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FOURTH ERA: 1I3PRESENHARADOX

Fourth Era: 1991 - Present

Modest growth in membership and patient
populations

Major advances in prevention and moderation of
ischemia-reperfusion injury

Enormous advances in cryopreservation technology
(vitrification) leading to reversible kidney
cryopreservation (inconsistent) and nearly perfect
ultrastructural preservation of the mammalian brain

Conservation of viability and LTP (memory?) in the
mammalian brain (slice
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As a result of the schism of Alcor in 1991 and the
increasing isolation of basresearchers in cryonics froits
clinical application, cryonics entered its Fourth Era which
arguably, it is still in. This phase has been characterized by
sluggish growth in both membership and patient
populations, stalled or deterating quality of patient care,
while at the same time there has been a stunning (if
paradoxical) growth ithe available cryopreservation
technology.

The enormous energy and enthusiasm with which
cryonics was aggressively promoted from 1981 to 1991 has
all but evaporated. When | consider the vastly improved



scientific and technological position that cryongs
today,as compared to the 1980€an only shake my head
in wonder at what could have been accomplished during
that interval if we had had such comparatively solid
scientific underpinnings. The advances that have been
made have at come at great cost affort and yet,
ironically, they remain largely unexploited either in terms
of promoting cryonicsor in terms of improving the care
cryonics patients are receiving.

Major Advances in the Prevention and
Moderation of Ischemia reperfusion
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And the real tragedsnd the real paradow all of this
IS that finaly, almost 50 years after its inception, cryonics
has reached the point where its most formidable unknowns
and technical stumbling blocks have been overcoime.



other words, never has there been a time when the available
technology was more promising asalid than is now the

case and converselyand paradoxically)never hashe
application of that technology to cryonics patients been
moreunapproachable.

Survival of Adult Dogs with Normal Mentation
Following 14-16 Min of Normothermic Whole-
Body Circulatory Arrest

Dog Temp* Arrest Time**

Cerberus 35.9 14.25 min
Scroffy 37.3 14.75 min
Claudia 38.0 14.80 min
Maude 37.7 15.75 min
Bob 37.9 15.42 min
Stuart 37.6 16.25 min

Tympanic temperature just before fibrillation in °C
*Time with mean arterial pressure below 30 mmHg
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And the double irony is that most of these advances
have been made by scientigtlso are themselves
cryonicists!The work thaimy colleagues ankddid at 21st
Century Medicine demonstrated definitively that it is
possiblefor dogsto survive ~16 min of normothermic
ischemia and recover completé&lyvithout neurological
deficit.



Thus, a major concern of both thebtio and the
medical communityver the perceived barrier represented
by normothermic ischemia in excess &b #ninuteshas
been | aid to rest. Whthatbs mor
time had conplete mastery and control over the enabling
technologiesgemtautomatedCPB, drug prepnovel
medicatsurgical interventions) becauseydeveloped
them!

It is comparatively easy to summarize the progress made in
mitigating ischemiaeperfusion injury IRI) because the
outcome is unequivocal: survival and normal mentation vs.
coma and death. An extensive discussion of the mechanics
of how this was achieved may be interesting, but is not
essentia(here)in order to appreciate that the advance has
been mde.



Who's to Blame?

Dissociation of Research from Clinical Practice in Cryonics
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And so it is at this juncture thatbecomes my turn to
aacept responsibility for what may halseen one of the
most profound errors of judgment in the history of
cryonics. If there is any one individual to blame for the
dissociatiorof the clinic from the laboratory it is me.

| t 6s a dangerous thing to s
can just as easily be taken for hupw$en in fact they are
a humiliating admission of the worst kind of short term,
destructively selinteresteddesii on maki ng t hat
dissecting in these lectures. It is important that you
understand not only that | am sincere in this belief, but also
that you understand that | asarrect



After the schism of Alcor | found myself in a position
| had not beem since | was, literally, a child. | was doing
research more or less as a full time occupation without the
tumult and distraction of cryonics, cryonics politics, and
cryonics administration. | was also largely free from doing
humancryopreservation@nith all their attendant stress and
heartache¥ince the majority of the highest risk members
remained with Alcor after the split. For the first time in
many years | was free to explore the scientific issues that
interested me mo$tand this timethanks largly to Saul
Kent and the Life Extension Foundatiorndd thetruly
priceless luxury of the money to do it with. As one unhappy

empl oyee at 21CMWellaluckyiyoulbar ked

This place is just your own private technological playpen,
Il snot i1 t?o0

I wi s h | could stand here

caseput to a great extent it was. In the short term, at least
from my point of viewthere is no denying that this was
productivetime for both me and, perhaps (in terms of the
validating researchn cryonics proceduref)r cryonics as
well.

But in the long term it was disastrous. While | have no
way of knowing whether or not my labors to stick with
cryonics and continue the work of creating that all
Important culture of professionalism wouldviedbeen
rewarded, | am certaiapsolutely certainthat failing totry
was a terrible mistake. | have searched my soul for the
reasons why | made this chojead | can find none that
rise even slightly to anything approaching the level of a

a



valid excusel suppose | was part Dr. Faustus, part the
sniveling coward, and certainly in large measure the fool
who al ways believes theredoll
death would if not make an exception in my caisat

least grant me a sizeable extension of timehich to

enjoy myself.

| cannot rewrite the past, but | can do what needs be
done to help create a better future.

Wv | ! b ¢ IQEHE QBADITY OF CRYONICS OVER TIME

Straight Freezing
Feline Cerebral Cortex
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In the case of progress in cryopreservation over the
past 40 yearsve are still significantly short of being able
to demonstrate recovery of intact mammalseven of the



isolated brairfollowing vitrification and cooling to deep
subzero temperatures. In the absence of functional markers
of viability we must instead relypon the quality of

structural preservation and surrogate markers for viability,
where they are applicable.

For my own benefit in charting progress in this area |
developed a scoring system based on ultrastructure
following cryopreservation, rewarminga fixation. |
wonot pretend to argue 1iIts
yardstick for measuring progress.

At left is brain tissue from a healthy animal perfused
with fixative while under anesthesia and with no ischemia
(e.g., beating heartY he finearchitecture of the tissue is
beautifully displayed and at 9K magnification it is possible
to see intracellular organellesich as the nuclei and
mitochondria, as wethemyelin sheathing, cell
membranes and axoplasm.

At right is tissue taken from tleame anatomical area
of the cerebral cortex following straight freezing and
rewarming.Cell membranes are no longer visible and the
field of view appears more like a tissue homogenate than a
section of brain tissue. | assign this level of injury a score
of 15, as opposed to a score of 100 for control brain tissue.
It is not possible to score higher than 75, regardless of the
guality of ultrastructural preservation, in the absence of
viability; viability therefore counts for 25 points.

me



Patient .. . .
Outiornia Clinical Services

Delivery
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It is possible to do the same kind of scoring with
respect to the preryopreservation parts of cryonics
procedures, as welh patient with no perior postarrest
iIschemia who was provided with immediate and effective
CPS followed by CPA perfusion within t@ndow of
demonstrated viability (i.e., 5 hours of asanguineous
perfusion at 8C) would thus get a score of 100 in terms of
Clinical Services Delivery. In other words, that patient
would have received the best technologically available pre
cryoprotectivecare it is currently possible to deliver.

Since all cryonics patients currently must be
pronounced legally dead before the procedure can begin, no
patient can score 100. | have arbitrarily decided that each
minute of normothermic ischemia up to 5 mirsall
count for the loss of 1 point. Thereafter, | have used other,



more generous criteria for adjudging the adequacy of care
which | will not detalil here. Suffice it to say that if the
patient gets cryopreserved under conditions where
cryoprotection is at possible, the score is 3 points.

If we go back to Dr. Bedford, the first patient
cryopreserved in 1967, we see that the best possible score
he could have achieved had he been immediately straight
frozen after pronouncement was bbit because of grdgs
inadequate posdrrest and prreezing carehis Patient
Outcome Scoreisonly & ou 6 | | have to deci
how reasonable my scoring system is as we go along. But
keep inmind,; it is designed to serve only as a relative
indicator, not as anbaolute measure of performance, nor
of patient recoverability.



4 M Glycerol
Feline Cerebral Cortex
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By 1978 we had progressed in cryonics to the extent
that we understood the need to deliver at least 3 M of
colligative cryoprotectant (usually glycerol) and we had
finally actually developedand learned to reliably apply
rapid (12 min) postarrest mechanical exteathCPS. At left
you see normatontrol brain ultrastructure, and at right you
see what the gray matter of the cerebral cortex looks like
after cryopreservatiomithe presence of 4 M glycerol.
There is substantial mechanical disruption from ice and
there is apparently considerable loss of detail in the ground
substance of the tissue (the molecular fabric of the cklls).
assign a score of 35 to brains cryopresgiimehis manner.



24 hr Cold Ischemia, 4 M Glycerol
Feline Cerebral Cortex
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However, it is very important to realize that the results
seen in the previous slide were obtained under ideal
laboratory conditions with no period of peor postarrest
ischemia. If a period of warm and cold ischemiiof
experienced by cryonics patients (say, 15 minutes of warm
iIschemia followed by packing ice for 24 hours) is imposed
before cryoprotective perfusion and deep cooling, the
results are dramatically worse. Under these conditions the
best possible score 25.



4 M Glycerol, No Ischemia vs.
24 hr Cold Ischemia

SLIDE 163

One of the reasons for the vast difference in structural
preservation between ischemic and+sehemic animals is
the impact prolonged ischemia has on the vascular
accessibility of the CPAThe kidney at the top lefs from
an animaberfused with 4 M glycerol in the absence of
iIschemia. The renal cortex is uniform in color and free
from bl ood. The O6cut soéturasn t hi
that resulted froncooling the animal below the glass
transition poin{Tg) of the glycerclwater solution in the
tissue. By contrasthe kidney on the lower right is from an
animal subjected to 15 minutes of normothermic ischemia
followed by packing ice for 24 hours. Cryoprotective
perfusion was carried out in a manner identical to that used
for the nonischemic animals. Instructively, the terminal



central venous glycerol concentrations in all of these
animals, ischemic and naschemic, were the same.

However, it is only necessary to look at the kidney
from the ischemic animal to realize thdwdd washout was
far from complete, despite nearly 90 minutes of continuous
perfusion. While the venous effluent indicated equilibration
to 4 M glycerol, it is likely thathevolume of tissue in the
iIschemic animals in true equilibrium with the terminal
concentration of perfusate (4M) was considerably less than
100%.1t is also worth noting thahe nonischemic control
animal kidney is more extensively fractured than the
iIschemic kidney. This is also an indication of poor glycerol
equilibration.
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Returning to the real world of cryonics as it vieest
practicedin 1978;the best possible outcome was probably



In the range of 25 to 30 points. A major limiting factor at
that time was the lack of availability of rapid pastest
supportive candpulmonary bypass and the long time from
cardiac arrest until the start of cryoprotective perfusion:
typically in the range of-4 hours. External, closethest
CPS is not effective at supplying adequate flow and
external cooling is very slow under suanditions. As a
consequence patients could be expected to suffer
substantial warm/cold ischemic insult during this interval.

19940
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By 1990 substantial advances had been made in
improving the efficacy of closed chest CPS and the first
generatiorof truly effective cerebroprotective medications



was online. Additionally, the capability for initiating
extracorporeal support in the home had been developed
allowing for the initiation of bypass within 30 to 60

minutes of cardiac arrest. As a conseqeeanicthese
improvements in Clinical Services Delivery patients
arresting with a Standby Team in place came very close to
reaching the maximum possible Patient Outcome Score (as
determined by the best possible Structure/Viability Score)
of 35.

WOKING FORMPROVEMENT

SLIDE 1&

By the early 1990s | was anxious to push the limits of
cryoprotection possible with glycerol and we undertook a
series of experiments on dogs



cryonics cas by imposing 5 minutes of peatrest
normothermiaschemia prior to initiating closed chest
mechanical CPS.

My intention was to simulate, as closely as possible,
the O0ideal 6 conditions under
cryopreservations take place. If you look to the upper left
corner of this slide you will sebe PIB containing one of
the experi ment al ani mals i n t
mechanical CPR device is visible but is not in use since
cardiopulmonary bypass and cryoprotective perfusion are
already underway.
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These experiments weealso invaluable training tools
since, as you can see, they employed the same equipment
and procedures used in human cases.
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The animals were supported on closed chest CPS until
CPB was initiated and they were then perfused with
linearly increasing concentrations of glycerol terminating at
aconcentration 7.5 M of glycerol in the brain.

One of the things we learned from these experiments
was that with the proper cannulae in an animal with only a
brief (~5 min) ischemic insult it is poss#dto carry out
cryoprotective perfusion of the entire body using the
femoral vessels instead of performing a median sternotomy.
This technigue was subsequently used to greatly shorten the
cold ischemic time in two human cryopatients by using the
femoral canulaethat werealready in place for
extracorporeal support and blood washout during
Transport.



Cooling to -77°C
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One important way in which these experiments did not
map the experience of human cryonics patients was that we
stopped cooling a®(’C, ~10C aove the glass transition
pointof the 7.5 M glycerol perfusata order toeliminate
any chance of fracturing that would prevent reperfusion and
fixation of the animals after thawing.



Right Femoral Venous ¥
Cannula
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The animals were reperfused after thawing with
fixative solution containing both 7.5 M glycerol and a
suspension of microscopic (0-5.0 microns) carbon black
particles.
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Before reperfusion was initiated we performed a-mid
ventral thoracotomy and laparotomy to allow visualization
of the thoraic and abdominal viscera.
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As you can see, carbon staining of the tissues otcurs
providing they have an intact microcirculatiéfirom many
previous investigations we learned that carbon reperfusion
IS very poor in frozethawed tissuek even with
concentrations of glycerol as high as 3 M.
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Carbon distribution (and accompanying fixative) was
very good in these animalsdy the far the most uniform
and complete that we had observed.
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Even poorly circulatedg$sues such as the urinary bladder
and large bowel reperfused uniformly and completely.
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In all of the animals in this series (with the exception
of the controls) there were a few scattered areas of failed
reperfusion, but no consistent pattevas identifiedwith
two exceptions.



Reperfusion defect in the - ke

dependent corpus of the
stomach
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In animals that had solid food (kibble) in their
stomachs the area underlying the kibble failed to reperfused
I not just the gastric mucosa but the serosa as well.
Apparently water contained in thébkle diffused out into
the stomach wall and diluted the CPA to a point where
capillary destroying amounts of ice could form.



Ice present in the cul
de sac of the left
ventricle
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A similar phenomenon was observed with respect to
the endocardium of the left and right ventricles where
bloodi tinged ice was observed to be still present following
the conclusion of fixative perfusion! We began fixative
perfusion when the animals thawed out whicis ~-6°C;
and the core temperature of most of the animals wasistill
to -2°C at the end of fixativeerfusion. The measured
glycerol concentration in the intraventricular ice was ~5%.

In the future, as we hopefully approach fully
reversible vitrification or minimally injurious vitrification,
it will be necessary to vent the ventricles during CPA
perfuson to prevent serious freezing injury of the
endocardium.



Compromised Cutaneous Perfusion
Due Trauma from CPR
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A wholly unexpected but not surprising observation
was that the skin under the
CPR device failed to fully equilibrate with CPA. The blue
arrow pointdo a pale area of skin overlying the distal third
of the sternum which was directly under the Thumper
massager pad during the period of closed chest CPS
preceding CPA perfusion. Since the thumper piston was
removed from the chest immediately after thetsifr
extracorporeal support, the cause of the observed perfusion
defect must have been as a result of the trauma associated
with mechanical chest compression.

This observation would prove helpful years later in
explaining areas of failed or inadequatefpgion in
cryopatients undergoing vitrification protocols.



SLIDE 1M

A serious concern had been whether the cerebrospinal
fluid (CSF) surrounding the brain and contained within the
cerebral ventricles would similarly act to dilute
cryoprotectant inite brain parenchyma following the
conclusion of perfusion, again resulting in severe injury.
We found that this was not a problem, at least not in
healthy young animals.

However, in the case of elderly humans with greatly
enlarged ventricles due to cbral atrophy CSFdilution of
CPA in the brain parenchyma may be a very real source of
injury. Similarly, patients with space occupying lesions of
the brain which are poorly perfused, such as hematomas,
some brain tumors, arndrge diameter cysts second#oy
parasitic or infectious disease will likely require



decompressive carniotomy, or extended duration CPA
perfusion.
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Overall, carbon reperfusion of the brains of these
animals was excellent to good. Some animals exhibited
relatively pale eeas of the cerebral cortical surface as can
be seen in the previous sliddut there were no instances
in which a frank failure of reperfusiarccurred



aTN

BioPreservation protocol. Typical appearance of gray matter at 6700x magnification.
Note intact capillary endothelial cells (A) and particles of carbon (B) inthe capillary lumens.
The overall appearance ofthe neuropil and ofthe axons and neurons is excellent.
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By far the most important result of this work was that,
for the first time, it wapossible to achieve the breathtaking
ultrastructural preservation you see in this slide and in the
next one.



BioPreservation protocol. Asynapse i:;ray matter from the hippocampus at 40,200x magnificatio
The presynapticjunction contains small packets of neurotransmitter (A) visible as granules.

Note the overall crisp appearanceof boththe synapticmembranes and adjacent structures ofthe
neuropil. This degree of preservationat the synapticlevelwas uniformly observedinall samples
examined.

v Can
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Indeed, we were able to demonstrate that even the
finest resolvable structuresuch as the synapses and their
synaptic vesiclesvere beautifully preserved and were, at
least by electron microscopy, indistinguishable from
comparable images of control tissue.



BioPreservation Protocol. The injury visible here was seenrarelyinthese samples. Note the
presence of what appearto be pericapillary ice holes (A). The endothelial cell membranes ofthe
capillary appearindistinctin several places (B) andthere seem to be a few small “blebs” or vesicles
of cell membrane material inthe capillary lumen. The dark black specks (C) near the endathelial
cells are carbon particdes whichwere presentinthe fixative. Note alsothe peculiar pattem of injury
to the cell nucleus (D) whereinit appearsthat nuclear material has been lost or rearranged.
Thenucleolusis alsovery shrunken.

SLIDE 183

Notwithstanding the good overall appearance of brain
ultrastructure using this protocol, there was still dgena
evident as a result of ice formation. Furthermore, such a
high concentration of glycerol delivered afCQa
necessity given its high viscosity) would resultheloss
of cellular viability as a result of biochemical perturbation
of proteins and ligls. Ultrastructural preservation was
being achieved at the expense of molecular damage that
would result in loss of viability.

| have taken this detour to emphasize the importance
of research to the developmentof cryonges1d what 6 s
more to demonstra the importance of the hainl-glove
involvement in such research of the people who are
delivering clinical care. It is my unshakeable opinion that
separation of clinicians from researchers is untenable in



cryonics nowand at any time in the foreseeabire
future.
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By1995 closed chest CPS had been further
dramatically improved, pharamacoprotection against ~16
min of global normothermic ischemia in dogs had been
demonstrated, and better cryoprotection in the form of 7.5
M glycerol had bee adoptectlinically. In effect what this
meant was thahe only limitation on gatient remaining in
a viable state during his interval of cryopreservation was
theinjury heincurred during loading with cryoprotectants
and cooling to longerm storage t@perature.

While there wawastroom for improvement in terms
of logistics and prognostication vis a vis Clinical Services
Delivery, the core technological requirements had been



satisfied for any patient arresting under conditions that
allowed for effeave deployment of a Standby Team.

Whilst it would be highly desirable to extend the
tolerable duration of asanguineous cold perfusion or cold
storage (absent continuous perfusion) following blood
washouto accommodate patients arresting remote from
cryoprotection facilities, the existing technological platform
employing the MHP2 preservation solution developed by
Cryovita in the early 1980s was adequate for patients in
close proximity to CPA perfusion facilitiednd of course,
improved moderation oRlI injury would also remain a
priority, particularly with respect to achieving sustained
and high quality reperfusian patients experiencing 160
min of normothermic ischemi&everthelesdy 1995 the
most critical problem to be overcome was the injury
resulting from the cryopreservation procedure itself.



Enormous
advances in
cryopreservation
technology
(vitrification)
leading to
(inconsistently)

reversible kidney
cryopreservation,
and nearly perfect
ultrastructural
preservation of the
mammalian brain
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And that is where research efforts became focused.
The US Red Cross was shuttering its organ
cryopreservation program in Bethesda, Maryland at about
thesame time as Brian Wowk was completing his doctoral
work in Medical Physics. Saul Kent acted aggressively to
recruit both of these scientiststhe closing years of the
last centuryto work on the problem of reversible organ
cryopreservation with an empia on the mammalian
kidney and brain.



Action

of Ilce an
Blocking
Polymer
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This work focused primarily on two lines of endeavor:
increasing the stability and decreasing the toxicity of
conventional colligative cryoprotectant solutions and
developing novel polymers to inhibde growth in these
iImproved solutions during cooling and rewarming; the
developmentofsc al | ed o6i ce bl ocking
latter was achieved in large measure by designing specific
molecules to bind to the A and X axes of ice crystals, thus
Inhibiting or slowing their growth.



B Antifreeze Proteins
9 Prevent Ice Growth
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By developing synthetic versions of natural antifreeze
proteins, Brian Wowk has made it possible to vitrify large
volumes of cryoprotectant soluti®nor human tissué
eliminating all of the injury associatedtifreezing.



lce Blockers
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These synthetic molecules bind to the growing surface
of 1 ce crystalseé
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éand effectively halt their g



55% Ethylene Glycol+ 1 ppm P. syringae

0.5% PVA +
1% PEG 1% PVA % PGL (5% PGL
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These compounds are stable &Bady inexpensive
comparedo the (protein) ice blockers found in natumad
they are vastly more effective and operate over a wider
range of temperatures.

The powerful stabilizing effect of these molecules on
cryoprotectant solutions undergoing slow cooling is evident
here As you can see in this slide, replacing just 1% of the
solution with 0.5% of each of these two molecules results
in the complete suppression of ice formation, even at very
slow rates of cooling and rewarming; rates slow enough to
allow for large mammalian orga such as the human
kidney to be cooled to and-vearmed from stable
vitrification storage temperatures in the range ef45°C
without biologically damaging amounts of ice formation.



The maximum amount of ice tolerated by the rabbit kidney
appears to bm the range of B8%. The best vitrification
solutiondevelopedor the kidney to date 8122, whose
critical cooling rate (the cooling rate above which
formation is not observed) is 0.1°C/min, and whose critical
warming rate (the warming rate abovhigh ice formation

IS notobserved) is 0.4°C/min
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The use obne ofthese ice inhibiting moleculeX-
100Q hasbeen combined with a complex mixture of
cryoprotectants present in sufficient concentration to allow
for vitrification. This solition has been loaded into and
unloaded from rabbit kidneys with consistent survival of
the animals after ramplantation of the treated kidney and
the immediate removal of the untreated one.
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Sophisticated computer controlled equipment is
required to carefully control the CPA introduction and
removal process.
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While the ice inhibiting molecules are not toxic in the
concentrations needed, the other cryoprotectant agents are.
As a consequence, perfusion to introduce these agents a
their final concentration must take place at subzero
temperatures.
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This graph shows a typical plot tife CPA
concentration (black), arterial temperature (red), venous
temperature (blue) flow rate (blue) aperfusionpressure
(pink) requred tosuccessfully load and unload a rabbit
kidney with a vitrifiable amount of CPA. Note that the
terminal temperature during CPA perfusiord6°C!
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Kidneys cooled to and +@armed from14FC show
excellen cellular viability (~90%) and little macroscopic
injury.



Rapid Cooling to -130°C

Insulated Cooling Box with Blowing Cold Nitrogen Gas
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Rapid Coolingte130Ci s achi eved by 06D
cooling of the organ in amsulated cooling boxsingcold
nitrogen gairculated over the surface of the organ with a
powerful squrrel cage blower.
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This kidney was cooled to andwearmed from-~ -

140°C é
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éas can be seen in this slide
it supported the life of the animal as the sole kidney until

the animal was sacrificetB days after the organ was re

implanted



Life-Sustaining Ability of the Mammalian
Kidney Following Vitrification at-140-C
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While far from perfect preservation, the survival of
this single organ demonstrates an imporgaraof of
principle 6 namely that a compl ex,
mammalian organ, such as the rabhanay, can be cooled
to and rewarmed from ~14FC and still retain sufficient
viability to support the animarhis is a major advance
which will take on even greater significance if it can be
replicated and improved upon.

KEY TO GRAPH IN SLIDE: (A) Chages in blood levels

of hemoglobin and potassium after transplantation of a
previously vitrified rabbit kidney and interventions to
correct both (triangles). Hyperkalemia was corrected by
intravenous glucose (20 ml of 5% dextrose in 0.45% NacCl
and insulin(0.4 ml of 1 U/ml, IV). Anemia was corrected



with 20 ml of whole rabbit blood (+& ml/kg) on each
occurrence. Blood levels were measured before corrective
interventions given on the same day. [Hb], hemoglobin
concentration in g/dl); [K, potassium cong#ration in

meq/l. (B) Postoperative creatinine levels and diuretic
support history. Lower triangles indicate furosemide
administration (generallyia0 mg, IV or IM); upper

triangles indicate hydration (generally 1@00 ml,

consisting of equal volumes 6f9% NaCland 0.45%

NaClI plus 5% glucose, subcutaneously). Blood levels were
measured before corrective interventignsen on the same
day.
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What have been the practical results of these efforts in
terms of improved care for cryas patients? The answer
to that question is both complicated and frustrating. Both
US cryonics organizations, Alcor and ClI, claim to provide
structuralvitrification (i.e., not with conservation of
viability) to their patientsand in the laboratory reseaers
at 21CM have demonstrated nearly complete vitrification
of intact rabbits. So there can be little question tiat t
capability to largely vitrify and to highly cryoprotect entire
humans now existig principlei in the laboratory



Examination of Neuropatients
Subjected to Vitrification Protocol
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However, it is far from clear to what degree
vitrification of the brain (leaving aside consideration of the
rest of the body) is being achieved in practice. In 2002,
with great difficulty and resistance, | persuaded Alcor to
examine and photograph some ofitimeuropatients who
had undergone their vitrification protocol. Quite incredibly
(but given the history of cryonicaot unexpectedly) they
had not been conductiramykind of examination on such
patients and consequently they did not even know what the
visual (external) appearance of a vitrified patient might be.

By the way the same wand is)also true of the Cryonics
Institute.

In the summer of 2002 three patients were removed
from their longterm storage vessels and examined and



photographed whal being continuously immersed in liquid
nitrogen.

External Examination & Spinal Cord Biopsy
of an Incompletely Vitrified Neuropatient
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Not surprisingly, the examination of these patients
returned a wealth of information. Superficial examination
disclosed areas of the skin that were obvioughfred, as
well as areas that had clearly undergone significant
freezing. In two of the three patients examined it was
possible to visualize the cerebral cortical surface through
the burr holes and see evidence of either freezing or
vitrification. Note the extensive areas of freezing or partial
freezing evident in this pat.



The image at the right documents that it was also
possible to retrieve samples of spinal cord from the
vertebral foramenef these patients.

Apparently Vitrified Spinal Cord Retrieved
from a Neuropatient Perfused with B-2C
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Superficial eamination of these cord samples showed
no evidence of ice formation in one case, some evidence of
freezing in the second case and what appeared to be frankly
frozen cord tissue in the third ca3ée photograh at left
Is of apparently completely vitrifiespinal cord while the
photo at right shows what appear to be some islands of ice
formation within the body of the cord.



Evidence of Cutaneous Vitrification and
Freezing in a Neuropatient
Perfused with B-2C
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This image is of the neuropatient who demonstrated
the most uniform cutaneous vitrificah. The chalky white
areas contain substantial ice, probably as a result of
inadequate equilibration with the cryoprotectant solution.
The small patch of freezing on the cheek adjacent to the
temperature probe wire (entering the right nares) is the
location of a skin staple used to secure the probe to the
patient during Transport or cryoprotective perfusion. It
seems likely that freezing occurred in the skin in this area
due to compression of the tissue by the staple which
interfered with the distributionf CPAs during perfusion.

However, the sharply demarcated freezing of the nares
extending into the maxillary skin bilateraiyd the



presence of bilateral perbitalice in the skin were
puzzling and seemed to have no explanation.

Raccoon’s Eye’s Sign

Bilateral peri-
orbital
accumulation of
blood producing
“‘Panda bear-like
appearance”
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Aca ef ul review of this pati
notes disclosed that he devel
during his agonal decompensat

alsocalled Panda eyes sign here in the, i$kmost
commonly associated withasilar fractures ahe skull.lt
IS also not infrequently seenpmimary amyloidosis either
as a spontaneous event, or after prolongeesag.In

| ay ma n Gtss peri@rbitahisruising as a result of the
infiltration of blood into the soft tissues of tegesockets.

Raccoonb6s eyes sign is also
patients with advanced cancand this patient was



suffering from enestage metastatic primary
adenocarcinoma of the stomatte had extensive
carcinomatous invasion of his liver and may well hawe ha
coagulopathy secondary to liver failure or dysfunctias.

was observed previously in dog and small animal work
employing high molarity glycerol perfusion and freezing
any trauma to the skin and/or underlying tissues resulting in
bruising also invarialyl compromises cryoprotectant
equilibration. This phenomenon is seen in the tissues
adjacent to surgical wounds for vascular access as well as
In tissues adjacent to percutaneous devices such as arterial
or IV catheters.

This patient proved impossible t@tubate due to
cervical anatomical anomalies secondary to istanding
ankylosing spondylitisand as a resylan Esophageal
Gastric Tube Airway (EGTA) device was used to facilitate
ventilation. The mask of this device requires the application
of a large amount of uninterrupted pressure in order to
obtain an airtight sedbr ventilation This pressure, exerted
for the prolonged period of time during which this patient
was given external CPS, may have resulted in bruising
Injury to the tissues surroundjrthe nares thus
compromising flow to the nose during subsequent
cryoprotective perfusion.



Cutaneous Freezing Due to Flow
Restriction by Scalp Retractor
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This phenomenoaof failed vitrificationwas also
consistently observed in the scalp adjacent to the burr holes
of all the neuropatients that wereaaxined. Again, this is
almost certainly due to compression of the skin by the
Weitlaner retractors that are necessary to retract the skin
and allow visualization of the burr holes during CPA
perfusion.Examination of the cut surface of the stump of
the neks of these patients yieldenmslar results:evidence
of vitrification as well as evidence of pajcfieezing.
Vitrification was most uniform in the patient who had
received the best Transport followed by the most rapid
postarrest cryoprotective perfusio



What can we conclude
from these observations?

Structural vitrification of the human brain is
possible under ideal conditions where
there is little or no prolonged warm or cold
iIschemia.

Vitrification with some freezing of the body
seem achievable, again with the caveat
that there be little or no peri- or post-
cardiac arrestischemia.
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Human neuropatients have been loaded reasonably
uniformly with vitrifiable concentrations of CPA and it
seems likely thatteuctural vitrification of the brainand
vitrification and partial freezing of rest of the bady
possible undeideal conditiong conditions in which there
is little or no warm and cold ischemia.
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Examination of human cryopatients subjected to a
vitrification protocol demonstrated to yield good
ultrastructural results in animals has resultedtmfication
of those tissues visible to the eye, including the spinal cord,
when the procedure is carried out on patients stabilized and
transported under optimum conditions.

Unfortunately, it is not possible to speak to how well
or poorly this protocls actuallypreserving the
ultrastructure of the patients to whom it is being applied
and the reason this is so is instructive. The tissue samples
coll ected from the o6vitrified
never processed for light or electron microscapy
originally planned. After countless enquiries (and after
making arrangements for the processing of these samples at



no cost) | have given up trying to find out what became of
them. For the record, | have never received an ansfver
any kind:so far alll know they were processed and
examined or losti or remain in storage.

As a result of the adverse publicity surrounding the
Ted Williams case | have been informed that Alcor now
prohibits photography of its patients before, during or after
CPA perfuson. CI similarly prohibits photography and as
of 2006, when last | checked, neither organization conducts
any kind of examination of its patients after cooling to
liquid nitrogen temperature. The working presumption is
t hat #nApati ent sthegarenotyvthen therefisy i n g
nothing at this time that <can

A seriousand as far as | know unanswered question
IS what happens to the ultrastructure of tissue that
undergoes freezing at deep subzero temperatures
presumably withouthe benefit of slow extracellular ice
formation resulting in cellular dehydration and ultimately
cellular vitrification? Theoreticallycells freezing due to
failed vitrification should freeze intracellularly due to
supercooling and the absenceegfracelular ice to
translocate intracellular water and concentrate the CPAs
inside the cells. Intracellular freezing results in vastly more
damage than does conventional extracellular freezing with
resultant vitrification of the intracellular milietrhis
gueston takes on added urgency when considered in the
context of the long warm and cold ischemic insults most
cryonics patients currently e
seenthis has a profoundly deleterious effect on



ultrastructure in animals subjected tedzing with 4 M
glycerol.
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Finally, it is, as we have seen, quite easy to visualize
significant amounts of ice formation in the skin and
exposed (cut) tissues of human cryopatients subjected to
vitrification protocols. The recemtork of Fay, et al., has
demonstrated that the same is true for the interior of organs
that have failed to vitrify completely. A principal reason for
the failure to date to achieve reproducible and survivable
vitrification of the rabbit kidney is that the medultad
inner portion of the kidney where urine collection takes
place) of the mammalian kidney is very poorly circulated
and receives onlg small fraction of the flow that the renal
cortex receives. As you can see in the photo at the top there



