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Abstract  
 
Since the adoption of Low Tidal Volume (LTV) and other lung-protective strategies for acute 
respiratory distress syndrome (ARDS) in the 1990s, the mortality rate has remained high at 
approximately 30% for both adults and pediatric patients. The aim of this evidence-based 
project was to identify optimal ventilator management practices for pediatric acute respiratory 
distress syndrome (PARDS), accomplished by comparing the utilization of APRV-TCAV with the 
existing protocols at CHOC. The review of literature brought to light the fact that APRV-TCAV 
has not undergone evaluation through randomized controlled trials in either adult or pediatric 
populations; rather, it has been predominantly studied using porcine models. Furthermore, it 
became evident that CHOC lacks a well-defined PARDS protocol. Consequently, a key 
recommendation emerged, advocating for establishing a systematic approach for identifying 
risk factors, formally recognizing the disease process, and subsequently implementing the most 
effective available strategies for PARDS treatment. The initial step to implementing a PARDS 
protocol involves the identification of individuals at high risk for PARDS and closer monitoring 
of these patients for the emergence of symptoms. 
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PICO(T) 
 
In PICU patients how does using APRV vs. current practice impact ARDS prevention and 
management, including time to extubation, length of stay, mortality, and cost of care? 
 
Background and Significance  
 
Acute respiratory distress syndrome (ARDS) is a non-cardiogenic pulmonary edema that 
manifests as rapidly progressive dyspnea, tachypnea, and hypoxemia (Saguil, & Fargo, 2020).  
While numerous studies have focused on ARDS in adults, the research on pediatric acute 
respiratory distress syndrome (PARDS) has been notably limited. What is potentially more 
noteworthy than the scarcity of randomized control studies involving children with ARDS is the 
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absence of criteria for defining ARDS in pediatric populations within the definitions proposed in 
the 1990s. The PARDIE study conducted in 2020 revealed that pediatric ARDS occurs in 
approximately 3% of children in intensive care units globally, with associated mortality rates 
varying from 17% to 33%, depending on the severity of the condition. Dembinski (2018) 
reported even higher mortality rates, ranging from 40% to 60%. It's worth noting that these 
mortality rates have remained relatively stable, with no significant changes, even after the 
introduction of lung-protective strategies in the early 1990s. Ventilator management 
predominantly involves the utilization of Low Tidal Volume (LTV).  Seeking the best approach to 
identify and treat PARDS is essential to our organizational mission to nurture, advance, and 
protect the health and wellbeing of our patients.  
 
Framework 
 
This EBP project utilizes the “Translating Evidence into Practice: CHOC’s Approach to EBP” 
model, adapted from the EBPI Model © 2007 Brown & Ecoff (Ecoff, Stichler & Davidson, 2020). 
 
Search for the Evidence 
 
Search strategies included the use of Cochrane, Pub Med, and Google Scholar. Key search 
words: Pediatrics, ARDS, PARDS, APRV-TCAV. This search yielded 38 articles, 22 of which 
were included in the project. Of these 22 studies 10 were related to high frequency oscillation 
ventilation and 12 were related to APRV. Only one APRV study addressed pediatric subjects. 
The literature reviewed consisted of 5 meta-analyses, 14 RCTs, 2 systematic reviews, and 1 
conference (PALLIC-2) on the topic PARDS. 
 
Critical Appraisal and Synthesis of the Evidence  

 Unlike adult ARDS, where specific diagnostic criteria (such as the Berlin Definition) exist, 
there isn’t a universally accepted set of criteria for PARDS (Saguil & Fargo (2020). 

 The absence of standardized criteria for PARDS can lead to variations in diagnosis and 
management across different healthcare institutions (Yehya et al., 2020). 

 The Lung Injury Prediction Score (LIPS) is a risk assessment tool used to predict the 
likelihood of an adult patient developing ARDS (Pehlivanlar et al., 2019). 

 LIPS considers several clinical factors, including the presence of sepsis, shock, trauma, 
cardiac surgery, immunosuppression, obesity, and underlying disease (Pehlivanlar et al., 
2019). 

 By identifying patients at higher risk, healthcare providers can potentially take preventive 
measures and implement lung-protective ventilation strategies to reduce the risk of ARDS 
(Pehlivanlar et al., 2019). 
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 Research comparing APRV to HFOV in children is limited, with mixed findings regarding 
clinical outcomes (Ganesan 2018). 

 Some studies suggest that APRV may provide better oxygenation and lung protection, while 
others find no significant difference between the two modes. 

 The choice between APRV and HFOV in pediatric patients may depend on individual patient 
characteristics, clinician experience, and institutional protocols. 

 Further research is needed to establish clear guidelines and determine the superiority of 
one mode over the other in pediatric populations. 

 
Practice Recommendations  
 
• Adopt a formal definition of PARDS at CHOC. 
• Provide education on PARDS identifiers such as oxygen index (OI). 
• Implement a risk assessment tool for PARDS such as LIPS. 
• Develop strategies for identifying and treating PARDS earlier. 
• Develop a PARDS protocol. 
• Select appropriate outcome measures for new implementation strategies. 
 
Outcome Measures 
 
The proposed outcomes to be measured would be: time to identify ARDS, accuracy of 
diagnosis, and length of time to place on lung protective strategies. 

 
Acknowledgements 
 
• The Evidence-Based Scholars Program was supported by a grant from the Walden W. and 

Jean Young Shaw Foundation 
• Jennifer Hayakawa, DNP, PCNS-BC, CNRN, CCRN, Nurse Scientist and Director of Nursing 

Research and Innovation, CHOC  
• Vicky R. Bowden, DNSc, RN, Nurse Scientist, CHOC 
• Monique Palma MSN, RN, CCRN Assistant Clinical Manager- PICU,  
• Emilee Lamorena MSc, RRT, RRT-NPS Director of Respiratory, Pulmonary, & Asthma 

Program  
• Ivan Sunico, RCP 
 
  



    

CHOC EBP Scholars 2023  Page 4 | 6 
 

References 
 
Arnold, J. H., Hanson, J. H., Toro-Figuero, L. O., Gutiérrez, J., Berens, R. J., & Anglin, D. L. (1994). 

Prospective, randomized comparison of high-frequency oscillatory ventilation and 
conventional mechanical ventilation in pediatric respiratory failure. Critical Care 
Medicine, 22(10), 1530–1539.  

Bateman, S. T., Borasino, S., Asaro, L. A., Cheifetz, I. M., Diane, S., Wypij, D., Curley, M. A., & 
RESTORE Study Investigators (2016). Early high-frequency oscillatory ventilation in 
pediatric acute respiratory failure. A propensity score analysis. American Journal of 
Respiratory and Critical Care Medicine, 193(5), 495–503. 
https://doi.org/10.1164/rccm.201507-1381OC  

Chacko, B., Peter, J.V., Tharyan, P., John, G., & Jeyaseelan, L. (2015). Pressure‐controlled versus 
volume‐controlled ventilation for acute respiratory failure due to acute lung injury (ALI) 
or acute respiratory distress syndrome (ARDS). Cochrane Database of Systematic 
Reviews, 2015 (1), Article CD008807. doi: 10.1002/14651858.CD008807.pub2.  

Dembinski, R., & Mielck, F. (2018). ARDS – Ein Update – Teil 1: epidemiologie, pathophysiologie 
und diagnostik [ARDS - An update - Part 1: epidemiology, pathophysiology and 
diagnosis]. Anasthesiologie, Intensivmedizin, Notfallmedizin, Schmerztherapie: AINS, 
53(2), 102–111. https://doi.org/10.1055/s-0043-107166 

Ecoff, L., Stichler, J.F., & Davidson, J.E. (2020). Design, implementation and evaluation of a 
regional evidence-based practice institute. Applied Nursing Research, 55(2), 151300. doi: 
10.1016/j.apnr.2020.151300 

El-Nawawy, A., Moustafa, A., Heshmat, H., & Abouahmed, A. (2017). High frequency oscillatory 
ventilation versus conventional mechanical ventilation in pediatric acute respiratory 
distress syndrome: A randomized controlled study. The Turkish Journal of Pediatrics, 
59(2), 130–143. https://doi.org/10.24953/turkjped.2017.02.004 

Fernández, A., Modesto, V., Rimensberger, P. C., Korang, S. K., Iyer, N. P., Cheifetz, I. M., & 
Second Pediatric Acute Lung Injury Consensus Conference (PALICC-2) of the Pediatric 
Acute Lung Injury and Sepsis Investigators (PALISI) Network (2023). Invasive ventilatory 
support in patients with pediatric acute respiratory distress syndrome: From the second 
pediatric acute lung injury consensus conference. Pediatric Critical Care Medicine, 24(12 
Suppl 2), S61–S75. https://doi.org/10.1097/PCC.0000000000003159   

Hering, R., Peters, D., Zinserling, J., Wrigge, H., von Spiegel, T., & Putensen, C. (2002). Effects of 
spontaneous breathing during airway pressure release ventilation on renal perfusion 
and function in patients with acute lung injury. Intensive Care Medicine, 28(10), 1426‐
1433 https://doi.org/10.1007/s00134-002-1442-z  

Junqueira, F.M.D., Nadal, J.A.H., Brandão, M.B., Nogueira, R.J.N., & de Souza, T.H. (2021). High-
frequency oscillatory ventilation in children: A systematic review and meta-analysis. 
Pediatric Pulmonology, 56, 1872-1888. https://doi.org/10.1002/ppul.25428  

Kucuk, M.P., Ozturk, C.E., Ilkaya, N.K., Kucuk, A.O., Ergul, D.F., & Ulger, F. (2022). The effect of 
preemptive airway pressure release ventilation on patients with high risk for acute 

https://doi.org/10.1055/s-0043-107166
https://doi.org/10.24953/turkjped.2017.02.004


    

CHOC EBP Scholars 2023  Page 5 | 6 
 

respiratory distress syndrome: A randomized controlled trial. Brazilian Journal of 
Anesthesiology, 72(1), 29‐36  https://doi.org/10.1016/j.bjane.2021.03.022 

Lalgudi Ganesan, S., Jayashree, M., Chandra Singhi, S., & Bansal, A. (2018). Airway pressure 
release ventilation in pediatric acute respiratory distress syndrome. A randomized 
controlled trial. American Journal of Respiratory and Critical Care Medicine, 198(9), 
1199–1207. https://doi.org/10.1164/rccm.201705-0989OC  

Maxwell, R. A., Green, J. M., Waldrop, J., Dart, B. W., Smith, P. W., Brooks, D., Lewis, P. L., & 
Barker, D. E. (2010). A randomized prospective trial of airway pressure release 
ventilation and low tidal volume ventilation in adult trauma patients with acute 
respiratory failure. The Journal of Trauma, 69(3), 501–511. 
https://doi.org/10.1097/TA.0b013e3181e75961  

Nieman, G. F., Kaczka, D. W., Andrews, P. L., Ghosh, A., Al-Khalisy, H., Camporota, L., Satalin, J., 
Herrmann, J., & Habashi, N. M. (2023). First stabilize and then gradually recruit: A 
paradigm shift in protective mechanical ventilation for acute lung injury. Journal of 
Clinical Medicine,12(14), 4633. https://doi.org/10.3390/jcm12144633  

Pehlivanlar, M., Ozturk, C.E., Koylu, I.N., Kucuk, A.O., Ergul, D.F., & Ulger, F. (2019). Effect of use 
preemptive APRV according to lung injury prediction score (LIPS) on preventing the 
development of ARDS in the intensive care unit. Intensive Care Medicine Experimental,7.  
https://doi.org/10.1186/s40635-019-0265-y  

Roy, S., Habashi, N., Quasney, M. W., López-Fernández, Y. M., Santschi, M., Watson, R. S., & 
Pediatric Acute Lung Injury Consensus Conference Group (2015). The outcomes of 
children with pediatric acute respiratory distress syndrome: Proceedings from the 
pediatric acute lung injury consensus conference. Pediatric Critical Care Medicine, 16(5 
Suppl 1), S118–S131. https://doi.org/10.1097/PCC.0000000000000438  

Sadowitz, B., Andrews, P., Ge, L., Wang, G., Roy, P., Ghosh, A., Kuhn, M., Satalin, J., Gatto, L. A., 
Lin, X., Dean, D. A., Vodovotz, Y., & Nieman, G. (2013). Early airway pressure release 
ventilation prevents ARDS-a novel preventive approach to lung injury. Shock, 39(1), 28–
38. https://doi.org/10.1097/SHK.0b013e31827b47bb  

Samransamruajkit, R., Prapphal, N., Deelodegenavong, J., & Poovorawan, Y. (2005). Plasma 
soluble intercellular adhesion molecule-1 (sICAM-1) in pediatric ARDS during high 
frequency oscillatory ventilation: a predictor of mortality. Asian Pacific Journal of Allergy 
and Immunology, 23(4), 181. 

Wong, J. J., Liu, S., Dang, H., Anantasit, N., Phan, P. H., Phumeetham, S., Qian, S., Ong, J. S. M., 
Gan, C. S., Chor, Y. K., Samransamruajkit, R., Loh, T. F., Feng, M., Lee, J. H., & Pediatric 
Acute & Critical Care Medicine Asian Network (PACCMAN) (2020). The impact of high 
frequency oscillatory ventilation on mortality in paediatric acute respiratory distress 
syndrome. Critical Care (London, England), 24(1), 31. https://doi.org/10.1186/s13054-
020-2741-x  

Yehya, N., Harhay, M. O., Klein, M. J., Shein, S. L., Piñeres-Olave, B. E., Izquierdo, L., Sapru, A., 
Emeriaud, G., Spinella, P. C., Flori, H. R., Dahmer, M. K., Maddux, A. B., Lopez-Fernandez, 
Y. M., Haileselassie, B., Hsing, D. D., Chima, R. S., Hassinger, A. B., Valentine, S. L., 
Rowan, C. M., Kneyber, M. C. J., … Pediatric Acute Respiratory Distress Syndrome 

https://doi.org/10.1016/j.bjane.2021.03.022


    

CHOC EBP Scholars 2023  Page 6 | 6 
 

Incidence and Epidemiology (PARDIE) V1 Investigators and the Pediatric Acute Lung 
Injury and Sepsis Investigators (PALISI) Network (2020). Predicting mortality in children 
with pediatric acute respiratory distress syndrome: A pediatric acute respiratory distress 
syndrome incidence and epidemiology study. Critical Care Medicine, 48(6), e514–e522. 
https://doi.org/10.1097/CCM.0000000000004345 

Zhong, X., Wu, Q., Yang, H., Dong, W., Wang, B., Zhang, Z., & Liang, G. (2020). Airway pressure 
release ventilation versus low tidal volume ventilation for patients with acute 
respiratory distress syndrome/acute lung injury: A meta-analysis of randomized clinical 
trials. Annals of Translational Medicine, 8(24), 1641. https://doi.org/10.21037/atm-20-
6917  

Zhou, Y., Jin, X., Lv, Y., Wang, P., Yang, Y., Liang, G., Wang, B., & Kang, Y. (2017). Early 
application of airway pressure release ventilation may reduce the duration of 
mechanical ventilation in acute respiratory distress syndrome. Intensive Care Medicine, 
43(11), 1648–1659. https://doi.org/10.1007/s00134-017-4912-z   

 

https://doi.org/10.1097/CCM.0000000000004345

