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ABSTRACT  

Cryonics technology seeks to cryopreserve the anatomical basis of mind so that future medicine 
can restore legally dead cryonics patients to life, youth, and health. Most cryonics patients 
experience varying degrees of ischemia and reperfusion injury. Neurons can survive ischemia 
and reperfusion injury more than is generally believed. But blood vessels are more vulnerable, 
which can impair perfusion of vitrifying cryoprotectant solution intended to eliminate ice 
formation in the brain. Forms of vascular and neuronal damage are reviewed, along with means 
of mitigating that damage. Recommendations are also made for preventing such damage.  

INTRODUCTION 

The goal of cryonics is cryopreservation of the anatomical basis of mind in the belief that future 
medicine will be able to restore well-preserved legally dead persons (cryonics patients) to life 
and youth. Specifically, it is believed that future medicine will be able to cure all disease and 
repair damage due to aging, the dying process, the cryopreservation process, and some amount of 
ischemia/reperfusion injury that occurs after legal death.1  

Ischemia is the damage inflicted on blood vessels and body tissues due to absence of blood flow. 
Cryonics patients can suffer from warm ischemia if there is no immediate cooling when the heart 
stops at the time of legal death, and can suffer cold ischemia if much time is spent packed in ice 
pending cryoprotectant perfusion. Ischemic damage to blood vessels causes them to leak, 
resulting in edema and impaired cryoprotectant perfusion.  

Because cryonics can only be performed on people who are legally dead, some pre-mortem 
ischemic damage frequently occurs, but more ischemic damage typically occurs post-mortem. 
How much ischemic damage short of complete decomposition allows for the possibility of future 
restoration of a person with memories and personal identity intact is the subject of considerable 
questioning among those who believe that cryonics may work. Attention is focused on the brain, 
specifically the blood vessels, neurons, and connections between neurons. How well are these 
components preserved under the typical post-mortem conditions of a cryonics patient?  
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Under the best conditions, a terminal cryonics patient is pronounced dead immediately after 
cardiac arrest, and a cryonics standby team waiting by the bedside immediately begins cooling 
and restoration of circulation. After cooling to at least 10ºC the patient is perfused with 
cryoprotectants to prevent ice formation in the brain, and is then cooled to liquid nitrogen 
temperature for long-term storage. If the cryonics standby does not occur close to a cryonics 
facility the patient is shipped in ice to the cryonics facility, experiencing 12 to 72 hours of cold 
ischemia before cryoprotectant perfusion. Few cryonics patients receive the ideal treatment of 
local standby. It is of great interest to practicing cryonicists to find means to minimize ischemic 
damage in non-ideal cryonics cases, and to understand the prospects for future reconstruction of 
patients who have suffered warm and cold ischemic damage.  

BLOOD VESSELS  

If circulation is restored in less than a few minutes after cardiac arrest, blood vessels and tissues 
benefit from the restoration of gas exchange and nutrient, and are able to recover. But if 
circulation is restored after a certain delay, blood vessels and tissues are damaged even more 
than they would have been without restoration of circulation. Instead of oxygen reviving the 
tissues, oxygen in delayed reperfusion causes free radical damage, which can initiate other forms 
of reperfusion injury.  

Cardiocytes are much more resistant to ischemic damage than neurons,2 but the principle of 
reperfusion damage is the same for both cell types. After an hour of ischemia, 3 hours of 
reperfusion kills over 60% of cardiocytes, whereas after an additional 3 hours of ischemia (rather 
than reperfusion), only about 15% of the cardiocytes die.3 The reperfusion injury is completely 
abolished by antioxidant treatments, demonstrating that reperfusion injury is initially due to 
oxidative damage.4 Like antioxidants, spin-trapping agents protect against the initial stages of 
reperfusion injury.5 A probe for hydrogen peroxide and superoxide shows a slow rise in 
ROS (Reactive Oxygen Species) under ischemia, but a dramatic burst of ROS upon initiation of 
reperfusion.6 Similar experiments on rabbit hearts demonstrate a peak in ROS at 10-20 seconds 
of reperfusion following 10 to 30 minutes of ischemia, with no ROS observable after 5 or more 
minutes of reflow.7 

Many of the oxidants released on reperfusion were generated during the ischemic period. 
Reducing the length of ischemia can reduce the level of oxidants produced during reperfusion.6 

Endothelial cells are rich in mitochondria, and it is mitochondria which are the source of most of 
the superoxide produced in reperfusion.8,9  Endothelial cell NADPH oxidase10 and xanthine 
oxidase11 are also significant sources of superoxide during reperfusion. Superoxide reacts with 
nitric oxide resulting in peroxynitrite, which is more damaging than the superoxide.12 During 
reperfusion, abnormally high amounts of superoxide converts almost all available nitric oxide to 
perxoynitrite — regarded as the agent causing most of the damage to brain capillary endothelial 
cells.13 Methylene blue can protect against reperfusion injury by reducing nitric oxide (and hence 
peroxynitrite) formation.14  

After free radicals, the second wave of blood-vessel damaging agents in ischemia and 
reperfusion injury are inflammatory cytokines. Tumor Necrosis Factor-alpha (TNF- a) and 
InterLeukin-one-beta (IL-1ß) appear within hours of ischemia, followed by neutrophils within 



4 to 6 hours of ischemia.15 Inflammatory cytokines promote further free radical production while 
activating PolyMorphoNuclear leukocytes (PMN leukocytes, of which neutrophils are the most 
abundant) and endothelial cells.16 Activated leucocytes and endothelial cells secrete adhesion 
molecules causing the leucocytes to stick to blood vessel walls, and infiltrate into the ischemic 
tissue between 6 to 12 hours after reperfusion.17  

Within an hour of reperfusion, leucocytes adhering to blood vessel walls can completely occlude 
the vessels, leading to a "no reflow" phenomenon.18 The "no reflow" effect can be considerably 
reduced by the monoclonal antibody IB4, which inhibits neutrophil adhesion to the 
endothelium.19 Red blood cell aggregation near the exit of capillaries pushes leukocytes against 
endothelial cells, thereby increasing leukocyte adhesion.20 Leukocyte adhesion (and reperfusion 
damage) is higher in older animals.21  

Swelling of endothelial cells also contributes to the "no reflow" phenomenon. Within a half-hour 
of ischemia, rat microvessel diameter was reduced to 80% and after an hour was further reduced 
to 76% of the original diameter.22 Experimental middle cerebral artery occlusion has shown 
blood flow reduction to 71% of control after a one hour occlusion and reduction to 22% of 
control after a four hour occlusion.23  

Permeability of brain capillaries (the Blood-Brain Barrier, BBB) increases progressively in 
ischemia and reperfusion, ultimately leading to brain edema. BBB permeability to the amino acid 
leucine (a small molecule) increases within 15 minutes of reperfusion injury following an hour of 
ischemia.24 Superoxide, nitric oxide, and glutamate interact to contribute to the early stages of 
BBB permeability increase.25,26,27 Arachidonic acid also increases BBB permeability, but not in 
the absence of lipid peroxidation.28 Antioxidant enzyme pre-treatment substantially reduces 
edema in the early stages of reperfusion.29 In the inflammatory stage of ischemia/reperfusion 
injury, the cytokine TNF- a requires the presence of ICAM-1 (InterCellular Adhesion 
Molecule-1) to increase vascular permeability.30  

Edema following reperfusion has been shown to increase for warm ischemic times up to 3 hours, 
but not beyond 3 hours.31 Rats subjected to ischemia without reperfusion showed progressively 
greater brain edema due to sodium entry across the BBB after 12 hours, but albumin did not 
begin crossing the BBB until after 2 days of ischemia.32 From 3 to 48 hours following 
reperfusion there is an increase in Matrix MetalloProteinases (MMPs) which attack capillary 
walls to increase permeability and edema.33 MMPinhibitors have been used to protect the BBB 
against ischemia/reperfusion injury.34,35,36,37,38,39  

Treatments to oppose edema formation have also included antagonism of VEGF (Vascular 
Endothelial Growth Factor, also known as vascular permeability factor),40  AVP (Argenine 
VasoPressin) antagonism41, erythropoietin, 42 hyperbaric oxygen,43 and tPA (tissue-type 
Plasminogen Activator) inhibition.44 Although tPA can increase perfusion by its thrombolytic 
action, it can also erode the BBB and be cytotoxic.45 A variety of other agents have been used to 
protect the BBB.46   



NEURAL TISSUE  

There is a widespread myth that neurons die after a few minutes of ischemia. It would be more 
accurate to say that neurons subjected to reperfusion injury after a few minutes of ischemia are 
started on a path that ultimately leads to cell death, but this process can take many hours.  

The myth of neuron death after a few minutes of ischemia is based on the fact that people do not 
survive if circulation is not restarted within a few minutes of cardiac arrest.47 A study of nearly 
seventeen thousand out-of-hospital human cardiac arrest patients found that only about one in 
500 patients were living after one month if the delay between a call and ambulance arrival was 
between 8 and 12 minutes.48  

Ultimate survival is not the same as immediate death, however. And the ultimate survival of 
unhealthy human adults who experience cardiac arrest under uncontrolled conditions is an end-
point loaded with confounding variables. 46% of healthy mice subjected to 3 minutes of cardiac 
arrest survived at least 72 hours after reperfusion, while 40% died in the first 24 hours.49 

In 1976, after dogs were subjected to 12 minutes of cardiac arrest, their circulation was restored 
using elevated blood pressure, norepinephrine, heparin, and hemodilution with dextran 40. The 
dogs suffered no neurological damage.50 Increased cerebral perfusion pressure alone can extend 
the tolerable ischemic period to 12 minutes.51 These experiments illustrate that neurons are not 
irreversibly destroyed by a few minutes of ischemia, and that resistance to recirculation, not 
neuron viability, is responsible for the fact that a few minutes of ischemia followed by 
reperfusion results in failure to survive without neurological damage under normal conditions.  

Neurons are relatively tolerant of ischemia compared to blood vessels. Only 36% of neurons 
were dying after one hour of ischemia followed by two hours of reperfusion.52 In rats not 
subjected to reperfusion injury, only 15% of neurons were necrotic after 6 hours of 
normothermic ischemia.53  

Protective measures can be taken to reduce neuron death due to ischemia and reperfusion. 
Calcium (Ca2+) influx into neurons due to the glutamate excitotoxicity of ischemia/reperfusion 
can be blocked with nimodipine.54 TNF- a-receptor blockers can protect neurons from ischemic 
apoptosis,55 other receptor agonists/antagonists are also effective,56 and anti-apoptotic proteins 
can protect cells against ischemia/reperfusion injury.57  

HYPOTHERMIA  

Cooling is the most powerful weapon against ischemic damage. In general, each 10ºC reduction 
in temperature between 0ºC and 40ºC reduces metabolic rate by one-third to one-half,1 although 
there are discontinuities in Arrhenius behavior associated with chilling sensitivity and other 
specific temperature-dependent activation energies (Ea).

58  Experiments with dogs that have been 
quickly cooled with blood washout solution have shown that cooling from 30ºC to 10ºC can 
extend the tolerable period of cardiac arrest without neurological damage from 5 minutes to as 
much as 120 minutes.59 Rats subjected to 2 hours of cerebral ischemia showed neuroprotective 



benefits from hypothermia even when begun up to 4 hours after reperfusion.60 Hypothermia also 
protects the blood-brain barrier by depressing activity of proteases.61 

But a few degrees of cooling can reduce ischemic damage to a far greater extent than would be 
predicted by the reduction of metabolic rate.62 The first few degrees of cooling reduces cerebral 
tissue inflammatory cytokines to one-third the normothermic value, with further reduction by the 
use of anaesthetic.63 In a study of 137 control and 136 hypothermic patients it was found that 
reduction of body temperature from 37ºC (normal human body temperature) to 32-34ºC for a 
24 hour period following cardiac arrest increased 6 month survival from 41% (control) to 55% 
(hypothermic) and reduced 6 month brain damage from 61% (control) to 45% (hypothermic).64  

Cold ischemia is not warm ischemia in slow motion. Unlike cold ischemia, warm ischemia 
inhibits nitric oxide synthase and results in production of eicosanoid vasoconstrictors during 
reperfusion.65 Unlike warm ischemia, cold ischemia is associated with an increase in chelatable 
iron, which opens the Mitochondrial Permeability Transition Pore (MPTP), leading to apoptosis 
or (more often) necrosis,66 although there is a limited potential for perfusion solution additives to 
reduce damage resulting from long periods of cold ischemia.67 Other forms of injury induced by 
cold are cold shock68 and chilling injury.69  

CONCLUSIONS  

Under optimal conditions, immediately after pronouncement of death a cryonics patient is placed 
in an ice bath, and circulation is restarted with a mechanical chest compressor. Once cooled to 
near ice water temperature, the patient is perfused with vitrifying cryoprotectant solution, cooled 
under computer control to nearly -196ºC, and then transferred to liquid nitrogen for long-term 
storage. Unfortunately, only a minority of cryonics patients receive this treatment. More often 
the patients suffer greater amounts of warm and cold ischemia. Terminal cryonics patients should 
move to be near a cryonics perfusion/storage facility and arrange for a standby cryonics team in 
order to receive such reduced ischemic injury.  

Neuron viability is not retained in current cryonic preservation practice, which is based on the 
hope that preservation of structure will be adequate for restoration of function by future 
medicine. The fact that neurons can survive such long periods of ischemia and reperfusion — 
and the fact that hypothermia can substantially improve preservation — bodes well for the 
preservation of the anatomical basis of mind even after hours of warm ischemia and days of cold 
ischemia. Nonetheless, efforts are being made to preserve potential neuron viability by finding 
vitrifying agents with reduced toxicity, and by the use of storage temperatures above liquid 
nitrogen temperature to eliminate cracking from thermal stress.  

Blood vessels may not be essential for future reconstruction and revival of a cryonics patient, but 
blood vessels need to be able to deliver vitrifying cryoprotectant to all parts of the brain if ice 
formation is to be prevented in the brain of a cryonics patient cooled to cryogenic temperatures. 
Ischemia, reperfusion injury, and subsequent edema can mean that some blood vessels are 
blocked in an ischemic cryonics patient, resulting in ice formation in parts of the brain not 
saturated with vitrification solution. Although some theorists have speculated that cryonics 



patients with frozen brain tissue may someday be reconstructed with nanotechnology,70,71 it is 
safer to eliminate or minimize such damage.  

REFERENCES 

1 Best BP. Scientific justification of cryonics practice. Rejuvenation Res. 2008 
Apr;11(2):493-503. 

2 Lee JM, Grabb MC, Zipfel GJ, Choi DW. Brain tissue responses to ischemia. J 
Clin Invest. 2000 Sep;106(6):723-31.  

3 Vanden Hoek TL, Shao Z, Li C, Zak R, Schumacker PT, Becker LB. Reperfusion 
injury on cardiac myocytes after simulated ischemia. Am J Physiol. 1996 Apr;270(4 
Pt 2):H1334-41.   

4 Vanden Hoek TL, Shao Z, Li C, Schumacker PT, Becker LB. Mitochondrial electron 
transport can become a significant source of oxidative injury in cardiomyocytes.  
J Mol Cell Cardiol. 1997 Sep;29(9):2441-50. 

5 Aronowski J, Strong R, Grotta JC. Reperfusion injury: demonstration of brain 
damage produced by reperfusion after transient focal ischemia in rats. J Cereb 
Blood Flow Metab. 1997 Oct;17(10):1048-56. 

6 Vanden Hoek TL, Li C, Shao Z, Schumacker PT, Becker LB. Significant levels of  
oxidants are generated by isolated cardiomyocytes during ischemia prior to 
reperfusion. J Mol Cell Cardiol. 1997 Sep;29(9):2571-83.  

7 Zweier JL, Kuppusamy P, Williams R, Rayburn BK, Smith D, Weisfeldt ML, 
Flaherty JT. Measurement and characterization of postischemic free radical 
generation in the isolated perfused heart. J Biol Chem. 1989 Nov 
15;264(32):18890-5.  

8 Liu B, Tewari AK, Zhang L, Green-Church KB, Zweier JL, Chen YR, He G. 
Proteomic analysis of protein tyrosine nitration after ischemia reperfusion 
injury: mitochondria as the major target. Biochim Biophys Acta. 2009 
Mar;1794(3):476-85.  

9 Di Lisa F, Kaludercic N, Carpi A, Menabò R, Giorgio M. Mitochondria and 
vascular pathology. Pharmacol Rep. 2009 Jan-Feb;61(1):123-30.  

10 Li JM, Shah AM. Intracellular localization and preassembly of the NADPH 
oxidase complex in cultured endothelial cells. J Biol Chem. 2002 May 
31;277(22):19952-60. 

11 Terada LS, Willingham IR, Rosandich ME, Leff JA, Kindt GW, Repine JE. 
Generation of superoxide anion by brain endothelial cell xanthine oxidase. J Cell 
Physiol. 1991 Aug;148(2):191-6.  

12 Szabó C, Ischiropoulos H, Radi R. Peroxynitrite: biochemistry, 
pathophysiology and development of therapeutics. Nat Rev Drug Discov. 2007 
Aug;6(8):662-80.  

13 Wu S, Tamaki N, Nagashima T, Yamaguchi M. Reactive oxygen species in 
reoxygenation injury of rat brain capillary endothelial cells. Neurosurgery. 1998 
Sep;43(3):577-83; discussion 584.  

14 Miclescu A, Sharma HS, Martijn C, Wiklund L. Methylene blue protects the 



cortical blood-brain barrier against ischemia/reperfusion-induced disruptions. 
Crit Care Med. 2010 Nov;38(11):2199-206. 

15 Rosenberg GA. Ischemic brain edema. Prog Cardiovasc Dis. 1999 
Nov-Dec;42(3):209-16.  

16 Gourdin MJ, Bree B, De Kock M. The impact of ischaemia-reperfusion on the 
blood vessel. Eur J Anaesthesiol. 2009 Jul;26(7):537-47 

17 Kuroda S, Siesjö BK. Reperfusion damage following focal ischemia: 
pathophysiology and therapeutic windows. Clin Neurosci. 1997;4(4):199-212. 

18 del Zoppo GJ, Schmid-Schönbein GW, Mori E, Copeland BR, Chang CM. 
Polymorphonuclear leukocytes occlude capillaries following middle cerebral artery 
occlusion and reperfusion in baboons. Stroke. 1991 Oct;22(10):1276-83. 

19 Mori E, del Zoppo GJ, Chambers JD, Copeland BR, Arfors KE. Inhibition of 
polymorphonuclear leukocyte adherence suppresses no-reflow after focal cerebral 
ischemia in baboons. Stroke. 1992 May;23(5):712-8. 

20  Pearson MJ, Lipowsky HH. Influence of erythrocyte aggregation on leukocyte 
margination in postcapillary venules of rat mesentery. Am J Physiol Heart Circ 
Physiol. 2000 Oct;279(4):H1460-71.  

21 Ritter L, Funk J, Schenkel L, Tipton A, Downey K, Wilson J, Coull B, McDonagh 
P. Inflammatory and hemodynamic changes in the cerebral microcirculation of aged  
rats after global cerebral ischemia and reperfusion. Microcirculation. 2008 
May;15(4):297-310.  

22 Garcia JH, Liu KF, Yoshida Y, Chen S, Lian J. Brain microvessels: factors 
altering their patency after the occlusion of a middle cerebral artery (Wistar 
rat). Am J Pathol. 1994 Sep;145(3):728-40.  

23 Dawson DA, Ruetzler CA, Hallenbeck JM. Temporal impairment of 
microcirculatory perfusion following focal cerebral ischemia in the spontaneously 
hypertensive rat. Brain Res. 1997 Feb 28;749(2):200-8.  

24 Sage JI, Van Uitert RL, Duffy TE. Early changes in blood brain barrier 
permeability to small molecules after transient cerebral ischemia. Stroke. 1984 
Jan-Feb;15(1):46-50. 

25 Kim GW, Lewén A, Copin J, Watson BD, Chan PH. The cytosolic antioxidant, 
copper/zinc superoxide dismutase, attenuates blood-brain barrier disruption and 
oxidative cellular injury after photothrombotic cortical ischemia in mice. 
Neuroscience. 2001;105(4):1007-18.  

26 Bucci M, Roviezzo F, Posadas I, Yu J, Parente L, Sessa WC, Ignarro LJ, Cirino 
G. Endothelial nitric oxide synthase activation is critical for vascular leakage  
during acute inflammation in vivo. Proc Natl Acad Sci U S A. 2005 Jan 
18;102(3):904-8.  

27 Mayhan WG, Didion SP. Glutamate-induced disruption of the blood-brain barrier 
in rats. Role of nitric oxide. Stroke. 1996 May;27(5):965-9; discussion 970. 

28 Villacara A, Kempski O, Spatz M. Arachidonic acid and cerebromicrovascular 
endothelial permeability. Adv Neurol. 1990;52:195-201.  

29 Armstead WM, Mirro R, Thelin OP, Shibata M, Zuckerman SL, Shanklin DR, Busija 
DW, Leffler CW. Polyethylene glycol superoxide dismutase and catalase attenuate 
increased blood-brain barrier permeability after ischemia in piglets. Stroke. 
1992 May;23(5):755-62.  



30  Sumagin R, Lomakina E, Sarelius IH. Leukocyte-endothelial cell interactions 
are linked to vascular permeability via ICAM-1-mediated signaling. Am J Physiol 
Heart Circ Physiol. 2008 Sep;295(3):H969-H977.  

31 Slivka A, Murphy E, Horrocks L. Cerebral edema after temporary and permanent  
middle cerebral artery occlusion in the rat. Stroke. 1995 Jun;26(6):1061-5; 
discussion 1065-6.  

32 Gotoh O, Asano T, Koide T, Takakura K. Ischemic brain edema following 
occlusion of the middle cerebral artery in the rat. I: The time courses of the 
brain water, sodium and potassium contents and blood-brain barrier permeability 
to 125I-albumin. Stroke. 1985 Jan-Feb;16(1):101-9.  

33 Rosenberg GA, Estrada EY, Dencoff JE. Matrix metalloproteinases and TIMPs are 
associated with blood-brain barrier opening after reperfusion in rat brain. 
Stroke. 1998 Oct;29(10):2189-95.  

34 Lu A, Clark JF, Broderick JP, Pyne-Geithman GJ, Wagner KR, Ran R, Khatri P, 
Tomsick T, Sharp FR. Reperfusion activates metalloproteinases that contribute to  
neurovascular injury. Exp Neurol. 2008 Apr;210(2):549-59.  

35 Machado LS, Kozak A, Ergul A, Hess DC, Borlongan CV, Fagan SC. Delayed 
minocycline inhibits ischemia-activated matrix metalloproteinases 2 and 9 after 
experimental stroke. BMC Neurosci. 2006 Jul 17;7:56.  

36 He ZJ, Huang ZT, Chen XT, Zou ZJ. Effects of matrix metalloproteinase 9 
inhibition on the blood brain barrier and inflammation in rats following 
cardiopulmonary resuscitation. Chin Med J (Engl). 2009 Oct 5;122(19):2346-51. 

37 Shabanzadeh AP, Shuaib A, Wang CX. Simvastatin reduced ischemic brain injury  
and perfusion deficits in an embolic model of stroke. Brain Res. 2005 Apr 
25;1042(1):1-5.  

38 Trinkl A, Vosko MR, Wunderlich N, Dichgans M, Hamann GF. Pravastatin reduces  
microvascular basal lamina damage following focal cerebral ischemia and 
reperfusion. Eur J Neurosci. 2006 Jul;24(2):520-6.  

39 Liu XS, Zhang ZG, Zhang L, Morris DC, Kapke A, Lu M, Chopp M. Atorvastatin 
downregulates tissue plasminogen activator-aggravated genes mediating coagulation 
and vascular permeability in single cerebral endothelial cells captured by laser  
microdissection. J Cereb Blood Flow Metab. 2006 Jun;26(6):787-96. 

40 van Bruggen N, Thibodeaux H, Palmer JT, Lee WP, Fu L, Cairns B, Tumas D, 
Gerlai R, Williams SP, van Lookeren Campagne M, Ferrara N. VEGF antagonism 
reduces edema formation and tissue damage after ischemia/reperfusion injury in 
the mouse brain. J Clin Invest. 1999 Dec;104(11):1613-20.  

41 Shuaib A, Xu Wang C, Yang T, Noor R. Effects of nonpeptide V(1) vasopressin 
receptor antagonist SR-49059 on infarction volume and recovery of function in a 
focal embolic stroke model. Stroke. 2002 Dec;33(12):3033-7.  

42 Gunnarson E, Song Y, Kowalewski JM, Brismar H, Brines M, Cerami A, Andersson  
U, Zelenina M, Aperia A. Erythropoietin modulation of astrocyte water 
permeability as a component of neuroprotection. Proc Natl Acad Sci U S A. 2009 
Feb 3;106(5):1602-7.  

43 Veltkamp R, Bieber K, Wagner S, Beynon C, Siebing DA, Veltkamp C, Schwaninger 
M, Marti HH. Hyperbaric oxygen reduces basal lamina degradation after transient 
focal cerebral ischemia in rats. Brain Res. 2006 Mar 3;1076(1):231-7.  



44 Yepes M, Sandkvist M, Wong MK, Coleman TA, Smith E, Cohan SL, Lawrence DA. 
Neuroserpin reduces cerebral infarct volume and protects neurons from 
ischemia-induced apoptosis. Blood. 2000 Jul 15;96(2):569-76.  

45 Yepes M, Roussel BD, Ali C, Vivien D. Tissue-type plasminogen activator in 
the ischemic brain: more than a thrombolytic. Trends Neurosci. 2009 
Jan;32(1):48-55.  

46 Takahashi M, Macdonald RL. Vascular aspects of neuroprotection. Neurol Res. 
2004 Dec;26(8):862-9.  

47 Cummins RO, Eisenberg MS, Hallstrom AP, Litwin PE. Survival of 
out-of-hospital cardiac arrest with early initiation of cardiopulmonary 
resuscitation. Am J Emerg Med. 1985 Mar;3(2):114-9.  

48 Herlitz J, Engdahl J, Svensson L, Young M, Angquist KA, Holmberg S. Can we 
define patients with no chance of survival after out-of-hospital cardiac arrest?  
Heart. 2004 Oct;90(10):1114-8.  

49 Menzebach A, Bergt S, von Waldthausen P, Dinu C, Nöldge-Schomburg G, Vollmar  
B. A comprehensive study of survival, tissue damage, and neurological dysfunction 
in a murine model of cardiopulmonary resuscitation after potassium-induced 
cardiac arrest. Shock. 2010 Feb;33(2):189-96.  

50 Safar P, Stezoski W, Nemoto EM. Amelioration of brain damage after 12 
minutes' cardiac arrest in dogs. Arch Neurol. 1976 Feb;33(2):91-5.  

51 Shaffner DH, Eleff SM, Brambrink AM, Sugimoto H, Izuta M, Koehler RC, 
Traystman RJ. Effect of arrest time and cerebral perfusion pressure during 
cardiopulmonary resuscitation on cerebral blood flow, metabolism, adenosine 
triphosphate recovery, and pH in dogs. Crit Care Med. 1999 Jul;27(7):1335-42. 

52 Li D, Shao Z, Vanden Hoek TL, Brorson JR. Reperfusion accelerates acute 
neuronal death induced by simulated ischemia. Exp Neurol. 2007 Aug;206(2):280-7.  

53 Garcia JH, Liu KF, Ho KL. Neuronal necrosis after middle cerebral artery 
occlusion in Wistar rats progresses at different time intervals in the 
caudoputamen and the cortex. Stroke. 1995 Apr;26(4):636-42; discussion 643. 

54 Babu CS, Ramanathan M. Post-ischemic administration of nimodipine following 
focal cerebral ischemic-reperfusion injury in rats alleviated excitotoxicity, 
neurobehavioural alterations and partially the bioenergetics. Int J Dev Neurosci. 
2011 Feb;29(1):93-105.  

55 Martin-Villalba A, Hahne M, Kleber S, Vogel J, Falk W, Schenkel J, Krammer 
PH. Therapeutic neutralization of CD95-ligand and TNF attenuates brain damage in  
stroke. Cell Death Differ. 2001 Jul;8(7):679-86.  

56 Tuttolomondo A, Di Sciacca R, Di Raimondo D, Arnao V, Renda C, Pinto A, 
Licata G. Neuron protection as a therapeutic target in acute ischemic stroke. 
Curr Top Med Chem. 2009;9(14):1317-34.  

57 Sawitzki B, Amersi F, Ritter T, Fisser M, Shen XD, Ke B, Busuttil R, Volk HD, 
Kupiec-Weglinski JW. Upregulation of Bag-1 by ex vivo gene transfer protects rat  
livers from ischemia/reperfusion injury. Hum Gene Ther. 2002 Aug 
10;13(12):1495-504.  

58 Raison JK. The influence of temperature-induced phase changes on the kinetics 
of respiratory and other membrane-associated enzyme systems. J Bioenerg. 1973 
Jan;4(1):285-309.  



59 Behringer W, Safar P, Wu X, Kentner R, Radovsky A, Kochanek PM, Dixon CE, 
Tisherman SA. Survival without brain damage after clinical death of 60-120 mins 
in dogs using suspended animation by profound hypothermia. Crit Care Med. 2003 
May;31(5):1523-31. PubMed  

60 Ohta H, Terao Y, Shintani Y, Kiyota Y. Therapeutic time window of 
post-ischemic mild hypothermia and the gene expression associated with the 
neuroprotection in rat focal cerebral ischemia. Neurosci Res. 2007 
Mar;57(3):424-33. 

61 Hamann GF, Burggraf D, Martens HK, Liebetrau M, Jäger G, Wunderlich N, 
DeGeorgia M, Krieger DW. Mild to moderate hypothermia prevents microvascular 
basal lamina antigen loss in experimental focal cerebral ischemia. Stroke. 2004 
Mar;35(3):764-9. 

62 Darbera L, Chenoune M, Lidouren F, Ghaleh B, Cohen MV, Downey JM, Berdeaux A, 
Tissier R. Adenosine and Opioid Receptors Do Not Trigger the Cardioprotective 
Effect of Mild Hypothermia. J Cardiovasc Pharmacol Ther. 2011 Jul 1. [Epub ahead  
of print]  

63 Meybohm P, Gruenewald M, Zacharowski KD, Albrecht M, Lucius R, Fösel N, 
Hensler J, Zitta K, Bein B. Mild hypothermia alone or in combination with 
anesthetic post-conditioning reduces expression of inflammatory cytokines in the  
cerebral cortex of pigs after cardiopulmonary resuscitation. Crit Care. 
2010;14(1):R21.  

64 Hypothermia after Cardiac Arrest Study Group. Mild therapeutic hypothermia to 
improve the neurologic outcome after cardiac arrest. N Engl J Med. 2002 Feb 
21;346(8):549-56. Erratum in: N Engl J Med 2002 May 30;346(22):1756. 

65 Hansen TN, Haworth RA, Southard JH. Warm and cold ischemia result in 
different mechanisms of injury to the coronary vasculature during reperfusion of  
rat hearts. Transplant Proc. 2000 Feb;32(1):15-8.  

66 Rauen U, Petrat F, Sustmann R, de Groot H. Iron-induced mitochondrial 
permeability transition in cultured hepatocytes. J Hepatol. 2004 
Apr;40(4):607-15.  

67 Zaouali MA, Ben Abdennebi H, Padrissa-Altés S, Mahfoudh-Boussaid A, 
Roselló-Catafau J. Pharmacological strategies against cold ischemia reperfusion 
injury. Expert Opin Pharmacother. 2010 Mar;11(4):537-55.  

68 Al-Fageeh MB, Smales CM. Control and regulation of the cellular responses to  
cold shock: the responses in yeast and mammalian systems. Biochem J. 2006 Jul 
15;397(2):247-59.  

69  Hays LM, Crowe JH, Wolkers W, Rudenko S. Factors affecting leakage of trapped 
solutes from phospholipid vesicles during thermotropic phase transitions. 
Cryobiology. 2001 Mar;42(2):88-102.  

70 Drexler KE. Molecular engineering: An approach to the development of general  
capabilities for molecular manipulation. Proc Natl Acad Sci U S A. 1981 
Sep;78(9):5275-8.  

71 Merkle RC. The technical feasibility of cryonics. Med Hypotheses. 1992 
Sep;39(1):6-16.   


