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Disclaimer and Disclosure

• I spent 28 years as a clinician in 
the NICU so I suppose I’m very 
biased and passionate about all 
things related to caring for our 
littles!! 



Objectives
• Understand the role of PaCO2 in physiologic acid-base balance 

• Understand the definition of BPD and CLD as it relates to overall 
development of the neonate 

• Explain the difference between lung protective and neurologically 
protective PaCO2 management strategies





The Basics

• Our body likes to keep things in balance 

•  Acid / Base balance - pH, PCO2 

• PCO2 and PO2







Brain- dependent on aerobic metabolism

Receives 25% of the  
cardiac output 

Uses 20% of total body oxygen 
consumption  

25% of glucose utilization (Magistretti, 2000)



CO2 and the Brain
• Vasodilation- brain’s response to increased CO2 (and decreased 

O2) levels  

• Linked to the H+ central chemo-receptors…ie the stimulus to 
breathe 

• Cerebral blood flow increases 3-4% per mmHg of PCO2, reaching 
highest level when PaCO2 is 10-20mmHg above normal (Brugniaux et al, 2007) 

• Autoregulation becomes ineffective in hypercapnia (Czosnyka et al, 1993)



CO2 and the Brain

• Hypocapnia causes cerebral vasoconstriction 

• Less Oxygen delivered to brain 

• Cerebral hypoxia leads to brain cell death



Neonates…

• Lungs…last system to develop and 
alveolar ducts only beginning to form 
during the last ‘trimester’  







BPD Definition (Northway, 1967)

“Disease progression from acute respiratory failure with diffuse 
parenchymal lung disease and low lung volumes, then known as 
hyaline membrane disease or infant respiratory distress syndrome to 
chronic signs of ‘sponge-like’ or cystic lesions dispersed among 
heterogeneous infiltrates and areas of severe hyperinflation.”



Long Term Effects BPD / CLD 

• BPD affects an estimated 10-15,000 infants each year in the US 

• Can lead to: 

• Trouble feeding                        Learning difficulties     

• GERD                                     

• Pulmonary Hypertension                         

Trouble feeding                        Learning dif

Infections

Delayed speechPulmonary Hypertension                         



The Quest To Improve

• 4-6 ml / kg 

• Synchronized ventilation 

• Hybrid modes with volume target and pressure limits (Dreyfus, 1993) 

• New generation ventilators

Barotrauma
BPD
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Hybrid modes with volume target and pressure limits 
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The Cochrane Results

2 trials

269 newborn infants

Meta-analyses of combined data for 3 outcomes. 

Death or CLD at 36 weeks

Grade 3 or 4 IVH

PVL

“The review of the trials found there was 
not enough evidence to show the effect of 

permissive hypercapnia compared to 
routine ventilation for preterm babies. 

More research is needed.” 
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PHELBI Trial

362 total patients enrolled 

23 weeks to 28 6/7 weeks gestation 

400g - 1000g BW

High Target Group:
PCO2 55-65 torr, days 1-3 
PCO2 60-70 torr, days 4-6 

PCO2 65-75 torr, days 7-14

Control Group:
PCO2 40-50 torr, days 1-3 
PCO2 45-55 torr, days 4-6 

PCO2 50-60 torr, days 7-14



PHELBI Trial

The rate of bronchopulmonary dysplasia or death in the high target 
group did not differ significantly from the control group (p=0·18)  

Mortality was 14% in the high target group and 11% (p=0·32) in the 
control group  

Grade 3-4 intraventricular haemorrhage was 15% and 12% (p=0·30)  

Rate of severe retinopathy recorded was 11% and 14% (p=0·36)



What Did We Learn??

• We became really good at ventilating babies… 

• Correlation between low PCO2 and PVL 

• White matter of the brain softens and dies, 
leaving fluid-filled cysts

PCO2

PVL



The CO2 Pendulum
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IVH
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Vent Days (Miller 2007)
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Interesting Findings

• Some research has stated that PHC may be helpful for improving 
neurologic outcomes simply by protecting against hypo-capnia (Thome 

2008), thus the risk of PVL 

• More widely recongnized that extreme swings in PCO2 are to be 
avoided (Fabres et al, 2007 & Tsuji et al, 2000)



CO2 Management
• Luckily, we have new and better ways to keep 

track of CO2 in ‘live’ time… 

• Improvements in sensors so we don’t burn 
skin 

• Better ventilator graphics and monitoring so 
we can see changes in volumes  

• Hybrid modes that adjust pressure and 
volume 





The ‘New’ BPD

• “With the improvement in neonatal care and the introduction of 
gentler ventilation strategies, the use of antenatal steroids and 
surfactant therapy, the pathophysiology of lung disease in 
premature infants changed, leading to major differences on the 
histological level, which in turn changed the management strategies 
of BPD.” (Ibrahim and Bhandari, 2018)



Redefining BPD





The ‘New’ BPD…are these babies just sicker?

Through all the advances in Neonatology  
we have had an increase in the 

absolute number of survivors with CLD,  
but the overall incidence has  

remain unchanged (Varughese et al, 2002)



Some evidence pointing to  

moderate PHC as beneficial in 

decreasing morbidity in  
infants > 1500g

Infants most vulnerable-

Lowest GA

Male

Hypercapnia is associated  with greater disease severity which likely  contributes to worse outcomes (Thome et al, 2018)



Post-Natal Steroids







BPD and Neurological Development

(Gallini et all, 2021)



According to the CDC, raising a child with Cerebral Palsy costs an average of 
$45,000 per year (CDC, Oct 2020)

Health Care and Societal Costs of Bronchopulmonary Dysplasia 
(Lapcharoensap, 2018)

16x RSV



Study Examines How Premature 
Babies Develop Brain Injuries

A new report from Stanford sheds light on this issue,
 which can affect millions of prematurely born babies 
worldwide.

By Sintia Radu
|
May 8, 2019, at 5:13 p.m.



Stanford Findings

• One of the leading causes of brain injury in premature babies has 
been connected to low oxygen levels in cells. 

• The new report…shows there is a specific set of brain cells that are 
particularly susceptible to harm from low oxygen exposure in early 
development.



And Other Interesting Findings:
• Published in Pediatric Research in 2010 

• Systemic reviews and meta-analyses of long term ND impairment of 
surviving preterm babies

2.7% moderate or severe

4.4% mild

90% with NO impairment



Conclusions

• Finding the ‘right’ PCO2 is a delicate balance 

• There is no overwhelming evidence in support of or against 

• Neonatology continues to defy the odds of survival…we must 
always be congnizant of the ‘cost’ of our efforts
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Thank you!




