences, suggesting that the population characteristics remained similar. Only in relation to MV duration there was a significant difference, confirming this data as a risk factor for VAP.

Late VAP, which occurs after the fourth day of intubation, was predominant in patients before the bundle. Unlike early VAP, which is caused by antibiotic-sensitive microorganisms, late VAP is related to multidrug-resistant pathogens and therefore more difficult to treat
5
.In a multicenter study in Spain, the authors showed that bundle measures had a greater impact on late-onset VAP
23
; however, in our study, it was not possible to observe such improvements.

Despite the lack of improvement in VAP incidence in the post-bundle period, we noticed, after the eighth month of implementation, a tendency towards a decrease in VAP incidence density, suggesting that the measures adopted can, in the long term, be effective and therefore should be continued and monitored to ensure patient safety, as we believe that the sustained bundle application can increase its clinical impact.

A limiting factor in the present study is due to the number of patients included, due to the low incidence of VAP, which may not reflect reality. Prospective studies with extended periods of time should be carried out, in an attempt to reach more expressive samples.

In the present study, we did not find a reduction in VAP incidence after preventive care implementation, perhaps due to an underreporting of cases in the period prior to the adoption of measures and a low team compliance with the bundle elements. However, we noticed a decrease in VAP notifications after the eighth month of bundle implementation, which may suggest that the measures adopted may, in the long term, be effective and, therefore, should be continued and monitored to ensure patient safety. In any case, we understand that studies with larger samples are necessary to determine whether this bundle is efficient in preventing VAP in the population studied.








REFERENCES


1. Agência Nacional de Vigilância Sanitária. (BR). Medidas de prevenção de infecção relacionada à assistência à saúde. Brasília: Anvisa; 2017.

2. Ding S, Kilickaya O, Senkal S, et al. Temporal Trends of Ventilator-Associated Pneumonia Incidence and the Effect of Implementing Health-care Bundles in a Suburban Community. Chest. 2013;144,5. http://dx.doi.org/10.1378/chest.12-1675


3.      Barbas CSV, Couto LP. Tubos endotraqueais com aspiração suprabalonete diminuem da taxa de pneumonia associada à ventilação mecânica e são custo-efetivos? Rev Bras Ter Intensiva. 2012; 24(4): 320-321. https://www.scielo.br/pdf/rbti/v24n4/a04v24n4


4.      Bickenbach J, Marx G. Diagnosis of pneumonia in mechanically ventilated patients: what is the meaning of the CPIS? Minerva anestesiologica. 2013; vol. 79, n.12. https://www.minervamedica.it/en/journals/minerva-anestesiologica/article.php?cod=R02Y2013N12A1406


5.      Chouhdari A, Shokouhi S, Bashar FR, et al. Is a Low Incidence Rate of Ventilation Associated Pneumonia Associated with Lower Mortality? a Descriptive Longitudinal Study in Iran. Tanaffos. 2018; 17(2): 110-116. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6320555/

6.   Righi E, Aggazzotti G, Ferrari E, et al. Trends in ventilator-associated pneumonia: Impact of a ventilator care bundle in an Italian tertiary care hospital intensive care unit. American Journal of Infection Control. 2014;1312-6. http://dx.doi.org/10.1016/j.ajic.2014.08.009


7. Agência Nacional de Vigilância Sanitária. (BR). Critérios Diagnósticos de Infecção relacionada à Assistência à Saúde. Brasília: Anvisa; 2017.

8. Carvalho CRR. Pneumonia associada à ventilação mecânica. J Bras Pneumol. 2006; 32(4): 10-12. http://dx.doi.org/10.1590/51806-371320060000400003


9. Klompas M, Lingling L, Kleinman K, et al. Associations Between Ventilator Bundle Components and Outcomes. JAMA Intern Med 2016; 176(9):1277-1283. http://dx.doi.org/10.1001/jamainternmed.2016.2427


10.  Wolfensberger A, Meier MT, Clack L, et al. Preventing ventilator-associated pneumonia- a mixed-method study to find behavioral leverage for better protocol adherence. Infection Control e Hospital Epidemiology. 2018, 39, 1222-1229. http://dx.doi.org/10.1017/ice.2018.195


11. Lourençone EMS, Branco A, Monteiro AB, et al. Adesão às medidas preventivas versus incidência de pneumonia associada à ventilação mecânica. Rev Epidemiol Controle Infecç. 2019 abr-junh:9(2):142-148. http://dx.doi.org/1017058/reci.v9i2.12596


12. Jadot L, Huyghens L, De Jaeger A, et al. Impact of a VAP bundle in Belgian intensive care units. Ann Intensive Care. 2018: 8,65. http://dx.doi.org/101186/s13613-018-0412-8


13. Schreiber PW, Sax H, Wolfensberger A, et al. The preventable proportion of healthcare-associated infections 2005-2016: Systematic review and meta-analysis. Infection Control e Hospital Epidemiology. 2018; 0, 1-19. http://dx.doi.org/10.1017/ice.2018.183


14.  Reper P, Dicker D, Damas P, et al. Improving the quality of the intensive care follow-up of ventilated patients during a national registration program. Public Health. 2017; Vol 148, 159-166. http://dx.doi.org/10.1016/j.puhe.2017.03.014


15.  Beattiea M, Shepherd A, Maher S, et al. Continual improvement in ventilator acquired pneumonia bundle compliance: A retrospective case matched review. Intensive and critical care nursing. 2012;28,255-262. http://dx.doi.org/10.1016/j.ccn.2012.01.007


16. Rodrigues AN, Fragoso LVC, Beserra FM, et al. Impactos e fatores determinantes no bundle de pneumonia associada à ventilação mecânica. Rev Bras Enferm. 2016; 69 n.6. http://dx.doi.org/10.1590/0034-7167-2016-0253


17.  De Luca LA, Walsh P, Davidson DD, et al. Impact and feasibility of an emergency department–based ventilator associated pneumonia bundle for patients intubated in an academic emergency department. America Journal of Infection Control. 2017;45,151-157. http://dx.doi.org/10.1016/j.ajic.2016.05.037


18. Ego A, Preiser JC, Vicent JL. Impact of Diagnostic Criteria on the Incidence of Ventilator-Associated Pneumonia. Chest. 2015; 147:347-355. http://dx.doi.org/10.1378/chest.14-0610


19. Klompas M. What is new in the prevention of nosocomial pneumonia in the ICU? Critical care. 2017;23, n. 5. http://dx.doi.org/10.1097/MCC.0000000000000443


20. Alvarez-Lerma F, Palomar-Matinez M, Sanchez-Garcia M, et al. Prevention of Ventilator-Associated Pneumonia: The Multimodal Approach of the Spanish ICU “Pneumonia Zero” Program. Crit Care Med. 2018;46:181-8. http://dx.doi.org/10.1097/CCM.0000000000002736


21.  Eom JS, Lee MSL, Chun HK, et al. The impact of a ventilator bundle on preventing ventilator-associated pneumonia: A multicenter study. American Journal of Infection Control. 2014;42,34-37. http://dx.doi.org/10.1016/j.ajic.2013.06.023


22.  Rello J, Afonso E, Lisboa T, et al. A care bundle approach for prevention of ventilator-associated pneumonia. Clinical Microbiology and Infection. 2013;19, n4. http://dx.doi.org/10.1111/j.1469-0691.2012.03808


23.  Caroff D, Li L, Muscedere J, et al. Subglottic secretion drainage and objective outcomes: a systematic review and meta-analysis. Crit Care Med. 2016;44: 830-40. http://dx.doi.org/10.1097/CCM.0000000000001414










OEBPS/rva5704.png
e Controle de Infeccio






OEBPS/570472423002_gf2.png
Avd

Depois

Antes

ap epuzppUy 3p apupIsUq





OEBPS/570472423002_gf3.png





OEBPS/570472423002_gf4.png
‘Beginning of bundle
application

\

abills






