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Objectives 
1) To describe the pathophysiology of newborn hypoxic ischemic 

encephalopathy (HIE) 
2) To discuss why therapeutic hypothermia is an effective treatment for HIE.  
3) To review the alpha-stat versus the pH- stat strategies (and limitations of 

each) for measuring and reporting blood gas results during therapeutic 
hypothermia.   

4) To outline the inconsistency in the measurement and reporting of blood gas 
parameters in the published clinical trials that demonstrated the efficacy of 
therapeutic hypothermia 

5)  To present clinical cases and discuss how the inconsistency in reporting 
blood gas results could influence the care of the neonate. 



Clinical Case Example 

• An outside hospital calls to request transport for a newborn 
• 39w5d gestation female infant, birth weight 3050 g 
• Mother presented to hospital with spontaneous rupture of 

membranes, meconium-stained fluid 
• During fetal monitoring, noted to have “down tones” so stat C section 

was performed 



Clinical Case Example 
• At delivery, infant is limp, blue, and pulseless 
• Immediately intubated, received chest compressions, epinephrine, 

bicarb, and calcium 
• Required chest compressions for 20 minutes, multiple doses of 

epinephrine 
• APGARs were 0, 1, 1, 1, 1 at 1, 5, 10, 15, and 20 minutes of age 
• Arterial blood gas: pH 6.75, CO2 123, O2 108, HCO3 17 



Clinical Case Example 
• When our transport team arrived, infant was noted to be intubated 

and unresponsive 
• Passive cooling initiated during transport to our facility 
• Upon arrival, examination showed an unresponsive infant with no 

purposeful movements, minimal pupillary reaction to light, and 
intermittent lip-smacking and upper extremity jerking 

• Admission temperature 32.7⁰C 
• Seizure activity confirmed on a EEG 



Clinical Case Example 
• Admission laboratory data: 

• Na 143, K 3.6, Cl 102, CO2 12, BUN 8, Creatinine 0.78, Glucose 165 
• ALT 142, AST 312 
• Lactate 19 
• ABG 7.11/38/87/12/-16 
• WBC 35.9, hgb 14.6, plt 142 
• INR 2.4, PTT 88, fibrinogen 98 



Clinical Case Example 
• Plan: 

• Neuro: Initiate therapeutic hypothermia (33.5°C for 72 hours). Loaded with 
phenobarbital x2 and keppra for seizures. 

• FEN: TPN with total fluids written for 40 ml/kg/day due to anuria. 
• Respiratory: Conventional mechanical ventilation 
• CV: Dopamine and hydrocortisone started for hypotension 
• ID: Started on ampicillin, gentamycin, and acyclovir (mother with HSV but 

treated during pregnancy and infant delivered via c-section) 
• Heme: Coagulopathy treated with FFP and  
    cryoprecipitate, continue to monitor coags 
• Sedation: Fentanyl prn 







Neonate – Hypoxic Ischemic Encephalopathy (HIE) 

• Lack of oxygen in the brain around 
the time of birth (perinatal 
asphyxia) affects 3-5 infants/1000 
live births 
• 0.5-1 infants per 1000 live births 

develop brain damage in the 
form of HIE 
 

• Up to 60% of infants with HIE will 
die and 25% of survivors will have 
long term neurodevelopmental 
sequelae 



• Therapeutic mild 
hypothermia (33.5⁰C) is 
currently the only 
neuroprotective 
treatment to have been 
clinically tested in large 
trials to minimize brain 
injury in term newborns 

• Prior to the hypothermia 
clinical trials, supportive 
measures (no specific 
therapies) were only 
available for HIE 
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• Based on inclusion criteria published in clinical trials 
 

• ≥ 36 weeks gestation and ≤6 hours of age 
• pH ≤ 7.0 or a base deficit of ≥ 16 mmol/L (cord blood or blood 

collected within the first hour of birth) 
• History of an acute perinatal event 
• 10 minute APGAR score < 5 
• Assisted ventilation initiated at birth and continued for at 

least 10 minutes 
• Neurologic examination demonstrating moderate to severe 

encephalopathy is essential  
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How/Why is Hypothermia Neuroprotective? 

• Reducing brain perfusion and metabolism 
 

• Decrease of cellular oxygen and glucose 
requirements by 5-8% per ⁰C decrease in 
temperature 

• This leads to a decrease in CO2 production 
• Hypocapnia with normoxemia induces cerebral 

vasoconstriction and decreases cerebral blood flow 
• Mitigate reperfusion injury 
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How/Why is Hypothermia Neuroprotective? 

• Reducing brain perfusion and 
metabolism 

• Decrease free radical production 
• Decrease the immune response  
• Suppression of epileptic activity 



Other Clinical Situations With Hypothermic Patients 

• Cooling for head trauma in older 
children and adults 

 
• Near drowning events 
 
• Weather exposure 
 
• Use of extracorporeal machines 

such as dialysis and ecmo 
 



Cooling Older Patients 

• External Cooling 
• Ice Packs 
• Water Immersion 
• Cooling Blankets 
• Conductive Pads 

•  Internal Cooling 
• Ice Lavage  
• Cooled IV Fluids 
• Catheter Based Cooling Technologies 

Arctic Sun Device 



Will hypothermia affect blood gas parameters?  



William Henry 
December 12, 1774 – September 2, 1836 

Henry’s Law 

• At a constant temperature, the amount 
of a given gas that dissolves in a given 
type and volume of liquid is directly 
proportional to the partial pressure of 
that gas in equilibrium with that liquid 
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William Henry 
December 12, 1774 – September 2, 1836 

Henry’s Law 

C = K/Pgas 
Mass of a gas dissolved 
in a solution 

Henry’s Law Constant 

Partial Pressure of the 
gas 



• Mild therapeutic 
hypothermia to a rectal 
temperature of 34 ± 0.5⁰C 
initiated as soon as 
possible within the first 6 
hours of life  

• Cooling can be achieved 
by either total body or 
selective head cooling 







Blood gas measurement in the clinical laboratory 

• Blood gas instruments commonly 
conduct their analysis of blood gas 
parameters by warming the blood gas 
specimen to 37⁰C 
 

• Most instruments can calculate and 
present temperature corrected values 
 



Blood gas measurement in the clinical laboratory 

• Blood gas instruments commonly 
conduct their analysis of blood gas 
parameters by warming the blood gas 
specimen to 37⁰C 
 

• Most instruments can calculate 
temperature corrected values 
 

pCO2 (T) = pCO2 (37) X 10 [0.021X(t-37)] 





HIE Neonate – Which pCO2 is truth? 

DATE pCO2 (37) pCO2 (33.5) pCO2 (34.5)
Day 1   4:20:00 PM 51 43 45
Day 1  10:05:00 PM 43 36 38
Day 2   4:00:00 AM 44 37 39
Day 2  10:05:00 AM 76 64 67
Day 2  12:20:00 PM 38 32 34
Day 2  3:10:00 PM 43 36 38
Day 2  6:00:00 PM 39 33 35

Day 2  10:30:00 PM 35 30 31
Day 2  11:55:00 PM 40 34 35
Day 3  4:00:00 AM 50 42 44

Day 3  10:00:00 AM 45 38 40
Day 3  4:00:00 PM 36 30 32

Day 3  10:00:00 PM 43 36 38
Day 4  4:00:00 AM 37 31 33
Day 4  6:05:00 PM 33 28 29
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Two Schools of Thought 

• Alpha stat versus pH stat controversy 
“ Should ventilation be adjusted to achieve a 
temperature uncorrected pCO2 of 40 mm Hg 
(alpha stat) or adjusted to achieve a 
temperature corrected pCO2 of 40 mm Hg 
(pH stat)”            
  - Chris Higgins, Jan 2016 
          Temperature Correction of Blood gas and pH measurement-       
           an unresolved controversy 
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• Davis BD. On the importance of being ionized. Archives of Biochemistry 
and Biophysics 78:497-509, 1958 

• Reeves RB. An imidazole alphastat hypothesis for vertebrate acid base 
regulation: Tissue carbon dioxide content and body temperature in 
bullfrogs Respiration Physiology 14:219-236, 1972 
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• Davis BD. On the importance of being ionized. Archives of Biochemistry and Biophysics 78:497-509, 
1958 

• Reeves RB. An imidazole alphastat hypothesis for vertebrate acid base regulation: Tissue carbon 
dioxide content and body temperature in bullfrogs Respiration Physiology 14:219-236, 1972 
 

• Intracellular pH remains at or close to neutrality (with temperature) 
largely due to protein buffering (phosphate and bicarbonate buffers also 
functional) 
 

• Established reference ranges for interpretation of blood gas values have 
been determined at 37⁰C  

 
 
 

 



pH Stat 

• Do correct to body temperature 
 
• Level of CO2 is externally controlled to maintain normal pH 

and CO2 of the temperature corrected values 
 
• It best represents what is happening in the patient 
 
• Concerned about the application of Henry’s law 



A closer look at blood gases reference ranges as 
it relates to HIE and therapeutic hypothermia 



A closer look at blood gases reference ranges as 
it relates to HIE and therapeutic hypothermia 

• ≥ 36 weeks gestation and ≤6 hours of age 
• duration of the hypothermia is 72 hours (3 days post natal) 











What differences can be expected between 
pCO2  values in different specimen types?      



0.02 







Arterial Venous pCO2 Difference  ~ 7 mmHg 
 
Arterial Capillary pCO2 Difference ~ 6 mmHg 



Will these pCO2 reference ranges be 
dependent upon the blood gas instrument 

used to measure the specimens? 







All method mean (SD) 
58.6 (4.4) mm Hg 
 
Lowest method mean (SD) 
51.3 (2.4) mm Hg 
 
Highest method mean (SD) 
 67.6 (2.8) mm Hg 
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ranges for use with all blood gas 
instruments? 
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Clinical Trials  

• Address the safety and efficacy of induced hypothermia in perinatal HIE 
 

• Azzopardi D, Brocklehurst P, Edwards D. et al., The TOBY study. Whole body hypothermia for the 
treatment of perinatal asphyxia encephalopathy: a randomized control trial. BMC. Pediatr. 2008; 8:17 

• Azzopardi DV, Strohm B, Edwards AD., et al., TOBY study group. Moderate hypothermia to treat 
perinatal asphyxia encephalopathy.  N Eng J Med. 2009; 361:1349-1358. 

• Eicher DJ, Wagner CL, Katikaneni LP, et al., Moderate hypothermia in neonatal encephalopathy: 
efficacy outcomes. Pediatr Neurol 2005; 32:11-17 

• Gluckman PD, Wyatt JS, Azzopardi D., et al., Selective head cooling with mild systemic hypothermia 
after neonatal encephalopathy: a multicentre randomized trial. Lancet 2005; 365 663-670 

• Shankaran S, Laptook AR, Ehrenkranz RA., et al., National Institute of Child Health and Human 
Development Neonatal Research Network. Whole blood hypothermia for neonates with hypoxic 
ischemic encephalopathy. N Eng J. Med. 2005; 353:1574-1584 

• Simbruner G, Mittal RA, Rohlmann F, Muche R. neo.nEURO. Network Trial Participants. Systemic 
hypothermia after neonatal encephalopathy: outcomes of neo.nEURO.network RCT. Pediatrics 2010; 
126(4); e771-778 
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pH Stat:  Corrected for body temperature 



Is there an association between hypocarbia and 18-
22 month outcome among neonates with HIE? 





Evaluated the relationship between hypocarbia ( < 35 
mm Hg) and outcome (disability/death at 18-22 months 
 
Blood gases were corrected for body temperature 
 
Poor outcomes and death/disability increased with 
greater cumulative exposure to pCO2 < 35 mmHg 
 



Clinical Case Wrap-up 
• Patient underwent therapeutic hypothermia for 72 hours. 
• No further seizures noted, Keppra stopped prior to discharge. 
• Brain MRI consistent with profound hypoxic ischemic injury. 
• Patient was successfully extubated after 6 days. 
• Some difficulty handling secretions, managed with glycopyrrolate 
• Unable to orally feed. Mother elected not to pursue G tube and 

patient was discharged on NG feeds. 
• Neurologic exam at discharge was notable for hypertonicity in upper 

extremities and a weak suck reflex. 
• Discharged from NICU at 5 weeks of age. 

 



Clinical Case Wrap-up 
• After discharge, patient had recurrent aspiration and stridor, at least 

one episode of aspiration pneumonia 
• Tracheostomy and g tube were placed at 4 months of age  
• Currently 5 months old, continues to have increased tone and 

spasticity in upper and lower extremities but does show good visual 
tracking and interaction with caregivers 
 



Conclusions 

1) Six clinical trails conducted between 2005 and 2012, demonstrated that 
mild hypothermia (33.5⁰C – 34.5⁰C) for 72 hours is an effective treatment to 
help reduce morbidity and mortality associated with hypoxic ischemic 
encephalopathy (HIE). 

2) During therapeutic hypothermia, it is critical to closely monitor pCO2 and pH 
to confirm adequate cerebral blood flow in the neonate. 

3) Interpretation of blood gas results during therapeutic hypothermia is 
complicated because hypothermia can affect the solubility of CO2 

4) A controversy exists as to whether blood gas measurement should be 
corrected to the patient’s actual body temperature or be consistently 
measured at 37⁰C 
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