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Kirklin JW. Cardiac Surgery. New York: Churchill Livingstone 1993 

Hypothermi 

 Protective effect 

 Reduced oxygen consumption 

 Q10 2-3 

 Q10 The increase or decrease in reaction rates or 
metabolic processes in relation to a temperature change of 
10ºC 

 Preserve high-energy phosphate stores 

 Reduce neuroexcitatory amine release 

 Glutamate (opening of calcium channels → activation of 
destructive enzymatic systems) 

 Better myocardiel protection (down to 2-4ºC) 

 Better organ protection 

 

 

The effect of temperature on CMRO2. 

J Thorac Cardiovasc Surg 1994; 108: 658 

mailto:hanskirkegaard@dadlnet.dk
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 Minimal adverse effects on psychomotor test results with arrest 
times of about 35 min at 18ºC 

 

relationship between the degree of hypothermia and 

safe duration of circulation arrest (CA). 

Ann Thorac Surg 1999; 67: 1895 

N Engl J Med 1995: 32: 549-55 

 

Pathophysiologic events during ischemic injury from circulatory arrest. 
Ischemia-reperfusion injury 

J Cardiothorac Vasc Anesth 2010; 24: 644 

J Cardiothorac  

Vasc Anesth  

2010; 24: 644 

 

Skejby Protocol 

 Steroids 

 Solu-Medrol 30 mg/kg in HLM prime. Max. 2 g 

 Cooling to 18ºC 

 Central cooling,  arteria/vein 5 °C, vein/water 10 °C 

 Head cooling 

 Thiopental: When isoelectric EEG at 18 ºC 

 8 mg/kg  

 Manitol in HLM prime 

 150 g/kg 
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Local Hypothermia for the Head Skejby protocol 

 EVF 0,20 to 0,25 

 Blood Pressure  

 34 – 25 ºC MAP > 40 mmHg,  

 24 – 18 ºC MAP > 30 mmHg 

 Rewarming 

 Cold reperfusion in 10 min 

 J Thorac Cardiovasc Surg 1995; 110: 1686-91 

 Avoid cerebral hyperthermia (>37ºC) 

 J Thorac Cardiovasc Surg 1996; 112: 514-22 

 

Skejby Protocol 

 Past CPB 

 Heat loos in the OR, and afterdrop 

 Temperature drop 2-3 ºC 

 Shivering (<35 º) and arrythmias, PVR increasing 

 Treatment: Warming and relaxants and Meperidine 

 In ICU 

 Elevated head 30º 

 Head looking forward 

 Prevent hyperglycaemia, and hyperpyrexia 

 

 

Metabolic Suppression 

 

Thiopental (barbiturate) 

 Cerebrale metabolisme  

 Cerebrale oxygen consumption 

 ICP  

 

Metabolic Suppression 

 Thiopental for CABG 

 Three studies from the 80 

 Anesthesiology 1986; 64: 165. 

182 pt. randomised to burst 

suppression by thio. 

Throughout  surg., or no thio. 

Significantly less neurologic 

defects with tio. 

 J Clin Anesh 1990; 2: 226. 

Thio given throughout surg. 

or as bolus before clamping. 

Neurologic outcome 

equivalent 

 Anesthesiology 1991; 74: 406. 

300 pt. No thio or thio. 

throughout. No 

neuroprotection provided. 

More inotropics in thio group. 

 Conclusion 

 Routine thio therapy has no 

place in the management of pt. 

undergoing CABG 

 Propofol 

 No major studies 

 No effect 

 Anesthesiology 1999; 90: 1255 

Thiopental and DHCA 

 50 patients for arcus surgery 

 EEG og PjO2 

 Arrest time 16 – 77 min 

 At isoelectric EEG thiopental 15/30 mg kg 

 In hospital mortalitet 10% 

 Neurologic adverse effects 4% 

 PjO2 increased significantly after thiopental 

Hirotani T et al. Thorac Cardiovasc Surg 1999;74(4):223-8 
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Calcium Antagonists 

 Stroke 1996; 27: 593 

 Nimodipine, 400 pt. 

undergoing valve 

replacement. Terminatet 

after 150 pt. due to major 

bleeding in 13.3% in Nim. 

group. No difference in 

neurocognitive outcome. 

 Nimodipine vasodilating 

and antiplatelet effect 

 

 

Methylprednisolone 

 Animal study: changes in CVR, CBF, CRMO2 

 

 Compleks neuroproction: free radical scavenger, 

membrane stabilisator, antiinflammatoric 

 May offer a safe and inexpensive strategy for 

cerebral protection 

Langley SM et al. Eur J Cardiothorac Surg 2000;17:279-86 

Steroids  

 Conflicting results have 

been reported with regard 

to the neuroprtective 

effect of steroids, 

 It reduces cerebral 

oedema and reduce the 

inflammatory response to 

hypothermia 

 Neuroscience letters 2006; 

404: 309 

 Eu j cardio-thor surg 2000; 

17: 279 

 Eu j cardio-thor surg 2000; 

18: 729 

 Systemic steroid 

pretreatment improves  

cerebral protection after 

DHCA 

 Ann Thorac Surg 2001, 72; 

1465  

 It is difficult to find hard 

evidence for its 

neuroprotective effect in 

cardiac surgery during 

deep hypothermic 

circulatory arrest 

 

 

Mannitol 

 Reduce  cerebral edema after 

ischemia 

 Act as a scavenger free radicals 

 Osmotic diureses 

 ICP  

 Infarction size  after vascular 

occlusion in animal studier. 

 Vasodilation at fast 

administration 

 YosimotoT et al. Stroke 

1978;9:217 

 Neurol Res 1986; 8: 75 

 

 It is difficult to find hard 

evidence for its 

neuroprotective effect in 

cardiac surgery during 

hypothermic circulatory 

arrest 

 

 

Mannitol and DHCA 

 75 patients for arcus surgery 

 Cooling until isoelectric EEG. 

 15-30 mg/kg thiopental, 20 mg nicardipine, 300 

ml mannitol 

 Arrest period 16-80 min 

 Mortality 10,7%, stroke 8% 

Hirotani et al. Eur J Cardio-thorac Surg 2000;18;545-9. 

Glucose Management 

 Elevated blood glucose 

aggrevate neurologic 

ischemic injury in 

experimental models 

 No study has 

documented an 

independant effect of 

glucose on neurologic 

outcome in clinical CPB 

 Good physiologic data 

supports keeping glucose 

below 10 mmol/L. 

 The Society of Thoracic 

Surgeons guidelines US 

 Ann Thorac Surg 2009; 

87: 663 
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At presant, available experimental data do not support the selection of any  

one anaesthetic agent over the other. 

Survey: Association of 

Cardiothoracic Anesthetists UK 

 83% of respondents used some form of 

pharmacologic agent 

 For cerebral protection; 59% of respondents 

used thiopental 

 29% used propofol, and 48% used a variety of 

other agents, the most common of which were 

steroids 

 Anesthesia 2002; 57: 1016 

Man skal tænke, før man handler. Jeg har prøvet 

det – men så er det altid for sent. 
Det  

anæstesiologiske  

paradoks 

Pharmacokinetics  

 During CPB 

 Hemodilution, protein binding, hypotension, isolation of lung 

 During hypothermia 

  Vecuronium decreased sensitivity, atracurium decreased 
Hofmann elimination  

 Reduce binding affinity of opiate receptors 

 Decrease in MAC requirement, slower onset 

 Hepatic drug elimination 
 Decreaced clearance of propofol, fentanyl and sufentanil 

 Decreased absorbtion and destribution 

Acta Anaesthesiol Scand 2000; 44: 261-73 

Temp. and Coagulation 

 Enzymatic reactions attenuated by 7% for each 

1 ºC 
 Fibrin formation may be retarded  

 22 ºC, platelet activation and aggregation is 

Inhibited. 

 Affect coagulation cascade 

 May impair vascular constriction to bleeding  

Hypothermic circulatory arrest 

 Choreoathetosis 1-20% of children, 2-6 days p.o. 

 Hyperkinetic movement, basal ganglia 

 Hyperglycemia, uneven cooling, no-reflow, neurotransmitter 

alterations, exitatory amino acids 

 More often in systemeic-pulmonary collaterals (steal) 

 

 Seizures  

 More common in neonates (20%) than adults 

 Conflicting reports concerning long-term prognosis 
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Monitoring 

 Cerebral 

 Jugular bulb SjO2  

 J Cardiothorac Vasc Anesth 2006; 20: 826 

 Bi-spectral index (BIS) 

 Near-infraread spectroscopy (NIRS) 

 Visual/somato evoked potentials 

 EEG to detect electrical silence 

 General 

 TEE, Pulmonary Artery Catheter, Temperature 

(minimum two central), Artery Catheter (radialis and 

femoralis), ECG, Pulsoximetry 

 

Cerebral monitoring 

Cerebral monitoring 
Acid-Base alterations 

 

Alpha-stat and PH-stat 

 Alpha-stat 

 PH stiger med faldende temp 

 Net charge remains constant = alpha stat 

 Intracellular electrochemical neutrality 

 PH-stat 

 PH is maintained constant 

 CO2 must be added during cooling 

 At 30º, CO2 diff. 6-7 mmHg 

 CBF increased, cooling is enhanceed 

Alpha-stat and PH-stat 

 There is evidence to suggest that the best 

technique to follow in the management of acid-

base in patients undergoing deep hypothermic 

circulatory arrest during cardiac surgery is 

dependent upon the age of the patient with 

better results using ph-stat in the paediatric 

patient and alpha-stat in the adult patient. 
 Interact cardiovasc Thorac Surg 2010; 10: 271 
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Alternatives to DHCA Cerebral Saturation 

Cooling Device 

Cooling and Rewarming 

 Cooling 

 Arterial line and pt. temp. gradient ≤ 10ºC  

 Rewarming 
 Venous blood and heat exchanger temp. gradient ≤ 10ºC 

 Prevent free gas to come out of solution 

 Heat debt after separation from CPB 

 Often 70-80 kcal = 1.5 hours basal heat production 

 Causes rebound hypothermia (afterdrop) 

 Attenuated by vasodilators (obs BT and SaO2) 

Hypothermic circulatory arrest 

 Less efficient coling with aortopulmonary 

collaterals 

 

 Cold reperfusion in 10 min 
 J Thorac Cardiovasc Surg 1995; 110: 1686-91 

 

 Avoid cerebral hyperthermia (>37ºC) 

 J Thorac Cardiovasc Surg 1996; 112: 514-22 
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Miscellaneous 

 Leukocyte inhibition 

 Endothelial protection 

 Anti adhesion therapies 

 Ischemic pathway 

inhibitors 

 Reduction in neuronal 

excitotoxicity (glutamate 

inhibition) 

 NO synthase inhibitors  

 Calpain inhibitors 

 Minocycline 

Inflammation secondary to CPB 

 Platelet aggregation 

and degranulation 

 Neutrophil and 

complement 

activation 

 Cytokine release 

 Enzyme 

denaturalization 

 Endothelium 

activation 

 

 

Hypoperfusion: Damage when perfusion 

defects persist over 7 min or when  cerebral 

flow < 125 mL/min  

 Acidosis and free radical 

Synthesis 

 Peroxide sythesis 

 Cell membrane depola. 

 Calcium ch. Depol. 

 Excidotoxicety through 

glutamate liberation 

Cerebral Bloodflow 

 

Cerebral physiology 

Autoregulation 

 

CBF/CMRO2 and Temperature 

CBF: black boxes and triangles, CMRO2: Open boxes and triangles 
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Cerebral physiology during CPB 

CO2 MAP 

CPB: Pump Flow and MAP 

 

 

 Pump flow do not alter 

CBF until MAP below 

50 mm HG 

 Below that point CBF, 

pump flow and MAP 

diminished nearly lineary. 

 CPB flow maintenance is 

not sufficient to 

guarantee cerebral 

oerfusion if MAP is low. 

CPB: Hematocrit 

 HCT reduced by a third 

 Reduce viscosity and PVR 

and increase CBF 

(balances reduced Hct) 

 

Intraoperative Management and 

outcome: MAP 

 Studies before 1995 

should be viewed with 

caution 

 The multicenter study of 

perioperative ischemia 

investigation did not 

identify hypotension as a 

risk factor, but no 

randomization to MAP 

Acid-Base 

 CO2 + H2O ↔ H2CO3 ↔ H+ + CO3- 

 At 37 ºC, pH 7,4 and PaCO2 44 mmHg 

 Decreasing temp. → increased solubility of gas 
→ decreased partial pressure 

 

 Temp. 40 → PaCO2↑ →pH 7.35,  CO2 content 
unchanged 

 

 Temp. 20 → PaCO2↓ →pH 7.65, CO2 content 
unchangd 

 

 

 

Alpha-stat  

 All weak acids follow the same pattern as water 

 K(25ºC) = H+ x OH-/H2O = 1.08 x 10(-14)  

 H2O = 1, H+ = 10-7 → pH = 7.0, Neutral pH, pN 

 K (H2O) changes from 0.45 to 2.92 when temp. increase 
from 15 to 40ºC 

 pH blood at 25ºC = 7.6 

 Buffering system: Imidazole group of Histidine 

 Alpha: Ratio beteween H+ and unprotonated histidine is 
constant. CO2 constant. PH shifts with temperature.  

 Net charge remains constant = alpha stat 

 K is the equilibrium ratio of ionized to un-ionized 
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Alpha-stat 

 pH blood at 25ºC = 7.6 

 Buffering system: Imidazole group of Histidine 

 Alpha: Ratio beteween H+ and unprotonated 

histidine is constant. CO2 constant. PH shifts with 

temperature.  

 Net charge remains constant = alpha stat 

 Intracellular electrochemical neutrality 

PH-stat 

 PH is maintained constant 

 CO2 must be added during cooling 

 Intracellular and extracellular OH- and H+ ratios 

are altered, and CO2 stores are elevated. 

 At 30º, CO2 diff. 6-7 mmHg 

 During deep hypothermia, CO2 diff. 80 mmHg 

 CBF increased, cooling is enhanceed 

Acid-base alterations 

 

Cerebral Blood Flow 

 Hypothermia → CBF↓ and CMRO2 ↓ 

 Pump flow as low as 10ml/kg/min 

 Cerebral Autoregulation during hypothermia 21-

29ºC intact. Independent of BP 20-100 mmHg 

 Below 20ºC CBF is pressure dependend 

 During pH-stat exseccive CBF may be 

detrimental by mikroemboli and pressure 

damage. BF is luxurial 

 

Alpha-stat 

 Better coronary artery BF and oxygen consumption left 
vent. 

 Better contractility in papillary muscle . 

 Improved contractility on reperfusion 

 Increased electrical stability 

 Decreased incidence of VF 

 PH↑ less brain damage on microcirculatory level 

 Postoperative neurological or neuropsychological 
outcome is slightly better 

 Better metabolic recovery 

PH-stat 

 Drawbacks 

 Microemboli 

 Cerebral edema 

 Increased intracranial 
pressure 

 Steal 

 Advantage 

 Improved cerebral 
cooling 

 Enhanced global cerebral 
cooling 

 Better flow destribution 
to deep brain structures 

 With aortopulmonal 
collatterals, cooling may 
be better 

 Slower depletion of brain 
oxygen (piglets) 
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PH-stat 

 Human study, 9 month old. Shorter recovery, 

better neurologic outcome and shorter ICU stay 

 Fewer seizures 

 Less frequent acidosis 

 TGA kids higher CI. Shorter ventilator 

treatment 

 Difference children / adults 

 Hypoperfusion / cerebral mikroembolies 

Crossover Strategy 

  PH-stat at start, 

Alpha-stat later 

 Maximal metabolic 

recovery in animals 

Phasetransition 

 Abrupt change in reaction rates at certain critical 

temperatures (25-28ºC) due to change in cell 

membrane 

 

 Freezing point: ice in tissue → fluid shift and 

membrane disruption. 

36° C 

36 (black), 33 (broken) and 30  (thin) ° C 
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Hypothermia 

 Protective effect in cardiac surgery 

 Better myocardiel protection (down to 2-4ºC) 

 Better organ protection 

 Lower pump flow 

 Better visualization 

 Decreased return from bronchial vessels 

 Minimize blood trauma 

 Minimize focal cerebral insults, embolisation 

 Increase margin of safety 

Pump flow 

 

Neurologic outcome 

 

CPB and hypothermia 

 Hypothermia decrease cerebral oxygen demand 

and has neuroprotective effect. 

 Improvement in cognitive outcome has however 

not been demonstrated in randomized studies. 

Deep hypothermic circulatory 

arrest 
 At low temperatures marked drop in oxygen 

consumption, Q10 4.53 between 27 and 14ºC. 

 Rate of cooling plays a role. 

 Wide gradients between body and perfusate 
temperature correlates with brain cell necrosis 

 No-reflow phenomenon (Prevented by hypoth.) 

 Blood viscocity 

 Smooth-muscle contraction 

 Precapillary shunting 

Hypothermic circulatory arrest 

 Brain protection 

 Studies show evidence of decreased IQ 

 Other studies demonstrate no adverse effect on 
intellectual capacity. 

 Clinical experience, 60 min at 20ºC often well 
tolerated 

 

 Minimal adverse effects on psychomotor test 
results with arrest times of about 35 min at 18ºC 

N Engl J Med 1995: 32: 549-55 
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Rewarming 

 Perfusion temp. (nerver > 37 ºC ?)  

 Never > 37.5 ºC on total CPB 

 Never > 38.0 ºC on partiel CPB 

 Separation from CPB 

 Nasopharynx temp. 37 º 

 Bladder or rectum 35 º 

 Great toe 30-32 º  

 Head and neck, blood flow/tissue ratio high 

 

 

Rewarming 

 Past CPB 

 Heat loos in the OR, and afterdrop 

 Temperature drop 2-3 ºC 

 Shivering (<35 º) and arrythmias, PVR increasing 

 Treatment: Warming and relaxants 

 Meperidine 

DHCA: Deep Hypothermic Circulatory Arrest 

SACP: Selective Antegrade Cerebral Perfusion 

RCP: Retrograde Cerebral Perfusion 

J Cardiotho Vasc Anesthe 2010; 24: 316-21 


