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Cryonics Then and Now:
How Much Progress?

Cryonics is the practice of storing the newly deceased or im-
portant part at cryogenic temperatures in hopes of eventual res-
toration of the whole person to healthy consciousness. Legally,
it is simply another way of “disposal of the dead,” but, from the
time the practice started in the 1960s, it was recognized that
something very different from conventional mortuary practice
was called for. It was also something beyond conventional cry-
obiology, in which it is found that isolated cells or small tissue
masses can sometimes return to function after deep freezing.
Such cells were found to survive much better with cryoprotec-
tive agents such as glycerol, making it imperative, in human
cases, to induce such agents prior to or concurrent with lower-
ing the temperature.!!

Methods were accordingly developed in which the blood and
other body fluids of a newly-deceased donor were replaced in a
process called perfusion. The substance or perfusate which re-
placed the body fluids, a kind of antifreeze, might contain glyc-
erol or another liquid such as dimethyl sulfoxide (DMSO)
which also had been found useful as a cryoprotectant. The per-
fusion process though was complicated and required a delicate
apparatus to pump in perfusate, and at the same time, draw the
body fluids out. The process had been pioneered by mortuary
practice, in which embalming fluid served as the perfusate, but
cells were not observed to revive after the fixative process of
embalming, and certainly not if they were afterward cooled to
low, cryogenic temperatures and later warmed. Other issues
such as the pressure at which fluid was introduced, and the pos-
sibility of including oxygen in the perfusate to provide meta-
bolic support and reduce cellular deterioration, were also im-
portant in a way not essential in mortuary practice, in which no
thought is given to eventual revival.

In developing a perfusion process for cryonics cases, one scien-
tist stands out. Dante Brunol (full name: Mario Dante Bruno-
Lena), a biophysicist and M.D., was the first to develop a
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Dante Brunol, the father of cryoprotective perfusion in cry-
onics, in 1969; Dr. Brunolin laboratory setting. Dark objects
mounted on board, foreground, are roller pumps as would
be used in perfusion.
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protocol for this cryoprotective perfusion, and the first to at-
tempt its use. (This was at the insistence of Robert Ettinger, the
principal founder of cryonics. )™

Brunol’s protocol, published in 1968 under the pseudonym of
Mario Satini, is a landmark of early cryonics literature, worth
studying both for its philosophical and its technical features.”
Both have served as guidelines or at least food for thought ever
since. There were critics meanwhile who thought that “freeze
now” advocates were going too far and their proposed freezing
should be postponed “until the process is perfected.” Brunol’s
rebuttal is touching. “How can I tell a dying man, begging for
life, ‘I cannot do anything for you ... it would be unscientific to
attempt to send your body to future generations ... I am sorry,
but I do not want to ruin my reputation’?” Instead he advocates
proceeding with the preservation, with the hope “that future
generations will be able to repair the damages produced by my
method.”!

In fact, though, Brunol was very concerned about his scientific
reputation, particularly after the freezing of James Bedford
when he had to explain his involvement to his employer, the
University of Southern California. He had hoped that this in-
volvement would generate research funds which he could use
to further validate and refine his method, but this didn’t happen,
and he soon dropped out of active participation in cryopreser-
vations though remaining sympathetic. In January 1978, how-
ever, at age 51, he died in his native Italy and was not himself
cryopreserved.

But the early rapid progress in techniques, spearheaded by
Brunol’s work, is shown in the first three cases of actual human
cryopreservation. Sarah Gilbert?®! was simply straight frozen
(April 1966) after being embalmed and stored several weeks in
a mortuary refrigerator. Next on the list, James Bedford’s cryo-
preservation (January 1967) started very soon after he arrested,
with an attempt to follow Brunol’s new protocol. Heparin was
injected to inhibit blood clotting, and a chest compression and
oxygenation device, the Westinghouse Iron Heart, was used to
keep the blood circulating and oxygenated, to try to inhibit post-
mortem tissue deterioration. The plan was to replace the blood
with a perfusate consisting of 15% DMSO in Ringer’s solution,
to reduce ice crystal formation and resultant damage as the tem-
perature was then lowered to the cryogenic range. A complica-
tion developed, however, when it became clear that the perfu-
sion apparatus, never before used, could not be made ready in
time. (Bedford’s arrest had been unexpectedly early.) As a last
resort, perfusate was injected into the vasculature while the
blood was circulating, so that perhaps some amount of protec-
tive effect occurred. Overall, though, the operation was proba-
bly little better than a straight freeze.[2/61°)
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The third case, that of Marie Phelps-Sweet (who liked to be
known as “Miss Sweet” though she was married), started in Au-
gust 1967.7181 This time the perfusion apparatus was ready, and
the case proceeded much like more recent cases, though still not
as Brunol would have liked. (He would later complain that air
bubbles were introduced into the perfusate by people inade-
quately trained.)! But here there was another complication,
still all too common, in that Ms. Sweet was not found for a few
hours after she arrested, alone in a hotel room, then was trans-
ferred to a mortuary freezer (30° F, about -1° C) where she was
stored for about three days so the preservation was compro-
mised by a somewhat long ischemic interval beforehand.[” (As
a bittersweet footnote, the cryopreservations of both Ms. Gil-
bert and Ms. Sweet were given up within a few years,['” only
Bedford’s continuing to this day; he is now a patient at Alcor.)

The first three human cryopreservation cases: Sarah
Gilbert, Apr. 1966; James Bedford, Jan. 1967; Marie
Phelps-Sweet, Aug. 1967.

In the half-century and more since then, protocols have im-
proved, and we now speak, in the better cases, of vitrification
having occurred — turning the tissue into a glassy state in which
damaging ice crystals are avoided. Unfortunately, we are still

dogged by delays in applying our protocols, a problem ad-
dressed at length in an interview in this issue. Max Marty and
Daniel Walters generously consented to a transcription of their
podcast of June 13, 2023, in which Alcor member Michael Ben-
jamin details results of a meta-analysis of Alcor’s cases. He
considers the S-MIX, a measure of ischemic exposure that
shows, over the years, approximately level results rather than
the progress we might have hoped for, but we do have a starting
point for gauging, henceforth, whether and how much progress
has occurred. Other matters are covered also, including Benja-
min’s background, with 20 years’ experience in physics, engi-
neering, and mathematics, at such places as NASA, Goddard
Space Flight Center, the Brookhaven National Labs, and Lock-
heed Martin. Due to its length, the interview is divided into four
parts. Included also is an article by Sarah Kelley regarding a
“new normal” of practices at Alcor, based on an address given
last summer at Alcor’s conference in Estes Park.

As a final comment, I start with the observation that it’s difficult
to second-guess the limits of future technology. Today we have
not achieved the revival of cryonics patients or even large, cry-
opreserved tissue masses. But the information and structure
stored our preserved specimens that have been continuously
maintained at low temperature, is intact and essentially un-
changing. Some arguments suggest that memory information in
the brain may be robustly encoded, so that one could expect de-
cipherment to be possible even under adverse conditions of
preservation, something that should offer hope as we try, as al-
ways, to improve our protocols. The protocols themselves must
be constantly evaluated and recognized for their speculative na-
ture, and that there are still, as always, many unknowns. For
example, are we really doing more good than harm by oxygen-
ating tissue during perfusion, under various conditions, and
how do we ensure that our protocols are in fact beneficial?
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An Alcor Celebration
in Estes Park, Colorado

Colorado hosted an annual event centering around a cer-

tain, very unusual cryonics case, that of Norwegian
Bredo Morstgl (pronounced bred-oh morstul). His grandson
Trygve Bauge (trig-vuh bahw-guh) had had him straight-fro-
zen, first stored at Trans Time’s facility in Oakland, Califor-
nia,!!! and then maintained for many years on dry ice in a shed
near Nederland. There the well-preserved grandpa became the
focus of an annual celebration, the Frozen Dead Guy Days
(FDGD), generally held in March (when it’s cold and snowy,
but not quite like January). Finally, in 2023, the March festival
was moved to another Colorado mountain location, the grounds
of the famous Stanley Hotel in Estes Park. Grandpa stayed in
his shed for the time being but that summer he too was moved
to the hotel grounds, put into a dewar with liquid nitrogen, and,
most importantly, became a patient of Alcor. On examination
during this move his frozen body appeared to be in quite good
condition.!?!

I Yor many years the little mountain town of Nederland,

Alcor meanwhile found itself involved in the FDGD, though of
course we challenge the dictum that frozen people are neces-
sarily “dead” — we are hoping for their revival after all, not ex-
cepting Bredo himself. But now there was a unique opportunity
to reemphasize cryonics and thereby promote our theme of life
over death. Accordingly, Alcor had a booth, alongside others,
in Fairgrounds, “Barn W” at the 2024 festival, with plans to
continue in subsequent years. People could spin a wheel and
win a prize, a T-shirt, a small rubber brain, magnets, a

temporary tattoo, or stickers. Questions relating to Alcor and/or
cryonics were invited and many were addressed by the dedi-
cated staff, especially our Membership Administrator, Diane
Cremeens. (Personally, I had some chores to do in helping with
better, more automated transfet of data from Bredo’s capsule to
Alcor HQ — RMP.) Meanwhile, our DART team staged a reen-
actment of the recovery of Bredo from his shed in Nederland.
The “patient” in this case was played by the silvered-faced win-
ner of the frozen man “look-alike” contest at the Royal Blue
Ball, held the night before. He stood up briskly after the opera-
tion concluded, very “alive and well,” to underscore how re-
vival is the hope and eventual goal.

Following are some photos relating to the event. Are you going
there next year?
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Royal Blue Ball, evening of Mar. 15.
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Diane Cremeens helps customer at Alcor’s booth, Mar. 16.
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Another scene at Alcor booth, Diane with customer, Sarah Kelly nearby, rack of T-shirts lower right.
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Cryonics nitty-gritty. From left: (1) Bredo Morstgal; (2) Morstgl’s capsule at the Ice House,Stanley Hotel,
now housing the International Cryonics Museum. Arrow (inset) points to digital gauge showing liquid
nitrogen level above set-point and liquid usage in inches per day. (3) detail of gauge. This data is elec-
tronically relayed to Alcor HQ in Arizona and the liquid level is logged each day. A large tank outside in
back (not visible) supplies liquid nitrogen to the capsule through an automated fill system and is itself
refilled periodically from a delivery truck.
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Again Mar. 16, Alcor’s “moment in the sun” to inform people of cryonics services and also demo a “deploy-
ment and recovery” operation with a live performance. From left: Ice Queen; Bredo “look-alike” with cape

showing Norwegian flag (both chosen night before at Royal Blue Ball); Marji Klima addressing audience
about Alcor, James Arrowood looking on.
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Alcor Deployment and Recovery Team (DART) having just placed “patient” in “ice bath,” said
patient being generously modeled by Bredo look-alike, above.
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utor who very recently was cryopreserved. This short
article does not do justice to the man or his contribu-
tions over the years, but will have to do for now.

' oe Hovey was a longtime Alcor member and contrib-

Joseph Augustine Hovey was born January 10, 1939, in
Los Angeles, where he was brought up in a Catholic
household and graduated from Cathedral High School in
1956. (In the end he became a religious skeptic.) In 1962,
he earned a BA in International Business Relations from
the University of Southern California, Los Angeles.

After this, Joe was a government employee for 7 years,
working for the CIA. Half of this time was spent in Vi-
etnam where he and a colleague, James V. Ogle, predicted
the Tet Offensive that took the American forces by sur-
prise in 1968 when their warning was ignored. After his
government work, in 1970 Joe attended the American In-
stitute of Foreign Trade (later Thunderbird Graduate
School of International Management) in Phoenix, Ari-
zona. He then worked for RCA, Charles Dunn and Com-
pany, and Time Sharor Corporation.

Joe came to work for Alcor in 1989 to help build a data-
base for the company. Following completion of this pro-
ject, he became Alcor’s accounting manager, in charge of
all monetary transactions within the foundation. Over
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Remembering

Joe Hovey

1** Life Cycle

1939-2024

many years he handled a variety of duties including
bookkeeping, membership billing, and payroll. He man-
aged Alcor’s Patient Care Trust, and he was Deputy Ad-
ministrator of the State of the Art (SOTA) Fund.

On a personal level, Joe was one of my closest friends and
always interested in discussing matters great and small
pertaining to life extension, cryonics, right and wrong,
good and evil, and the proper role of people in society to-
day as well as in the future we hope to see. He and I were
also active in the Society for Venturism which sought to
aid cryonicists through such means as issuing no-autopsy
cards and fundraising efforts for people who could not
otherwise afford to be cryopreserved.

He will be missed. His Alcor cryopreservation (neuro)
started March 9 and went well, starting from the standby
at his home near Alcor’s facility. One hopes his revival
will be straightforward, given the timely response and fu-
ture advanced technology.

My thanks to Hugh Hixon for consultation during writing
this article—RMP.

Sources:https://web.ar-
chive.org/web/20050114044953/http://www.alcor.org/,

under “Alcor Staff”’; Alcor archives; author’s personal
knowledge
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Intriguing Outcomes of Alcor’s Meta-Analysis

Interview with Michael Benjamin
Cryonics Underground Podcast 13 Jun. 2023
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Part 1: Background, Alcor Protocols, and Research

Max Marty and Daniel Walters host an online interview program, Cryosphere, formerly Cryonics Under-
ground. Here they interview longtime Alcor member and scientific researcher Michael Benjamin. With their
kind permission, all of the interview is included in this issue of Cryonics, divided into three parts due to

length.

reetings to you listeners. I'm your host, Max
Marty.

And I’m your host, Daniel Walters.

MM: And you’re listening to the one and only
Cryonics Underground podcast. Michael Benjamin is
a founding member of Biostasis Technologies and is cur-
rently the operations manager, secretary, and treasurer.
He was previously a research associate at Advanced Neu-
ral Biosciences, joining the company in April of 2019. He
worked on a comprehensive meta-analysis of all Alcor pa-
tient cases, an endeavor whose goal is to develop, experi-
mentally validate and refine a quantitative cryopreserva-
tion evaluation methodology. Michael brings with him 20
years of experience in physics, engineering, and
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mathematics, having worked at places such as NASA,
Goddard Space Flight Center, the Brookhaven National
Labs, and Lockheed Martin. Michael Benjamin, welcome
to the Cryonics Underground.

MB: Thank you for having me.

DW: [Can you] tell us, just for the listeners and the view-
ers out there, a little bit about your background and your
career to get us started?

MB: Yeah, sure. So, I’ve tried a bunch of different things.
When I got out of high school, I had no idea what I wanted
to do. I spent a few years driving a truck for a medical
supply company, did various jobs. About 10 years later,
after high school, I decided to go back to school for com-
puter science. I took a physics course and fell in love with
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the physics and ended up with a degree in physics. I did
some internships and some graduate work while at
NASA, working on solar physics. I ended up having to
come back to New York, started a master’s degree in
physics teaching; did a couple of years of that. While I
was doing my graduate work and some of my undergrad-
uate work, I worked out of Brookhaven on material sci-
ence, studied batteries for JPL for space missions. While
in grad school, Lockheed Martin comes along and says,
do you want a job? I said, yeah, sure, why not? So I ended
up going to Lockheed Martin. I worked on radar systems
at Lockheed Martin, on their Aegis system, a naval radar
system. But I was always interested in space, so I started
looking around at Lockheed for jobs in the space sector.
And long story short, I ended up in space operations for a
couple of years, moved out west, spent a couple of years
doing that, and then moved back east to DC and got more
into the project management side of things. That was
around 2006 to 2008. Then, around 2012, I had some
health issues, and I decided to come back to New York to
be closer to family, closer to my support system. I was
sick for a number of years, and fortunately, the autoim-
mune condition I had, I’'m not gonna say went into remis-
sion, but calmed down. And I ended up going back to
work. Interestingly enough, being this is New York,
there’s no space jobs in New York, and I wanted to stay
in New York. Actually, there are people working on try-
ing to get space jobs in New York. I do some work with
them now, actually. But the most immediate job was [in]
artificial intelligence but in the legal profession. So, I
ended up working in that industry [about a year], and I
met Ascwhin De Wolf. Aschwin spent about 6 months
convincing me to come to work for Advanced Neural Bi-
osciences, to work on his Alcor meta-analysis project.
And we finally agreed after about 6 months of discussing
it, and I came on board with Advanced Neural Biosci-
ences. And sort of the rest is history. I worked for ANB
for, I guess it was 2019, April 2019, so, three and a half
or four years before I transitioned over to Biostasis Tech-
nologies. The meta-analysis project was slated to come to
an end at the end of 2022. Most of the data has been col-
lected for that project, and now we’re just writing up the
reports and doing the analysis, should have that by the end
of the year.

DW: I want to go back for a second to the NASA and
Brookhaven and Lockheed-Martin. Cryonics has its fair
share of space buffs, so I have to ask, are there any partic-
ularly interesting or notable stories that stand out from
your career with one of those organizations?

MB: Um, nothing I can really talk about, at least in most
of the space-related stuff. I still do some space consulting.
I just worked on a project doing some orbit analysis for a
company out in California. So I still do keep my fingers
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in that pond. But [regarding] the NASA work, I was work-
ing as an intern at Goddard Space Flight Center down in
Maryland, working on solar physics. Actually that mis-
sion, that satellite just came down about 2 months ago. I
think it reached its end of life a few years ago, but it fi-
nally came down. It was a whole big thing, that they
thought it was gonna crash into something, but it didn’t.
So what happened when I was at NASA, they offered to
pay my mentor, they offered to pay for the first year of
my PhD, and I was gonna do my graduate work at the
Catholic University. That’s who had the contract with the
program I was on. So, long story short, I moved down
there and a few weeks later, NASA had huge budget cuts.
That’s why I ended up moving back to New York at that
time, to pursue some graduate work up here at Hunter
College.

DW: OK, and how did you originally get interested in
cryonics?

MB: You know, at some point in your life, you start to
think about death, right? When you’re younger, you gen-
erally don’t think about it. I know Emil Kendziorra is
working on changing that, to get the younger generation
to sign up for Tomorrow Biostasis [Kenziorra’s cryonics
organization, based in Switzerland]. But you know, it was
basically when I had part of the process of confronting my
mortality. I had a cancer diagnosis first before I got this
autoimmune diagnosis. Fortunately, the cancer was an
easy one to take care of. But it just started the the wheels
turning, on thinking about mortality. I don’t remember ex-
actly how I first came across cryonics, but I did join as an
associate member of Alcor. I think it was about three or
four years before I actually signed up as a member. And
here we are.

DW: And what years were that?

MB: So 2017, I signed up as a member and probably 2 or
3 years before that I was an associate member. It was
2017, I became a full member.

DW: And if you don’t mind me asking the name of your
autoimmune disorder, I believe it was scleroderma.

MB: Scleroderma. I do some advocacy work for some of
the scleroderma organizations as well.

DW: OK, and what are the kinds of effects of that on your
life physically?

MB: It’s an autoimmune connective tissue disease. So,
long story short, the body creates excess collagen, which
creates excess scar tissue, and it can happen anywhere in
the body. In general, there’s places where it affects more
than others, and most people who have it, hands, for ex-
ample. You know, it can affect any internal organ in the
body. Scleroderma means hard skin. So it affects the skin,
causing scar tissue and tightening of the skin. But it can
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also affect internal organs like the heart and the lungs, and
I have some effects on those things. But you know, you
sort of play whack a mole with all these things to try to
make sure things stay as stable as possible and function-
ing as possible.

DW: Yeah, and I guess previously you had mentioned
something about your concerns with stabilization for cry-
onics, in regards to scleroderma. What exactly are the
concerns there?

MB: Scleroderma also affects the vascular system. It at-
tacks the endothelial cells in the walls of all your veins
and arteries, and all that. And that affects blood flow and
can affect other things with regard to the cardiovascular
system, which may or may not — and I’ve been looking at
it peripherally — affect perfusion. It causes lack of blood
flow in the hand. There’s something called Raynaud’s
phenomenon where your hands, when they’re exposed to
what at least your body thinks it’s cold, for me, it’s 65
degrees or colder, circulation stops in my hands. So, the
capillaries spasm in the extremities, in the hands, in the
feet, and it can also happen in the brain. So, as you’re
cooling and you’re perfusing somebody, I don’t know if
you’re still gonna have that Raynaud defect, where the ca-
pillaries and some of the veins are gonna spasm in the
hands, in the brain, wherever, while you’re being perfused
and cooled down at the same time. So, I think that’s some-
thing that needs to be looked at.

DW: And I’'m curious since we’re on that topic, are there
other types of conditions that people may not be aware of
that can affect stabilization in the same way — whether it’s
a disease or, I would assume you know if you have just
generally bad vascularization due to age or being highly
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overweight or something along those lines. I’'m wonder-
ing if there’s any particularly notable things people should
actually know about that.

MB: I think that any cardiovascular condition in general
can cause problems, and depending on what the condition
is, they can cause different problems. It’s common for au-
toimmune conditions, certain autoimmune conditions, to
cause similar problems to what scleroderma causes in the
vascular system. I think lupus has some similar effects,
but I think any cardiovascular condition can potentially
cause problems with perfusion.

MM: So Mike, I want to drop us into this meta-analysis
and your work on [it] for Alcor and how it came about. So
where did the idea for this meta-analysis come from? Was
it Aschwin who brought it to you, and how did you decide
to get involved in this? Why did you feel like you were
the right person?

MB: I’'m not sure about the genesis of it, but my under-
standing is that Aschwin was a big supporter of this. I
don’t know if it started at Alcor, if it’s something Aschwin
came up with originally. But I’m sure, you know,
Aschwin and many other people realized that there was
really a lack of understanding on a large scale of what was
going on, [relating to] how successful have these cryo-
preservations been. I don’t think there was a deep enough
understanding. There’s always this push to improve pro-
cedures, but I don’t think there was a deep understanding,
if things were actually improving, even with the new tech-
nologies and the new procedures, on a macro scale.

MM: So, before Alcor engaged you guys to help make
this a reality, was there any kind of digital database of all
the different metrics and factors here, or was everything
like in pieces of paper in a filing cabinet somewhere?

MB: Basically, pieces of paper in a filing cabinet. They
had digitized some stuff but not any sort of database or
anything like that, as far as I know.

MM: When you were getting started with this, what was
the date that you wanted to first start looking at for this?
What was the earliest date?

MB: 1 basically looked at all the case reports and all the
data that came along with the case reports, temperature
data, anything that’s done during the entire process, any
data that was available, you know, the earlier you go back
[to], the more lacking the data was in many cases. So, it
was a lot of collecting whatever data I could, and then in
terms of the analysis, piecing things together and trying to
fill in gaps without making things up, obviously.

MM: And what were the earliest dates that you feel like
you could get reasonable data you felt comfortable putting
into a database?
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MB: It was kind of up and down, but I would say, by the
late 80s, early 90s, they had been collecting some really
decent data. [In] the early 90s, things really started to be-
come more thorough, but, as different people come and
go, the quality of the reports and the data collecting, data
saved, goes up and down as well. There’s a lot of variation
in that.

MM: And so you wouldn’t say that was because of the
technology, you would just say it was because of the kind
of internal Alcor policies or whoever was —

MB: Yeah, I would say it’s whoever was doing things at
the time.

MM: So, what were the factors that you felt were most
important when you were looking at this database?
There’s probably a list of a lot of different metrics that
you thought were gonna be relevant. Were there some that
you thought, okay, I could start collecting. Here are the 4
or 5 that were actually available in say the early 80s or
such, but then maybe by the 2000s you had, like, access
to 10 or 12 of these various factors.

MB: You know, I think probably one of the most im-
portant things is stabilization. When you have standby,
you’re in much better shape, you’re there as soon as the
patient deanimates to get the procedures going right away.
But I think one of the more important periods is the stabi-
lization, how quickly the patient is cooled down, what
procedures are done at that time. What there is lacking in
a lot of cases, particularly in the earlier cases, is tempera-
ture data for that period, and that creates some other chal-
lenges, for example, [with] the S-MIX, which we’ll prob-
ably talk about a little bit later.
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MM: Yeah, that’ll be a whole [area to cover].

MB: Just to explain briefly right now, it’s a measure of
ischemic damage occurring in a patient during a cryopres-
ervation.

MM: Were there numerous factors that you wanted to
keep track of in this database that weren’t directly relevant
to the overall quality of the cryopreservation, for example,
whether or not the medical personnel were helpful and co-
operative in the patient’s case or things like that? [Were
there] other things that might be useful to track to have
some sense of how well Alcor is doing in in one way or
another or where they should be putting resources, but
which aren’t directly relevant to the overall outcome?

MB: Well, you know, one of the most important things is
time. The quicker you get the cryopreservation done, the
better. And any human interaction, whether it be medical
personnel or what have you, affects how long this process
takes. I can talk about that in a little bit. I’'m working on
writing up a number of reports on different areas of dif-
ferent periods of the cryopreservation, and one of them is
how did hospitals cooperate with the standby team or hos-
pices, and how that affected the timeline. So, we’re look-
ing at details like that as well. There are so many different
pieces of this that affect the timeline, that affect the qual-
ity of care. I think every piece of data, no matter how in-
significant it seems, can be important in some way. And I
don’t think that will be completely understood until we
get through this analysis. And frankly, you know, I’m do-
ing the work that I’m doing, but I think this data collection
is gonna create years of analysis to understand this whole
process.

DW: Yeah, and to get an understanding of when you’re
saying like interruptions and things like that, how granu-
lar was some of this kind of data? Were they were record-
ing? Or was it someone taking notes after the fact [be-
cause, say, a] nurse stopped [them] and said this and it
took 10 seconds? Or how is this actually being recorded?

MB: Yes, to all of the above, and sometimes there were
video recordings, sometimes there were not. Sometimes
there’s granularity to the level of the nurse, while the hos-
pital wouldn’t let the standby team do anything to the pa-
tient after deanimation. One of the nurses cooperated and
did 5 or 10 minutes of CPR — chest compressions — and
gave heparin. So different cases have different details and
different ways of recording those details. But I think the
most common is the report being written and reviewed by
the people who were there.

MM: So is a lot of this data that was sitting in filing cab-
inets or such, is it a lot of just handwritten notes of people
saying, here are things that I think were relevant to this
case and then, you know, a few pages of random stuff and
you have to figure out how to give that structure?
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MB: Yeah, that’s exactly right. It was a tedious task.

MM: I can imagine. So is one of the things, maybe more
recently being done, is creating some kind of paperwork
to be able to record these things better than they have been
recorded in the past? So, instead of just freely writing
notes where you’re gonna forget important details or
you’re gonna write things that aren’t really relevant or
you’re gonna just waste time, having a sheet that says, did
this occur? Yes, no, or to some extent or whatever?

MB: They’ve always had those. And it’s just a question
of, sometimes it’s handwriting. You just can’t read the
handwriting. Sometimes the copies are bad. Sometimes
not everything was checked off, and it really comes down
to these reports. I do have to say, I’ve looked at the data
up through 2020, and I have been looking at the more re-
cent reports, 21 to the present. And I do think there has
been a great improvement over the last few years in the
quality of the written reports and the incorporation of the
data that’s available. So, you have a team of people writ-
ing up these reports and looking at all the data and putting
the data as much as they can into the reports and clarifying
it. So, I think we’re in much better shape now than we
have been in the past in terms of the quality of the reports
and the data being reported.

DW: This is just speculation, but how possible do you
think the technology will be in a year or two for just hav-
ing a video recording being analyzed by an Al, and just
taking very dutiful notes about everything going on, and
printing perfect transcripts? Because I mean right now, for
text they can do that pretty well, they’re working on pic-
tures, and for videos, soon that will be pretty capable as
well. Any idea if that would even be an option or would
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there be some barrier?

MB: Most of the video taking is done in the Alcor oper-
ating room. Hospitals and hospices, they’re not gonna al-
low video in their facilities for the most part. So, I don’t
think we’re gonna have that video aspect anytime soon, in
the beginnings, in the stages where you’re in another, ex-
ternal facility. Can you set up video things in the rescue
vehicles? I think that depends on a number of factors. Are
teams traveling to get to a patient, and are they renting
vehicles? In that case, setting up a camera might take
some extra time. If you have enough people, great, [but]
there’s all kinds of difficulties here. These cases are really
complex, and the more complexity you add, like setting
up a video camera, takes more time away. So, you know,
there really has to be a balance between doing what’s im-
portant at the moment for the patient and what’s going to
help us in the future in terms of analysis. Now, going back
to old reports, many of the reports, not all, but many of
the reports, and again, it depends on who wrote them, are
written somewhat anecdotally. This one was thinking this
at the time about what this one said to them, and all this
sort of gossipy things going on at the same time in these
reports. I’m not sure. I don’t know how well the current
Als are at pulling important information out of things like
these at this point. I would imagine we’re not there yet.
Looking at some of the older reports still might be diffi-
cult for an Al system. The closer we get to a generalized
Al, the more likely that’s gonna be, but that has other im-
plications.

MM: Yeah, maybe GPT six or seven or eight or whatever
would be just fine on this front, [though] on other fronts
have some interesting times.

MB: Yeah, I wouldn’t throw any non-public things into
Chat GPT, since we don’t seem to quite own the data that
goes into them anymore.

MM: It’s a random question, but is all this information
that is kept in these files, file drawers and all this, I mean,
Alcor has its own privacy policies and procedures, but is
it protected by HIPAA or or anything like that?

MB: By default, we apply HIPAA to it. But what I would
say is, when you sign up for Alcor, you have a choice if
you want your case public or private. But you’re generally
not gonna have a conversation about every medical detail,
[so] how do you decide what to put out there and what not
to put out there? And Alcor has put a lot of detailed infor-
mation out there. I think more recently they’ve erred more
on the side of caution. So I think, even if a patient has said
you can make my case public, they’re leaning towards
sharing less information publicly than they used to.

MM: I want to give folks a flavor of the types of infor-
mation that Alcor and you were trying to put into a data-
base, trying to collect, trying to look at. Some of [these]
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are [appears to be reading from a list], whether or not
there was an autopsy, was there an unattended death inci-
dent, SST deployment and cardiopulmonary support, I
suppose how much of that was administered, what were
the issues around the hospice or hospital logistics, was hy-
pothermia induced, I suppose when and how, etc., which
medications were administered, and at what points, etc.,
remote blood substitution, not sure what you mean by
that, but cryoprotection field, cryoprotection, right, so
was that done, monitoring of SST and cryoprotection, and
then a whole bunch of stuff around the S-MIX. Were there
any major factors that you wish had been kept track of
over the years and that you could put into a database, but
hadn’t been, and now those are some big factors that you
hope are gonna be reported going forward?

MB: I think the most important thing is temperature data.
There’s a lot of cases where temperature data was either
not taken during the entire process or data loggers stopped
working, any problem you can imagine going wrong with
taking the temperature, [such as]: Where was the temper-
ature taken? How far was the device inserted? Was the
head cooling faster than the rest of the body? There’s, you
know, all these data points to take into account all of these
factors, and the main thing we’re concerned with is the
brain, and it’s preserving the brain as well as possible. It
takes a certain amount of time for the brain to cool before,
say, your nasopharyngeal area cools. So, you know,

there’s all these [issues]. There’s a lot of, I think, extrap-
olation in terms of how well cryopreservation is being
done based on temperature data.

MM: And on the subject of temperature data, you men-
tioned a couple of different ways to read temperature data.
What would you say is the gold standard for sensors and
collection of temperature data? So, under perfect circum-
stances, under complete lab-controlled conditions, which
probes, which sensors are where in the person’s body, and
how are they tracking that?

MB: By default, if I had every temperature probe availa-
ble I was gonna use in calculating the S-MIX, I would use
the nasopharyngeal, again, because of the importance of
the brain and preserving the brain properly.

MM: And so you think with that one, you don’t need very
many others.

MB: I wouldn’t say I don’t need them, but I would say
that, if I had to make a choice of which one to have, it
would be the nasopharyngeal.

MM: Got it, got it. So there’s a lot of factors in this, and
of course now we should probably talk about the one that
is related to this temperature issue and to cooldown, etc.,
as you’ve been describing and we’ve been avoiding it, but
we’re now gonna jump into it.

End of Part 1. Part 2 continues p. 17.
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Free Book by Robert A. Freitas Jr.

Cryostasis Revival: The Recovery of Cryonics
Patients through Nanomedicine

“Robert Freitas is an extraordinary thinker and author whose previous
works have been transformational for our ability to visualize the
extraordinary capabilities of future medical technology. In Cryostasis
Revival, he now puts his prodigious previous knowledge of hanomedicine
to the task of envisioning methods for healing those whose injuries
challenge even the ultimate limits of future medicine. His illuminating
results and new insights will greatly inform debate over, and may even

help to resolve, controversies that have persisted for decades.” -

Gregory M. Fahy, Ph.D., Fellow, Society for Cryobiology & Executive
Director, 21st Century Medicine, Inc.

“Future repair and revival of- damaged: cryopreserved tissue has been the-

subject of speculation for decades. This book by a nanomedicine expert
examines the problem in detail far beyond anything ever written before.
With more than 3000 references, it's both wide-ranging and intensely
specific about diverse technical aspects of the problem. It will surely
stimulate much discussion, and be an invaluable resource for thinkers
about nanomedical cell repair for years to come.” — Brian Wowk,
Ph.D., complex systems cryobiologist, Chief Technology Officer,
21st Century Medicine, Inc.

Cryostasis is an emergency medical procedure
in which a human patient is placed in biologi-
cal stasis at cryogenic temperatures.

A cryopreserved patient can be maintained

in this condition indefinitely without suffering
additional degradation, but cannot yet be
revived using currently available technology.
This book presents the first comprehensive
conceptual protocol for revival from human
cryopreservation, using medical nanorobots.
The revival methods presented in this book
involve three stages: (1) collecting information
from preserved structure, (2) computing

how to fix damaged structure, and (3) imple-
menting the repair procedure using nano-
robots manufactured in a nanofactory - a sys-
tem for atomically precise manufacturing that
is now visible on the technological horizon.

*We now have considerable evidence that cryopreserved patients retain
the physical structures encoding memory and personality. For most
people, the difficulty lies in understanding how it could ever be possible
to repair and revive patients. Leading nanomedicine expert Robert
Freitas fills in that gap with admirable and remarkable depth. Cryostasis
Revival provides an unparalleled clarification of pathways for researchers
to explore in the quest to make human cryopreservation reversible.” —
Max More, Ph.D., former president, Alcor Life Extension Foundation

“Cryostasis Revival is- the most- magnificent tour de-force on-cryonics ever- -
done with the signature flair, comprehensive coverage and authoritative
style of Robert A. Freitas Jr. It describes all the issues involved in
reviving cryopreserved patients: from the philosophical (what is
“information theoretic death”) to the practical (what damage actually
takes place during a cryopreservation) to the technological (how to apply
nanotechnology to restore a cryopreserved patient) and more. Nothing
else even approaches such a complete and incisive treatment of this
life-saving subject. Cryostasis Revival is the book to give anyone who's
thinking about cryonics but “isn't sure about the science.” — Ralph
C. Merkle, Ph.D., Senior Research Fellow, Institute for Molecular
Manufacturing.

Free electronic book and hardback copies for sale at:

https://www.alcor.org/c
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ostasis-revival or Amazon.com
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https://www.alcor.org/cryostasis-revival

Intriguing Outcomes of Alcor’s Meta-Analysis
Part 2: The S-MIX

MM: Tell us, what is an S-MIX score, and why does this
score matter?

MB: OK, let me just bring something up real quick. S-
MIX stands for the standardized measure of ischemic ex-
posure. And what this measures, is how much ischemic
exposure in units of time was experienced by the patient
during the cryopreservation process. So, it’s measuring
how much damage was done to the patient ischemically
during the process. And the most important part of that
calculation is temperature data. So, what we’re doing is
taking time periods or procedure periods during the cryo-
preservation. So, for example, how quickly did the body
cool between when the patient deanimated and when CPR
was completed? Was there oxygenation with the CPR?
Was the patient cooled in an ice bath? So, the question is,
between the beginning of the deanimation of the patient
and the end of CPR, what was done, temperature and time
being the most important factors to calculate this S-MIX
score.

MM: When you say, was CPR being done, or was some-
body attempting to provide oxygen to this patient even
though they weren’t doing that by themselves, do you
measure the quality of that, of somebody doing that? So,
somebody sitting there doing chest compressions and
breathing into a person is one thing, but if they’re on the
equivalent of a ventilator, that would be a higher quality
version of that. Do you distinguish between those two in
the S-MIX?

MB: The S-MIX right now does not distinguish, as long
as somebody’s doing some sort of chest compressions,
whether it’s a human or a machine doing it, we count that
as the same. Generally, when there’s a human doing it, if
there’s enough people to keep switching off — because,
you know, we get tired, right? — you have a longer period
of chest compressions than you would normally with only
one or two people there. With the machine, obviously you
have longer periods. But whether it’s 5 minutes or 20
minutes, that’s counted the same no matter how it’s being
done.

MM: Got it. | heard a presentation on the S-MIX before,
I’ve heard it described and discussed, and I’ve talked
about it to some people. Now you can tell me, Mike, that
I was completely wrong, but I was making the argument
that the S-MIX score is not an overall score of ischemic
damage. It is simply a measure of ischemic exposure, but
not necessarily damage. Because there may be other mit-
igating factors in how much actual damage was being
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done to the cells in this way, rather than simply the
amount of time they were exposed to this damage. There
may be certain medications, for example, that were ad-
ministered that could lessen the amount of damage that
cells were receiving due to this lack of oxygen. Am I
wrong in making this argument? Would you say that this
should be considered a measure of the actual damage or,
what’s the nuance here?

MB: The answer is somewhere in between. Again, we’re
focused on the brain. So the way to check that, and they
do this, is to do CT scans of the brain, after the cryopres-
ervation has been completed. That’s one of the things
we’re looking at. We’re comparing the S-MIX results to
the CT scan results to see how much preservation was
done. You can’t really measure in every part of the body
what exactly type of damage has been done. So in that
sense, you're right. In terms of just going by ischemic ex-
posure, that is generally what this is looking at. But we
can bring the two together — compare the S-MIX to the
CT scan results — to see how well an S-MIX can predict
actual ischemic damage.

DW: Two things. First, just so listeners and viewers un-
derstand, the lower the S-MIX score the better, right? OK,
so just to get that clear, and then I was interested when
you [brought up] correlating the CT scans and the S-MIX.
So for starters, what exactly are CT scans measuring?

MB: They’re measuring how much water versus cryo-
preservation material is in the brain.

DW: OK. So if you’re trying to correlate these two, how
many Alcor patients have actually had CT scans?

MB: They’ve been doing the head CT scan since 2011.
Most neuro [head only] cases since 2011 have had CT
scans.

DW: And that happens immediately after the preserva-
tion?

MB: Yeah, generally before they’re put in the dewar.

DW: OK, and so it’s been neuro specifically. Are there
plans to do that with previous patients who are already in
the dewars?

MB: My understanding is that they’re not planning on do-
ing that specifically because of the effort that that would
take. I’'m thinking that there has been maybe one or two
other cases where they were taking the patient out for
some other reason and they did a CAT scan. I don’t know
what cases those were. I don’t think they’re specifically
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planning on doing that right now.

DW: Yeah, I imagine the logistics of that might cause is-
sues around, well, for starters, damaging the patient. And
then I think there would probably be some issues — I’'m
curious on your thoughts on this — with informed consent.
Actually, I would have to relook at the contracts, but is it
in the patient’s best interests, to be scanned at this current
moment, maybe at some point in the future, when they’re
ready to be revived or they need some information so that
they can better do the revival process? But how would that
help them?

MB: I think that sort of thing is left up to Alcor to decide.
I don’t think there’s anything in the contract that sort of
micromanages any of that. It basically says if Alcor thinks
that XYZ is going to improve your chances of reanima-
tion, Alcor is free to do that.

MM: [ want to push a little more on this question of
whether the S-MIX is really able to determine or how well
is it correlated with the actual amount of damage done to
the patient’s brain from ischemic damage. When you’ve
had the chance to look over all these CAT scans, what
would you say is the correlation? Have you already been
able to determine what the correlation is between the S-
MIX and the quality of the CT scans?

MB: No, we’re we’re in the process of doing that now,
but the short version is the more ice you see in the CAT
scan, the worse it is.

MM: And then in any given case, how closely is that re-
lated to the S-MIX?

MB: You know, I think in the extreme cases, there’s not
a perfect correlation. I don’t think [there is] in any of the
cases, some are more obvious than others, like the more
extreme cases, but we’re in the process of reviewing all
that now. So I don’t have a definitive answer for you.

DW: Would theoretically something like a straight freeze
that was done very fast have a [better] S-MIX?

MB: That would be 100% ice.
DW: Yeah

MB: But there’s also gonna be impact. Generally, in a
straight freeze case, almost all the time there’s a long pe-
riod before any procedures in terms of stabilization were
done, so that automatically is going to create a high S-
MIX.

MM: Have you also used the S-MIX score on nonhuman
animals, have you tried to look at [that]?

MB: No.

MM: OK. That could just show you that there might be a
whole bunch more data that you can then use to make that
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correlation. I mean, it might be easier to do [with] CT
scans.

MB: I’'m not sure how much there is on that, in order to
do a good enough study on that.

MM: Because historically, if you have little data on hu-
man temperatures, you’re gonna have even less data on
[animals].

MB: Yeah. And we’re already talking a large amount of
data, but not a huge number of patients.

MM: Yeah. What other factors, besides a CT scan, do you
think would be useful in being able to say [that] if we
know the S-MIX plus this plus this plus this, then we will
know a 99% correlation with the actual amount of is-
chemic damage.

MB: I don’t think we’re there yet. I think that’s an area
that has to be studied. One of the purposes of the meta-
analysis in coming up with this S-MIX was to further de-
termine what research needs to be done to answer ques-
tions like you’re asking. So, the purpose of the meta-anal-
ysis is not to answer all these questions. We can answer
some of them and we can do the steps towards answering
those questions. But one of the main purposes of this anal-
ysis and collecting all this data is to open up new ques-
tions and the ability for other researchers to look at all this
data in one place and ask these questions and do more re-
search.

MM: Can you tell us a little bit about what you’ve found
so far, when it comes to these S-MIX scores and how they
have been changing?

MB: I think the most surprising thing [for] most people is
— mind you, these cases are from the beginning, some of
them include James Bedford, some of them don’t, so,
from 1967 to 2020 — and the trend as to whether or not
cryopreservation has improved largely seems to be flat. |
mean, there’s actually a slight downward curve, but for
the most part, it seems to be flat in terms of any improve-
ment in cryopreservation. So, that was one of the most
shocking findings here.

DW: Can I interrupt real quick here? [Do you mean] any
improvement in cryopreservation or any improvement in
specifically the S-MIX score?

MB: Any improvement in cryopreservation itself and the
results in the patients based on the S-MIX score. So the
S-MIX scores over time actually show a slight increase;
an increase is bad in time, it’s taking longer to do the
preservations. Again, it’s only a slight curve upwards and
I think for all intents and purposes it’s flat. So it’s taking
about the same time as it did 40, 50 years ago, overall, to
do a case.

DW: I remember at the Tomorrow Biostasis conference
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you had mentioned this and I feel like myself and others
were a little bit shocked by hearing this, because the as-
sumption for everybody would be that over time things
get better, especially in a field that revolves around tech-
nology. To hear you say that it was flat and even going
down to some small degree felt like a gut punch a little
bit. But, thinking back on it, is it fair that you’re using S-
MIX in a vacuum to make that determination? If you add
in all the other variables, is it actually getting worse or is
it S-MIX that’s causing that perception?

MB: So, that that’s the question, right? I don’t think we
have the answer to that. I think that, once more analysis is
done on all these other factors to determine how we think
a case went, there’s going to be some improvement in
cases. But, if I use one other factor, let’s say I make it as
important as the S-MIX, and that’s the quality of data, the
quality of reports over time, I do see the same up and
down. If you look at a graph of the S-MIX scores over that
time period, if I were to make a graph of the quality of
reports and data available, in a similar fashion, I think you
would see the same ups and downs that you see in the S-
MIX score as you do in the quality of data. Now, you
could argue that that’s because the data is bad. That’s why
the S-MIX looks the way it is, but we don’t know that.
We don’t have an answer to that question. Now, if you ask
that question from a mathematical perspective, ’'m not
sure I’m the right person to ask that. This might be a Mike
Perry or an Aschwin de Wolf question, [the ones] who
developed this. Given my experience in mathematics, it’s
not a perfect thing. It’s not gonna be a perfect correlation
to everything, but I do think in terms of a general trend,
we’re gonna see some variations up or down, but I think
we’re in the ballpark. And when [ say that I’'m using the
quality of case reports, I also correlate in my mind at least,
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if the case report is bad, the quality of care might have
been bad. So, without sitting down and doing a detailed
analysis of each of these pieces yet, [ am seeing a corre-
lation on a macro level with all these things.

DW: I refuse to believe it [chuckling]. I’'m having willful
ignorance right here.

MB: Technology is tools, right? And if you have some-
body who is not using the tools properly, it doesn’t matter
what the technology is unless you’re going into the gen-
eral Al discussion, which you could also argue against be-
cause it was developed by people to begin with. So the
quality of the tools may help, but it’s not gonna solve the
problem.

MM: I’'m in Daniel’s camp. I'm still trying to push
against this, right? But, for example, the mix of medica-
tions that are administered to a patient, as they’re initiat-
ing cooldown and all that, that has changed over time and
presumably it’s gotten better over time. That’s potentially
one mitigating factor that would suggest that things aren’t
as bad as they seem. Maybe if there’s a handful of other
mitigating factors like that, obviously the cryoprotectant
has gotten better since the development, I think it was in
the early 2000s or such, of M22 or whatever it was. So,
[if] there’s a list of a few of these mitigating factors, then
presumably [the] actual end result cryopreservation could
be getting better even if the S-MIX scores are flat.

MB: Let me just step back a minute. One of the areas that
I specialized in when I was an engineer at Lockheed was
process improvement. When [ worked in space systems,
we had top-of-the-line technologies, anything you can im-
agine technology-wise. But, if the humans didn’t get it
right, if the humans didn’t understand it right, if they
didn’t do the procedures right, if they didn’t catch some-
thing, the entire satellite could come down. My job in this
period was to do a sort of 6 sigma process improvement
type of event. And I see the same thing, the same problem,
here. The procedures which Aschwin wrote, many of
them, might look great on paper, but how they are imple-
mented, again, that has gone up and down over time. And
I think that is really, really important, more important than
most people realize, to get these processes in place, and
done in a proper way, the way it’s written, as close to the-
oretical as humanly possible. Now there’s a lot of mitigat-
ing factors. For example, if you can get into a hospital and
do a standby, there’s still things like that, but I think there
are ways to mitigate most of these things. It’s a really, re-
ally, really complex problem, how to get these procedures
done properly. This is not something we easily talk about.
You can’t just say, well, somebody screwed up, so they
screwed up the whole case. It’s not that simple. And until
you’ve looked at all of the data and all the procedures and
how they’re implemented, sure, there’s lots of places
where you could say, this got screwed up or that got

www.alcor.org



screwed up, or we just don’t know because the infor-
mation is not there, why is the information not there? But
there’s so many mitigating factors that it’s really hard to
say what the cause is. That’s why we’re collecting so
much data, and, again, it’s gonna take a long time to really
dig into to understand what factors are causing what. On
the surface, it may seem shocking that there hasn’t been a
great deal of improvement, but looking at it from the per-
spective of, I’ll call it operator error, I’m not surprised.

DW: You said, if the tools are not being used right and
you mentioned operator error—

MB: Or, [the tools] just failed —

DW: Yeah, so, can you give one or two examples of what
exactly is failing, like the temperature gauge, and any kind
of random malfunctions of a tool. Are there specific ones
that that are particularly egregious in terms of failure rates
or not not being useful over time?

MB: Temperature is important, knowing what the tem-
perature changes are, is important. Now, why are we
missing data? The data logger’s failed. I see that all the
time. The data is just missing, it’s not in the file, not in the
folder. In the reports that I’ve been looking at, you have a
lot of extremes of good quality and bad quality, and again,
the only way I can look at this is to extrapolate and say,
on some level, the bad quality reports, more often than
not, mean it might have been a bad case. Or [ mean, it also
could just mean stuff wasn’t recorded properly, they were
too engrossed in what they were doing to record anything.
But there’s really no way to tell. And going back to the
thing that both of you guys were talking about, you in par-
ticular, Max, how well do we correlate actual ischemic
damage to the S-MIX? I think while studying that, that
those results are gonna take into account these human fac-
tors. And that human factor data is going to help us un-
derstand that same thing as well.

I’ll give you an example, in the space business, where |
came across one particular situation where the satellite
just kept failing. And nobody could understand why the
satellite kept failing and they had trouble getting it back
and operating properly. You had multiple teams working
on these systems. And it was a lack of understanding of
who was responsible for what. Who was responsible for
this part of the system, who was responsible for this pro-
cedure, and once this process improvement was done and
the mitigations were applied, we went from 3 to 4 mid-
night call-ins a week to 0.  mean 0. That’s how important
I think improving the implementation of procedures and
processes is, and I see the same thing here in cryonics.

MM: So, just for my own clarification, the S-MIX score
takes into account the amount of time during which some-
one was at a given temperature above freezing, right?
Once you’re below freezing, that’s not really relevant.
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MB: Yes.

MM: Of course, somebody could be at 2 degrees below
freezing for a week and that’s not good.

MB: Right, that’s a different problem.

MM: But it does affect the overall quality of the cryopres-
ervation at the end of the day.

MB: Yep.

MM: So that just might be one way in which the correla-
tion is not gonna be perfect between the S-MIX and actual
damage.

MB: It’s like someone being at dry ice temperature versus
liquid nitrogen temperature. There’s going to be more
damage at dry ice temperature than liquid nitrogen tem-
perature.

MM: So I guess there’s two, in my head, still remaining,
non-trivial objections to the S-MIX as a useful metric, one
of which I think you’ll mostly agree with and one of
which I think you’ll mostly disagree with. The one that I
think you’ll mostly agree with is that what we would re-
ally want is some kind of overall, absolute, here’s the cry-
opreservation quality index. One of the factors it [would
take] into account might be the S-MIX score. Another one
might be, for example, some kind of S-MIX-like score
that factors in time between 0 °C down to liquid nitrogen
temperature and then it might also take into account other
things, whether somebody was poking around during the
procedure and did something else that might have caused
damage to the brain or didn’t administer the right medica-
tions at the right time or whatever the case was. So I feel
like there could be multiple other scores that could be fac-
tored into some overall thing.

MB: Or even factor these other things into the S-MIX
score somehow.

MM: But then it wouldn’t be an S-MIX, right? It would
be something other, you know, rename it or something,
right?

MB: Yeah, | mean, it depends on what you’re throwing
in there.

MM: Yeah. So I feel like that one, you’re mostly on board
with, right? The more we can throw in there that’s rele-
vant [the better,] and then overall come out to some really
good index. But I think one other objection that you might
not agree with would be that the S-MIX score is kind of
the street light problem. Because we don’t have access to
all these other potential sources of information as to the
overall quality of the cryopreservation, the only one that
we’ve managed to design in a quantifiable way is the S-
MIX. I mean, correct me if I’'m wrong, [ don’t think any-
body else has tried to come up with a score that’s at all
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correlated with actual end result damage. But because this
is the only one we have, we are so focused on this that
we’re losing focus on all the other things that could po-
tentially be relevant to the overall cryopreservation, right?
And so — street light problem, right? — we’re looking for
the answer where the light is, we’re looking for the answer
here at the S-MIX just because this is all we’ve got and
it’s a bad idea to be so focused on the S-MIX, but it’s an
objection. What do you think about that?

MB: Certainly, I agree with you. I don’t disagree. I think
there are some people that have that spotlight problem. It
depends on who’s there to talk about it. And that’s why I
keep reinforcing that there’s still other work that needs to
be done, whether it’s correlating with the CT scans or cor-
relating with the other data. You know, we’re not there
with some perfect overall thing yet. What I am saying is
that I do think that the S-MIX is still representing some
general trend. I think you’re gonna see variations in
whether that trend goes up or down. I don’t think you’re
gonna see any exponential differences in the trend we’re
seeing in the S-MIX and any trends we’re gonna see with
other data. Could there be one point of something that’s
shockingly different? Sure, you’re gonna have that with
anything. But I think, for an initial shot at this, we’re in a
general ballpark of what the trending looks like. And
again, it doesn’t surprise me based on what I’ve seen, and
quality of reports and human error, et cetera. Without that,
I might have backed off and said, OK, maybe you’re com-
pletely right, and maybe this is useless. But based on what
I’ve seen in terms of quality of execution of procedures,
quality of reports, and my background in process im-
provement, I’m not surprised, and I think that this S-MIX
score does have some accuracy in terms of the trending.
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DW: And so, in terms of some of the takeaways of why
the S-MIX score is the way it is, in one of your talks you
discussed a few large factors, one of the biggest ones be-
ing unattended death. How much does that factor in? I
think I remember you said, like 70% of the top 10 S-MIX
scores were unattended deaths. So how much overall are
these unattended deaths specifically contributing to these
kinds of downward S-MIX’s?

MB: So, if you remember from the talk, one of the trend
lines I did was without them. And it did improve slightly,
but not significantly enough to say oh that was the cause
of the whole problem. Not even close.

DW: OK. That’s good to know. I do actually want to get
into those more because separately they were also one of
the most interesting takeaways, I thought. So first, just to
define things, I understand what unattended death im-
plies, but attended death, does that mean specifically an
SST team there, or could it be a family member just doing
CPR or a nurse at a hospital? What defines attended?

MB: The person is not alone. So the person could be in
the hospital and deanimate, and they just don’t even throw
them in a cooler, right? [ mean, not that that happens very
often, but it can happen for two or three hours. But for the
most part, unattended is those rare cases, where there’s
nobody there to call somebody and say start some kind of
stabilization process.

MM: Yeah, it could be that a person dies next to their
spouse, early in the night, and the spouse doesn’t even re-
alize it.

MB: Exactly. That’s for our purposes unattended.

DW: OK. And then for those unattended, what percentage
of those ended up being straight freezes versus being vit-
rified?

MB: I have to look up those stats. Give me a second. |
would say most of them are straight freezes, but let me, |
don’t know if I have that handy.

DW: That’s OK. I guess a more pertinent question would
be first, under what conditions were the straight freezes
happening generally?

MB: Unattended death and postmortem third party.

DW: OK. And you had said about 50% of the people were
home alone for these unattended deaths. I’'m not particu-
larly surprised by that, but it does bring up some interest-
ing issues of a lot of cryonicists being single and without
spouses and without children, at least children that they
live with. Do you have any specific thoughts on that? I
guess, generally speaking, everybody would probably
agree it’s a bad idea, but I’'m curious if there was any data
that was interesting on that front.
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MB: Yeah, so let me go back to the straight freeze ques-
tion real quick. I’ve got a slide here that shows that of un-
attended deaths, 54% of those were straight freezes.

DW: Okay.
MB: So, in terms of your last question [asks to repeat it].

DW: About 50% were unattended, were straight freeze,
so members should know that if you end up unattended,
there’s [something] mitigating that.

MB: Oh, so, mitigating [that for] the people who live
alone. Alcor has people like Ben Best and Nikki [Olson
who] have looked at technologies to help mitigate that.
Things like the Apple Watch may be one way, but Alcor
has implemented a service, I think, that costs extra, to
check on people at least once a day, to make sure they’re
OK. So that’s one of the things that we’re looking at, how
do you mitigate an unattended death, we’re looking at that
a little bit, but I think that’s something that needs to be
studied and is being studied by some people.

DW: Alcor’s program I think is a good start, but —

MB: I mitigate by using Alcor’s service and I also have
an app on my phone that [sends an alert] if I don’t press a
button by a certain time, so [ spread [my coverage be-
tween them] throughout the day. But I also have the Apple
Watch which doesn’t alert if your heart stops, but alerts if
you fall over and sends out an emergency message. So
there’s all these things like this that you can do.

DW: Yes. We had Nikki on the podcast not too long ago,
and she has a lot to say about these sensors. Quickly, I'm
gonna plug in her website, cryonicsmonitoring.org. She’s
compared all the different cryonics monitoring devices
that are currently out there and I think, if people are inter-
ested in [this topic], that’d be a good place to get an over-
view of the pros and cons of each of them, and what needs
to happen to actually make that a thing. But, given that so
many people are dying alone at home, I think this is some-
thing that needs to actually get addressed, sooner [rather]
than later.

End of Part 2. Part 3 continues p. 24.
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Membership Statistics

2023-24 Jun | Jul |[Aug | Sep | Oct | Nov | Dec  Jan | Feb | Mar | Apr | May
Cryo Members [1417|1424 /1419|1422 1423|1418 1424 1425|1430|1435|1439|1440
Basic Members| 35 | 35 | 35 | 36 | 38 | 39 | 40 | 43 | 46 | 45 | 45 | 46
Patients 212 | 212 | 217 | 218 | 222 | 224 | 225 | 226 | 227 | 230 | 233 | 233
Assoc./Apps 218 | 219 | 228 | 238 | 245 | 249 | 247 | 248 | 241 | 245 | 246 | 323

Total 1882 1890 1899 1914 1928 1930 1936 1942 1944 1955 1963 2042
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Intriguing Outcomes of Alcor’s Meta-Analysis
Part 3: Other Topics and Conclusion

DW: Moving on, another [topic] which I would say might have
been even more shocking than some of the S-MIX scores, was
suicide. Something like 40% of the unattended deaths were su-
icides. That’s just so strange to me. I would not have expected
that at all, given that someone signed up for cryonics has to be
aware that they have a specific goal in mind, to get their body
to these cryo orgs. You know something has to have gone really
wrong in their lives to be in such a bad [state] where they want
to commit suicide in the first place. But also [baffling is] not to
have either the faculties or the willpower or any number of con-
tributing factors to actually figure out if that would get them a
good or bad cryopreservation. So, quickly, what are some of the
overall general findings on the members that did commit sui-
cide and how that affected their cryopreservations?

MB: What do you mean, findings in terms of what?

DW: I guess my assumption is they got very bad cryopreserva-
tions, because of the suicide. I have a small picture of one of
your charts. Some of the highest S-MIX scores, so the worst
outcomes, were suicides. Could you tell us anything about the
general demographics of people who are committing suicide,
the younger, older, male, female, I guess anything you can let
me know.

MB: It varies. We have one case of a gentleman in his 80s and
one case, somebody in his 20s, so, I think you just see the sim-
ilar demographics as you would [for] the general population.
You know, it was interesting, I was listening to your podcast
with Emil [Kendziorra, head of Tomorrow Bio], and I think
Max you brought this up about there seems to be this algorithm
that as you get older, you just don’t care about living longer
anymore. Perhaps the suicide thing is a malfunction of that
same algorithm.

MM: Yeah, whatever system keeps us going seems to degrade
just like everything else is degrading.

MB: Or some shock to the system kicks in that algorithm.

DW: And is it true that the suicides also increase the risk of
autopsy?

MB: Yes, it’s a requirement in most places.

DW: Oh wow. OK.

MB: Even unattended deaths, it’s a requirement to do an au-
topsy.

DW: Oh. OK. So just [for] a general undecided death, they’re
required to do an autopsy, even if they’re reading the bracelet

and calling Alcor. What about being unattended specifically
triggers these autopsies?

MB: Because nobody was there to see the death, and they don’t
know if somebody was in the house or whatever, and killed the
person somehow in some difficult to detect way or what have
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you. Alcor does do a lot of work in terms of trying to mitigate
autopsies in these types of cases, whether it’s minimizing the
autopsy, not slicing up the brain, just doing a CAT scan, it de-
pends on the case. It depends on the medical examiner, it de-
pends on a lot of different factors as to whether or not they’re
able to mitigate an autopsy. One of the rules is preserve the
brain, preserve the brain, preserve the brain. So the thing that
they’re generally most interested in is not having the brain
sliced up. But even when that does happen, I think it depends
on when the contract was written, some of the contracts say,
even if that happens, preserve whatever brain material you
have. But Alcor does [what they can]. They bring in the lawyers,
they get involved in the courts right away as quick as they can.
They do a lot to try to mitigate autopsies.

MM: I want to ask you a question here on the issue of suicide.
[For] these suicide cases, did they count people who were home
alone or in the hospital, were in pain, and just kept pressing the
morphine button too many times, or are these real, you know,
the person just couldn’t stand it anymore and took a shotgun
and [used that]? Are they different?

MB: Yeah.

MM: [The] real suicides, [are] not accidental [as in] I pressed
the morphine button,

MB: sneakily, I guess you want to call it.

DW: OK, and not to be morbid, but Max, that actually is what
prompts me to [ask] does the data show how they committed
suicide?

MB: Yeah.

DW: OK, and I actually don’t know the general statistics on
suicide and how most people do it, but I’m only asking to try to
put myself in the mind of a cryonicist who’s doing this. Are they
doing this with some thought as to how it will affect their cryo-
preservation?

MB: I don’t think so. I don’t think there’s any concern about
that.

DW: OK. So at this point, when they’re committing suicide,
cryonics is not even in their mind probably. Are any of them
calling Alcor beforehand?

MB: Yeah. There’s not that many cases here, so I’'m careful to
discuss details, because you might be able to pick out who this
might have been. But there’s cases where one individual spent
months talking to people at Alcor and they tried to talk this in-
dividual out of it and give all the reasons why this person
shouldn’t do it and it ended up happening anyway. And then
there’s cases like you said where somebody just picks up the
gun and that’s the end. So, you know;, it’s all over the place.
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DW: Yeah. It seems to some extent loneliness is a huge factor
in a good cryopreservation for a good portion of these, both the
unattended part and the suicide.

MB: Yeah, it’s hard to know why somebody commits suicide.
Is it an organic problem in the brain? It’s hard to tell.

DW: Sorry, I’ve depressed myself with this conversation
[chuckles]. [Going on, with 40% of the unattended home alone
being suicide, it leaves] 10% [who passed] during sleep. I don’t
know if there’s anything interesting to discuss with people dy-
ing in their sleep. It’s kind of the same issue with needing proper
monitoring.

[But, going on,] what would you recommend knowing what you
know now to not just Alcor but any [cryonics services organi-
zations], what should they be doing differently and why?

MB: It’s a difficult question to answer because each organiza-
tion has in some cases very different procedures and very dif-
ferent services they offer, or level of service that they offer. For
a place like Alcor, and I suspect Tomorrow Biostasis, [they
should] really mitigate that human factor issue, whether it’s pro-
cedures being done properly and thoroughly, or interaction with
hospitals, or having connections with doctors who are friendly
to cryonics, in any particular area. Just to bring up Biostasis
Technologies real quick ’cause I think it’s pertinent here: The
idea behind BT is to create a standards organization to create
standards for SST — standby, stabilization, and transport. But
the other idea is to have local organizations do cases only in
their areas. And by doing that, they’re creating relationships
with local hospitals, local doctors, local medical examiners. So
this is one of the attempts to mitigate the things that we’re talk-
ing about by having local organizations with all these connec-
tions to smooth that entire process by having all the connections
in place, on top of doing the procedures right and thoroughly.

DW: Now, you had mentioned Biostasis Technologies and I
want to get into that, but before we do, Max, did you have any
further thoughts?
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MM: Yeah, I was wondering, I know that the database, and the
S-MIX scores that you’ve put together for all these cases, were
obviously just Alcor’s data. But is there any chance that, CI [the
Cryonics Institute, in Clinton Township, Michigan] would be
willing to share any of their data or their historical findings or
such? It might just be useful to have more to look at, more data
points to understand better what actually is going right or
wrong.

MB: Yeah, with CI I don’t know. I haven’t been involved in any
discussions even if there have been any. Aschwin would be the
person to ask that question. I know that there have been discus-
sions with Tomorrow Biostasis along those lines, but I’'m not
familiar with the outcomes yet.

MM: Yeah, hopefully there can be at least one database encom-
passing as much of the data as possible and Tomorrow Biostasis
has the benefit of it.

MB: I imagine they would.

MM: And hopefully, CI also decides to partake in that. That
would be very helpful for the for the whole industry. So it could
either be some kind of [setting] where all the different cryo or-
ganizations are cooperating or it could be some third party,
maybe something like a Biostasis Technologies that helps coor-
dinate this mechanism to put these things together.

MB: Right, yeah.

MM: So, are you still fully involved and engaged in putting this
together, or are there other individuals within Biostasis Tech-
nologies or outside of it — is there anybody else involved in this,
putting the database together, doing the meta-analysis — ?

MB: That’s pretty much been my purview, more than anybody
else, and obviously Aschwin has had quite a bit of input to that.

MM: OK, and you’re still the one doing this going forward as
well.

MB: Yeah.
MM: Got it. So Daniel, you want to jump into BT?

DW: OK. So I want to talk a decent amount about this new or-
ganization, Biostasis Technologies,.the new kid on the block.
So first, what exactly is it? Who’s working on it, who started it?
And then I have a few more follow-ups from there.

MB: So, there’s a bunch of people involved. I’m trying to de-
cide where to start. I don’t know much of the history of all the
other organizations. In terms of that history, Aschwin or some-
body else would be better equipped than I am to go through that.
Obviously Aschwin was a big proponent of this, and people like
Ben Best and Houston Westfall, and a handful of other people.
Carrie Radomsky is on the board of BT.

[As for the] lack of improvement: I think the people that have
been directly involved for a long time were not entirely sur-
prised by this result. I mean, it’s still a shocking result no matter
who’s looking at it in terms of whether there’s been improve-
ment. But I think as people thought about it, particularly the
people that have been involved for quite some time, [opinions
emerged like] here’s where I think the holes were that caused
this problem, based on my experience doing this. And I think
that’s the group of people who have come together to put
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together Biostasis Technologies. And the idea is not to just try
to reinvent the wheel and just create another SST organization,
there’s another organization that’s doing that. But [instead it
was] to create an organization that creates standards across the
industry, that whatever organization comes up can can look at,
and say, OK, this was researched, this was studied. And these
are the results they came up with in terms of whether it’s equip-
ment to use, quality of equipment, procedures to do. That’s sort
of the idea behind biostasis technologies — to create these stand-
ards for people to follow. And again, like I said earlier, that’s
part of the problem. Then you’ve got to have the people imple-
menting it properly and that’s where training comes in. BT in-
tends to do this training as well, for SST organizations as they
come up. That’s the other big piece of it.

DW: So you’re gonna be both doing this work in SST alongside
being kind of an open source hub to some extent. I don’t know
if that’s a fair analogy.

MB: Yeah, that’s an interesting way to look at it. It’s like an
IEEE of cryonics, right? Where you’re setting standards for cer-
tain things, but at the same time, an organization like IEEE does
the trainings as well, right? So it’s sort of modeled after these
other organizations that create standards for different industries.

MM: And are you gonna do certifications too?

MB: Yeah, training and potential certifications. That’s all being
formed now, that’s what the plans are.

DW: Who’s funding the project or the company?
MB: BRLS [Biomedical Research and Longevity Society].

DW: I believe that’s Bill Falloon, with Ben Best part of that as
well. What would you say are some of the major projects you’re
working on at the moment in biostasis technologies?

MB: There’s about 7 or 8 things that we’re looking at right now.
Liquid ventilation: Charles Platt has been looking at that.

We’re looking at different dry shippers for brain only cases,
what dry shippers are the best. We actually bought a dry shipper
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and we’re gonna be shipping some equivalent of brain material,
whether it’s a piece of meat or what have you, ship it across
country, keep temperature recording while it’s being shipped,
do all the studying of how good these particular dry shippers
are.

Comparing mechanical CPR devices: We have two right now
that we’ve compared, the LUCAS and the Corpuls, evaluating
[them] for how long [they] can operate, battery times, how dif-
ficult to operate. So we’ve been working on that.

Air transportable perfusion circuits: That’s one of the things we
plan on looking at.

Training protocols which I mentioned.

Ice bath design: we now have 3 different versions of ice baths,
the last two that Charles Platt has put together. We actually have
those in our facility in Long Island City right now, the two that
Charles built and a rescue vehicle that we have.

Overall rescue vehicle equipment, fabrication and integration:
we have a vehicle that Alcor had given us, that we’re using as
sort of a sandbox, to put together the best equipment in a vehicle
that we can, maybe create a standard out of that. We’re also
looking at not just that vehicle, we’re looking at all other differ-
ent vehicles like a Ford Transit or a Mercedes Sprinter. How do
we look at different vehicles like that and build rescue vehicles
from those?

[We] also plan on looking at whole body field cryoprotection
protocols. Aschwin would be probably the main person to talk
to about that. But these are the types of things that BT is going
to study and put some standards [for] out there.

DW: OK, and how far are you along the road to being fully up
and running, or are you fully up and running?

MB: No, we really got started in October [2022] as an organi-
zation. I mean, things were being done before that, but we had
to get the facility which we got in November, and we’ve been
sort of gearing up the facility, [a] combination of things, getting
the facility ready to operate, getting the equipment to do some
of this testing and doing some. So, I think we’re at the begin-
ning in terms of starting the test equipment, and, by the end of
this, probably in the next two months, the facility will be up and
running with everything set up to do all the things that we want
to get done. And then I say by the end of the year, we’ll probably
have some results on some of the testing and then start to write
protocols and standards. We also have somebody working on
training materials as we speak, so there’s a bunch of things go-
ing on right now, but still, mid end of wrap-up stage.

DW: OK, and how long do you foresee until you’re offering
full-fledged SST services? It’s a hard question.

MB: BT is not gonna offer SST services. That’s not the idea
behind BT. Resurgence Biomedical Sciences, which Houston
Westfall is working on down in Florida — they’re gonna be an
SST organization, so they’re gonna be local to the Florida mar-
ket. And we’re looking at getting one started up in New York as
well. We don’t know the incarnation of that yet, whether it’s
connected to Resurgence Biomedical or gonna be a separate en-
tity, and who’s gonna do that. So we’re putting all those pieces
together now for an SST organization in New York as well.
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DW: And, could I ask, Tomorrow Biostasis has discussed a lit-
tle about having some services eventually in New York and
Florida. Are these at all connected?

MB: It’s all connected.

DW: OK. And I don’t know if there’s anything you can say at
the moment about that relationship.

MB: I haven’t been directly involved in all the discussions. That
would be an Aschwin question.

MM: We’ve had both Aaron Drake and Eric Vogt [both of In-
ternational Cryomedicine Experts, ICE] on the show and both
of them are fantastic. They know their stuff really well. In the
past, historically, right, SST has been [implemented remotely]
as long as you’re not actually only miles away or whatever from
the facility. It’s [otherwise] been [necessary to send] out ICE or
SA [Suspended Animation, Inc.] to the patient’s bedside. So, do
you foresee that in the future there will be maybe a handful of
these very localized SST organizations in very specific markets
and then everybody else is still gonna be served by something
like ICE or SA?

MB: Well, that depends on where these organizations are, right?
I don’t know the answer to that question yet. I imagine, for the
more rural areas, there’s still gonna be the need to go out and
travel to get to a case. Is there gonna be an ICE or an SA that
does that, based in California or wherever, and they’re gonna
run out to, you know, the middle of Missouri to do a case, or is
there gonna be an organization in Saint Louis that can drive 2
or 3 hours to rural Missouri, and do the case themselves? I think
all that sort of thing is gonna depend on where these local or-
ganizations are, and how many resources do they have. Does
the local organization have enough vehicles in case there’s a
second case in the more local area versus the more distant area.
I think it’s gonna be on a case-by-case basis. I think, for the near
future, and maybe even in the mid future, there’s still gonna be
some need for travel, by ICE or whoever.

MM: I feel like there’s two major factors here. One is, of
course, the proximity and how quickly these teams can poten-
tially get to a patient and all this. But the other is that there are
just so few cases in a given year. If we had a team here in say
Austin, Texas, we might — I don’t know the numbers of course,
but even when you add up CI and Alcor — we’re gonna get
maybe one case per year and I guess if they’re serving all of
Texas, maybe a couple of cases in a year. Maybe it’s higher in
New York, or obviously, in the Bay Area, or in South Florida or
such, but it seems like there’s just not enough. You’ve done a
lot of [study] of what it really takes to get a team to be well
honed and know their procedures and have their logistics ready
and [so on] and a lot of it is just practice, right? So, if one of
these groups are doing a case once a year or a couple of times a
year or once every other year, that to me might be more danger-
ous than a team that would get there even 1 hour or 2 hours later
than that [other] group but they’ve at least done numerous cases
in a given year and they know what they’re doing a lot better.
How do you think of these competing problems?

MB: This has been discussed more in the guise of Resurgence
Biomedical, and Houston would be the person to talk to more
about this, but all these topics have been discussed and some
mitigations have been discussed. The model of the businesses
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of an SST organization itself, how do you sustain it? How do
you sustain it when you have so few cases, and what you’re
mentioning makes that question even more challenging, right?
Because it’s just local cases. You know, just briefly, one of the
ideas that Resurgence is working on is to not just have an SST
organization, but to actually have a medical practice attached to
the SST organization. And that serves a number of purposes. |
can’t talk much about it because I’ve not been directly involved
in the details of it, but there’s that piece of it to keep the medical
personnel trained. Then there have also been discussions and,
nothing set in stone yet, of sending people from one area to an-
other where there’s a case to have them be involved. Now they
may not get there in the very beginning [unless] there’s a
standby, [but they’11] cross-train across locations. So that’s been
in discussion as well, to try and mitigate that.

MM: To have them get there and shadow the people who are
[already on site].

MB: Yep. So they’ve been thinking about all these things.

MM: Yeabh, it seems like a lot of things might change in the next
few years as these things roll out, hopefully for the best. So,
does Biostasis Technologies — and everything you’ve described
has to do with procedures, logistics, the science and technology
of this, the medicine — do they have any kind of outreach arm,
or is that part of their mission?

MB: Yeah, so, as you know, we hired Max More to be our com-
munications director, and we have a substack out there, that
they’ve been writing articles about, and there’s a monthly news-
letter there. I think the first [issue] just came out in May.
They’re working on how to grow that and how to bring cryonics
or I’1l call it biostasis to the masses, so to speak. So that is one
of the goals of that wing of things.

MM: So when you say the goals, is it to function as a kind of a
marketing arm of the cryonics industry as a whole, or is it just
to better communicate with scientists and technologists in the
field, or, how would you describe that?

MB: I would say that part of it is the — I know I use the word
marketing — but I guess that’s what it is, marketing to the
masses, the idea of biostasis and cryonics and bring[ing] more
people into it, and the next generation.

DW: I don’t mean to be skeptical here, but isn’t that two sepa-
rate missions completely, in terms of marketing to the masses,
and what you’re trying to do?

MB: Well, that’s why I was hesitant to use the word marketing.
We’re trying to be advocates for cryonics and biostasis, and ad-
vocates is probably a better word.

MM: And are there any metrics that you guys are gonna try and
use to determine how well that’s going? Because, when you’re
in an organization like Tomorrow Biostasis, they can come up
with a new plan, “hey, let’s put out more YouTube content, and
then we’re gonna track people that are in this particular demo-
graphic.” Then they can track over time. [ Then suppose] they’re
getting people calling them up or sending them emails, and [the
others] say, “hey, where did you first hear about us?” And they
say, “oh, these YouTube videos that you guys are producing,
and they’re great.” And that gives them some feedback as to
whether or not what they’re doing is useful. Do you guys have
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any sense of what mechanisms you might have for that kind of
feedback?

MB: Yeah, they’re working it out now. Max has been on board
since March, so they’re working on all these things now.

MM: Cool. Yeah, I saw the substack you guys have. Is it a paid
substack?

MB: There’s unpaid and paid. You have a choice.
MM: Are you gating any of the articles behind that paywall or

MB: I’'m not sure what they’ve done yet. I think they’ve played
a little bit with that, but they’re in the process of putting a plan
together for that.

DW: And would that be the place where people should be able
to keep up to date with biostasis technologies as a company as
well?

MB: Yeah, the monthly newsletter comes out on that substack.
DW: OK, we’ll put a link in the show notes.

MM: So now we’d like to wrap up these conversations with an
“overrated or underrated” segment. Do you believe that the
things we’re gonna mention, are they overrated or underrated
or maybe appropriately rated? You were talking about this ear-
lier, so the first one is NASA’s organizational culture. People
say that it’s very bureaucratic, it’s very slow, it doesn’t learn
well, it has a lot of these problems. So NASA’s organizational
culture, is it overrated, underrated, or are things a lot better than
people think they are or what’s your experience?

MB: I would say, in general, in the space industry, whether it’s
NASA or commercial or other government space areas, I think
there’s been a great deal of improvement in the last 15 or so
years. So I would think, from what I hear in the industry now
for at least the more government-related programs, things are
rated as they should be. [As for] commercial, I think a lot of it,
not all of it, but a lot of it is still being run with a startup men-
tality. So, yes, they’re gonna do all these great things, and com-
mercial is the way to go, and commercial is gonna be the future,
and I agree with that. But I think, aside from maybe, SpaceX
and Blue Origin [which] are obviously way ahead of most of
the other smaller companies, the majority of the industry, aside
from those two, are probably a little bit overrated as to where
they are. I think they all have the potential to get to where
SpaceX or Blue Origin is. But, from what I’ve seen, I think that
embracing some of the stuff I talked about before in terms of
procedure and process improvement and that sort of thing, as
well as improvement of the technology, is gonna be the key to
their success. So I think commercially, the majority of the in-
dustry is a little bit overrated, SpaceX and and Blue Origin I
think are where they should be, and government is rated as they
should be.

MM: So there’s a lot of money chasing that SpaceX and Blue
Origin kind of unicorn — and hoping that a lot of these other,
smaller players will morph into that.

MB: Become these unicorns.

Cryonics / 2nd Quarter 2024

DW: And, just a follow up on that question, personally speak-
ing, what do you consider the most exciting projects going on
in the space industry generally?

MB: The Artemis Program — the moon program. Landing peo-
ple on the moon and creating colonies on the moon.

DW: Ah, gotcha.

MB: We’re gonna do that one long before we do that on Mars,
I think.

MM: It seems to me like a great idea. I mean, it’s right there,
you know.

MB: I was just gonna say just because of proximity.

MM: Yeah, seems like a great jumping off point to then be able
to use for other space projects in the future.

MB: NASA just awarded Blue Origin some of the landing con-
tracts for some of the astronauts for the moon colony.

DW: While we’re on the topic, what do you think of cryonics
on the moon?

MB: Well, you know, cryonics for space travel in general, right?
How do you travel to the Andromeda Galaxy? I think we’ve got
a long way before we get there just like we do here.

MM: Yeabh, I think we’ll hopefully perfect the technology in the
best of circumstances here on Earth and then consider its appli-
cations elsewhere.

DW: So another “overrated, underrated”: you had mentioned
your grandson has epilepsy, you told me that, and you support
a couple of epilepsy related charities or organizations. So I’d
like to know a little bit more about that but first, overrated or
underrated, standard epileptic treatments versus I guess any that
are less mainstream.

MB: You know, there’s always the standard stuff in medicine.
When it comes to the less mainstream, it’s diet, it’s exercise, it’s
this, that and the other thing. I haven’t seen anything with
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epilepsy as of yet in my travels and research, in terms of any-
thing outside the normal medical industry box to treat it. I have
seen lots of that with scleroderma and other autoimmune [dis-
orders], but not as much with epilepsy. So I think natural medi-
cine or whatever you want to call it, for epilepsy, anything that’s
out there is probably overrated.

DW: Yeah, I had kept on hearing one thing specific[ally], and
at this point I couldn’t actually tell if it was mainstream or not.

MB: Keto diet?

DW: Yeah, keto specifically for epilepsy, which from what I
understand was a thing well before it became a kind of a fad
diet for the general public. It was specifically useful in epilepsy,
although a very extreme version [of this diet] that a normal per-
son would not fare well on.

MB: Right, which has its own problems. That’s why I still say
“overrated.” I include the keto in that.

MM: So, a final “overrated and underrated,” and this can call
upon a lot of the stuff we were talking about earlier in this dis-
cussion with the research that you’ve done into a lot of these
cases. But, overrated or underrated, relocating to be near to the
CSO at the end of life.

MB: Underrated, I think everybody should be doing that. It’s
underrated in the sense that people don’t take that seriously
enough.

MM: Yeah, they’re undervaluing it. At what stage should peo-
ple be taking that [step], just bite the bullet, pack your bags, and
get out there? Should they wait for a diagnosis of late stage can-
cer? Or early stage, at what point should a person be taking the
option very seriously?

MB: If it was me, I think the key factor would be how difficult
is travel. Can I hop on a plane and get to say, Scottsdale with
little to no difficulty, whether I have 2 weeks to live or 2 months
to live or what have you? If it was me, I would like to be out
there within a month or two of when I’m expected to deanimate.
But, you know, it’s hard. I mean, there’s a lot of factors in that
as to whether people can afford that, and what have you, how
are the local organizations, I mean, that’s changing over time
and hopefully improving, local SST organizations. We’ll see
where that goes, but I think as of now, get as close as you can
as soon as you can.

MM: So if a person is still ambulatory and is feeling OK, but
they have a 6 month diagnosis, and they’re officially in hospice
care, and they have some pain but they’re still able to move
around, you would say that at that point, pack, that’s the optimal
time, do it now.

MB: At least start thinking about it at that point. Don’t let it get
to the point where you’re incapacitated. Probably, again, if it
was me, if | started to become incapacitated, if I was at the be-
ginning of a downward slope that I noticed physically, I would
get up and go. If there was no SST organizations, and I said to
myself, yeah, they can get here, no problem, get me there, no
problem. If I knew that there would be a jet waiting to take me,
I wouldn’t have to sit on the tarmac for two hours in a Ziegler
case, you know.
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DW: Yeah, and just a quick [public service announcement] on
that, I believe, unless something’s changed, for Alcor members
they provide like a $10,000 relocation fee, at the end of life. I
hope I’m not mistaken, but I believe that was the case.

MB: I don’t think that’s changed. I think that’s accurate.

MM: Cool. Well, that will wrap it up there Michael, is there
anything else you want to let listeners know about or refer them
to here, at the end of our conversation?

MB: Just keep an eye on BT. If you can share the Biostasis
Technology website as well, that’d be great, and check out the
substack, sign up [for it].

MM: Cool, yeah, all links to that will be over in the description,
so be sure to check those out. Sign up for the substack, follow
what everybody’s doing, and this has been wonderful. Michael
Benjamin, thank you very much for joining us here on the Cry-
onics Underground.

MB: And thank you for having me.
DW: Thanks Michael.

v
A g LSS
Daniel Walters

Max Marty

MM: All right, and Michael Benjamin has left our virtual stu-
dio. And as folks can probably tell, at least those who are watch-
ing on video, we have magically transported to a different place,
in fact, to a different time. It’s a few days after what happened.
Daniel, you look like you’ve lost 10 pounds, and I look like I'm
on a boat somewhere in the Arctic Ocean, because in fact, I am.
At any rate, we just went back through everything we recorded
some days ago and had some closing thoughts on the conversa-
tion. Daniel, do you want to kick us off?

DW: Yeah, absolutely. So, first off, I want to thank Alcor for
actually commissioning this project in the first place. I think it’s
to their credit that they’re going out of their way to actually an-
alyze the effectiveness of these procedures, despite what I im-
agine were probably some concerns about the “optics” of doing
this, because, you know, [there’s] always the risk of it not turn-
ing out to be particularly flattering. While I can’t say I wasn’t
disappointed with the findings, 1 still think I have to
acknowledge that cryonics is an experiment and that these kinds
of road bumps need to be expected. My hope is though that peo-
ple will view this as a catalyst for positive change. I know some
are just gonna like complain about the findings and say it’s ev-
idence of things not going well. But I would really like to stress
that this perspective isn’t really useful or productive towards the
general discourse in cryonics, nor the improvement of cryonics.
It’s pretty unwise to punish an organization for prioritizing in-
trospection and self-improvement, and, personally, I’m looking
forward to even more analysis of the data and whatever future
changes will be implemented because of the data. So I hope
others will follow my lead. In any case, what are your thoughts,
Max?
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MM: Yeah, I would echo a lot of that, and I would say that the
only way that any cryonics related organization can learn is by
studying what has already been done and figuring out where
they could improve. If not, how does one get better at these sorts
of things? So, I’'m glad that this is finally being done, and it’s
being done in a systematic way and in a careful way. And by
somebody as good at this as Michael Benjamin, whom Daniel
and I have both met in person, now more than once, and, at least
for me, I can say he’s not just an incredibly brilliant mind and a
dedicated individual, but he’s just also a really good person, just
somebody you want to spend time with. That’s important to me
as well, and I think to many people in the industry. So, I know
that Michael felt that the S-MIX captured everything or almost
everything that’s relevant to actual ischemic damage rather than
just ischemic exposure. But I still believe that in the future
we’re gonna come up with some better way to actually analyze
how much ischemic damage was done directly rather than using

these indirect correlates of ischemic damage. I think that’ll be
good when we get there. But we’re not there yet, and for now,
this seems to be a pretty good measure. Along with everything
else we discussed, of course. And yeah, with all this work, hope-
fully we’ll get to a better place, better cryopreservations, higher
quality cryopreservations in the years to come, and the kinds of
trends that we saw being discussed will be a thing of the past
and we’ll switch that to a to a positive curve there. As always,
we will include links down below, including to the original pa-
per on the S-MIX scores and a few other things of note. Until
next time, this has been the Cryonics Underground podcast, and
we will see you all on the next one. Farewell for now.

THE END
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Start preparing your

MEMORY BOX ...now!

Start your own time-capsule!

Create a Memory Box with items to augment your memories when you are resusci-
tated.

No one knows better than you what you will want to have with you.

Alcor makes available to every member and patient, without charge, one acid free Memory Box about the size of a
standard banker’s box (H10” x W12” x L15”) for memorabilia to be stored underground at a commercial storage site
called Underground Vaults and Storage (UV&S) in Kansas. Additional Boxes are a one-time charge of $250 each for
perpetual storage.

Some of the most popular items that have been placed into storage are such things as letters, cards, photographs,
diaries, journals, notebooks, books, clippings, army records, directories, recipes, video tapes, cassettes, medical rec-
ords, flash drives, and external drives.

If you would like to begin working on your own Memory Box, or perhaps contribute items to a Box for an Alcor Member
already in stasis, or if you have any questions, please contact Ashley Bettini at ashley.bettini@alcr.org.

‘Asset Preservation Trusts for Alcor Members

Would you like to have access to your assets when you are revived?

Would you like to talk to someone who understands cryonics
@‘ as well as trusts and estate planning?

There are two unique revival trusts that have been de-

veloped to help accomplish those goals. The Asset

Preservation Trust is an individual trust for Members
who can place a minimum of $500,000 into it, and the pooled Multi-
Investor Future Income Trust (MIFIT), which requires a minimum in-
vestment of $25,000.

Want to learn more? Contact Linda Chamberlain
at linda.chamberlain@alcor.org
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Management and
Preparation for the New

Normal, Scaling for
Simultaneous Cases

SARAH KELLY, CNP, NREMT, MSC
DIRECTOR OF DEVELOPMENT

This presentation was given at Alcor’s confer-
ence in Estes Park, Colorado, Aug. 26, 2023.

Introduction  Wwilbegiving a

summary of case
» Case volume volume and our re-
sponse to the
changes in volume
through partnership,
optimization, and
scaling.

» Response
» Partnerships
» Optimization

» Scaling
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Total Cases by Year

We had 6 cases in 2020 and 7 cases in 2021. The beginning of
2022 seemed like it would be the same — until June. I don’t
know how many people have been checking for case announce-
ment updates, but if you have, we have been updating it a lot
more frequently. We had 12 cases from June to December.
There was a total of 15 Last year, breaking the previous record
of 14 in 2014. Now, we are on track for another record-breaking
year. So far, we have already completed 14 cases. A two-year
trend is a small sample, but the current projections support a
continued increase in the number of cases.

We have also seen an increase in the number of last-minute or
third-party enrollment cases. These have not historically been
in the case projection models and are harder to predict because
demographic data is not available ahead of time and will be in
addition to membership projections. Scaling our capabilities
has been an ongoing project, the volume of cases in the last year
was motivation to expedite an expansion of response capability.

What are we doing to respond to
the increase in caseload?

:;&: Partnerships

@ Optimization

l._j_ Scaling

Cryonics / 2nd Quarter 2024

33

2022
Third-Party

Partnership

» FUNERAL HOMES
> SUPPLIERS

» BULK ORDERING
» DIRECT SALES
» ELIMINATES BOTTLENECKS

We have created and maintained relationships with funeral
homes in high membership density locations. This has been a
focus for the past several years and it is still a high priority. We
are continuing to keep track of locations that we have partnered
with in the past and can rely on in the future. Select funeral
homes in high density areas have proven invaluable this year as
they have helped us successfully navigate new and complicated
hurdles without jeopardizing the quality of cryopreservation or
the outcome of the case. Additionally, we are expanding our
direct supplier partnerships. Earlier this year, I was able to at-
tend an international medical expo where we solidified relation-
ships with medical manufacturers that we will be working with
directly. This has opened doors to products that need less alter-
ation to be ready for deployment in the field and reduces costs.

With these partnerships, we will be able to eliminate some
sourcing bottlenecks for critical equipment as we move through
optimization and scaling. We will be able to expand our inven-
tory of equipment as needed going forward.
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Optimization

» REDUCE STEPS NEEDED IN
THE FIELD

» DECREASE PREPARATION
TIME

» IMPROVE RESPONSE TIME

» STREAMLINE PRODUCTION
OF PERFUSATE

A lot of time goes into building kit components, mixing per-
fusate, and ensuring that all equipment is available and ready to
be deployed. There are many items in our response kits that we
custom build or alter for our specific purposes. This year we
have been working to optimize items in the kits to minimize the
amount of preparation that is needed in the field. Our goal is to
reduce the number of steps needed for field teams during de-
ployment and maximize the value from our current resources.

Some improvements to the packaging of the medication kit has
been implemented this year. These changes have reduced prep
time in the field by more than 50% so administration can hap-
pen as quickly as possible when needed most. It will also in-
crease the shelf life of certain medications and reduce overall
waste. Additionally, fewer administration supplies are needed
which frees up critically limited space for other vital equipment.
With these improvements, stabilization can be completed faster
when there is an emergency and every second counts. The prep-
aration steps can be shifted to bulk processes at Alcor, which
streamlines each individual process and saves time overall. To
respond to the doubling of the caseload, changes that we have
made overtime to increase production have been put to the test.
For some background information, in 2020, we built up our re-
sponse capabilities with our contractors so we can perform field
neuro cryopreservation where we can start perfusion in the
field. This reduces delays in preservation due to transport re-
quirements and enables us to do the entire perfusion protocol
and begin the cooldown on location. This improves times sig-
nificantly, but it can use more perfusate than cases in the oper-
ating room may use.

Each case uses a ‘set’ of perfusate, which includes different
concentrations of cryoprotectant to build up to full concentra-
tion perfusion. It took a lot of time to make deployment ready
perfusate sets. It could take 10 hours, which is an entire day, to
make two thirds of a set for deployment. That amount of time
investment is not sustainable with higher case volumes.

New processes have been developed for perfusate packaging to
make a finished product that is deployed in the field. This can
now be done in less than 10% of the time it took previously.
With these improvements, multiple sets can be made in a single
day or a series of two days if making up to 8 at once. This saves
valuable time for staff to work on other critical projects and re-
duces turnaround time needed between cases.
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Scaling

» INCREASE AVAILABLE KITS
» BULK ORDERING

» HIGHER PERFUSATE
PRODUCTION

We maintained three kits which can be used back-to-back on
cases while the others are getting reset. This year alone, we have
doubled our response capability through doubling the number
of kits that we have prepared and are ready to deploy. This will
enable response to more cases and ensure that back-to-back or
simultaneous cases are possible with no delays.

We can order in bulk through our newly formed manufacturing
partnerships. This saves time by reducing the total number of
orders and can help reduce some costs. We have increased the
minimum quantity thresholds to ensure that we can responsibly
maintain supply levels for restocking and future increases in
case volume. Production of in-house batched medications has
also been increased to meet demand and plans for future scaling
have been developed.

We have developed processes that expedite perfusate manufac-
turing, increasing our production by 5 times. This new process
cuts down significantly on prep time, production time, and re-
duces the disposables used in the process. Coupled with the im-
proved time for deployment ready perfusate for field neuro
preservation, we can now make these in bulk and be prepared
for significantly higher case volume. Restocking after cases is
now significantly faster and we can plan for case use much far-
ther into the future. If there is a large increase in cases, this pro-
cess can be easily scaled up even more with minimal new equip-
ment. There are more upgrades that are in the works for improv-
ing the perfusate batching processes which will significantly
improve the scale of production and minimize human error.
Scaling will continue to be a focus next year and many projects
are in the works for future improvements.

Conclusion

» Cases are increasing

» Improvements have been made to response
kits, perfusate production, and partnerships

» Capable of responding to the higher case
load

In conclusion, we are experiencing cases more frequently. We
have made improvements in the optimization of response kits,
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scaling of perfusate production, and have made more benefi- demand for cryonics services and we look forward to contin-

cial partnerships. ued expansion of our capabilities as we rise to the challenge.
Our improvements have already been put to the test and have There are many more exciting things in the works so keep an
shown positive results. During this year, there were three sep- eye out for future updates.

arate occasions where Alcor was deployed on two cases at one
time. We have the resources to respond to the increase in
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Revival Update

Revival Technologies

Reported by R. Michael Perry, Ph.D.

Dual-radionuclide in vivo imaging of
micro-metastasis and lymph tract with
submillimetre resolution

Atsushi Yagishita, Shin’ichiro Takeda, Kazunobu
Ohnuki, Miho Katsuragawa, Oltea Sampetrean, Hirofumi Fu-
jii, Tadayuki Takahashi

Scientific Reports 13, 19464 (09
2023), https://doi.org/10.1038/s41598-023-46907-1

Abstract

Nov.

Multi-radionuclide in vivo imaging with submillimetre resolu-
tion can be a potent tool for biomedical research. While high-
resolution radionuclide imaging faces challenges in sensitivity,
multi-radionuclide imaging encounters difficulty due to radia-
tion contamination, stemming from crosstalk between radionu-
clides and Compton scattering. Addressing these challenges
simultaneously is imperative for multi-radionuclide high-reso-
lution imaging. To tackle this, we developed a high-spatial-res-
olution and high-energy-resolution small animal single-photon
emission computed tomography (SPECT) scanner, named
CdTe-DSD SPECT-I. We first assessed the feasibility of multi-
tracer SPECT imaging of submillimetre targets. Using the
CdTe-DSD SPECT-I, we performed SPECT imaging of submil-
limetre zeolite spheres absorbed with 2’1" and subsequently im-
aged '’I-accumulated spheroids of 200400 pm in size within
an hour, achieving clear and quantitative images. Furthermore,
dual-radionuclide phantom imaging revealed a distinct image
of the submillimetre sphere absorbed with '?°I" immersed in
a P"Tc-pertechnetate solution, and provided a fair quantifica-
tion of each radionuclide. Lastly, in vivo imaging was con-
ducted on a cancer-bearing mouse with lymph node micro-me-
tastasis using dual-tracers. The results displayed dual-tracer im-
ages of lymph tract by *"Tc-phytic acid and the submillimetre
metastatic lesion by '°I", shown to align with the immunofluo-
rescence image.

From: Development of tissue molecular imaging technique
using multiple probes at hundreds of microns

Kavli IPMU, 27 Dec. 2023, https://phys.org/mews/2023-12-tis-
sue-molecular-imaging-technique-multiple.html, accessed 03
Jan. 2024.

Researchers have shown it is possible to image small animal
tissue clearly to several hundred micrometers using multi-probe

imaging, reports a recent study in Scientific Reports.

This technique could be useful in various fields of medical re-
search because it enables researchers to observe the microstruc-
ture of small animal tissues and clarify the localization and in-
teraction of multiple molecules such as microscopic metastatic
lesions of cancer cells.
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Single-photon emission tomography (SPECT) is currently used
for molecular imaging in both animals and humans. However,
the technology faces several limitations, including relatively
low spatial resolution and challenges associated with the simul-
taneous use of multiple probes. A team of researchers, led by
Kavli Institute for the Physics and Mathematics of the Universe
(Kavli IPMU) Project, resolved these problems using a SPECT
system equipped with a cadmium telluride (CdTe) semiconduc-
tor detector that was previously used for space observations.

Then, the team performed in vivo imaging on a cancer-bearing
mouse with lymph node micro-metastasis using dual-tracers.
The results displayed dual-tracer images of lymph tract by
99mTec-phytic acid and the submillimeter metastatic lesion by
1251-, shown to align with the immunofluorescence image.

The longevity bottleneck hypothesis:
Could dinosaurs have shaped ageing in
present-day mammals?

Jodo Pedro de Magalhdes, BioEssays, 28 Nov. 2923,
https://onlinelibrary.wiley.com/doi/10.1002/bies.202300098.

Abstract

The evolution and biodiversity of ageing have long fascinated
scientists and the public alike. While mammals, including long-
lived species such as humans, show a marked ageing process,
some species of reptiles and amphibians exhibit very slow and
even the absence of ageing phenotypes. How can reptiles and
other vertebrates age slower than mammals? Herein, I propose
that evolving during the rule of the dinosaurs left a lasting leg-
acy in mammals. For over 100 million years when dinosaurs
were the dominant predators, mammals were generally small,
nocturnal, and short-lived. My hypothesis is that such a long
evolutionary pressure on early mammals for rapid reproduction
led to the loss or inactivation of genes and pathways associated
with long life. I call this the ‘longevity bottleneck hypothesis’,
which is further supported by the absence in mammals of re-
generative traits. Although mammals, such as humans, can
evolve long lifespans, they do so under constraints dating to the
dinosaur era.

From: Dinosaurs may be reason why humans age fast, study
finds

Vishwam Sankaran, Independent, 06 Jan. 2024, https://www.in-
dependent.co.uk/news/science/dinosaurs-human-ageing-fast-
b2474281.html, accessed 10 Jan. 2024.

Human ageing and lifespan are likely influenced by millions of
years of domination by dinosaurs, a new theory suggests. While
some reptiles and amphibians do not show any significant signs
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of ageing before they die, all mammals — including humans —
show marked developments in their appearance as they get
older. A new theory, dubbed the “longevity bottleneck hypoth-
esis,” suggests mammals faced persistent pressure for rapid re-
production during the era of dinosaurs.

Over 100 million years, this likely led to the inactivation or loss
of genes linked to long life playing roles in tissue regeneration
and DNA repair, according to the study published in the journal
BioEssays. “While humans are among the longest-living ani-
mals, there are many reptiles and other animals that have a
much slower aging process and show minimal signs of senes-
cence over their lives,” study author Jodo Pedro de Magalhdes
from the University of Birmingham said.

“The ‘longevity bottleneck hypothesis’ may shed light on evo-
lutionary forces that have shaped mammalian aging over mil-
lions of years,” Dr Magalhaes said. Studies have shown that
some of the earliest mammals lived at the bottom of the food
chain and may have spent over 100 million years during the age
of the dinosaurs evolving to survive via rapid reproduction.

”That long period of evolutionary pressure has, I propose, an
impact on the way that we humans age,” Dr Magalhaes said.
While some animals have “truly remarkable” methods of cell
and tissue repair as well as regeneration, such genetic traits
would have been “unnecessary” for early mammals which were
lucky enough not to end up as food for predatory dinosaurs like
T rex.

T. rex by OpenArt

“While we now have a plethora of mammals — including hu-
mans, whales, and elephants — that grow big and live long, we
and these mammals live with the genetic constraints from the
Mesozoic era, and we age surprisingly faster than many rep-
tiles,” Dr Magalhaes added.

Although the idea currently exists only as a hypothesis, further
inquiries on this path may shed more light on why cancer is
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more frequent in mammals than in other species, the biologist
added.

Complexity of life sciences in quantum
and Al era

Alexey Pyrkov, Alex Aliper, Dmitry Bezrukov, Dmitriy Po-
dolskiy, Feng Ren, Alex Zhavoronkov, WIREs Computational
Molecular Science,17 Jan. 2024,
https://doi.org/10.1002/wecms.1701.

Edited by: Peter R. Schreiner, Editor-in-Chief
Abstract

Having made significant advancements in understanding living
organisms at various levels such as genes, cells, molecules, tis-
sues, and pathways, the field of life sciences is now shifting to-
wards integrating these components into the bigger picture to
understand their collective behavior. Such a shift of perspective
requires a general conceptual framework for understanding
complexity in life sciences which is currently elusive, a transi-
tion being facilitated by large-scale data collection, unprece-
dented computational power, and new analytical tools. In recent
years, life sciences have been revolutionized with Al methods,
and quantum computing is touted to be the next most significant
leap in technology. Here, we provide a theoretical framework to
orient researchers around key concepts of how quantum com-
puting can be integrated into the study of the hierarchical com-
plexity of living organisms and discuss recent advances in
quantum computing for life sciences.

From: Quantum computing can help decode the mysteries
of aging and disease

Eric Ralls, Earth,com, 28 Jan. 2024,
https://www.earth.com/news/quantum-computing-can-help-
decode-the-mysteries-of-aging-and-disease/, accessed 27 Jan.
2024.

In the realm of quantum computing and molecular science, a
new paper by Insilico Medicine, a leader in Al-driven drug dis-
covery, is turning heads. The researchers, in collaboration with
the University of Toronto’s Acceleration Consortium and Fox-
conn Research Institute, have unveiled a novel approach that
integrates quantum computing with the study of living organ-
isms. This fascinating work holds the promise of deepening our
understanding of complex biological processes like aging and
disease.

The foundation for this innovative approach was laid in May
2023 when the collaborative team published their research on
quantum generative adversarial networks in generative chemis-
try in the American Chemical Society’s Journal of Chemical In-
formation and Modeling.This marked a significant stride in
demonstrating the potential benefits of quantum computing in
this field.

The latest paper from Insilico builds upon this foundation. It of-
fers a comprehensive view of how a fusion of Al, quantum com-
puting, and the physics of complex systems can lead to new
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insights into human health. The researchers highlight the latest
advancements in physics-guided Al, emphasizing its potential
in revolutionizing our understanding of biological phenomena.

The paper delves into the intricate biological processes that
span from cellular to organ to systemic levels, highlighting the
need for simultaneous multi-scale analysis. With the advent of
projects like the 1000 Genomes Project and the UK Biobank,
which have generated an unprecedented volume of biological
data, the necessity for immense computing power to process
and analyze this data has never been greater.

Quantum computing emerges as a game-changer in this context.
Its ability to augment Al methods, thanks to the unique proper-
ties of qubits that hold values of both 0 and 1 simultaneously
(unlike classical bits), provides vastly superior computing
speed and capability.

The authors advocate for a physics-guided Al approach to gain
a deeper understanding of human biology.

3D bioprinting of human neural tissues
with functional connectivity

Yuanwei Yan, Xueyan Li, Yu Gaol, Sakthikumar Mathivanan,
Linghai Kong, Yunlong Tao, Yi Dong, Xiang Li, Anita
Bhattacharyyal, Xinyu Zhao, Su-Chun Zhang, Technology
31(2) 260-274, 01 Feb. 2024, https://www.cell.com/cell-stem-
cell/fulltext/S1934-5909(23)00439-3.

Summary

Probing how human neural networks operate is hindered by the
lack of reliable human neural tissues amenable to the dynamic
functional assessment of neural circuits. We developed a 3D bi-
oprinting platform to assemble tissues with defined human neu-
ral cell types in a desired dimension using a commercial bi-
oprinter. The printed neuronal progenitors differentiate into
neurons and form functional neural circuits within and between
tissue layers with specificity within weeks, evidenced by the
cortical-to-striatal projection, spontaneous synaptic currents,
and synaptic response to neuronal excitation. Printed astrocyte
progenitors develop into mature astrocytes with elaborated pro-
cesses and form functional neuron-astrocyte networks, indi-
cated by calcium flux and glutamate uptake in response to neu-
ronal excitation under physiological and pathological condi-
tions. These designed human neural tissues will likely be useful
for understanding the wiring of human neural networks, mod-
eling pathological processes, and serving as platforms for drug
testing

Graphical abstract next page.

From: Revolutionary 3D-Printed Brain Tissue Mimics Hu-
man Function

Emily Leclerc, U. of Wisconsin, in Neuroscience News.com, 01
Feb. 2024, https://neurosciencenews.com/3d-printed-brain-tis-
sue-25554/, accessed 02 Feb. 2024.

A team of University of Wisconsin—Madison scientists has de-
veloped the first 3D-printed brain tissue that can grow and
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function like typical brain tissue. It’s an achievement with im-
portant implications for scientists studying the brain and work-
ing on treatments for a broad range of neurological and neuro-
developmental disorders, such as Alzheimer’s and Parkinson’s
disease.

“This could be a hugely powerful model to help us understand
how brain cells and parts of the brain communicate in humans,”
says Su-Chun Zhang, professor of neuroscience and neurology
at UW-Madison’s Waisman Center. “It could change the way
we look at stem cell biology, neuroscience, and the pathogene-
sis of many neurological and psychiatric disorders.”

Printing methods have limited the success of previous attempts
to print brain tissue, according to Zhang and Yuanwei Yan, a
scientist in Zhang’s lab. The group behind the new 3D-printing
process described their method today in the journal Cell Stem
Cell. Instead of using the traditional 3D-printing approach,
stacking layers vertically, the researchers went horizontally.
They situated brain cells, neurons grown from induced pluripo-
tent stem cells, in a softer “bio-ink” gel than previous attempts
had employed.

“The tissue still has enough structure to hold together but it is
soft enough to allow the neurons to grow into each other and
start talking to each other,” Zhang says.

The cells are laid next to each other like pencils laid next to each
other on a tabletop.

“Our tissue stays relatively thin and this makes it easy for the
neurons to get enough oxygen and enough nutrients from the
growth media,” Yan says.

The results speak for themselves — which is to say, the cells can
speak to each other. The printed cells reach through the medium
to form connections inside each printed layer as well as across
layers, forming networks comparable to human brains. The
neurons communicate, send signals, interact with each other
through neurotransmitters, and even form proper networks with
support cells that were added to the printed tissue.

“We printed the cerebral cortex and the striatum and what we
found was quite striking,” Zhang says. “Even when we printed
different cells belonging to different parts of the brain, they
were still able to talk to each other in a very special and specific
way.”

The printing technique offers precision — control over the types
and arrangement of cells — not found in brain organoids, minia-
ture organs used to study brains. The organoids grow with less
organization and control.
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Efficient Tensor Network Simulation of
IBM’s Eagle Kicked Ising Experiment

Joseph Tindall, Matthew Fishman, E. Miles

Graphical abstract, 3D bioprinting

Abstract

We report an accurate and efficient classical simulation of a
kicked Ising quantum system on the heavy hexagon lattice. A

Stoudenmire, simulation of this system was recently performed on a 127-

and Dries Sels

PRX Quantum 5, 010308,

23 Jan.
nals.aps.org/prxquantum/abstract/10.1103/PRXQuan-

qubit quantum processor using noise-mitigation techniques to
enhance accuracy [Y. Kim ef al., Nature, 618, 500-5 (2023)].
Here we show that, by adopting a tensor network approach that
reflects the geometry of the lattice and is approximately con-

2024, https://jour-

tum.5.010308.
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tracted using belief propagation, we can perform a classical
simulation that is significantly more accurate and precise than
the results obtained from the quantum processor and many other
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classical methods. We quantify the treelike correlations of the
wave function in order to explain the accuracy of our belief
propagation-based approach. We also show how our method al-
lows us to perform simulations of the system to long times in
the thermodynamic limit, corresponding to a quantum computer
with an infinite number of qubits. Our tensor network approach
has broader applications for simulating the dynamics of quan-
tum systems with treelike correlations.

From: Quantum computing is outperformed by new type of
traditional computing

Eric Ralls, Earth.com, 19 Feb. 2024,
https://www.earth.com/news/quantum-computing-outper-
formed-new-type-traditional-computing/, accessed 11 Feb.

2024.

Quantum computing has long been celebrated for its potential
to surpass traditional computing in terms of speed and memory
efficiency. This innovative technology promises to revolution-
ize our ability to predict physical phenomena that were once
deemed impossible to forecast.

The essence of quantum computing lies in its use of quan-
tum bits, or qubits, which, unlike the binary digits of classical
computers, can represent values anywhere between 0 and 1.
This fundamental difference allows quantum computers to pro-
cess and store information in a way that could vastly outpace
their classical counterparts under certain conditions.

However, the journey of quantum computing is not without its
challenges. Quantum systems are inherently delicate, often
struggling with information loss, a hurdle classical systems do
not face. Additionally, converting quantum information into a
classical format, a necessary step for practical applications, pre-
sents its own set of difficulties.

Contrary to initial expectations, classical computers have been
shown to emulate quantum computing processes more effi-
ciently than previously believed, thanks to innovative algorith-
mic strategies. Recent research has demonstrated that with a
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clever approach, classical computing can not only match but
exceed the performance of cutting-edge quantum machines.

The key to this breakthrough lies in an algorithm that selec-
tively maintains quantum information, retaining just enough to
accurately predict outcomes. “This work underscores the myr-
iad of possibilities for enhancing computation, integrating both
classical and quantum methodologies,” explains Dries Sels, an
Assistant Professor in the Department of Physics at New York
University and co-author of the study.

Sels emphasizes the difficulty of securing a quantum advantage
given the susceptibility of quantum computers to errors. “More-
over, our work highlights how difficult it is to achieve quantum
advantage with an error-prone quantum computer,” Sels em-
phasized.

The research team, including collaborators from the Simons
Foundation, explored optimizing classical computing by focus-
ing on tensor networks. These networks, which effectively rep-
resent qubit interactions, have traditionally been challenging to
manage. Recent advancements, however, have facilitated the
optimization of these networks using techniques adapted from
statistical inference, thereby enhancing computational effi-
ciency. The analogy of compressing an image into a JPEG for-
mat, as noted by Joseph Tindall of the Flatiron Institute and pro-
ject lead, offers a clear comparison.

Three-dimensional imaging of single
atoms in an optical lattice via helical
point-spread-function engineering

Tangi Legrand, Falk-Richard Winkelmann, Wolfgang Alt, Di-
eter Meschede, Andrea Alberti, Carrie A. Weidner

Phys. Rev. A 109, 033304, 5 March, 2024, https:/jour-
nals.aps.org/pra/abstract/10.1103/PhysRevA.109.033304.

Abstract

We demonstrate a method for determining the three-dimen-
sional location of single atoms in a quantum gas microscopy
system using a phase-only spatial light modulator to modify the
point-spread function of the high-resolution imaging system.
Here, the typical diffracted spot generated by a single atom as a
point source is modified to a double spot that rotates as a func-
tion of the atom’s distance from the focal plane of the imaging
system. We present and numerically validate a simple model
linking the rotation angle of the point-spread function with the
distance to the focal plane. We show that, when aberrations in
the system are carefully calibrated and compensated for, this
method can be used to determine an atom’s position to within a
single lattice site in a single experimental image, extending
quantum simulation with microscopy systems further into the
regime of three dimensions.

From: 3D positions of atoms mapped precisely using a
quantum microscope
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David Nield, Physics, 26 Mar. 2024, https://www.scienceal-
ert.com/3d-positions-of-atoms-mapped-precisely-using-a-
gquantum-microscope, accessed 26 Mar. 2024.

For the first time, scientists have measured the positions of in-
dividual atoms in 3D space in a single image, opening up a new
way of observing quantum interactions in materials. The new
approach, developed by researchers from the University of
Bonn in Germany and the University of Bristol in the UK,
makes use of a precise quantum gas microscopy setup, trapping
atoms of an ultra-cold gas inside cages of light and measuring
their characteristics in what’s known as quantum gas micros-
copy. While scientists have charted atoms across three spatial
dimensions before, current methods require multiple image ex-
posures and lack the high resolution of quantum gas micros-
copy. Now it can be done much more quickly, with all three
dimensions measured in a single snap.

Previous applications of quantum gas microscopy have pro-
vided descriptions of atomic arrangements on flat planes, giving
researchers X and Y coordinates of pairs of atoms. By deform-
ing the light given off by the atoms, the researchers have now
added a vertical Z position that describes how far “up’ an atom
sits. “Instead of the typical round specks, the deformed wave-
front produces a dumbbell shape on the camera that rotates
around itself,” says quantum physicist Andrea Alberti, from the
University of Bonn. “The direction in which this dumbbell
points is dependent on the distance that the light had to travel
from the atom to the camera.”

By calculating that distance through some clever math applied
to the shape of the ‘dumbell’, the location of the atoms along
the Z axis can be measured. This new insight gives researchers
sharper tools for quantum experiments where precision and
control are required. “The dumbbell thus acts a bit like the nee-
dle on a compass, allowing us to read off the Z coordinate ac-
cording to its orientation,” says quantum physicist Dieter Mes-
chede from the University of Bonn. The team is confident that
the technique they’ve developed can be improved further in the
future, and that it can be adapted to work in different setups
beyond quantum gas microscopy.

Formation of memory assemblies
through the DNA-sensing TLR9 path-
way

Vladimir Jovasevic, Elizabeth M. Wood, Ana Cicvaric, Hui
Zhang, Zorica Petrovic, Anna Carboncino, Kendra K. Parker,
Thomas E. Bassett, Maria Moltesen, Naoki Yamawaki, Hande
Login, Joanna Kalucka, Farahnaz Sananbenesi, Xusheng
Zhang, Andre Fischer, Jelena Radulovic

Nature 628, 145-153, 27 Mar. 2024, https://www.na-
ture.com/articles/s41586-024-07220-7.
Abstract

As hippocampal neurons respond to diverse types of infor-
mation, a subset assembles into microcircuits representing a
memory. Those neurons typically undergo energy-intensive
molecular adaptations, occasionally resulting in transient DNA
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damage. Here we found discrete clusters of excitatory hippo-
campal CAl neurons with persistent double-stranded DNA
(dsDNA) breaks, nuclear envelope ruptures and perinuclear re-
lease of histone and dsDNA fragments hours after learning. Fol-
lowing these early events, some neurons acquired an inflamma-
tory phenotype involving activation of TLR9 signaling and ac-
cumulation of centrosomal DNA damage repair complexes.
Neuron-specific knockdown of 7779 impaired memory while
blunting contextual fear conditioning-induced changes of gene
expression in specific clusters of excitatory CA1 neurons. No-
tably, TLR9 had an essential role in centrosome function, in-
cluding DNA damage repair, ciliogenesis and build-up of peri-
neuronal nets. We demonstrate a novel cascade of learning-in-
duced molecular events in discrete neuronal clusters undergo-
ing dsDNA damage and TLR9-mediated repair, resulting in
their recruitment to memory circuits. With compromised TLR9
function, this fundamental memory mechanism becomes a gate-
way to genomic instability and cognitive impairments impli-
cated in accelerated senescence, psychiatric disorders and neu-
rodegenerative disorders. Maintaining the integrity of TLR9 in-
flammatory signaling thus emerges as a promising preventive
strategy for neurocognitive deficits.

From: Making long-term memories requires DNA damage,
researchers discover

Albert Einstein College of Medicine, 27 Mar. 2024,
https://medicalxpress.com/news/2024-03-term-memories-re-
quires-dna.html, accessed 29 Mar. 2024.

Just as you can’t make an omelet without breaking eggs, scien-
tists at Albert Einstein College of Medicine have found that you
can’t make long-term memories without DNA damage and
brain inflammation. Their surprising findings were published in
the journal Nature in a paper titled “Formation of memory as-
semblies through the DNA sensing TLR9 pathway.”

“Inflammation of brain neurons is usually considered to be a
bad thing, since it can lead to neurological problems such as
Alzheimer’s and Parkinson’s disease,” said study leader Jelena
Radulovic, M.D., Ph.D. “But our findings suggest that inflam-
mation in certain neurons in the brain’s hippocampal region is
essential for making long-lasting memories.”

The hippocampus has long been known as the brain’s memory
center. Dr. Radulovic and her colleagues found that a stimulus
sets off a cycle of DNA damage and repair within certain hip-
pocampal neurons that leads to stable memory assemblies —
clusters of brain cells that represent our past experiences. Eliz-
abeth Wood, a Ph.D. student, and Ana Cicvaric, a postdoc in the
Radulovic lab, were the study’s first authors at Einstein.

The researchers discovered this memory-forming mechanism
by giving mice brief, mild shocks sufficient to form a memory
of the shock event (episodic memory). They then analyzed neu-
rons in the hippocampal region and found that genes participat-
ing in an important inflammatory signaling pathway had been
activated.

“We observed strong activation of genes involved in the Toll-
Like Receptor 9 (TLR9) pathway,” said Dr. Radulovic. “This
inflammatory pathway is best known for triggering immune re-
sponses by detecting small fragments of pathogen DNA. So at
first we assumed the TLR9 pathway was activated because the
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mice had an infection. But looking more closely, we found, to
our surprise, that TLR9 was activated only in clusters of hippo-
campal cells that showed DNA damage.”

Brain activity routinely induces small breaks in DNA that are
repaired within minutes. But in this population of hippocampal
neurons, the DNA damage appeared to be more substantial and
sustained. Further analysis showed that DNA fragments, along
with other molecules resulting from the DNA damage, were re-
leased from the nucleus, after which the neurons’ TLR9 inflam-
matory pathway was activated; this pathway in turn stimulated
DNA repair complexes to form at an unusual location: the cen-
trosomes.

These organelles are present in the cytoplasm of most animal
cells and are essential for coordinating cell division. But in neu-
rons — which don’t divide — the stimulated centrosomes partici-
pated in cycles of DNA repair that appeared to organize indi-
vidual neurons into memory assemblies.

Human iPSC 4R tauopathy model un-
covers modifiers of tau propagation

Celeste Parra Bravo,, Alice Maria Giani, Jesus Madero-Pe-
rez,..., Martin Kampmann, Shiaoching Gong,...

Cell Reports Methods 4(5) 100777, 20 May 2024,
https://www.cell.com/cell-reports-methods/fulltext/S2667-

2375(24)00121-8.

Summary

Tauopathies are age-associated neurodegenerative diseases
whose mechanistic underpinnings remain elusive, partially due
to a lack of appropriate human models. Here, we engineered
human induced pluripotent stem cell (hiPSC)-derived neuronal
lines to express 4R Tau and 4R Tau carrying the P301S MAPT
mutation when differentiated into neurons. 4R-P301S neurons
display progressive Tau inclusions upon seeding with Tau fi-
brils and recapitulate features of tauopathy phenotypes includ-
ing shared transcriptomic signatures, autophagic body accumu-
lation, and reduced neuronal activity. A CRISPRi screen of
genes associated with Tau pathobiology identified over 500 ge-
netic modifiers of seeding-induced Tau propagation, including
retromer VPS29 and genes in the UFMylation cascade. In pro-
gressive supranuclear palsy (PSP) and Alzheimer’s Disease
(AD) brains, the UFMylation cascade is altered in neurofibril-
lary-tangle-bearing neurons. Inhibiting the UFMylation cas-
cade in vitro and in vivo suppressed seeding-induced Tau prop-
agation. This model provides a robust platform to identify novel
therapeutic strategies for 4R tauopathy.

Graphical abstract, next page
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From: A breakthrough in Alzheimer’s research: An innova-
tive neuron model sheds light on tau protein spread

Eric W. Dolan, Alzheimer’s Disease, 06 Apr. 2024,
https://www.psypost.org/a-breakthrough-in-alzheimers-re-
search-an-innovative-neuron-model-sheds-light-on-tau-pro-
tein-spread/, Accessed 07 Apr 2024.

In a study conducted by Weill Cornell Medicine scientists, a
novel human neuron model has been developed that simulates
the spread of tau protein aggregates in the brain. This phenom-
enon is a key driver behind cognitive decline observed in Alz-
heimer’s disease and frontotemporal dementia. The study, pub-
lished in Cell, helps to identify potential targets for drug devel-
opment that could block the spread of tau aggregates.

In a healthy brain, tau proteins help stabilize microtubules,
which are critical for maintaining the structure of neurons and
for the transport of nutrients and other molecules within the cell.
However, in certain diseases, tau proteins undergo abnormal
chemical changes, causing them to fold improperly and stick
together, forming aggregates. Over time, these aggregates accu-
mulate to form larger structures known as neurofibrillary tan-
gles, contributing to the progressive cognitive decline seen in
affected individuals.

Despite considerable research efforts, there are currently no
therapies available that can halt or reverse the spread of tau ag-
gregates in the brains of patients. To address this challenge, the
research team aimed to develop a novel human neuron model
that could more accurately simulate the spread of tau protein
aggregates.

The researchers began with human pluripotent stem cells,
which have the potential to develop into any cell type in the
body, including neurons. They used CRISPR/Cas9 technology
to introduce specific mutations into the genomes of these stem
cells, causing them to express pathological forms of the tau pro-
tein similar to those observed in aging brains affected by neu-
rodegenerative diseases.

Under normal conditions, modeling the propagation of tau ag-
gregates in neurons derived from human pluripotent stem cells
is challenging due to the slow, decades-long course of tau pa-
thology in the human brain. To overcome this, the team em-
ployed a novel strategy. By genetically modifying the stem cells
to express the diseased forms of tau, they created a neuron
model in which tau spread could be observed within weeks, sig-
nificantly accelerating the timeline for studying tau pathology.

A pivotal component of the study’s methodology was the use of
CRISPRI screening. This technique allowed the researchers to
temporarily “turn off”” approximately one thousand genes in the
neuron model to assess their role in tau spread. Through this
large-scale screening, they identified 500 genes that signifi-
cantly impacted the abundance of tau, indicating their potential
role in the disease process.

Among the most significant discoveries from the CRISPRi
screening was the involvement of the UFMylation cascade, a
cellular process related to protein modification and signaling.
The researchers found that altering this cascade could block tau
propagation in their neuron model.
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Neuronal activity rapidly reprograms
dendritic translation via elF4G2:uORF
binding

Ezgi Hacisuleyman, Caryn R. Hale, Natalie Noble, Ji-dung
Luo, John J. Fak, Misa Saito, Jin Chen, Jonathan S. Weissman,

Robert B. Darnell
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https://www.nature.com/articles/s41593-024-01615-5.

Abstract

Learning and memory require activity-induced changes in den-
dritic translation, but which mRNAs are involved and how they
are regulated are unclear. In this study, to monitor how depolar-
ization impacts local dendritic biology, we employed a dendrit-
ically targeted proximity labeling approach followed by
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crosslinking immunoprecipitation, ribosome profiling and mass
spectrometry. Depolarization of primary cortical neurons with
KCI or the glutamate agonist DHPG caused rapid reprogram-
ming of dendritic protein expression, where changes in den-
dritic mRNAs and proteins are weakly correlated. For a subset
of pre-localized messages, depolarization increased the transla-
tion of upstream open reading frames (WORFs) and their down-
stream coding sequences, enabling localized production of pro-
teins involved in long-term potentiation, cell signaling and en-
ergy metabolism. This activity-dependent translation was ac-
companied by the phosphorylation and recruitment of the non-
canonical translation initiation factor eIF4G2, and the translated
uORFs were sufficient to confer depolarization-induced,
elF4G2-dependent translational control. These studies uncov-
ered an unanticipated mechanism by which activity-dependent
uORF translational control by e[F4G2 couples activity to local
dendritic remodeling.

From: Neuroscience Breakthrough Unveils How We Learn
and Remember

Rockefeller University, SciTech Daily, 11Apr. 2024,
https://scitechdaily.com/neuroscience-breakthrough-unveils-
how-we-learn-and-remember/, accessed 13 Apr. 2024.

Less than twenty minutes after finishing this article, your brain
will begin to store the information that you’ve just read in a co-
ordinated burst of neuronal activity. Underpinning this process
is a phenomenon known as dendritic translation, which involves
an uptick in localized protein production within dendrites, the
spiny branches that project off the neuron cell body and receive
signals from other neurons at synapses. It’s a process key to
memory — and its dysfunction is linked to intellectual disorders.

That makes the inner workings of dendritic translation a “holy
grail for understanding memory formation,” says Rockefeller’s
Robert B. Darnell, whose team just published a study in Nature
Neuroscience describing a new platform capable of identifying
the specific regulatory mechanisms that drive dendritic transla-
tion. The team leveraged a method, dubbed TurbolD, to dis-
cover an entire suite of previously unknown factors in memory
formation, revealing new mechanisms that underlie how protein
synthesis in dendrites contributes to learning and memory. The
findings may also have implications for intellectual disabilities,
such as Fragile X syndrome.

“Technological limitations have long prevented a comprehen-
sive inventory of the activity at the synapse involved in memory
formation,” says lead author Ezgi Hacisuleyman, who con-
ducted the research as a postdoctoral researcher in Darnell’s la-
boratory. She is now an assistant professor at The Herbert
Wertheim UF Scripps Institute for Biomedical Innovation &
Technology. “Our new techniques can accomplish this with ex-
tremely high resolution to look at neurons in vitro that are
closely mimicking what we see in the brain.”

Mid-infrared wide-field nanoscopy

Miu Tamamitsu, Keiichiro Toda, Masato Fukushima, Venkata
Ramaiah Badarla, Hiroyuki Shimada, Sadao Ota, Kuniaki
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Konishi & Takuro Ideguchi

Nature Photonics 18, 738-43, 17 Apr. 2024, https://www.na-
ture.com/articles/s41566-024-01423-0.

Abstract

Mid-infrared (MIR) spectroscopy is widely recognized as a
powerful, non-destructive method for chemical analysis. How-
ever, its utility is constrained by a micrometre-scale spatial res-
olution imposed by the long-wavelength MIR diffraction limit.
This limitation has been recently overcome by MIR photother-
mal imaging, which detects photothermal effects induced in the
vicinity of MIR absorbers using a visible-light microscope. De-
spite its promise, the full potential of its spatial resolving power
has not been realized. Here we present an optimal implementa-
tion of wide-field MIR photothermal imaging to achieve high
spatial resolution. This was accomplished by employing single-
objective synthetic-aperture quantitative phase imaging with
synchronized subnanosecond MIR and visible light sources, ef-
fectively suppressing the resolution-degradation effect caused
by photothermal heat diffusion. We demonstrated far-field MIR
spectroscopic imaging with a spatial resolution limited by the
visible diffraction, down to 120 or 175nm in terms of the
Nyquist—Shannon sampling theorem or full-width at half-max-
imum of the point spread function, respectively, in the MIR re-
gion of 3.12-3.85 um (2,600-3,200 cm-1). This technique —
through the use of a shorter visible wavelength and/or a higher
objective numerical aperture — holds the potential to achieve a
spatial resolution of less than 100 nm, thus paving the way for
MIR wide-field nanoscopy.

From: Improved mid-infrared nanoscopy enables 30 times
clearer view of the insides of bacteria

University of Tokyo, 17 Apr. 2024,
https://phys.org/news/2024-04-mid-infrared-nanoscopy-ena-

bles-clearer.html, accessed 23 Apr. 2024.

Schematic image shows bacterium illuminated with
mid-infrared, top left, with visible light from micro-
scope underneath to help capture image. Credit: 2024
Ideguchi et al./ Nature Photonics

A team at the University of Tokyo have constructed an im-
proved mid-infrared microscope, enabling them to see the struc-
tures inside living bacteria at the nanometer scale. Mid-infrared
microscopy is typically limited by its low resolution, especially
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when compared to other microscopy techniques. Their work has
been published in Nature Photonics.

This latest development produced images at 120 nanometers,
which the researchers say is a 30-fold improvement on the res-
olution of typical mid-infrared microscopes. Being able to view
samples more clearly at this smaller scale can aid multiple fields
of research, including into infectious diseases, and opens the
way for developing even more accurate mid-infrared-based im-
aging in the future.

The microscopic realm is where viruses, proteins and molecules
dwell. Thanks to modern microscopes, we can venture down to
see the inner workings of our very own cells.

But even these impressive tools have limitations. For example,
super-resolution fluorescent microscopes require specimens to
be labeled with fluorescence. This can sometimes be toxic to
samples and extended light exposure while viewing can bleach
samples, meaning they are no longer useful. Electron micro-
scopes can also provide very impressive details, but samples
must be placed in a vacuum, so live samples cannot be studied.

By comparison, mid-infrared microscopy can provide both
chemical and structural information about live cells, without
needing to color or damage them. However, its use has been
limited in biological research because of its comparatively low-
resolution capability. However, in a new breakthrough, re-
searchers at the University of Tokyo have attained a higher res-
olution of mid-infrared microscopy than ever before.

“We achieved a spatial resolution of 120 nanometers, that is,
0.12 microns. This amazing resolution is roughly 30 times bet-
ter than that of conventional mid-infrared microscopy,” ex-
plained Professor Takuro Ideguchi from the Institute for Photon
Science and Technology at the University of Tokyo.

The team used a “synthetic aperture,” a technique combining
several images taken from different illuminated angles to create
a clearer overall picture. Typically, a sample is sandwiched be-
tween two lenses. The lenses, however, inadvertently absorb
some of the mid-infrared light.

They solved this issue by placing a sample, bacteria (E. coli and
Rhodococcus jostii RHA1 were used), on a silicon plate which
reflected visible light and transmitted infrared light. This al-
lowed the researchers to use a single lens, enabling them to bet-
ter illuminate the sample with the mid-infrared light and get a
more detailed image.”We were surprised at how clearly we
could observe the intracellular structures of bacteria. The high
spatial resolution of our microscope could allow us to study, for
example, antimicrobial resistance, which is a worldwide issue,”
said Ideguchi.

“We believe we can continue to improve the technique in vari-
ous directions. If we use a better lens and a shorter wavelength
of visible light, the spatial resolution could even be below 100
nanometers. With superior clarity, we would like to study vari-
ous cell samples to tackle fundamental and applied biomedical
problems.”

E. colifrom image by Copilot. Left shows bacterium to about 125 nm resolu-
tion, comparable to what was achieved in the study and dozens of times bet-
ter than before with this gentle-to-the-cells technique; right is sharp image.
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A Roadmap to Revival

S uccessful revival of cryonics patients will require three
istinct technologies: (1) A cure for the disease that put
the patient in a critical condition prior to cryopreservation;
(2) biological or mechanical cell repair technologies that can
reverse any injury associated with the cryopreservation pro-
cess and long-term care at low temperatures; (3) rejuvenation
biotechnologies that restore the patient to good health prior
to resuscitation. OR it will require some entirely new ap-
proach such as (1) mapping the ultrastructure of cryo-
preserved brain tissue using nanotechnology, and (2) using
this information to deduce the original structure and repair-
ing, replicating or simulating tissue or structure in some viable
form so the person “comes back.”

The following is a list of landmark papers and books that reflect
ongoing progress towards the revival of cryonics patients:

Jerome B. White, “Viral-Induced Repair of Damaged
Neurons with Preservation of Long-Term Information
Content,” Second Annual Conference of the Cryonics Socie-
ties of America, University of Michigan at Ann Arbor, April
11-12, 1969, by J. B. White. Reprinted in Cryonics 35(10) (Oc-
tober 2014): 8-17.

Michael G. Darwin, “The Anabolocyte: A Biological Ap-
proach to Repairing Cryoinjury,” Life Extension Maga-
zine (July-August 1977):80-83. Reprinted in Cryonics 29(4)
(4th Quarter 2008):14-17.

Gregory M. Fahy, “A ‘Realistic’ Scenario for Nanotech-
nological Repair of the Frozen Human Brain,” in Brian
Wowk, Michael Darwin, eds., Cryonics: Reaching for Tomor-
row, Alcor Life Extension Foundation, 1991.

Ralph C. Merkle, “The Molecular Repair of the Brain,”
Cryonics 15(1) (January 1994):16-31 (Part 1) & Cryonics 15(2)
(April 1994):20-32 (Part I1).

Ralph C. Merkle, “Cryonics, Cryptography, and Maximum
Likelihood Estimation,” First Extropy Institute Conference,
Sunnyvale CA, 1994, updated version at http://www.merkle.
com/cryo/cryptoCryo.html.

Aubrey de Grey & Michael Rae, “Ending Aging: The Reju-
venation Breakthroughs That Could Reverse Human
Aging in Our Lifetime.” St. Martin’s Press, 2007.

Robert A. Freitas Jr., “Comprehensive Nanorobotic Con-
trol of Human Morbidity and Aging,” in Gregory

M. Fahy, Michael D. West, L. Stephen Coles, and Steven B.
Harris, eds, The Future of Aging: Pathways to Human Life
Extension, Springer, New York, 2010, 685-805.

Chana Phaedra, “Reconstructive Connectomics,” Cryonics
34(7) (July 2013): 26-28.

Robert A. Freitas Jr., “The Alzheimer Protocols: A Nano-
robotic Cure for Alzheimer’s Disease and Related Neu-
rodegenerative Conditions,” IMM Report No. 48, June
2016.

Ralph C. Merkle, “Revival of Alcor Patients,” Cryonics,
39(4) & 39(5) (May-June & July-August 2018): 10-19, 10-15.

Robert A. Freitas Jr., “Cryostasis Revival: The Recovery
of Cryonics Patients through Nanomedicine,” Alcor Life
Extension Foundation, 2022 (https://www.alcor.org/cryostasis-
revival/).
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What is Cryonics?

Cryonics is an attempt to preserve and protect human life, not reverse death. It is the practice of using extreme cold to attempt
to preserve the life of a person who can no longer be supported by today’s medicine. Will future medicine, including mature
nanotechnology, have the ability to heal at the cellular and molecular levels? Can cryonics successfully carry the cryopreserved
person forward through time, for however many decades or centuries might be necessary, until the cryopreservation process can
be reversed and the person restored to full health? While cryonics may sound like science fiction, there is a basis for it in real
science. The complete scientific story of cryonics is seldom told in media reports, leaving cryonics widely misunderstood. We
invite you to reach your own conclusions.

How do | find out more¢

he Alcor Life Extension Foundation is the world leader in cryonics research and technology. Alcor is a non-profit organization
located in Scottsdale, Arizona, founded in 1972. Our website is one of the best sources of detailed introductory information
about Alcor and cryopreservation (www.alcor.org).

Step 1:  Find more information and create an account here: www.alcor.org

Step 2:  Click on Apply Now to fill out the application for an Alcor membership, contracts will be created through
DocuSign.

Step 3:  Fund your cryopreservation. While most people use life insurance to fund their cryopreservation, other forms
of prepayment are also accepted. Alcor’s Membership Director can provide you with a list of insurance agents
familiar with satisfying Alcor’s current funding requirements.

e The benefits of Membership include:

e Alcor Newsletters and special announcements

* A digital subscription to Cryonics magazine

+  Discounts for conferences

*  Free copy of a model Alcor Revival Trust upon request

*  Age-Based-Dues (age-discounted dues) save money over the long-term

*  Greater discounts when a Member, who is an Independent Cryonic Educator, shares an ICE code

*  The opportunity to sign a pet cryopreservation agreement to cryopreserve a companion animal

Call toll-free TODAY to start your application:

877-462-5267 ext. 132 e info@alcor.org ® www.alcor.org

ALCOR
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