
Hypocapnia and the Injured 
Brain: More harm than Benefit

John Laffey
Department of Anesthesia,

St Michael’s Hospital,
University of Toronto,

CANADA



• None 

Disclosures



Key Questions

1. Why do we use hypocapnia in patients with Acute Brain Injury

2. How often do we use hypocapnia in clinical practice?

3. What happens to cerebral blood flow and oxygen requirements in 
the injured brain?

4. How does hypocapnia reduce cerebral blood volume? 

5. Can hypocapnia damage the brain and/or other organs?

6. Can we use hypocapnia safely in our ABI patients?



1. Rationale for use of 
Hypocapnia in ABI





• Hypocapnia is induced in order to decrease the Cerebral 
Blood Volume

• Hypocapnia reduces ‘luxury perfusion’ of Injured Brain

– Implicated in cerebral edema, esp. in Children

• Hypocapnia may cause ‘inverse steal’

– shunt blood from uninjured to injured Brian

Rationale for Hypocapnia



2. Frequency of use of 
Hypocapnia in ABI Patients 





Neuman et al, Intens Care Med 2008 



Key Findings

• Early ‘prophylactic’ hyperventilation – i.e. hypocapnia 
in the first 24h – was used in 54% of episodes.

• The majority of patients who did not have raised ICP 
had significant hypocapnia
– Hypocapnic for up to 50% of total ventilation time. 

• Over 90% of patients with PaCO2 ≤ 30 mmHg received 
no monitoring of brain oxygenation.







• Hypocapnia remains prominent in the management of 
ABI children 

• 2003 Pediatric Brain Trauma guidelines minimal impact

• The youngest children (< 2y) had the highest incidence 
of severe hypocapnia.

• Severe hypocapnia was common in children without 
elevated ICP.

Hypocapnia in children with ABI



Hypocapnia in early ABI

• Hypocapnia seen in ABI patients even before ICU 
admission. 

• 50% Michigan emergency physicians routinely employ 
prophylactic hyperventilation in patients with severe TBI.

• Accidental hyperventilation is also common. 
– Severe hypocapnia in 70% of patients transferred by helicopter 

to an US urban level I trauma center.

• 16% of intubated TBI patients en route to a Level I 
trauma center had PaCO2 levels < 30 mmHg
– 30% had levels of 30-35 mmHg. 



3. Does Hypocapnia work?



• Hypocapnia is induced in order to lower ICP by decreasing the Cerebral 
Blood Volume

• Hypocapnia primarily affects Cerebral Blood Flow

– It induces cerebral arterial vasoconstriction

• Hypocapnia effect pH mediated

– Multiple mechanisms underlying effect, with NO centrally involved

– ATP sensitive K+ channels also implicated

• CBF decreases by approximately 3% per mmHg change in PaCO2 (60 to 20 
mmHg PCO2 range) in patients with TBI

Mechanism of reduction of ICP



• Effect of hypocapnia of CBV indirect 

– Predominantly acts to reduce arterial blood flow

– 30% of CBF resides in the arteries

– Hypocapnia has little effect on cerebral veins

• Effect of hypocapnia on CBF disproportionately greater 
than effect on CBV

– 30% reduction in CBF results in 7% reduction in CBV

• More severe hypocapnia further reduced CBF but little 
effect on CBV.

Cerebral Blood Flow vs. Volume



• ‘Luxury perfusion’ of Injured Brain rare
– CBF and Cerebral O2 delivery reduced following ABI 

esp in first 24 hours
– Regional perfusion often severely reduced
– Neuronal ischemia prominent in non-survivors

• ‘Inverse steal’ not seen
– Responsiveness to CO2 preserved in injured Brain

Discredited concepts regarding Hypocapnia



• ‘Mitochondrial dysfunction’ Hypothesis
– Concept that injured brain may require less O2 due to injury induced 

mitochondrial dysfunction

– Reduced O2 requirements as reason for reduced CBF in ABI

– Potentially possible to further reduce perfusion without Injury

• Used to justify reduction of CBF below ‘ischemic’ 
thresholds

• Difficulty titrating  hypocapnia safely to avoid 
regional ischemia on basis of global indices

Ischemic Thresholds and CMRO2



• Hypocapnia can increase CMRO2 in TBI

• Hypocapnia may increase neuronal excitability
– increases cerebral glucose utilization

– prolongs seizure activity

– Increases production of cytotoxic excitatory amino acids

• Alkalosis inhibits the negative feed-back whereby low
pH reduces cellular metabolism

Hypocapnia increases CMRO2



• Effects of hypocapnia on CBF via CSF pH
– Buffering of CSF pH occurs within 6-24 Hours

– Buffering within 4 hours of sustained hypocapnia in Volunteers

• Raichle ME et al, Arch Neurol 1970

– Rebound hyperaemia occurs on restoration of Normocapnia

• Hypocapnia depletes CSF bicarbonate
– Larger swings in CSF pH and CBF with CO2 changes

• Tasker RC et al PCCM 2005

Sustained Hypocapnia more Harmful



Mechanism of rebound Hyperemia



• Buffering of CSF pH ablates effectiveness of hypocapnia, 

– CBF may return to baseline levels by 4 h. 

• Difficult to further reduce CO2 to decrease ICP acutely.

– e.g. incipient herniation

• Rebound intracranial hypertension must be anticipated following 
restoration of normocapnia.

• Buffering capacity of CSF reduced with sustained hypcapnia

– Increases slope of the relationship between CO2 vs. CBF 

Key points re sustained Hypocapnia



4. Evidence for harmful 
effects of Hypocapnia 



• Hypocapnia demonstrated to cause regional Ischemia
– In Adults and Children with TBI

• Hypocapnia reduces SjO2 and increases lactate
following resuscitation after Cardiac Arrest

• In experimental studies, hypocapnia
– reduces regional CBF and local cortical tissue PO2,

– reduces cerebral oxyhemoglobin and oxidised cytochrome aa3

– increases cerebral deoxyhemoglobin

Hypocapnia causes Brain Ischemia











Hypocapnia damages children’s Brains



Pre-Hospital Hypocapnia 
worsens Outcome

• Severe hypocapnia (end expired CO2 <30 mmHg) reported in 70% of 
patients transferred by helicopter to an US urban level I trauma 
center. 

• Warner et al. reported that 16% of intubated TBI patients en route 
to a Level I trauma center had PaCO2 levels < 30 mmHg, while 30% 
had levels of 30-35 mmHg. 

• Pre-hospital hypocapnia worsens outcome in TBI.
– Davis DP, Heister R, Poste JC, et al. Neurocrit Care 2005;2(2):165-

171.
– Caulfield EV, Dutton RP, Floccare DJ, et al. J Trauma 

2009;66(6):1577-1582



Curley et al, Crit Care Med, 2010



5. Can hypocapnia be 
titrated to effect? 



• Potential for harm minimized where hypocapnia used for short
intervals for specific indications

– Normocapnia restored as soon as feasible

• Moderate hypocapnia (PCO2 28mmHg) may temporarily improve 
cerebral autoregulation in head injured patients 

– more severe hypocapnia (PCO2 23 mmHg) impairs autoregulation

– Duration of effect short-lived 

• Even brief moderate hypocapnia produces critical reductions in 
Brain tissue PO2 in 20% patients with TBI

• No generic ‘safe’ threshold for hypocapnia in ABI

‘Moderate’ Hypocapnia



• Proposed that hypocapnia be titrated to indices of Cerebral
Oxygenation in individual patients.

• 20% TBI patients with increased ICP may have excess CBF based
on SjO2 measurements
– ‘optimized’ hyperventilation proposed for these patients

• Significant regional differences in oxygenation seen in the injured
Brain.
– Regional monitors of brain oxygenation near penumbra of focal lesions

• Limitations of global indicators of cerebral oxygenation clear

• Titration of hypocapnia to CMRO2 
– Confounded by effect of Hypocapnia in CMRO2?

‘Titrated’ Hypocapnia



6. Summary and 
Conclusions 



Laffey et al, NEJM, 2002



• Significant regional differences in oxygenation seen in
the injured Brain.
– No ‘safe’ threshold level of hypocapnia

• Presence of significant regional hererogeneity renders 
global indices of perfusion inadequate.

• Regional brain tissue PO2 monitoring may enhance 
potential utility of titrated hypocapnia

• Potential for direct injury for Hypocapnia remains

Summary



• Strong rationale for use of hypocapnia in setting of imminent Brain 
herniation
– Actual evidence limited

• Intra-operative use to facilitate access or acutely reduce brain bulk.

• Avoid accidental Hypocapnia

• Prophylactic hypocapnia has no Clinical role

• Where Hypocapnia is used in ABI patients
– Clear rationale is required
– Restrict to short term use while definitive measures instituted.
– Restore normocapnia as soon as is feasible

Current Clinical Role of Hypocapnia


