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♦ Numerous clinical studies (ARDS Network)  
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Pediatric Mechanical VentilationPediatric Mechanical Ventilation

♦ ‘Large’, prospective RCTs

– exogenous surfactant

– prone positioning

♦ Otherwise ‘definitive’ data lacking♦ Otherwise, definitive  data lacking.  

– low tidal volume ventilation

– PEEP management

– fluid management

– corticosteroids

– etc., etc.  

Pediatric Mechanical 
Ventilation

Pediatric Mechanical 
Ventilation

Why are pediatric data lacking?
♦ Pediatric ALI / ARDS

– Data from the initial PALISI weaning study

– 9 North American PICUs for 6 mos

– 6,403 total PICU admissions

– 1,096 (17.1%) required mechanical 
ventilation for > 24 hrs

– 701 (64%) met exclusion criteria

– Eligible: 395 (6.2% of total admissions)

– Mortality = 1.6%

Randolph, AJRCCM, 2003.Randolph, AJRCCM, 2003.

Feasibility of Clinical Trials
♦ 6,403 total PICU admissions

♦ 1,096 pts ventilated > 24 hrs

♦ 6,403 total PICU admissions

♦ 1,096 pts ventilated > 24 hrs

Enrolled pts
(n=303)

Bronchiolitis 81

Pneumonia 48

ARDS 23

Pulm edema / effusion 8

PPHN 5

Chest trauma 4

Other 20
Randolph, AJRCCM, 2003.Randolph, AJRCCM, 2003.
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Characteristics of Peds MVCharacteristics of Peds MV

Khemani, Chest, 2009.  Khemani, Chest, 2009.  
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Looking to the adult world for data….Looking to the adult world for data….

♦ Acute lung injury / ARDS

♦ Large, prospective, multicenter, RCTs

– low tidal volume ventilation
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6 ml/kg for Pediatrics?6 ml/kg for Pediatrics?

♦ ARDS Network low tidal volume study

– definitive study

– only intervention to conclusively reduce 
mortality for adult ALI / ARDS
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♦ Currently, extrapolate data from adult ALI / 
ARDS or rely on clinical experience.  

mortality for adult ALI / ARDS

♦ Currently, extrapolate data from adult ALI / 
ARDS or rely on clinical experience.  

ARDS Network, New Engl J Med, 2000.ARDS Network, New Engl J Med, 2000.

Study DetailsStudy Details

ARDS Network, New Engl J Med, 2000.ARDS Network, New Engl J Med, 2000.

Low Tidal VolumeLow Tidal Volume

ARDS Network, New Engl J Med, 2000.ARDS Network, New Engl J Med, 2000.

Are we injuring lungs??Are we injuring lungs??

Normal Lungs to Start
 Vt   increased likelihood to develop ALI  

Gajic, Crit Care Med, 2004.Gajic, Crit Care Med, 2004.

Low Tidal Volume Ventilation

♦ Low Vt ventilation

– definitively reduces mortality in adult patients

– protects against development of ALI

♦ Adverse effects have not been reported.p

♦ Sedation requirements are not increased.

♦ Bottom line

– Limiting alveolar distension saves lives.

– Can we obtain pediatric data?

– If so, would the results be different?  
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Low Tidal Volumes for PediatricsLow Tidal Volumes for Pediatrics

♦ Special populations

– neonates, esp. premature infants

– congenital heart disease

– increased intracranial pressure
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– increased intracranial pressure

♦ Ideal body weight

– on-line calculations for ≥ 1 yr of age

♦ Where should you measure tidal volume?

Tidal Volume Measurements in Peds

Cannon, AJRCCM, 2000.Cannon, AJRCCM, 2000.

Tidal Volume Measurements in Peds

Cannon, AJRCCM, 2000.Cannon, AJRCCM, 2000.

Low Tidal Volume Data in Pediatrics??

♦ Can we obtain low tidal volume data in 
infants and children with ALI / ARDS?  

♦ Would it be ethical to conduct such a study?  

♦ Study groups?  6 vs. 12?  4 vs. 8?  3 vs. 6?y g p

♦ Equipoise?  

♦ Age cohorts?  (Infants, children, teens)

♦ Where (how) should Vt be measured?   

♦ What about pts with normal lungs?  

PEEPPEEP ALVEOLI (Assessment of Low tidal Volume and 
elevated End-exp. volume to Obviate Lung Injury)
ALVEOLI (Assessment of Low tidal Volume and 

elevated End-exp. volume to Obviate Lung Injury)

 ‘Lower’ PEEP ‘Lower’ PEEP → not ‘Low’ PEEP→ not ‘Low’ PEEP
 VVTT 6 mL/kg PBW6 mL/kg PBW
 SpOSpO22, PaO, PaO22, and compliance improved with , and compliance improved with ↑ ↑ PEEPPEEP
 Stopped at 549 pts for futilityStopped at 549 pts for futility
 No safety concernsNo safety concerns

ARDS Network, New Engl J Med, 2004.ARDS Network, New Engl J Med, 2004.
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PEEPPEEP

ARDS Network, New Engl J Med, 2004.ARDS Network, New Engl J Med, 2004.

PEEPPEEP

ARDS Network, New Engl J Med, 2004.ARDS Network, New Engl J Med, 2004.

 Target VT 6 mL/kg PBW
 CTL (n=508): Pplat ≤ 30 cm H2O (VCV), ‘lower’ PEEP
 Intervention (n=475): Pplat ≤ 40 cm H2O (PCV), 

recruitment maneuvers, initial PEEP 20 cm H2O
 No significant difference in hospital mortality

Meade, JAMA, 2008.Meade, JAMA, 2008.

Target VT 6 mL/kg PBW

CTL (n=382): low PEEP (5-9 cm H2O) 
minimal distension strategygy

 Intervention (n=385): PEEP set to achieve 
Pplat 28-30 cm H2O (recruitment strategy); 
PEEP 16±3 cm H2O on day 1

No significant difference in mortality, but 
improved lung function, ↓ LOV, and ↓ organ 
failure

Mercat, JAMA, 2008.Mercat, JAMA, 2008.

Why did these studies fail to show a 
mortality benefit?

Why did these studies fail to show a 
mortality benefit?

1)1) Inadequate statistical powerInadequate statistical power

2)2) Higher PEEP does not helpHigher PEEP does not help

3)3) PEEP strategies were incorrectPEEP strategies were incorrect)) gg

4)4) Harm from higher Pplat offsets Harm from higher Pplat offsets 
benefit of PEEPbenefit of PEEP

5)5) UnknownUnknown

Benefit of Higher PEEP Offset by 
Higher Pplat?

Benefit of Higher PEEP Offset by 
Higher Pplat?
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FiO2 0.3    0.4    0.4    0.5   0.5   0.6    0.7   0.7    0.7   0.8   0.9    0.9    0.9    1.0
PEEP     5       5       8       8     10    10     10    12     14     14   14     16     18    20-24

Assess ‘lung recruitability’
↑compliance, ↑ oxygenation,

NONO

FiO2 0.3   0.3   0.3   0.3   0.3   0.4   0.4   0.5   0.5   0.5   0.6   0.7   0.8   0.9   1.0
PEEP 5 8     10    12     14 14 16 16 18 20 20    20    20    20  20-24

↑ p , ↑ yg ,
and/or↓ deadspace with↑PEEP? 

YESYES

Ramnath, Clin Chest Med, 2006.Ramnath, Clin Chest Med, 2006.

PEEP: Definitive Data?PEEP: Definitive Data?

PEEP: Composite DataPEEP: Composite Data

Briel, JAMA, 2010.  Briel, JAMA, 2010.  

PEEP: Composite DataPEEP: Composite Data

Briel, JAMA, 2010.  Briel, JAMA, 2010.  

PEEP for PediatricsPEEP for Pediatrics

♦ Can we obtain definitive data?  Sample size?

♦ Are the ARDS Network PEEP-FiO2 tables too 
aggressive for neo-peds?  

♦ Age / weight cohorts?♦ Age / weight cohorts?  

♦ Congenital heart disease?  

♦ Would ‘PEEP phobia’ inhibit a study?  

♦ Outcome measures?  

♦ Would this study be best performed after a 
peds low TV study?    

FACTTFACTT

ARDS Network, New Engl J Med, 2006.  ARDS Network, New Engl J Med, 2006.  
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FACTTFACTT

ARDS Network, New Engl J Med, 2006.  ARDS Network, New Engl J Med, 2006.  

FACTTFACTT

ARDS Network, New Engl J Med, 2006.  ARDS Network, New Engl J Med, 2006.  

ARDS Network, New Engl J Med, 2006.  ARDS Network, New Engl J Med, 2006.  

Randolph, Pediatr Crit Care Med, 2006.  Randolph, Pediatr Crit Care Med, 2006.  

Fluid Management for PediatricsFluid Management for Pediatrics

♦ Do we under- or over-diuresis our pts?  

♦ Control group?  

♦ Target for fluid management?  CVP?  

E i i ?♦ Equipoise?    

♦ Could we even agree on a protocol?  
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SteroidsSteroids Steroids for ‘Persistent’ ARDS Steroids for ‘Persistent’ ARDS 

ARDS Network, New Engl J Med, 2006.  ARDS Network, New Engl J Med, 2006.  

SteroidsSteroids

Tang, Crit Care Med, 2009.  Tang, Crit Care Med, 2009.  

Steroids for PediatricsSteroids for Pediatrics

♦ Steroids are commonly used in the peds 
world?  But, what about for ALI / ARDS?

♦ If so, how much and when?  

Will this topic e er reach the top of the

♦ Steroids are commonly used in the peds 
world?  But, what about for ALI / ARDS?

♦ If so, how much and when?  

Will this topic e er reach the top of the♦ Will this topic ever reach the top of the 
‘to study’ list?  

♦ Will this topic ever reach the top of the 
‘to study’ list?  

Pediatric Mechanical Ventilation

♦ Clearly need more neo-peds RCTs!    

♦ Often need more data to determine efficacy 
than safety.  

♦ If an approach is safe but unknown to alter♦ If an approach is safe but unknown to alter 
outcome, is it reasonable to proceed?  

♦ Uncontrolled variables:  knowledge, 
experience, & support available in an 
individual ICU.  

Looking to the Future….Looking to the Future….
♦ With coordinated efforts among multiple 

children’s hospitals, more data are on the 
horizon….    

– exogenous surfactant

d ti t f ALI / ARDS
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