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 J My aim today is to get you to look at  

     a few things that you may take for  

     granted in a slightly different way.  



Why do we need special consideration of 
hemodynamics in patients with brain injury?  

üArrhythmiaôs and electrolyte disorders, blood 
pressure problems (unwanted hyper- or 
hypotension) all occur very frequently in 
patients with brain injuryé 

üBrain injured patients have a MUCH LOWER 
TOLERANCE for such events than ñregularò 
patients! 

üIt is of key importance to prevent excesses  
and ñmaintain homeostasisò in brain-injured 
patients. 

 





Animal data overwhelmingly show that the 
injured brain does not tolerate:  

üHypo- & hypertension; hypo- and 
hypoperfusion (hypoperfusion worse) 

üHypoxia and hyperoxia (hypoxia worse) 

üHypocarbia & hypercarbia 

üFever 

üHypoglycemia & hyperglycemia 

üOther disturbances of homeostasis: electrolyte 
disorders (Na, Mg, K, P etc), others? 

üOthers? 
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   N= 6326 patients 

üHyperoxia (PaO2/FiO2 Ó300)  

   was seen in 1156 (18%) 

üHypoxia (PaO2/FiO2 ¢60)  

   was seen in 3999 patient 63% 

ü1171 (19%) had normoxia 
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Acute head injury (6 hrs post impact) 
Areas in red show regions with rCBF < 20 ml/100g/min) 

PaCO2: 25 mmHg (3.3 kPa) PaCO2: 38 mmHG (5.0 kPa) 

Coles JP et al. Effect of hyperventilation on cerebral blood flow in traumatic head injury: clinical 

relevance and monitoring correlates. Crit Care Med 2002;30:1950-9.  

 



Coles JP et al. Crit Care  

Med 2002;30:1950-9. 

N=25 



Coles JP et al. Crit Care  

Med 2007;35:568-78. 

Ischemic brain areaôs 

Oxygen extraction 
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Suffoletto B et al. Resuscitation 2009; 80:1365-70. 

Fever following in-hospital cardiac 
arrest (IHCA): 



üElevated body temperature 
was associated with a dose-
dependent: 

üICU & Hospital LOS 

üMortality rate 

Diringer M et al. Crit Care Med 2004; 32;1489-93 

ü4,295 patients with LOS >1 day 

üElevated body temperature          
was associated with 3.2 additional          
ICU days and 4.3 additional hospital days 

üICU LOS was predicted by the number of 
complications and elevated body temperature  

Fever in a mixed neuro-ICU: 
Diringer M et al. Crit Care Med 2004; 32;1489-93  
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Waikar SS et al. Am J Med 2009;122:857-865 

N=98 411 patients 



Waikar SS et al. Am J Med 2009;122:857-865 



What about blood pressure and 
arrhythmiaôs?? 



Before we look at the clinical data, 
we need to deal with the concept of 

cerebral autoregulation. 



The concept of cerebral autoregulation 

Cerebral Blood Flow 

75 175 

Normotensive 

MAP (mm Hg) 

Increasing risk of  

hypertensive 

 encephalopathy 

Increasing risk  

of ischemia 

25 125 225 

Normal autoregulation 

Adapted from: Varon J, Marik PE. Chest 2000; 118:214-227. 
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The concept of cerebral autoregulation 



Chronic hypertensive  
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üSo, both too low and too high blood pressures 
can be harmful. 
üThis applies even to non brain-injured 
patients, but they have a wider ñmarginò. 
üLess margin in brain-injured patientsé. 
üEspecially if they loose their cerebral 

autoregulation 
üEspecially in injured areaôs of the brain; 
injured areaôs appear to be more susceptible 
to hypo- and hypertension! 
 

Adapted with permission from Mansoor GA, Frishman WH. Heart Dis. 2002;4:358-371. 

The concept of cerebral autoregulation 



Brain injury frequently leads to a wide 
range of medical complications: 

üMyocardial dysfunction (SAH, ICH, TBI, AIS) 

üArrhythmiaôs/tachycardia (SAH, TBI, others?) 

üElectrolyte disorders (SAH, TBI) 

üVagal nerve dysfunction leading to immune 
dysfunction, myocardial dysfunction and 
arrhythmiaôs (TBI, others?) 

üEtc. 

 

 

 



Elevations of cardiac troponins and/or the myocardial 
fraction of creatine phosphokinase (CPK-MB) (occur 
in 20-30% of patients  with SAH) 

Linked to: high sympathetic activity (ñcatecholamine 
stormò), and also vagal activity.                      
Higher risk in patients with:  Hunt-Hess score >2, 
female sex, high BMI, high left ventricular mass, 
lower systolic blood pressure, higher heart rate, EKG 
changes, higher doses of vasoactive medication 

Elevated levels of troponins predict left ventricular 
dysfunction in patients with SAH (more sensitive 
than CK-MB) 
Tung P et al. Stroke 2004;35:548-51;  Deibert E et al. J Neurosurg 2003;98:741-6; Kawahara E et al. Circ J 2003;67:753-6; 

Kono T et al. J Am Coll Cardiol 1994;24:636-40; Parekh N et al. J Am Coll Cardiol 2000;36:1328-35; Mayer SA et al. 

Neurology 1994;44:815-20. 

Cardiac complications of SAH: 

ñStunned myocardiumò 





"Stunned myocardium" due to sudden  
catecholamine release? 

Lee VH et al. J Neurosurgery 2006; 105:264ï270. 



Lee VH et al. J Neurosurgery 2006; 105:264ï270. 



Ohtsuka T et al. Circulation 2000;101;2122-2124. 



Not always typical.... 







Not just in SAH.... 



Hydrocephalus..... 

Seizures....... 



Guillain-Barr® Syndrome.... 

Cerebral contusion..... 



Hemorrhagic stroke...... 

Ischemic stroke...... 



Regardless of age... 



Not only in brain injury....  



Agewall S et al.  

Eur Heart J 2011;32:404-11. 



"Stunned myocardium" due to sudden  
catecholamine release? 



N Engl J Med 2005;352:539-48. 



N Engl J Med 2005;352:539-48. 



N Engl J Med 2005;352:539-48. 



If this is all reversible, does this 
affect outcome? 







ñTriple Hò therapy for SAH.... 







Many of the 
treatments we 
administer to protect 
the brain can make 
the ñmedicalò 
situation worse! 



Cardiac complications: 

 EKG changes  & Arrhythmiaôs 

Occur in Ñ90% (!) of patients with SAH  

Especially in the first 48 hours after hemorrhage  

Most frequent EKG abnormalities: 

üProlongation of the QTc interval (associated with higher 
mortality,  especially in the presence of hypokalemia, 
defined as K <3.5)  

üST depression 

üST elevation 

ü Inverted T waves  

Lanzino G J Neurosurg Anesthesiol 1994; 6:156-62; DiPasquale G et al. Am J Cardiol 1987; 59:596-600; 

Mayer SA et al. J Neurosurg 1995;83:889-96. 



The hyperadrenergic syndrome..... 

üTachycardia, hypertension, arrhythmiaôs.... 

üOccurs frequently in SAH, but also in TBI, 
ischemic stroke, ICH, and other types of 
neurologic injury.  



Tracey KJ. J Clin  

Invest 2007;117:289-96 


