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Welcome To Cryonics. 
 
Thank you for contacting Cryonics Europe. We hope this booklet will give you an insight 
into cryonics. 
 
In 1964 a physicist Robert C. W. Ettinger wrote a book which would change the way we 
look at death forever. He called it The Prospect Of Immortality. 
 
It is a very simple concept which utilizes a well proven idea that low temperature 
preservation (cryopreservation) might be a way for the dying patients of today to gain 
access to developments in medicine in the future - ‘an ambulance to the future’. 
 
We know that embryos and small organs can be cooled to the temperature of liquid 
nitrogen (-196 degrees centigrade) and we know DNA survives well because of the so-
called ‘test tube babies’.  
 
Cryonics is the name given to the process of maintaining patients at low temperature for 
future revival. It is thought to be controversial because freezing an entire body is not yet 
reversible. Although many individual cells remain viable and able to resume function 
after freezing and thawing, the ice crystals that form between cells can cause extensive 
tissue damage. We can reduce this damage as far as possible with cryoprotectants (a form 
of human antifreeze) . 
 
Once frozen, we should be able to maintain a human body for centuries if necessary, with 
very little change. This allows time for the development of new medical technologies, to 
reverse ageing and unlike today's medicine, the potential to repair any cellular damage. 
 
Will the injuries of freezing always be irreversible? It is believed that cell repair 
technologies in the future and medical improvements will eventually be able to cure frost 
bite and so reverse freezing damage. 
 
Cryonics Today 
 
Cryonics may have remained idle speculation to this day were it not for a proposal by 
Robert Ettinger. How could this procedure be legally applied to dying patients? Ettinger's 
answer was to wait until a patient's breathing and heartbeat stopped before beginning the 
cryonics procedures. The patient would then be legally dead, cryonics would cause no 
further damage. 
 
The rationale for applying cryonics after official pronouncement of death is that legal 
death and real death are not always the same. Those caring for patients with a terminal 
disease may be instructed not to resuscitate. No attempt will be made to resuscitate them 
if their heart stops. This may be despite the fact that they might be revived should an 
attempt was made. This variance between legal death (the actual stopping of the heart) 



and when the brain ceases functioning, creates a window of opportunity for the 
cryonicist. Waiting for the legal death of terminal patients creates substantial logistical 
(and sometimes medical) problems for cryonics, it is an acceptable and legal way to 
implement the protocol. 
 
At this time there are approximately 70 cryo-preserved patients, all in the US. There are 
four organizations that offer cryonics storage services but as yet none exist outside the 
US. Over 800 other people have made the legal and financial arrangements necessary to 
have cryo-preservation available when needed. They include doctors, scientists, students, 
tradesmen, housewives and children. They are people from all walks of life, sharing a 
common desire to reach beyond the limits of today's medicine. 
 
The Purpose of Cryonics Europe 
 
We are a voluntary group and although we do not offer storage, our purpose is to advise 
and help anyone who is signed up with any cryonics storage company. We have a 
suspension team and all the equipment required to carry out a suspension. Although it is 
not necessary to join CE as part of signing up for cryopreservation, the group might 
provide a better chance for a successful suspension.  
 
There is constant research taking place to develop new techniques, processes and 
cryoprotectants. One new technology currently being developed, is Vitrification, which 
may possibly be available to us in the near future. 
 
 
Cryonics Procedures. 
 
A human cryopreservation might begin in a hospital, nursing home, home hospice 
setting, or wherever a Cryonics Europe member is seriously ill. In consultation with the 
Doctor, the member's condition is evaluated by the staff at C.E.  Legal death must be 
pronounced by a doctor (if possible, immediately after the heart stops). The C.E member 
now becomes a C.E patient, and the cryonics transport team begins its work.  
 
Cryoprotective Perfusion 
 
Cooling is the first process. The patient is lowered into an ice bath, and as soon as 
possible, circulation and breathing are artificially restored by a Heart Lung Resuscitator 
(CPR machine). At CE surgery is performed to gain to the femoral artery and vein. 
Intravenous lines are established, and special medications are administered to protect the 
brain from any lack of oxygen. The patient’s blood is circulated through a heart-lung 
machine.  
 
Cryoprotectant gradually replaces the patient's blood. The solution containing glycerol 
(an antifreeze agent) is to protect against freezing injury. A heat exchanger greatly 
accelerates the cooling to the freezing point of water. Once perfusion (circulation) of this 



cryoprotectant solution is complete, the patient is immersed in alcohol for cooling down 
to -79 degrees Centigrade (dry ice temperature) over the next 48 hours. 
  
This completes the transport and perfusion phases of human cryopreservation as 
performed by CE ready to transport to the US for long term care.  
 
Transport 
 
Using a special container, the patient is flown to the US to be finally cooled to -196C 
where they will be stored until revival is possible. 
 
The Cryonics Institute in Clinton Township, Michigan and Alcor (Scotsdale, Arizona) 
are the two companies operating in the US at this time. 
 
The Cryonics Institute (CI) is a nonprofit organization  founded in 1976 that provides 
basic inexpensive cryonics services to its members. It is controlled by its members, has 
no stockholders, no landlord, and no debt and a policy of not having any debt. It has over 
200 members, and currently cares for 26 patients using a unique design of insulated 
containers developed inhouse. It is located in an area of almost zero seismic risk. CI has 
recently agreed to provide long term care of CE patients. Following initial transport and 
perfusion by CE, patients are transported at dry ice temperature to the long term care 
provider of their choice. They are then slowly cooled over a two week period to the 
temperature of liquid nitrogen (-196 degrees centigrade), and immersed in liquid nitrogen 
for long term care. At this temperature all biological processes are stopped, and tissue 
remains unchanged  indefinitely. 
 
In some cases, particularly when sudden death is involved, it is not possible to begin 
cryonics procedures promptly after the heart stops. There may be a wait of many minutes, 
or even hours before cooling can begin. Brain injury is severe in such cases. By today's 
medical criteria, anyone whose blood circulation has been stopped for an hour is very 
“dead.” 
 
The question we must ask, however, is what future medicine will define as “death”. 
Today's medicine cannot revive people after the heart has been stopped for much longer 
than five minutes. (Although there was a case when a child fell into freezing water and 
was revived after two hours.) This is because injuries to blood vessels within the brain 
(such as blood clotting) prevent circulation from being restored after five minutes. 
Surprisingly, individual brain cells (neurons) remain alive and able to resume function 
for as long as an hour after the heart stops. If future medicine can heal and replace injured 
blood vessels, then it should be possible to resuscitate people far beyond today's time 
limits. If microscopic devices can reverse chemical imbalances within injured cells, then 
people could be revived an hour or more after clinical death. 
 
With future advanced medicine, the outer limits of resuscitation could be greatly 
lengthened. It is for this reason that cryonics is still applied to patients who are far 
beyond the reach of today's medicine. It would foolish and arrogant to believe that 



medicine today is the best medicine that could ever exist. Cryonics is medically 
conservative. Continuing to care for a patient with an uncertain prognosis is morally and 
ethically correct. Many patients whom we would call “dead” today are likely to be 
reclassified as “seriously ill, but treatable” in the future. 
 
The Future of Medicine 
 
We can only speculate about medicine 100 years from now. How many doctors a century 
ago could have foreseen antibiotics organ transplants or gene therapy? Even 30 years ago  
a radiologist would not have foreseen MRI (magnetic resonance imaging). The 
developments leading to MRI were occurring in computer science and physics labs, not 
radiology departments. Sometimes we have to look beyond medicine for a new medical 
breakthrough. 
 
In 1959 Nobel laureate and physicist Richard Feynman presented a paper entitled, 
There's Plenty of Room at the Bottom. Feynman proposed building tiny machines that 
would build still smaller machines, until individual atoms could be manipulated like 
building blocks. Feynman predicted that such a capability would have a profound impact 
on the science of biology and technology in general. 
 
In 1981 MIT engineer Eric Drexler published a technical paper, later followed by a book 
in 1986 called Engines of Creation, outlining the ways that protein engineering could 
lead to the capabilities described by Feynman. Drexler foresaw a whole new technology, 
which he called nanotechnology, that would emerge from the ability to engineer 
materials on a molecular scale. In particular, he predicted general purpose "assemblers", 
which like plant seeds, would grow complex objects from simple raw materials. There 
could be powerful computers the size of bacteria, and microscopic “cell repair machines", 
able to perform surgery on individual cells. 
 
Nanotechnology and nanoscience are now virtually household words, with articles in 
Science and Nature appearing regularly, documenting progress. The Japanese 
government is sponsoring a billion dollar initiative to develop methods of engineering at 
molecular level. Think tanks and major corporations in the U. S. are now employing 
scientists specifically to study engineering applications of nanotechnology. While the 
capability to build the devices foreseen by Feynman and Drexler will emerge slowly over 
decades, the medical applications are already clear. 
 
Medicine today does not heal patients. It depends on enabling and assisting patients to 
heal themselves. It is not always successful. Traumatic injury, massive infection, or the 
genetic alterations of viruses, cancer, and aging often leave the body unable to heal itself. 
 
During the 21st century this must change. Vast new arsenals of medical tools will 
become available. These tools will include microscopic robots able to perform surgery 
from within the body, engineered viruses able to repair genetic defects, and even 
intelligent cell repair organisms that are able to enter and heal cells one molecule at a 
time. 



 
Medicine is entering a new era. Detailed understanding and control of genes will allow 
the conquest of viruses and cancer. Systems of engineered cell repair organisms will be 
able to repair injuries that the body cannot heal by natural means. Specialized genetic 
programs will make possible the regrowth of injured or lost organs and limbs. Eventually 
even the genetic changes of aging itself will be understood and controlled. Lifespans will 
increase dramatically. 
 
This is the Cryonics Europe vision of the future: a medicine based on mastery of the 
molecular basis of life. We consist of atoms and molecules. The difference between 
health and disease, youth and old age, even life and death, is ultimately a difference in 
the arrangement of our atoms. Medicine will not reach its fullest potential to heal and 
restore health until it is able to analyse and rearrange atoms in sophisticated ways. Such a 
time is still far off. But the time will come when these treatments are common place. 
 
 
Common Questions 
 
Science Questions 
 
Q   Doesn't freezing burst cells, like water freezing in a bottle? 
 
A   No. Slow cooling causes ice to form in the tiny spaces outside cells first. This causes 
an increased concentration of salts outside cells, which draws water out of cells, 
dehydrating them. At the end of freezing, the space between cells is filled with ice 
crystals, but cells themselves remain unfrozen (vitreous) in their interior. Ice crystals 
outside cells still cause damage, but not as much damage as would be caused by ice 
inside cells. 
 
Q   Can humans be frozen and revived? 
 
A   Humans can only be frozen; they cannot be revived with today's technology. The 
purpose of cryonics is to carry people to future technology that will be able to revive and 
treat them. 
 
Q   If no one has been revived yet, isn't cryonics unproven and unscientific? 
 
A   Cryonics is unproven, but it is not unscientific. Cryonics depends on foreseeable 
medical advances, not blind faith in the future. In 1961, when the United States 
committed itself to landing a person on the moon, there was no proof this could be done. 
It had never been done before. Nevertheless it was concluded from known principles of 
science and engineering that such a feat was possible. The space program, human 
genome project, freezing the DNA of endangered species for future cloning, are all 
projects that were begun based on the expectation of foreseeable technologies that did not 
yet exist. Like cryonics, they are scientific undertakings not acts of faith. 
 



Q   Won't memories be lost if a brain stops working, like turning off a computer? 
 
A   No. Neuroscientists agree that long term memory is stored by durable structural and 
molecular changes within the brain, not transient electrical activity. In fact there are 
many situations in clinical medicine today in which a patient's brain is stopped and 
restarted with no lasting harm. These situations include ischemia (stopped blood 
circulation), deep hypothermia, and deep anaesthesia. 
 
Q   Isn't freezing after legal death too late? 
 
A   In many cases it is possible to have a cryonics transport team standing by during the 
final stages of a terminal illness. CPR and administration of stabilizing medications can 
begin within a minute or two after breathing and heartbeat stop (legal death). Under such 
favourable circumstances, brain injury can be so minor that there would be no difference 
even if cryonics procedures were begun before legal death. 
 
It is also possible that cryonics may still work even if legal death occurred many minutes 
(perhaps even hours) earlier. There are published reports in the scientific literature of 
viable brain cells sometimes being found hours after legal death. Some so-called “dead” 
patients today may in fact still be treatable by far future medicine. (From a cryonics 
standpoint, the chief problem caused by protracted clinical death is failure of the brain’s 
circulatory system. This prevents good cryoprotective perfusion, greatly worsening 
freezing injury.) 
 
Q   Does this mean that future medicine might be able to bring back the dead?  
 
A   Not at all. If patients in the future can be recovered after hours of clinical death, it 
will simply mean that medicine today is wrong about when it thinks death really happens. 
When considering these questions it is helpful to remember that death is usually a 
process, not an event. The most difficult cryonics scenarios are those involving chronic 
degenerative brain diseases (such as Alzheimer's Disease), or protracted respirator 
support of severely brain injured patients. By the time legal death is declared in such 
cases, loss of brain structure can be so extensive that these patients are dead by any 
medical criteria, present or future. To counter these possibilities, C.E recommends that 
individuals take legal steps (such signing a Durable Power of Attorney for Health Care) 
to ensure that medical measures such as life support are never utilized in a manner that 
violates their wishes for timely cryopreservation. 
 
Q   Is research being done? What improvements can be expected? 
 
A   Cryonics research projects are being pursued by Cryonics Institute in Michigan. Dr 
Pichugin is one of the worlds leading authority in freezing and Vitrification. His research 
is directly aimed at better understanding and improving cryopreservation of the human 
body. Unfortunately no government agencies or other conventional funding sources have 
an interest in cryopreservation. There is, however, some wider interest in 
cryopreservation of the kidney, heart, liver, and other transplantable organs. In recent 



years great strides have been made toward reversible cryopreservation of the kidney. The 
most promising approach is called vitrification. 
 
Vitrification is cryopreservation without formation of damaging ice crystals. C.E is 
hopeful that vitrification will be used to achieve reversible (noninjurious) preservation of 
a human within the next decade, or less. If successful, this technology would be perhaps 
the most important medical breakthrough of our time an assured means to transport us 
with only minor damage to the future. 
 
Social Questions 
 
Q Why would I want to live beyond my natural lifespan? 
 
A   “Natural lifespan” is a relative term. Today we consider a natural lifespan to be about 
75 years because this is how long the average person lives in the industrialized world. 
Someone from the middle Ages (with a life expectancy of 30 years) would regard today's 
medicines and lifespan as extremely unnatural. A century from now, people will probably 
look back on the lifespan of the 20th century with amazement and even pity as they look 
forward to centuries of life, health, and youth. 
 
Q   Why would people of the future revive cryonics patients? 
 
A   Cryonics patients are not being cast adrift upon a sea until some future historian finds 
them. They are being cared for continuously by an organization such as Cryonics Europe 
and CI with the express purpose of reviving them. If a patient stays frozen long enough 
for revival technology to be developed, it will be because they are still in the care of an 
organization that intends to revive them. In other words, revival will happen (if it 
happens) because someone cared enough about your revival to keep you frozen. It will 
not really matter what the rest of future society thinks. 
 
Q   How is future society likely to regard cryonics patients? 
 
A   By the time it is possible to revive today's patients, future medicine will already have 
a long tradition of treating patients in "suspended animation" and other forms of 
biostasis. Today's cryonics patients would be morally equivalent to any other injured 
patient who needs help in that era, and will likely be regarded as such. 
 
Q   When will cryonics patients be revived? 
 
A   When you are revived will depend on when you were frozen. Cryonics will be a last 
in, first out process. Patients preserved with the most advanced technology will require 
the least treatment. At some point, perhaps 20 years from now, completely reversible 
“suspended animation” will likely be developed. The wait for revival for such patients 
will be zero; they will be revivable at any time. Patients frozen before suspended 
animation is developed will have to wait for revival. The older the technology used, the 
longer the wait will be. 



 
Today's cryonics patients are severely injured, even by future medical standards. 
Although there are reasons for optimism, the wait will be long. Comprehensive cell repair 
systems based on mature nanotechnology will have to be developed. Cells will have to be 
repaired individually, in some cases even one molecule at a time. Responsible estimates 
of the time required to develop such technology range from 50 to 100 years. 
 
Q   What will the future be like? 
 
A    Many futures are possible. Not all possible futures (particularly the bad ones) are 
compatible with revival of cryonics patients. This has interesting implications. For 
instance, the simple fact that you stayed frozen long enough to get revived means that 
civilization did not collapse. Human progress must have continued its unsteady march 
forward, reaching a level of very advanced medical technology. The world must also be a 
reasonably comfortable, safe place. If it were not, the people reviving you would be 
preoccupied with their own problems instead of yours. 
 
Advanced nanotechnology, as foreseen by Drexler, Feynman and others, must also be a 
reality. Among other things, this technology implies: 
 
Computers thousands of times faster, and millions of times smaller than today. 
Self-reproducing manufacturing systems able to produce mass quantities of most any 
product at near zero cost.  
 
Per capita wealth perhaps a thousand times greater than today. 
 
Lifespan with no natural limit. 
 
A space-faring civilization. 
 
If cryonics works, it will work in a world that is much bigger, wealthier, and more 
interesting than the one we know today. 
 
Q   Doesn’t cryonics contribute to overpopulation? 
 
A   Currently about three children are born for every one person who dies. Rushing 
people off to an early grave is not going to solve this problem. Birthrates must be reduced 
to sustainable levels. This has already happened in the industrialized world, where 
population is generally not a problem. If past trends continue, birthrates will eventually 
drop in poorer nations as they too become more industrialized. Longer life spans in rich 
countries will not hinder this process, and eventually all the world will benefit. 
 
Q Isn't cryonics an expensive extravagance? 
 
A The cost of cryonics is small in comparison to the cost of other major medical 
procedures today. It is affordable for most people who can buy life insurance. We all 



have to decide our priorities, smoking, drinking, eating out; these are all more expensive 
than cryonics insurance, so it is the individuals choice. CI charge only £20000 plus 
perfusion and getting to the US, a approximate cost of £30000 and although that is still a 
great deal to most of us when paid by life insurance it works out to a few pounds a week. 
 
Q What happens to the soul of a frozen person? 
 
A What happens to the soul of a person who is awakened after many decades in a 
coma? Most people would say that the soul was dormant, or asleep in God's care, until it 
was time to wake again. In fact many babies have been born after years of frozen storage 
in liquid nitrogen (while they were embryos). Revival of frozen embryos is not 
resurrection, and neither is cryonics. If cryonics works it will simply mean that the 
patients were never really dead in the first place. They were instead in a kind of coma 
that today's primitive medicine mistakenly calls death. Medical definitions of death have 
changed several times this century. These definitions are bound to change even more 
during the next century. 
 
Q Does cryonics conflict with religious beliefs? 
 
A Medical advances that increase the quality and length of our lives are usually 
embraced by most religions. If life in this world has a purpose and value, then acting to 
preserve that life by reasonable means is morally valid. Is cryonics a reasonable means? 
This is a question we must each answer for ourselves. Acceptance of new medical ideas 
is sometimes slow. There was once a time when many people considered surgery (or 
even anaesthesia during surgery) to be unreasonable and against God's will. Today we 
take painless surgery for granted. Cryonics may also require a long time to achieve wide 
public acceptance. In the meantime we must strive to evaluate cryonics according to its 
own merits. 
 
Further Reading  
 
   HYPERLINK:   http://www.cryonics.org 
 
   HYPERLINK:   http://www.cryonics-europe.org 
 
Getting on the Internet, either at home or via a library or cybercafé, is a must. The 
amount of information about cryonics and links about us and other groups will give most 
of the information you require. 
 
The Prospect of Immortality by Robert Ettinger. This is the book that started the cryonics 
movement. The entire text is available free on the Internet at the Cryonics Institute web 
site at http://www.cryonics.org 
 
Engines of Creation (Anchor Press, 1986) by K. Eric Drexier (highly recommended) 
 
Unbounding the Future (Morrow, 1991) by K. Eric Drexier with Gail Pergamit 



 
Many Are Cold But Few Are Frozen: A Humanist Looks at Cryonics by Steven B. 
Harris, M.D. 
 
Will Cryonics Work? Examining The Probabilities by Steven B. Harris, M.D. 
 
Technical 
 
Books 
 
Nanosystems (Wiley & Sons, 1992) by K. Eric Drexler, Ph.D. 
Published Papers 
 
Drexler K E, Molecular Engineering: An Approach to the Development of General 
Capabilities for Molecular Manipulation PNAS (USA), 78: 52755278 (1981) 
 
Merkle R C, The Technical Feasibility of Cryonics Medical Hypotheses, 39: 616 (1992) 
 
The Cryobiological Case for Cryonics by Gregory Fahy, Ph.D. 
 
A “Realistic” Scenario for Nanotechnological Repair of the Frozen Human Brain by 
Gregory Fahy, Ph.D. 
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Cryonics Europe Volunteer Standby Team 
 

Instructions for Stabilisation for Cryonic suspension- 
By Alan Sinclair C.E. Facility Manager. 

 
Second edition  (a) 

 
Introduction 
 
This will be a rather simplistic and I hope easy to understand introduction 
into a cryonic suspension. I hope to show how much your input can help 
make the journey to future technology as smooth as we know how at this 
time.  A little training can make a BIG difference. 
 
With the ongoing research in to all aspects of low temperature biology 
and with the arrival of Dr Pichugin at CI I expect the protocol will change 
quite considerably over the coming years. 
 
Cryonic Suspension is the term we give to preserve our bodies when 
today’s medicine runs out of options and legal death is pronounced. 
 
We in Cryonics believe in getting to a future when it may be possible to 
revive us – provided we get a good suspension.  The ambulance to the 
future starts with us now, the better our suspension the better chance we 
have to be revived. 
 
We must wait until the patient has been pronounced legally dead before 
we can intervene but as most of us will have prior warning of death, there 
will be time to liase with staff whether it be in hospital or nursing home 
during the time leading up to pronouncement. I have found most people 
are interested in cryonics and very few are hostile. If you sense real 
hostility early on, and cooperation looks as if will not be forthcoming, 
suggest to the patient’s relatives (who should already know your wishes) 
that the patient be removed to a friendlier environment, i.e. a private 
nursing home, hospice or even home with private nursing. 
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Stabilization Protocol 
 
 
Assuming cooperation is available, make sure all intravenous lines (IV 
lines) are left in the patient; this will help later to administer the 
medications. 
 
(1) Obtain permission to take charge of patient 
(2) Contact Barry Albin to arrange for him to collect the patient or for us 
to deliver.  
(3) Place patient into portable ice bath, using the specially designed sling 
in the ice bath kit (or a sheet in a emergency).  With the patient in the 
middle one person stands at each end (or one on each corner if four 
people are available) and lift making sure the ice bath is as close to the 
bed as possible. 
(4) Start cardiopulmonary support (CPS) either by hand or with the aid of 
a heart-lung resuscitator -commonly known as a Thumper. 
(5) Insert medications as per list and continue with CPS for at least 10 
minutes after the last of the medications have been administered. 
Place the squid Cooling Device in the ice bath to achieve even cooling 
and transport to a facility for cryoprotectant to be administered.   
 
 
Medication 
 
It is always difficult to be precise when cardiac arrest is expected but the 
hospital staff will have had far more experience than us & will be able to 
help with the timing. Even if the patient arrests before expected you 
should have had enough training to be able to draw the medication in a 
few minutes. 
 
It is recommended that you spend your time laying out and familiarising 
yourselves with the medications. No matter how much training you have, 
unless you are a trained nurse, or, as we recommend, have a nurse on 
hand, you will find it an entirely new ball game under pressure. 
 
Keep as calm as you can, do your best; cock ups do happen & things do 
get forgotten. Even the most experienced people I know in cryonics make 
mistakes so don’t feel bad, just get on with the job and remember your 
training. 
At a later stage I will go into greater depth about what the various 
medications do but at this stage I think just familiarising the names will 
be enough. 
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Medication and dosage table – will have to be maintained as supplies 
change 
 

 Pk 
No 
 

Medications Dosage 
Required 
 (units/patients 
 weight in kg) 

Patients 
Weight/kg 

Medication 
 Supplied 
concentration 
 (units/ml) 

Vol To 
 give/ml 

1 1 Potassium Chloride 2*20ml Vials    
2 1 Propofol (Dipridan) 20ml ampule    
3 1 Vacuron                        10ml    
4 2 Sodium Heparin 2*4ml vials    
5 3 Streptokinase 1000 U    
6 3 Sodium Chloride 20ml vials    
7 4 Epinephrine 1*30ml vial    
8 5 Deferoxamine 

(Desferal) 
4*500mg vials  
in all 

   

9 6 Chlorpromazine 
(Thorazine) 

1*10ml vial    

10 6 Methylprednisolone 
or Solu-medrol 

1 *8 ml vial    

11 7 Gentamicin Sulphate 1*2ml vial    
12 7 Bactrium 10 ml vial    
13 7 Erythromycin 1 gram vial    
14 8 Tagamet 2*2ml vials    
15  9 Maalox 355cc    
16 Sep Tham 500 Ml    
17 Sep Mannitol 500 Ml    
18 Sep

[ 
Dextran 40 500 Ml    

19 Sep Sodium Bicarbonate 6* 50ml 
syringes 

   

 
To use the meds table to calculate the volume of medication to administer 
enter the patient’s weight in kilograms (2.2 pounds = 1kg, 14 pounds = 1 
stone) and ensure that the medication supplied concentration column is up 
to date and correct (i.e. all in units/ml).  Then multiply the dosage 
required by the patient’s weight and then divide by the medication 
supplied concentration: the answer should be the volume to give in 
millilitres. 
 
You will however have ready-made tables in your medical case. 
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ABBREVIATED EMERGENCY INSTRUCTIONS 
 

If pronounced for more than 60 minutes unattended 
 
 
If the patient has been pronounced dead and has experienced a period of 
more than 60 minutes without cardiopulmonary support carry out the 
procedure below. (If rigor mortis is present do NOT administer 
medication and go to (3) 
 
(1) Carry out sternal compression (or thumper) at the rate of 60 per 
minute during and for 5 minutes after the administration of the following 
medications. 
 
(2) Administer the abbreviated medications 
 
(3) Cool the patient as quickly as possible as per instructions. 
 
: 
 Medication Dosage required 

(units/patient 
weight in kg) 

Patient 
weight 
/kg 

Medication 
supplied 
concentration 
(units/ml) 

Volume to 
give / ml 

1 Sodium Heparin 2*4Ml vials    
2 Streptokinase 30,000 U 

(2,250,000 in all) 
   

3 Deferoxamine HCl 4*500mg vials    
4 Chlorpromazine 1*10ml vial    
5 Methylprednisolone 

(by slow injection) 
1*8ml vial     

6 Erythromycin or 
Keflex 

1*1gram vial    

8 Maalox or Riopam 
or Titralac 

355cc    

 
Full training is given to the transport team in all aspects of the 
recovery and patient’s care and this is only a broad outline of 
requirements. 
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Equipment 
 
  
 For a local cryonics group to provide adequate assistance for members 
and in many cases friends can seem a daunting task. 
 
Good capabilities would seem to require an awesome commitment of 
time & money for equipment & training. 
 
The "perfectionist" mentality of many cryonicists leaves them feeling that 
since they cannot afford all the necessary equipment, it is preferable to do 
nothing and hope that a slow death and a flown-in remote standby team 
can handle the situation. 
 
We in the UK know this is rubbish we now have a transport team that 
will make a difference and we are to date the best transport team outside 
the US. 
 
It is time to dispel the myth that CI is a low cost low-tech group; our aim 
is to be known as a LOW COST HIGH TECH group. 
   
A more rational approach is to do a cost/benefit analysis on needed 
equipment and slowly increase the supply, beginning with the most-
needed items that are most affordable. 
 
From this perspective my absolute first choice for a piece of equipment is 
a Portable Ice Bath (PIB). (We have two) 
 
An often-quoted statistic in cryonics is the fact that every 10ºC decrease 
in temperature reduces cell metabolism by 50%. 
 
I think this VASTLY understates the value of temperature-reduction in 
light of the enormous decrease in ischemic damage, which also occurs, 
with a lowering of temperature (see ischemic damage). 
  
It has been shown (see diagram); cooling patient in ice water is much 
faster than cooling with ice bags. 
 
Cooling with running water is even more effective. A device called a 
SQUID (because it has a squid-like appearance) uses an electric sump 
pump (i.e., a pump which has a chamber at the bottom into which water 
passively flows and is then actively pumped) to keep ice water flowing 
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over a patient, we have produced a portable one to work in the mobile 
unit during transport. 
 
After 150 minutes, a patient cooled with ice bags will have gone from 
37ºC to 30ºC, whereas an ice-bath patient will be at 20ºC and a SQUID-
sprayed patient will be at 5ºC.  
  
Some cryonicists might wonder why a local group couldn't use dry ice or 
even liquid nitrogen to vastly accelerate the patient cool-down rate 
(minimizing metabolism & ischemic injury). 
 
The problem with these approaches is that they could very easily lead to 
the freezing of patient tissues. 
 
Once tissues and vessels have experienced freezing damage, it would be 
very difficult to washout the blood and perfuse with cryoprotectant (anti-
freeze). 
  
The second major priority for a local group is means for cardiopulmonary 
support. In a patient who has just been declared legally dead, most of the 
cells are still very much alive. 
 
Oxygen and nutrient can be supplied to these cells by artificial circulation 
to prevent ischemia. 
 
Circulation is necessary to add medications to prevent blood-clotting and 
ischemic damage. 
 
An endotrachial tube is useful to prevent an unconscious patient's tongue 
from obstructing the airway. 
 
Normal human blood pressure is 120/80 mm Hg (systolic/diastolic, i.e., 
pressure when the heart is contracted over pressure when the heart is 
relaxed). 
 
Whereas manual CPS cannot hope to deliver much more than 20-
40 mm Hg. A Heart-Lung machine uses pressure from an oxygen tank to 
drive a chest-compression pump while providing 100% oxygen to the 
patient. 
 
Use of power from oxygen-pressure, rather than electricity, makes the 
unit much more portable.  A Heart-Lung machine (A Thumper) is capable 
of providing 70-80 mm Hg of blood pressure, which should be more than 
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adequate for cryonics purposes especially when combined with 100% 
oxygen, (an industrial-grade oxygen tank is adequate). 
 
Although it is barely adequate (but better than nothing), manual CPS 
could be done on a patient with the assistance of a bag-valve device that 
delivers air through a facemask when the bag is squeezed. 
 
The bag-valve device reduces the possibility of contamination and 
reduces the labour of CPS. Mouth-blown air facemasks also reduce 
contamination, but require more work. 
 
Manual methods may be necessary and sufficient when better equipment 
is "on the way", but manual CPS can quickly become tiring, and its 
effectiveness is limited. 
 
We are fortunate to have both these devices, Thumper and bag both are 
used as part of the Cryonics Europe transport protocol. 
 
After legal death, administer heparin (anticoagulant) and all medications 
required to reduce damage. 
 
Keeping a local kit supplied with up-to-date medications and gas bottles 
for the thumper is not an easy task, and may seem fruitless when they are 
so rarely used but it is essential and at CE we have a very comprehensive 
kit which must be checked on a regular basis. 
 
Equipment and frequent training sessions are essential, there are very 
few cryonics groups in the world that do this but in the UK we consider 
we are fortunate to have a great enthusiastic well trained recovery 
team.   
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How cold is cold enough? 
 

 
Please note there is a full explanation of these calculations a latter version 
but I thought for those who are not mathematicians it would be advisable 
to have a pocket size version. 
 
Deterioration starts the moment ischemia begins.  The colder the patient, 
the slower they deteriorate.                                           
 
This chart shows the relationship between time and deterioration and 
shows `once again how important it is to have a standby team. 
 
 

Time = deterioration 
 
  Temperature                    Time Equivalent to  
 
Celsius       Kelvin            1 Second                 1 Hour  
     At 37 C (body temperature) Remarks  
___________________________________________________________                           
  37     =      310.16            1 second            1 hour          Body Temperature 
  20     =     293.16           1.9 sec              1.9 hours 
   0      =     273.16           4.7 sec              4.7 hours            Water freezes 
- 20     =     253.16          13 sec                 13 hours 
- 40     =     233.16          43 sec                 43 hours 
- 60     =     213.16          2.9 min              6.5 days 
- 65     =     208.16          4.4 min               11 days Limit of a domestic freezer 
- 79.5  =     193.66          15 min                39 days               Dry Ice 
- 128   =     145.16          4.7 days              46 years              Freon boils 
- 195.8 =     77.36          22 million years   79 billion years  Liquid  nitrogen 
 
 
 
 
 
 
 
 
 
 
 



 9 

Understanding Ischemic Damage 
 
  
At the beginning I told you I hoped it would be easy to understand, well 
for anyone new this may stretch the little grey cells a little but don’t get 
despondent it will all make sense eventually. 
 
Most cryonics patients are victims of some degree of ischemia, i.e., tissue 
damage as a result of oxygen & nutrient deficiency following failure of 
blood circulation. 
 
This may happen during the dying process or following cessation of 
heartbeat often both. 
 
Even under the best circumstances, it is difficult to restore circulation to 
levels provided by a normal heartbeat. 
  
An ideal cryonics patient would suffer no ischemic damage. 
 
Such a patient would be in good health prior to a sudden-onset of the fatal 
event, no brain tissue would have been affected. 
 
The event would not be sudden; a cryonics transport team would be on 
site at the moment of legal declaration of death. 
 
Upon legal death, cool down and restoration of circulation would begin 
immediately, followed by blood washout, perfusion with cryoprotectant 
solution and cooling to liquid nitrogen temperature, so this must be our 
goal. 
  
It has been shown that when a patient was cryopreserved with up to 60 
minutes of global ischemia they showed good ultra structure. 
 
Some signed-up cryonicists may not be so lucky, but as a transport team 
we must do our very best to reduce damage, 
 
THIS WILL WORK BEST IF WE WORK AS A WELL OILED 
MACHINE, training, training and when we are really fed up with 
training yes more training until we can do a stand by without 
thinking. 
  
Cryonicists have focused a great deal of attention on freezing damage and 
the potential of future science to repair that damage. 
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The rationale for this argument is good, namely, that freezing damage is 
much like a broken window, the pieces are still there, and molecular 
repair technology may be able to re-assemble them. 
 
But ischemic damage could be potentially much more serious leading to 
such degradation of structure that no future technology could possibly 
reconstruct. 
 
It may be that the prevention of ischemic damage may be the key 
critical factor toward future reconstruction of cryonics patients. 
Concern with freezing damage could fatally distract attention from this 
fact. 
 
With this in mind, it is worth discussing what happens to brain tissue 
during ischemia.  
 
 
 

MECHANISMS OF BRAIN-TISSUE ISCHEMIC DAMAGE 
 
 
Ischemia results in lowered oxygen & glucose delivery to brain tissue. As 
a result, cells have less ATP production, (Adenosine Tri Phosphate) i.e., 
less available energy. 
 
Although the brain may represent only 1% of total body weight, it can 
account for 20% of its metabolic energy release. Most of this energy is 
consumed by ATP-driven ion pumps, which keep Calcium (Ca2+), & 
Sodium (Na+) outside of cells and Potassium (K+) inside of cells. 
 
In ischemia, the loss of energy means that the ion gradients essential for 
functional neurons cannot be maintained. EEG becomes flatter and 
extracellular K+ slowly increases.  
 
Then voltage-gated ion channels open, resulting in a large increase in 
intracellular Na+ and Ca2+ accompanied by a large increase in 
extracellular K+. 
  
Calcium entry into the pre-synaptic membrane of a neuron is a key factor 
in neurotransmitter release. 
 
In the brain, glutamate is the predominant excitatory neurotransmitter. 
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In a normal brain, glutamate release at a synapse results in normal 
signalling. 
 
In ischemic brain tissue, glutamate release can result in increased calcium 
entry into the postsynaptic cell, creating a positive feedback loop of 
calcium penetration & glutamate-release known as excitotoxicity. 
 
Intracellular calcium activates phospholipase, which degrades membrane 
phospholipids. 
 
This not only damages the membrane, it releases the toxic free fatty acid 
arachidonic acid, which forms substantial amounts of oxygen free 
radicals. 
 
Calcium also activates enzymes, which degrade protein & DNA, although 
this effect is less pronounced than the lipase activation. 
  
Calcium can enter a cell through voltage-controlled ion channels of the L-
type (long-lasting) or the N-type. Calcium can also enter a cell through 
agonist-controlled ion channels the agonist in question being the 
neurotransmitter glutamate. 
 
Glutamate-activated receptor/channel complexes are named after their 
most potent agonists. The Kainate (K) and Quisqualate (Q) channels 
operate so similarly that they are often described as K/Q channels (also 
known as AMPA channels). K/Q channels pass K+ & Na+ in response to 
glutamate stimulation, but do not pass Ca2+. 
 
It is the NMDA (N-Methyl-D-Aspartate) glutamate receptors that can 
pass Calcium. 
 
Neurons vary in their receptor composition, so it is noteworthy that the 
pyramidal CA1 & CA4 neurons of the hippocampus (which have high 
concentrations of NMDA receptors) are especially vulnerable to being 
killed by ischemia.  
 
Magnesium, which blocks entry of Calcium through NMDA channels, is 
particularly protective of hippocampal neurons  
  
Normally, total brain Calcium is about twice as great extracellularly as it 
is intracellularly. But only about 0.1% of the intracellular Calcium is in 
ionised form, as compared to half of the extracellular Calcium.  
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With the progression of ischemia, Calcium is increasingly released from 
endoplasmic reticulum. 
 
This release of bound Calcium from intracellular sites explains why 
ischemia therapies designed to limit entry of Calcium into the cell are 
more effective in early stages of ischemia than in the later stages. 
  
Not all-ischemic damage to neurons is Calcium-initiated. Anaerobic 
metabolism increases intracellular lactic acid & lowers pH. Hydrogen 
ions facilitate iron-mediated free-radical mechanisms. But the vast 
majority of free-radical damage to cells is through peroxidized 
unsaturated fatty acids, whereas free-radical damage to proteins & nucleic 
acids is relatively modest. 
 
The notion of lysosomes as "suicide bags" is something of a myth 
lysosomes remain stable through ischemia, only bursting after cell death. 
  
Brain damage in ischemia is not restricted to neurons. The glial cells, 
known as astrocytes, normally soak-up extracellular glutamate. But, 
during ischemia, astrocytes swell-up considerably due to extracellular K+ 
and releasing glutamate & vasoconstrictive substances.  
 
Neurons swell too, with the entry of Na+ & Cl-, and this cellular swelling 
can aggravate ischemia by compressing blood vessels. 
 
Platelets release arachidonic acid, adding to that formed by cell 
membrane breakdown. Extracellular arachidonic acid contributes to glial 
cell swelling and increases permeability of the blood-brain barrier. 
 
Moreover, arachidonic acid potentiates the formation of eicosanoids, 
which increase aggregation of blood cells and constriction of blood 
vessels. Polymorphonuclear leukocytes further occlude microcirculation 
and release reactive metabolites.  
 
 
 
 
 
 
 
 
 
 



 13

REPERFUSION INJURY 
 
 
It seems desirable to re-initiate cerebral blood flow for the purpose of 
perfusing brain cells with cryoprotectant. But this can result in a 
phenomenon known as "reperfusion injury". 
 
Indeed, in the absence of oxygen & glucose (i.e., without reperfusion), 
no histological damage to cells is evident for more than an hour, and 
most of the structural damage seen in the first 2 hours is to 
mitochondria and ribosomes. 
 
Rather than resuscitating cells, the re-entry of oxygen by reperfusion may 
enhance free-radical damage. We will not do reperfusion for 
normothermic ischemia in excess of one hour. 
 
Instead an abbreviated stabilisation procedure will be used.  An attempt to 
re-start the circulation may meet with a resistance known as the "no-
reflow" phenomenon.  
 
Increased blood pressure is required to overcome "no-reflow" due to 
vasospasm, increased blood viscosity and oedema. 
 
For cryonics purposes, the increased permeability of the blood-brain 
barrier due to arachidonic acid and other ischemic damage may actually 
facilitate perfusion of cryoprotectant. 
 
Even cell membrane damage may be advantageous for an analogous 
reason. 
  
 

CHEMICAL INTERVENTIONS IN ISCHEMIA 
 
In the early stages of ischemia, treatment with glutamate antagonists such 
as dextromethorphan {an ingredient in OTC (i.e., over-the-counter) 
cough mixtures} can be of benefit. 
 
Dihydropyridine (DHP) derivatives, such as nimodipine, block L-type 
Calcium channels. But the main benefit of DHPs in ischemia seems to be 
through arteriole dilatation rather than neuron Calcium-channel blocking. 
 
Pre-treatment with nimodipine prior to ten minutes of ischemia led to an 
80% normal recovery rate, as compared with an 86% death rate in 



 14

untreated controls. Treatment 2 minutes post-ischemia had a negligible 
effect. 
  
Substances, which reduce brain metabolism, such as barbiturates and 
anti-convulsants (phenytoin), are also of benefit. 
 
Anti-clotting agents can help. Pre-treatment with anti-oxidants such as 
Vitamin C, Vitamin E and CuZn-SOD (SuperOxide Dismutase) in 
liposomes (spherical lipid droplets suspended in water) is advantageous  
Deferoxamine can reduce iron-mediated free-radical damage -- and 
mannitol scavenges hydroxyl radical  
 
Amino steroids scavenge superoxide and lipid radicals, counteracting the 
effects of arachidonic acid  
 
You will see we have a very varied medication list, which will be 
explained in detail in the medication chapter. 
 
BENEFITS OF HYPOTHERMIA 
 
A temperature reduction from 37ºC to 26ºC completely inhibited 
Potassium-induced neurotransmitter release from rat astrocytes  
 
Rats reperfused after a 15-minute ischemic period had over 3 times as 
many hydroxyl radicals one hour later than rats subject to ischemia, but 
not reperfused. 
 
But rats reperfused at 30ºC rather than 36ºC had half as many hydroxyl 
radicals as the 36ºC reperfusion rats. 
 
Normal brain recovery has been shown after 60 minutes at 15ºC, and 
even longer periods of ischemia were tolerated at 4ºC to 7ºC  
  
CONCLUDING REMARKS 
 
Ischemia should definitely be minimized, but the cost/benefit tradeoffs of 
expensive cryonic protocols are difficult to assess. 
 
Demonstrable reduction of structural damage should be the key deciding 
factor, however it still must be decided which organelles are essential for 
reconstruction. 
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Loss of information about water molecules and mitochondria would 
probably not be critical. Loss of cell membranes, however, could mean 
loss of information about synapses.  
 
 

Ramping of Cryoprotectant in Closed-Circuit Perfusion 
 
 
At this time Barry Albin, an undertaker in London, has total 
responsibility for the perfusion (the replacement of blood with 
cryoprotectant “antifreeze”) and the method used is very much the same 
as those used to embalm and, whilst he does a excellent and professional 
service with the equipment he has, I think it will be possible to modify 
the method already in use while still using Barry Albin to give us a better 
suspension. 
 
Because his method is open end (fluid goes in one end and is dumped out 
the other) it is wasteful and may be not as efficient as a closed circuit 
method.  
 
Cryoprotectants are used in cryonics to reduce freezing damage by 
prevention of a large portion of ice formation. 
 
Although it seems plausible that our brains may be damaged by freezing 
in a way that can be repaired, it is possible that freezing damage is really 
freezing destruction -- destruction beyond all future repair due to 
scrambling of tissue into molecular debris. 
 
If we were certain of future repair, it would make much more sense 
to immediately thrust cryonics patients into liquid nitrogen upon 
deanimation rather than to waste time or expense on cryoprotectant 
perfusion. 
  
Cryoprotectants are perfused into the blood vessels of a cryonics patient 
and diffuse from capillaries into cells and intercellular spaces. 
 
Cryoprotectants may not only increase the possibility of future 
repair, they may reduce the estimated time the patient needs to 
remain in liquid nitrogen. 
  
Aside from the choice of cryoprotectants, a major concern is the way 
cryoprotectant is administered. 
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For example, glycerol (the standard cryoprotectant used in cryonics for 
many years) can either be administered full-strength or it can be 
introduced in gradually increasing concentrations. There is evidence that 
gradual introduction is less damaging. 
  
Cells are much more permeable to water than they are to glycerol. 
Platelets & granulocytes, for example, are 4,000 times more permeable to 
water than they are to glycerol. 
 
When a cell is exposed to high-strength glycerol, osmosis causes water to 
rush out of the cells, causing the cells to shrink. 
 
Only very gradually does the glycerol cross cell membranes to enter 
the cell. 
 
For isolated cells, the halftime (time to halve the difference between a 
given glycerol concentration in a granulocyte and the maximum possible 
concentration) is 1.3 minutes but tissues & organs would require more 
time because their cells are less accessible. 
 
Even after equilibration, however, the concentration of glycerol inside 
neutrophilic granulocytes never rises above 78% of the concentration 
outside the cells. 
  
Rapid shrinking of cells can kill them. 
 
When granulocyte cells shrink to 68% of their normal volume, cell 
survival drops and severe cell death occurs. 
 
Below 55%. Increasing glycerol concentration from 0.5 molar to 1.0 
molar reduces granulocyte survival from 40% to 20% at 0ºC. 
 
Cell shrinkage may directly damage the cell (and cell membrane) due to 
structural resistance from the cell cytoskeleton and high compression of 
other cell constituents. 
 
If damage is maximum at 1.0 molar, the concentrations up to 7.5 molar 
used for cryonics protocols may be of little additional damage.  
 
Not only is cell shrinkage damaging, but also rapid passage of water 
across cell membranes physically damages the membranes. 
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The higher the concentration difference between glycerol inside the cell 
and glycerol outside the cell, the greater the water molecule velocity and 
the greater the cell membrane damage. 
 
Even more damage may occur to the blood vessels. 
 
Rapid addition of glycerol causes endothelial cells to shrink thereby 
breaking the junctions between the cells. 
  
For cryonics purposes vascular damage may actually be an advantage 
insofar as it increases diffusion and vascular repair may be an easy task 
for future science. 
 
In fact, the breakdown of the blood-brain barrier in the 1.8-2.2 molar 
glycerol range is essential for perfusion of the brain as long as damaging 
tissue oedema (swelling) can be avoided. 
 
In general, if osmotic damage is similar to types of cryoprotectant toxicity 
that simply denatures enzymes rather than destroys structures containing 
information essential to personal identity (consciousness, selfhood), then 
osmotic damage may be far less serious than freezing damage. 
 
Unfortunately, it is difficult to draw firm conclusions about what damage 
is repairable and what structures are essential for personal identity and it 
is wise to not take excessive risk about these matters. 
  
Osmotic damage by glycerol can be reduced in cryonics protocol by 
introducing the glycerol in gradually increasing concentrations rather than 
perfusing with glycerol full-strength. 
 
Also, allowing more time for glycerol equilibration gives time for cells 
more distant from blood vessels to receive glycerol. 
 
The best results are achieved with small increases of glycerol initially, 
with accelerating increase in concentration. 
 
An analogous procedure is used in adding cryoprotectant (DMSO, 
DiMethylSulfOxide) to human embryos being prepared for storage in 
liquid nitrogen (PBI 10 minutes, 0.25M DMSO 10 minutes, 0.5M DMSO 
10 minutes, 1.0M DMSO 10 minutes, 1.5M DMSO 10 minutes). 
  
A closed-circuit perfusion, can be set up at low cost for gradual 
introduction of glycerol into cryonics patients, the perfusion circuit 
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bypasses the heart and circulates perfusate in a direction opposite to 
normal. 
 
Perfusate enters the patient through a cannula in the femoral (leg) artery 
and exits from a cannula in the femoral vein on the same leg. 
 
Flowing upwards from the femoral artery, the perfusate enters the arch of 
the aorta (where blood normally exits the heart), but is blocked from 
entering the heart. 
 
Instead, the perfusate flows through the distribution arteries of the aorta, 
notably to the head and brain. Returning in the veins, the perfusate again 
bypasses the heart and flows downward to the femoral vein where it exits. 
 
Cannula type 
 
It will be very important to use special flat-wire femoral drainage  
cannula that extend up the femoral almost to the level of the heart. 
 
These are very easy to insert and the mortician can do this for you. He 
will simply need to follow two simple instructions, which he can get, 
from a 1 or two pages illustrated written sheet. 
 
In fact, he will probably be able to place these cannula without 
instructions, but better to have them than not. 
 
This cannula is very expensive (about £250 each) but if handled with care 
can be reused, many times so the effective cost is low. 
 
The reason we use roller pumps 
 
The reason we use roller pumps, (rather than a embalmers pump) in spite 
of cost, weight, etc., is that they provide a sterile, clean path that can be 
closed. 
 
I've never had an embalming pump apart, but rest assured that neither 
sterility nor particulates are issues in the application they were designed 
for but as the rotary vane pumps we use were designed for medical use 
they are far better suited for cryonics. 
 
The other problem with the embalmer's pumps is that they are essentially 
single-pass, where with a Roller pump, you can close the circuit. 
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The diffusion rates of the cryoprotectants are much lower (diffusion rate 
(water/glycerol) = 1600), and as a result it is necessary to circulate the 
perfusate while the tissues are coming to equilibrium. 
 
Coming to equilibrium, takes approximately 5-7 hours, depending on the 
cryoprotectant.  (You can go single-pass, but it would take (litres per 
minute x hours of perfusion =) a lot of cryoprotectant.  (Say 2 litres pm x 
300 minutes = 600 litres). 
 
Without closed circulation, you just don't get much in the way of 
cryoprotection. 
 
The embalmers pump was used on the suspension over here, it was a 
pump-up Pressurized system. 
 
With hindsight, I suspect that the brain was mostly dehydrated 
rather than perfused; a single pass at the speed it was done is just not 
enough for an equilibrium cryoprotection.  
 
On the positive side, that suspension demonstrated with the right 
equipment and training we could do a field suspension, and combined 
with the new 21CM cryoprotectants, we may even be able to vitrify but at 
very least we can do a quality, cryoprotection and Cool down, in the field. 
 
For our patients who live some distance away from the main facility, 
under reasonable conditions, we hope to do as well in the field as we 
would it our facility, and because we don't have the transport time to the 
facility, the patient should be in a lot better shape. 
 
I am in the process of shrinking the perfusion apparatus into something 
that will fit into a trailer and be easily transportable and fairly easy to use. 
 
Closed Circuit Perfusion 
 
Outside the patient, some of the drainage is discarded, but most is 
returned to a circulating (stirred) reservoir connected to a concentrated 
reservoir of glycerol. 
 
The circulating reservoir is initially Ringer's solution (an aqueous 
solution of the chlorides of sodium, potassium and calcium isotonic with 
blood & tissue fluid) or a similar isotonic mixture, which gradually 
becomes increasingly concentrated with glycerol as the stirring and 
recirculation proceed. 
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The circulating reservoir is stirred from the bottom by a magnetic stir bar 
on a stir table and/or from the top by an eggbeater-type stirring device. 
 
The stirring will draw glycerol from the glycerol reservoir, and pumping 
of the perfusate should also actively draw liquid from the glycerol 
reservoir. Gradually a higher and higher concentration of glycerol is 
included in the perfusate and the osmotic shock of full-strength glycerol 
is avoided. 
  
The glycerol reservoir will not in general contain pure glycerol (although 
in principle it could), but rather a "terminal concentration" solution of 
glycerol that is equal or slightly above your final target concentration. 
 
As perfusion proceeds and drainage to discard proceeds, the level of both 
reservoirs drops in tandem until both reservoirs are nearly empty, at 
which point the circuit concentration will have reached the glycerol 
reservoir concentration. 
 
Provided that the two reservoirs are the same size and same vertical 
elevation, the gradient will be linear over time (if the drainage rate to 
discard was constant). 
  
Cryoprotectant toxicity varies directly with temperature, but 
cryoprotectant viscosity varies inversely with temperature. 
 
There is therefore a trade-off between perfusing at a higher temperature 
for more rapid cryoprotectant penetration, and suffering the increased 
toxicity of higher temperature. 
 
Unlike osmotic damage, however, toxicity may affect viability through 
biochemical rather that structural damage and thereby be of less concern 
for future repair. Further ischemic injury by more time at higher 
temperature, however, is likely to increase structural damage. 
  
Some cryonics protocols are beginning the introduction of cryoprotectant 
at 10ºC and finishing at 5ºC. 
 
A near-term objective is to be able to introduce half the cryoprotectant at 
10ºC and the other half at -10ºC. 
 
Although it seems like a good strategy to add the least toxic components 
of a cryoprotectant cocktail first (at higher temperatures) and the most 
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toxic components at lower temperature, this approach has yet to be 
successful. 
  
Other tricks may eventually be invoked to improve perfusion, diffusion & 
vitrification and to reduce toxicity. 
 
High pressures are currently cumbersome & expensive to use, but future 
equipment may change that. 
 
Ultrasound has been suggested as a means of improving diffusion of 
cryoprotectant into cells. Sugars, which are cryoprotective, could be 
included in the perfusate along with insulin to both increase intracellular 
vitrification and to boost intracellular resistance to ischemic injury. 
  
The initial perfusate can contain ingredients other than just Ringer's 
solution. 
  
Anticoagulants could reduce clotting problems, dextrose could provide 
nutrient to dying cells, and antibiotics could reduce bacterial damage. 
 
Damaging effects of ischemia could be reduced with antioxidants, 
antiacidifiers, an iron chelator and a calcium channel blocker. 
  
If the structural basis of personal identity were preserved, protocols to 
maintain cell viability would be less important since molecular repair 
technology could eventually reconstruct the person anyway 
.  
Use of full-strength cryoprotectant may destroy cell structures in much 
the same way that freezing destroys cell structures rather than simply 
reducing cell viability. 
 
If we use cryoprotectant instead of simply throwing patients into liquid 
nitrogen without cryoprotectant, it might be advisable (for the same 
reasons) to introduce cryoprotectant in ramped concentrations rather than 
full-strength -- especially if we can do so without much additional cost 
and if ramping does not add too much to the amount of time a patient 
spends at high temperature. 
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Vitrification in Cryonics 
by Ben Best 

 
There is a great deal of research into vitrification at this time and C.I will 
be carrying out its own research later this year, headed by one of the 
leading authorities on vitrification, Dr Pichugin, but I thought it worth 
while introducing you to the subject through this very well written article 
by Ben Best. 
 
Unfortunately some of the original supporting diagrams have been lost, 
so the text is not as clear as in the original. 
 

VITRIFICATION IN NATURE 
 
Although most living organisms are composed of large amounts of water, 
it is not inevitable that freezing these organisms results in ice-formation. 
Among amphibians and insects that can tolerate freezing, there is wide 
variation in the amount of freezing they can tolerate. According to an 
article on the subject in the December 1990 issue of SCIENTIFIC 
AMERICAN ["Frozen and Alive", by Ken & Janet Storey], woolly bear 
caterpillars "may spend 10 months of the year frozen solid at 
temperatures that descend to -50 ºC". (In a personal communication to me 
Dr. Ken Storey has since questioned that any species in nature can 
survive total freezing.)  
Species of frogs can spend days or weeks "with as much as 65 percent of 
their total body water as ice". Some amphibians achieve their protection 
due to the glycerol manufactured by their livers. Glycerol is "antifreeze", 
it reduces ice formation and lowers freezing point. Such substances are 
called "cryoprotectants". The sugar glucose is also a cryoprotectant -- and 
arctic frogs have a special form of insulin that accelerates glucose release 
and absorption into cells as temperatures approach freezing. A 
cryoprotectant can make water harden like glass -- with no crystal 
formation -- a process called vitrification. Freezing-damage to cells is 
due to the formation of ice-crystals.  
Insects most often use sugars for cryoprotectant. Adult arctic beetles 
(Pterostichus brevicornis) normally endure temperatures below -35ºC. 
These beetles have been frozen in the laboratory to -87ºC for 5 hours 
without apparent injury, ie, they demonstrated "directed, coordinated 
activity such as walking, feeding, and avoidance response, and no 
paralysis or erratic behaviour..." [SCIENCE 166:106-7 (1-OCT-69)]. (A 
replication of this experiment would be of value to confirm or challenge 
the results.) This would seem to indicate that neurological tissue can, in 
principle, recover in a functional way from vitrification. The glycerol, 
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sugars, and other cryoprotectants which are produced naturally in these 
organisms, are not found in levels that adequately explain (with current 
knowledge of cryobiology) the remarkable freezing-tolerance. 
Experiments with cryoprotectants in mammals in the laboratory still 
produce results far inferior to those observed in nature in frogs and 
insects.  
 

THE PHYSICAL CHEMISTRY OF VITRIFICATION 
 
Water is not very viscous, therefore it can be vitrified only by an 
extremely rapid "flash-freezing" of a small sample. Under such rapid 
cooling, water molecules don't have time to arrange themselves into a 
crystalline lattice structure. Viscosity increases very little when water is 
cooled, but at freezing temperature a sudden phase transition occurs to an 
ice crystal. Molten silica (silicon dioxide, SiO2, liquid glass), by contrast, 
is very viscous. This viscosity is the result of the tendency of silica to 
form amorphous networks of polymers rather than to arrange in an 
orderly crystal lattice.  
Quartz (rock crystal) is an example of SiO2 as pure crystal. SiO2 which 
has been made to exist in noncrystalline form is called vitreous silica 
(fused silica). Oxides can be added to prevent crystallization and promote 
vitrification. About 90% of all manufactured glass (called soda-lime 
glass) contains about 12% each of Na2O and CaO added to the SiO2. The 
soda and lime are thus analogous to cryoprotectants in preventing 
crystallization.  
By cooling silica very slowly it is possible to form rock crystal, having 
very high density and low volume. By cooling faster, silica will pass 
below its freezing temperature ("supercool") and vitrify at some glass 
transition temperature (Tg). Viscosity increases rapidly near Tg, but over a 
small temperature range rather than at a precise temperature (in contrast 
to fusion [the transition from liquid to solid], which occurs at a precise 
temperature). The change that happens at Tg is simply a rapid increase in 
viscosity, not a change of state. Moreover, Tg is a function of cooling-
rate. A faster cooling-rate results in Tg at a higher temperature leading to 
a solid that has a high volume (lower density), is more amorphous and 
less viscous. A slower cooling-rate results in Tg at a lower temperature 
leading to a solid that has a low volume (higher density), is less 
amorphous and is more viscous.  
But volume continues to decrease and viscosity continues to increase 
below Tg. The change at Tg is quantitative, not qualitative (in contrast to 
crystallization). Because cooling occurs from outside to inside, overly 
rapid cooling creates stress when the warmer core needs to contract more 
than the cooler surface. This may be the reason why slow cooling reduces 
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cracking. At Tg there is a sudden increase in viscosity (usually many 
orders of magnitude), but there is no comparable sudden decrease in 
volume. In fact, Tg is characterized as a temperature-range where the rate 
of decrease of volume decreases, although volume does continue to 
decrease (and viscosity continues to increase) linearly below Tg. Tg could 
be a temperature critical to cracking because the sudden increase in 
viscosity would be likely to affect heat conduction as well as stress.  
Even if crystallization has been minimized by rapid cooling, it may occur 
in the process of slow re-warming. This phenomenon (sometimes called 
"recrystallization") has posed more problems in the attempt to vitrify 
organs than has the initial cooling process.  
Sugar, like silica, can form a crystal (rock candy) or a glass (lollipop) 
depending on the rate of cooling. Like molten glass, liquid sugar is very 
viscous and prone to formation of amorphous polymers. In silica the 
polymerization bonds tend to be of a "mixed" covalent-ionic type, 
whereas for sugar the polymerization is assisted by weaker forces (van 
der Waals or hydrogen bonding). In neither case do these bonds have the 
defined bond-lengths and bond-angles of covalent bonds. Glycerol/water 
in the human body is more like sugar than like silica. But the situation is 
complicated by the presence of many salts, proteins, fats, etc.  
If rapid cooling causes vitrification, it seems plausible that rapid 
application of pressure could do the same thing -- at above Tg for rapid-
cooling. Since Tg is a function of cooling rate, there is no reason why it 
could not also be a function of pressure-application rate -- or some 
combination of the two (plus cryoprotectant). It is known that pressure 
distorts the ice I lattice from its ideal tetrahedral orientation, and this 
could be important in preventing nucleation.  
In practice, vitrification can be assisted by substances other than 
cryoprotective agents. Carrier solutions can reduce the amount of 
cryoprotectant needed to vitrify. The carrier solution described in 
CRYOBIOLOGY 27:492-510 (1990) is a mixture of salts, dextrose and 
glutathione, and is based on the so-called RPS-2 solution used for storing 
rabbit kidneys. A carrier solution will substitute for water, but only in a 2-
5% range. The carrier solution effect is largely colligative -- ie, molecules 
getting in the way of water molecules which might otherwise form ice. A 
good carrier solution will be non-toxic, and by reducing the amount of 
cryoprotectant needed to vitrify will reduce toxicity from cryoprotectant.  
 

ICE BLOCKERS 
 

The other source of assistance for vitrification comes from ice blockers. 
While cryoprotectants slow ice-crystal growth and formation, ice 
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blockers act specifically against the formation of the ice-nuclei which are 
necessary for freezing to begin.  
Although the melting temperature of water is 0ºC, water that is absolutely 
pure will not freeze above -40ºC because water requires nucleating agents 
to begin crystal growth. Tapwater has enough nucleating agents that ice 
trays in refrigerators can freeze water at close to 0ºC. Water with small 
amounts of nucleating agents can be supercooled, but once ice crystals 
begin forming they spread with explosive speed.  
The temperature at which pure water will freeze is called the homogenous 
nucleation temperature (Th) -- in contrast to Tm, which is the melting 
temperature (0ºC). The temperatures between Th and Tm are the region of 
heterogenous nucleation -- where the rate of ice formation is a function of 
time and nucleating agent concentration.  
Heterogenous nucleation takes its name from the fact that the nucleus 
around which ice crystal growth occurs is composed of both water 
molecules and other kinds of molecules. Conversely, in homogenous 
nucleation the only molecule found in the crystal nucleus is water. At 
temperatures close to -40ºC in the sky (in polar regions and above 30,000 
feet), homogenous nucleation occurs whenever there is a sufficient 
concentration of water vapor. Volcanic dust, silver iodide and other tiny 
particles in the air are most effective heterogenous nucleators in the -12ºC 
to -25ºC temperature range.  
The critical size for a homogenous nucleus to begin ice crystal growth is 
45,000 water molecules at -5ºC and only 70 molecules at -40ºC. Below 
the critical size spontaneous dissolution of the ice nuclei will occur due to 
solubility. Thus, the temperature of homogenous nucleation is a function 
of sample volume and of time. But the function is an exponential one, 
with nucleation decreasing so rapidly above -40ºC that it is rarely seen 
more than a few degrees above -40ºC [CRYOBIOLOGY 41:257-279 
(2000)].  
Higher pressures lower Th and elevate Tm [CRYOBIOLOGY 21:407-426 
(1984)]. Increasing cryoprotectant concentrations lower both Th and Tm, 
but the effect is more dramatic on Th than on Tm. Enough cryoprotectant 
to lower Tm by 30ºC will lower Th to the glass transition temperature (Tg) 
-- thereby eliminating homogenous nucleation. Using ice-blockers to 
prevent heterogenous nucleation creates the possibility of eliminating 
nucleation (ice formation) altogether -- and achieving vitrification at 
roughly 55% cryoprotectant concentration.  
Another phenomenon which needs to be addressed in attempting tissue 
cryopreservation. namely, that maximum nucleation occurs just above Tg 
and that maximum ice-crystal growth-rate occurs just below Tm. The 
significance of these facts is that it is much easier to avoid ice-crystal 
formation when cooling (vitrifying) than when re-warming (de-
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vitrifying). This is called "the devitrification problem". Before the use of 
ice-blockers it was believed that only radio-frequency rewarming 
technology could possibly achieve rewarming rates rapid enough to avoid 
ice-crystal formation upon devitrification.  
 
Ice crystals can grow along six symmetric axes -- the a-axes, all six axes 
in the same plane -- or the c-axis, which is perpendicular to the plane of 
the six a-axes. Ice crystal growth at higher temperatures typically occurs 
along the a-axes, which accounts for the familiar hexagonal shape of 
snowflakes. Ice blockers can act by three mechanisms: (1) bind-to and 
inactivate heterogenous nucleating substances, (2) block a-axis growth or, 
(3) block c-axis growth.  Inhibition of a-axis growth by anti-freeze 
proteins is typically found in arctic fish. Arctic insects, by contrast, 
typically have anti-freeze proteins that inhibit c-axis growth. In anti-
freeze proteins, amino acids such as threonine & serine hydrogen-bond to 
the ice. [CRYOBIOLOGY 41:257-279 (2000)]  
Not all ice-blockers are proteins. In fact,  21st Century Medicine (21CM) 
researchers have discovered that the polymer polyvinyl alcohol 
(commonly found in adhesives such as Elmer's glue & postage-stamp 
glue) is an extremely effective ice-blocker if used in the syndiotactic 
stereochemical form. In the isotactic stereochemical form, the hydroxyl 
groups are all on the same side of the molecule, whereas in the 
syndiotactic stereochemical form, the hydroxyl groups are on alternate 
sides of the molecule.  
           OH                    OH                    OH            
            |                         |                         |              
 -CH2-C-CH2-C-CH2-C-CH2-C-CH2-C-CH2-C-  (POLYVINYL 
ALCOHOL)  
                         |                         |                        |  
                        OH                    OH                    OH  
Polyvinyl alcohol in the syndiotactic stereochemical form is an excellent 
fit -- size & conformation -- for attaching to an ice-crystal surface. Every 
hydroxyl group of the polyvinyl alcohol will hydrogen-bond to a water 
molecule. The polyvinyl alcohol molecules adhere to ice crystals 
(preventing growth) at temperatures as high as -30ºC, above which 
temperature separation begins to occur and ice-blocking activity 
diminishes. Polyvinyl alcohol is most effective against c-axis growth -- 
and most effective in the temperature range of maximum nucleation.  
21st Century Medicine researchers have produced a patented co-polymer 
(mixture of polymers) consisting of 20% vinyl acetate and 80% vinyl 
alcohol which they now sell as the commercial product Supercool X1000. 
It is believed that the vinyl acetate reduces self-association of the vinyl 
alcohol, making the latter more available for ice-blocking 

http://www.21cm.com/
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[CRYOBIOLOGY 20:228-236 (2000)]. A 0.01% solution of X1000 can 
reduce the amount of glycerol needed to vitrify by 3%. A 1% solution of 
X1000 can reduce the amount of glycerol needed to vitrify by 5%. 
Concentrations of X1000 greater than 1% do not provide much additional 
benefit.  
Although these percentage differences may seem small, the benefits from 
ice-blockers are actually very great. Toxicity increases exponentially as 
the cryoprotectant concentrations reach the high levels needed to vitrify. 
Of particular relevance to cryonics, however, is the fact that 
cryoprotectants become too viscous to perfuse well at high 
concentrations, whereas ice blockers add little to viscosity. Thus, ice-
blocker plus cryoprotectant can produce a solution that can both perfuse 
and vitrify.  
As a cautionary note, it should be mentioned that use of ice-blocker 
without sufficient cryoprotectant (or rapid-enough cooling) to cause 
vitrification can result in ice formation that is more damaging than the ice 
that would have formed at a higher temperature if no ice-blocker had 
been used. Ice-formation at higher temperature tends to be extracellular -- 
and dehydrates the cells. At lower temperature osmosis is less active. So 
if ice-blockers simply result in ice formation at a lower temperature, the 
ice that forms at those temperatures is more likely to be inside the cells, 
thus causing greater damage. 
 

VITRIFICATION OF CELLS & TISSUES 
 
In 1949 it was discovered that glycerol can be used to protect bull sperm 
against freezing injury. A year later, the same techniques were 
successfully applied to red blood cells. Since that time large industries 
have developed around the cryopreservation of bull sperm and human 
blood.  
In 1959 the substance DiMethyl SulfOxide (DMSO) was demonstrated to 
be useful as a cryoprotectant. DMSO passes through cell membranes 
more readily than glycerol, but it can be more toxic at higher 
temperatures. In 1972, 8-cell mouse embryos were cryopreserved to 
liquid nitrogen temperature and rewarmed to obtain live mice, thanks to 
slow cooling and skillful combination of DMSO with glycerol. Glycerol 
is introduced first, the embryo is cooled to a low temperature, and then 
the highly permeant DMSO can be introduced with minimal toxic effect.  
In 1983 a human pregnancy was first established by Trounson & Mohr 
using an 8-cell human embryo, which had been cryopreserved to liquid 
nitrogen temperature using gradually increasing concentrations of DMSO 
-- giving time for equilibration to prevent osmotic damage (PBI 10 
minutes, 0.25M DMSO 10 minutes, 0.5M DMSO 10 minutes, 1.0M 
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DMSO 10 minutes, 1.5M DMSO 10 minutes) [FERTILITY AND 
STERILITY 46(1):1-12 (1986)].  
Since 1983 human embryos have been cryopreserved with not only 
DMSO, but with glycerol and propylene glycol. The best embryo survival 
rates are with those at the 2-cell to 4-cell stage of development. No one 
knows exactly how many human embryos are now being cryopreserved 
worldwide, but it is at least a million. And the number of living children 
who were once embryos at liquid nitrogen temperature is in the tens of 
thousands. (For an online review of human embryo cryopreservation 
technology see Human Oocyte and Embryo Cryopreservation.)  
Cryopreservation of tissues & organs is much more difficult than 
cryopreservation of small collections of cells. Time is required for 
cryoprotectant to permeate an organ and also for temperature to penetrate. 
Tissue is subject to degradation if there is no blood circulation even if the 
temperature is very low, yet a very low temperature will slow the rate of 
cryoprotectant perfusion. Moreover, organs can be damaged by even 
extremely small amounts of ice formation due to the critical cell-to-cell 
relationships which must be maintained for proper function. Even so, 
cryoprotectants have been used to preserve bone marrow, fetal hearts, 
intestines, parathyroid glands, skin, spleens, thymus glands, etc., which 
have been slowly cooled to dry ice temperature (-79ºC) -- all without ice 
crystal damage.  
Over 50% of nematode worm (C. elegans) larvae and about 3% of adult 
nematodes can survive cooling to liquid nitrogen temperature. The 
required protocol is pre-treatment with 5% DMSO at 0ºC for 10 minutes, 
cooling from 0ºC to -100ºC at 0.2ºC/minute, being plunged into liquid 
nitrogen (-196ºC) and ultimately rewarming to -10ºC at a rate of 
27.6ºC/minute. [CRYOBIOLOGY 12:497-505 (1975)]. This is 
particularly noteworthy insofar as nematodes are fully functioning 
organisms with a digestive system, reproductive organs, muscles and a 
nervous system consisting of approximately 300 neurons.  
In an organ with such high water & fat content as the brain, proper 
perfusion to protect the very delicate cell-to-cell relationships (synaptic 
connections) would be expected to be especially difficult to achieve. It 
has been known since the 1950s, however, that brains have a certain 
tolerance for ice crystallization. Audrey Smith [PROC. ROYAL 
SOCIETY B 145:427-442 (1956) and BIOLOGICAL EFFECTS OF 
FREEZING AND SUPERCOOLING, A.U.Smith, Ed., p.304-368] 
demonstrated that hamsters could be slowly cooled to nearly -1ºC such 
that over 60% of brain water is turned to crystalline ice -- with no gross 
loss of normal behaviour upon rewarming. The mechanism of this effect 
is based on the fact that intracellular ice crystallization & elevated 
intracellular salt concentrations causes the greatest damage. When tissues 

http://www.ivf.com/boston.html


 29

are cooled slowly, extracellular crystallization starts first -- and water 
tends to migrate out of cells to freeze in the extracellular space. If the 
intracellular electrolyte concentrations increase, it is evidently not enough 
to cause observable neurological damage at the 60% level.  
Crystallization is not an inevitable consequence of water cooling, 
however. A 68% v/v (volume/volume) glycerol/water solution will not 
crystallize at any subzero temperature -- it simply hardens like glass. But 
concentrations of glycerol greater than 50% v/v are too viscous & toxic 
for cryonics use. However, most tissues can tolerate having over 80% of 
the water in the form of ice crystals upon slow cooling without noticeable 
damage upon re-warming. Most organs can tolerate 40% of water as ice 
crystals without damage upon re-warming. As mentioned above, the brain 
is an especially ice-crystal tolerant organ, insofar as 60% water as ice-
crystals causes little gross damage.  
The experiments of I.Suda [NATURE 212:268-270 (1966) and BRAIN 
RESEARCH 70:527-531 (1974)] indicate that cat brains cooled to -20ºC 
in 15% v/v glycerol (62% brain water as ice) for 777 days and 7.25 years, 
both show normal-looking EEG patterns upon re-warming -- although 
neurological activity is less for the 7.25-year brains. Haemorrhaging and 
cell loss of these specimens probably could have been prevented using 
several measures: (1) addition of glucose (nutrient) to the perfusion fluid, 
(2) careful washing of glycerol from the brains as part to the 
thawing/reperfusion process and (3) storing the brains at lower 
temperatures with higher glycerol concentrations.  
According to an excellent paper describing vitrification (cryoprotectant) 
solutions [CRYOBIOLOGY 24:196-213 (1987)], the quantity of glycerol 
(C), in % v/v, required to prevent mechanical injury from ice at any 
subzero temperature is:  
                                                         C = 68 - 0.68P  
where "P" is the percentage of liquid volume of an organ which can be 
converted to ice without crystal-damage. This formula is the equation of 
the line in Figure 3 of the paper. It is related to the fact that a mixture of 
68% glycerol and 32% water (volume/volume) will vitrify completely.  
Using the finding that at least 60% of the brain can be frozen without 
neurological damage, gives:  
                                             C = 68 - 0.68(60) = 27.2  
ie, 27.2% v/v glycerol (3.72 Molar) should be sufficient to prevent ice-
crystal damage to brains cooled to any subzero temperature (including 
liquid nitrogen temperature, -196ºC). In fact, rabbit brains perfused at 
room temperature with 23% v/v glycerol (3 Molar) and cooled to dry ice 
temperature (-79ºC) show excellent histological preservation under a light 
microscope [CRYOBIOLOGY 21:704 (1984)]. For years cryonicists 
believed that "the Smith Criterion" of a minimum of 3.72 Molar glycerol 
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concentration might be adequate to prevent freezing damage in cryonics 
patients.  
In the December 1991 issue of CRYONICS magazine, a cryobiologist 
described the results of an experiment with a single rabbit brain perfused 
at room temperature with 3.72 Molar glycerol, cooled to -130ºC, cut into 
slabs, and the resulting slabs stored at -78ºC for many months before 
examination under an electron microscope. He states: "...the pattern of ice 
formation seems to be potentially quite damaging. Everywhere one looks, 
thick sheets of ice are found stabbing their way through brain tissue with 
apparent abandon."  
But if this is true, how can we explain the complete neurological recovery 
of Audrey Smith's hamsters, 60% of whose brain water had been ice. 
When asked this question, the cryobiologist could give no answer. He 
also wrote, "Biochemically, all functions measured to date have always 
survived freezing and thawing, even under poor circumstances, again in 
possible disagreement with the poor electron microscope (EM) results. 
Hence, the reality of the EM results and the possibility of artifacts in 
these results have been in question for some time." He goes-on to say, "It 
is almost miraculous how well the tissue organization re-establishes itself 
in general after thawing, even in areas where gaps are present. However, 
the likelihood of extensive damage existing below the level of resolution 
of the light microscope, but all too visible in the electron microscope, 
appears high."  
Although a certain caution should be taken in accepting the results of a 
single preparation of a rabbit brain by a single experimenter, the 
cryobiologist's observations are not entirely inconsistent with those of 
Audrey Smith. As expected, the observed freezing was extracellular, 
rather than intracellular. But the damage seen not only seems inconsistent 
with the complete neurological recovery of Audrey Smith's hamsters, it 
also seems inconsistent with the finding that even without 
cryoprotectants, 80% of synapses in whole brain tissues cooled to -70ºC 
retain the metabolic properties of fresh brain biopsy synapses 
["Metabolically Active Synaptosomes can be Prepared from Frozen Rat 
and Human Brain", JOURNAL OF NEUROCHEMISTRY 40:608-614 
(1983)]. Could it be that the glycerol cryoprotectant contributes to 
extracellular damage in some way? In any case, concentrations of 
glycerol above 3.72 Molar (27.2%v/v) glycerol are not difficult to 
achieve in cryonics. Cryonicists are typically more concerned with 
eliminating structural damage than in loss of viability due to 
cryoprotectant toxicity, since replacing denatured enzymes does not seem 
like an overly challenging task for future technology. Unfortunately, 
however, at high concentrations the glycerol perfuses poorly into cells 
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and, in fact, osmotically draws water out of cells -- resulting in 
dehydration.  
 

VITRIFICATION OF ORGANS & CRYONICS PATIENTS 
 
Although glycerol has been used for years in cryonics, other 
cryoprotectants (such as methoxlylated compounds -- ie, CPAs [cryo-
protective agents]] in which a methyl (-CH3) group is added to an alcohol 
to make an ether) now being considered are less toxic and more 
penetrating. Aside from osmotic effects, however, glycerol is probably 
the CPA which damages cell membranes the least, compared to DMSO, 
ethylene glycol, propylene glycol or methoxylated compounds -- since 
these other compounds are more likely to have a dissolving effect. 
Glycerol is, however, biochemically toxic (denaturing one or more 
enzymes) because kidney tissue cannot be subjected to more than 3-4 
molar glycerol without loss of viability.  
Methoxylated compound toxicity may be similar to ethylene glycol, the 
(nonmethoxylated) cryoprotective agent commonly used as automobile 
antifreeze and occasionally proposed for use in cryonics. Human sperm 
membrane, for example, is 4 times more permeable to ethylene glycol 
than to glycerol. And the membrane transport of ethylene glycol is less 
affected by temperature than is glycerol  [HUMAN REPRODUCTION 
12(1):112-118 (1997)].  
Ethylene glycol is toxic at  38ºC due to metabolism to oxalic acid by 
alcohol dehydrogenase in the liver. The oxalic acid can precipitate as 
calcium oxalate crystals in the brain, heart, kidney, lung and pancreas 
causing hypocalcemia -- with the greatest damage being seen in the 
kidney (see PRINCIPLES OF INTERNAL MEDICINE by Harrison). 
Methoxylated compounds can have similar toxicity to that of an 
unesterified glycol (glycol = alcohol with two hydroxyl groups) like 
ethylene glycol because they are easily hydrolyzed. But glycol ethers can 
have other toxic effects, such as hemolysis and chromosome damage (see 
Casarett & Doull's TOXICOLOGY). It is doubtful, however, that many 
of these toxic effects would be seen during the application of a cryonics 
protocol -- with the blood being washed-out thereby preventing liver 
metabolites from reaching other cells. Moreover, ethylene glycol is of 
variable toxicity -- found to be nontoxic for cow embryos, for 
example [HUMAN REPRODUCTION 12(1):112-118 (1997)].  
21st Century Medicine (21CM) researchers have had their best results 
from using combinations of cryoprotectants for good vitrification with 
least toxicity. For example, Dr. Fahy found that DMSO greatly reduces 
the toxicity of formamide (although the reason for this effect is still a 
mystery). Dr. Fahy's most effective and least toxic vitrification solution 

http://www.21cm.com/
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for nearly a decade was "VS4" (Vitrification Solution 4), composed of 
DMSO, formamide, propylene glycol and a colloid 
[TRANSPLANTATION 70(1):51-57 (2000)]. When propylene glycol 
was replaced with a methoxylated compound, the resulting viability was 
slightly superior to that seen with the original vitrification solution 
(although this result was not statistically significant, and was not 
replicated).  
These results suggest that the advantages of methoxylated compounds are 
likely only to be seen by combining them with other cryoprotectants and 
by introducing them at lower temperatures.  
Although -46ºC is not sufficiently low a temperature for long-term 
storage, tissue-slice experiments suggest that little or no further damage 
would be caused by cooling down to "storage temperature" (-100ºC to -
196ºC). The major challenge posed by taking organs to low temperature 
is that of preventing ice-formation on rewarming. This could only be 
possible with warming rates that would bring an organ from below -
100ºC to 0ºC in less than 20 seconds (300ºC/minute). There is evidence 
that radiofrequency rewarming (analogous to microwave warming) may 
fulfill this requirement. And hydrophobic additives like n-propanol and 
methyl-1,2-propanediol can reduce the required rewarming rate needed to 
prevent ice formation.  
Cooling of cryonics patients between 0ºC and -80ºC should be done at a 
rate in the neighborhood of just below 1ºC per minute if a pure 
vitrification solution is not used (the Cryonics Institute under "ideal" 
circumstances has glycerol concentrations of about 26% in tissue). 
Slower cooling would allow too much time for damage from solution 
effects -- in addition to raising Tg. But faster than 1ºC/minute would also 
be harmful because it would allow for intracellular freezing. Extracellular 
freezing is less damaging to tissue -- and if cooling is not too rapid water 
normally freezes in the extracellular space because water will osmotically 
be drawn outside of cells.  
The 1ºC/minute limit would not apply to a cryonics patient containing 
enough vitrifying cryoprotectant to prevent freezing. For a vitrifying 
solution in a cryonics patient, above Tg the faster that cooling can be 
done, the better (so as to reduce the time when hydrolysis and other 
damaging solution effects can operate). Slow cooling of a cryonics 
patient containing a fully vitrifying cryoprotectant plus ice-blocker is 
actually more damaging than if the patient only had a dilute solution of 
glycerol as cryoprotectant, because the slower the cooling the greater the 
chance of ice formation and because the ice which would form would be 
extracellular rather than intracellular.  
Near Tg, slower cooling rates are advisable to prevent surface fracturing. 
A description of the physical problems in vitrifying large biological 

http://www.cryonics.org/
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systems can be found in CRYOBIOLOGY 27:492-510 (1990). Propylene 
glycol -- which has a Tg 10-20ºC above that of glycerol -- is the 
cryoprotectant described in this paper. The lower the temperature below 
Tg at which fracturing occurs, the more extensive is the fracturing and the 
more finely-divided are the fractures.  
For cryonics procedures in which a high level of vitrification is achieved 
(as in Alcor neuro cases) the ideal storage temperature would be not 
much below Tg (about -130ºC) rather than liquid nitrogen temperature. 
Objects the size of a human head cannot easily be taken more than 20ºC 
below Tg without major cracking. The natural tendency of the material to 
contract in volume with lowered temperature is countered by the 
(hydrogen?) bonds formed at higher temperatures -- resulting in internal 
stresses that build until cracking occurs. This is as true for a head-sized 
vitreous mass of propylene glycol as for a vitrified head. Unfortunately, 
storage at -130ºC costs at least ten times more than storage at -196ºC 
(liquid nitrogen temperature) due to the inexpensiveness of liquid 
nitrogen and the convenience of thermos-bottle-type dewars.  
Eventually, rewarming and devitrification will be attempted for cryonics 
patients, just as it is done for human embryos and other cryopreserved 
tissues. It is actually more difficult to prevent ice formation during 
rewarming than during cooling, because any ice that has formed will be a 
readily available nucleator. The key to success lies in rewarming that is 
rapid enough to bypass too much nucleation.  
To see a report on research at 21st Century Medicine, consult my paper A 
Summary of the First 21CM Seminars .  
For more recent research see The Hippocampal Slice Cryopreservation 
Project .  
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Perfusate & Vehicle Solution. 
Developed by Dr Pichugin CI. 

 
All solutions must be filtered after they have been mixed 

 
For convenience it is strongly advised to premix washout and perfusate 
solutions in the workshop. Unlike medications, the storage time measured 
is years if sterile. 
 
Ingredients required to make perfusate & Vehicle Solution. 
 
1* box of dry mix (the various components are marked). 
 
30 litres of distilled water (this includes water required to make Vehicle 
solution). 
 
25 litres Glycerol. 
 
13.5 Vehicle solution (to be made up) 
 
Washout solution 
 
Simply mix the contents in the two bags marked washout ingredients 
with 10 litres of distilled water. 
 
Buffer solution, 
 
Dissolve all of the contents labeled potassium hydroxide (two packets) 
in 80m1 of distilled water. (This will produce some heat when it is 
dissolving.) 
 
Add to each litre of washout 15 drops of concentrated potassium 
hydroxide buffer solution. (A dropper is supplied in the perfusate kit 
measure out in a separate container to avoid loosing count). 
 
Vehicle Solution 
 
Before making the perfusate you will need to make a vehicle solution to 
assist the perfusion. 
 
Use 250ml of vehicle solution in each liter of perfusate. To make the 
vehicle solution, simply mix the contents from the bag marked vehicle 
solution ingredients with 2 and one half litres of distilled water. 
 
There are six bags of vehicle solution ingredients. Each bag will make 
enough vehicle solution for 10 litres of perfusate. Once the vehicle 
solution is mixed up you are ready to make the perfusate. 
 
 
 



 35

Mixing perfusate  
 
Listed are the amounts of vehicle solution, distilled water, and glycerin 
that will be required to make one litre of perfusate for each concentration 
below. 
 
10% perfusate is made of 250m1 vehicle solution, lOOml glycerin, and 
650ml distilled water = total for 10 litres = 2.5 litres Vehicle solution, 1 
litre glycerin, 6.5 litres distilled water. 
 
20% perfusate is made of 250m1 vehicle solution, 200m1 glycerin, and 
550m1 distilled water = total for 10 litres = 2.5 litres vehicle solution, 2 
litres glycerin, 5.5 litres distilled water. 
 
40% perfusate is made of 250m1 vehicle solution, 400m1 glycerin, and 
350m1 distilled water = total for 10 litres = 2.5 liters vehicle solution, 4 
litres glycerin, 3.5 litres distilled water. 
 
75% perfusate is made of 250ml vehicle solution and 750m1 glycerin.= 
total for 24 litres = 6 litres vehicle solution, 18 litres glycerin. 
 
You will need to add 15 drops of the concentrated buffer solution to 
each litre of perfusate as well (mesure into a separatecontainer to avoid 
miscounting)  
. 
Funeral Directors using embalmer’s pump are instructed to use, 5 litres of 
10% perfusate, 5 litres of 20% perfusate, 8 litres of 40% perfusate, and 12 
litres of 75% perfusate for a patient up to 200lbs (the reason for having 
two of everything in dry mix package) 
 
Where closed circuit perfusion is used it is recommended to double this 
amount to compensate for added fluid uptake and to avoid the possibility 
of air getting into the circuit. 
 
If the mixes are correct, there should be ready to transport: 
 
10 litres washout 
10 litres 10% perfusate 
10 litres 20% perfusate 
10 litres 40% perfusate 
24 litres 75% perfusate 
 
Fluids should be used at 5c or 41f so it is recommended that the perfusate 
containers be placed in the ice keeper so they are ready for use as soon as 
the ice is emptied for cool down.  
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How Cold Is Cold Enough? 
 

Adapted from Hugh Hixon 
 

Why don’t you store people: (pick one) 
In your freezer at home? 

In a low temperature laboratory freezer? 
In the permafrost in Alaska? 

On the Greenland icecap? 
On the Antarctic icecap? 

In Siberia? 
Packed in dry ice? 

Other? 
 

After all, it’s really cold there, and all this fooling around with liquid 
nitrogen seems like a lot of unnecessary hassle.  And besides, it’s 
(free/costs less). 
Misapprehensions concerning why we use liquid nitrogen for cryonic 
storage fall into roughly three classes: 
(1) Economic considerations; 
(2) Legitimate bafflement caused by the use of a simple arithmetic 
temperature scale where a more complex scale is much more appropriate; 
(3) Disnumeria, or disability to deal with numbers. 
This may range from reluctance to use a calculator to inability to count 
above five, because you need the other hand for counting.  The 
temperature scale for people so afflicted goes something like: -very hot-
hot-warm-comfortable-cool-cold-very cold- freezing.  I will attempt to 
answer 2) and 3) together, with an explanation and examples, and then 
treat the economic aspect in a short afterwards. 
For a suspension patient, the object of cryonics is to arrest time. It is 
never possible to do this completely, but as we will see, our best is 
remarkably good.  We cannot affect nuclear processes, such as 
radioactive decay, but for the period of time we are concerned with, 
radioactivity and its attendant problems are largely irrelevant.  Our 
primary focus is on chemical processes.  The human body is a dynamic 
structure, with creation and destruction of the chemical compounds 
essential to life going on in it simultaneously and continually.  A good 
analogy would be a powered airplane, lifted by the efforts of its engines 
and pulled down by gravity.  
 
When the engine quits, sooner or later you’re going to get to the bottom.  
When we die, only the destructive functions remain. Fortunately, these 
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are all chemical processes, and proceed in such a fashion that they are 
well described by the Arrhenius equation. 
STOP!!!  DO NOT GO INTO SHOCK OR ADVANCE THE PAGE!!!  
The elements of the Arrhenius equation have familiar counterparts that 
you see every day, and while it cranks out numbers beyond the 
comprehension of even your Member of Parliament, beyond a certain 
point they are either so large or so small that we can safely ignore them. 
To continue, The Arrhenius equation takes the form: 
k = A exp(-E/RT) 
where k is the rate of a given chemical reaction, A is a fudge factor to 
make the numbers come out right, exp is the symbol for a particular 
arithmetic operation, like +, -, X, or /. 
E is the Energy of Activation of the reaction, like the push it takes to start 
a car when the battery is dead.  Small for VW’s, large for Cadillacs. R is 
the Ideal Gas Constant.Another fudge factor, but a well defined one, like 
a pound coin.  Here, its value is 1.9872 calories/degree-mole. 
T is the Absolute Temperature in degrees Kelvin (K). Which is just the 
Celsius (centigrade) temperature plus 273.16.  I should remark that the 
Absolute Temperature Scale is a rather arbitrary definition of a real 
property, and that R is used to make things come out right. 
To summarize, E is what we’re stuck with for the reaction, and k is the 
reaction rate at any given Temperature. 
By itself, k isn’t very useful so I will relate it to itself at some other 
temperature.   For the purposes of this article, I will pick two 
temperatures, 77.36*K and 37*C.  These are, of course, liquid nitrogen 
temperature and normal body temperature, respectively. 
Dividing the rate at some given temperature by the rate at liquid nitrogen 
temperature will give ratios which will have some meaning.  At the given 
temperature, chemical reactions will occur so many times faster or slower 
than they would at liquid nitrogen temperature.  I will then invert the 
process and divide the rate ratio at 37*C by the rate ratio at the other 
temperatures, and say that if the reaction proceeds so far in one second at 
37*C, then it will take so many seconds, minutes, days, or years to 
proceed as far at some lower temperature. 
Now, if you’ll just close your eyes while I use this page to perform a 
simple algebraic manipulation: 
 
 
                                               A exp (-E/RT) 
 k[T]/k[77.36*K]    =          ---------------------- 
                                          A exp (-E/R(77.36*K)) 
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A is the same in both cases and cancels itself out.  The rest of the right 
side of the equation also contains several identical terms (E and R), and I 
will simplify it by rearranging, 
          k[T]/k[77.36*K] = exp(-E/R(1/T - 1/(77.36*K))) 
Now.  R is a constant and we will not worry ourselves more about it. E 
we will select later, and give reasons for doing so.  The rest of the 
equation, we will examine to understand its properties better. 
“exp” is the operation for an exponential function.  A familiar example of 
this is to take a number and add zeros to it, thus:  
50  500  5,000  50,000  500,000  5,000,000  50,000,000  etc.  
this is called exponentiating 10.  With the “exp” operation a similar thing 
occurs, but the number is not 10, but 2.17828..., a number with useful 
mathematical properties, but not of interest to us otherwise. 
The other important part of the equation is: 
             1                  1 
     -----  -  ----- 
              T              (77.36*K) 
where 
                    1 
-------------  = 0.0129265.. 
             (77.36*K) 
 
1/T is called a reciprocal function, and its particular property is that when 
T is larger than 1, 1/T is less than 1, and the larger T gets, the more 
slowly 1/T gets small.  It does not, however, ever become zero. 
Thus, the behaviour for 
 
            1/T - 0.0129265... 
 is that at high temperatures, it approaches the value -0.0129265.. closely, 
but at temperatures much below 77.36*K, it get larger fairly rapidly, and 
then extremely rapidly. 
Putting the equation back together again, we can predict that far above 
77.36*K, say at 37*C, the rate ratio will change relatively slowly, but that 
as the temperature drops, the rate ratio will change increasingly rapidly.  
That is, we will see that the change from 0*C to 20*C is about 2.4, the 
change from -100*C to -80*C is about 8.6, and the change from 200*C to 
-180*C (around liquid nitrogen temperature) is about 31,000. >From -
240*C to -220*C, the change is a factor of 227,000,000,000,000,000. As 
I mentioned at the beginning of this explanation, the temperature scale 
that we normally use can be very misleading. 
Somewhere in the distant past, I was actually taught to do this kind of 
calculation with pencil, paper, a slide rule, and a book of tables.  But I 
have a computer now, and I’m going to give it a break from word 
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processing and let it go chase numbers.  Some of them were bigger than it 
was. 
One last question remains before I turn the computer loose.  What should 
my value for E, the Energy of Activation of the reaction be, or rather, 
since each chemical reaction has its own E, what reaction should I 
choose? 
I am going to be pessimistic, and choose the fastest known biological 
reaction, catalase.  I’m not going to get into detail, but the function of the 
enzyme catalase is protective.  Some of the chemical reactions that your 
body must use have extraordinarily poisonous by-products, and the 
function of catalase is to destroy one of the worst of them.  The value for 
its E is 7,000 calories per mole-degree Kelvin.  It is sufficiently fast that 
when it is studied, the work is often done at about dry ice temperature. 
My friend Mike Darwin remarks that he once did this in a crude fashion 
and that even at dry ice temperature things get rather busy. Another 
reason to use it is that it’s one of the few I happen to have. E’s are not 
normally tabulated. 
 
Degrees Degrees                                     Rate relative         Time to equal 
Celsius  Kelvin  1/T       Exponent  to LN2 (77.36*K)        1 sec. at 37*C      
Remarks 
37      310.16  . 0.003224 34.1773   696,614,000,000,000    1 second            
Body temp 
20      293.16    0.003411 33.5187   360,554,000,000,000   1.932 sec 
0        273.16    0.003660 32.6389   149,587,000,000,000   4.657 sec         
Water freezes 
- 20    253.16    0.003950 31.6201   54,007,100,000,000   12.898 sec 
- 40    233.16    0.004289 30.4266   16,372,000,000,000   42.55 sec 
- 60    213.16    0.004691 29.0091   3,967,220,000,000     2.926 min 
- 65    208.16    0.004804 28.6121   2,667,460,000,000     4.352 min       
 
Limit of  Simple mechanical freezers 
- 79.5  193.66  0.005164 27.3451     751,333,000,000       15.453 min               
 
Dry ice   
- 100   173.16  0.005775 25.1917       87,222,100,000         2.219 hours 
- 120   153.16   0.006529 22.5353       6,123,040,000          1.316 days 
- 128   145.16   0.006889 21.2678       1,723,820,000          4.676 days              
 
Freon boils 
- 140   133.16   0.007510 19.0810       193,534,000           41.66 days 
- 160   113.16   0.008837 14.4056         1,804,070            12.236 years 
- 164   109.16   0.009169 13.2649          576,591              38.27 years              
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Methane boils 
- 180     93.16   0.010734  7.7227             2,259            9.76 thousand years 
- 185.7  87.46   0.011434  5.2584             192.17          115 thousand years    
 
Argon  boils 
- 195.8  77.36   0.012926  0.0                     1                 22.07 million years      
 
Liquid nitrogen boils 
- 200     73.16   0.013669 -2.6141        0.07324             301.4 million years 
- 220     53.16   0.018811 -20.728    0.000000000995   22,185 trillion years 
- 240     33.16   0.030157 -60.694    0.<26 zeros>437   5.05 billion trillion 
trillion years 
- 252.8   20.36  0.049116 -127.48  0.       0.<55 zeros>43   Long enough      
Liquid hydrogen 
- 260      13.16   0.075988 -222.14  0.      0.<96 zeros>34   Even longer 
- 268.9    4.26    0.234741 -781.35  0       0.<339 zeros>46  Don’t worry                                     
Liquid helium                                                                                    about it    
___________________________________________________________ 
I had never specifically done this calculation before, and I confess that I 
was a bit startled by the size of some of the numbers. Enough to check 
my procedure fairly carefully. I am reasonably confident of the picture 
that they show. 
The first thing to notice about the table is that somewhere slightly below -
240*C, the computer gave up.  I did say that the equation goes rather fast 
at low temperatures.  The last three numbers in the “Rate relative... 
column I did by hand. You can see what the computer was attempting to 
do in the “exponent” column, trying to perform the “exp” operation.  As 
noted, the relative rate at liquid helium temperature would be about 0.0.... 
( eight and a quarter lines of zeros)....19.  The next thing to notice is that a 
reaction that would take one second at body temperature takes 22,000,000 
years at liquid nitrogen temperature.  This is clearly a case of extreme 
overkill, and seems to support advocates of storage at higher 
temperatures. 
However, note how fast things change as the temperature drops closer to 
77*K.  At dry ice temperature, “only” 115 degrees higher, 100 years is 
about equal to 39 days dead on the floor. Clearly unacceptable. 
So what is acceptable? Here is my opinion.  People have fully recovered 
after being dead on the floor for one hour, when the proper medical 
procedure was followed. [Note: This was based on some work by  
Dr.Blaine White, of Detroit, that was reported in the January 18, 1982 
issue of Medical World News.  It was not subsequently reproduced.  
However, the current record for drowning in ice water with subsequent 
resuscitation is now over one hour. -HH (1992)] There are reasonable 
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arguments to support the idea that brain deterioration is not significant 
until somewhere in the range of 12 to 24 hours, although changes in other 
organs of the body probably make revival impossible.  Say 12 hours at 
37*C is a limit.  How long can we have to expect to store suspension 
patients before they can be revived?  Again I guess.  Biochemistry is 
advancing very fast now, but I do not see reanimation as possible in less 
than 25 years, with 40-50 years being very likely.  If we cannot be 
reanimated in 100 years, then our civilization has somehow died, by bang 
or whimper, and probably neither liquid nitrogen, nor dry ice, nor even 
refrigeration may be available, and our plans and these calculations 
become irrelevant.  Let us set a maximum storage period of 100 years. 
Thus: In 100 years there are about 876,600 hours.  In 12 hours, there are 
43,200 seconds.  The temperature must be low enough that each 20 hours 
is equal to one second at 37*C. (The ratio is about 73,000 to 1).  From the 
table, the storage temperature should be no higher than -115*C.  Add to 
this additional burdens, all eating into your 12 hours: time between 
deanimation and discovery; time to get the transport team on location; 
transport time; time for perfusion; time to cool to the storage temperature. 
-115*C is for when things go right. 
There is one bright spot.  Below -100*C, the water in biological systems 
is finally all frozen, and molecules can’t move to react.  We use 
cryoprotectants that have the effect of preventing freezing, but 
somewhere around -135*C they all have glass transition points, becoming 
so viscous that molecules can’t move and undergo chemical change.  
While the table indicates that staying below -150*C is safe from a rate of 
reaction standpoint, in fact any temperature below -130*C to -135*C is 
probably safe due to elimination of translational molecular movement as 
a result of vitrification. 
Okay, you say, why not use a mechanical system to hold a temperature of 
-135*C?  First problem: They don’t hold a temperature.  They cycle 
between a switch-on temperature and a switch-off temperature.  This 
causes expansion and contraction, and mechanical stresses.  Cracking. 
We don’t know what is acceptable yet.  This problem can probably be 
eliminated by the application of sufficient money.  Second problem:  If 
the power goes, you start to warm up.  Immediately.  Emergency 
generator?  Sure, but you’ll need at least 8 kilowatts, and it has to reliably 
self-start within minutes, unattended.  Expensive.  Third problem: Have 
you priced a mechanical system?  $20,000 up front, and then you start 
paying the electric bill.  Small units like this are rather inefficient so the 
electric bill is not a minor consideration.  Fourth problem: Eventually, the 
system is going to die on you.  Next year.  Next month.  Next week. 
Tomorrow.  Read the warranty.  It doesn’t say a thing about a loaner 
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within five minutes.  Buy another one for backup.  You may get a deal for 
buying two at once. 
How about using some other compound with a boiling point above that of 
nitrogen?  With careful examination of the HANDBOOK OF 
CHEMISTRY AND PHYSICS I came up with 30 compounds with 
boiling points below -80*C.  When you eliminate the ones that boil above 
-115*C, the mildly poisonous ones, the very poisonous ones, the 
corrosive ones, the oxidizers, the explosively flammable ones and the 
very expensive ones, you’re left with nitrogen and the rather expensive 
ones.  To retain the rather expensive ones, you either need a mechanical 
system, with all the problems mentioned before except that you are much 
more tolerant to power-outs and breakdowns, or you use a liquid nitrogen 
condenser.  If you use a condenser, you may as well use liquid nitrogen 
directly and save the cost of the special gas and the condenser system. 
How about moving to the arctic, and using the low temperatures there to 
assist the refrigeration?  This is a potentially good idea, but there are 
severe problems of cost and logistics.  It’s nice of you to volunteer to go 
up there, though. 
 
THAT IS why we use liquid nitrogen. 
   ------------------------------ 
As a footnote to all the above arguments, it is worth noting that CE in is 
in an unusually favourable position with respect to liquid nitrogen.  
 
Eastbourne is close to a major industrial centre, Crawley has BOC one of 
the largest producers of gas in the UK. 
 
This does not mean that we will always use LN2, but at this time it is the 
best we have. 
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Training 
 

 
Introduction 
 
Our Name is Cryonics Europe Ltd but the research is done through our 
Charity  H.O.P.R.T= HUMAN ORGAN PRESERVATION RESEARCH 
TRUST  
 
The name H.O.P.R.T was determined by the charities board because the 
name must reflect the activity of the organisation. 
 
We are active in the pursuit of improved suspension methods both in 
equipment and cryoprotectants. 
  
The reasons for regular meetings. 
 
(1) To meet like minded people 
(2) To learn about and practice standby. 
(3) To improve our state of readiness. 
(4) CI have been considered by some as a CHEAP LOW TECH 
COMPANY and the belief was cheap cannot be as good as the dearer 
cryonics companies. 
 
The differences are better explained on CRYONICS .ORG the CI web 
site but the perception is not true. 
 
We should in future blow our own trumpet and show we have the best 
stand by team outside the states. 
 
We should always conduct ourselves as the professionals we are. It is 
important not only to take pride in what we do but to demonstrate our 
commitment to relatives, the medical professions and the public at all 
times. 
 
The truth is we all have a great deal to learn before the perfect suspension 
can be done but we can do much now that should make our future 
possible. 
 
We in cryonics know although we are legally dead we may one day be 
repaired and if future technology can repair us we can not be dead but 
very ill awaiting for technology to catch up (Our storage is our ambulance 
to the future). 
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Thousands of people are happily walking around with organs that came 
from dead people, so if the person was completely dead why do their 
organs work? 
 
We have developed good and impressive protocols, which we practice at 
Cryonics Europe (CE) and in turn it helps when dealing with other 
professionals, however many of our present procedures have a great deal 
in common with the skills of the undertaker and CI US has always used 
this skilled profession to help with a suspension (as we do in the UK). 
  
 There are many ways procedure can be improved in the UK, we have 
unique problems not experienced in the US. 
 
There will be a considerable time delay between death and arriving at the 
storage facility in MICHIGAN so we must do as much as we can over 
here. 
 
The problems are the same for any group outside the USA but we are the 
only group that have some of the answers to transport whole bodies. 
 
We have most if not all the equipment we require, portable ice bath, 
thumper, cool down box, transport box (The only one in the world that 
takes dry ice and complies with the air lines and has been tested). (SEE 
HOW COLD IS COLD ENOUGH) and look at the time to injury at water 
ice. We have more equipment than we have space to list. 
 
There are many aspects that require discussion between the UK, Mr 
Ettinger and Dr Pichugin in the coming years as we develop and improve. 
 
For the moment I have put together a basic introduction to stabilisation, 
which I would ask you to read at your leisure. 
 
Our aim is to develop a standby team OR SHOULD IT BE A 
STABILISATION TEAM that can carry out its job at a moment’s notice 
and blindfolded. 
 
Our Goal 
 
This is the first step in a very important journey.  Our goal is to strive for 
the perfect suspension.  This may be some way off, but we must always 
strive for perfection. 
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Our objective in this first part is very clear, we will reduce the 
temperature from 37*C (body temperature ) to –79.5*C (dry ice), ready 
to transport to C.I. 
 
This will be achieved in stages; 
 
1 Cooling 
2 Cardiopulmonary support (CPS)  
3 Medication and administration.IV lines and types of injections. 
4 Perfusion with open and closed circuits 
5 Cooling to dry ice. 
 
Cooling 
 
We need to reduce the metabolic demands of the body, which halves with 
each 10*C drop, which means the rate of cellular deterioration drops with 
temperature. 
 
If we leave our patient at standard room temperature (22*C) they will 
cool at about 1*C per hour i.e. 7-8 hours to go from body to room 
temperature.  Bearing in mind the ischemic damage taking, this time scale 
is quite unacceptable.  Packing in (water) ice and using a squid to re-
circulate speeds up the cool-down to, and then below, room temperature. 

                        
I hope you can see from the diagram that ice bags alone (top line) are not 
as effective as water and ice in an ice bath (dotted line), whilst the most 
effective cooling rate requires a squid in addition (bottom line) which 
achieves a massive reduction of 27*C in two hours.  More importantly 
the squid is very effective at getting an early (first ½ hour) rapid, cooling 
to minimise ischemic damage. 
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Before we begin to cool there are a few time factors we need to establish 
about water ice and the equipment we will use. 
 
Questions and Answers  
 
(Q) How long will ice last in a 28 lb cooling bag in a car-mean 
temperature 23c.? 
(A) After 4hrs we lost 3lb in weight, (so for a long distance transport the 
cool bags are of little use). 
 
(Q) Where is your nearest 24hr ice supplier? 
(A) We couldn’t find anyone who stocked crushed ice and nowhere that 
was open 24hrs (conclusion we must take our own) 
 
(Q) How much ice will we need to carry? 
(A) Twice the persons body weight. 
  
(Q) How much ice does the icemaker hold? 
(A) Approx 160lbs and takes about 12 hrs to fill. 
 
You will note from these simple experiments when we have a stand by 
more than a hundred miles away we have to be able to make and carry 
enough ice which can be kept for up to a week. 
 
We now have a trailer and a Chest Fridge (not a freezer) this had to be 
developed on site. 
 
Other requirements for cool down 
 
(1) We will start off with a empty transport case and over the coming 
weeks we will be filling it with objects we are using in training, to carry 
out a transport and because we would have used everything in the case 
we should know what everything is for. 
 
(2) Moving our patient from the bed to another bed and then to the ice 
bath with aid of a sling (once again made for the job) 
 
Removing all clothing (essential for rapid cooling) can be done by using 
super scissors.  Then the genitals should be covered with a privacy drape, 
this demonstrates respect and care for the patient and relatives that may 
be present. 
(3) Assembly of the ice bath and getting it ready by placing the HLR and 
putting a layer of ice in the bottom of the bath. 
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If this is not done 33% of the patient’s entire surface area is lost to 
cooling. It is important to cover the whole surface area of the body, 
having bags of ice ready for the parts that we can not put crushed ice on, 
either through convenience or because of the pump’s vulnerability to 
water.   
 
When placing ice in the PIB, do not put ice over the heart lung 
resuscitator (HLR) or the patient’s chest directly as this will affect the 
HLR. 
 
Ice bags may be placed around the chest once cardiopulmonary support 
has started, but care must be taken to keep this area relatively dry.                                        
           
The Squid 
 
The squid is so named because the first ones looked squid-like but as they 
have evolved you will see it looks more like a spray. 
 
The purpose of the squid is to remove any hot spots we get by irregular 
cooling and by using this a further 5 *C cooling per hour is obtained. 
 
To get the best effect we recommend 4 gallons of water be added to the 
PIB (time permitting this would best be put in the fridge to cool 
overnight). 
 
Care once again should be taken to keep as much water away from the 
HLR as possible. The pump is best placed at the foot end of the bath and 
the pump must be covered with water. 
 
As a safety precaution against the transmission of infectious diseases, 
5% sodium hypo chlorite (common bleach) may be added to the 
water (one or two cups of normal household bottled bleach). 
 
Monitoring Cooling Rates 
 
We need monitor the cooling rate and this is best done with temperature 
probes. 
 
Placement should be both in the oesophagus or nasopharyngeal passage 
and in the rectum.    
Probes must be inserted at least 6 inches and taped to avoid false 
readings. Lubrication jelly may be used when required. 
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Readings should be taken and logged at 15minute intervals to be used as 
one of the pointers to assess how well the suspension went. 
 
Cool down 
 
Cooling is essential for cell protection but hypothermia causes additional 
damage, which we must try to minimise. 
 
Cooling causes blood vessels to become restricted as the red cells clump 
together as the blood thickens, we will see how to deal with this later. 
 
My hope is that every time you leave after a training session you feel one 
step closer to our goal, namely being confident to carry out or assist in a 
suspension. 
 
Training is very importance and checking the simplest things will prove 
invaluable. In the early days we found many things that looked great on 
paper and had previously been accepted as the norm, useless in practice. 
 
It was very difficult to move a patient from a bed to an ice bath; a sheet 
was useless and the ice bath too high so we rebuilt it. 
 
We now have a sling designed to make lifting easier and after weeks of 
trying different methods we now seem to have the best compromise. 
 
The material is supposed to stop tanks, so it should be strong enough and 
it will not impair cooling. 
 
Ice was a problem to keep and after days of ringing round I could not find 
anyone that supplied flaked ice twenty-four hours a day, seven days a 
week. Tesco have bags of cube ice and are open 24hrs. 
 
For long distance suspensions we use a fully fitter trailer. 
 
The advantages over other means of transport are no costly insurance, no 
tax, no MOT and little weathering deterioration, since the Trailer is built 
to stay outside (unlike a van or ambulance). 
 
Equipment in the Mobile unit 
 
Note the freezer; this is not a normal freezer as it would be too cold but it 
has been converted to a chest fridge which goes down to about – 4*C, 
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thus we can keep ice for many days while on stand by, in the event of 
electric not being on hand we have a generator. 
 
The large oxygen gas bottles are conveniently available to operate the 
HLR for long periods. We use commercial oxygen because of 
availability.  
 
When we are training please remember we are not school, and I am not a 
teacher, so if I fail to explain something in a manner you do not 
understand please ask. You won’t look a fool; the fools are the ones that 
go away without understanding.  
 
CPS Safety Precautions. 
 
Administering CPS is yet another area where the transport team may be at 
risk. 
 
(1) Exposure to body fluids, blood, sputum, mucous, vomit. 
 
(2) Infectious diseases pose a serious health risk if the proper precautions 
are not taken. 
 
(3) There is no need to be alarmed and basic precautions are very simple 
to take and are extremely effective. 
 
(4)Wear latex examination gloves. 
 
(5) Face mask and hair cover. 
 
(6) For those using sharp objects such as needles or scalpels, puncture 
resistant gloves are recommended. 
 
(7) Surgeons, perfusionist, or anyone assisting should wear a face shield 
or goggles plus water-resistant suits if possible.  
 
Manual CPS and using the Thumper 
 
Most of you will be aware of CPR (cardiopulmonary resuscitation), 
which is widely used to keep blood flowing artificially, and to maintain 
cerebral viability in case of, say, a heart attack.  This is done until normal 
circulation is restored. 
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We must not confuse this with CPS (cardiopulmonary support), whilst we 
are achieving much the same effect we are doing it to maintain cerebral 
and myocardial viability until cryoprotective perfusion takes place and 
always in conjunction with surface cooling.  
 
Oxygen becomes more tightly bound to haemoglobin and less accessible 
to the tissues, so CPS is our next step in stabilization. 
 
We will only deal with two means of cardiopulmonary support, which at 
this time of the team’s development are the simplest and most effective 
ways of improving your patient. 
 
Restoring circulation will improve cooling rates, enable the 
administration of medication to slow ischemic and hypothermic injury, 
provide the cells with a outlet for the waste products of normal 
metabolism and achemia, plus greatly improve cryoproctive perfusion. 
 
NOWHERE ELSE IN A SUSPENSION IS TIME SO IMPORTANT AS 
CPS, the quality of the suspension will often be judged by the quality of 
CPS. 
 
CPS can be performed on most patients but its efficacy will be 
compromised if the patient has a history of pneumonia or other ailments, 
which affects the lungs. 
 
Once circulation has been reinitiated, large amounts of oxygen will be 
needed to fuel cell repairs. Oxygen must be available to the lungs, which 
will then deliver oxygen to the circulatory system. 
 
Manual Closed – Chest CPS  
 
External chest compressions performed by human operator. 
 
Manual chest compressions usually achieve a blood flow between 5-10% 
of normal, and common carotid artery flows of 3-30% of normal. 
 
We should seek blood flows as close to normal as possible, with cerebral 
flow of at least 20%. 
 
While manual CPS is better than nothing it is unlikely that it will be 
possible to reach the minimum blood flow requirements and should only 
be used as an interim measure (until the thumper is set up). 
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Manual CPS 
 
Place the mask over the mouth and attach the bag (this will supply 
oxygen to the lungs and inflate) 
 
To apply pressure to the chest you must find the correct point, pressure 
must be applied to the sternum, place a finger in the centre of the rib cage 
and work down until you come to the V shape bottom of the rib cage. 
 
Place two fingers at the bottom of the V  (going up towards the head), at 
this point place the heel of your hand, with the other hand over the top, 
with elbows locked, positioning your body in a position leaning over the 
patient and push down, depressing the lower sternum 3.8cm to 5cm (1.5 
to 2 in) in a brisk manner while counting one and two and three and four 
and five at this point stop while your assistant squeezes one bag of air and 
repeat until at the very least fifteen minutes after all the medications are 
in. (you will be shown this in a demonstration). 
 
A single operator should give 15 compressions followed by 2 ventilations 
with the bag. 
 
Two operators will give 5 compressions to 1 ventilation. The two 
operators should be on opposite sides of the patient. 
 
Bag drawbacks 
 
While the mask is a very quick and simple method to use it has 
drawbacks. Because the tongue and throat relax in unconsciousness, it is 
easy for the airway to become blocked. In the main hyper extending the 
neck and inserting an oropharyngeal tube can overcome this but if this 
tube is not inserted properly, it is possible to push the tongue backwards 
and cause a blockage. 
 
We have two manikin’s one a six foot 12 stone for normal training use, 
The other for CPS but neither are designed for oropharyngeal tube use but 
we can adapt it to practice inserting this tube.                                                                         
 
Michigan Instruments High Impulse Heart-Lung Resuscitator        
(The Thumper) 
 
This machine is head and shoulders above manual CPS; it gives much 
better perfusion pressure results and eliminates operator fatigue 
associated with manual CPS. 
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The Thumper requires oxygen or compressed air to function, and its 
demands are high. 
 
The oxygen pressure required is between 50 and 90 psi. This pressure 
will be set on the regulator attached to the gas bottles. 
 
The thumper automatically controls ventilation and maximum ventilation 
pressure should be 30psi. 
 
Remembering practice makes perfect, placing the thumper in the correct 
position is a very important and does require practice.  
 
Make sure ALL controls are in OFF position (No 3 counter clockwise) 
Connect oxygen 
 
Place thumper under the patient so the centre arm is about in line with 
where you would place your hand in a manual CPS (over sternum) 
 
Swing HLR arm over the patient’s chest, lower gently on to the chest 
(position plunger in the same position as manual CPS) lift up until the 
first marking of the piston is exposed, tighten in position.  
 
Turn master valve on. (1) 
 
Turn cardiac valve on (2) 
 
Turn No3 knob slowly clockwise (the plunger will gradually come down 
further) until the plunger is protruding to match the diagram on the pillar. 
 
When finished return all controls to the off position before disconnecting 
oxygen. 
  
Checking carbon dioxide 
 
Easy Cap11 is a simple and inexpensive device to monitor carbon 
dioxide. 
 
The chemicals in the unit evaluate the carbon dioxide concentration in a 
patients expired air during resuscitation (and will help to determine any 
blockage). 
 
The CO2 detector is a simple disposable device, which is placed between 
the HLR and respirator hose. 
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This device measures CO2 concentration from 0.03% to 5% using three 
separate indicator strips. 
 
This is a simple method of assessing how effective the CPS is. 
 
Procedure for use of the CO2 detector 
 
Remove the CO2 Detector from the aluminised package. Do not remove 
the end cap until ready. 
 
Match the initial colour of the indicator to the purple colour labelled 
“CHECK” on the product dome. If the purple colour is not the same or 
darker, DO NOT USE. 
 
Remove the cap and firmly attach the detector between the Mask and 
breathing device.  
 
Ventilate with six breaths (note less than six may give false results since 
the stomach may initially contain some carbon dioxide). 
 
Compare the colour of the indicator on the end-expiration to the colour 
chart on the product dome. 
 
The indicator colour will fluctuate for up to two hours (the life of the 
detector) but the CO2 ranges will still be detectable on full end – 
expiration.                                                                                                                                                                                                                                                                                                           
       
 
 

Medication 
 
We have seen the importance of surface cooling; we have noted the 
reasons for CPS and practiced the best way to restore partial circulation; 
but this is not enough to completely protect cells, which have been 
deprived of oxygen, and we can do much more by adding medications.   
 
Every one of us is made from trillions of cells and every cell requires 
oxygen.  If we learn a little about how the cells react you will begin to 
understand the importance of this step in our quest to improve the 
transport procedure. 
 
Once the cellular oxygen reserves are exhausted, following loss of 
circulation (general ischemia), the cells switch from aerobic (i.e. with 
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oxygen) to anaerobic (i.e. without oxygen) metabolism, in a desperate 
attempt to stay functioning.   
 
Anaerobic metabolism is very inefficient – which is why we can’t run 
very far whilst holding our breath, or indeed hold our breath for very long 
at all - and produces lactic acid, which is toxic in large amounts.  
Anaerobic metabolism, being very inefficient, will quickly exhaust the 
cell’s glucose reserves.  The toxins and lack of energy causes a cascade of 
cell failure.  In some cases, simply restoring oxygen will reverse the 
damage, but in many cases we have to use medications.  
 
The Cell and its requirements 
 

                                     
The cell membrane is only two molecules thick and is 
comprised of lipids and 
proteins. The tiny layers 
act as “gatekeepers” by 
controlling the 
composition of the cell, 

the various membrane proteins 
letting pass the molecules it needs 
to survive. Lipids are fat and 
anything that is fat-soluble may 
enter the cell.  
 
 

I have added a couple of pictures, which show the cells’ working parts. 
 
When blood flow stops, the blood cells sink to the vessel floor and settle. 
 
When blood flow begins again the lighter objects and fluid above the 
haemoglobin floor will move, but the densely packed blood cells will not 
and this effect is called sludging, which can be rectified by Dextran 40. 
 
Ion Channels   group of atoms 
 
A very important type of membrane integral protein is the ion channel 
that regulates calcium, known as calcium channels.  
 
Disruption in the sodium and potassium levels will cause the calcium 
channels to open haphazardly, allowing calcium to flood into the cells, 
causing, amongst other things, the constriction of capillaries which will 
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prevent the resumption of the circulation of blood and later 
cryoprotectant.  
 
There are many medications that will help the prevent calcium damage. 
They bind calcium into a non-destructive chemically stable compound. 
 
Iron is essential to haemoglobin, but in its free form it is destructive.  
Deferoxamine hydrochloride helps iron to form a stable complex that 
prevents iron having unwanted chemical reactions. 
 
Lysosomes and Peroxisomes 
 
Floating in the cells are membrane-enclosed sacks:  lysosomes, 
containing digestive enzymes, and peroxisomes, which control oxidation 
reactions, often involving hydrogen peroxide.  Both lysosomes and 
peroxisomes are, therefore, sacks of poison, just waiting for the signal to 
burst.  An hour or more after the breakdown of aerobic conditions they 
will start to release their destructive contents inside the cell.   The cell 
will be simultaneously poisoned and digested.  To be avoided! 
 
Rigor mortis is a indication that these sacks have begun to burst, and 
the stabilization protocol (with the exception of cooling) will not be 
administered. 
 
Rigor mortis refers to the stiffening of the muscles that occurs three to 
four hours after death, and complete within twelve hours.  The stiffness 
will gradually disappear over the next 60 hours. 
 
In cases where the onset of rigor is present CPS and perfusion may be 
attempted on a case-by-case basis, but in cases where rigor has come and 
gone no attempt should be made to implement CPS. 
 
PH 
 
This is a symbol used to express the degree of acidity (low pH) or 
alkalinity (high pH) in a solution. Acids are those that break down and 
release hydrogen irons, while alkalis break down to release hydroxyl ions.  
 
Acidic conditions (low pH) are generally the problem following ischemia 
and the subsequent anaerobic generation of lactic acid, called lactic 
acidosis.  The pH can be stabilized with Sodium bicarbonate which is a 
buffer against acid build up in the blood.  
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Sodium bicarbonates  Used where the transport team are able to monitor 
the pH. 
 
 

Medication Packaging and preparation. 
 
Before we go on to the medication list I think to help with recognition 
and familiarity we should look at both how the medications are wrapped 
and the required preparation method. 
 
 
Medication Packaging 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Solutions may be stored in vented or unvented glass bottles, plastic 
bladders, vials or ampoules. 
 
Bottles and bladders are normally used where volumes exceed 50ml or 
require an intravenous line. 
 
Vials and ampoules are generally used where the volume is less than 
50ml, small bottles and ampoules may also contain powder, which must 
be hydrated before use.   
 
 Most packages also contain slightly more than the label indicates. Be 
certain to measure out only the amount needed for the patient. 
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All medication packages have in common is a plastic protective cap 
covering the port from which the medication is removed. These caps are 
easily removed from the package. Once removed, these caps cannot be 
replaced, so they should only be removed when the medication is being 
drawn up for administration. 
 
 Once the caps are removed, the seal underneath should be swabbed with 
alcohol. In the case of multi-dose vials, this should be done every time 
medication is withdrawn. 
 
When medications are withdrawn into syringes, there may be tiny air 
bubbles attaching to the insides of the syringe. Simply tap the syringe 
gently to allow the bubbles to rise to the tip, and depress the plunger until 
all bubbles are removed. 
 
Bottles 
 
Glass bottles are divided into two categories: those, which are vented, and 
those, which are not. This characterization is important to the choice of an 
IV line, as IV lines also come with a venting option. 
 
If the medication is stored in a vented bottle, an unvented line must be 
used, and with the Un-vented bottles, a vented IV line. In cases where no 
vented IV line is available to use on an unvented bottle, an IV needle may 
be spiked through the seal and used to introduce air. (This is risky) 
Bottles should never be left unattended during pressure infusion to avoid 
air being introduced into the IV line.) 
 
Medications degrade when exposed to air. Placing a medication on ice 
will reduce the rate of degradation, but this deterioration will begin once 
the sterility or vacuum of a container is breached and applies to all forms 
of  packaging, including syringes. 
 
Once spiked for administration, a medication must be used within 24 
hours. 
 
If the medication isn’t used immediately, it should be stored on ice in an 
ice chest or refrigerator. 
 
Bottles must be hung (injected end down) from an IV pole or similar high 
structure. Gravity will provide the necessary pressure to infuse the 
solution, and because of this, bottles must be hung as far above the chest 
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of the patient as is possible (preferably at least 2-3 feet, and the length of 
the IV line will generally determine the upper limit). 
 
Glass bottles pose a serious risk of air emboli, and must be constantly 
attended to avoid the accidental introduction of air into the patient. 
 
Bladders 
 
Flexible bladders are used for large volume medications, and they are all 
unvented containers. 
 
Solutions contained in bladders may be administered without venting, as 
the flexible sides of the bladder may be compressed to force the fluid into 
an IV line. 
 
For best results, all of the air should be removed from the bladder prior to 
hanging it for infusion. 
 
Spiking the bag with an IV line, opening the line to fluid flow, turning the 
bag upside down, and squeezing the air out through the line accomplish 
this. 
 
A pressure cuff may then be placed around the bladder (for rapid 
infusion) and both are hung from the IV pole. 
 
Once hung, the inflation bulb of the pressure cuff is squeezed several 
times, this will begin the rapid flow of fluid out of the bladder. 
 
The use of bladders and pressure cuff is preferable to using glass bottles. 
 
With the air removed from the bladder before it is connected to the 
patient, there is less chance that air will accidentally be administered to a 
patient. 
 
The pressure cuff also enables faster infusion of medication than gravity 
provides. 
 
Vials 
 
Vials are essentially small bottles, which contain medication in either 
liquid or powder form. 
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These small bottles generally have a rubber stopper at the top, which 
must be pierced by a needle to access the medication. 
 
They are also vacuum-sealed for sterility. 
 
Rubber stoppers are designed for one injection only or for multiple dose 
administration. 
 
Labels on the vial and any associated box will provide this information. 
Only a “multi-dose” vial may be punctured more than once and still 
maintain the sterility of the solution. 
 
Vials, which contain powder, must be dehydrated with the appropriate 
solution (usually sterile water). The packaging slip stored with the vial 
will provide full details about reconstitution of the powder. 
 
Required amounts of dehydrating solution are pulled into a syringe and 
then injected through the rubber stopper. 
The syringe is then removed and the vial is gently turned to dissolve the 
medication. Once the powder is completely dissolved, the medication 
may be removed for administration. 
 
There is another type of vial, which deserves mention: Mix-.O-Vial. This 
is an ingenious container, which has two separate chambers for powdered 
medication and the reconstituting solution. Simply depress the plunger to 
combine the powder and fluid, invert gently until the powder is dissolved, 
and withdraw from the vial using a needle and syringe. 
 
Before fluid medication may be removed from a vial, the transport team 
member must be wearing gloves and have assembled appropriate sterile 
needles and syringes. 
Remove the plastic cap and swab the rubber stopper with an alcohol pad. 
 
Attach a needle to the tip of the syringe. No fluid may be removed from 
a vial without first injecting some air through the rubber stopper. 
 
Fill the syringe with a volume of air identical to the amount of fluid you 
will withdraw. 
 
Insert the needle through the stopper. Inject a quantity of air into the vial 
and, without removing your thumb from the syringe, release the pressure 
on the plunger. 
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Fluid should flow into the syringe easily, as the pressure in the vial rises 
with the injection of air. The tip of the needle should remain below the 
fluid to avoid filling the syringe with air. 
 
Ampoules 
 
This is the last category of medication packaging, and provides the 
greatest risk for injury of the transport team member. 
 
Ampoules are small containers with neither lid nor injection port. They 
are glass and must be broken before the medication can be withdrawn. 
Ampoules contain a single dose of medication. 
 
The ampoule is generally tapered at one end to provide a hand-hold for 
breaking off the top. 
 
Before breaking open an ampoule, make certain to wear gloves and 
wrap the tapered part of the ampoule with gauze.  
 
Snap sharply to break the top. While holding the ampoule with one hand 
and a syringe with the other, withdraw the medication. 
 
Medication Preparation 
 
All of the medications to be administered to a patient must be prepared 
before they are needed, if possible. 
 
It takes some time to calculate the dosages and withdraw them for 
injection. 
 
If done in advance, transport team members must make certain that all 
syringes, bottles, and bladders are labeled. 
 
The manufacturers label bottles and bladders, but syringes must be 
labeled with the medication name (or recognizable abbreviation) using a 
permanent marker (a computer type will write on plastic). 
 
Once labeled, syringes may be stored for later administration. 
 
If a patient is clearly very close to death, medications may be drawn up, 
but transport team members must be aware that predicting time of death 
is an extremely difficult, so ask a doctor or nurse who have much more 
experience. 
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This is important, because there is generally only one set of medications 
in each local emergency response kit. If medications are drawn up and the 
patient lingers, the medications will degrade and become unusable within 
24 hours. 
 
Margins of 24 hours are usually sufficiently close that a second set of 
medications is rarely needed, but if this happens, more medications may 
be shipped from the main store. 
 
Intravenous Access 
 
Where possible always ask the carer to leave any lines in that have been 
put in during the patients illness. 
 
If no lines are in and you haven’t the experience, ask a nurse for 
assistance because it can be quite daunting first time and is far harder to 
place a IV on someone without blood pressure. 
 
An IV provides a portal to the circulatory system through which large 
volumes of medications may be pushed. 
 
IVs are always placed into veins. Using an artery to administer medica-
tions to a patient is dangerous, because of the high pressures of arterial 
circulation and because the arterial side of the vascular system is 
unfiltered. (The lungs, which the veins empty into via the heart, act as an 
emergency filter for emboli.)  
 
Improper IV techniques cause damage to the vessels and could result in 
irreparable damage to the vessel, especially if a needle was driven 
through a vessel instead of eased into it. 
 
Primary access points for transport patients include the basillic or axillary 
veins in the arm, the saphenous vein in the leg, and the jugular vein in 
the neck. 
 
The jugular vein, and indeed any central IV (like a subclavian), is 
a less-desirable IV site for the transport patient, because the displacement 
of blood  caused by the high pressures of the heart-lung resuscitator will 
reduce the amount of fluid transported by these vessels. 
 
Femoral vessels are less desirable because that is where surgical access 
for blood washout is likely to occur. 
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Placing an IV into the femoral area may also cause damage to the vessel 
and make access to this area during the blood washout difficult or 
impossible. 
 
Medications should be administered to a patient as soon after pronounce-
ment of death as possible and concurrent with both surface cooling and 
the initiation of cardiopulmonary support. 
 
While some medications may be administered using an intramuscular 
(into the muscle) or subcutaneous (under the skin) injection during a 
routine hospitalization, these administration methods are not used on a 
cryonic suspension patient. 
 
During bouts of ischemia and severe trauma, the body will shunt blood 
away from the skin and muscles and redirect it to the vital organs.  
 
This reduces the efficiency of intramuscularly or subcutaneous medica-
tion absorption. 
 
Absorption into the blood is fastest when medications are injected 
directly into the circulatory system. 
 
There are four primary failure modes for IV therapy, which must be 
avoided:  
 
(a) Air emboli. 
(b) Haemotoma. 
(c) Infiltration. 
(d) Clotting. 
 
Because IV placement requires training and practice, it should only be 
done by experienced personnel.  However, this does not eliminate the 
responsibility of transport team members to observe the condition of the 
patient or the IV. 
 
Any transport team member observing problems with an IV line should 
tell the transport team leader or other delegated individual immediately. 
 
Clotting 
 
Clotting is the easiest complication to avoid, and one of two failure 
modes which may be avoided with simple diligence. 
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An IV line, when in the patient but not being used momentarily, should 
be filled with heparinized saline and flushed occasionally to prevent 
blood in the line or needle from clotting. 
 
If a line cannot be flushed, the tubing is first replaced without removing 
the needle from the patient. Attempt another flush, and if it also fails 
place a new IV. 
 
Air Emboli 
 
An embolus (plural: emboli) is a plug within a vessel which floats, or 
migrates, freely until blood vessels narrow and it becomes lodged. Once 
lodged, the embolus will obstruct circulation. 
 
An embolus could be a blood clot, an air pocket, a fatty deposit, or a 
tumor. 
 
Air emboli are air bubbles, which have been administered to the patient, 
bubbles which block blood flow. 
 
There are several ways these bubbles could be administered to a patient. 
Each of them should be avoided. 
  
If air administered to the patient, it must be recorded in the transport 
notes. 
 
Include the circumstances and an estimate of the volume of air 
administered. 
 
Some medications are stored in IV bags or sealed bottles. 
 
Both the bags and the bottles frequently contain some air. 
 
Air can easily be removed from an IV bag, because of its flexible sides, 
and indeed should be removed before the IV lines are connected. 
 
Proper sterile techniques should be observed at all times. 
 
During a transport, the transport team member who is administering 
medications is responsible for making certain that no IV bag is hung for 
the patient with air inside. 
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It is rarely possible, during a transport, to arrange for constant supervision 
of an IV line, so prevention is key to avoiding this threat to perfusion. 
 
Bottles are another matter, the air cannot be removed from the container. 
If a bottle is allowed to run dry without the line being clamped, air will 
enter the patient’s circulatory system.  
 
The IV line must be clamped before the bottle runs dry. 
 
During a transport, the transport team member who is administering 
medications is responsible for making certain that no bottle runs dry. 
 
IV lines may be source of emboli if they aren’t primed with fluid prior to 
starting the infusion. 
 
Safety Precautions 
 
No transport team member will prepare or administer medications 
without wearing gloves. 
 
Once the plastic covering has been removed from a needle, do not recap 
that needle. 
 
Carefully remove the needle from the syringe and place it into the Sharps 
container.  
 
Once all sharp objects have been collected, seal the container for 
shipment with the patient. 
 
A completed Incident Report Form should be included in the transport 
notes if any transport team member is exposed to infectious material, as 
would happen with a needle-stick. 
 
Intravenous Cannulation  
 
There are three basic types of needles and catheters used in peripheral 
lines for administering medication. 
                                                                                                                                                  
First, a winged infusion set consists of a needle with plastic wings and 
tubing with an adapter for IV lines and syringe tips. 
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Then, there are two catheters. One is “over-the-needle” and the other is 
“inside-the-needle”. Over-the-needle catheters are preferable to inside-
the-needle catheters, since placement is easier. 
 
Catheters are preferable to winged infusion sets, since it is generally pos-
sible to infuse larger volumes of fluid into the patient more quickly. 
 
Catheters may also be more securely fastened to the patient. 
 
Use the largest size possible. (Note: needles, cannula, and catheters are 
sized such that the lower numbered sizes are the larger the needles.) 
 
Before using any lines that have been left in place, make certain that the 
injection port is compatible to any medications, which will be 
administered through it. 
 
Also make certain that any blood in the line has not clotted. This can be 
avoided by pushing a low concentration Heparin solution (IU/50m1) 
through the line every few minutes. 
 
Generally, transport team members who have experience and training will 
place IV lines.  
 
However, all team members must be familiar with the types of IV lines 
and needles available and how to manage an IV. 
 
 
IV Management 
 
Most medications will be administered through an IV line. 
 
There are several kinds, including vented and unvented or filtered and 
none filtered. 
 
Be certain to use the appropriate line with each medication. 
 
All IV lines have clamps to stop the fluid flow. Most have ports for 
administration of medication from a syringe, in addition to a bottle or 
bladder. Other ports may allow for the addition of another IV line into the 
loop. 
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If a needle and syringe are used to add medication to an IV line, clamp 
the line above the port and inject the new medication.Never administer 
air. Never let an IV line run dry. 
 
All medications administered to a patient must be recorded for the 
patient’s permanent record (time administered, medication name, and 
amount given).  
  
Another tenant of medical practice is applicable to cryonics: “if it wasn’t 
recorded, it wasn’t given.”  This will be the assumption in post-
suspension evaluation of both the team’s performance and the quality of 
the suspension received by the patient. 
 
It is easiest, in situations where transport personnel are plentiful, to assign 
one individual scribe duties and another medication administration duties. 
It is the responsibility of the individual giving the medications to ensure 
that the appropriate information is recorded. 
 

Transport Medications: 
 
This is a complete list of medications administered during transport and 
the reasons we use them. 
 
Note for ease of recognition the medications list in this chapter are in the 
same order as the medications sheet, your medication suit case and the 
storeroom. 
 
1) Protecting against or minimizing re-perfusion injury which may result 
from restoration of circulation following ischemia associated with 
pronouncement of legal death. 
 
2) Minimizing the effects of agonal and CPS associated hypoperfusion 
and inadequate gas exchange. 
 
3) Protecting against or minimizing the effects of hypothermia during 
CPS, and cold ischemia during subsequent air transport or other 
shipment. 
 
4) Supporting perfusion pressure by maintaining vascular tone and/or 
replacing depleted circulating volume. 
 
5) Protecting against the return of consciousness during cardiopulmonary 
support. 
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What follows is a list of the medications, and the route of administration 
and purpose of the medication as it is employed in the transport of 
cryonic suspension patients. 
 
 
Medications are to be given in the order listed below: 
 
(1) Pack 1  Potassium Chloride, dosage = 2 * 20ml vials.  
 
Potassium chloride is an electrolyte, administered by rapid IV infusion to 
reduce cerebral metabolic demand by eliminating electrical activity and 
reducing brain energy expenditure in “pumping” potassium. 
 
(2) Pack 1 Propofol (Diprivan )  dosage = 1* 20ml ampule 
 
This is an intravenous sedative-hypnotic agent commercially introduced 
in the USA in 1989 a first of a new class of intravenous anaesthetic 
agents-the alkyl phenols.  
 
At the launch the product was indicated for the induction and 
maintenance of general anesthesia in adults; subsequently, Diprivan 
received indications for adult sedation in Monitored Anasthesia Car 
(MAC) 
 
Before proceeding note Misc 1, Misc 2  instructions and start to 
administer 
 
(3) Pack 1 Vecuronium dosage = Vecuronium (kit – 10mg/10ml) 
  
This is a potent neuromuscular blocking drug and is effective as a muscle 
relaxant which assist with mechanical ventilation. 
 
(4) Pack 2 Heparin (Sodium) dosage = 2 * 4ml vials (10,000IU/ml) 
 
Heparin is an anticoagulant and is given as rapid dose by administration 
through the medication addition port of the IV solution administration set. 
 
It is important to check the strength of the heparin preparation being used 
before administering it, as it can vary widely depending upon the 
intended use i.e., dilution in an IV, direct administration and so on. 
 
The usual strength employed in cryonic suspension operations is 10,000 
units/ml. 
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Heparin is administered to prevent coagulation of blood not only during 
initial stabilization and external cooling, but during subsequent air 
shipment of the patient as well. 
 
This is important, because blood will normally clot if it is not kept in 
constant motion, even within the blood vessels of the body. 
 
Obviously, after external cooling is complete, artificial circulation will be 
discontinued to facilitate air transport and clotting, in the absence of 
anticoagulation, would normally be expected to occur. 
                                                                                                                                                  
It should be noted that the effectiveness of heparin is to a great extent 
dependent upon proper control of pH. If the pH drops significantly below 
7.0 (more than 0.3 units) heparin will start to degrade and inactivate.  
 
Adequate control of pH is thus essential in order to achieve and maintain 
anticoagulation. 
Note: Heparin will not reverse clotting -- it only prevents it. 
 
(5) Pack 3 Streptokinase (Streptase)  dosage = 1 *  250000U5 ml vial 
(given IV) 
 
Streptokinase is a fibrinolytic (clot dissolving) agent to be used only in 
patients who have experienced 1 or more hours of ischemia in the 
absence of cardiopulmonary support or transport medications. 
 
The use of streptokinase is speculative and has not been documented as 
effective in cryonic suspension procedures. 
 
(6) Pack 3  Sodium Chloride  dosage = 1 * 20ml vial 
 
The correct name for common table salt (NaCI), used as a fluid 
electrolyte replenisher. 
 
(7) Pack 4  Epinephrine dosage 1 * 30ml vial 
 
Supports blood pressure  Adrenallin Chloride (Epinephrine) 
 
(8) Pack 5  Deferoxamine HCI (Desferal), dosage 4 * 500mg vials. 
 
This is an iron chelating agent. Deferoxamine combines with free iron 
(ferritin, hemosiderin) and renders it chemically nonreactive.  
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There is substantial evidence that production of free iron during ischemia 
is a major cause of free radical mediated ischemic injury. 
      
Desferal chelates the iron and thus prevents subsequent cascades of free 
radicals which iron can generate. 
  
(9) Pack 6  Chloropromazine (Thorazine, Laragactil) dosage = 1 * 
10ml vial. IV push. 
 
A membrane stabilizer which has shown effectiveness in reducing both 
warm and cold ischemic injury. The mechanism of action is not known. 
Chioropromazine is also a major tranquilliser. 
  
(10) pack 6  Methylprednisolone Sodium Succinate or (Solu-Medrol), 
1*10ml vial by slow IV injection.  
 
Methylprednisolone is a a corticosteroid which acts to stabilize cell 
membranes during ischemia and hypothermia. It must be administered 
slowly over a period of 3 to 5 minutes. 
 
(11) pack6  Solu-Medrol  Same as above.                                                                            
 
(12) Pack 7  Gentamicin Sulfate (Garamycin, Garamicina), dosage = 
1 * 2 ml vial  IV push. 
 
Gentamicin is an aminoglycoside antibiotic which is primarily effective 
against gram negative bacteria. 
 
Gentamicin is used to prevent bacterial overgrowth during cooling and 
transport of the patient. 
 
(13) Pack7  Bactrim dosage = 1 * 10ml vial. 
 
Bactrim is a synthetic antibacterial combination product used to prevent 
bacterial overgrowth during cooling and transport of suspension patients.  
 
It is effective against a range of both gram positive and negative bacteria. 
 
It must be given by slow IV infusion. It may be added to the Dextran-40 
or the mannitol immediately before they are administered. 
 
(14) Pack 7  Erythromycin (Erythrocyn), dosage = 1 * 1gram vial. 
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This is a broad spectrum antibiotic which should be administered slowly 
by intravenous infusion 1gram vial. 
 
Erythromycin is to be used only when a known sensitivity to the 
Bactrim/gentamicin combination above is present. 
 
Erythromycin is supplied as a powder and must be dissolved in water 
prior to administration. It is very important that the erythromycin not be 
dissolved in any agent other than sterile water for injection to which no 
preservatives or other agents have been added. 
 
Failure to observe this precaution will result in the formation of a viscous 
gel which cannot be withdrawn from the container. Note: Erythromycin is 
to be used only as an alternative to Bactrim/Gentamicin where sensitivity 
to the former is known to exist. 
 
(15) Pack 8  Tagamet (cimetidine) dosage = 2* 2ml vials. 
 
This is used to block acid production in the stomach, for acid reflux, ulcer 
treatment and treatment of Zollinger-Ellison syndrome. 
Tagamet works by blocking histamine H2 receptors in the gut. Cimetidine 
is the generic equivalent made by Smithline Beecham.  
 
(16) Pack 9 Maalox (Aluminum Hydroxide/Magnesium Hydroxide) 
dosage = 355cc       
 
Maalox is a stomach antacid. AH/MH should be given via gastric tube 
after the administration of those transport medications, which are given, 
as a bolus is complete. 
 
AH/MH is a direct neutralizer of gastric hydrochloric acid. Neutralization 
of gastric HC1 which is already present in the stomach at the time of 
cardiac arrest is critical in protecting the gastric mucosa from ulceration 
during subsequent hypothermic transport, TBW and cryoprotective 
perfusion. 
 
While cimetidine is very effective in inhibiting further gastric HC1 
secretion, it cannot neutralize acid which has been secreted prior to its 
administration. 
 
The following medications are loose in the med kit 
 
(Misc 1) THAM  (Tromethamine)  dosage = 1* 500ml IV 
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The initial dose of tromethamine is 100cc of a 0.3 M solution given 
intravenously by rapid infusion at the start of CPS, followed by slow 
infusion of the remaining 400 cc over the following 2 to 3 hours. 
 
This is a buffer a chemical compound which, when present in solution, 
resists change in the acidity or alkalinity of the solution. 
 
After a period of ischemia or redused gas exchange, or tissue 
perfusion,blood and body fluids shift from slightly alkaline ( normal 
blood pH is 7.4) to being moderately acid (pH 6.6 to 7.3). 
 
For the purposes of this discussion pH may be defined as a measure of the 
acidity of alkalinity of a solution ( the hydrogen ion concentration). 
 
Low pH is damaging to cells and promotes the release of structure-
destroying enzymes from intracellular organelles. 
 
It also promotes blood clotting and tissue swelling and causes clumping 
of red blood cells resulting in blockage of the capillaries and further 
reduction in tissue perfusion. 
 
THAM is also used to counteract the organic acids produced by 
metabolism in the absence of adequate oxygen and nutrients and thus to 
restore the pH of blood and body fluids to normal or near normal levels. 
 
It is very important to understand that the pH scale of measurement is a 
logarithmic one. 
 
Thus, when the pH changes by 0.3 units, the hydrogen ion (H+) 
concentration (acid concentration) doubles or halves: 
 pH H+ ion concentration 
 7.4 Normal 
 7.1 Double 
 6.8 Double Again (4 x Normal) 
 
An examination of the table above readily reveals why problems during 
cardiac arrest or reduced perfusion occurs. 
 
What appear to be small changes in pH numerically are in reality massive 
alterations in the concentration of ions. When ion concentration increases, 
pH decreases. 
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Misc 2  20%Mannitol (Osmitrol), dosage = 1 * 500 ml  
 
Mannitol is a sugar which is used to inhibit cell swelling and in particular 
to control cerebral oedema. 
 
It is administered by continuous intravenous infusion over the first 60 to 
90 min of cardiopulmonary support. 
 
Mannitol is an effective osmotic or “water binding” agent.  
 
Because it cannot freely pass through cell membranes it is effective at 
attracting and holding water in the extracellular spaces, thus preventing 
cell swelling. 
 
Cell swelling is a normal response to hypoxia, ischemia, and tissue injury.  
 
The brain, because it is encased in a rigid, bony shell (the skull) is 
particularly susceptible to the effects of tissue swelling. 
If brain swelling occurs, the pressure inside the skull will increase, 
reducing blood flow. 
 
Further swelling will then result from decreased blood flow which 
ultimately results in total inhibition of blood flow to the brain. 
 
Mannitol acts to transiently prevent and even to reverse brain swelling, 
providing that some blood circulation to the brain is still intact. 
 
Mannitol is also a highly effective diuretic (promotes urine formation) 
and may (although this is very unlikely due to low perfusion pressure) 
result in urine production during transport. 
 
An added benefit to the use of mannitol during Transport is its free 
radical scavenging ability. 
 
A Note on Transport Antibiotics: 
Antibiotics such as bactrim, gentamicin, and erythromycin are given in 
order to prevent bacterial overgrowth in the gut, respiratory tract, and 
circulatory system of the patient during transport. 
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Patients experiencing legal death remote from cryoprotective perfusion 
facilities will require lengthy HLR-supported external cooling and air 
shipment packed in ice. 
 
The time delays imposed by these logistic constraints offer the 
opportunity for overgrowth of microorganisms (in particular, cold 
anaerobes; organisms which can proliferate in the cold). A broad 
spectrum antibiotic is required to guard against this possibility. 
 
At first glance the antibiotics listed above would not seem to be the 
optimum choice for broad spectrum antibacterial activity. 
 
The penicillin’s or cephalosporins would be better candidates because of 
the wider range of organisms whose replication they can inhibit.  
 
Unfortunately, penicillin, cephalosporins, and most other antibiotics are 
also effective at promoting cold-associated clumping or agglutination of 
red blood cells. Bactrim, gentamicin, and erythromycin are the only 
antibiotics known to be free of this effect and for this reason they have 
been selected for use in transport operations. 
 
(Misc 3)   Dextran-40 dosage = 1 * 500ml bottle 
 
In normal saline (Gentran), 200 cc. to 500 cc., is a plasma expander and 
inhibitor of cold agglutination. 
 
Dextran-40 is administered slowly over a 60 to 90 minute period with a 
solution administration set. 
 
Dextran-40 is an oncotic agent; a compound which is effective in holding 
water in the vascular (blood compartment) space and preventing the 
development of fluid accumulation between the cells (interstitial odema). 
It is also effective at reducing the likelihood of cold agglutination during 
hypothermia. 
 

Medication layout 
 
 
All medications and other miscellaneous equipment required to carry out 
the administration of medications will be carried in a suitcase. 
 
The list of contents is on the following pages. 
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You will notice that every package has a number and there will be 
directions in each packet. 
 
Each package carries enough medication for two draws. This is in case of 
delay after the first medication is drawn or in case of mishap. 
 
Both draws will give a window of 24hrs but it is expected that only one 
draw will be required. 
 
All medication will be administered in the order of packaging. 
 
The same numbering system will be duplicated in the stock room for ease 
of finding replacement medications and to assist in stocktaking. 
 

Conclusion 
 
A great deal of information is contained in this manual, and much of it 
will be useful to the transport team member during a standby or transport 
situation. Many doctors and nurses are interested in the types of medica-
tion administered to our patients. 
 
Demonstrating an understanding of the purpose of medication and the 
damage it mitigates will help enhance the credibility of cryonics in the 
medical community. Recognizing the failure modes of medication will 
help a team member prevent damage to the suspension patient, which is 
the goal of a transport. 
 
Medication, in conjunction with cooling and cardiopulmonary support, 
will provide the optimal structural protection for a patient, within current 
constraints. 
 
The transport team, which can accomplish these steps, will have 
performed admirably. Only a blood washout remains as a protective mea-
sure. That is the subject of the next Chapter. 
 
If you feel overwhelmed by the training sessions don’t worry we will 
practice over and over until it becomes second nature. No one expects  
you to pick up straight away what it takes a qualified doctor or nurse 
years to accomplish but over time I am positive we will make it. 
 
This will be followed by improvements in perfusion, because I have 
severe reservations that using a pressure pump (instead of a roller pump) 
with a one pass system, as used by CI at present, causes a high degree of 
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dehydration; this will be discussed with Bob Ettinger and others before 
any advice or action is given. 
 
Followed by cooling to dry ice to transport to the USA.  Once again I am 
worried about the time delay and feel that going to the USA at dry ice 
temperature is a far better option than shipping at water-ice temperature.  
Once again I will be taking advice from Mr Ettinger. 
 

Cooling to Dry Ice 
 
We have cooled to water ice, administered medication and perfused the 
patient we are now ready to cool further to dry ice -97 and transport to the 
storage provider. 
 
I have looked at both Alcor and CI methods of cool down before coming 
to the method CE will use. 
 
Alcor used to use alcohol and place their patient in a sheet plastic tube 
which was submersed into the alcohol leaving the ends of the plastic 
outside the cool down bath to protect the patient from contact with the 
alcohol or dry ice. 
 
Dry ice was added until the required temperature was reached, later this 
was replaced by a less volatile oil, called Dow Corning silicon oil. 
 
Alcohol is cheap but is extremely toxic and inflammable so although 
Alcor UK and CE used this in the early stages I feel the risks outweigh 
the possible advantages of better control. 
 
Dow Corning silicon oil although messy gives good heat conduction and 
would overcome many of the problems caused by alcohol however the 
cost was £6000 a drum but availability is poor since production ceased 
(some old stocks are available at a cost).I have no knowledge of any 
silicon oil being produced to use as a substitute. 
 
Dr Pichugin leader of CI research department feels that dry ice by itself 
will be satisfactory and this is the method adopted by CI. 
 
Because of ease of use, bad or non availability of Dow Corning silicon oil 
and the absence at this time of any information or proof that silicon oil 
gives better results, I have decided to go with dry ice only. 
 
This can be achieved very simply at the facility or in the field. 
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Estimated quantities of dry ice cool down are approximate (depending on 
the weight of the patient) 182kg = 400lb plus a further 120kg = 264lb for 
transport. 
 
Dry ice from B.O.C is only available from Monday to Friday and is 
normally delivered the following day but can be collected the same day. 
 
It is strongly advised to check the availability in your area (many private 
suppliers work seven days a week but ask what quantities they carry in 
stock) and advice CE to keep on file. 
 
Normally supplied in 10kg boxes measuring 305mm = 13.75inch * 
290mm = 11.5 inches * 178mm * 7.25 inches but occasionally in bags. 
 
Our transport box internal measurements are only 2206mm = 89ins 
long706mm = 30 ins wide 401mm =16ins deep. 
 
We will need 18*10kg boxes + 12 for transport. (after cool down assess 
how much will be required for transport).Space is at a premium and 
stacking is important. 
 
Cardboard dry ice boxes will stack in the transport box 2 deep ((7.5ins * 
2 = 13ins) 2 across (13.75 * 2 = 27.5ins) 7 long (11.5 * 7 = 80.5ins) a 
space is still left round the sides that opened ice could be placed. 
 
A total of 28 boxes plus say four round the sides 32 can be held for up to 
four days with very little loss if required. 
 
If the boxes are packed close together when not in the transport box 
(between jobs) boil off will be kept to a minimum, thick polystyrene 
sheets (the type used to insulate walls, acquired in most builders 
merchants) placed round the outside of the stacked boxes will also act as 
a temporary dry ice keeper. 
 
If ice is to be collected for safety reasons it will only be supplied in a 
vehicle that has a sealed partition between the driver and storage, the 
MPU is ideal. 
 
Dry ice must always be handled with the appropriate gloves and 
must NEVER be carried inside a car or even in the boot. 
 
On remote locations the same box will be used for cool down to dry ice 
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and then used with the aid of a metal box to transport to the storage 
supplier, it can also act as a temporary ice keeper. 
 
Place about 301mm = 12 inches at the bottom of the red transport box. 
 
Place patient in a sleeping bag making sure there are no exposed parts. 
 
With the aid of the sling place patient on top of the dry ice and place 
spacer (only to be used  when cooling) in place of the lid. (straps on sling 
should be left outside the cooling box to assist when topping ice up). 
 
Cover with dry ice to the top of the spacer and put on lid (making sure 
temperature probes are in place). 
 
Replace lid on top of spacer and check as required (top up with dry ice as 
needed being sure to check ice underneath as well as on top)  

Leave to cool until temperature reaches -79 (estimated time about 48 
hours). 

When -79 is reached place patient still in sleeping bag into metal 
container and seal (this is required by some coroners) this process will 
normally be undertaken by the funeral director who will arrange transport 
to the US. 

Care must be taken to minimise this process to avoid re-warming. 

About 4inches of dry ice is placed into the red box followed by the metal 
box with the patient in and the remainder of the 120kg of dry ice is 
packed round the metal box. 

NOTE IT IS OF THE UTMOST IMPORTANCE THAT ONLY 120kg is 
measured out carefully THIS IS THE MAXIMUN ALOWED BY THE 
AIRLINES.  
 

 
 

Perfusion set-up using a single pump 
 

Despite having the perfusate mixed into its correct consistencies and 
filtered, the embalmer ready to do the cut down, it is still quite possible 
he may never have heard of a closed circuit perfusion before, so it is 
important the CE team know how this circuit works and how to operate a 
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ramping system which will help to minimise damage and give a better 
cryoprotectant take up. 
 
If the embalmer or team member is present it is advisable to create a bur 
hole in the scull to observe swelling or shrinkage of the brain. 
 
This is achieved with a special bur hole cutter in the tubing box but I cant 
stress enough DO NOT carry out this procedure without training and 
even then with great caution. 
 
Bur hole 
 
A small section of the head will be shaved and cleaned. The bur hole 
cutter fits into an electric drill on very low speed and cut with the utmost 
caution. This procedure is somewhat like taking a section of an egg shell 
away without toughing the menbrain. If the cutter goes to deep and 
penetrates the brain the perfusion can not continue, but with care this is 
quite a simple procedure. 
 
As perfusate is added a careful observation will tell you if excessive 
swelling is taking place and the flow rates must be reduced or stopped.  
 
List of requirements for perfusion kit. 

 
(1) Perfusion pump 

 
(2) 5containers Perfusate already mixed and filtered. (See manual         

page 35). 
 
(3) Work Station 

 
(4)  Magnetic stirrer and weights. 

 
(5)  2 Large and 2 small mixing containers. (1*Large in case you mix                      

on site. 
(6) Box containing tubing pack assembly, this should be checked before 

setting off (a) tubing pack (b)heat exchanger (c) Large filter,(d) small 
filter (e) Fixing pole (f) 3*brackets and clamps (g) hair dryer if pipes 
are cold (h) box of assorted fittings (1) Squid pump. (j) Temperature 
meter and probes (k) arterial pressure gauge. 
 

(7) Suction pump. 
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(8) Surgical instruments and clamps. 
 
(9) Dump container. 
 
(10) Bur hole cutter and drill. 
 
(11) 4 scissor clamps 

 
Perfusate circuit 
 
If you refer to the Perfusion Circuit Diagram in your manual you will see 
from picture (1) below how it looks when assembled. 
 
                           (1)                                                               (2) 

       
 
It is better to put the pump as low as possible to avoid the risk of air 
locks. 
 
The larger of the two containers will sit on the Magnetic Stirrer with the 
Stirrer Magnets positioned inside the container. 
 
As the perfusate is added and the blood returns from the patient it 
continually mixed, giving an even concentration, which will gradually be 
added a higher consentrate of cryoprotectant. 
 
The smaller container will sit on top of the Work Station; it is this that 
will be topped up with the various strengths of perfusate. 
 
In the appropriate box you will find the tubing pack, which comes partly 
assembled with filters, heat exchanger and everything required to 
assemble a perfusion and wash out unit 
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The tubing pack is both numbered and coloured to assist with assembly. 
However brackets that hold both filters and the heat exchanger are a little 
more difficult to assemble. By far the simplest way to become familiar 
with this procedure is to come to the training sessions, but if you have not 
had the opportunity to do that I will try to explain 
 
Picture (2) above, clamps 
 
(1) The large main pole clamps onto the bracket attached to the Work 
Station. 
 
(2) The heat exchanger bracket (bottom bracket) is clamped to the 
bottom of the main pole (this will normally be left attached to the main 
pole). Attach Heat Exchanger by clipping into C shaped clip checking 
the exchanger is the correct way up. 
  
Assemble of top brackets 
 
(3) The centre top clamp has two holes: one large to fit over the main 
pole, the other to take the Blood Filter holder. Fit the clamp to the pole 
and tighten. 
 
Push Blood Filter holder (a C shaped end with a spindle about 7” long) 
into the hole leaving about 6” sticking out the other side. Tighten the 
wing nut. This will later be used to connect the large filter bracket. 
 
(4) The Main Filter Bracket is in two parts consisting of an adjustable 
clamp with three red fingers and a bracket with two holes.  
 
(5) Push the Large Filter Holder through the larger of the two holes in 
the Bracket leaving about six inches sticking out and tighten. 
 
(6) Using the small hole, place clamp and bracket over the Blood Filter 
Bracket shaft keeping the shaft of the Large Filter Holder to the other 
side of the bracket already fixed, (this will act as a stabiliser). 
Adjust as required. The Blood Filter should be kept as high as the 
brackets will allow while the large filter should be as low as possible 
within the confines of the bracket which is at the top of the main pole, 
 
Cooling the heat exchanger in remote conditions 
 
To cool blood and perfusate passing through the heat exchanger would 
normally be done with the aid of the Temperature Controller. Since this 
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is two large to carry it will be substituted for a water container which we 
will add ice to. 
 
The squid pump will be placed at the bottom of the container taking the 
pipe from the pump to No 13 on the Perfusion Circuit (the inlet side of 
the heat exchanger) a further piece of tubing from No12 (outlet side of 
the heat exchanger) back into the ice container. 
 
Care must be taken to monitor the amount of ice in the container.   
 
Getting air out of the system 
 
When the circuit is assembled all air must be purged from the system 
before connecting to the patient. 
 
Connect the two ends which will be connected to the patient together and 
let the perfusate run round the system. 
 
Open the valve on the top of the Blood Filter (a vent for the arterial flow). 
Tap filters gently with the rubber hammer supplied and look to see if any 
air is visible in the filters, heat exchanger or pipe. 
 
When you are confident all air is out put both tubes to be connect above 
the highest point that fluid reaches and turn off, capping ends with tubing 
caps. You are now ready to perfuse. 
 
 



 

 

1 
 Date 

CE Checklist (1) 
 

Emergency questionnaire 
 
 

Stay calm. Try to calm your caller.  
Both of you will be stressed. That leads to errors or mistakes. 

 
 
 

Patient Scribe 

. 
Questions and Answers 

 

1. In case we are cut off please give me your name and phone number 
 

2. Are you a member of Cryonics Europe? 
 

3. Are you a fully signed up with a storage provider (if yes with whom?) 
 

4. Tell Caller: If should we lose contact for any reason, please call back as soon as 
possible  

          Member / Patient Not Alive                              Member / Patient Is Alive 
 

 5. Ask Caller: “Is the member still alive”?      (Go to appropriate area below)  
 :   

     
  
 
 
 
 
 
 

1.1 Was death expected? Have they seen a doctor in the 
past two days? (If not try to avoid autopsy) 
 
1.2 Urgent: Patient needs to be pronounced ASAP 
1.3 Urgent: CE to contact with team & undertaker.             

1.4 How long has patient been dead? If over one hour      
Take appropriate action.Option two in manual                

1.1 Urgent: Patient needs to be pronounced ASAP 
after death. A member of our team will be with you very 

soon to advise. (Give approximate time of arrival) 

1.2 Send at least one team member. Call team & 

undertaker. 
                           

Inject 50,000 units heparin 
       

 

 

 

                                                                                                               

1.3 Do CPR while cooling with ice to 10°C 

Pack head with ice until we arrive 

Keep pH at 7.5 
 

            

             

1.5 Find out if patient needs to be moved and where to. 
 
1.6 First call undertaker to deal with doctor, coroner etc 
to get position of patient 
 
1.7 Do CPR and cool as well as possible using ice in a 
bath if necessary 
 
Keep PH at 7.5 

                                                                       

We should receive very few emergency calls from the public who are not fully aware 
of our procedures so the information asked for is just a reminder for you both. 
 

Write down everything 
 

Do NOT rely on your memory - it doesn’t work under pressure 



 

 

2 
CE Checklist (2) 

                  
                Readiness check of MPU & car 

 
 
Before leaving base                                                                                             

 

(1)  Switch on Ice Machine (water & electric) if the weather is cold be sure it is producing 
ice. This should be done when an emergency is expected 

 

  
(2)  Switch on ice keeper, if a remote standby is installed in the MPU plug in. Fill ice bags 
and store until keeper and icemaker are full.  Make sure mains lead is plugged in.            

 

 

  
(3)  Suitcase marked PIB. (Checklist inside) Choose whichever base is appropriate. 
 

 

  
(4)  Thumper, 4 small gas bottles, gauges & hoses. (If remote take large bottle) 
 

 

  
(5)  Suitcase marked Medication Kit. (Checklist inside) 
 

 

  
(6)  Generator & petrol. (To run fridge when mains is not available) 
 

 

(7)  Long extension lead.     

Scribe 
Tick 
when 

 
Check batteries for inverter are fully charged. 
 
On site when pronouncement is expected and agreement to co-operate has been achieved 
 
(a) Assemble ice bath, place 4 gallons of cold water and two bags of crushed ice at the bottom 
before transferring patient. 
 
(b) Place patient in bath cover with ice and connect Thumper. BE CAREFUL WHEN 
PLACING ICE ROUND THUMPER KEEP AWAY FROM RAM. 
 
(c) Set up IV lines and administer medications in the correct order. All meds should be drawn 
before pronouncement 
 
(d) Transport to facility or Undertakers for perfusion. 
 
It is recommended that stand by under 100 miles should return to base for perfusion. 
 
If over 100 take the advice of Barry Albin who will normally carry out the perfusion. 
 
It is of the utmost importance that the vehicle towing the MPU is 2000 cc or 
above. 
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CE Checklist (3) 

 
Team Choice 

 
Patient Name                                                                                                                        Date 

 
     Standby & transport First Choice Backup Scribe 
    
Checking MPU    
    
    
Team Leader    
    
    
Equipment set up    
    
    
CPS    
    
    
Medication    
    
    
Cooling & Temperature    
    
    
Pumps & Perfusion  set up    
    
    

Perfusion Personnel First choice Backup Scribe 
    
Surgeon    
    
    
Surgical Assistant    
    
    
Burr Hole Surgeon    
    
    
Perfusionist    
    
Blood Samples    
    
Refractometry    
    
    
Photographer    
    
    
Videography    
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CE Check List 4 

 
The First Ten Minutes  

 
By now you would have set up the ice bath checked meds and all the equipment to be ready for 
pronouncement. 
                                                                                                 
If the time and dates are not filled in beside the corresponding letter it will be assumed it has not been 
done so please be vigilant 
 
Scribe Name                               Patient Name                               Date           Time 
A Alarm / Awareness of Cardiac Arrest and Pronouncement (Beginning of Action 

Sequence) 
  

    
B Begin tape recorder (Verbalize everything into tape for transcription)   
    
C Calls (Call team members, Coroner, Mortician, Physician, storage provider (CI or Alcor, 

etc.) 
  

    
D Determine details of Cardiac Arrest and Pronouncement (Who? When? How? Cause?)   
    
E EGTA and IV (Make sure all lines are left in the patient)   
    
F Finalize equipment readiness (relocate if necessary)   
    
G Get physical custody of patient (to begin stabilization procedures)   
    
H Head cooling (immediate placement of ice bags around head) until in ice bath.   
    
I Insert (tympanic and other temperature) probes and begin logging data   
    
J Juice flow (initial medications - bag #1 - and blood sample)   
    
K Compression (manual CPS)   
    
L Loosen (disconnect) patient from lines, monitors, etc.   
    
M Move patient into PIB (portable ice bath)   
    
N Now (finally) dump ice/water into PIB (ice will already be in the bath).   
    
0 Operate SCD (spray cooling device squid)   
    
P Position Thumper.   
    
Q Quickly start Thumper.   
    
R Resume medications administration (bags #2 and up)   
    
S Secure final permission to remove patient from hospital   
    
T Transport if required to washout facility   
 
 
 
 
 
 

 
Additional information 
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 Becoming familiar with the (MPU) Mobile Perfusion Unit. 

 
 

At the front you find two plugs that plug into the car, one is black which operates the lights, 
indecaters and stop lights on the MPU. The other is grey which in our case only carries the 
charging wire. 
 
Charging is only a trickle charge so we will have to rely on the internal charger most of the 
time. I have utilised the remainder of the wires in the grey loom to provide internal 12 volt 
lighting. 
 
For those of you with knowledge of caravans this set up will be very familiar. 
 
The tow bracket fits on to the ball joint of the car; the small wheel is called a jockey wheel 
and is lifted up once the bull joint is fitted. 
 
The stabiliser is connected to the car and clips on to the MPU, jacks are taken up and the hand 
brake released by pushing forward (this action is rather stiff) and you are ready to go. 
 
Before this happens a quick tour of the MPU!!!!! 
 
On the Right as you open the doors you will see two black bars about 30ins long which are 
door stays, these are held in place with wing nuts which when removed can be placed in the 
magnetic dish to avoid getting lost, great care must be taken to hold the door stable until these 
are fitted to save the doors swinging back and smashing the lights. The one marked A goes to 
the left and B to the right (facing the back doors). 
 
At the top close to the door you will see a mains fuse box which receives its power in three 
ways. 

(a) Through a mains lead located outside to the right hand bottom corner. 
(b) Via a generator which would plug in the same socket. 
(c) From the batteries and inverter. The batteries feed the inverter the inverter turn’s the 12 

volt to 250volt ac mains and is fed to the fuse box. 
 

Checks to be made before setting up inverter 
 

Next to the fuse box is a switch marked 1 and 2 Position 1 = mains or generator and position 
2 = inverter supply 
 
No 1 is straight forward mains and will operate as you would in doors. 
 
No 2 the inverter is a little more complicated but must be understood otherwise damage to 
equipment can be caused. 
 
Before selecting No2 check the following. (No 2 should only be selected when no mains 
supply is available). 
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(1) Check battery selector to see it is in the off position.(larger black switch) 
 
(2) Check inverter switch to make sure it is in the off position.(on left hand side of inverter) 
 
(3) Check all lights and appliances and turn off. 
 

Getting ready to use inverter 
 
(a)  Turn 1&2 mains/inverter switch to number 2. 
(b)  Adjust three-way and off switch to position 1 or 2.(Depending which batteries require 

charging) 
(c)  Check inverter switch which is on the left hand side of the inverter and switch on. 
(d)  You should have mains and I suggest you switch on a light to test. 
(e)  If all is Ok put on the fridge. 
 

BATTERY CHARGER WILL NOT WORK FROM INVERTER BUT WILL WORK 
FROM GENERATOR. 

 
Battery charger is on a shelf just above the inverter and will only be used  when mains power 
is provided. 
 
The charger is permanently wired in on its own supply and is only able to be used when 
mains are plugged in or generator is connected to MPU. 
 
Switch on charger (set to Automatic,12V & Minimum see separate sheet) then select position 
No1 or 2 via the battery selector switch (do not confuse this with the mains/inverter switch) 
depending which batteries you wish to charge. Number 1 charges the four batteries to the left 
facing them Position 2 charges the right hand side. 
 
Note this corresponds to the position 1 & 2 on the inverter supply so whichever bank of 
batteries have been used the same will require charging. 
 
When the batteries are fully charged the charge indicator on the charger will go towards zero. 
 
ONLY CHARGE BATTRIES IF ALL BATTERY POWER IS OF, THE CHANGE 
OVER SWITCH IS IN THE OFF POSSITION AND THE MAINS CONNECTED.  

 
Batteries and Inverter  

 
This section has been covered on a separate sheet. 

 
Generator 

 
The generator is positioned next to the batteries and is held down by a strap. 
 
This item can only be used outside because of the fumes caused. Before use always check oil 
and petrol, before going on a journey be sure spare can is full. 
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There is no petrol tap but petrol must be pumped up via a small rubber button this is a pump 
to prime the carburettor. 
 
Push lever to run position and pull the start rope, this normally starts in two or three pulls. To 
stop push lever to stop. 
 
A supply cable connects the generator to the mains input MAINS SWITCH MUST BE IN 
no1 POSSITION. 
 

Chain generator up with the chain and lock supplied to minimise the chances of 
thieving. 

 
Gas Bottles and air supply 

 
Changes have been made with the oxygen bottles and are now larger and readily available 
from all suppliers of commercial gas. 
 
We have added a compressor which can take the place of the oxygen bottles thus conserving 
the oxygen time available. This operates from the mains the outlet from the compressor uses 
the same hose as the oxygen bottles, However the supply hose connects to a water trap on the 
wall above the PIB carrier and a second lead is used to connect the other side of the water trap 
to the HLR. 
 
NOTE THE PRESURE GUIGE WHICH IS ADJUST BY THE KNOB ON TOP OF 
THE WATER TRAP ( set at 60 lb) 
 
Although noisy it is quite safe to use the compressor indoors or in the MPU. 
 

Fridge 
 
This is a deep freezer which has been converted to give a higher temperature (-4) but low 
enough to keep enough flaked for a cool down for a number of days. (No adjustment is 
required) 
 
Switch on a few hours before loading with flake ice from our ice maker and load into 
manageable bags. 
 

TURN OFF WHEN SWITCHING TO BATTERY OR BACK TO MAINS OR 
GENERATER. 

 
Ice Bath, Meds Kit, Tubing Packs and auxiliaries. 

 
These are packed on top of the PIB carrier and you are already familiar with there contents. 
 

Perfusion kit. 
 



 

 

8 
Everything required to do a full perfusion is carried. Glycerol at the front left, container for 
mixed perfusate, front left, containers for perfusion circuit (see perfusion circuit) on shelves, 
everything required for closed circuit perfusion, including portable pumps, magnetic stirrer 
which is on the trolley by the left rear door, electric stirrer for mixing perfusate. 
 

Ramps 
 
These are located on the back left hand door and are used when taking a patient in or out of 
the MPU. 

 
Spare Wheel 

 
This is mounted inside the door behind the advertising plaque outside where the jack and 
tools are housed.  
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                     Cryonics Medication Dosage Calculation 

  
                                                                                        

                                                                                                                                       Date 
__________________  

 
Patient ________________ 

 
 
 

Patient weight : 6.99 lbs / 3.17 kg / .5 stone 
 Scribe __________________________________________ 

 
 
 
 

         
                                                                                                                                                Time Med.    Time Med.    
Pk Medication name       Note          Package       Concentration     Dosage Patient           Drawn-     Administered            
_______________________________________________________________________________________________ 
 
1 Potassium Chloride  20 ml 2 mEq/ml 1.59 ml             :                     : 
1 Diprivan (Propofol) [2] 20 ml 10 mg/mi .64 ml             :                     : 
1 Vecuronium [4] 10 ml I mg/mi 0.32 ml             :                     :     
2 Sodium Lleparin  4 ml 10000 units/mi 0.13 ml             :                     :                               
3 Streptokinase (Streptase) [3] 5 ml 50000 units/mi 5 ml (all)     :                     :  
3 Sodium Choloride  20 ml 1  20 ml (all)     :                     : 
4 Ephinephrine                      [5]      30    ml         1      mg/ml          .64      ml            :                   : 
5 Deferoxamine HCL [8] 500 ml 1 mg/mI 2000 ml (all)     :                     : 
6 Chlorpromazine IICL  10 ml 20 mg/nil 0.32 ml             :                     : 
6 Methylprednisolone [9] 8 ml 125 mg/mi 8 ml (all)     :                     :  
7 Gentamicin Sulfate  2 ml 40 mg/mi 0.8 ml             :                     :  
7 Bactrim  10 ml 1 mg/mI 10 ml (all)     :                     : 
7 Erythromycin [11] 20 ml 50 mg/mi 20 ml (all)     :                     :  
8 Tagamet [13] 2 ml 150 mg/mi 0.17 ml             :                     : 
9 Maalox [12] 250 ml 1  250 ml (all)     :                     :  
Ml TRAM [1] 500 ml 36 mg/mi 500 ml (all)     :                     : 
M2 Mannitol [10] 500 ml 0.2 gm/mi 1000 ml (all)     :                     : 
M3 Dextran 40  500 ml 0.1 gm/mi 500 ml (all)     :                     : 
M4 Sodium Bicarbonate  20 ml 1 mEq/ml 120 ml (all)     :                     : 
 
 

Notes: 
 

[2] Shake emulsion well before use. Use strict aseptic procedures - contains no preservatives. 
[4] Dry powder with diluent in package. Diluent is lOmi of bacteriostatic water for injection. Use it all. 
[3] Reconstitute with 5 ml sodium chloride 
[5] Follow push with 10 ml (10cc) every 10 minutes, (100 Kg patient) until temperature less than 25 degrees C. 
[8] Reconstitute with 2 ml sterile water /500 mg vial 
[9] 8 ml Actovial (use all) 
[11] Reconstitute with 20 ml sterile water / ig vial - 

[13] Injectable only; given 1-2 hours in advance of pronouncement 
[12] Administer through gastric tube, using 60 cc syringe 
[1] 30 drops/mm after initial push (200 cc) dosage (use whole bottle) 
[10] High Flow I.V. infusion 

 
 

(This procedure applies for less than 30 minutes ischemic time. For more than 30 minutes, 
the order of medications may change Check with CryoTransport Manager for protocol.) 
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                     Cryonics Medication Dosage Calculation 

  
                                                                                        

                                                                                                                                       Date 
__________________  

 
Patient ________________ 

 
 
 

Patient weight : 13.97 lbs / 6.35 kg / 1 stone 
 Scribe __________________________________________ 

 
 
 
 

         
                                                                                                                                                Time Med.    Time Med.    
Pk Medication name       Note          Package       Concentration     Dosage Patient           Drawn-     Administered            
_______________________________________________________________________________________________ 
 
1 Potassium Chloride  20 ml 2 mEq/ml 3.17 ml             :                     : 
1 Diprivan (Propofol) [2] 20 ml 10 mg/mi 1.27 ml             :                     : 
1 Vecuronium [4] 10 ml I mg/mi 0.64 ml             :                     :     
2 Sodium Lleparin  4 ml 10000 units/mi 0.27 ml             :                     :                               
3 Streptokinase (Streptase) [3] 5 ml 50000 units/mi 5 ml (all)     :                     :  
3 Sodium Choloride  20 ml 1  20 ml (all)     :                     : 
4 Ephinephrine                      [5]      30    ml         1      mg/ml          1.27    ml            :                   : 
5 Deferoxamine HCL [8] 500 ml 1 mg/mI 2000 ml (all)     :                     : 
6 Chlorpromazine IICL  10 ml 20 mg/nil 0.64 ml             :                     : 
6 Methylprednisolone [9] 8 ml 125 mg/mi 8 ml (all)     :                     :  
7 Gentamicin Sulfate  2 ml 40 mg/mi 0.16 ml             :                     :  
7 Bactrim  10 ml 1 mg/mI 10 ml (all)     :                     : 
7 Erythromycin [11] 20 ml 50 mg/mi 20 ml (all)     :                     :  
8 Tagamet [13] 2 ml 150 mg/mi 0.34 ml             :                     : 
9 Maalox [12] 250 ml 1  250 ml (all)     :                     :  
Ml TRAM [1] 500 ml 36 mg/mi 500 ml (all)     :                     : 
M2 Mannitol [10] 500 ml 0.2 gm/mi 1000 ml (all)     :                     : 
M3 Dextran 40  500 ml 0.1 gm/mi 500 ml (all)     :                     : 
M4 Sodium Bicarbonate  20 ml 1 mEq/ml 120 ml (all)     :                     : 
 
 

Notes: 
 

[2] Shake emulsion well before use. Use strict aseptic procedures - contains no preservatives. 
[4] Dry powder with diluent in package. Diluent is lOmi of bacteriostatic water for injection. Use it all. 
[3] Reconstitute with 5 ml sodium chloride 
[5] Follow push with 10 ml (10cc) every 10 minutes, (100 Kg patient) until temperature less than 25 degrees C. 
[8] Reconstitute with 2 ml sterile water /500 mg vial 
[9] 8 ml Actovial (use all) 
[11] Reconstitute with 20 ml sterile water / ig vial - 

[13] Injectable only; given 1-2 hours in advance of pronouncement 
[12] Administer through gastric tube, using 60 cc syringe 
[1] 30 drops/mm after initial push (200 cc) dosage (use whole bottle) 
[10] High Flow I.V. infusion 

 
 

(This procedure applies for less than 30 minutes ischemic time. For more than 30 minutes, 
the order of medications may change Check with CryoTransport Manager for protocol.) 
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                     Cryonics Medication Dosage Calculation 

  
                                                                                        

                                                                                                                                       Date 
__________________  

 
Patient ________________ 

 
 
 

Patient weight : 97.79 lbs / 44.45 kg / 7 stone 
 Scribe __________________________________________ 

 
 
 
 

         
                                                                                                                                                Time Med.    Time Med.    
Pk Medication name       Note          Package       Concentration     Dosage Patient           Drawn-     Administered            
_______________________________________________________________________________________________ 
 
1 Potassium Chloride  20 ml 2 mEq/ml 22.23 ml             :                     : 
1 Diprivan (Propofol) [2] 20 ml 10   mg/ml 8.89 ml             :                     : 
1 Vecuronium [4] 10 ml I   mg/ml 4.44 ml             :                     :     
2 Sodium Lleparin  4    ml       10000 units/ml 1.87 ml             :                     :                               
3 Streptokinase (Streptase) [3] 5 ml 50000units/ml        5           ml (all)     :                     :  
3 Sodium Choloride  20 ml 1                           20 ml (all)     :                     : 
4 Ephinephrine                      [5]      30    ml         1      mg/ml        8.89      ml            :                   : 
5 Deferoxamine HCL [8] 500 ml 1 mg/mI 2000 ml (all)     :                     : 
6 Chlorpromazine IICL  10 ml 20 mg/nil 4.44 ml             :                     : 
6 Methylprednisolone [9] 8 ml 125     mg/ml          8           ml (all)     :                     :  
7 Gentamicin Sulfate  2 ml 40 mg/ml 1.11 ml             :                     :  
7 Bactrim  10 ml 1       mg/mI         10  ml (all)     :                     : 
7 Erythromycin [11] 20 ml 50      mg/ml         20  ml (all)     :                     :  
8 Tagamet [13] 2 ml 150 mg/ml          2.37       ml             :                     : 
9 Maalox [12] 250 ml 1  250 ml (all)     :                     :  
Ml TRAM [1] 500 ml 36 mg/ml 500 ml (all)     :                     : 
M2 Mannitol [10] 500 ml 0.2 gm/ml 1000 ml (all)     :                     : 
M3 Dextran 40  500 ml 0.1 gm/ml 500 ml (all)     :                     : 
M4 Sodium Bicarbonate  20 ml          1     mEq/ml         120 ml (all)     :                     : 
 
 

Notes: 
 

[2] Shake emulsion well before use. Use strict aseptic procedures - contains no preservatives. 
[4] Dry powder with diluent in package. Diluent is lOmi of bacteriostatic water for injection. Use it all. 
[3] Reconstitute with 5 ml sodium chloride 
[5] Follow push with 10 ml (10cc) every 10 minutes, (100 Kg patient) until temperature less than 25 degrees C. 
[8] Reconstitute with 2 ml sterile water /500 mg vial 
[9] 8 ml Actovial (use all) 
[11] Reconstitute with 20 ml sterile water / ig vial - 

[13] Injectable only; given 1-2 hours in advance of pronouncement 
[12] Administer through gastric tube, using 60 cc syringe 
[1] 30 drops/mm after initial push (200 cc) dosage (use whole bottle) 
[10] High Flow I.V. infusion 

 
 

(This procedure applies for less than 30 minutes ischemic time. For more than 30 minutes, 
the order of medications may change Check with CryoTransport Manager for protocol.) 
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                      Cryonics Medication Dosage Calculation 

  
                                                                                        

                                                                                                                                       Date 
__________________  

 
Patient ________________ 

 
 
 

Patient weight : 111.76 lbs / 50.80 kg / 8 stone 
 Scribe __________________________________________ 

 
 
 
 

         
                                                                                                                                                Time Med.    Time Med.    
Pk Medication name       Note          Package       Concentration     Dosage Patient           Drawn-     Administered            
_______________________________________________________________________________________________ 
 
1 Potassium Chloride  20 ml 2 mEq/ml 25.40 ml             :                     : 
1 Diprivan (Propofol) [2] 20 ml 10   mg/ml 10.16 ml             :                     : 
1 Vecuronium [4] 10 ml I   mg/ml 5.08 ml             :                     :     
2 Sodium Lleparin  4    ml       10000 units/ml 2.13 ml             :                     :                               
3 Streptokinase (Streptase) [3] 5 ml 50000units/ml        5           ml (all)     :                     :  
3 Sodium Choloride  20 ml 1                           20 ml (all)     :                     : 
4 Ephinephrine                      [5]      30    ml         1      mg/ml        10.16      ml            :                   : 
5 Deferoxamine HCL [8] 500 ml 1 mg/mI 2000 ml (all)     :                     : 
6 Chlorpromazine IICL  10 ml 20 mg/nil 5.08 ml             :                     : 
6 Methylprednisolone [9] 8 ml 125     mg/ml          8           ml (all)     :                     :  
7 Gentamicin Sulfate  2 ml 40 mg/ml 1.27 ml             :                     :  
7 Bactrim  10 ml 1       mg/mI         10  ml (all)     :                     : 
7 Erythromycin [11] 20 ml 50      mg/ml         20  ml (all)     :                     :  
8 Tagamet [13] 2 ml 150 mg/ml          2.71       ml             :                     : 
9 Maalox [12] 250 ml 1  250 ml (all)     :                     :  
Ml TRAM [1] 500 ml 36 mg/ml 500 ml (all)     :                     : 
M2 Mannitol [10] 500 ml 0.2 gm/ml 1000 ml (all)     :                     : 
M3 Dextran 40  500 ml 0.1 gm/ml 500 ml (all)     :                     : 
M4 Sodium Bicarbonate  20 ml          1     mEq/ml         120 ml (all)     :                     : 
 
 

Notes: 
 

[2] Shake emulsion well before use. Use strict aseptic procedures - contains no preservatives. 
[4] Dry powder with diluent in package. Diluent is lOmi of bacteriostatic water for injection. Use it all. 
[3] Reconstitute with 5 ml sodium chloride 
[5] Follow push with 10 ml (10cc) every 10 minutes, (100 Kg patient) until temperature less than 25 degrees C. 
[8] Reconstitute with 2 ml sterile water /500 mg vial 
[9] 8 ml Actovial (use all) 
[11] Reconstitute with 20 ml sterile water / ig vial - 

[13] Injectable only; given 1-2 hours in advance of pronouncement 
[12] Administer through gastric tube, using 60 cc syringe 
[1] 30 drops/mm after initial push (200 cc) dosage (use whole bottle) 
[10] High Flow I.V. infusion 

 
 

(This procedure applies for less than 30 minutes ischemic time. For more than 30 minutes, 
the order of medications may change Check with CryoTransport Manager for protocol.) 
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                    Cryonics Medication Dosage Calculation 

  
                                                                                        

                                                                                                                                       Date 
__________________  

 
Patient ________________ 

 
 
 

Patient weight : 125.73 lbs / 57.15 kg / 9 stone 
 Scribe __________________________________________ 

 
 
 
 

         
                                                                                                                                                Time Med.    Time Med.    
Pk Medication name       Note          Package       Concentration     Dosage Patient           Drawn-     Administered            
_______________________________________________________________________________________________ 
 
1 Potassium Chloride  20 ml 2 mEq/ml 28.58 ml             :                     : 
1 Diprivan (Propofol) [2] 20 ml 10   mg/ml 11.43 ml             :                     : 
1 Vecuronium [4] 10 ml I   mg/ml 5.72 ml             :                     :     
2 Sodium Lleparin  4    ml       10000 units/ml 2.40 ml             :                     :                               
3 Streptokinase (Streptase) [3] 5 ml 50000units/ml        5           ml (all)     :                     :  
3 Sodium Choloride  20 ml 1                           20 ml (all)     :                     : 
4 Ephinephrine                      [5]      30    ml         1      mg/ml        11.43    ml            :                   : 
5 Deferoxamine HCL [8] 500 ml 1 mg/mI 2000 ml (all)     :                     : 
6 Chlorpromazine IICL  10 ml 20 mg/nil 5.72 ml             :                     : 
6 Methylprednisolone [9] 8 ml 125     mg/ml          8           ml (all)     :                     :  
7 Gentamicin Sulfate  2 ml 40 mg/ml 1.43 ml             :                     :  
7 Bactrim  10 ml 1       mg/mI         10  ml (all)     :                     : 
7 Erythromycin [11] 20 ml 50      mg/ml         20  ml (all)     :                     :  
8 Tagamet [13] 2 ml 150 mg/ml          3.05       ml             :                     : 
9 Maalox [12] 250 ml 1  250 ml (all)     :                     :  
Ml TRAM [1] 500 ml 36 mg/ml 500 ml (all)     :                     : 
M2 Mannitol [10] 500 ml 0.2 gm/ml 1000 ml (all)     :                     : 
M3 Dextran 40  500 ml 0.1 gm/ml 500 ml (all)     :                     : 
M4 Sodium Bicarbonate  20 ml          1     mEq/ml         120 ml (all)     :                     : 
 
 

Notes: 
 

[2] Shake emulsion well before use. Use strict aseptic procedures - contains no preservatives. 
[4] Dry powder with diluent in package. Diluent is lOmi of bacteriostatic water for injection. Use it all. 
[3] Reconstitute with 5 ml sodium chloride 
[5] Follow push with 10 ml (10cc) every 10 minutes, (100 Kg patient) until temperature less than 25 degrees C. 
[8] Reconstitute with 2 ml sterile water /500 mg vial 
[9] 8 ml Actovial (use all) 
[11] Reconstitute with 20 ml sterile water / ig vial - 

[13] Injectable only; given 1-2 hours in advance of pronouncement 
[12] Administer through gastric tube, using 60 cc syringe 
[1] 30 drops/mm after initial push (200 cc) dosage (use whole bottle) 
[10] High Flow I.V. infusion 

 
 

(This procedure applies for less than 30 minutes ischemic time. For more than 30 minutes, 
the order of medications may change Check with CryoTransport Manager for protocol.) 
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                    Cryonics Medication Dosage Calculation 

  
                                                                                        

                                                                                                                                       Date 
__________________  

 
Patient ________________ 

 
 
 

Patient weight : 139.70 lbs / 63.50 kg / 10 stone 
 Scribe __________________________________________ 

 
 
 
 

         
                                                                                                                                                Time Med.    Time Med.    
Pk Medication name       Note          Package       Concentration     Dosage Patient           Drawn-     Administered            
_______________________________________________________________________________________________ 
 
1 Potassium Chloride  20 ml 2     mEq/ml        31.75 ml             :                     : 
1 Diprivan (Propofol) [2] 20 ml 10   mg/ml 12.70 ml             :                     : 
1 Vecuronium [4] 10 ml I   mg/ml 6.35 ml             :                     :     
2 Sodium Lleparin  4    ml       10000 units/ml 2.67 ml             :                     :                               
3 Streptokinase (Streptase) [3] 5 ml 50000units/ml        5           ml (all)     :                     :  
3 Sodium Choloride  20 ml 1                           20 ml (all)     :                     : 
4 Ephinephrine                      [5]      30    ml         1      mg/ml        12.70    ml            :                   : 
5 Deferoxamine HCL [8] 500 ml 1 mg/mI 2000 ml (all)     :                     : 
6 Chlorpromazine IICL  10 ml 20 mg/nil 6.35 ml             :                     : 
6 Methylprednisolone [9] 8 ml 125     mg/ml          8           ml (all)     :                     :  
7 Gentamicin Sulfate  2 ml 40 mg/ml 1.59 ml             :                     :  
7 Bactrim  10 ml 1       mg/mI         10  ml (all)     :                     : 
7 Erythromycin [11] 20 ml 50      mg/ml         20  ml (all)     :                     :  
8 Tagamet [13] 2 ml 150 mg/ml          3.39       ml             :                     : 
9 Maalox [12] 250 ml 1  250 ml (all)     :                     :  
Ml TRAM [1] 500 ml 36 mg/ml 500 ml (all)     :                     : 
M2 Mannitol [10] 500 ml 0.2 gm/ml 1000 ml (all)     :                     : 
M3 Dextran 40  500 ml 0.1 gm/ml 500 ml (all)     :                     : 
M4 Sodium Bicarbonate  20 ml          1     mEq/ml         120 ml (all)     :                     : 
 
 

Notes: 
 

[2] Shake emulsion well before use. Use strict aseptic procedures - contains no preservatives. 
[4] Dry powder with diluent in package. Diluent is lOmi of bacteriostatic water for injection. Use it all. 
[3] Reconstitute with 5 ml sodium chloride 
[5] Follow push with 10 ml (10cc) every 10 minutes, (100 Kg patient) until temperature less than 25 degrees C. 
[8] Reconstitute with 2 ml sterile water /500 mg vial 
[9] 8 ml Actovial (use all) 
[11] Reconstitute with 20 ml sterile water / ig vial - 

[13] Injectable only; given 1-2 hours in advance of pronouncement 
[12] Administer through gastric tube, using 60 cc syringe 
[1] 30 drops/mm after initial push (200 cc) dosage (use whole bottle) 
[10] High Flow I.V. infusion 

 
 

(This procedure applies for less than 30 minutes ischemic time. For more than 30 minutes, 
the order of medications may change Check with CryoTransport Manager for protocol.) 
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                Cryonics Medication Dosage Calculation 

  
                                                                                        

                                                                                                                                       Date 
__________________  

 
Patient ________________ 

 
 
 

Patient weight : 153.67 lbs / 69.85 kg / 11 stone 
 Scribe __________________________________________ 

 
 
 
 

         
                                                                                                                                                Time Med.    Time Med.    
Pk Medication name       Note          Package       Concentration     Dosage Patient           Drawn-     Administered            
_______________________________________________________________________________________________ 
 
1 Potassium Chloride  20 ml 2     mEq/ml        34.92 ml             :                     : 
1 Diprivan (Propofol) [2] 20 ml 10   mg/ml 13.97 ml             :                     : 
1 Vecuronium [4] 10 ml I   mg/ml 6.99 ml             :                     :     
2 Sodium Lleparin  4    ml       10000 units/ml 2.93 ml             :                     :                               
3 Streptokinase (Streptase) [3] 5 ml 50000units/ml        5           ml (all)     :                     :  
3 Sodium Choloride  20 ml 1                           20 ml (all)     :                     : 
4 Ephinephrine                      [5]      30    ml         1      mg/ml        13.97    ml            :                   : 
5 Deferoxamine HCL [8] 500 ml 1 mg/mI 2000 ml (all)     :                     : 
6 Chlorpromazine IICL  10 ml 20 mg/nil 6.99 ml             :                     : 
6 Methylprednisolone [9] 8 ml 125     mg/ml          8           ml (all)     :                     :  
7 Gentamicin Sulfate  2 ml 40 mg/ml 1.75 ml             :                     :  
7 Bactrim  10 ml 1       mg/mI         10  ml (all)     :                     : 
7 Erythromycin [11] 20 ml 50      mg/ml         20  ml (all)     :                     :  
8 Tagamet [13] 2 ml 150 mg/ml          3.73       ml             :                     : 
9 Maalox [12] 250 ml 1  250 ml (all)     :                     :  
Ml TRAM [1] 500 ml 36 mg/ml 500 ml (all)     :                     : 
M2 Mannitol [10] 500 ml 0.2 gm/ml 1000 ml (all)     :                     : 
M3 Dextran 40  500 ml 0.1 gm/ml 500 ml (all)     :                     : 
M4 Sodium Bicarbonate  20 ml          1     mEq/ml         120 ml (all)     :                     : 
 
 

Notes: 
 

[2] Shake emulsion well before use. Use strict aseptic procedures - contains no preservatives. 
[4] Dry powder with diluent in package. Diluent is lOmi of bacteriostatic water for injection. Use it all. 
[3] Reconstitute with 5 ml sodium chloride 
[5] Follow push with 10 ml (10cc) every 10 minutes, (100 Kg patient) until temperature less than 25 degrees C. 
[8] Reconstitute with 2 ml sterile water /500 mg vial 
[9] 8 ml Actovial (use all) 
[11] Reconstitute with 20 ml sterile water / ig vial - 

[13] Injectable only; given 1-2 hours in advance of pronouncement 
[12] Administer through gastric tube, using 60 cc syringe 
[1] 30 drops/mm after initial push (200 cc) dosage (use whole bottle) 
[10] High Flow I.V. infusion 

 
 

(This procedure applies for less than 30 minutes ischemic time. For more than 30 minutes, 
the order of medications may change Check with CryoTransport Manager for protocol.) 
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                Cryonics Medication Dosage Calculation 

  
                                                                                        

                                                                                                                                       Date 
__________________  

 
Patient ________________ 

 
 
 

Patient weight : 167.64 lbs / 76.20 kg / 12 stone 
 Scribe __________________________________________ 

 
 
 
 

         
                                                                                                                                                Time Med.    Time Med.    
Pk Medication name       Note          Package       Concentration     Dosage Patient           Drawn-     Administered            
_______________________________________________________________________________________________ 
 
1 Potassium Chloride  20 ml 2     mEq/ml        38.10 ml             :                     : 
1 Diprivan (Propofol) [2] 20 ml 10   mg/ml 15.24 ml             :                     : 
1 Vecuronium [4] 10 ml I   mg/ml 7.62 ml             :                     :     
2 Sodium Lleparin  4    ml       10000 units/ml 3.20 ml             :                     :                               
3 Streptokinase (Streptase) [3] 5 ml 50000units/ml        5           ml (all)     :                     :  
3 Sodium Choloride  20 ml 1                           20 ml (all)     :                     : 
4 Ephinephrine                      [5]      30    ml         1      mg/ml        15.24    ml            :                   : 
5 Deferoxamine HCL [8] 500 ml 1 mg/mI 2000 ml (all)     :                     : 
6 Chlorpromazine IICL  10 ml 20 mg/nil 7.62 ml             :                     : 
6 Methylprednisolone [9] 8 ml 125     mg/ml          8           ml (all)     :                     :  
7 Gentamicin Sulfate  2 ml 40 mg/ml 1.90 ml             :                     :  
7 Bactrim  10 ml 1       mg/mI         10  ml (all)     :                     : 
7 Erythromycin [11] 20 ml 50      mg/ml         20  ml (all)     :                     :  
8 Tagamet [13] 2 ml 150 mg/ml          4.06       ml             :                     : 
9 Maalox [12] 250 ml 1  250 ml (all)     :                     :  
Ml TRAM [1] 500 ml 36 mg/ml 500 ml (all)     :                     : 
M2 Mannitol [10] 500 ml 0.2 gm/ml 1000 ml (all)     :                     : 
M3 Dextran 40  500 ml 0.1 gm/ml 500 ml (all)     :                     : 
M4 Sodium Bicarbonate  20 ml          1     mEq/ml         120 ml (all)     :                     : 
 
 

Notes: 
 

[2] Shake emulsion well before use. Use strict aseptic procedures - contains no preservatives. 
[4] Dry powder with diluent in package. Diluent is lOmi of bacteriostatic water for injection. Use it all. 
[3] Reconstitute with 5 ml sodium chloride 
[5] Follow push with 10 ml (10cc) every 10 minutes, (100 Kg patient) until temperature less than 25 degrees C. 
[8] Reconstitute with 2 ml sterile water /500 mg vial 
[9] 8 ml Actovial (use all) 
[11] Reconstitute with 20 ml sterile water / ig vial - 

[13] Injectable only; given 1-2 hours in advance of pronouncement 
[12] Administer through gastric tube, using 60 cc syringe 
[1] 30 drops/mm after initial push (200 cc) dosage (use whole bottle) 
[10] High Flow I.V. infusion 

 
 

(This procedure applies for less than 30 minutes ischemic time. For more than 30 minutes, 
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the order of medications may change Check with CryoTransport Manager for protocol.) 

 
 

 
 
 
 
               Cryonics Medication Dosage Calculation 

  
                                                                                        

                                                                                                                                       Date 
__________________  

 
Patient ________________ 

 
 
 

Patient weight : 181.61 lbs / 82.55 kg / 13 stone 
 Scribe __________________________________________ 

 
 
 
 

         
                                                                                                                                                Time Med.    Time Med.    
Pk Medication name       Note          Package       Concentration     Dosage Patient           Drawn-     Administered            
_______________________________________________________________________________________________ 
 
1 Potassium Chloride  20 ml 2     mEq/ml        41.28 ml             :                     : 
1 Diprivan (Propofol) [2] 20 ml 10   mg/ml 16.51 ml             :                     : 
1 Vecuronium [4] 10 ml I   mg/ml 8.26 ml             :                     :     
2 Sodium Lleparin  4    ml       10000 units/ml 3.47 ml             :                     :                               
3 Streptokinase (Streptase) [3] 5 ml 50000units/ml        5           ml (all)     :                     :  
3 Sodium Choloride  20 ml 1                           20 ml (all)     :                     : 
4 Ephinephrine                      [5]      30    ml         1      mg/ml        16.51    ml            :                   : 
5 Deferoxamine HCL [8] 500 ml 1 mg/mI 2000 ml (all)     :                     : 
6 Chlorpromazine IICL  10 ml 20 mg/nil 8.26 ml             :                     : 
6 Methylprednisolone [9] 8 ml 125     mg/ml          8           ml (all)     :                     :  
7 Gentamicin Sulfate  2 ml 40 mg/ml 2.06 ml             :                     :  
7 Bactrim  10 ml 1       mg/mI         10  ml (all)     :                     : 
7 Erythromycin [11] 20 ml 50      mg/ml         20  ml (all)     :                     :  
8 Tagamet [13] 2 ml 150 mg/ml          4.40       ml             :                     : 
9 Maalox [12] 250 ml 1  250 ml (all)     :                     :  
Ml TRAM [1] 500 ml 36 mg/ml 500 ml (all)     :                     : 
M2 Mannitol [10] 500 ml 0.2 gm/ml 1000 ml (all)     :                     : 
M3 Dextran 40  500 ml 0.1 gm/ml 500 ml (all)     :                     : 
M4 Sodium Bicarbonate  20 ml          1     mEq/ml         120 ml (all)     :                     : 
 
 

Notes: 
 

[2] Shake emulsion well before use. Use strict aseptic procedures - contains no preservatives. 
[4] Dry powder with diluent in package. Diluent is lOmi of bacteriostatic water for injection. Use it all. 
[3] Reconstitute with 5 ml sodium chloride 
[5] Follow push with 10 ml (10cc) every 10 minutes, (100 Kg patient) until temperature less than 25 degrees C. 
[8] Reconstitute with 2 ml sterile water /500 mg vial 
[9] 8 ml Actovial (use all) 
[11] Reconstitute with 20 ml sterile water / ig vial - 

[13] Injectable only; given 1-2 hours in advance of pronouncement 
[12] Administer through gastric tube, using 60 cc syringe 
[1] 30 drops/mm after initial push (200 cc) dosage (use whole bottle) 
[10] High Flow I.V. infusion 
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(This procedure applies for less than 30 minutes ischemic time. For more than 30 minutes, 
the order of medications may change Check with CryoTransport Manager for protocol.) 

 
  

 
 
 
 
               Cryonics Medication Dosage Calculation 

  
                                                                                        

                                                                                                                                       Date 
__________________  

 
Patient ________________ 

 
 
 

Patient weight : 195.58 lbs / 88.90 kg / 14 stone 
 Scribe __________________________________________ 

 
 
 
 

         
                                                                                                                                                Time Med.    Time Med.    
Pk Medication name       Note          Package       Concentration     Dosage Patient           Drawn-     Administered            
_______________________________________________________________________________________________ 
 
1 Potassium Chloride  20 ml 2     mEq/ml        44.45 ml             :                     : 
1 Diprivan (Propofol) [2] 20 ml 10   mg/ml 17.78 ml             :                     : 
1 Vecuronium [4] 10 ml I   mg/ml 8.89 ml             :                     :     
2 Sodium Lleparin  4    ml       10000 units/ml 3.73 ml             :                     :                               
3 Streptokinase (Streptase) [3] 5 ml 50000units/ml        5           ml (all)     :                     :  
3 Sodium Choloride  20 ml 1                           20 ml (all)     :                     : 
4 Ephinephrine                      [5]      30    ml         1      mg/ml        17.78    ml            :                   : 
5 Deferoxamine HCL [8] 500 ml 1 mg/mI 2000 ml (all)     :                     : 
6 Chlorpromazine IICL  10 ml 20 mg/nil 8.89 ml             :                     : 
6 Methylprednisolone [9] 8 ml 125     mg/ml          8           ml (all)     :                     :  
7 Gentamicin Sulfate  2 ml 40 mg/ml 2.22 ml             :                     :  
7 Bactrim  10 ml 1       mg/mI         10  ml (all)     :                     : 
7 Erythromycin [11] 20 ml 50      mg/ml         20  ml (all)     :                     :  
8 Tagamet [13] 2 ml 150 mg/ml          4.74       ml             :                     : 
9 Maalox [12] 250 ml 1  250 ml (all)     :                     :  
Ml TRAM [1] 500 ml 36 mg/ml 500 ml (all)     :                     : 
M2 Mannitol [10] 500 ml 0.2 gm/ml 1000 ml (all)     :                     : 
M3 Dextran 40  500 ml 0.1 gm/ml 500 ml (all)     :                     : 
M4 Sodium Bicarbonate  20 ml          1     mEq/ml         120 ml (all)     :                     : 
 
 

Notes: 
 

[2] Shake emulsion well before use. Use strict aseptic procedures - contains no preservatives. 
[4] Dry powder with diluent in package. Diluent is lOmi of bacteriostatic water for injection. Use it all. 
[3] Reconstitute with 5 ml sodium chloride 
[5] Follow push with 10 ml (10cc) every 10 minutes, (100 Kg patient) until temperature less than 25 degrees C. 
[8] Reconstitute with 2 ml sterile water /500 mg vial 
[9] 8 ml Actovial (use all) 
[11] Reconstitute with 20 ml sterile water / ig vial - 

[13] Injectable only; given 1-2 hours in advance of pronouncement 
[12] Administer through gastric tube, using 60 cc syringe 
[1] 30 drops/mm after initial push (200 cc) dosage (use whole bottle) 
[10] High Flow I.V. infusion 
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(This procedure applies for less than 30 minutes ischemic time. For more than 30 minutes, 
the order of medications may change Check with CryoTransport Manager for protocol.) 

 
                                                                                        

 
 
 
 
 
                 Cryonics Medication Dosage Calculation 

  
                                                                                        

                                                                                                                                       Date 
__________________  

 
Patient ________________ 

 
 
 

Patient weight : 209.55 lbs / 95.25 kg / 15 stone 
 Scribe __________________________________________ 

 
 
 
 

         
                                                                                                                                                Time Med.    Time Med.    
Pk Medication name       Note          Package       Concentration     Dosage Patient           Drawn-     Administered            
_______________________________________________________________________________________________ 
 
1 Potassium Chloride  20 ml 2     mEq/ml        47.63 ml             :                     : 
1 Diprivan (Propofol) [2] 20 ml 10   mg/ml 19.05 ml             :                     : 
1 Vecuronium [4] 10 ml I   mg/ml 9.53 ml             :                     :     
2 Sodium Lleparin  4    ml       10000 units/ml 4.00 ml             :                     :                               
3 Streptokinase (Streptase) [3] 5 ml 50000units/ml        5           ml (all)     :                     :  
3 Sodium Choloride  20 ml 1                           20 ml (all)     :                     : 
4 Ephinephrine                      [5]      30    ml         1      mg/ml        19.05    ml            :                   : 
5 Deferoxamine HCL [8] 500 ml 1 mg/mI 2000 ml (all)     :                     : 
6 Chlorpromazine IICL  10 ml 20 mg/nil 9.52 ml             :                     : 
6 Methylprednisolone [9] 8 ml 125     mg/ml          8           ml (all)     :                     :  
7 Gentamicin Sulfate  2 ml 40 mg/ml 2.38 ml             :                     :  
7 Bactrim  10 ml 1       mg/mI         10  ml (all)     :                     : 
7 Erythromycin [11] 20 ml 50      mg/ml         20  ml (all)     :                     :  
8 Tagamet [13] 2 ml 150 mg/ml          5.08       ml             :                     : 
9 Maalox [12] 250 ml 1  250 ml (all)     :                     :  
Ml TRAM [1] 500 ml 36 mg/ml 500 ml (all)     :                     : 
M2 Mannitol [10] 500 ml 0.2 gm/ml 1000 ml (all)     :                     : 
M3 Dextran 40  500 ml 0.1 gm/ml 500 ml (all)     :                     : 
M4 Sodium Bicarbonate  20 ml          1     mEq/ml         120 ml (all)     :                     : 
 
 

Notes: 
 

[2] Shake emulsion well before use. Use strict aseptic procedures - contains no preservatives. 
[4] Dry powder with diluent in package. Diluent is lOmi of bacteriostatic water for injection. Use it all. 
[3] Reconstitute with 5 ml sodium chloride 
[5] Follow push with 10 ml (10cc) every 10 minutes, (100 Kg patient) until temperature less than 25 degrees C. 
[8] Reconstitute with 2 ml sterile water /500 mg vial 
[9] 8 ml Actovial (use all) 
[11] Reconstitute with 20 ml sterile water / ig vial - 

[13] Injectable only; given 1-2 hours in advance of pronouncement 
[12] Administer through gastric tube, using 60 cc syringe 
[1] 30 drops/mm after initial push (200 cc) dosage (use whole bottle) 
[10] High Flow I.V. infusion 
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(This procedure applies for less than 30 minutes ischemic time. For more than 30 minutes, 
the order of medications may change Check with CryoTransport Manager for protocol.) 

 
                                                                               

 
 
 
 
 
                 Cryonics Medication Dosage Calculation 

  
                                                                                        

                                                                                                                                       Date 
__________________  

 
Patient ________________ 

 
 
 

Patient weight : 223.52 lbs / 101.60 kg / 16 stone 
 Scribe __________________________________________ 

 
 
 
 

         
                                                                                                                                                Time Med.    Time Med.    
Pk Medication name       Note          Package       Concentration     Dosage Patient           Drawn-     Administered            
_______________________________________________________________________________________________ 
 
1 Potassium Chloride  20 ml 2     mEq/ml        50.80 ml             :                     : 
1 Diprivan (Propofol) [2] 20 ml 10   mg/ml 20.32 ml             :                     : 
1 Vecuronium [4] 10 ml I   mg/ml 10.16 ml             :                     :     
2 Sodium Lleparin  4    ml       10000 units/ml 4.27 ml             :                     :                               
3 Streptokinase (Streptase) [3] 5 ml 50000units/ml        5           ml (all)     :                     :  
3 Sodium Choloride  20 ml 1                           20 ml (all)     :                     : 
4 Ephinephrine                      [5]      30    ml         1      mg/ml        20.32    ml            :                   : 
5 Deferoxamine HCL [8] 500 ml 1 mg/mI 2000 ml (all)     :                     : 
6 Chlorpromazine IICL  10 ml 20 mg/nil 10.16 ml             :                     : 
6 Methylprednisolone [9] 8 ml 125     mg/ml          8           ml (all)     :                     :  
7 Gentamicin Sulfate  2 ml 40 mg/ml 2.54 ml             :                     :  
7 Bactrim  10 ml 1       mg/mI         10  ml (all)     :                     : 
7 Erythromycin [11] 20 ml 50      mg/ml         20  ml (all)     :                     :  
8 Tagamet [13] 2 ml 150 mg/ml          5.42       ml             :                     : 
9 Maalox [12] 250 ml 1  250 ml (all)     :                     :  
Ml TRAM [1] 500 ml 36 mg/ml 500 ml (all)     :                     : 
M2 Mannitol [10] 500 ml 0.2 gm/ml 1000 ml (all)     :                     : 
M3 Dextran 40  500 ml 0.1 gm/ml 500 ml (all)     :                     : 
M4 Sodium Bicarbonate  20 ml          1     mEq/ml         120 ml (all)     :                     : 
 
 

Notes: 
 

[2] Shake emulsion well before use. Use strict aseptic procedures - contains no preservatives. 
[4] Dry powder with diluent in package. Diluent is lOmi of bacteriostatic water for injection. Use it all. 
[3] Reconstitute with 5 ml sodium chloride 
[5] Follow push with 10 ml (10cc) every 10 minutes, (100 Kg patient) until temperature less than 25 degrees C. 
[8] Reconstitute with 2 ml sterile water /500 mg vial 
[9] 8 ml Actovial (use all) 
[11] Reconstitute with 20 ml sterile water / ig vial - 

[13] Injectable only; given 1-2 hours in advance of pronouncement 
[12] Administer through gastric tube, using 60 cc syringe 
[1] 30 drops/mm after initial push (200 cc) dosage (use whole bottle) 
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[10] High Flow I.V. infusion 

 
 

(This procedure applies for less than 30 minutes ischemic time. For more than 30 minutes, 
the order of medications may change Check with CryoTransport Manager for protocol.) 

 
 

 
 
 
 
 
                 Cryonics Medication Dosage Calculation 

  
                                                                                        

                                                                                                                                       Date 
__________________  

 
Patient ________________ 

 
 
 

Patient weight : 237.49 lbs / 107.95 kg / 17 stone 
 Scribe __________________________________________ 

 
 
 
 

         
                                                                                                                                                Time Med.    Time Med.    
Pk Medication name       Note          Package       Concentration     Dosage Patient           Drawn-     Administered            
_______________________________________________________________________________________________ 
 
1 Potassium Chloride  20 ml 2     mEq/ml        53.97 ml             :                     : 
1 Diprivan (Propofol) [2] 20 ml 10   mg/ml 21.59 ml             :                     : 
1 Vecuronium [4] 10 ml I   mg/ml 10.79 ml             :                     :     
2 Sodium Lleparin  4    ml       10000 units/ml 4.53 ml             :                     :                               
3 Streptokinase (Streptase) [3] 5 ml 50000units/ml        5           ml (all)     :                     :  
3 Sodium Choloride  20 ml 1                           20 ml (all)     :                     : 
4 Ephinephrine                      [5]      30    ml         1      mg/ml        21.59    ml            :                   : 
5 Deferoxamine HCL [8] 500 ml 1 mg/mI 2000 ml (all)     :                     : 
6 Chlorpromazine IICL  10 ml 20 mg/nil 10.79 ml             :                     : 
6 Methylprednisolone [9] 8 ml 125     mg/ml          8           ml (all)     :                     :  
7 Gentamicin Sulfate  2 ml 40 mg/ml 2.70 ml             :                     :  
7 Bactrim  10 ml 1       mg/mI         10  ml (all)     :                     : 
7 Erythromycin [11] 20 ml 50      mg/ml         20  ml (all)     :                     :  
8 Tagamet [13] 2 ml 150 mg/ml          5.76       ml             :                     : 
9 Maalox [12] 250 ml 1  250 ml (all)     :                     :  
Ml TRAM [1] 500 ml 36 mg/ml 500 ml (all)     :                     : 
M2 Mannitol [10] 500 ml 0.2 gm/ml 1000 ml (all)     :                     : 
M3 Dextran 40  500 ml 0.1 gm/ml 500 ml (all)     :                     : 
M4 Sodium Bicarbonate  20 ml          1     mEq/ml         120 ml (all)     :                     : 
 
 

Notes: 
 

[2] Shake emulsion well before use. Use strict aseptic procedures - contains no preservatives. 
[4] Dry powder with diluent in package. Diluent is lOmi of bacteriostatic water for injection. Use it all. 
[3] Reconstitute with 5 ml sodium chloride 
[5] Follow push with 10 ml (10cc) every 10 minutes, (100 Kg patient) until temperature less than 25 degrees C. 
[8] Reconstitute with 2 ml sterile water /500 mg vial 
[9] 8 ml Actovial (use all) 
[11] Reconstitute with 20 ml sterile water / ig vial - 

[13] Injectable only; given 1-2 hours in advance of pronouncement 
[12] Administer through gastric tube, using 60 cc syringe 
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[1] 30 drops/mm after initial push (200 cc) dosage (use whole bottle) 
[10] High Flow I.V. infusion 

 
 

(This procedure applies for less than 30 minutes ischemic time. For more than 30 minutes, 
the order of medications may change Check with CryoTransport Manager for protocol.) 

 
 

 
 

                  
 
 
 
               Cryonics Medication Dosage Calculation 

  
                                                                                        

                                                                                                                                       Date 
__________________  

 
Patient ________________ 

 
 
 

Patient weight : 251.46 lbs / 114.30 kg / 18 stone 
 Scribe __________________________________________ 

 
 
 
 

         
                                                                                                                                                Time Med.    Time Med.    
Pk Medication name       Note          Package       Concentration     Dosage Patient           Drawn-     Administered            
_______________________________________________________________________________________________ 
 
1 Potassium Chloride  20 ml 2     mEq/ml        57.15 ml             :                     : 
1 Diprivan (Propofol) [2] 20 ml 10   mg/ml 22.86 ml             :                     : 
1 Vecuronium [4] 10 ml I   mg/ml 11.43 ml             :                     :     
2 Sodium Lleparin  4    ml       10000 units/ml 4.80 ml             :                     :                               
3 Streptokinase (Streptase) [3] 5 ml 50000units/ml        5           ml (all)     :                     :  
3 Sodium Choloride  20 ml 1                           20 ml (all)     :                     : 
4 Ephinephrine                      [5]      30    ml         1      mg/ml        22.86    ml            :                   : 
5 Deferoxamine HCL [8] 500 ml 1 mg/mI 2000 ml (all)     :                     : 
6 Chlorpromazine IICL  10 ml 20 mg/nil 11.43 ml             :                     : 
6 Methylprednisolone [9] 8 ml 125     mg/ml          8           ml (all)     :                     :  
7 Gentamicin Sulfate  2 ml 40 mg/ml 2.86 ml             :                     :  
7 Bactrim  10 ml 1       mg/mI         10  ml (all)     :                     : 
7 Erythromycin [11] 20 ml 50      mg/ml         20  ml (all)     :                     :  
8 Tagamet [13] 2 ml 150 mg/ml          6.10       ml             :                     : 
9 Maalox [12] 250 ml 1  250 ml (all)     :                     :  
Ml TRAM [1] 500 ml 36 mg/ml 500 ml (all)     :                     : 
M2 Mannitol [10] 500 ml 0.2 gm/ml 1000 ml (all)     :                     : 
M3 Dextran 40  500 ml 0.1 gm/ml 500 ml (all)     :                     : 
M4 Sodium Bicarbonate  20 ml          1     mEq/ml         120 ml (all)     :                     : 
 
 

Notes: 
 

[2] Shake emulsion well before use. Use strict aseptic procedures - contains no preservatives. 
[4] Dry powder with diluent in package. Diluent is lOmi of bacteriostatic water for injection. Use it all. 
[3] Reconstitute with 5 ml sodium chloride 
[5] Follow push with 10 ml (10cc) every 10 minutes, (100 Kg patient) until temperature less than 25 degrees C. 
[8] Reconstitute with 2 ml sterile water /500 mg vial 
[9] 8 ml Actovial (use all) 
[11] Reconstitute with 20 ml sterile water / ig vial - 

[13] Injectable only; given 1-2 hours in advance of pronouncement 
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[12] Administer through gastric tube, using 60 cc syringe 
[1] 30 drops/mm after initial push (200 cc) dosage (use whole bottle) 
[10] High Flow I.V. infusion 

 
 

(This procedure applies for less than 30 minutes ischemic time. For more than 30 minutes, 
the order of medications may change Check with CryoTransport Manager for protocol.) 

 
 
 

         
 

 
 
 
 
 
 

CE Medication 
 

A Guide to Pronunciation of medications 
 
 
It is important for the CryoTransport Team to be familiar with the pronunciation of the 
transport medications, as well as understanding there use. 
 
We will be communicating with medical staff and a correct pronunciation will help reinforce 
our professionalism 
 
Short vowel sounds are shown with a single letter: (a: mat; e: step; i: skip; o: stop; u: buzz) 
Long vowel sounds are shown with a double letter: (aa: mate; ee: steep; ii: pipe; oo: pope; 
uu: cute) 
Diphthongs: (ai: air).                                 Syllables are separated with a dash (-). 
-----------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------  
 

Medications are listed in order of use in meds kit. 
 

 
Potasium Chloride                                     [poo-TA-see-um  KLOOR-iid ] 
 
Propofol                                                      [PROO-poo-fol] 
 
Vacuron                                                           [vac-u-ron]  
 
Heparin                                                      [HEP-perin] 
 
Streptokinase                                     [strep-too-KII-naaz] 
 
Sodium Bicarbonate                                     [SOO-dee-um bii-KAR-boo-naat] 
 
Epinephrine                                     [ep-i-NEF-rin] 
 
Deferoxamine Hydrochloride                       [def-er-OKS-a-meen / hi-droo-KLOOR-iid] 
 
Chiorpromazine                                             [kloor-PROO-ma-zeen] 
 
Methyiprednisolone                                       [METH-il-pred-NIS-oo-loon] 
 
Solu-Medrol                                                    [SOL-yew-MED-rol] 
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Gentamicin Sulfate                                        [gen-ta-Mil-sin SUL-faat] 
 
Erythromycin                                                 [er-EE-throo-MII-sin] 
 
Maalox                                                            [MAA-loks] 
 
Mannitol                                                          [MAN-i-tol 
 
Dextran                                                           [DEKS-tran] 

 
Cryonics Europe 

 
Instructions for Hospitals In The event Of Patient’s Death 

 
 
The Patient, ________________________________~, has contracted with the 
Cryonics Institute to be cryonically suspended in the event of his/her death. 
It is the patient’s wish that the following be done IMMEDIATELY after clinical 
death: 
 
1. Cool patient by TOPICAL APPLICATION OF ICE or other coolant, WITH 

SPECIAL ATTENTION TO THE HEAD. If the ice is directly form the freezer, 
use lightly or with a towel between the patient and ice to avoid surface freezing. 

 
2. ADMINISTER HEPARIN (INTRAVENOUSLY IF POSSIBLE). Use 

30,000 units (or 40,000 units if the patient is over 200 pounds.) 
 
3. If possible, after pronouncement of death, use prompt measures to MAINTAIN 

HEART AND LUNG FUNCTION (CPR); this helps to delay deterioration, 
improves heat transfer, and helps to circulate heparin throughout the body. 

 
4. FIRST CALL CRYONICS EUROPE (representative for Cryonics Institute)    
       Please call until at least two numbers are alerted 
       I would suggest me (mobile and normal) you and Chrissie  
         
5. Should further contact No be required (this would be extremely rare. 
 
6. CRYONICS INSTITUTE EMERGENCY TELEPHONE NUMBERS BELOW 

UNTIL AT LEAST TWO ARE ALERTED: (these are US codes) 
 
Cryonics Institute (810) 791-5961 
 
Andrew Zawacki (Facility Manager) pager (313) 990-5916 
 
Robert Ettinger (480) 941-5591 
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7. RELEASE PATIENT WITH NO DELAY TO CRYONICS INSTITUTE 

PERSONNEL (or representative of funeral home) upon their arrival. 
 
8. Please LEAVE IN PLACE ANY ACCESS OR DRAINAGE TUBES, such as 
I.V., N.G., Foley, and/or tracheotomy tube with oxygen line. 

 
 
 
 

Portable ice bath 
 

     The portable ice bath has two bases (depending on access and if the trailer is to be used). 
     A suitcase contains bath and squid (see list below) which are designed to fit either base 
 

Base No1 folds and when open has its own wheels, this is only suitable to use on sight and 
not to be used to transport unless great care is taken to support the base to avoid it 
folding (THE BATH IS NOT STRONG ENOUGH TO NOT TAKE THE STRAIN). 
 
 
 
 
Base No2 comes on a traditional variable height trolley with handles and is meant to 
to be used in conjunction with the MPU to move the patient for transported in the bath.  

 
 
 
 
 
 
 
 
 

         PIB – Suitcase – Contents 
 
3 - Side frames.                  1 - Bath liner. 
2 - End frames.                   2 - Note pockets. 
4 – No 1 pipes.                    1 - Squid                                   
2 – No 2 pipes                     1 - Squid spray head  
13 - Fixing straps                1 – Extension lead. 
1 - Patient sling.                  1 - 110 Transformer     
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When assembling the frame check to make sure numbers match i.e. 1 to 1 etc. 
 
Extension lead plugs into the mains socket (when a extension is required). 
 
Plug the transformer plugs into the extension lead (or into the mains socket). 
 
Plug the squid pump into the transformer.                                              

 
 
 

Weights and quantities 
 

 
 

Medication calculation sheets are for patients with a weights range 
from 

 
7stone = 97.79 = 44.45 kg  
 
18 stone = 251.46lb = 114.30kg. 
 
I have also included sheets for .5 stone = 6.99 lbs = 3.17 kg and a 1 stone = 13.97 
lbs = 6.35 kg. 
 
The appropriate sheet will enable an instant recondition of medications required 
to be drawn. 
 
Should you have an unfamiliar strength medication the formula to work out the 
required dose is as follows. 
 

(1) Take the weight in kilograms (2.2.lbs = 1 kg 14 lb = 1 stone) 
 
(2) Check the concentration on the container. 

 
 

(3) Calculations must be done in millilitres 
 
     (4) Multiply the dosage required (see meds list) by the patient weight in 
kilograms and then divide by the medication supplied concentration: the answer 
will be the volume to give in millilitres. 

 


	Stabilization Protocol



