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Abstract

Objectives: To identify a pediatric ventilator-associated condition definition for use in neonates 

and children by exploring whether potential ventilator-associated condition definitions identify 

patients with worse outcomes.

Design: Retrospective cohort study and a matched cohort analysis.

Setting: Pediatric, cardiac, and neonatal ICUs in five U.S. hospitals.

Patients: Children 18 years old or younger ventilated for at least 1 day.

Interventions: None.

Measurements and Main Results: We evaluated the evidence of worsening oxygenation via 

a range of thresholds for increases in daily minimum fraction of inspired oxygen (by 0.20, 0.25, 

and 0.30) and daily minimum mean airway pressure (by 4, 5, 6, and 7 cm H2O). We required 

worsening oxygenation be sustained for at least 2 days after at least 2 days of stability. We 

matched patients with a ventilator-associated condition to those without and used Cox proportional 

hazard models with frailties to examine associations with hospital mortality, hospital and ICU 

length of stay, and duration of ventilation. The cohort included 8,862 children with 10,209 

hospitalizations and 77,751 ventilator days. For the fraction of inspired oxygen 0.25/mean airway 

pressure 4 definition (i.e., increase in minimum daily fraction of inspired oxygen by 0.25 or 

mean airway pressure by 4), rates ranged from 2.9 to 3.2 per 1,000 ventilator days depending 

on ICU type; the fraction of inspired oxygen 0.30/mean airway pressure 7 definition yielded 

ventilator-associated condition rates of 1.1–1.3 per 1,000 ventilator days. All definitions were 

significantly associated with greater risk of hospital death, with hazard ratios ranging from 1.6 

(95% CI, 0.7–3.4) to 6.8 (2.9–16.0), depending on thresholds and ICU type. Each definition 

was associated with prolonged hospitalization, time in ICU, and duration of ventilation, among 

survivors. The advisory board of the study proposed using the fraction of inspired oxygen 0.25/

mean airway pressure 4 thresholds to identify pediatric ventilator-associated conditions in ICUs.

Conclusions: Pediatric patients with ventilator-associated conditions are at substantially 

higher risk for mortality and morbidity across ICUs, regardless of thresholds used. Next steps 

include identification of risk factors, etiologies, and preventative measures for pediatric ventilator-

associated conditions.
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In January 2013, the Centers for Disease Control and Prevention (CDC) replaced its 

national surveillance definition targeting ventilator-associated pneumonia (VAP) in adults 

with definitions for ventilator-associated events (VAEs) (1). The new definitions were 

designed to broaden the focus of surveillance to encompass additional complications of 

mechanical ventilation. This change acknowledged the inherent difficulty in determining 

whether a patient had VAP because of the subjectivity of the criteria used to define 

pneumonia. In response to external pressures of public reporting and payment reform, 

which might otherwise influence interpretation of subjective data, CDC and investigators 
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from the Prevention Epicenters pivoted toward the use of a surveillance definition based on 

objective criteria (2). Among adult patients, CDC now uses three definitions that rely on 

objective criteria: 1) ventilator-associated conditions (VACs), which identify deterioration on 

the ventilator after a period of stability, 2) infection-related VACs (iVACs), which aim to 

identify the subset of VAC cases potentially caused by infection, and 3) possible VAP, which 

aims to identify the subset of iVAC cases caused by pneumonia (1).

Given ongoing efforts to enhance public reporting and to link quality measurement results to 

reimbursement, there exists a critical and urgent need to develop quality measures that are 

appropriate for use in neonatal and pediatric populations. In the absence of measures tailored 

for these populations, surveillance definitions intended for adults may be uncritically 

applied to pediatric populations. When the Centers for Medicaid and Medicare Services 

first implemented the hospital-acquired conditions policy in 2008, pediatric facilities were 

appropriately excluded from the policy change until further evaluation was possible (3). 

However, these definitions were subsequently adopted by other insurers without a full 

understanding of whether the metrics were appropriate for use in neonatal and pediatric 

populations. Although these efforts may be well intentioned, they can result in the inefficient 

use of hospital resources to collect and respond to data that clinicians feel are not reflective 

of true quality of care. In addition, they can lead to a lack of support by the clinical 

community, if clinicians believe quality improvement efforts are directed to a metric that is 

wrong or clinically irrelevant (4).

In September 2012, CDC convened the Pediatric and Neonatal Ventilator Associated Event 

Working Group, which was composed of 20 representatives from pediatric, pediatric critical 

care, neonatal critical care, and infectious disease societies. The group sought to explore 

the feasibility of developing VAE surveillance definitions and methods for use in PICU and 

neonatal ICU (NICU) locations. After a review of literature and an expert panel review 

of the proposed definition that took place over several months, the group decided that 

additional data were needed on outcomes to apply a definition to the pediatric population.

We sought to identify a pediatric VAC definition suitable for use in neonates and children 
by exploring whether potential VAC definitions for pediatric populations can discriminate 

patients with worse outcomes. Our goal was to support the development of an objective 

surveillance metric that corresponds to meaningful patient outcomes.

MATERIALS AND METHODS

Study Population

We included five U.S. hospitals caring for neonates and/or children: Beth Israel Deaconess 

Medical Center, Boston Children’s Hospital, Children’s Hospital of Philadelphia, Rush 

University Medical Center, and Primary Children’s Hospital, Intermountain Healthcare. 

Each hospital identified consecutive children 18 years old or younger admitted to a PICU, 

cardiac ICU (CICU), or NICU and ventilated for at least 1 day. We included all modes 

of invasive mechanical ventilation delivered through a nasotracheal or orotracheal tube or 

via tracheostomy, including high-frequency oscillatory or jet ventilation (HFV) and airway 

pressure release ventilation. We excluded ventilation episodes for patients who were only 
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ventilated through noninvasive means and those ventilated with high-frequency percussive 

ventilation since mean airway pressure (MAP) measures, one of the variables for the 

candidate definitions, were not available with this particular modality. We also excluded 

invasive ventilation episodes missing ventilator setting data for at least one calendar day(s).

The study period varied for each hospital based on the timing of availability of electronic 

data for ventilator variables, with February 5, 2008, being the earliest start date. For all 

participating hospitals, the study period ended on June 30, 2013. The study periods ranged 

from 8 to 66 months. The hospitals each had a VAP bundle in place, and the overall elements 

of each were comparable across the sites (e.g., regular oral hygiene and daily assessment of 

extubation readiness).

We defined ventilation episodes using the CDC National Healthcare Safety Network 

(NHSN) definition of calendar days. The ventilation start date began on the first calendar 

day of invasive mechanical ventilation. Each consecutive calendar day of ventilation was 

considered part of the same ventilation episode (1). Resumption of invasive ventilation after 

at least one calendar day off mechanical ventilation constituted a new episode. Children 

could have multiple NHSN ventilation episodes during an ICU admission, multiple ICU 

admissions during the hospitalization, and multiple hospitalizations during the period of 

observation for each hospital. Within each ventilation episode, the occurrence of VAC, using 

multiple candidate definitions, was assessed.

Adapting the Adult Definition for Neonates and Children

The current adult definition identifies a VAC when, after a period of stability or 

improvement on the ventilator, a patient has one of the both of the following indicators of 

worsening oxygenation (1): the minimum daily fraction of inspired oxygen (FIO2) increases 

at least 0.20 over the daily minimum FIO2 in the preceding two calendar days and the 

increase is sustained for at least 2 days, or (2) the minimum daily positive end-expiratory 

pressure (PEEP) values increase at least 3 cm H2O over the daily minimum PEEP in the 

preceding two calendar days and the increase is sustained for at least 2 days (1).

We first explored whether the adult VAC definition had face validity among clinicians who 

care for neonates and children by convening four separate focus groups with clinicians from 

each ICU type at Boston Children’s Hospital in August 2010. These focus groups included 

a multidisciplinary team of physicians (neonatologists, pediatric intensivists, and cardiac 

intensivists), ICU nurses, and respiratory therapists. Key feedback from these focus group 

discussions included (1) a suggestion to use MAP rather than PEEP as a criterion since MAP 

more accurately reflects changes in lung compliance (which worsens with VAC, frequently 

along with worsening oxygenation) than PEEP, which is set by clinicians; and (2) the need 

to allow HFV to be included in the surveillance definition, given the frequency of its use in 

neonatal and pediatric populations, although it is excluded in the adult definition (1).

We presented these recommendations to our Pediatric VAC Advisory Board and the CDC 

Neonatal and Pediatric VAE Working Group. The Pediatric VAC Advisory Board was 

formed to provide guidance to our study team regarding the development of the pediatric 

VAC definition. The advisory board is comprised of representatives from the CDC, Institute 
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for Healthcare Improvement, Pediatric Cardiac Intensive Care Society, Society of Critical 

Care Medicine, and the Vermont Oxford Network, in order to capture expertise from 

stakeholders in each type of ICU setting. The CDC Neonatal and Pediatric VAE Working 

Group includes representation from national organizations and societies that was constituted 

to provide CDC with guidance regarding the implementation of a VAC surveillance 

definition within the NHSN. Both groups affirmed the need to adapt VAC for neonatal 

and pediatric populations by replacing PEEP with a MAP criterion and including HFV as a 

ventilation mode.

To identify criteria for a pediatric VAC definition, we examined a range of different 

threshold changes in daily minimum MAP or FIO2, following a period of stability. 

Specifically, we first required stable or decreasing minimum daily MAP or FIO2 measures for 

at least 2 days. Evidence of VAC was then defined as an increase in minimum daily MAP of 

4, 5, 6, or 7 cm H2O or an increase of FIO2 by 0.20, 0.25, or 0.30 for at least 2 days. This 

resulted in 12 candidate definitions: MAP increasing by 4 or FIO2 by 0.20, MAP increasing 

by 4 or FIO2 by 0.25, and so forth. Whether a corollary definition for infection-associated 

VAC for neonates and children can be developed is currently under analysis and will be 

reported separately.

Analyses

We estimated rates of VAC per 1,000 ventilator days, using alternative MAP- and FIO2-based 

definitions, separately for each ICU type. Next, we conducted a matched cohort study 

to assess whether VAC would discriminate patients with worse outcomes. Our primary 

outcome was hospital mortality, and our secondary outcomes were time to hospital discharge 

to home, ICU discharge, and extubation. For each candidate pediatric VAC definition, we 

identified subjects with a VAC event by that definition and matched up to four subjects 

without a VAC, without replacement (i.e., once a subject without a VAC was matched to 

a subject with VAC, she/he was removed from the list of potential matches), by hospital, 

ICU type, age ± 50% (unless the VAC subject was 8 days old or younger, in which case 

comparison subjects were matched within 2 days of age), gestational age in weeks (for 

NICU patients only; matched ± 1 wk), the presence of congenital heart disease (based 

on International Classification of Diseases, 9th Edition diagnostic and procedures codes, 

excluding patent ductus arteriosus) (5), and the number of ventilation days before VAC 

event plus 1 day. If a patient had greater than one VAC event during the study period for 

a given definition, one event was randomly chosen for the analysis (a new VAC required a 

14-day gap between VAC events if they occurred within the same admission). For matched 

subjects, if they had more than one eligible ventilation episode, one episode was randomly 

chosen for inclusion in the analysis. Cox proportional hazard models with shared frailties for 

each matched set were used to estimate hazard ratios (HRs) and 95% CIs for primary and 

secondary outcomes associated with each candidate definition. Analyses were performed 

using SAS version 9.3 (SAS Institute, Cary, NC).

Overall pediatric VAC rates and the hazards for the primary and secondary outcomes for 

each candidate definition, by ICU type, were presented to our Pediatric VAC Advisory 

Board. Based on the results for these analyses both within and across ICU types, these 
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stakeholders identified thresholds for use in PICU, CICU, and NICU population-based 

surveillance. This study was approved by the institutional review board at Harvard Pilgrim 

Health Care and by the review boards at each of the participating hospitals.

RESULTS

Study Population

Our study population included 8,862 children admitted to four PICUs, three CICUs, 

and four NICUs in five U.S. hospitals. The children in the study accounted for 10,209 

unique hospital admissions associated with mechanical ventilation, and over half of these 

admissions occurred in children 12 months old or younger (Table 1). Eighty-eight percent 

of hospital admissions were associated with a single episode of ventilation. The mean and 

median duration of ventilation were 6.5 and 3.0 days, respectively, across all ICU types, with 

a range of 1–266 days.

Pediatric VAC Rates for Candidate Definitions

As might be expected, as more stringent thresholds for FIO2 and MAP were applied, 

pediatric VAC rates declined across all ICU types (Fig. 1). Using the FIO2 0.20/MAP 4 

definition (i.e., defined as an increase in minimum daily FIO2 by ≥ 0.20 or MAP by ≥ 4 

cm H2O for at least two consecutive days, after 2 days of stable or decreasing minimum 

daily FIO2 or MAP measures), VAC rates ranged from 3.3 to 4.6 per 1,000 ventilator days 

depending on ICU type, with the CICU having a higher rate compared with the NICU and 

PICU. Using the FIO2 0.25/MAP 4 definition, the rates were less variable across ICU types, 

ranging from 2.9 to 3.2 per 1,000 ventilator days. At the other end of the spectrum, an FIO2 

0.30/MAP 7 definition was associated with VAC rates of 1.1–1.3 per 1,000 ventilator days 

depending on ICU. In the CICU, changes in the FIO2 threshold had a greater impact on rates 

than MAP, and VAC rates were higher in CICUs compared with other ICU types when an 

FIO2 0.20 threshold was used. In NICU and PICU settings, changes to the MAP threshold 

had a greater impact on VAC rates than changes to the FIO2 threshold.

Hospital Mortality

Table 2 shows the number of subjects with a VAC and matched subjects without a VAC 

by each candidate definition and ICU, including the percent of death during hospitalization 

and corresponding HRs and 95% CIs. Patients with a VAC event were at much higher risk 

of death in all ICU types and by all definitions compared with matched subjects without a 

VAC. The increased hazard of death associated with VAC ranged from an HR of 2.4 (95% 

CI, 1.4–4.2; FIO2 0.30/MAP 4) to 3.8 (95% CI, 1.7–8.5; FIO2 0.30/MAP 7) in the NICU, 

2.4 (95% CI, 1.4–4.3; FIO2 0.20/MAP 5) to 6.8 (95% CI, 2.9–16.0; FIO2 0.30/MAP 6) in 

the CICU, and HR 1.6 (95% CI, 0.7–3.4; FIO2 0.30/MAP 7) to 2.6 (95% CI, 4.6–1.5; FIO2 

0.20/MAP 5) in the PICU (Fig. 2A). Although the mortality results in the PICU are not 

statistically significant at the highest threshold of MAP, they are consistent with all other 

results in the analysis.
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Secondary Outcomes

To understand the impact of pediatric VAC on hospital and ICU length of stay and 

duration of ventilation, we conducted a survivor-only analysis (i.e., if a VAC subject or 

one or more of her/his matched subjects without VAC died in the hospital, that cluster 

was removed from this analysis). Among survivors, pediatric VAC was associated with 

prolonged hospitalizations (i.e., lower hazard for hospital discharge to home), ICU length 

of stay (i.e., lower hazard for ICU discharge), and subsequent duration of ventilation after 

the VAC event date or corresponding index date (i.e., lower hazard for extubation). This was 

true across the candidate definitions and ICUs (Fig. 2, B–D).

Choosing a Single Pediatric VAC Definition

The rates of VAC and the HRs for mortality and the secondary adverse outcomes for 

the candidate VAC definitions were presented to the study’s advisory board. The board 

recognized that the choice of optimal thresholds for defining pediatric VAC depends on 

the values stakeholders place on tradeoffs in prevalence and magnitude of impact on 

outcomes, which is related in part to the purpose of the quality measure, whether for internal 

quality improvement or for external public reporting or reimbursement. In addition, another 

criterion was that the definition should lead to a “reasonable” event rate—one that would 

inform possible opportunities for improvement. Finally, our advisory board also considered 

whether each definition was associated with meaningful differences in patient outcomes; we 

would consider using alternate diagnostic thresholds with better discriminatory capacity if 

a particular definition did not seem to be associated with worse outcomes. As anticipated, 

VAC rates were higher when less stringent thresholds of FIO2 and MAP were used, although 

greater variability was noted across ICU types with the FIO2 0.20 threshold. The highest 

pediatric VAC rates of 3.3–4.6 per 1,000 ventilator days in the NICU and PICU using the 

FIO2 0.20/MAP 4 definition were lower than reported adult VAC rates of 7–12 per 1,000 

ventilator days (6–8).

All candidate definitions seemed to be associated with increased HRs for mortality, and the 

HRs were fairly similar. The rate of VAC by the different candidate definitions, as well 

as their consistency across ICU types, was also taken into account. Given the overall low 

rate of VAC events in our neonatal and pediatric populations, the strong association with 

mortality, and the need to continue to strive for improvements in patient outcomes, our 

advisory board recommended the FIO2 0.25/MAP 4 definition as a reasonable candidate 

definition for use in national surveillance, with the expectation that further information about 

etiology, risk factors, and degree of preventability would lead to future refinements.

DISCUSSION

Finding the right metric to address a myriad of needs—surveillance, clinical practice, 

cost, and reimbursement—continues to be a struggle for measure developers, measurement 

endorsement bodies, U.S. hospitals, and other stakeholders. The challenge is heightened 

when healthcare leaders are judged by their ability to produce short-term results. This 

challenge becomes particularly evident when metrics focused on quality improvement 

are tied to benchmarking and payment. In the former, quantifying an institution’s current 
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outcomes and standing among peer institutions, as well as providing the ability to measure 

the effects of ongoing quality improvement efforts, help to move organizations forward. In 

the latter, identifying the right answer takes precedence. In seeking to define pediatric VAC 

in neonatal and pediatric populations, our goal is to identify potential metrics that offer 

opportunities for improvement, while facilitating innovations that will have a meaningful 

long-term impact on patient outcomes. As noted above, additional work must be conducted 

before this surveillance measure moves beyond a focus for improvement and is tied to 

payment.

In this first large-scale national study conducted in PICU, CICU, and NICU settings, we 

considered 12 alternative definitions for pediatric VAC. To provide the opportunities for 

improvement across all settings, we propose the use of the FIO2 0.25/MAP 4 definition for 

pediatric VAC (i.e., an increase in minimum daily FIO2 by ≥ 0.25 or MAP by ≥ 4) to identify 

patients at significantly increased risk for adverse outcomes. The proposed definition has 

two distinct advantages over the previous VAP definition. First, the criteria used (i.e., 

FIO2 and MAP) are clinically relevant, routinely measured, and available from institutional 

electronic data sources. By using quantitative, objective criteria to define pediatric VAC, we 

can minimize variability in measurement across facilities, unlike the VAP definition based 

on subjective criteria, such as chest x-ray interpretation (9). Second, pediatric VAC patients 

have substantially higher mortality rates and longer durations of hospitalization, ICU stay, 

and ventilation in all ICU types, compared with similar patients without a VAC event, thus 

providing validation that patients with meaningfully worse outcomes can be identified.

Because of differences in populations cared for in different ICU types, we considered 

PICU, CICU, and NICU VAC rates and outcomes separately in our study. Although rates 

were similar in PICU and NICU patients, the definitions with the FIO2 0.20 threshold 

were associated with higher VAC rates in CICU patients, which may be due in part to 

greater variability in oxygen needs in patients with cyanotic congenital heart disease and 

the presence of variable degrees of venoarterial shunting. This must be balanced with 

the population of acquired heart disease that would match the profile of PICU patients. 

Nonetheless, substantial morbidity and mortality were observed in patients using these 

thresholds in the CICU setting. As we attain a greater understanding of the risk factors 

for and etiologies of VAC in this subpopulation of children, alternative thresholds may 

be worth considering for the CICU. As anticipated, the impact of VAC on length of 

hospitalization and ICU stay was attenuated in the NICU setting, compared with PICU 

or CICU settings, because each of these outcomes is likely to be most strongly associated 

with gestational age. In contrast, mortality rates and duration of ventilation were similar 

among VAC patients in all three ICU types, which again suggests that the definition is able 

to discriminate between patients with worse versus better outcomes. The proposed pediatric 

VAC definition provides, at a minimum, an initial mechanism for tracking meaningful 

differences in pediatric healthcare quality across ICUs.

Pediatric VAC offers a unique opportunity to shift our cognitive framework for 

prevention, by expanding the overall paradigm to include both infectious and noninfectious 

complications. A broader definition may compel clinicians to consider a wider range of 

interventions based on different causal pathways. Answers remain uncertain, however, with 
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regard to preventability of these conditions. Understanding preventability will first depend 

on a rigorous evaluation of risk factors associated with pediatric VAC. Studies in adults 

suggest that VACs are mainly attributable to pneumonia, pulmonary edema, atelectasis, and 

acute respiratory distress syndrome (7, 8, 10, 11). A small number of interventional studies 

suggest that a significant fraction is preventable (12–14). The extent to which these findings 

extend to neonates and children remains to be seen.

We anticipate that in a significant proportion of cases, pediatric VAC may be a marker for 

progression of underlying clinical disease, such as the development of bronchopulmonary 

dysplasia in a premature infant in the NICU or progressive heart failure despite maximal 

therapy in a child with congenital heart disease in the CICU. Risk adjustment for these non-

modifiable factors is an important part of developing a quality metric, particularly if metrics 

are used for interinstitutional comparisons. Nevertheless, we also anticipate that a substantial 

proportion of pediatric VAC cases may be entirely preventable. Among VAC events 

deemed reasonably preventable (e.g., fluid overload, barotrauma, and infection), reaching 

for zero should be the goal given the serious prognosis associated with the development 

of VAC in neonates and children. As we deepen our understanding of etiologies and 

potentially modifiable risk factors associated with pediatric VAC, we may identify several 

concomitant interventions worth pursuing. For example, in the adult literature, improved 

fluid management (12) and the use of spontaneous awakening and spontaneous breathing 

trials have reduced VAC rates in adults (14). Our understanding of preventability in 

pediatrics will be inextricably linked to available evidence regarding prevention in pediatric 

populations.

There are several potential limitations for this study. First, a pediatric VAC event as we 

have defined it focuses on neonates and children who acutely deteriorate while mechanically 

ventilated and does not include complications of extubation, such as postextubation stridor, 

failed extubation, or unplanned extubation. We believe these additional complications are 

important clinical consequences of mechanical ventilation that should be monitored by 

institutions caring for these patients. Similarly, there is increasing use of noninvasive 

ventilation techniques that may also affect outcomes, although our current definition for 

VAC does not address these modalities of care. Second, the definition requires at least four 

consecutive days of ventilation, which means we may miss other types of adverse events 

associated with shorter ventilation. Third, our proposed definition of FIO2 0.25/MAP 4 may 

identify cases that do not always reflect clinically significant worsening. Although these 

thresholds may be imperfect, our advisory board feels that the opportunity for improvement 

is imperative, particularly because pediatric VAC rates are already lower than reported VAC 

rates in adults. Fourth, despite matching for relevant confounders available in electronic 

data, our HR estimates for the primary and secondary outcomes of interest may have 

residual confounding. If pediatric VAC is used as a national surveillance measure, the 

burden of routinely collecting additional confounder information (e.g., Pediatric Index 

of Mortality-II, Pediatric Risk of Mortality-III, or Score for Neonatal Acute Physiology 

Perinatal Extension risk scores) should be weighed against the relative improvement in 

accuracy. Additional work is currently underway to identify risk factors for pediatric VAC. 

Information from these studies will become critical as we seek to define preventability in 
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neonates and children, as the proposed definition does not tell us whether these events are 

preventable.

CONCLUSIONS

In conclusion, we identify a candidate pediatric VAC definition—based on an increase in 

minimum daily FIO2 by at least 0.25 or MAP by at least 4 cm H2O for two or more days 

after a period of stability—for use in ventilated neonates and children. As we continue to 

refine our questions about appropriate targets for improvement and to identify high-risk 

populations that might incur the greatest benefit from our efforts, we hope to construct the 

foundation to identify the interventions that can best prevent VAC and optimize long-term 

outcomes for pediatric patients.
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Figure 1. 
Rates of pediatric ventilator-associated conditions (VAC) per 1,000 ventilation days for each 

of the 12 candidate definitions by ICU type (cardiac ICU [CICU], neonatal ICU [NICU], 

and PICU). The VAC definitions indicate worsening oxygenation via a range of thresholds 

for increases in daily minimum fraction of inspired oxygen (FIO2) (by 0.20, 0.25, and 0.30) 

and daily minimum mean airway pressure (MAP; by 4, 5, 6, and 7 cm H2O); worsening 

oxygenation was sustained for ≥ 2 days after ≥ 2 days of stability.
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Figure 2. 
Adjusted hazard ratios and 95% CIs for hospital death (A), hospital discharge (b), ICU 

discharge (C), and the end of ventilation episode (D) for patients with a pediatric ventilator-

associated condition (VAC) compared with their matches for each candidate VAC definition 

by ICU type. Analyses B-D are among survivors only. CICU = cardiac ICU, MAP = mean 

airway pressure, NICU = neonatal ICU.
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