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  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?  

Arrhythmia’s and electrolyte disorders, blood 
pressure problems (unwanted hyper- or 
hypotension) all occur very frequently in 
patients with brain injury… 

Brain injured patients have a MUCH LOWER 
TOLERANCE for such events than “regular” 
patients! 

 It is of key importance to prevent excesses  
and “maintain homeostasis” in brain-injured 
patients. 

 





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

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

Hypoxia and hyperoxia (hypoxia worse) 

Hypocarbia & hypercarbia 

 Fever 

Hypoglycemia & hyperglycemia 

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

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

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

Hypoxia and hyperoxia (hypoxia worse) 

Hypocarbia & hypercarbia……? 

 Fever 

Hypoglycemia & Hyperglycemia 

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

Others? 

 

 



   N= 6326 patients 

Hyperoxia (PaO2/FiO2 ≥300)  

   was seen in 1156 (18%) 

Hypoxia (PaO2/FiO2 60)  

   was seen in 3999 patient 63% 

1171 (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 area’s 

Oxygen extraction 



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

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

Hypoxia and hyperoxia (hypoxia worse) 

Hypocarbia & hypercarbia  

 Fever 

Hypoglycemia & hyperglycemia 

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

Others? 

 

 



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

Fever following in-hospital cardiac 
arrest (IHCA): 



Elevated body temperature 
was associated with a dose-
dependent: 

 ICU & Hospital LOS 

Mortality rate 

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

4,295 patients with LOS >1 day 

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

 ICU 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  



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

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

Hypoxia and hyperoxia (hypoxia worse) 

Hypocarbia & hypercarbia 

 Fever 

Hypoglycemia & hyperglycemia 

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

Others? 

 

 



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 
arrhythmia’s?? 



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. 



Cerebral Blood Flow 

Adapted from: Varon J, Marik PE. Chest 2000; 118:214-227. 
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 around higher set points 

The concept of cerebral autoregulation 



Chronic hypertensive  
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So, both too low and too high blood pressures 
can be harmful. 
This applies even to non brain-injured 

patients, but they have a wider “margin”. 
Less margin in brain-injured patients…. 
Especially if they loose their cerebral 

autoregulation 
Especially in injured area’s of the brain; 

injured area’s 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: 

Myocardial dysfunction (SAH, ICH, TBI, AIS) 

Arrhythmia’s/tachycardia (SAH, TBI, others?) 

 Electrolyte disorders (SAH, TBI) 

Vagal nerve dysfunction leading to immune 
dysfunction, myocardial dysfunction and 
arrhythmia’s (TBI, others?) 

 Etc. 

 

 

 



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 (“catecholamine 
storm”), 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: 

“Stunned myocardium” 





"Stunned myocardium" due to sudden  
catecholamine release? 

Lee VH et al. J Neurosurgery 2006; 105:264–270. 



Lee VH et al. J Neurosurgery 2006; 105:264–270. 



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



Not always typical.... 







Not just in SAH.... 



Hydrocephalus..... 

Seizures....... 



Guillain-Barré 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? 







“Triple H” therapy for SAH.... 







Many of the 
treatments we 
administer to protect 
the brain can make 
the “medical” 
situation worse! 



Cardiac complications: 

 EKG changes & Arrhythmia’s 

Occur in ±90% (!) of patients with SAH 

Especially in the first 48 hours after hemorrhage  

Most frequent EKG abnormalities: 

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

 ST depression 

 ST elevation 

 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..... 

Tachycardia, hypertension, arrhythmia’s.... 

Occurs 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 



Kox M et al. Neurology 2008;70:48085 



Can also be triggered by elective 
surgical procedures… 

Mainly cardiac surgery and (to a lesser 
extent) neurosurgery 



The incidence of atrial fibrillation after CABG is 
16–40%, and even higher after combined 
CABG & valvular surgery (36–63%). 

Mortality after cardiac surgery is increased in 
both patients who present for cardiac surgery 
in atrial fibrillation, or who develop post-
operative atrial fibrillation. 

Kaireviciute D et al. Eur Heart J 2009; 30:410–425; Passannante AN. Curr Opinon in 

Anesthesiol 2011;24:58–63; Filardo G et al. Circ Cardiovasc Qual Outcomes 2009; 2:164–

169;  Bramer S et al. Eur J Cardiothorac Surg 2010; 38:373–379; Bramer S et al.  

Ann Thorac Surg 2010; 90:443–449; Schulenberg R et al. Ann Thorac Surg 2010; 89:738–

744. El-Chami MF et al. J Am Coll Cardiol 2010;55:1370–1376; Kalavrouziotis D et al. Eur J 

Cardiothorac Surg 2009; 36:293–299. 

Can also be triggered by elective 
surgical procedures… 



Perioperative hypertension and tachycardia: 

 Perioperative hypertension after neurosurgery is common; 54 - 
91% in various studies.  

 Associated tachycardia is common; arrhythmia’s less frequent 
(new onset AF in 2% of elective and 8% of emergent cases.1 

 Hypertension generally begins within 10 minutes of completion 
of surgery and lasts up to 4 hours.2 

 Linked to significant increase in risk of ICH.2  

 Associated with cerebral hyperemia - with increased risk for 
cerebral edema, and risk of ICH.3 

 There is some evidence that early administration of 
antihypertensives can reduce this risk.4  
 

1. Bilota F et al. Anesthesia 2009; 64:503-9   
2. Basali A. Anesthesiology 2000; 93:48-54 
3. Grillo P, et al. Anesth Analg 2003; 96:1145-9 
4. Barron HV et al. Am J Cardiol 2000; 85:294-8. 
 





N=2020 patients 

Most patients with SAH excluded! 







 If patients have underlying cardiovascular 
issues (e.g., sick sinus syndrome), this will 
cause problems if and when they develop other 
major events that put them in the ICU; e.g.,  
 Trauma 

 SAH 

 Major surgery 

 Etc. etc. etc. 

 And, surgery and staying in the ICU cause 
cardiovascular stress and psychological stress; 

 The patient may have pain; and any underlying 
psychiatric issues will become apparent.  

More reasons why arrhythmia’s and hypertension 
are common in brain injury and after surgery.. 



   

Many of our treatments can cause electrolyte 
disorders, which may lead to arrhythmia’s....  
 Vasoactive drugs: especially dopamine, but also 

norepinephrine and perhaps others;   

 Antibiotics such as pipracillin 

 Induced hypothermia 

 Etc. etc. 

Tubular dysfunction occurs in almost all ICU 
patients 

Etc. etc. 

  

More reasons why arrhythmia’s and hypertension 
are common in brain injury and after surgery.. 



Renal loss: 
   Diuretics (including  

   osmotic diuretics) 

   Diuretic phase ATN 

   Hypercalcaemic states 

   Tubular dysfunction 

   RTA 

   Hypokalemia 

Drugs: 
   Gentamicin, tobramycin,  

   other aminoglycosides 

   Carbenicillin 

   Cis-platinum, methotrexate 

   Amfotericin-B 

   Foscarnet 

   Pentamidine 

   Polymycin B 

   Ticarcillin 

Decreased intake Miscellaneous Excessive loss 

Malnutrition 

Parenteral nutrition 

Diarrhoea 

Malabsorption 

NG tube 

 

 

Causes of hypomagnesaemia 

Pancreatitis 

Dialysis 

Alcohol-abuse 

Endocine: 

   Hyperparathyroidism 

   Hypothyroidism 

   Hyperaldosteronism 

   Excessive lactation 

Refeeding 

Hypothermia 

Intracellular shift 

Exchange transfusion 

Acute intermittent porphyria 

 

 

 



 

Here we practice 

only evidence-based 

medicine!! 

What about  

clinical evidence?? 



Does hypertension independently predict 
adverse outcome in brain injury? 

 In intracranial bleeding? Yes. 

 In ischemic stroke? Yes. 

 After neurovascular interventions? Yes. 

 After neurosurgical interventions? Yes. 

 In subarachnoid haemorrhage? Yes in 
unsecured aneurysms; thereafter no...? 

 In post-hypoxic injury? No (not studied) 

 In TBI? No....? 

 In other diseases associated with high 
intracranial pressure (liver failure, meningitis, 
encephalitis, etc.? No (not studied). 
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encephalitis, etc.? No (not studied). 





N=7238 patients 



N=7238 patients 



What about interventions to lower (or 
increase) blood pressure? 



 Two ongoing studies are evaluating the effect 

on outcomes of reducing BP to specified target 

levels: 

Antihypertensive Treatment of Acute Cerebral 

Hemorrhage (ATACH). This study has three 

treatment groups: goal to reduce and maintain 

SBP for 24 hours from onset of symptoms to 

170–200 mm Hg, 140–170 mm Hg, and 110–

140 mm Hg, respectively. 

 Intensive Blood Pressure Reduction in Acute 

Cerebral Hemorrhage (INTERACT) 

Ongoing studies in patients with ICH: 



 Inclusion:  

 Spontaneous ICH and elevated SBP (150–220 mm Hg)  

 Early intensive BP-lowering therapy vs. standard 
strategy (1999 AHA guidelines) 

 Intensive group: target SBP 140 mm Hg within 1 hour of 
randomization, maintained for 7 days.  

 Treatment discontinued if SBP decreased to 130 mm Hg.  

 N=404 patients enrolled 

http://hyper.ahajournals.org/current.dtl




 Results: 

 Mean hematoma growth 22.6% lower in the intensive 
treatment group (13.7% vs. 36.3%, 95% CI: -0.6% to 
+44.5%; p=0.06) after adjusting for initial hematoma 
volume and time from ICH to CT scan.  

 8% absolute risk reduction in “substantial” hematoma 
growth (>33% or 12.5 mL) (95% CI -1% to +17%; p = 
0.05) in low BP group (15% vs. 23%); relative risk 
reduction 36%. 

http://hyper.ahajournals.org/current.dtl


BUT, on the other hand…. 





What about interventions to lower (or 
increase) blood pressure? 

 In intracranial bleeding? Yes. 

 In ischemic stroke? Yes. 

 After neurovascular interventions? Yes. 

 After neurosurgical interventions? Yes. 

 In subarachnoid haemorrhage? Yes in 
unsecured aneurysms; thereafter no.....? 

 In post-hypoxic injury? No (not studied) 

 In TBI? Yes....? 

 In other diseases associated with high 
intracranial pressure (liver failure, meningitis, 
encephalitis, etc.? No (not studied). 



R ICA stenosis (85%)  

before stenting 
R ICA stenosis (85%)  

after stenting 

Fukuda T et al. Am J Neuroradiol 2007;28:737– 42 



van Mook WN et al. Lancet Neurol 2005;4:877-88 



van Mook WN et al. Lancet Neurol 2005;4:877-88 

Incidence  

0.4 – 18.9% 



Konstantinos G et al. J Vasc Surg 2009;49:1060-8 

Incidence  

0.4 – 14% 

Avg. 1.9% 



Does hypertension independently predict 
adverse outcome in brain injury? 

 In intracranial bleeding? Yes. 

 In Stroke? Yes. 

 After neurovascular interventions? Yes. 

 In subarachnoid haemorrhage? Yes in 
unsecured aneurysms; thereafter no...? 

 In post-hypoxic injury? No (not studied) 

 In TBI? No....? 

 In other diseases associated with high 
intracranial pressure (liver failure, meningitis, 
encephalitis, etc.? No (not studied). 



N= 17398 patients 



 In intracranial bleeding? Yes (?) 

 In Stroke? Yes! 

 After neurovascular interventions? Yes. 

 After neurovascular interventions? Yes. 

 In subarachnoid haemorrhage? Not studied.. 

 In post-hypoxic injury? Yes..? 

 In TBI? Yes? 

 In other diseases associated with high 
intracranial pressure (liver failure, meningitis, 
encephalitis, etc.? Yes/not studied 

Does hypo tension independently predict 
adverse outcome in brain injury? 



 Fearnside MR et al. Br J Neurosurg 1993; 

7:267-79 (adult patients) 

 Chesnut RM et al. J Trauma 1993; 34:216-22 
(adult patients) 

 Vavilala MS et al. J Trauma 2003; 55:1039-44 
(paediatric patients) 

 Ducrocq SC et al. Pediatr Crit Care Med 2006; 

7:461-7 (paediatric patients) 

Hypotension predicts adverse 
outcome in TBI: 



 Fearnside MR et al. Br J Neurosurg 1993; 

7:267-79 (adult patients) 
 

 Single episode of hypotension is associated 

with  morbidity and doubling of mortality   

 

 

Hypotension predicts adverse 
outcome in TBI: 



N=7238 patients 



Hypotension predicts adverse 

outcome in stroke.  

 Hypotensive episodes also associated with 

adverse outcome in stroke 

 Hypotensive episodes also associated with 

adverse outcome in cardiac arrest 

 

Martin DR et al. Ann Emerg Med 1993; 22:917 [abstract]; Spivey et al. Ann Emerg Med 1991; 20:453 

[abstract]; Mullner M et al. Stroke 1996; 27:59-62.   



N= 17398 patients 



N= 17398 patients 



N= 304 patients 



SO, hypertension is bad, but 
hypotension is worse!! 





Ntaios G et al. Current Opinion in Neurology 2010, 23:46–52 

 34 observational studies 

(n = 33470 patients) 

 18 intervention studies 

(n = 1637 patients) 



 34 observational studies 

(n = 33470 patients) 

 18 intervention studies 

(n = 1637 patients) 

Ntaios G et al. Current Opinion in Neurology 2010, 23:46–52 

Most studies reported a negative association 

between increased blood pressure and clinical 

outcome.  

However, some studies showed clinical improvement 

with higher blood pressure levels and clinical 

deterioration with decreased blood pressure; 

While yet other studies showed no association at all. 



Ntaios G et al. Current Opinion in Neurology 2010, 23:46–52 









Aronson S et al. Anesthesia Analgesia 2011;113:19-30 





Mayer SA et al. Crit Care Med 2011;39:2330-36 



Mayer SA et al. Crit Care Med 2011;39:2330-36 







The solution?? 

“We should write that spot down” 

We need to get things just right! 



The solution?? 

“We should write that spot down” 

Appropriate use and dosage of antihypertensives. 



The solution?? 

“We should write that spot down” 

 Applies not just to antihypertensives, but to all 

aspects of (neuro)ICU care. 



Primum non nocere..... 
(first, do no harm...) 



Primum non nocere..... 
(first, do no harm...) 

 That is why I like using short-acting agents in 

critically ill patients, especially when I am  

manoeuvring between Scylla en Charybdis… 
 Remifentanyl or fentanyl rather than morphine.. 

 Propofol rather than benzodiazepines.. 

 For some arrhythmia’s, Esmolol rather than Diltizem, 
Labetolol or Amiodarone… 

 For blood pressure, depending on the desired 
reduction of blood pressure and heart rate: clevidipine 
and esmolol rather than nicardipine, hydralazine etc.. 



 Depends on situation, risk of overshoot, 
severity of hypertension, presence of 
tachy/bradycardia, etc.  

When to use which drug???  



Aronson S. et al. Anesth Analg 2008;107:1110-21 

N=1512 patients 



N=39 patients 



N=2601 patients 







 Depends on situation, risk of overshoot, 
severity of hypertension, presence of 
tachy/bradycardia, etc.  

When to use which drug???  



■ Nicardipine ▲Diltiazem 

● Saline 

Morimoto Y et al.  

Anesth Analg 2000; 91:347-52 



So, if the brain is hypoperfused a calcium 
channel blocker would probably be a good 
choice!  

When to use which drug???  



Grillo P, et al. Anesthesia & Analgesia, 96(4):1145-9, 2003 



Grillo P, et al.  

Anesth Analg 2003; 96:1145-9 

● Placebo 

■  Esmolol 



 But in situations of hyperperfusion a beta 
blocker might be better. 

When to use which drug???  



 Depends on situation, risk of overshoot, 
severity of hypertension, presence of 
tachy/bradycardia, etc.  

When to use which drug???  



 A patient has undergone posterior fusion 
surgery. His case was complicated by 
bleeding from his surgical wound. He was 
taken back to theater, received anesthesia 
with propofol and remifentanyl. A small 
arterial bleeder was located and coagulated, a 
small hematoma was drained. Propofol and 
remifentanyl are stopped, patient is taken 
back to the ICU. 

Case 1 



 A patient has undergone posterior fusion 
surgery. His case was complicated by 
bleeding from his surgical wound. He was 
taken back to theater, received anesthesia 
with propofol and remifentanyl. A small 
arterial bleeder was located and coagulated, a 
small hematoma was drained. Propofol and 
remifentanyl are stopped, patient is taken 
back to the ICU. 

 He is still intubated. He is highly agitated. His 
blood pressure is 188/105, heart rate 128 
BPM, sinus rhythm.  

 You are asked to see this patient because of his 
tachycardia and hypertension.  

Case 1 



   

 What would you recommend? 
 

 Give a bolus dose of 5 mg of metoprolol IV 

 Start a Diltiazem drip 0.25 mg/kg/min bolus dose 

over 2 minutes and drip at 10 mg/hr 

 Give an Esmolol bolus of 5 mg and start a drip 

at 50 mcgr/kg/min  

 Nothing at this time; the patient is in sinus 

rhythm and the blood pressure is acceptable 

 Sedate the patient with Propofol or a 

benzodiazepine 

 Give 5 mg of Haloperidol to treat delirium 

 Give 100 microgram of Fentanyl 

Case 1 



   

 What would you recommend? 
 

 Give a bolus dose of 5 mg of metoprolol IV 

 Start a Diltiazem drip 0.25 mg/kg/min bolus dose 

over 2 minutes and drip at 10 mg/hr 

 Give an Esmolol bolus of 5 mg and start a drip 

at 50 mcgr/kg/min  

 Nothing at this time; the patient is in sinus 

rhythm and the blood pressure is acceptable 

 Sedate the patient with Propofol or a 

benzodiazepine 

 Give 5 mg of Haloperidol to treat delirium 

 Give 100 microgram of Fentanyl 

Case 1 





 Don’t forget the basics!  

 No antihypertensives if pain is 
not (sufficiently) controlled)...! 

 And remember:  

 Pain + sedation = Delirium! 





The injured brain seems to be far less tolerant 
of disturbances in homeostasis in general  

 So, getting the basics of ICU care and ED 
care right is even more important in patients 
with cerebral injury. 

Conclusions: 



 We need to do everything we normally do, 
except: We need to do even better! 

Conclusions: 



 We need to do everything we normally do, 
except: We need to do even better! 

Avoid even brief episodes of hypoxia 

Avoid even brief episodes of hypotension 

Avoid excessive hypertension 

Avoid hyperventilation and hypoventilation 

Avoid metabolic disorders 

Avoid fever…  

 (and consider specific effects of various drugs 
on the injured brain…….) 

Conclusions: 



 In unstable patients who can tolerate neither 
hypertension no hypotension, there is a strong 
case for use of short-acting agents such as 
esmolol and clevidipine 

Titrate to a target, individualized! 

Many patients with acute brain injury, 
especially (but not only!!) SAH, develop 
arrhythmia’s and myocardial dysfunction 
(“Hyperadrenergic state”); there is some 
evidence that treating this with beta-blockers 
improves outcome. 

Conclusions: 



Does it all matter??? 



Does it all matter??? 







Does it all matter??? 

Yes; we can (and should!) do 
better. 



And never forget that in brain injury, prevention 
is always better than cure… 

 As is demonstrated by this short film.  



And never forget that in brain injury, prevention 
is always better than cure… 

 As is demonstrated by this short film.  

Показал ролик на котором антилопа 

бежала по саванне и треснулась 

головой в дерево, под которым  

отдыхали львы 



This unfortunate patient not 
only suffered severe brain 

injury, but chose a very bad 
place to do it.... 



This unfortunate patient not 
only suffered severe brain 

injury, but chose a very bad 
place to do it.... 

Make sure that your hospital is 
not one of those places!! 



Thank you for your attention! 

PoldermanKH@UPMC.edu 


