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DEETCATION

Throughout this manual we refer to theose persons whe will make direct use of it
as the cryonics "Society Representative'. For the sake of variety, we sometinmss
speak of the 'reader' or the '"user', but the meaning is the same. We are refer-
ing to those persons who have decided to shoulder the burden of respensiliility
for rescue, for resuscitation, and the inductien of solid state hyvpothermia,
when and as required.

Thesc Society Represerntatives are the foundation of all organizations accepting
anatorical gifts for the induction of solid state hypothermia. They are tho
persons who have chosen to grasp the knowladge, acquire the equipment, develop
the skills, and devise the administrative-lepal tools for dealing with almost
every concelvable circumstancs of legal death., Their dedication is messurcd by
theiv readiness and competence. bvery Penor must place his trust in a Society
feprescntative's preperedness and ability.

Interested physiciesns and scientists have provided the basis for this manual,
and this manual provides the basis for organized preparation, but only the
presence of a dedicated Scciety Pepresentative provides the basis for action in
the event of the leval Jdeath of a Donor. Tn the eves of the Donor, the tociety
Fepresentative is the difference hetween the possible chance of continued life
and the certzinty of final ohliteration,

We dedicate this mauual to fociety Xepresentatives, in cryonics socleties
whrcrever they exist or ray be formed. Its only purpose is to serve their ends.

Manrise Corporation
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]g Q[ZB LHTROPUET T ON
2

A condition of hypothermia (abnormally low body temperature) extrime to the
point of virtually arrasting almost 21l biological and chemical processes in-
vaolves the crystallization of tissues. This constitutes 'solid state hypo-
thermia'" (SSH}, a term which will be used to denote that condition throughout
this manwval. The inductioen of solid state hypothermia following legal death is
intended to maximize chances of survival.

Methods have been developed whereby single eclls and certain kinds of tissue
survive freezing and thawing.! thole crganisms, including memmals, survive
body core temperatures approaching the freezing point of water under proper
circumstances.< In principle, it is possible that human beings can survive
freezing and thaving provided proper techniques, yet to he devaloped, are used.
No means of restorinpg a normal physiological state to & person placed in a con-
dition of solid state hypothermia are known at this time. Some speculate that
such means will be developed®, while others claim this is highly improbable.d

This instruction manual covers all legal and preparstory aspects as well as
actual procedures irvoived in the induction of S8H, It is not the intent here
te persuade or promote the vse of SSH or the merits of life extension. The sole
purpese of this mecnual is to coordinate and reduce isclated, individual efforts
and recommendations into a single useakle form. Every effort has been made

to keep it simple and practical.

Since Dr. Dedford was frozen in 1257, a nurber of steps toward improved methods
have been taken.® Many individuals in various locations are continuing to work
out improvements to existing methads. This manual will stay abrenst of these
advances, sc that theory can beceme practice with minimal delay,

=
-

"Cryobiology'', Edited hy H, T, Meryman, Academic Fress, 1965.

2. '"Methods of Inductien and Effects of 'Cardiac Arrest' in Relationship to
the Hypothermie Ctate', by J. Hunter, Vol. 3, Part 3, (np 485-510) of
"Temperature; Its Measurement and Control in Science and Industry!,
Reinhold, 1963,

3. "The Prospect of Immortality", by R.C.W. Ettinger, MacFadden, 1966,

4. T"Suspended Aniration”, by P. ¥, Frehoda, Chilton, 1967,

5. "Brief History and Overview of !lethods Used for Induction of Solid State

Hypothermia [8FH)', by L. L. Charberlain and F. R. Charberlain, Manrise

Technical Review, Vel. I, Mo, 1, Avpg-Sept, 1971,

1-1
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:ai é[]@ WPRDS OF CAUTION
@

This instruction manual provides a practical basis for implementaticn of the
latest recommendations from interested physicians and scientists in the actual
practice of inducing SSH. The authors have made every effort te reduce this
manual to its most useable ferm, and to minimize the burdens of familiarizatiom,
Still, availability of a manual is just a first step. A pood deal of addition-
al, dedicated effort on the part of the user iz required.

2.1 USEFULMESS of the Instruction Manual. In mest instances, danger to
the 1life of a llonor will arise without warning. The Society Penresenta-
tives on whom the Donor depends will have to act quickly. Users of this
manual should prepare for such emergencies by becoming intimately familiar
with this manual, acquiring eguipment consistent with available resources,
and maintaining skills through regular training, The correct administra-
tion of a properly organized society is of great importance and should not
be overlooked. Further information on these subjects is provided in sec-
tions 5.0 through 8.0.

2.2 USEARILITY of the Instruction Hanual.

2.2.1 The authors of this manual are not physicians. Although med-
ical references are provided where available, other portions of this
manual zre not supported by specific documentation. The user should
validate the ideas presented for himself, questioning any inconsis-
tencies that seem to exist.

' 2.2.2 The authors of this manual do not assume any responsibility
for actions taken by other persons in connection with the content
presented herein, Individual users of this manual must bear full re-
sponsibility for their choices of action,

2=1
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tj}% g:}a dARHYUAEL CREAHIZATION
A ;

Sections four through nine of this mauval nrovide information apnlicable to long
range preparations, while sections fifteen and higher deal with operztiomal pro-
cedures, Sections ten through feourtcen serve to puide the user in selecting

the procedures called for in specific sets of circumstances.

Each of the operatiocnal procedure sections contains detailed instructions, but
the instructicn manual is arranged so that the user who is familiar with the
contents can use it as an ontline, refering to details only as necessary to sup-
liment his memory, On the other hand, a person lecking this prior femiliarity
can study the instruction manual and obtain a useful level of understanding in
wach area,

Extensive cross rcferencing and substancial redundency is incorporated to facil-
itate the learning process. As familiarity increases, there will be less and
less nced for reference to the more casily retained details. 2ny time that a
numsrical refercnce appears in parenchesis, it indicates a part of the manual
providing additional informatiom.

Many sectiens of this manual will be incommlete at the time of original issus,
and will later be supplied to MIR subscribers for insertion, Essential informa-
ticn will be presented to begin with, in wost sections. A1l sections will be
revised and expanded as comments and surnpestions from readers are received. This
approach puts information in the hands of the reader as quickly as possible,

and will permit the most-efficient correction of errors and deficiencies. #Also,
it establishes the principle of continuous revision for the purpese of incor-
porating improvements &s new knowledge and techniques are developed.

The reader can easily assure the completeness of his manual at any time by cress
checking it against the ''list of effective pages" in the front of the manual.
An updated list will be mailed with each set of revision sheets.

3-1
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% @ READER COMMNENTS
5 AND RECOMMENDATIOCNS

4,1 Level! of Treatment. This manual is intended to be useful and compre-
hensible to persons with a high school education. WNotwithstanding this,
the reader may find many unfamiliar terms and concepts which should be
simplifiesd, Only one way exists for this to be accomplished. Readers who
find the treatment "too complicated” or 'not easy to understand’” must lct
the publisher know that this is the case. Write directly te Manrise Cor-
poration (4.3). Changes will e made tc remedv such problems in whatever
ways are practicable.

4,2 Completeness and Correctness ¢f Treatment. The authors have attempted
to foresec the needs of <ue user for information in all applicable areas,
but it is almest certain that omissions will have cccured. Readers can
help by nointing out additional details that are necessary and appropriate.
Also, some readers will find that errors have been made or that really
gxcellent alternative ideas have been overlooked, These deficiencies can
be corrected most rapidly by direct communication.

4.3 Comments and Recommendations. Suggpestions should be mailed to
Manrise Corporation, Box 731, Lz Canada, California, 91011. A prompt
reply cannot be promised, but all recommendations will recsive serious
consideration,
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Eﬁé é(:p LEARMNING SSHKH PROCEDURES
-]

some readers will study this manual directly, developing a through familiarity
with the material. They will look up terms in dictionaries, check references
at medical libraries, and contribute to the manual's improvement through sub-
mission of recommendations and corrections, Others will find the process more
difficult, Further, even if an initial familiarity is scquired, this may be
lost with time. Periodic review of the material is necessary. Some readers
will find periodic rereading enjoyable and rewarding. Others wiil neglect it.

It is possible that a series of questions testing the knowledge of the user
would be valuable both in the learning process and in reviews for “refresher'
purpeses, Thesc could be in the form of examinations. Many approaches are poss-
ible, however, and choices must be made. Readers arc requested to consider the
following questions:

5.1 Is the reader of this manual interested in examinations to test
familiarity with and understanding of this instruction manual?

LE) |

.2 Should exams be conceived to test understanding (“open-book =xams'')
or familiarity (“closed-book" exams)}? or hoth?

3,3 Would readers be more interested in "self-test" exams [answers
included on separate sheets) or in 'graded" exams (which are
returned to Manrise Cerporation for correction and comment)?

5.4 In the case of "graded" exams, would readers Le interested in

programs of examination leading to the establishment of "qualifi-
cations' as to levels of understanding and familiarity, with per-
iodic "regualification' to assure that the level of knowledge is
sustained and up-to-datae?

Reader response to the above questions is invited. Pocommendations as to ques-
tions that should be incorporated in these examinations will be welcome. Ad-
dress your comments to Manrise Corporation, Box 731, La Canada, California,
91011,
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éE; é[:g ACGCUIRING EQUIPHMENT
]

This section will be transmitted at a later time, It will include charts list-
ing equipment that should be acquired for various purposes. Categories will
include "Rescue and Resuscitation', "Phase I', "Phase II". Priorities will be
shown for acquisition of equipment in each category, so the user can acquire an
initial capability at minimum cost, building on this as additional resources
permit. Methods of packaging equipment for efficient transportation in emer-
gencies will be discussed, as appropriate.

Pending completion of this section, the reader will find later sections on
equipment to be useful, Section 52, in particular, treats Fhase I perfusion
equipment comprehensively and cites commercial sources of apparatus.

6-1
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‘d Q:B TRAINING: ACQUIRING SKILLS
*

Rescue and resuscitation are of ovexrwhelming importance, and skills in this area
should be acquired first. Luckily, formal courses in this area are offered in
almost every city, most of them by the American National Red Cross. Manrise
Corporation recommends that all persons interested in the practical aspects of
SEH enroll in the Red Cross first aid program, reaching and maintaining qualifi-
cations at the "Advanced' level (27.0).

Training in other procedures invelved with SSH (implementation of external ccol-
ing, cannulation, perfusion, etc.) will necessarily be more difficult to obtain,
The use of experimental animals and simulators may ke feasible, but no organized
mﬁans of providing appropriate training oriented toward S55H objectives exists at
this time.

Training in cannulation (53.0) might be most easily cobtained by serving as a
mortician's apprentice., Efforts should be made tc use the femoral location when-
ever possible, "T-shaped" cannulas (56,0), if available, should be used.

Training in the use cf perfusion equipment (59.0) might be effected with physio-
logical simulators constructed of thermally conductive tubing coiled in a tark

of water approximately the mass of a human being. The flow-pressure relation-
ships of total volume contained Ly the tubing should approximate that of the
human circulatory systom. Alsc, the surface arez of contact between the tubing
and the surrounding water should be sufficient to develop the heat exchange
characteristics anticipated in an actual perfusicn, Finally, the suriace srea

of the outer container, corrected for differences of tlermal conductivity, should
approximate that of the human body.

It should be apparent that the design of a simulator is quite complex (although
hopefully the constructicn can be made relatively inexpensive). This section
will be revised at a later time to provide details concerning the construction
of an appropriate simulator.
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é{}% e[jg NON-PROFIT ORGANIZATIONS
-]

Only a non-profit society with certain chartered goals can lepally be the re-
cipient of anatomical gifts, and the requirements for incorporation of such
societies vary from state to state, Formation of an appropriate seciety is
just the beginning. Administrative arrangements and procedures must be provid-
ed for dealing with practically all foreseeable circumstances.

“Donors' are those society members who have executed documents rnaming the
society as the recipient of their persons in the event of lemal deatii, Typic-
ally, all Donors will have made financial arrangements to cover the expenses of
inducing 8SH and maintaining it for an indefinite peried, Mo, 14 (8 May 1970),
The Eulletin de la Societe Cryonics de France (Fnzlish Edition) contains an
elaborate analysis of costs and financing arrangements for S&H.

"Society Representatives' are those trained individuals formally designated to
act on behalf of the society in accepting anatomical gifts in the event of a
Donor's legal death. !More hroadly, they are the persons who are depended upen
for rapid, decisive, and competent action in the event a Donor's 1ife is
endangered.

If a number of Society Representatives function as a team, the interaction of
the "team members'' (Society Representatives) should be clearly orpanized. This
consideration is accounted for throughout the manual, in sections dealing with
subjects such as Emergency Communication Systems (5.0), General Conrdination
Procedures (18.0), PMivision of Activities within the Phase I Team (52.0), etec.

The society may be fortunate cnough to have a research facility, but othervise
must have arrangements for the use of suitable laboratory space in the event
induction of 58H is necessary. Use of an operating room in a hospital would be
ideal, but the prolonged duration of perfusion and the reluctance of hospitals
to assist usually renders this alternative impractical. Yore frequently, the
society will find it advantageous to meke arranpements with a mortician for the
use of a '"preparation reom'. The society may alse be able to arrange for
assistance in cannulation from the mortician.

# society may be prepared for Phase I activities and still lack a capability

for Phase TI perfusion. Arrangements in such cases may be concluded with an-
other socicty which is prepared to conduct Phase II oporations for assistance,
After Phase 1 activitios are completed, a Donor could be temporarily irans-

well equipped organization.
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—Cryonics societies must provide for long term storage of Donors in the event of
the induction of SSH, and this generally requires the use of liquid nitrogen and
well insulated containers. The containers are preferably secured in earthquake-
proof, fire-proof structures. The use of surplus missile sites has been sugpest-
ed and this means is currently under investigation by cryonics storage corpora-
tions. Societies will usually find it advantapeous to contract with commercial
organizations for storage services, since the purchasc of suitable sites and the
erection of the required structures is quite expensive,

Societies may wish to establish reciprocal arrangements with each other so that

a Donor far from home may be protected by the nearest cooperating society. De-

}alls concerning this are included in the section on administration arrangements
£.3). '

8.1 Administrative Arrangements: Donor.

8.1.1 Fnatomical Gift Certification., Various forms, signed by the
Donor and witnessed, are used by cryonics societies for certifying
that an anatomical gift has been made. Additional infermation

may be obtained on the subject from the National Society for Medical
Research, 1330 Massachusetts Avenue, N, ¥,, Washineton, D. C. 20005.

This organization publishes (free of charge) a pamphlet titled "How
to Donate Orpans, Tissues, or Your Entire Body for Medical Science'.
Forms are attached, the most interesting being a '"Uniform Donor Card”
proclaiming that it is a "Legal Document under the Uniform Anatomical
Gift Act or Similar Laws'. It is recommended that the "Uniform Donor
Card" be filled out, signed, witnessed, and carricd on the Donor's
persen at all times,

8.1.2 Medical Records. £ Zetsiled medical racord should Lo completed
by the ['onor and filed by the Snciety. This should he up-dated vear-
ly, following a physical examination, or after any major illness,

€.1.2 Release. The Donor should execute a document releasing the
society and its representatives from liability in connection with
efforts to resuscitate the Donor.

8,1.4 liil]l. The Donor should revise his will or add a codicile
thereto noting his wish that S5H be induced in the event of his
legal death.
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2.2 Administrative Arrancerents; Seciety Nepresentative. Scciety Repre-
sentatives should be so designated, in writing, by an appropriate officger
of the society, The desipnation should specifically authorize the Society
Representative to accept anatomical gifts on behalf of the society. This
document, coupled with the Donor's "lniform Denor Card" (8.1.1) should
provide the necessary legal basls for the Society Representative's actions
in inducing SGH.

8.3 Administrative Arrangements; Peciprocal Arrangements Between Societics.
fogieties which desire reciprocal arrangerents should sichangy documents
which authorize other societies to accept snatomical gifts on their Lehnlf,
The documents should Tear the seal of issuing socicty, and =n expiration
cate should Le indicated, In the event p Uonor far from home dics, the
neargst cooperating society would be notified end would assume responsibile
ities for induction of SSH as necessary. The Donorfs "Uniform Donor Gard
would establish the anatomical pift to the criginsl society, and the
reciprocal arrangerent decument would enable the closest-hy svecicty to act
for the more distant society.
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iga@ ‘g:} EMERGENCY COMMUNICATIONS SYSTEMNMS
]

Many emergency communications systens are possitle, but all of them reguire a
24~hour zlert network of some kind. One system, duscribed in this section,

may offer the most advantages to an S5H organization of moderate size which de-
pends on volunteer services of its members (Socicty Representatives) in an
EmETIency.

9.1 System Components.

{1} Emergency Tcam Members (Society Representatives)
{2) Radio Paging Devices (Beepers)
(3) Radioc Paging Service
(4) Telephone Answering Service.
9.2 System Organization, The Society contracts for radio paging services

from an appropriate organization, The radio paging devices are leased
from the radio paging service and carried by all cmergency team members,

8.3 System Function.

9.3.1 Mode I: Answering Service Intercepts the Emergency Call. sn
emergency call comes in, but is 4ofl answered by a Society Feopresent-
ative at the principal telephone. The answering scrvice takes the
call, and finds that it is an emergency. The answering scrvice con-
tacts the radio paging service, which pages ("beeps") all team mem-
bers (cach of vhom is a Society Representative). The first Society
Representative to answer the page “takes'" the call and leaves word
with the answering service as to wnere he can ba reached., He then
calls the scene and gets all the details he can over the phone (15.0,
17,0).

Other team members begin galling in and find out whom to contact. By
the time the first Society Representative breaks contact with the
scene, calls are coming to him and other Society Representatives can

0.1
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be briefed. The first Society Rcpresentative serves as "Coordinator!
in this instance (18.0), and other Society Representatives go to the
scene.

9.3.2 Mode II: Call Received by Society Representative. The Society
Representative answers the call to legin with., He obtains information
and gives instructions (15.0, 17.0). He then ecalls another Scciety
Representative and briefs him on the circumstences, The second

Society Representative acts as "(Coordinator' in this instance (18.0).

He calls the answering service, leaves his name and number, and reguests
all team members be paged. The answering service pages ("beeps') all
team members and provides the coordinator's name and phone number as
they call in. All team members subsequently call the coordinator and
are briefed as to the circumstances,
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@ SELECTING APPROPRIATE
& COHABES NDE"ACTION

iy e

Upon learning that a Donor is dying, clinically dead (cardiopulmonary functions
have ceased), or legally dead {death officially prencunced), the Socicty Papre-
sentative must make decisions concerning what actions ars required.

Different circumstances require different sctions. A chart, provided in figure
10-1, refers the usar fo an appropriste set of instructions.

1

Saciety Doctor * Refér to
Reprzsentative Iz At Sretion
Is At The Zeenn The Scene NumbeT

Mo Ho 11.0

Mo Yos 12,0

Yos No 15,0

Yes Yes 14,0

Figure 10-1

The circumstances represented in figure 10-1 are "initial conditions', in that
they represent the conditions at the starting point of any episode, whare the
Society Representative learns that a Donor is dying, c¢linically dead, or
legally dead,

In reviewing the sequence of events programmed for any specific eircumstances,
one point should be smphesized: Nothing is more important then sustaining life
and potential viahility in the Domor, so long as the actions required are law-
ful. Resuscitation and sustained cardiopulmonary assistance, where apprepriate,
are of primary importance. External coolinpg (36.0), where appropriate, should
be begun  Lrmediately. Other activities, such as legal certification of
death {533.2), avoidance of autepsy {24.0)}, maintenance of proper records (45,0},
and medical tests (40.0) are essential, but sustalned caréiapulmunary aszist-

encel a5 0) and pyternal conling (whep apnronyiste) are of the greatest gignif-

icance and importanca.
19=1
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SOCTETY REPRESEMTATIVE I8 NOT AT SCEME ~-

DOCTOR 18 MOT AT SCENE

This circumstance is most likely to occur when the Scciety Representative is
called by a friend or relative of the Doncy, or by the Donor himsclf. The
Donor may be critically i11, dying, or clinically dead. £ doctor or ambulance
way, or may not, have been called, but in any case no doctor is present at the
scena,

The Seciety Reproescntative must ged detailed facts and adve explizit instrue-
tions (15.0}. In some civrcumstances, the Secciety lPercrescntative must take
irmediate action to secure medical assistance (16.0). He must provide for
coordination (18.0)., Feollowing this, the Soclety Representative isust go to the
scenc (19,0%.

If it seems likely the Society Representative will reach the Denor before a
doctor, refer to 13.0 for further instructions. IF it scems likely that a
doctor will be in attendance =t the scene when the Society Represcntative
arrives, refer to I4.0 for further instructiens.
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) 4
By SITUATION I
Ly

SOCIETY REPRESENTATIVE IS NOT AT SCENE --

DOCTOR 1€ AT SCEME

This circumstance is most likely to occur if the Domor is taken to a hospital
without the knowledge of the Society Representative, Medical avthorities may
learn that their patient is an anatemical donor directly or thrcush frionds and
relatives, and it is assumed in this rcasc that the Society Hopresentative is
contacted by the physician in charge., If the first information docs not come
from the physician, the Society Representative should then contact the physician
immedintely.

In contacting the physician, the Society Represcntative must obtain specific
information and request that certain procedures be carried out (17.0). ke must
also provide for coordination (18.2). Following this, a Society Representative
must go to the scenc {12.0),

The Secciety Representative may expect that a doctor will b2 in attendance at
the scone when he arrives; he should therefore refer to 14.0 for further
instructions,.
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Ez :Eg é{:B STTWHWATION 111
&

SOCIETY RERRESENTATIVE 18 AT SCERE --

DOCTOR TS MOT AT SCEME

This eircumstance is most likely to occur where a Donor and a Scciety Represent-
ative are topether and the life of tha Donor is in dangsr., It may occur that
ofr persons are bofh Donors and Society Pepresentatives (friends, married
couples). It should be clear that in these cases, the Dorer's chances for suc-
cessful resuscitation ond immediate recovery are highest,

It is also possible that the Society Represcntative might have been called to
the scene (Situation I, section 11.0) or that he arrived at tie scene of a erit-
ically ill Donor without prior notice that anything was wrong. Therafore, it

is possible that the Donor will be clinically dead or that resuscitation will
already be underway. These possibilities are provided for in the follewing
paragraphs.

13.1 Doner Alive or Being Pesuscitated. 1f the Doror is alive or being
resuscitated, the fociety Representative should obtain medical assistance
at once (16.0). TInstead of doing this directly, he may alert another
Suciety Pepresentative who will act as a “Coordinator', sending medical
assistance to the scene {18.0}.

Cnce a physician is present, the coursé of action corresponds to that
deseribed in 14.0, for a doctor present and the Donor alive or being
resuscitated.

13.2 Donor Clinically Dead Less Than Ten Minutes. Tf the Donor is clin-
iecally dead (20.0) and hias heen in that condition loss than ten minutes,
resuscitation should be initiated immediately (24.0). After resuscitation
is pepun, the Society Representative should obtain medical assistance at
once (15.0). Instcad of doing this directly, he may alert another Scciety
Representative who will act as a '"Coordinater”, sending medical assistance
to the scenz (18.0}.
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Once a physician is prescnt, the coursc of action corresponds to that
described in 14.0, for a doctor present and the Donor alive or being
resuscitated.

13.3 Donor Clinically Dead More Than Ten /finutes. The previous situations
of this section were relatively simple. /flter initial steps, the reader
was refered to section 14.0 for further instructions. This situation,
however, is far more complex and may lead directly to the induction of
solid state hypothermia. For purpcsss of greater clarity, the feollowing
narrative is charted (figure 13-1).

If the Donor is clinically dead and has apparently been in that condition
without resucitation for more than ten minutes, the Society Representative
should quickly but carefully examine the Donor for signs of liie (20.0).

{n that basis, and on the basis of whatever other facts that are available,
the Society Representative should decide immediately whether or not resus-
citation should be attempted. See 21.0 for further information cemcerning
this deeision.

If a decision to attempt resuscitation is made, and resuscitation is
initiated, further reference to this narrative is not applicable, Refer
instead to the previous casez of this sectien.

If the Society Represcntative decides not to attempt resuscitation, speci-
fic alternative actions are appropriate (22.0). The decision not to
attempt resuscitation and to proceed with other actions is accompanied by
many legal risks (23.0).

The Society Representative must dezl with the special circumstances creat-
c¢d by his decision (30.0), prior te obtaining prenouncement and certifi-
cation of death (31.0). Every effort must be made to aveld autopsy, but
this may not be possible. See instructions on the aveidance of autopsy
and measures to be taken if it cannot he avoided (34.0).

Following resolution of probilems associated with legal death and the aveid-
ance of autopsy, the Society Representative shoulc immediately implement
the most complete extornal cooling procedures possible (36.0) and provide
for any medical tests that may be appropriate (40.0). Cemplete records
rust be maintained (45.0), and standard procedures for the induction of
S558H must be carried out (50.0).




MRISE SSH INSTRUCTIONS JAK 1672

g PERSOHNEL PRESENT: | CONDITION OF COMOR:

T | t =

st . N 5 . = q -3 s

g Doctor 44 noi at scenn -- Clinically dead more than 10 minutes

2| Scciety Reprazentative is at scere [Ho rasuscitation having been atterpted
ll:ém*‘—‘—“' = =

ACTICH SECTION
Examine Donor Tor Signs of Life 20.0
Necision as to Resuscitation 2145
5| Action if Resuscitation Not Indicated 22.0
it
2| Speecisl Circirstances 30.1
IH
© | Logal Death 31.0
" :
‘l’ -
E 4veidance of Autopsy 34,10
S
Immediate External Cooling 36.0
Medical Tests After Legal Death 40.0
Maintein Records 45,40
Stendard Procedures for Induction of E5H 50.0

Figure 13-1

La=a
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Eifi% Eg:g =l T AT TOEN IV
5 :

1 SGCTETY REFRESEMTATIVE IS PT SCENE --

] HNCTOR 1S AT SCEME

This situation will rost often occur at a hespital. ZInitial circumstances
leading to the situation span almost all possibilities., The Scciety Represent-
ative may have been called by a doctor at the hospital, or by the Donor's rela-
tives or fricnds as tie quar is taken away in an agbulance. The Donor may
nave heen brought to the lospital by the Scciety Representative himself. The
Socioty Representative may be on standby at tho hﬂﬂpifﬁl whils the Donor under-
Foes & trlt-fml oparation, Figure 14-1 charts the senuence of actions roguired,
depending on the cirvcumstances.

4.0 _Columns P and 2. If the Donor is alive or keing resuscitated, the
Society Hepresentative should assure that all necessary tests for complete
documentation of tho Ponor's condition sre performed (28.0). Heparin
siiould be injected if death appears imminent (29.0). If the case exists
taat restoration of rormal physislogical functions are hopeless, the super-
vising PLFJI“lﬂ“ should be periua&eﬁ to pronounce and certify death
Without cessaticn of caicdopulmoneiy ass8ds® (31.0). Autopsy must Le avoid-
ad (54,0], C$Lul;pL1 onary assistance gaust he w&int"incd £35.07, and ox=
ternal cooling must be initiated without delay (36.0). Ceompletc rocords
rust be maintained (45.%), and standard procedures for the induction of S8
must be carried out (53.0).

14,2 Column C. I€ the Doner is clinically duad, and has been in that con-

dition less thon ten minutes with 2 doctor present, the Socicty Kepresent-
ative shouid insist that resuscitation be initiated and maintained urtii
the Donor's condition is improved or is elcarly honeless (24.0). With rare

exception, this procedure should he followed even il the Donor has been
pronounced dead, A1l necessary medical tests to document the Domor's con-
dition should be carried out while rvsuscitatien is in progress (28.0).
Beparin should be infzeted, wnless the matient's sreknosis is favorahlc
(2G.0). If the casse exists thet restorstion of sernal phvsiclesical Tune-
tions is hopeless, the supervising physician should be PersuﬂﬂhL oo pro-

143
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MAMRISE S5A INSTRUCTICNS
FERSOMMEL PRESENT: t COMDITION OF DOWOR:
_—i—-— ————— . o T
T .
Poctor an 174 ve ik
Society Lesuscitation in Froaress ' RIS
fepresentative CONRL, Less than 10 mingtes Wyl
[0V, Fore than 10 minutes s
W Action | Section alelclo
e ——— e e ! - = - -.-.i..-. --.-I: O
Pesirscitation i 24,0 t “;
- i - E I |
fedical Tests | 28.9 EREREN
A —-
Heparin Injection : 29.0 o|ole
Leanl Teath ; 31.9 | @ @E w @ |
3 I— ]
fyvoidance of Autopsy ; 3.0 I RCI I
i
|
1
{ Cardiopulmonary Assistance | 3500 @ |le |8
Imnediate External Cocling g 36.0 a|® @|®8
ke A EE o
kodical Tests After Legal Death ; aAn.0 a
Yaintain Records ' 45.0 il fonoft gLl i
i F
Std. Procedures for Inductiom ~f S5 3 50:0 ole! ni @
1. "CDWNR" means: clinically dead witi: no resuscitation attempted during

the period of time indicated.

nounce and certify death without cansation of

(31.0).
be maintained (35.0),
delay (36.0).

Fipure 14-1

and external cooling must

1
oe

procedures for the induetion of SSH carried cut (50.0).

cardionu, monasy assist
Autopsy muct be avoided (34.0), cardiopulmonary assistance must
initiated without
Complete recerds must be raintained (45.0) and standard
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14.3 Column B. 1If the Donor has heen clinically dead for more than ton
minutes, with a doctor present, it is nearly cortain that the physician

will have pronounced the Uonor dead (othexwise, resuscitation would have
been in progress). Acsuming that the state of clinical death under well
defined conditions (20,0, 21.0) sxisted for longer than ter minutes, the
chances of successful resuscitation are extraordinarily slim. Further,

carciopulmonary assistance in cenjunction with the inductien of SSH may

not he appropriats (21.0).

The Society Representative should first assure himself that the finding of
clinical death is valid. OShould doulit exist, the appropriate course of
action would be defined by Ceolumn C, Assuming that the Society Represent-
ative has no doubts, he should proceed with obtaining ccrtification of
death (31.0), =voidance of autopsy (34.0) and immedizte external cooling
{36.0). Medical tests as nccessary to more conpletely document the Donor's
condition sheould be performed (40.0). (omplete records must be maintainod
(45.0), and standard procedures for the induction of SSH must be carried
out (50.0).
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GETTING THE FACTS AHRDPD

o
EI éi}; é(:? GIVIWUE IHNSTRUCTIOHNS
&

(0% DOCTOR FPESEHT)

15.1 FIND OUT:

(1)

Name of Donor? Is he carrying = "Unilorm Donor Card'? What
does it say? (Be sure LDonor is an individual protected by

your socisty or by an affiliated socievy with formzl reeiprocal
arrangements ., Section 23.0 contains additiocnal information,)

Condition of the Donor? (What is wrong? Is he conscicus?
Rreathing? Does he have & pulse? If no breathing or pulse,
how long has he been that way?).

Is help on the way? (Has a2 doctor cr ambulance been call
What is the doctor's name? Neme of the anbulance company
Which hospital will the Domow be taken tof?).

ed?
4

Yho is on the phopne? Vhere is the Doner (exactly)? Can the
caller render emersency assistance (resuscitation and first
anid) as noceded?

15.2 GIVE INSTRUCTIONS:

(1)

(2}

Help the Donor (resuscitation and first aid as appropriate).

€zll for medical assistance, if this has not been done (pive
thz caller the names of preferrad smbulance companies, pre-
ferred physicians, nreferred hospitals, and all zpplicable
vhone numbers (1£.0) If this cannot be dene by caller
{caller too busy resuscitatinp Donor, ctc.) Society Repre-
sentative does it.

15=-1
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SOLBREES OF KMEDICGCAL ASSISTANCGE

16.1 A telephone call will bring medical assistance, It is suggested

that appropriate orpanizations and individuals be evaluated and listed
below,

16.1.1 Ambulance Servicas

Name Telephone Category

16.1.2 Physicians

16.1.3 Preferred Hospitals
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16.2 How to Classifv Ambulance Services. Ambulance services may be
grouped into three categories as follows:

16.2.1 Category "A". Rescue and Medical Transportation Services
only, lersonnel highly treined and equipped. (Advanced Red Crecss
First Add qualification or eguivalent. Equipment includes heart-
lunre resuscitator )

16.2.2 Category "B", Rescue and Medical Transportation Services
only. Personnel highly trained (Advanced Red Cross First Aid
qualification or equivalent).

16,2.3 Category "C". All others.

16.3 How to Classify Physicians. Physicians may also be grouped into
cetegories, as follows:

16.3.1 Cateacry "A", The Donor's own personal physician. Should

be imowledreainle abcout the Donor's wishes concewning SSH and willing
to cooperate. Skilled (not merely well informed) in resuscitation.
As the bonor's serseral physician, this doctor will be most able to
asspre that certificetion of death can be accomplished without
autopsy or cessation of cardiopulmonary assistance.

16.3.2 Cateacry "BY, Skilled (not merely well informed) in resus-
citation. Understands about enatomical donations for SSH through
discussions with Sfociety Representative. Not necessarily sympathetic
to S5H objectives, but willing to do what is possible to effect
certification of death without autopsy or cessation of cardiopulmon-
ary assistance in the event of the Donor's death.

16.3.3 Category "C". All others.

16.4 Heow to Classify Hospitals. An evaluator should wvisit the cmergency
room of the cendidate hospital, sit down, and observe what happenz. He
should try to judgs if patisnts are pronptly cared for, and winether or
not proper resuscitation equipment is available, The evaluator can tell
the person in charpge that he is studying emergency room procedures for an
incorporated, non-profit research society (a2ssuming that the evaluator is
a Society Representative)., ke may ask if the emergency room has, immed-
istely availehble, the following equipment:

K
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a heart-lung resuscitator,
an electre-cardiograph, and

a defibrillator.
The following general outline may be helpful in classifying hospitals:

16,4.1 Category "A". Preferred by Category "A" physician. Has a
heart=-lung resuscitator, an electro-cardiograph, and a defibrillator
immediately avajlable., All patients aprearing to have serious com-
plaints are promptly cared for by efficient, concerned personnel who
seem competent. (This last evaluation is particularly difficult to
make. If the person on duty is a fully gualified physician, rather
than an intern or a nurse, the chances of getting competent medical
care are greater, but this is still no guarantee.)

16.4,2 Category "E". Has n heart-lung resuscitator, an Electro-
cardiograph, and a defibrilliator, immediately available. All
patients appearing to have serious complaints are promptly cared for
by efficient, concerned personnel who ssem competent. (This last
evaluztion is particularly difficult to make, If the person on duty
1s a fully qualified physician, rather than an intern or nurse, the
chances of getting competent medical care are greater, But this is
still ne guarantee.)

16.4.3 Categery "C". All patients appearing to have serious com-
plzints are promptly cared for by efficient, concerned personnel who
seen competent, (This last evaluation is particularly diffiecult to
make. Sec above for suggestion.)

16.4.4 Category "D". All others.

16-3
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GETTING THE FAETS

]ﬁ 527 éi]% AND GIVING INSTRUCTIONS
®

17.1

e TR FRESENT )

Talk to the Physician in Charge. Ask to whom you are speaking. If

it is not the physician in charge, find out who {4 the physician in charge
(and his telephone number}. Alsoc, ask the caller the Donor's name, con-
dition and {exact) location.

17.2

Ask the Physician in Charge:

17.3

17.2.1 Donor's name, condition, and exact location (even if you
got it from a previous caller). Be sure the Donor is an individual
protected by your society or by an affiliated society with formal
reciprocal arrangements (23.0).

17.2,2 ESpecifically, learn the following things about the Donor's
condition: Is ke alive or being resuscitated? If so, what is the
prognesis (how long is he expected to live)? If the Donor is clini-
cally dead, how long has this condition existed (in minutes)?

Explain to the Physician:

17.3.1 Patient is an anatomical domor. The whole-bedy donation
applies onfy tc his society. He is ned to be considered a donor for
organ transplantation of any kind.

17.3.2 Autcpsy would be very destructive to the value of the
anatomical gift, and should be aveided. Integrity of the whole
organism is of crucial importance to the rescarch objective.

17.3.3 Ceontinuved potential viability of the Donor's tissues is of
paramount significance. Since cooling can prolong the peried of
tissue survival in the absense of wvital functions, surface cooling
muist be initiated after death is pronounced,

17-1




MANRISE SSH INSTRUCTIONS JAIl 1972

17.4 Depending on Circumstances, Request Action (One of the Following):

17.4.1 (Donor Clinically Dead, Less Than Ten Minutes). Regandfess
of whether or not death has been '"pronounced', request that the
physician begin resuscitation immediafefy, restoring respiratory
and circulatory functions by artificial means [also request the
physician proceed per paragraph 17.4.2 below).

17.4.2 (Donor Alive or Being Resuscitated). Request that the
Physician:

17.4,2.1 Provide cardiopulmonary assistance without cessation

should clinical death cccur, augmented by any fluid therapy

that is appropriate. Even if restoration of normal physiclogical

functions seems hopeless, do not discontinue cardiopulmonary

assistance., Maintain respiratory and circulatory functions by
rtificial means until an authorized Society Representative
arrives,

17.4.2.2 Clearly establish the nature of the Donor's disorder,
by any means necessary (such as further examination or tests)
to assure that no autopsy will be required if the patient dies.

17.4.2.3 Unless contraindicated by Donor's condition, inject
heparin (29.0) and repeat these injections every four hours un-
til the Uonor's condition improves or until the Society Repre-
sentative arrives.

17.4.3  (Denor Clinically Death -- More Than Ten Minutes). First,
verify that death has been "pronounced'. Then request that the
physician:

17.4.3.1 Externally cool the Donor by application of crushed
ice, particularly to the head.

17.4.3.2 Postpone any autopsy or other post-mortem examination
until an authorized Society Representative arrives.

17.5 Tell the Phvsician: That an authorized Scociety Representative will
be on the scene as scon as pessible.
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]g é{}; éi}g GENERAL COORCINATION PROCEDURES
&

When an emergency arises and a Donor's life is in danger, a Society Representa-
tive must go tc the scene at once. Meanwhile, a second Society Representative
should be coordinating, by telephone, all who will be participating in the in-
duction of SSH (if this is required). The Society Representative doing the
cocrdinating, henceforth referred to as the "Coordinator', will:

18.1 Alert the SSH Induction Teamn. Assuming that the society has a well

organized SCF induction team (&.0), these individuals must be located and

notified of the condition of the Doner, A radic paging system in conjunc-
tion with an answering service may be used for this purpese (9.0).

1€.2 Get lMedical Assistance to the Scene. The Coerdinator sheuld refer
to section 16.0 in deecicding which physician should be contacted.

18.3 Prranze for Transportztion of the Denor in the Event of Death. Prior
arrangements for this transuoetation should be made if it seems iikely
that the Doror will dis. See 44.0 for further information,

18.4 Yeep Track of the Condition and Location of the Uonor. The Coordin-
ator chould phone puvfunﬁ-ﬁi the scene frecuently, until a Socliety Lenre-
sentative has arrvived, to keep abreast of changes in the Donor's condicion,
aind te coordinnte or be advised of any plans to move the Donor, from Long
te hespital, frowm one hospital to another, etc., The Coordinator shovid
continue to call the scene even after the Society Representative arrives,
to check on develcpments at the scene, The Society Representative might
find it difficult to contact the Coordirater, whose phone is constantly
busy as he carriass cut other ccordinaticn operations.

12.5 Alrert Orcanizations Providing SSH Services or Facilities. The
society wmay have forial arrangemsnts with morticians, nen-S5i rescuc teams,
or other organizations for use of equipment or facilities (8.0). Appro-
priate notification to these organizations invelved should be provided in
anticipation of need for the support of these organizations.

18-1
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E@@ B0 LNE TO THE SCENE

In going to the scene, a Society Representative must necessarily use that
transportation which happens to be available, It is assumed that the Society
Representative has access te a motor vehicle. Two factors should be
considered:

(A) How urgent is the situation?

(B) What equipment must be taken?

19.1 Factor (A): Urgency. If no persons on the scene are skilled in
resuscitation, and the Donor appears to be dying or has just entered a
state of clinical death, it is very urgent that someone skilled in resus-
citation arrive at the scene as quickly as possible. If the Society
Representative can reacn the scene very quickly, he may choose to leave
immediately, If another Society Representative is closer to the scene,
ke should be called and sent. If police or fire department personnel are
skilled in resuscitetion (the latter usually are), or if a competent
amhulance service (16.0) is located close to the scene, these organiza-
tions should be called,

The single most important factor is getting a person skilled in resusci-
tation to the Donor as quickly as possible, if the Donor is dying or
clinically dead. If circumstances are less urgent, if there is time for
scveral minutes of preparation and travel to the scene at lawful speeds,
then consideration should be given to taking equipment and carryimg out
other actions before leaving for the scene.

19,2 Factor (B): Equipment. The Scciety Representative should take with
him 2 heart-lung resuscitator {?6.1) and/er any eother resuscitation
equipment (26.2, 26.3) he possesses, He should also take at least the
minimum equipment nceded for those steps which are required prior to arriv-
al at a perfusion facility, in the event that the induction of SSH becomes
NECCS5ary.

16-1
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®

Clinical death is the cessation of respiration and blood circulation; breathing
stops and the heart stops, This condition can often be reversed and life
"restored" if resuscitation (24.0) is instituted quickly enough,

Asphyxiation is the stoppage of breathing alone; the heart continues to heat.
This condition progresses into clinical death within 2 fow minutes if respiration
is not restored.

There is no inverse to asphyxiation, where the heart stops but breathing goss on,
In cardiaec arrest (heart stoppage), breathing stops vwhen the heart stops.

In clinical death! no pulse or other sign of heartbeat can be found. io physical
movements of breathing can be detected, The general color of the skin becomes
pale or "blue". Tie pupils of the eyes dilate and will not contract on exposure
to bright light., If a finger nail is sherply pressed, the color will disappear
and will not reappear rapidly when the pressurc is released,

Electrical activity of the hrain will fall te very low leovels shortiy after clin-
ical death, and blood gases will depart from normal levels (oxygen is lower,
carton dioxide is elevated). These signs can net be observed without sensitive
instruments.

Two clearly distinguished levels of examination are appropriate, depending on the
circumstances, in ascertaining the existence of clinical death:

20.1 Circumstance A. The Donor may have been clinically dead for only a
short timeé. The Socisty Representative will probably attempt resuscitation
immediately (24.0). He spends a few seconds as follows:

(1) Listens for signs of respiration (20.1.1).
(2) Checks for pulse or other sign of heartbeat (20.1.2)

3) Checks to see if pupils of the eyes are dilated, and
P
tests for responsivity with a light if availsble (20.1.3).

(4) Observes skin coler (20.1.4).

]
a4
]

Pipneches a fivnoep to tact colpy ypeepopse (301 87

20-1
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20.1.1 Listening for Signs cof PE&E1rﬂt1Lﬂ. One's esar is placed on
the Doner's chest or immediately noxt to his mouth, and any sounds of
air passage are noted, Al the same time, any body motions in the
chest or throat corresponding to ﬂfﬂ*tﬂ*ﬂp are scupht. The Doncr may
be nifempfing to breath, without success, breathing being prevented
by an obstruction in h1E throat or a throot injury of some kind.

Unly a definitc in-rushing and out-rushing of air constitutes success-
ful bresthing. Unsuccessful attempts to breath on the part of the
fonor call for immediate use of artificisl respiration (24.0).

20.1.2 Detection of Pulse or Other Signs of Heartheat. One's finger-
tips are prescsed pently into the underside of the wrist, on the thumb
side, or into the throat immediately beside the voice box (adan's
apple). A distinct pulse should be felt in these locations if z nerx-
mal heartbeat exists. Finding & pulse may ue practiced on one's self,
Placing an ecr on the Donor's chest may reveal some indication of
heartbzat. ECven with the most careful cxamination, complete cessation
of heartbeat (cardiac arrest) is not always casily determined. In
some instances, sporvadic spasms may continue to circulate bleod wihich
is oxygenated to some degree, This activity may go unnoticed, and

yet it mipht sustain the necessary preo-conditions for successful re-
suscitation for periods greater than ten minutes,

20.1.3 OCilated Pupils, Unrosponsive to Light. Several minutes after
the eonset of clinicel death, the pUﬂllf Df the cyes dilate (open up)
and will not contract upon exposure to bright lights [as do most
normal eyes). A small flashlight may be used to test this reflex.

An exception to this phenomena is found where certain drups have been
taken [pupils do not dilate and remzin comstricted even after clini-
cal death). Converzely, the sign of dilated pupils may continue for
some time after resuscitation is begun, Instances have Leen cited
where pupils remzined fixed and dilatcd throughout resuscitation
episodes lasting over throe hours, whore the patient made 2 full re-
covery with no ovidence of neurvlogic (brain) damageg.

20.1.4 Observation of Skin Cclor. When blood circulation stops,
oxygen is quickly consumed, and the blood loses its characteristic
red color. This produces a color chanpe in the skin, so that it
appears pale, "dusky", or even “blue'. Une known exception to this
exists, in that carbon monoxide poisoning may produce an abnormally
pink skin ceoloration.

20.1.5 The Fingernail Pinch Test. When the heart stops, the arter-
ial-venous pressure which forces blood through the capillaries
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returns more slowly. In 2 person with noimal circulstion, a fingernail
that is pinched turrs to = lignter color quickly as blood is squeezed
from the tissue directly undcrneath, snd the normal color returns
quickly when the pressure is released. In g case of cardiac arrest,
color under a pinched fingewnail returns noticesbly more slowly than

in a person with normal circulation,

(smzllest blond vessels) drops, and blood squeczed out of tissues
i

20,2 Circumstance 8. The Uonor, according to the reports of bystanders or
pitysician, has been clinically dead for well over ten minutes, snd chances
for successful resuscitation are extvemely remote. The Society Representa-
tive feels inclined to accept this evaluation (otherwise he would be follow-
ing Circumstance A), but he intends to confirm clinical death by his own
examination. ke wili, at mest, aFOHd several minutes in this. If any sipns
of 1ife are evident, he will begin resuscitation immediately. The Society
Representative flTsh performs the examination described previously under
Clrcumstance A. He then proceeds as incicated below.

20.2.1 A mivrer (preferably cooled with faucet water and then dried)
may be placed beside the Donor's mouth. If any breathing function
exists, water vapor will condense cn the mirror.

£0.2.2 A shellow dish of water may be placed on the Donor's chest,
fny bodily moverents cr sporadic hﬂartbuﬂ will be evidenced by
rovements cn the surface of the watar (rippling).

20.2.3 Censideration must he piven to any circumstances which would
increase the probahility of survival after extended periods of clinieal
ceath, Since thesc circumscances zre not "sipns'' chserved in the Donor,
tiey are discussed elsewnere (21.3).

— S

1. In addition to the discussions in section 20.0 concerning signs of clinical
death, the introductory parapraphs ¢f "Heart-lung Resuscitatien', by A.5.
Gordon, M.D., describte the integrated cxamination for clinical death and the
initiation of resuscitoiion., "Heart-Lung Pesuscitation' is an attachment to
this manuasl, snd is locatod in section 25.0., .

2, "What Do 'Fixed, Dilated Pupils’ sean?", by G. G. Gauger, letter to the
Journal of the American Mediczl Asscciation, vel, 284, p, 1105, 1971,
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ZE 0 THE DECISION
® NOT TO ATTEMPT RESUSCITATION

21,1 The Basic Issue. If the Donor is clinically dead (20.0) and has been
in that condition under normal circumstances for more than ten minutes, the
probability of successful resuscitation is extraordinarily slim, In this
event, the Society Representative may decide not to attempt resuscitation
and may decide to proceesd with alternative actions (22.0).

In reaching this decision, the Society Representative must be certain that
the condition of death is truly irreversibhle. He must understand that he
must be prepared to defend the correctness of his decision and accept
responsibility for the consequences of his actions. The Society Represent-
ative must take into account unusual circumstances (21.3) which may greatiy
extend the ten minute criterion, and any other factors (such as bystanders'
probal:le ignorance of what constitutes clinical death) that may be
applicable.

21.1.1 The Ten Minute Criterion. Figure 21-1 shows the curve from

an American National Red Cross brochure titled "Artificial Respiration'.
As one can see, chances for recovery by means of current medical prac-
tice becomes very slight at eight minutes and vanishingly small at ten,
Ann Cutler's bookl cites slightly less optimistic figures, indicating

100% —r -
W s \\ 75% !
Figure 21-1
Chance for e
Recovery oy —
0% =1
0 2 4 fa § 10 Time in minutes after

Cessation of Breathing
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(1) Obtain “Advanced” Red Cross First Add qualifications (27.0)

(2) Study section 25.0 and its cited reforences. Formalize this
stucy by meintemance of a notebook with dated, signed, and
witnessed entries.

{3) Consider =211 legal hazards (23.0) and possible 1nterpretat;uns
of the cireumstances (30.0).

21,3 Uhusual Circumstances. Clinical death for periods exceeding ten min-
utes does not necessarily mean that resuscitation is hopeless. In certain
circumstances, total srrest of circulation for far more than ten minutes
will nof result in permeznent damags., In other circumstances, the impercept-
ible continuance of circulation and other physiological functions may sus-
tain cellular metabolism to 2 partisl extent, so that successful rosusci-
tation is possible long after superficial sipns of vital functions have
vanished, Thess cases, while rare, occur too frequently to he ignored.

The below treatment of unusual circumstances is not comprehensive, and iz
te be regaraed only as an initial outline, Subsequent revisions of this
section will be more detailed.

21.3.1 Acute Lrug Intoxication. In cases of acute drug intoxication
certain signs of life may be absent. In particul#r, a silent electro-
encephalogreph may be observed. Since such patients frequently recov-
er with little or no evidence of neurclogical damage, extended attempts
at resuscitation ere warrented, if reguired.

21.3.2 Hypothermia. 1In hypothermia, as in acute drug intoxification,
a silent clectroencephalcegraph may be observed, and this dees not
necessarily sienify "brain death". Controversy exists as to the best
approzch to be followsd in withdrawing patients from hypothermiad,

21.3.3 DUrowning. Victims of drowning are often resuscitatable after
greater pericds than persons passing into = state of clinical death
from other causes. Fartially, this may be dun to the hypothermic
effects of contact with cold water. Also, if the drowning takes
place in water of significant depth, the residual gas in the lungs
has higher partial pressures of oxygen than would be the case in
asphyxiation at normal atmospheric pressures.
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ALTERNATIVE ACTIONS

igi jg% . @i]% IN THE EVENT OF A DECISIONR

NOT. TO ATTEMPT RESUSCITATION

In the event a Donor is in 2 state of clinical death where successful resuscita-
tion appears hopeless, the Society Representative meoy decide not to attempt
resuscitation. This decision is discussed in 21.0, and legal dangers are warn-
ed of in section 23.0., The alternative to resuscitation is as follows:

Immediate external cooling (346.0) should be initiated. The Donor's head,

in particular, should be cooled as guickly as possible. No time should be lost
in bringing the Donmor (while being ccooled) to proper medical authoritics for
ertification of death. The menner in which this is done may be crucially
impertant (30.0).

There is little else that can be said as to "alternative actions' at this time,
The Scciety Representative may ncver encounter these circumstances, but he
should be ready for them, In almost every case, hopcfully, the Society Repre-
sentative may decide to initiate resuscitation immediately. In those rare
cases where this acticn is not appropriate, the alternative action musi be
immediate external covling, Fazilure to undertake one of these two courses of
action would be inconsistent with the objective of sustaining maximum potential
viability in the Doner, snd this objective must not be compromised. Either
resuscitation or immedizte external cooling must be undertaken if the Donor is
clinically dead. Thers is no acceptable third alternative.

L=
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The Society Representative faces legal problems regardless of his choice of
actions, Laws vary from state to state, Although the Society Representative

will not always meet adverse circumstances, a knowledge of possible problems is
adviseable.

If the Society Representative is called to the scene and finds the "Tonor'" is in
fact not a donor at all, leaving the scenc without taking action could lead to

a suit for failure to render assistance. The probability is that the suit would
fail, but a good deal of time might be expended in court proceedings.

if the Society Representative decides the Donor's case is hopeless and initiates
external cooling, he could conceivably be tried for charges as serious as man-
slaughter. If the Society Representative successfully revives the Donor, but
there is some residual injury or damage, he might be sued for these damages. 1If
the Society Representative's resuscitation of the Donor is totally success{ul
but involves neasures traditionzlly used only by licemsed physicians, he mizht
be indicted for practicing medicinc without a license.

23.1 Verifying the Conor's Identify. Upon first notification that a Donor
is in danger, and later upon arriving at the scene, the Society Representa-
tive should verify the identity of the Donor., The bonor's "Uniform Donor
Card" should show an anztomical gift to the Society Representative's own
society, or to 2 society with which reciprocal arrangements exist (8.3).
The Fociety Representative may possess up-dated lists identifying all
lonors, so that unwarranted alerts are avolded and the legal dangers of
rescuing a non-deonor are not incurred. Some societies may provide for
Donors signing releases, releasing authorized Society Representatives from
liability in connection with attempts to save their lives through resusci-
tation or other measures (8.1.3).

22.2 The Decision Mot To¢ Attempt Resuscitation. If the Donor is alive, mo
resuscitation is called for. If the Donor is clinically dead for less than
ten minutes, resuscitation is initiated as a matter of course. 1f the
Donor has been clinically dead longdr than ten minutes, 2 decision is
required (21.0),
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At the time of this writing (Jan 1972) it is unlikely that there would be
suits or criminal charges filed simply as a result of "failure to Tesusci-
tate', if therc were pood reason to believe the Donor had been clinically
dead longer than ten minutes. (In future years, should the induction of
SGH become widespread practice, a Society Representative might be sued for
"unwarranted resuscitation" where such would be held to be of greater dam-
age to the Donor than immediate external cooling. This situation does not
presently exist.) On the other hand, if a Society Representative decides
'"not to resuscitete', it will be incumbent on him to immediately pursue an
alternative course of action (22.0). It is this comsequence of 'not resus-
citating" that holds the greatest legal dangers at this time,

23.3 The Uecision to Take Alternative Actions. If the Socicty Representa-
tive decides 'not to resuscitate" and follows "alternative actions' involv-
ing immediate external ceooling of the Donor, he may be subject to both civil
and criminal action. There are no safepuards apainst these consequences |
known to the authors of this manual, but a review of possible circumstances
and the courses of action that might be appropriate is provided in section
30.0. :
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Lii o RESUSCITATION

Resuscitation is the artificial restoration of breathing and circulatory (heart)
functions when these are absent, The necessary effects can be produced entirely
without equipment for shert peried: of time (25.0). More cffective resuscita-
tion cen be carried out, and sustained for extended periods of time, if special
equipment is available (26.0). Resuscitation administered by a lay person is
enly one aspect of first aid (27.0) and may be useless if other vital aspects of
first aid are ignored. For example, serious loss of blood should be halted
before resuscitation is started. Resuscitation is useless if the Donor is mean-
while permitted to bleed to dezth.

Assuming that the Donor is in a state of asphyxiation or has been clinically
dead for a short period, resuscitation must be initiated at once (25.0) aided
by special equipment if available (26.0). Once resuscitation is bepun, it
should be tenaciously continued until either the Donor's normal physiclogical
functions are restored or until it is proper that cardiopulmonary assist be
discontinued at the proper stage of S5H inductien (35.0).
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jEE E§§ o E:E; RESUSCITATICGH MEASURES

Proficiency in resuscitation cannot be simply grasped from brief instructions in
this manual., The reader can learn the basic aspects of mouth-to-mouth resusci-
tation at 2 practical level in a first aid course (27.0). Lepending on local
policies of erganizations such as the American Heart Association, training in
cardiopulmenary resuscitation may be obtained, Other sources of knowledge are
availahle, such as programmed learning courses from the Medical Supply Company
{sec Appendix A).

A pamphlet titled '"Heart-lung Resuscitation' is attached. A careful study of
this will provide an intreductory understanding of the mechanical actions
required in manual cardiopulmonary resuscitation, An excellent beck by Ann
Cutlerl is available which dramatically presents the importance of resuscitation,
its history, current methods, and the enormous improvements that are needed in
emergency medical services,

Other publications on resuscitation?,3,4,5 ype available. The reader will find
that in addition to these, the medical literature is filled with applicable
information, only a few of which are cited here6,7,8,9,10,

It is possible that resuscitation will become 2 medical specialty in the not too
distant future, There is so much to be Lnown that this would certainly ke
appropriate. Even more to the peint, since resuscitative measures must be ap-
plied without pause for consideration and svudy, the individual responsible must
be ready at any monent. One of Ann Cutler's! examples is so significant that a
short excerpt is provided:

"Dr. Smith gave the case history of an eighteen-year-old foothall player
who died while having a broken nose set by two general practicicners.

The doctor. used tetracycline-soaked wedges in the smashed bony ledges
within the ncie to provide local anesthesia, There was nothing ceompli-
cated abouc tiie Lreak and since the boy was a husky specimen whose health
had always been excellent, there seemed little reason for apprehension.

"But the anesthetic was so rapidly zbsorbed that it produced vascular
coliapse that quickly progressed to cardiac arrest., The football player
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who had come in with a Lroken nose was clinically dead., Neither of
th¢ Iﬂj icians rncw how to use modern methods of resuscitetion to

estore brezthin; In desperation they called the fire depqr;n;nt.
“v* ey *HP time hHe firemen arrived the ooy was beyond recall,

.H.

e camnot know toc much abocut resuscitation. The medical profession has many
TOEIdWS being vigorously pursued te prevent recurrence of such instances as

e foothall player death cited above, but no one 'knows it all" and each should
garn 25 much as possible.

s Ty

It is strongly reccmmended that the reader study thoroughly the information pro-
vided in and cited by this section. A detailed notebook formalizing this study
with dated, signed, and witnessed entries might be valuzble in the cvcnt that
circumstances occur where resuscitation is not appropriate (21.0). It is recom-
mended that courses available through the American National Red Cross and the
local chapters of the American hHeart Association be taken if these arve available.

Cne last recommendation: Read "Four Minutes te Life" by Ann Cutler. The last
chapter, 17 pages in length, is perticulariy interesting., Its title is "Cryenics--
The Ultimate in Resuscitation'.
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Primarily, resuscitation cguipment serves to restore Tespiration and circulation
by mechanical means., beart-lung resuscitators function to assist both respira-
tion and circulation, while more simple apparatus is available which is limited
to restoration of respiraticon. Devices which kcep the 2ir nassages te the lungs
open are &iso available. Training manikins are avzilabile for resuscitation
demplnistratien snd practice.

26,1 Heart-Lunug Pesuscitaturs., Heart-lung resusecitators (HLR) or cardio-
puimonary resuscitators, as they are sometimes called, zre the mcst elabor-
ate and costly of mechanical 2ids to resuscitation. These devices previde
for both artificial respiration and sxternal cardiac compressicn (23.0) in

2 highly controlled and synchronized way, Two widely used units (see

below) each weizh about 25 peounds (without oxygen bottles) and cost approxi-
mately $1300,00, foth are fully powered by compressed oxvgen, which drives
the cardiac compression piston end also repectitively fills thes patient's
lanpgs. Users may write to the manufacturers of this equipment (26.1.2) to
obtain detailed illustrated brochurcs providing specifications, descrip-
tions of how the equipment is used, and operating instructiens. COCne type
of HLR is illustrated in figure 256-1,

compressor

Figure 26-1
Portable HLR
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26,1,1 The Heed for HLR's. The cormbined use of mouth-te-mouth
resuscitation and extornal cardiac compressicn (25.0) makes it
possible for trained rescuers to restore cardiopulmonary functions
immediately in the clinically dead patient. The impertance of bs-
ginning resuscitaticn st cnce makes the manual techniguas parti-
cularly valuable.

In most ceses, however, the final outcome will not be detszmined Jox
some time. Hormal cardize funciion is frequently not restarsd by
resuscitation alcnz, and up to several hours of resuscitstion may ba
required before definitive therapy inciuding electrical defibrilla-
tion and the administraticn of appropriate drugs can produce the
desired effects. During this time, porsons using manual resuscita-
tion technigues will become exhausted. The manval methods, net
optimum ta begin with, will hecom» even more imperfect as fatigue
sets in. The effectivencss of resuscitation will be reduced, and
along with it the chances of an ultimstely successful recovery.

Mechanical aids to resuscitation, in cases where prolonped resuscita-
tion is required, can make the difference between life and death.

26.1.2 Available Caquirment. The Brumswick Manufacturing Co., Inc.,
makes the Model HLR 50/90 Heart-Lung Resuscitator, distributed by
Travencl Laboratorics, Inc, Michigan Instruments, Inc., menufacturcs
and distributes the Model 1003 {MIICPR) Cardiopulmonary Resuscitator.
The addresses of distributors are provided in Appendix A.

2.2 Oxycen Respirators. COxygen respirators, fumctionally, fulfill the
peneral! requirements of that pertion of the heart-lung resuscitator which
provides artificial respiration. When using an oxypen respirater, external
cardiac compression (wher required) nust be performed manually (25.0).

Some oxXygen respirators ars highly automatic, while others require the con-
tinucus attention and control of a human operator. A broad selection of
this type apparatus is Jdistributed by the Kelco Supply Company (see
Appendix A),

26,3 Airwavs. Airways are devices that may be fitted inte the throat of
persons needineg artificial respiration, which provide an open path inte the
lungs, The "Brook' airway, shown in Figure 26-2 is a scphisticated device
of this category with one way valves for blowing zir into the patient's
lungs, separate exhaust path, etc., HMost airways are deeply inserted into
the throat. They are not easy to insert, and can cause damage to the
patient if inserticn is not correctly performed.
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Fipure 26-2: Brock Airway

260.4 Resuscitation Manikins. Devices are available which replicate the
vpper chest and head of a human being, and may be used for practice of
manual resuscitztion oy the demonstration and testing of resuscitation
cquipment, Some of these devices have such features as artificial hearts

to be compressed in the practice of externmal cardiac compressicn, inflatable
lungs, points at which a pulse may be felt, etc. Several models of such
equipment are available through the Kelco Supply Company (see Appendix A).
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A Donor who has been successfully resuscitated must be placed under the care of
a physician as quickly as possible. The same applies to the Donor who is crit-
ically ill but still alive. In the event that delays occur in cbtaining pro-
fessional medical assistance, the best lay level care possible must be given.
This constitutes "“first aid".

Throughout this manual will be found recommendations that each reader obtain
“Advanced' level first a2id training from the American National Red Cross or
other organizations offering first aid courses. It is also recommended that
some Society Pepresentative in each area continue in ithis training until an
"Instructor’ level of qualification is cbtained. So qualified, he can then
proceed to teach important life-saving principles to the others in a formal
context,

Une book is recommended in connection with first aid. It is writtem for situa-
tions where medical a2id is remote, and the treatment is very comprehensive when
compared with other lay-level texts on emergency medical care. The book is
'"Medicine fer Mountaincering', edited by James A Wilkerson, M.D, It is carried
by meny sporting goods stores stocking mountaincering supplies as well as all
book stores.

Although this sectivn Is in the operational section of the instruction manual,

noe treatment of the actual subject matter is given. A comprchensive treatment

would he impossible in the available space, and a simplified treatment might be
more dangercus than helpful., Every user of this manual should know first aid,

and should acquire this knowledge in advance of emergencies through participa-

tion in approrriate training programs.
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MEDICAL TESTS;

é :
;;% ;%E% o éi]% DONOR ALIVE OR

BEING RESUSCITATED

Assuming that a doctor is with the Denor, the dector should be asked to summarize
the Donor's conditiom, Then the doctor should be asked "if the Donor dies, is
yvour knowlecdpe of the case sufficiently complete so that no autopsy will be re-
quired to determine the cause of death?" If the doctor's knowledge is not suf-
ficient to eliminate a possible autepsy, every effort should be made to persuade
the doctor to conduct any additional examinations or tests that he needs while
the patient is alive or while attempts at resuscitation continue.

Once it is clearly established that the danger of autopsy does not exist, the
question of additional tests to further define the Donor's condition for record
purposes should be rzised. Perhaps the Denor has been under cbservation in a
hoszpital for weeks, and extensive data may be available, in which case further
tests would be totally unnecessary. It is also possible that the Doner has been
brought te an emergency room with an "apparent heart attack", and nothing what-
ever of his condition is medically documented. In this event, any appropriate
tests would appear to be well justified.

Some physicians may guestion the need for additional testing in the case of a
Donor whose case seems hopeless. They are used to the practice of routine
autopsy for obtaining complete information, and circumstances where additional
information is desired without autopsy may seem contradictory to them. The
Society Representative must explain the reasons for avoiding autopsy (17.3),
and point out that the Society receiving the anatomical gift needs complete
records of the Donor's condition for its future research.

The Scciety Representative should rccord the names of all physicians attending
the Denor. Later, these doctors can be interviewed for supplementary informa-
tion. The Society Representative should record a description of any tests or

examinations performed, and determine where the applicable medical records are
filed, so that copies of these records can later be requested from the proper

office.
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jga S;}? %{:E ADMINISTRATION OF HEPARIN
&

Heparin is a pharmaceutical preparation which can prevent the coagulation of
blood constituents, but it cannot break up clots which have already formed.

To be effective, heparin must be distributed throughout the circulatory system,
so that introduction of heparin after circulation has stopped will do little.

Heparin should be introduced into the circulatory system while the Donor 1is
alive or being resuscitated. If this procedure proves impossible, heparin
should not be admindstened until Phase 1 penfusdon (60.0) L8 iniidiated.

Heparin should NOT be administfered by fay persons. A decton's judgement 48
essential Lo this Lreatment.

29.1 Contraindications. If there is a reasonable chance the Donor will
recover, and the use of heparin might be detrimental to his chances, it
should nof be adrinistered, and no insistance as to its adm1n1strat1nn
would be appropriate, If, for example, the Donor has been in a bad auto-
mobile aceident, the injection of heparin would greatly aggravate any
internal bleeding that exists and might cause the Donor to die very
quickly.

29.2 Doses. If there are no contraindications, heparin should be admin-
istered according to the below chart. If the Donor is being resuscitated
or dying quickly, an initial dose of double the hourly level may be
appropriate. If the Donor's condition is stable, although critical, the
hourly amounts shown should be adequate.

Donor Initial Injection Hourly Injections
Body Weight International Units International Units
(1b.)} (I.U0.] [.1.U.)
|
| 50 500 250 |
100 1000 500 i
150 1500 750 i

i 200 2000 1000

250 2500 1250
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;i%; é{:E‘a éi]? SPEECTIAL CERCUNSTANLECE

The special circumstance is one whero the Society Representative finds the Donor
in a state of clinical death frem which he cannot be recalled with technigues of
resuscitation available to' the Society Representative. Externzl cooling needs
to be initiated immediately, but circumstances prehibit the pronouncement of
death for an extended and indeterminate period (this situation could possibly
occur if the Donor resides in a remecte area far from modieal assistance). In
such a2 situation the Society Representative may decide to proceed in the best
interests of the Donor despite possible legal repercussions.

It is assumed that the Society Fepresentative has decided not to attempt resus-
citation (21.0). He has proceded with alternative actions (22.8) which are
filled with legal risks (23.0). The Society Representative has begun external
cooling, and now must select an appropriate course of continued action. This may
Lbe most difficult. The best clioices of action will be governed by the specific
circumstances, and no fixed guidelines can be given. The following is 2
ddscussdon only of this issue. The rcader must judge for himsclf if all, or any,
of the Follnwlng are valid or useful,

36.1 The "Remote Possibility of Survival" Premise. The Donor has been
clinically dead for scme time, under circumstances which to the Seociety
Representative indicate that the possibility of recovery through Resusci-
tation is nil, The Society Representative, however, unless he is a
physician, cannot make a final determination; he cannot "pronounce’ legzl
death. Since the Scciety Representative has induced a state of hypotharmia
by direct means (external cooling), he has established conditions more fav-
orable for the Donor's recovery than kad he taken no action at all, In
principle, it is possible that some factor unknown to the Society Represent-
ative exists which would still predispese a physician to attempt saving the
Donor's life,

In consideration of this, a logical course of action would be to transport
the Donor te the largest, most competently staffed hospital in the arca.
There, the Society Fepresentative can roview all pertinent facts with the
resident physicians, If any chance of recovery sxists, they will be able
to make the best possible attempt to withdraw the Donor from his hypotherm-
ic state and effect 2 successful resuscitation.
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On the "Remote Pessibility of Survival" premise, then, the Society Repre-
sentative should call an arbulsznce (16.0) oxr provide other transportation
for ths Donor ¢2 the appropriate hespital.

Once committed to this ccurse of action, the Society Representative sheuld
steadfastly hold to the premise that a final answer can only be reached Ly
physicians skilled in the 1se of hypothermia and resuscitaticn, under oper-
ating room conditions, 7

an Society Representative should persuade anyone
he encounters, including pelice, Health Department officials, ete., that
the only valid destinztion for the Donor is 2 hospital. He should insiszt
that any interference with this or with the process of external cocling
compromises what little chance there is that the Donor might be saved.

30.2 The "Lall the Police” Choice. In some inztances the Nonor's condi-
tion of death may bo S5 ciear cut and well witnessed that no basis for the
"Pemote Pocsibility of Survival'' premise exists, In this event, after pro-
coeding with zlternative actions (22.0) the Socicty Representative should
inform the Police. He should simultanecusly inform svery other Society
Roepresentative he can reach that grave danger exists; the Donor may be sum-
marily autopsied and legal entanplements may forestall proper induction of
S8H for extended poriods of time.

The first Society Representative’s actions, in instituting external cooling
mty be represonted in 2 manner consistent with the interests of the law.
External cooling is accompanied by measurenent of body cors temperature
(46.0), and the initial messurements will furnish polics precise information
from which the time cf death may be estimuted (which informaticn, of course,
will alsc be of preat valus to the Society Representative.) Also, by
reducing the rete of biclogical deterioration and chemical processes within
the tody, the hest interests of later laboratory svaluation are served
(traces of poisons, drugs, etc. may bz more casily detected if chemical re-
actions are halted carly).

bl
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}%ﬁ @ LEGAL DEATH
<
@kﬁ AND IMMEDIATE COMSEQUENCES

When a Donor is "pronounced" dead by an authorizad individual (32.0), this
signifies a turning point in the course ¢f events, Occasionally (17.4.1, 32.1)
there will be cxceptions, but in most cases, the Society Representative is
committed to carry out the inductiocn of SSH in the most effective way possible.
Usually, foilowing the pronocuncement of death, the physician or a coroner's rop-
resentative will executs a death certificate (33.0). Sometimes an autopsy
(34.0) is called for as z means of determining the cause of death, The dead
person may, or may not, be placed in 2 ccoled container during this pericd. In
many circumstaices, embalming is carricd out as a matter of course.

Obviously, the usuzl course of events is totally antithetical to the objective
of sustaining viability in a SSH Donor. A totally different procedure is
called for, and the Society Representttive must preveil over tradition, custom-
ary procedures, anc 2ll cther chstacles,

31.1 Maintainino Cardiopulwmonary Functions. If cardiopulmonary resuscita-
tion is in progress, and restoration of normal physiclogical functions is
deemed impossible by the physieian in charge, he may be dispesed tc pro-
nounce death, but he may be very reluctant to do so unless the resuscitation
cquipment is turned off znd all vital sipns are permitted to slowly ebd
away. This would De disastrous, and must be provented, Sec section 35.0
for further informztion on this subject,

31.2 Mvoidance of Autopsy. Once death is pronounced, certificaticn of
death (33.C}) x2v be effected roadily, if the cause of death is well under-
stood. If it ic not, there will be some chance of an autopsy, which must
be prevenied {34.0}. If cardiopulmonary functions are heing maintained
after legal ceath (35.0), it may be possible to persuade the physicians to
substitute an exemination for an autopsy. Perhaps an exploratory operation
is required, but this weuld be far preferablie to an autopsy. Surgical pre-
cedures weuld be employed, blood volume being maintained by fluid therapy,
etre.

31-1
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‘:%; igi é{:@ PROHOUNCEMENT OF DEATH
]

The proncuncement of death is a legal act by a properly authorized individual,
indicating in effect that no further efforts for the purpose of restoring normazl
physiological processss are warranted, irn conscoucnce of the case being hopeless.,
Licensed physicians and other individuals (in some cases, policemen and firemen,
acting as deputy coroners) may 'proncunce” death.

This act signifies a termination of these individuals' attempt to save life,
which otherwise they weould be bound to pursue. Most well trained individuals
authorized to pronounce death will pursue a course of attemptinz resuscitation
if any chance at all exists of savine 1ifs, If a Dounor is pronouncoed dead by
on¢ of these individuals, the chance of recovery is probgbly nil.

In certain circumstances, the Society Ropreosentative may find that death hes
been pronounced by a properly autherized individual whose understanding of the
signs of clinical death or the techninues of resuscitation is faulty. UWhile
these cases may be rare, they are still pessible, The Society Representative
may find that the conditions indicate pood chances for a successful resucita-
tion, but the official involved, (physician, policeman, ete,} finds the situa-
tion instead to be a threat te his poasition gnd reputation, It is possible
the official may put iLis reputation and pesition ahead of the Donor's welfare,
and the Society Representative may have to use all his ingenuity to assure
that resuscitation is promptly initiated,

Further discussion related to this subject, with references, is provided in
Section 35.0.

32-1




MANRISE SSH INSTRUCTTORS JAN 1672

1:]; :}; . {:E S ERT D ELEGATIEN OB BEATH

Certification of death follows pronoupncement of death (32.0) and represents
legally sanctioned findings concemning the cause of death, The Donor's personal
physician may certify the cause of death if he has examined the Donor within

some period of time preceding death (10 days, in Los Angeles County, California),
and has findings that are relevant to the cause of death, Otherwise, cause cf
death is determined by a public official (usually the coroner). Depending on
the circumstances, the Coroner may determine that an autopsy is necessary (34.0).

33.1 Blank Death Certificate. The availability of blank death certifi-
cates may help cxpedite certification of death. The Society Representa-
tive should have a supply of these. They can be obtained from most morti-
cians and from the County Health Department or Corcner's Office.

33.2 Pre-filled In Death Certificate. If death is anticipated, such as in
the case of a Donor with a terminal illness, it is adviseable to have a
death certificate partially filled in, seo that the physician need only add
such information as the place, date, time, and cause of death. If the
physician (or other official) must acquire the death certificate himself,
an extended delay with serious compromise of the Donmor's potential viabil-
ity might result.
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;i%;.fzk é:]; AVOIDANCE OF AUTCPSY
&

The information in this section needs to be specific, so as to be most useable,
At the same time, laws regarding autopsy vary from state to state and even from
locality to locality. The principal part of the information that follows will
be applicable in most places within the United States, but users of the manual
should verify this, becoming intimately familiar with local and state regula-
tions, practices, and procedures. General information on autopsy is provided
first (34.1), followed by specific recommendations as to its avoidance, and as
to measures which can be attempted in the event avoidance is not possible,

34.1 Autopsy; General Information. Autopsy is an external and internal
(surgical) examination performed to establish the cause of death., In 2
"complete" autopsy, ''the internal contents of the thorax (chest), abdomen,
pelvis and head are examined, usually in that order'.1 The examination is
catastrophic to the integrity of the body. Orpans are 'romoved" for exam-
inetion, The brain is taken from the cranium and "sectioned', After
autopsy, organs ave returned to their original locations in plastic bags.
A "partial" autopsy is restricted to specific locations, in search of
specific information.

34.1.1 Basis for Autopsy. Autopsies are either "medico-legal' or
"pathological'. A mecico-legal autopsy is solely for determining
whether death resulted from (1) suicide, (Z) homocide, or (3) natural
causes. In the pathological autopsy, a more detaliled determination of
the exact and specific cause of death is sought.

34.1.2 Authorization for Autopsy. Medico-legal autopsies are perform-
ed in the event that doubt exists as to whether death was from suicide,
homocide, or natural causes, as authorized by the Coroner or Medical
Examiner of the City or County in which death occurred. Some times,
this power of authorization includes the Attorney General, Justices of
the Peace, Judges, and Public Health Officials. Odhen Zhan for medico-
Legal purposes [WHEM NO TOCTOR WILL SIGN A TEATH CERTIFICATE] aufopsdled
cannot be performed without consent, wsually £fn wnitten foam, of the
next of hin on othen person enciiled unden Law £o possess the bedy fon
burial on other purposes. In the case of an anatomical donmor, then,

-1
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permission (for oth¢r than a medice-legal autopsy) would have to be
pbtained from thc society receiving the anatomical gift. Naturally,
such permission would be refused.

34.1.3 Double Indemnity Insurance. Some insurance provides that an
increased payment will be made if death is "aceidental, and reserves
the right of autopsy to the insurance company, as proof of accidental
death, if such payment is to be made. In the event that a donor dies
end has a double indemmity policy, and an insurance company requests
an autopsy, permission could be refuscd, and the company then would
be initially oblipated to pay only the face value of the policy. If
the request for autopsy was not warranted (Donor dicd on an operating
table from massive injurivs sustained in an automohile accident), the
matter could perhaps later boc taken to court and the additional amount
recoverad.

34.2 Avoidance of Autopsy.

34.2.1 Delay. The first step in aveiding an autopsy is to delay it.
The Society Representative should use any valid pretext to delay an
autopsy, and at the samec time secure permission to begin external
cooling (36.0).

24.2,2 Obtain Injunctions. A court can issue injunctions rostraining
the actions of officials in the administrative branch of the govern-
ment. This includes the coroner or otlier individual who may be in-
sisting on an autopsy. I{ a medico-legal autopsy is noi warranted,
the case should be taken to a court with the authority to suspend or
eliminate the requirement for autopsy. The court could also be asked
to restrain governmental officials from interference with external
cocling and Phase I/Phase II perfusion, It should be clear to the
reader that such measurce as these will most likely be effective if
advanced preperations have been made. The judge contacted should have
been bricfcd concerning 55H well in advance of emergencies in which
his judgement is sought.

34.3 If Autopsy Cannot Be Avoided. In some cases autopsy will be unavoid-
able, The Socicty Representative should then attempt to do the following:

34.3.1 Protect and Cool the Head. The Donor's brain is the seat of
his intellect and personality. The Society Representative should
exercise every effort to (1) exclude the head from autopsy and (2)
obtain permission to externally cool the head during autopsy. The
measures prescribed for external cooling of whole persons (36.0) may

TE DUOpLoR U ohis ene.
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34.3.2  Further Restrict the Extent and Duration of Autopsy to the

Greatest Degree Possible. The Society Representative should attempt
in every way to lirmit the duration and conseguences of autopsy. He
should arguc against "removal' of organs or severing of major vesscls
and nerves, He should endeavor to prevent the heart, lungs, or other
major organs from being dissected. It should be evident that each
individual cass will be different. The deprees of pressure the
Society Represcntative can bring to bear will very with the circum-
stances. e must do whatever is pessible within the law and/or with-
in the limitations of what is possible in the grcatest long term
interest of preserving potential viability in the Donor's person.

Reference

1. "Mortuary Science”, by Frederick C. Gale, published by Charles C. Thomas,
Springfield, Illinois, 1261.
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P, MAINTAINTHG
35 @ CAEDIOCPULMONARY FUNCTIONS
9 AFTER LEGAL DEATH

During resuscitation or in the course of long term cardiepulmonary assistance,
the physician may decide that normal physiological functions cannot be restored
by the means available. He may he ready to "give up'. His inclination may be
to turn off all mechanical resuscitation aids, wait until no signs of life exist,
and then pronounce death.

This would be an unfortunate course of events. Assuming that the Donor's brain
cells have remain oxygenated, the best chance of avoiding the currently irre-
versible damages of prolonged ischemia would require that the Donor be extern-
ally ccoled as resuscitation was continued. Ideally, the physician in charge
can be persuaded to pronounce death and certify it without cessation of cardio-
pulmonary assistance.

35.1 Proof of "Brain Death". A physician requested to pronounce death
without turning off resuscitation equipment might argue that this is only
permissible if brain death is proven by a prolonged silent EEG (1-7). This
alternative weould be as unfortunate or worse than cessation of cardiopul-
monary assistance for pronouncement of death. A simple EEG has been re-
stored in a cat's brain after one hour of ischemia ([B); by crude parallel,
the prolenged wait (perhaps several hours) for "brain death' would be more
damaging than the 10-20 minutes of ischemia that perhaps could be involved
with the more ususl approach to pronouncement of death.

35.2 Options. The physician must, of course, have some evidence that nor-
mal physiological functions have really ceased before he pronounces dezth.
Two options are described which may provide this basis for pronouncement of
death with minimal detriment to the objectives of inducing 55H.

35.2.1 Temporary Cessation of Resuscitation. During the process of
resuscitation itself, cardiopulmonary assistance may be periodically
stopped for periods of five seconds (9) so that the Donor's spontanecus
functions and physiclogical state may be assessed. A brief pause of
cardiopulmonary assistance such as this may be all that the physician
requires for pronouncement of death.
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2,

35.2.2_Induction of Hypothermia. Monkeys which are cooled to body
temperatures of 21°C experience ventricular fibrillation and subsequent
(below 20°C) cardiac arrest (10). If a pause of more than five seconds
is required by the physician to pronocunce death, he may be PﬂIEUnd”d

To pEImll the Donor's body core temperature to he lowered to approxi-
mately 25°C by external cooling (36.0) before cardlnpulmﬂnarv assist-
ance 1is discontinued (11). After this, as external cooling is centinued
for a period of 10 to 15 minutes, normal physiolopical responscs would
be demonstrated by ventricular fibrillatiom.

If these arc not evidenced, then presumsably death will be pronounced

by the physician, By initiating external cooling and reducing body

core temperature by 10° to 15°C before terminating carciopulmonary
assistance, the potential damage due to ischemia is greatly reduced.
After 10 to 15 minutes (assuming that death has becn proouncsd) cardio-
pulmenary assistance can be recontinued.

35.3 _After Prenouncement of Death. After proncuncement of death, assuming
that external cooling and carﬂlﬂpulmnnary assistance are continued (and
that there is no requirement for autopsy) body core temperatures ars per-
mitted to fall until a critical value is reached (36.3), at which time
cardiopulmonary assistance is discontinued, External cooling is maintained
until standard procedures for the induction of SSH are initiated.

35.4 Procedures for Haintenance of Cardiopulmonary Assistance. Onece
resuscitation (25.0) is begun, using mechanical aids (26.0), procedures do
not change except as nccessary to provide for external cooling. This
change is covered under the part of section 37.0 (External Cooling Proced-
ures) which deals with the case of "Donor Legally Dead; Cardiopulmonary
Assist Sustained" ([37.1).

References

"Legal and Medical Death -- Kansas Takes the First Step”, by W. J. Curran,
The New England Journzl of Medicine, 284: 260, 4 February, 1971.

‘Criteria of Brain Death; Selection of Donors for Transplantatiom', by

dr. Palle Juul-Jenson, Munksgaard (Copenhagen), 1970 (Reviewed in the

New England Journal of Medicine, 284:163, 21 January 1971).

"EEG Prediction of Outcomc After Resuscitation from Cardiac or Respiratory
Arrest", by C. D. Binnie, Electroencephalography and Clinical Neurophysicl-
ogy, 231105, 1870.

"Electroencephalographic Prediction of Fatal Anoxic Brain Damage After
Resuscitation from Cardiac Arrest’, by C. D. Binnie, British Medical Journal,
4:2¢5, 1970.
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Next to sustained cardiopulmonary assist (35.0), external cooling is the mast
fundamental principle employed to sustain viability in the Lonor at a cellular
level.

JAN 1972

In all circumstances where restoration of the Donor's normal physiological

processes is infeasible, external cooling is applied as scon as and as effectively

25 uossible.

36,1
cooling (36.3), and these must be taken into consideration.
body core temperatures is important (4£.0).
in external cooling (38.9).

36,2
cooling.
(37.1) requires different steps tham the use of external cooling with no
cardiopulmonary asssist under conditions where no ice is available (37.5).
chart, below (Figurs 36-1), indicates a number of possible circumstances.

Varying circumstances dictate different actions in regard to external
The simultaneous use of cardiopulmonary assist and external coecling

There are possibilities of injury to the Donor associated with external
Monitoring of
Specific equipment may be useful

Pﬁ
It

all except the 'no ice available' case, it is assumed that ice 1s cbtainable.
The user should choose circumstances from the chart which fit the particular
situation he faces, and then refer to the cited parapgraph in section 37.0 for

further information.

Figure 36-1

Circumstances E Reference
Donor Cardiopulmonary Assist Sustained i 37.1
Legally No Cardiopulmonary Assist; Ho Autopsy: 5742
Dead No Cardicpulmonary Assist; Autopsy 37.3
Deneor Hot Legally Dead; Continues From Section 22 37.4 |
what To Do If No Ice Availacle 37.5 |

36-1
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Assist. Tissuc damage ! and fat necrosis” have been reported in comnmection
with the direct application of ice in the induction of hypothermia. Risk

of such damape may be slight when compared with the risks of metlicds which
protect outer tissuc layers, but greatly slow the roduction of body cors
temperatures. A rmore serious danger is that tissues of tiwe thorax {chieszt)
will become less flexible as the body cools, and that external cardiac con-
pression could cause damage which would not occur at normal body toipsratures.

Frequency of cardizc compressicn might be reduced, aleng with strcke length,
as body core temperatures recach lower levels, but nothing is known about the
degree of danger, or the efficacy of preventing damage by these measures.
Until further information is available, it is rzcocmmended that cardiopulmon-
ary assistance be discontinued when body corc temperature kas fallen to 10°C.

36.4 Physical Build vs. Cooling Rates. Fellowing complete cessation of
active surface cooling, the body core tempcorature will continue to drift
downward-, This after-drop can be related to physical build, as shown in
Fipure 36-2,

r o e : R,
Patient fooling Rate After-drop
Ubese Patient Slowly Considerabie
B ki oA i S : = e
r Thin Fatient Cuickly Little E
Rl oo Il P S : i
Infant hapidly | Censiderabile 1_

Figure 36-2

Eeferences

1. *Technigues for Inducing Evpotiermia®, by G, B. Spurr, Vel. I, Part 3,
pp. 495-510 of "Temperature; Its lvasurement and Contrel in Science and
Industry', leinheld, 1263,

2. "The Occurrence of Subcutaneous Fat Necrosis in an Infant Following an
Adjuvant in Cardiac Surgery', Ly H. A, Cpllins, et al, Amn. Surg. 13%:820,
1953,

L |
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é} EXTERNAL COOLIHG PROCEDURES

This section covers those explicit procedures which apply to specific circuzm-

stances,

Section 36.0 15 a more general treatment of external cooling whisl rz-

fers readers to the below subparagraphs by means of a chart (Figure 36-1}. A
description of equipment for use in external cooling is provided in 38.0, surple-
menting the procedures described below,

37.1 Donor Legally Jead; Cardiopulmonary Assist Sustained.

37.1.1 Preparatory Steps. As cardiopulronary assist continues, romove
the clothing, insert a remote thermomcter probe, deseribed in 50.¢
(rectal only, since artificial respiration prevents insertien oi an
oral probe). Cover an external cooling stretcher (38.1) with an & ft.

x 10 ft, plastic sheet (38.2).

37.1.2 Transfer of Donor to the External Cooling Stretcher. It is
assumed that a Michigan Instruments Heart-Lunp Resuscitator (Figure
26-1) or similar equipment is in use as some models would not permit
the following to be carried out.

The heart-lung resuscitator (HLR) is turned off and removed from the
Donor, and the HLR base plate is slid undeaneath the plastic sheet on
the external cooling stretcher. The Donor is transferred to the extern-
al cooling stretcher, and positioned (on Lop of the plastic sheet)
appropriately with respect to the HLR., Thz total period without cardio-
pulmonary assist should not exceed three minutes, Manual resuscitation
techniques (25.0) should be used if this time limit is exceeded. Use
of the HLR is resumed at the earliest possible moment.

37.1.3 Application of Crushed Ice. With cardiopulmonary assist con-
tinuing, apply crushed ice directly to the Donor. The ice and the

water it produces in melting are contained by the plastic sheet, so that
the HLR base plate and all its associated apparatus remains dry. In-
sert ice beneath the Donor, to a thickness of several inches. o nol
permit dice fp come befween the Tonon's back and the area of contacit with

Zhe HLR base plate,
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Surround the Donor with crushed ice, mainfaining a clear area around
the points of conicct of the HIR': pisfon pad with the Tonor's sternum
and the HLE resnirator mosk with the Donor's {ace. Critical points of
ice application arc the armpits, the groin, and the left side of the
chest (tissues of these areas are in intimate contact with large blood
vessels). The edges of a plastic sheet may be laced together across

the top of the Donor so that ice can be held in contact with the Donor's
upper body surfaces.

37.1.4 Continuation of External Coocling with Cardiopulmonary Assist,
Body core temperatures will drop quickly and should be recorded no

less frequently than every five minutes (46.0). Periodically, the
thickness of ice beneath the Donor is checked and more ice is inserted
as needed to maintain a layer several inches thick. Ice in contact with
the Donor's side and upper body surfaces is supplemented as it melts.
Particular attention must be given to the adequacy of ice in the Donor's
armpits, groin, and on the left side of the chest since this melts most
quickly.

Ice should Lo agitated freguently (HLR action may be sufficient] so as
to promote the closest contact with the crushed ice and the greatest
degree of heat transfer. Water accumulating in the plastic sheet should
be drained as its depth increases, so tiuet the depth remains less than
six, but more than three, inches, A stretcher drain may be used for
this (38.3).

Cardiopulmonary assist should be discontinued at lower body core temp-
eratures (36.3)., Vhen cardicpulmonary assist is discontinued, the HLR
should be removed. An oral probe for the remote thermometer should
then be inscrted, and the Nonor's eyes, nose and mouth should then be
covered with a small plastic sheet, and ice added as necessary to cover
the Donor's face and chest surfaces., Particular care should be taken
to assure thorough cooling of the head and neck,

37.2 Donor Legally Dead; No Autopsy. Remove the clothing, and insert re-
mete thermometer probes (59,0). Cover an external cooling stretcher (33.1)
with an 8 ft. x 10 ft. plastic sheet (38.2). GSpread a layer of crushed ice
several inches thick over the plastic sheet on the bottom of the external
cpoling stretchar and place the Donor on top of this. Cover Donor's eyes,
nose and mouth with o swall plastic sheet. Surround the Donor with crushed
ice and draw the larger plastic sheet across the tcp of the Doner, covering
nim with crushed ice.

Frequently, agitate the Conor so as to promote the closest contact with the
crushed ice. Periocdically check to see that the thickness of the crushed
ice hed bencath the Donor is maintained. Drain the water from within the

7.9
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plastic shect, using a "stretcher drain® (38.3) whenever it becomes approx-
imately & inches deep. Leave a depth of approximately 3 inches, since this
promotes a greater cooling effect beneath the Donor.

37,3 Donor Legally Dead; Autopsy. During autopsy, hopefully, external
cooling of at least tiie Loner's head will have been permitted (34.2.1)

More favorably, whole body cooling will have been permitted and the autopsy
abbreviated (and expedited) to the maximum degree, Remote thermometer probes
may have already been inserted. Aside from the fact that external cooling
may already have boen started, the desired procedure is as described in 37.2.

37.4 Donor Hot Leqally Dead; But Clinically Dead Longer Than Ten Minutes.

The basic procedure described in 37.2 is most faveorable, but circumstances
of the kind examined in section 30.0 may call for certain changes. Esopho~-
geal insertion of 2 remote thermometer probe may not be wise. Removal of
clothing may not be appropriate. In some cases, cooling of the Donor's
head onfy may be judged to be the only measure that can be exercised, The
Society Representative must weigh all facts and decide how far toward full
implementation of 37.2 it is possible to go.

37.5 What To Do If No Ice Is Available. The recommendations given below
are speculative in that they are not the product of comparative studies or
other formal investigation. The reader may have other, perhaps superior,
ideas,

37.5.1 Use of a Refrigerator or Freezer. External cooling by cold-air
contact is very slow, particularly when there is little or no circula-
tion of the air., "Warm pockets" form around the body unless the air

is circulated. If ice is available within an hours drive, other solu-
tions {discussed below} are probably more effective,

If no alternative is available, place Uonor in refriperator or freezer,
and hang numercus wet cloths in the free mir space left. Periodically
open the door and wrap these around the Donor's head. Make sure these
rags are water saturated, and include ice cubes in the wrapping if any
are available. Place a small electric fan in the refrigerator or freezer
to circulate air. Remember that the motor will create heat, so do not
run the fan continucusly, Plug in the fan for ten seconds, unplug it
for thirty seconds, etc.

Opening the door more frequently than once every 10-15 minutes is not
advantageous. The doer should be opened for the briefest periods pos-
sible. Tape a plastic or even a fabric sheet scross the opening to the
freezer or refrigerator and slit it so that hands may be inserted to
change the possition of the cloths, etc, This will help minimize mix-
ing of warm air outside with cold air inside, Trim away excess fabric
and close deoor over top of this except when opening it for access is
NeCessary.
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37.5.2 Use of Direct Evaporation. Cloths may be loosely wrapped in a
thin layer around the Donor's head and bedy, and then saturated with
water. A forced draft of air will produce an evaporative effect, cool-
ing the Donor, Water should be added, very slowly but almost continu-
ously, so that cloths remain saturated with water. The forced draft
may be produced by use of fans or by transporting the Donor at highway
speeds in a motor vehicle with all the windows open. In the later case,
the vehicle should be driven to the nearest source of ice.

37.5.3 Other Possibilities. In winter time, driving at highway speeds
with all windows open may be far more effective than exposure to the
inside of a freezer. At lower air temperatures, direct exposure of the
Donor's bedy surface to the forced draft may be more effective as a
cooling method than the use of water-saturated cloths, Immersion in a
running stream of water would be an ideal way of external cooling if
the stream temperature were close to the freezing point of water,
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38 @ EXTERMNAL COOLING EGQUIPMENT
® AHND APPARATUS FOR PHASE I

This section describes equipment which for the most part has not been thoroughly
tested or evaluated in other ways.

38,1 External Cooling Stretcher. The external cooling stretcher is a
plywood platforn seven feet long by thirty inches wide, with & rim one foot
high and handles extending six inches at each end.

38.2 Plastic Sheet. The plastic sheet is a waterproof (impermeable) rec-
tangle of material that can be used to prevent contact between crushed ice
and other objects. The best material is polyethylene, since it is more
chemically resistant and less subject to cracking at low temperatures than
any other readily available material. Grommets should be spaced along the
edge of the sheet, so that it may be laced into any desired position.

38,3 Stretcher Drain. The stretcher drain is a four to six foot length

of surgical tubing with a clamp, used to drain water from within the exter-
nal cooling stretcher when the continued melting of ice makes this necessary.
All but one end of the tube is submerged in the liquid. The clamp is
attached to the end left above the surface. Beginning with this end, the
tube is then pulled out of the water, leaving the far end submerged, and it
is led over the rim of the stretcher and down below stretcher level, He-
lease of the clamp while the tube is in this position permits siphon action
to drain the stretcher of excess water.

38.4 Ice. Crushed ice is prefereble to cubed or block ice -- chips must
be loose and easily arranged. Automatic vending machines usually have a
better quality of crushed ice {less compacted) than grocery stores. Alter-
nate sources of crushed ice are motels and truck stops. Yellow pages of
telephone directories usually list sources of "ice".
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39 @ TRANSPORTATION OF
o THE LEGALLY DEAD DOROR

Following pronouncement and certification of death, it will usually bz necessary
to transport the Donor to a society cperated facility for Fhase I procedures
(51.0). External cooling (36.0) and sustained cardiopulmonary assistance (35.0),
as appropriate, will be continued during movement of the Donor. The point of
departure will usually be a hospital, although some instances will occur in which
death is pronounced and certified elsewhere,

39,1 Continued Assistance by the Hospital. It would be fortunate if hospi-
tal assistance were available for all procedures involved in the induction
of 88H. Clearly, the participation of physicians and the use of medical
facilities would represent a preferred set of circumstances. As matters
currently stand, this cooperation will seldom be extended. Assistance with
the temporary maintenance of cardicpulmonary functions and the initiation

of external cooling is the most that can be expected. The hospital should
be persuaded to assist in this until transportation for the Donor can be
arranged. The Society Representative must then provide for those continued
actions that are appropriate.

39.2 Legal Aspects of Transportation. All 50 states have health department
regulations regarding the manner in which legally dead persons are to be
transported, Society Representatives should familiarize themselves with all
applicahle state and local repgulations. In gencral, the following restric-
tions will exist:

39,2.1 Removal Permits. In order that the Department of Vital Statis-
tics can know at all times the location of all deceased persons, a
"removal permit' is required for transportation from one district to
another. For example, an initial removal permit might be required to
transport a Domor from a hospital to an SSH perfusion facility, and a
second permit might be required for subsequent movement to a storage
facility. It is possible that verbal permission could first be obtained
(so that delays are avoided) and that a formal permit could be executed
later. In some states regulations pertaining to anatomical donors are
different from regulations pertaining to other deceased persons.
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39.2.2 Types of Vehicles that Hay Be Employed.

39.2.2.1 Common Carriers. Common carriers are public transporta-
tion vehicles such as taxis, busses, trains, and airplanes. They
are almest always limited to transporting those legally dead bodies
which have been embalmed by a licensed embalmer, For mevement cf a
Lenor from the point of death to an SSH induction facility, then,
common carriers are effectively excluded,

39.2,2.2 Arbulances. Most states have laws which state or imply
that 'convoyances used for transporting unembalmed bodies should be
kept solely for that use''l, Laws may vary from state to state,
however, and may not be stringently enforced. Under circumstances
where a Donor is being transvorted from a hospital to an S5H induc-
tion facility in a large metropolitan area, little difficulty in
securing arbulance scrvice should be experienced,.

39.2.2.3 Private Vehicles. In connection with the laws cited in
scction 39.2.2.2, it may be contrary to law to transport an "uncnm-
balmed" body in 2 private vehicle, If the society provided for =
special purpose vehicle no legal problems would be expected to exlst.

38.3 CObtaining the Cooperation of an Ambulance Service. It is thought ther
ambulance service companies will hest respend to requests for transportation
if the Donor's status as an anstomical gift is stressed. The destination
need enly be identified as the "rusearch facility of a non-profit organiza-
tion', If the Doror is receiving sustained cardiopulmonary assistance, the
arbulance company should be informed of this., If an extended trip of several
hours is required, the ambulance company should be requested to provide addi-
tional eoxygen as ncoded., IF the society has its own heart-lung resuscitator
(HLR) equipment, supplementary oxygen will probably be all that is required.
If the society does not own an MLR, then an ambulance company having such
equipment should be sought and asked to provide it during the period of
transportation.

Reference

1. "Mortuary Science', by Frederick (. Gale, published by Charles C, Thomas,
Springfield, Illinois, 1361.
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b MEDICAL TESTS AND PROCEDURES

{P £
a B L g
:%..@E-&..f" FOLLOMING LEGAL DEATH

The rcsearch objectives of SSH societies are oriented towards lmprovements of
knowledge concerning the preservation of cellular viability in human beings by
SSH. This implies that data and samples will be taken during the induction of
SSH which will be of significance in the solution of general preblems in the de-
velopment of efficacicus, proven methods. It follows alse that this research can
be most effective if it is coordinated in an efficient way.

40.1 Types of Data and Samples to be dcquired, The table of contents of
the initial iesuc of this instruction manual shows secticns following 40.0
which deal with (41.0) Fluid Gamples, (42,0) Tissue Samples, (43.0) Radio-
graphic Tests, and (44.0) Mechanical Tests, It is not c¢lear that these
categories are inclusive of all testing that may be desireable, so they rep-
resent only a starting point on which to build.

40.2 Detailed Uevelopment of Sections 41.0 through 44.0. Recommendations
arc desired, as to those standardized types of tests which will contribute
in every instance to the store of knowledge which must be develeped in sup-
port of research objectives. These can be included within the referenced
secticns =o that data of primary importance can be acquired in all instances
whore 55H induction occurs. Advice from many sources will be sought in this
area, so that the test procedures reccmrended will be:

40,2.1 Of fundamental Importance.

40.2.2 Of a %ind which will not delay or impede the effective
induction of SSH.

i0.2.3 0Ff g kind which will not detract from the long term potential
viability of the Donor. In particular, biopsy and fluid sampling tests
will be carefully reviewed to assure that damage te important organs

is avoided. Radiographic and mechanical tests will strictly be
limited to those which do not have structural or cellular consequences
of a serious kind.
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‘EE% ?hﬁ MAINBTAINING PROPER RECOREDS

The careful docwmentation of all significant events and procedures followed in
the induction of S8H is of great importance, CQuantitative data is essential, and
the use of charts facilitate its being recorded. C(heck lists ere helpful in as-
suring that essential steps are not overlooked.

In aubsequent revisions, this mgnual will provide the user with a couplete set

of forms, charts, and check lists to guide proper record keeping practices,
Individual sections (46.0 through 48.0, see Takle of Contents for titles) have
been allocated for this purpose. For the present, a brief discussion will be pro-
vided, stressing the irportance of certain kinds of information and the need for
recording it.

45,1 Monitoring Body Temperatures. Bedy core temperature is a parameter of
critical importance, and should be measured frequently. The time of clini-
cal death should be determined as accurately as possible, and the times of
all temperature measurements recorded so that tenperature vs. time after
death is accurately known. Ordinary oral or rectal thermometers are
ineffectual, as they only measure temperatures close to normal body tcmpera-
tures. Wiide range thermometers (59.0) can be purchased frem laboratory
surply houses such as Cole Parmer (see Appendix A) for this purpese,

45.2 Log Keeping Procedures. At the moment a Socicty Representative learns
something is wrong, he should start making records, indicating the time of
each event. If forms are not available, anything that can be obtained
should be used as writing materials. This can later be transformed into a
smooth time-log of events. If these notes are not made ad the evenis occoun,
they will not exist. Approximation of times later will be a futile exercise
by comparisen.

Particularly important times are these that rcorrelate with the cccurence of
clinical death, thc beginning of resuscitation, the initiation of external
cooling, etc. Log keeping should continue until ail time corrclated events
are being recorded on standard forms and tho standzard procedures for the
inducticn of 58H are well underway.
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45,3 Perfusion Records. In perfusion, recerds of all quantitatively Inown
paramcters should be made. A chart illustrating some of the types of deta
which are important is shown in Figure 48-1. Note that every measureqsnt
is asspciated with a specific time. Without time correlation, quantitotive
data of the kind indicated is nearly useless.

45.4 Overall Donor S55H Induction History. This record, comniled alter SCE
induction is cormpleted, includes 211 the records described zbove end many
others. #A11 relevant documentaition including medical records from nospitals,
statements o physicians, etc., would be ingluded,
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E’@@ STANDARD PROCEDURES FOR
S AW THE INDUCTION OF SSH

The remainder of these instructions arc devoted to the standard procedures in-
volved in and with the induction of solid state hypothermiz inm humans. Froo this
point on three assumptions are made.

First it is assumed that either resuscitation attempts failed to restore thc
Donor's normal physiclogical functions, or reosuscitation was considercd inapprop-
riate under the circumstances and wae not attempted in the first place,

The second assumption is that the death certificate has been executed, autcpsy
has been avoided or completed, and all legal ohstacles have been dealt witn,

The third assumption is that cxternal cooling has been initiated and tho induc-
tien of solid state hypothermia is the objective of all remaining proceduras,

The induction of SSH may be divided into three phases. Phase I includes all
proccdures above 0°C, Fhase II includes all steps helow 0°C in a liquid state,
and Phase IIlincludes the transition from liquid to solid states plus any subse-
quent lowering of temperature that is effeocted.

Fhase I, in its broadest interpretation, includes cverything preceding this sec-
tion as well as many sections that follow. The administration of heparin (28.9)
and external cooling [36.0) are fundamental to Phase I protocol. In 2 more re-
stricted sense, Phase I procedurss include cannulation, Phase I periusion, and
certain concurrent procedures relating to purging of the digestive and excretory
tracts. A more detailed description of Phase I is provided in its intreductery
section (51.0).

Phasc II includes those liquid state operations which are carried out below 0°C.
The primary cbjective of Phase II is toc maintain a3 liquid cellular state as
temperature is lowered until this is no longer pussible. Among the measures
employed are the introduction of substances into the Donor's body which prevent
crystallization of water. The introductory secticn of Phase II (65.0) describes
the currently recommended procedures in more detail.

Phase III includes the lowering of temperature wherein liquid components of the
body cells solidify, in crystailine or vitreous form, Sections concerning Phase
IIT and other phases which follow it zre in the process of being formulated. A
brief overview of this activity is presented in scction 72.0.
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f:; E} {:B STANDARD PROCEDURES: PHASE I
B @

As noted in section 50,0, Phase I in its broadest sense covers all activities
preceding Phase II. Emergency rescuc procedures, ineluding resuscitation, and
such activities as avoidance of autopsy fall within the scope of Phase I, Steps
such a5 administration of heparin and external cooling are more directly related
to the induction of SSH, and so they seem more properly a part of Phase I, but
there are circumstances where heparin is not administered and many variations in
external cooling measures are possible or appropriate,

With this section, a point is reached after which procedures are 'standard", The
same actions are basically applicable to all circumstances. Tt is assumed that
no further efforts at immediate resuscitation have any chance of success, Legal
death of the Donor is a fact, and autopsy procedures have either been aveided or
have been completed. The Donor has been transported to a facility where the in-
duction of SSH may be carried out at least through the completion of Phase I.
External cooling is in progress, and cardiopulmonary assistance may or may not be
continuing at this point. In any case, the remaining standard procedures for
Fhase I may be undertaken.

The primary cbjectives of the standard procedures for Phase I are (1) to cool
the Donor rapidly, lowering the body core temperature from ambient to 0°C,

(2) to remove blood constituents from the vascular aystem, replacing these and
intercellular body fluids with an intracellular solution. The secticns covering
Phase I standard procedures are charted below (Figure 51-1).

In all parts of these procedures, teamwork is necessary. Only under the most
difficult circumstances would a single individual be expected to carry out all
the required activities. A distribution of team activities should be preplanned
and followed. Section 52.0 provides further information.

Cannulation is the first step towards Phase I perfusion (53.0). Sterile techni-
ques are adviseable in preparation for cannulation (54.0), after which cannula-

tion is carried out through specific procedures (55.0). Specialized instruments
are employed (56.0).

During cannulation, the perfusate and perfusion equipment should be made ready
for use (57.0). Perfusate is brought to a liquid, chilled state (58.0) and per-
fusion equipment (59.0) is assembled and checked out as necessary.
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|
Sections Covering Phase I Procedures Section Number i
1
Division of Activities within Phase 1 Team 52.0 _._j
Cannulation 53.0 E
Preparation for Cannulation E 54.0
Cannulation Techniques and Procedures i 55.0
Cannulation Instruments 56.0 i
Preparatory Steps Prior to Phase I Perfusion 57.0 !
Preparation of Perfusate for Phase I _hSB.D _i
Equipment for FPhase I Perfusion | 58.0 E
Procedures for Phase I Perfusion ; 60.10 i
Concurrent Phase I Procedures g q&iﬂ i
Post Phase 1 Procedures E 62.0 !

|
!

Figure 51-1

With the Donor cannulated and the perfusion equipment fully ready, the equipment
is connected to the cannulas and perfusion is begun (60.0). As perfusion is uver-
formed, other procedures should be effected, in which the digestive and excietive
systems are purged (61.0)

As already noted, certain transition activities are required prior to the heginn-
ing of Phase II (62.0). Circumstances may frequently make it more advantageous

to carry out Phase I perfusion at scme location near the scene, rather than o*

the main facility where Phase II measures must ultimately be executed. Once “hase
I procedures have been completed, a delay in starting Phase II perfusion (up to,
but not exceeding 24 hours) can be tolerated without jeopardizing the condition
of the Donor as long as external cooling is maintained, During this peried, the
Donor may be transported to an appropriate facility for Phase II perfusion. Sec-
tions 63.0 and 64.0 are concerned with this trans-phase Donor movement,

Information on the standard procedures for Phase IT begins with section 65.0.

51-2




MANRISE SSH INSTRUCTIONS JAN 1572

Sections Covering Phase I Procedures Section Number %
1
Division of Activities within Phase 1 Team 52.0 ,._j
Cannulation 53.0 E
e
Preparation for Cannulation E 54.0 -—l
Cannulation Techniques and Procedures i 55.0
Cannulation Instruments 56.0 i
Preparatory Steps Prior to Phase I Perfusion 57.0 !
Preparation of Perfusate for Phase I _hSH.D _j
Equipment for Phase I Perfusien ; 55.0 E
Procedures for Phase I Perfusion ; 60.0 i
Concurrent Phase I Procedures ; EEJG E
Post Phase I Procedures i 62.0 _J

Figure 51-1

With the Donor cannulated and the perfusion equipment fully ready, the equipment
is connected to the cannulas and perfusion is begun (60.0). As perfusion is uver-
formed, other procedures should be effected, in which the digestive and excietive
systems are purged (61.0)

As already noted, certain transition activities are required prior to the hegimn-
ing of Phase II (62.0). Circumstances may frequently make it more advantageous

to carry out Phase I perfusion at scme location near the scene, rather than o*

the main facility where Phase II measures must ultimately be executed. Once Fhase
I procedures have been completed, a delay in starting Phase II perfusicn (up to,
but not exceeding 24 hours) can be tolerated without jeopardizing the condition
of the Donor as long as external cooling is maintained, During this peried, the
Donor may be transported to an appropriate facility for Phase 1I perfusion. 3Sec-
tions 63.0 and 64.0 are concerned with this trans-phase Donor movement,

Information on the standard procedures for Phase IT begins with section 65.0.

51-2




MANRISE SSH INSTRUCTICNS JAN 1972

ﬁ'_’vz @ DIVISION OF ACTIVITIES
L; g WITHIN THE PHASE I TEAM

Phase I operations might possibily be carried out in their entirety by a single
well equipped Seciety Representative. It is congsidered that this approach
would result in many undesireable delays, incenveniences, and short-cuts,

however. A minimum two man team is advised (a third team member would undoubt-
edly be valuable).

While team members will assist each other throughout the entire procedure, indi-
vidual areas of responsibility should be predefined, and team members should
attempt to develop the most complete levels of competence with regard to their
individual areas of responsibility.

Future revisicons of this section will contain a recommended team organizatien
and division of responsibilities, including those areas of skill in which
individuals should concentrate their attention.

o2-1
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Cannulation is the opening of veins and artevies in the Donor's circulatory sys-
tem and the insertion of tubes (cannulas) prior to (and for use in) perfusion
procedures.

Preparation for cannulation (54.0)}involves the use of sterile procedures and the -
appropriate preparation of the incision site, GSpecific procedures are approp-
riate for cannulation, with important differences based on the chosen cannulation
site (55.0). GSpecialized equipment is reguired for cannulation, and must be
acquired and preparced for use before needs for it arise (56.0).

53.1 Ideal Circumstances. Under ideal circumstonces, it would be desire-
able to arrange for cannulation to be performed by a surgeon under operating
room cenditions. FParticularly in the case where cardiopulmonary assist con-
tinues during cannulation (55.1), the werkinp conditions approximate

surgery on a pstient vith normal pnysielogical functions. EBElood vessels
must be clamped, spenpges and/or an aspirdtor may be necessary to clear the
incisien of fluids, ete. Vhile the desirechility of physician participation
is elear, such participation will Ffrequently be unobtainable. Alternate
approaches will be nacessary.

53.2 Arrangements with Morticians. Next to the physician-surgecn, morti-
tians are most proficient in the cannulation of human beings, They, more
than anyone laching equivalent training, are capsble of performing a cannu-
lation effectively and with minimum damage to the tissue a2nd nerves
surrounding tihe vessels to be cannulated. Morticians should be sought who
¢an understand the goals of SSH obijcctively and who will assist with cannu-
Iation should the inductiom of S85H be necessary,

53.3 The Third Alternative. If neither the services of a physician nor
those of a mortician can be obtained, and these circumstances sooner or
later will arise, the Socicty Representative must perform the cannulation
procedures himself, It is assumed that the Society Representative will

have at least witnessed one or more cannulaticns, since to atfempt a
cannulation without such prior exposure would be extracrdinarily difficult.
Notwithstanding this, details concerning cannulation procedures arc included
in section 55.0, both as a guide to learning and for purposes of aiding
recollection

53-1
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When possible, sterile or semi-sterile technigues should be emploved in cannula-
tion. If time and circumstances force a choice between rapid cooling and the
sterility of techniques, it should be remembered that infections are not as ser

ious as the damage resulting from delays in cooling. The following procedures
should be followed whenever possikle.

54.1 PRoom Preparation. The room to be used shculd be scrubbed from ceiling
to floor immediately before perfusion is bepun. Use of an antibacterial
agent (such as Lyscl) is recommended. If scrubbing of the room is impract.-

cal, a spray disinfectant (such as Lysol spray) should be used on all ex-
posed surfaces.

54.2 Freparation of the SSH Team Members. The hands of all members of the
team are subject to vigoreus cleansing. Particular care should be directs
toward the crevices under the nails and cuticles.

i |

54.2.1 Scrubbinpg should include the entire arm to the elbow. Warn
water should be used as it promotes sweating., Sweating brings empodled
bacteria to the surface. Scrubbing with warm water and an antibgoler-
ial scap containing hexachloraphine (e.g, phischex) for ten minutss
with a stiff brush affords pgreater sterilization than the use of
antiseptics,

54.2,2 Rinsing should be done without contact except that of watsr
over cleansed arca, allowing water to drain off the elbows. o0 &7
touch the faucei ox fuwwn it off. This should be done by a person who
will not be involved in the cannulation. Dry hands and arms with a

sterile towel. Hands and arms should then be bathed in aleohol and
dried again.
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€« 84 6%" TECHNIQUES AND PROCEDURES

56.1 General Discussion. In the actual procedures of cannulation, a surface
ineision is made, and blumt instruments are used to open the tissue, exposing
the appropriate vessels (veins and arteries). All attached tissue is cleared
away, and the vessels are lifted so that they are fully exposed. Openings
are made in the vessels; tubes of the proper size (cannulas) are inserted

and tied (ligated) in place.

External cooling (36.0), already in progress, must be continued during can-
nulation to the greatest degree possible, f cardiopulmenary assist is in
progress (35.0), either (1} cannulation will be accompanied by the types of
surgical problems eéncountered when a living person is operated upon, or (2)
use of cardiopulmonary assist must be discontinued., Unless body core temper-
ature is below 10°F, it is recommended that cardiopulmenary assistance hod
be disconfinued during cannulatien.

In the detailed discussion which follows, proper medical terminology is used
for all anatomical perts. The reader is advised to familiarize himself with
this terminology by carefully noting the more common terms shown in paren-
thesis, and by reference to the figures provided,

Certain precautions are so fundamental to the procedures of cannulation that
they are given at this point. These instructions will allow the cannulation
to be more ¢asily accomplished and more efficient.

55.1.1 Use a sharp pair of scissors to open a vessel. Never use
a scalpel, Scissors make a cleaner cut through the three
layers of the arteriasl wall.

55.1.2 Never force a cannula into a vessel, When difficulty is
expericnced while attempting to insert a cannula, apply
petroleum jelly to the tip of the cannula before inserting
into vessel.

2ao=1
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55.1.%3 Be sure to use the correct size cannulaz for sny specific
application, When in doubt, always use a smaller size.

B5.1.4 Care should be exercised to see that nerves are not raised
with gr lipated (tied) to vessels,

Because relatively little ncrve and muscle damage is done while dissecting
for the femoral artery and vein, the ilio-femeral region (upper thigh) is
the preferred and recommended site of cannulation in the usual circumstance.
When dissecting for cannulation in either the carotid (neck] or axillary
(armpit) regions, more extensive damage 1s probable, Another advantage
to using the ilio-femoral region is the large sizc of the vessels in this
area, permitting a good perfusion flow rate.

Circumstances de not, however, always make it adviseable, or even possible,
to cannulete the femoral vessels, Somwe situations (severe cases, i.e.,
autopsy performed, advanced arteriosclerosis, major abdominal surgery having
been periormed, or severed body parts) mey even czll for perfusion to be
performed in all three areus simultaneously, For this reason, the anatomy
(hoth surface and gross) of each region, and corresponding camnmulation pro-
cedurcs for each arvea will be discussed.

The ilio-fenural region (the preferred and recommended site of cannulation)
is discussed in more detail than either the carotid or the axillary regions.
The discussion of these latter two has been shortened by eliminating redun-
dant details snly. If more information is desired while reading the later
sections, refer back to the description under the ilio-femoral region.

h5-2
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56.2 ILIC-FCMORAL RPPROACH

5.2.1 inatomy of the Ilio-femoral Hegion., FTigure 55-1 shows the
urface anatemy of the ilio-faioral region,  The recommended zite of
annulation is approximately I inches below the inguinal ligament, in
he fempral triangie. Txcept in obase *hﬂlklﬁUFlﬁ, the Fercrel
riangle, viiich conters between the sartorius and addvctor-leongus
uscies, can be felt with the fincers., The course of the femoral wveln
ud artery can te traced by an imaginary line pointing to ths kaee,
rawn midway between the anterior superiocr spine of the hip bone and
he swvmphysis nmubis, as shown,

superior

anterior ffimaginary line
spine

inguinal ligament

sympnisis
R ol
-\_"__ﬁ fmbr: -,

; g '{' e ]
5 '.}

i
¢ sariorius
; muscle

adductor-
Iongus
muscla

Figure 55-1: Surface Anatomy of the Ilio-femoral

£5-3
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i BN nerve
/ l femoral artery

femoral vein

{hguinal
ligament

adductor-longus
muscle

sartorius
miscle

Figure 35-2: Gress Anatomy of the Ilio-femeral

The femoaal cateny Lies on Lop of ihe femornl vedn (Figure 55-2). The
artery can be felt deep in the triangle. It will feel like a cord
about the size of a little finger. The artery passes vartically down-
wards from the middle of the bise of the femoral triangle to the point
vhere the adductor-Ilongus and o sartorius meet. At this point, the
femoral artery masses over the adductor-longus end under the sartorius,

o
- L
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95.2.2.3 Raising the Vessels, The
artery should be raised to the sur-
face of the skin incisicn by an
aneurism hook (Figure 55-%5) and
held in this position by rwming
the handle of the aneurism hook
mder the vesscl [Fisure 55-4).
Four pieces of 4-ply thread, ap-
proximately 8 in. long, zre then
drawn under the wvessels (Figurs
55=7). The thread is uvsed to 1i-
gate the vessel pround the cannules
fefter canniia fs ipsexrted). It ds
also helpful in guick relocation of
a vessel which has tecn "dropped'.

The same procedure should be follow-

ed with the vein, The structure of
the wall of the vein is nore deli-
cate than the artery wall,
reeson, more caution should be cx-
ercised while raising the vein.

Figure 55-6: [leolding Raised Vessels

For this

JA 1372

Figure 55-5! Raising Vessels

incision

Figure 55-7: Flacement of ligatures
{For greater simplicity and clarity,
the aneurism hooks are not shown).
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55.2.2 Cannuiaticn of the

07z

_Ilio-femoral Kegion

55.2.2,1 Initial Incision. Using
scalpel, make the skin incision
alenp the midwoy pwoint on the in-
guinal lipament, extending down-
ward for 3 inches, terminating at
the junction of the sartorius mus-
cle and the adductor-longus muscle
{Figure 55-3}, The incision should
be 1/4 in. to 3/8 in, deep in thin
subjects. CObesc subjects will rTe-
quire a deeper incisien. The
amount of fat on any particular
individual will determine the
depth of the arter

55.2.2.2 Location of Yessels.
After the skin incision has peen
made, the fascia (fibrous tissue)
snculd be carefully dissected
{spread) using ancurism hoouks to
gxpose the femcral sheath [Figure
55-4). 'The sheath contains the
femoral artery, vein and nerve.
opecial care should be taken to
clean the vessels of connective
tissue without damaging the norve
which is5 in such close proximity.
Blunt disscction (i.e., spreading
or separating the fibrous tissues
from around the vessels Ly means
of blunt instruments, usually
ancurism hooks, rtather than instru-
ments with Ulades or sharp, point-
ed surfaces] shonuld be used for
this part of the procedure. Care
should be cxercised to properly
seperate the femoral nerve from
the ajacent vessels,

Ilio-femoral Region

N

/ skin
/ incision

f ‘
I ill &
; \L%’ ;

Figure 55-3: The Initial Incision

aneurism
hooks

; }ahmmﬂkln

INCL5100

Firure 55-4: Locating the Vessels

555
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55.2.%7.4 Tncisions in Vesscls and

rns.,.._'_r"tj G."!*-:-;::L."“'..'.Q ['If_l__'_j::_tia-_dl "1—5.|?.F3d1 Cam_u:lla
Cannulas, If arterial pressure
exists (heart-lung rosuscitator ' .
still in use) apply hemestats to bj'ii
n,

teth sides of the vescel prior to S :
' . < 2 2 53 MKQ‘;\{" -
ingision, Make one horizuontal (par- T, ’

G R =
allel) incision in the top of the ?ﬁﬁn%
-\"'\ e

feroral artery with a pair of scis-
sors. (Vo T make an incdsdon dn Ny
Zhe vedn ot this point)., The inci- vessel incision

=1cn should te 10 loneer thon nec- i L

A % s _"_l'"'_'""--—-—__ e
Essary to insert the cemmula, An \ ;r»H--F“F:flih'ﬁ“Ei ¥

excessively long incision will nosx L_"“hm___,?wv;:*‘“;'"'
Fermit 2 pood 3eal t3 ba made hy

i
ligating the vessel to the cannula. ;”ijiégéhcmr : F
| TP |

Folding th

o e e -
nstat

ineision cpen with he-

mostats, inscrt “l-shaped" cannulsz tigure 55-8: Insexting 'T-Sleuwad
{Figure 55-8), The vesscl should Cantiulas
then be ligated securely around

the cannula, using the 4-ply threads
previously drawn under the vessels
(Figure 55<9%, Repeet this nro- e e R e
cedure with the vein, Hemove an- | "Toshared" cannul
eurism hooks after both vesscls have | i =
Been cannulated. l

Sex 55.2.2
tensive post
occurred, i

PR g =
; =

| ] I §

LSS ek o ; | R E -

il ___ﬂf'“h:..._..;ﬂ. e i e L
.‘h""-—-—:_..__. —""'.r-f“_____...r”"

| tigatures

i

f

i

Figure 55-%: Ligating "T-Chaped"
Cannulas
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55.2.2.5 Incisions in Vessels and

artery

Cannulas. 1f arterinl pressure ex-
15ts (heart-limg resuscitater still
in use) apply hemestats to both
sides of the vessel prier to inci-
sion. Using scissors, make two
transverse (crosswise) incisiens in
the femoral artery {Figure 55-10).
These incisiens should be approxi-
mately one inch apart. [Do wOT
male an dneisdfon Ln Zhe femorck
vedt at this podni), Using hemo-
stats to held the incision open, in-
seért one arterial connula in sach
ineision (Figure 55-11).

vessel
incisions

incision

am == i =

Securely ligate the vessel around

the cannula using the thread previ- Figure 55-10: TIneisions in Artery
cusly drawn under the vessels. The

recommended method for ligating round the cannula as shown. Follow
vessels is shown in Figure 55-12. the same procedures with the vein.
decause there is a distinct tendency Remove aneurism hiooks after both

for cannulas tc work free during vessels lave been cannulated.

perfusion, it is impertant to double

tie the cannula =nd the vessel, The See 55.2.2.¢ for cases in which post
ligatures sheuld be tied as tight mortem clotting hias ccourred.

as possible, usinpg two separate

sirings and lecoping one string a-

conventional
canpnula conventional
cannula 5 "?

lipatures

Firure 55-11: Imnserting Cannulas Fipure 55-12: Ligating Canmmulas
{Conventional Tvpe] {Conventional Typel




MANRISE 83! INSTRUCTIONS JAIl 1272

§5.2

55.2.2.6 Procedures for Yenous carnulation in Cases Wherc Extensive
Pos* ”thL n Clotting Hes Occurred. When circumstances result in

external « conling of 2 Donor without cardiopulmonary s@s5sist, particu-
larly where beperin Lins not been sdministercd, extensive coapulation
of blood constituents may occur before perfusion is besun. In these

cased, a "drainage tube' (Fipure D6-2) is inserted in the wveins,

in=-

stead of a "T-shaped" or aricvial cannulsn, After the initial periocd
of periusion is finished, Juring which ceagulated blood constituents

have becn romoved, "T-shaped' or arterial cannulas will rcpl iICE
drainege tubes by ins Lrt;oﬂ in the manner previously describec.

age tubes arc described in section 56.0, and their use is explai

conjunction with perfusicn operations (60.U).

THE CAROTID AFPROACH

Ty LI e Ll

= T R T .

56.3.1_Anatory of the Carotid Regicn.

Blhien the Donory ic

the
Drain-
incd in

placed in 2 supine S —
{¥ace up) position,

the =ternocleido-
mastoid muscle con be
scen ano folt running
upward froir the sterno-
clavicular joint and
terminating behind the
car lobe ot the mastoid
bema (Fipure 55-137,
The internzl jugular

//

% |

T

vein parallels the ~
siernoclieido-mastoid A
muscle the whols dige thyreid
tance. cartilage
sternnclavicuiﬂg;f
joint, .~

Figure 55-13: Surface Anatomy, Carotid Keg

iom

¥y

LA
]

0
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The right carotid artery | ‘ = h l l_
ir a branch of the innom- 14 /;’fg-F*ﬂﬁ“ ,

inate artery and beginsg {} 'P' \E\ : 2:?
at the sterne-clavicular 'fJ

joint., The carofid evt-
eny 4s below the funufan
ved and follows the

same route as the jupu- . -thyraid
lar vein., The vagus right cartilage
nerve parallels the internal )
carotid artery and is jugular 3 1 left
contained, with the vein veln lﬁtﬁrhﬂl
and the arterv, in the jugular
- yein

carotid sheath [Figurs
55-14) .

_innoninate
arte T'}‘

immominate vein

Figure 55-14: Gross Anatomy, Carotid Region

£

55.3.2 ' Cannulation of the Carotid Regicn., While cannulating into the
carotid reglﬂr porticular cars must be exercised to do as little demage es
possible to the dissected muscles and the vagus nerve.

Adequatea drazinage is not always pessible from the left side, Fer this
roason, whenever possible, cannulate the carotid re gion on the right sids.
The head should not be supported. Let the head rest directly on the table
with the face turned awoy #rgm the side to be cannulated.

- 1y _ i Carotid Region
8.3.2.0_Initial Incision. | SN

: } s o
Using a scolpel, make a skin i
incision, two and one half .
inches long, upwards from thoe / skin

!
clavicle along the enterior E incision

(forward) bLorder of the sterno- P '-%_ﬁj; !

cleido-mastoid nuscle (Figure Y N

55-15}. Beadily, this fj 1 = _
muscle wiil he seen beneath ey ,f/j/
b T

the incisicn. Use bBlunt -n- b —
= et ’.”_..--"-'

urism hooks to very care- SR
fully separate this muscle e e Tl
along a straight line. i_HF :?f —
— ___#’.’
L] = e
:5-11]':.5__-‘... -

Fiepprm EE_TEr To9+F1491 TrRei1e1on
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55.3.3.2 Location of Vezsels, The carotid sheath will be exposed as
the fascia, or fibrous tissuo, is separated ([Figure 55-4). 'The carotid
artery and jugular vein should be freed from the carotid sheath by
blunt dissection (rather than cuiting away the tissues). This proce-
dure affords pgreater protcgtion to the vessels,

§5.3.3.3 Raising the Vessels. Using ancurism hooks, raisec the commen
carotid artery and the internal jugular vein te the surface of the skin
incision (Figure 55-5). UHold the vessels at the surfacs by sliding
ancurism hooks under the vessels (Figure 55-6), while four picces of
4-ply thread, approximately 8 inches long, a2re drawn undetr each vessel
(Figure 55-7).

55.3,3.4 Incisions in Vessels and Insertion-Securing of Cannulas. If
arterial pressure exists [heart-lung resuscitator still in use) apply
hemostats to coth sides of vessels prior to making incisions. The
incisions made in the vesszls depend on the type of cannulas used.

If "T-shaped" cannulas arc used, make onec horizontal (parallel) incis-
ion in the top of the carotid artery with a2 pair of scissors and insert
the "T-shaped" cannula (Figure 55-8). Tho incision should be no longer
than necossary for insertion. The vessel should be securely ligated
arpund the cannula using the thread previously drawn under the vossels,
Refer to fipure 55-¢ for the recommended method of Iigation. Follow
the samg procodures with the jugular vein.

If conventional cannulas are used, the operaticn is slightly different
and more comulex. Using scissors, make two transverse (crosswise)
incisions in the top of the artery (Figure 55-10). These incisions
should be approximately one inch apart. (To 10T make an (rolsdion £n
ine Jugulan veih at this podint), Insert one arterial cannula in cach
incision (refer to Figure 53-11). The vessel should be securely ligated
toc and around the cannula, with threads previously drawn under the
vessel (refer to Figure 55-12). Fellow the same procedures with the
jugular vein.

See 55.2.2.6 for cases in which extensive post-mortem clotting has
occurred.
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55.4 THE AXILLARY APPROACH

85.4.1 Anatomy of the
Axillary Region. When

the Donor is lying in a
supine (face up) position,
the arw should bo extend-
ed to 2 45 degree angle,
The palm of the hand
should be supinated (turn-
ed upward). The course

of the axillary artery

and vein can be traced by
drawing an imaginary line
down the middle of the
inner arm from the clavi-
cle to the elbow (Fisure
EE-16). This linc will
run hetween the peint
where the teres major (the
major muscle rumning from
the upper back) and the
pectoralis major (the me-
jor muscle running from
the upper chest) muscles
terminate in the axillary
space. This muscular
anatomy can he easily seen
and felt with the fingers,
except in excoptionally
obese subjects.

Figure 55-16:

Surface Anatomy, Axillary

(&g |

oy
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. —— 4 =
The axillary vein begins i
opposite the lower border ] enadary f;”JH
of the top rib, at the top artary~ d31tnid
of the axillary space., The
axillary vein then passcs
down the arm along the out-
er wall. The axillary
arfeny Lies peneath the
axiflory vedn and follows
the same course. The
median nerve follows in
close proximity to the ax-
illary artery and vein and
is contained with the ves-
sels in the axillery
sheath (Figure 55-17).

pectoralis
major

55.4.2 Cannulation of the

Axillary Region. teres S

55.4.2.1 Incision. £

The arm is placed at
a 45 dercree anple with
the palm pointing up-

ward (the body is supine)}. The —

skin incision should he made with Axillary
a scalpel aleng the groove made % ﬁ—/ Region
by the pectoralis major muscle and —

the terres major muscle. The _h__“-lﬁhhh‘x

incision should bepin ot the ;
point where the coraco-brachialis o
muscle (the major muscle of the i pm——
upper arm on this side) termin- o o Ty
ates at the axillary region and T
should extend approximately two skin

inches toward the center of the incision
armpit (Figurc 55-1%). =

Figure 55-17: Cross Anatomy, Axillary Region

o

bh.4.2.2 LDCatTUn and Ralﬂ-ﬁ_}l /ﬂ‘"-" coracobrachialis
of Vessels. Blunt dissection muscle

with aneurism hocks will readily
uncover the axiliary sheath
(Figure 55-4). The axillary Fipure 55-18: Initial Incisicn
artery and vein arc then raised

te the surface (Figure 55-5) of

55=-13
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the skin incision and held at the surface by sliding the handle of
an aneurism hook under the vessel (Figure 55-6). Four pieces.of
4-ply thread, approximately & inches lonpg, are drawn under each
vessel (refer to Figure 55-7).

55.4.2.3. Incisions in Vessels and Insertion-Securing of Cannulas.
If arterial pressure exists (heart-lwig resuscitator still in use)
apply hemostats to both sides of vessels prior to inecision, The

incisions made in the vessels depend on the type of cannulas used.

If "T-shaped” cannulas are used, malke one horizontal (parallel)
incision in the top eof the axillary artery with a pair of scissors,
The incision should be no longer than necessary for insertion of
the ""T-shaped" cannula. Holding the incision open with a hemostat,
insert the "T-shzped'" cannula (Figure 55-2). The vessel shouild
then be sescurely ligated around the cannula using the thread pre-
viously drawn under the vessels., Refer to Figure 55-5 for the
recommended method of ligation.

If conventional cannula are used, the operation is slightly differ-
ent und more complex. Using scissors, make two transverse (cross-
wise) ineisicne in the top of the artery (refer to Figure 55-10).
These incisions should be approximately one inch apart. (00 NOT
make an Ancision dn the axdflany vein ot this pedint). Insert cne
arterial ecomnula in each incision (refer to Figure 55-11). The
vessel should then be securely ligated around the cannula using
threads proviously drawn under the vessel (refer to Figure 52-12).
Follew the same procedures with the axiliary vein.

See 55.2.2.6 for cases in which extensive post-uortem clotting has
occurred.

§5-14
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al LA
Q}- .m.A} CANNULATION INSTRUMERNTS

"l_._ !

Special instruments are required to carry out the recommended cannulation pro-
cedures as described in section 55.0). The instruments shown in Figures 56-1

and 56-2 are the minimum required for dissection and cannulation procedures.
Figure 56-3 shows the suggested minimum cuantity of each item which should be
kept on hand, Cannulas may not be removed after Phase II perfusion is completed.
They must be replaced as they are expended, The chart alse shows the approximate
unit price of each item as of December, 1971, A brief discussion of the use of
each of these instruments follows.

56.1 Hemostats. Hemostats resemble scissors, but do not have a cutting
edge. They are used for clamping and holding. The lock found beside the
finger grips allows the hemostats to be lccked closed without having to be
held. The hemostats are ysed in clamping blood vessels closed, and are
alse helpful in holding vessel incisions open while inserting cannulas, etc.

56.2 Scalpel. A scalpel is a knife used for making incisions in soft
tissue, Scalpels are also available with detachable, disposable and inter-
changeable blades. A scalpel is seldom used for more than the initial

skin incision unless available instruments are limited.

56.3 Aneurism Hook. The aneurism hook is one of the most useful of the
instruments shown., It is used for dissecting (spreading) fibrous tissues,
raising vessels, and holding vessels at the surface of the skin incision
(Figures 55-4, 55-5, and 55-6). The aneurism hook is also available (from
most suppliers) in a configuration which adds the capability of a thread
passer, i.e., a thread eve is provided in the end of the hook (this type
of instrument is pictured in Figure56-1).

6.4 Artery and Vein Scissors. Artery and vein scissors have one jaw
serrated for better holding while cutting., A sharp pair of the correct
scissors should always be used for making incisions in arteries and veins
{rather than using a scalpel)].

56=-1
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56.5 Utility Scissors. Utility seisscrs should he used for general
purpose tasks such as cutting ligaturss (4-ply thread used for ligating or
tying vessels]. This will help preserve the cutting edges on the artery
and vein scissors. Utility scissors are available in a large variety of
confipurations.

96.6 Cannulas. Cannulas are tubes which arc iuserted inte an artery or
vein for the purposs of injecting or extracting fluids,

56.6.1 Embalming Cannulas. Conventional embalming cannulas are
availabla in varying sizes, from supplicrs such-as Keleo Supply
Company (Appendix A). They ¢ often be purecliased in zets containing
various sizes which would accommodate cannulation of all appropriate
vessels in Individuals of different body size.

The configuration of the opening at the tip of erbalming cannulas may
not alliow optimum flow. Also, the materials userd in these instruments
{usually chrome plated brass) may not be the nest suitable for use in
the induction of SSH and its ultimate objectives. Stainless steel
would probably be preferable,

56.6.2 Hemodialysis Cannulas. Hemodialysis (artificial kidney)
cannulas are made of silicone rubber and other physiologically super-
ior materials, but they may not ke availakble in configurations and
sizes appropriate for perfusion in the induction of SSH. One possible
source of information about silicone rubber cannulation supplies is
the Seattle Artificial Kidney Supply Company (Appendix A).

56.6.3 "T-Shaped" Carhulas. Although "T-shaped' cannulas as such
are not known to be commercially available at this time, this config-
uration has been recommended. 'T-shaped" cannulas would greatly
simplify and enhance cannulation and perfusion precedures,
"T-connectors ' for flexible tuhing are markcted by such suppliers as
Van Waters and Rogers (Appendix A), and may be adapted to use as
cannulas.

56.7 Stopcock Assembly. The stepdock assembly allows two-directional,
double injection to be used when "T-shaped' cannulas are not available,

The "Y-shaped" stopcock is connected to the cannulas with two inch to ten
inch lengths of surgical tubing. The stopcock allows flow in either direce-
tion to be restricted or completely cut off, 4-way and 6-way stopcocks are
also available for use in cases where injection must enter in several sites
at once (55.1).

ou-
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56.8 OCrainage Tubes. Drsinage tubes are inserted temporarily into veins
to aid in the removal of blood coaguletion ({55.2.2.6). Conventional em-
balming drainage tubes arc available in varying sizes to accommodate diff-
erent regions to be cennulated as well as different body sizes. The plunger
aid¢ in removing clots.

; - Sugges ted Approx. Approx.

: Description Min. Gty. Unit Cost Ext. Cost
llemostats 2 5. 80 11,80
Scalpel 1 Z.20 3.20
Anisurism Hooks 2 3.0 7.40
Artery and Vein Scissors 2 L.ED 11.60
Utility Scissors 1 Zohn 2.50 45
Thread Passer 1 8.00 Bl 1
Forceps (straight) Z 6.10 12,20
Forceps (curved) 2 6,10 12.20°
"T-Shaped" Cannulas ;

[Set of (3) Assorted Sizes] 2 sets it ? =g
Arterial Cannulas :
fSet of (3) Assorted Sizes] 2 sets L. 30 060
'"Y-8haped'’ Stopcock Assembly 2 8,30 15,60 f
| — !
Tetal Anproximate Extended Cost 95,50 !

Figure 56-3

1. Curved arterial cannulas and '"Y-shaped' stopeock assembly
are only needed if "T-shaped" cannulss are not available,

2. Prices shown are approximate prices as of December, 1971,

3. All instruments shown are made of stainless steel with the
exception of the cannulas and stopcock assembly, which are
of chrome plated brass.

On¢ possible source of these instruments is Kelco Supply Company, (Appendix A).

=k
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PREPARATORY STEFPS
T8 PHASE I FEREWUS

As the Donor is being cannulated, it is necessary to prepare the perfusate and
load it into perfusion equipment so that Phase I perfusion can begin promntly
when cannulation is completed. These steps, of course, presuppose the ready
availability of the reguired materials and apparatus.

The two sections which follow will give instructions for these preparations.
They provide for activities which should begin months prior to an actual need
for perfusion, and lead up to the very moment that apparatus is connected to the
Donor.

This scope of treatment is necessary, since it is imposzible to predict the
state of readiness that will exist in any set of circumstances. A large well
organized S5H society might have perfusate premixed and stored in refrigsrators,
with highly automatic perfusion enuipment pre-sterilized and standing by. In-
structions for preparation could Le as simple as "turn on the perfusion apparatus
and fill it with perfusate'. Such will not always be the case. A small, new
SSH society may have its perfusate stored in pre-measured dry chemical form,

and its equipment might be a relatively unscphisticated set of components that
would have to be assembled and checked out prior to use. For this reasen, these
instructions are intended to provide a comprehensive basis for preparation re-
gardless of individual circumstances.

T
u




MANRISE SsH INSTRUCTIONS JAN 1972

%8 @ PREPARATION OF
€ e PERFUSATE FOR PHASE I

The perfusate for Fhase I is a liquid closely approximating the basic constituents
interior to cells. It first replaces the blood and then, by diffusion, replaces
the body's extracellular fluids (those fluids cutcide of and surrounding the
cells). The Phiase I perfusate is pre-chilled and then circulated by some type

of perfusion apparatus so as to most rapidly lower the hody's temperature.

This section covers the Composition and Preparation of Phase 1 Perfusate (58.1),
Practical Problems and Possible Solutions (58.2), and pH Measurement and Con-

trol (58.3).

58.1 Composition and Preparation of the Phase I Perfusate. The following
instructions are derived directly from a recent paper by Art Quaife (1)
concerning Phase I perfusates for the induction of solid state hypothermia.

88.1.1 Sumrary. Figure 58-1 provides fundamental guidance in
preparing one liter of perfusate,

28.1.2 Accuracy of l'eighing. In weighing components, it is required
that a scale be used which is accurate to onc hundredth part of the
compenent weighed or better. This may be difficult in the casc of
components such as phenoxybenzamine, where an accuracy of 0.0025 grams
or 0.0386 grains would be required. By forminz the perfusate in a-
mounts of four gallons (15.1 liters), the accuracy figure may be
raised to 0,038 grams or 0.58 prains. These still are stringent re-
quircments, but must be attained since mis-weighing of certain ecritical
constituents (some of them are only present in small awounts) can sig-
nificantly alter pH or osmolarity.

As a last resort, an accuratcly weiphed amount of the component
(weighed tec an accuracy of better than one percent] can be thoroughaly
dissolved in deionized, distilled water. It finally becomes necessary
to divide the liquid into smaller portions, centaining the amounts

of the component noeded, in such a way that overall errors do not ex-
coed one percent, In short, there is no simple substitute for an
accurate scale.
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INSTRUCTIONS FOR PREPARATION
OF ONE LITER OF PERFUSATE Q-=-2
| 1 | WEIGH OUT COMPONENTS 2 | AFTER WEIGHING COMPONENTS
L, T
| COMPONENTS GRAMS TO THE COMPONENTS, ADD
KH,PO4 0.92 i GISTILLED, DEIONIZED WATER
KpilPOy + 3Ha0 4,37 TO FORM A FINAL QUANTITY
| NaH,POy +H,0 1.15 OF ONE (1) LITER.
! Na,HPO, * 7H,0 6.12
! NaCl 0.93 THE SOLUTION IS STERILIZED BY
i NaHCO5 0,84 AUTOCLAVING, STOREL ON SHELF,
! Glucose * 25.00 AND REFRIGERATED BEFORE USING.

3 | IMMEDIATELY BEFORE USE, ADD:

COMPONENTS AMOUNTS
| DEXTRAN 40 50 Grams
i
5 HEPARIN 5000 Units

PHEMOXYBEN ZAMINE .25 Grams

WgS0, - 7H,0 0.37 Grams

TO REMOVE ANY POSSIBLE (UNDETECTED) PRECIPITATE, THE SOLUTION IS
NOW FILTEPED THROUGH A 5 TO 10 MICRON PORE SIZE SINTERED GLASS

FILTER.

* Sge 58.2.1 Figure 58-1

th-2
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58.1.3 Mixing Quantities Greater Than One Liter. Quantities of
components for mixing amounts of perfusate greater than one liter

are shown in figure 58-2. Units are given in terms of both grams

and grains, so that all appropriate scales may be utilized. Dilution
of the first seven components to form the quantities indicated, ster-
ilization, storage, refrigeration, addition of the last four compo-
nents immediately before use, and filtration are performed as indi-
cated in figure 58-1.

58.1.4 Water of Crystallization Corrections. Although one of the
components shown is KpHPO4+3H90, this chemical normally is sold with-
out 'water of crystallization”, in powdered form (K,HPO4). If pur-
chased in this form, lesser quantities (weights) must be used to com-
pensate for the azbsent water, The ampunts shown below apply, rather
than the amounts shown in figures 58-1 and 58-2,1F THERE IS MO

WATER OF CRYSTALLIZATION (reduction factor is ,724), No correction
factors are provided for Nao,HPO,-7HpC or HgS0,:7H,0, since these
chemicals are usually sold with the water of crystallization (H-C
factor) included. =

GRAMS GRAINS
K.HPQ, for 1 liter 3,34 51.5
K,EPQ, for 1 gallon 12.46 195.0
KoHPO, for 4 gallons 50.5 TE2.0

58.1.5 Filtration of Perfusate. The recommended procedure is for
filtration through a sintered glass filter with £-10 micron pore
size. This rocommendation stems from an article cited in reference
(1}). Millipore (see Appendix A) offers a2 glass disc "prefilter’,
consisting of pure glase fibers with an acrylic binder, .035 or .011
inches thick. No indication of particle size filtration is shown.
The user is referred to a discussion of filters in the section on
equipment for Phase I perfusion (52.0). There is also discussion of
filtration for the purpose of sterilization in paragraph 58.2.3.3.

58.1.6 Storage Containers. Centainers for Phase I perfusate (per
figurc 58-1) should be autoclavable bottles which can be emptied into
the reservoir of 2 perfusion machine when needed. Linear polyethy-
lene bottles such as those by Nalgene sold through Cole Parmer (see
Appendix A) are probably suitable. Teflon-TFE thread-seal tape (also
available through Cole Parmer) can be used to improve the seal at

the containers' cpenings.

58-3
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58.1.7 Sources of Chemicals. In Appendix A, suppliers are listed by
name and their addresses are given. Many of these will furnish de-
tailed catalogs upon request. The MCE (Matheson, Coleman and Beil)
Division of the Matheson Company publishes a "Laboratory Chemical
Catalog" listing a wide range of supplies. Van Waters and Rogers
distributes "Catalog 700, J. T. Raker Laboratory Chemicals and Pro-
ducts' which centains not only many different prades of chiemicals,
but highly detailed impurity analyses, reference tables, and other
useful information. Heparin is most readily and inexpensively ol-
tained from companies supplying users of artificial kidneys. FRies
Bielogicals, Inc, is one such firm. Phenoxybenzamine is sold under
the trade name of 'Dibenzaline' by Smith, Kline, and French Labora-
tories, Dextran 40 is avaiiable from Pharmachem Corporation.

98.1.8 Quantities of Perfusate to be Prepared. The guantities of
perfusate to be prepared are dependent on the resources availakle,
Ideally, open circuit (ne recirculation) perfusion using chilled per-
fusate would be carried cut until body core temperaturcs were near
0°C. In the case of a large adult, this could require either many
hundred liters of perfusate or very slow perfusion with maximum atten-
tion to surface cooling., The latter procedure would lead to slower
internal cooling, while the first procedure involving very large guan-
tities of perfusate might be very expensive. It is recommended, at
this time, that no less than 50 liters of perfusate be available, in
the case of a 73 kg adult.

58.1,8.1 30 liters would be expended in an initial flush of the
circulatory system, whereupon recirculation would legin,

58.1.8.2 After 30 minutes of recirculation, an additional 20
liters could be expended in flushing the system, following which
recirculation would be resumed,

58.1.8.3 Many possible "recirculate and flush' schedules are
possible and (besides the recommendation for continuous open cir-
cuit perfusion) no medical authority has addressed this uyuestion.
When specific recommendations are available, they will be incor-
porated into this section.

58.1.9 Cooling the Perfusate. The preferred method of chilling the
periusate to the desired 0°C is by direct refrigeration. A second
method involves rapid recirculation of the perfusate through heat
exchanger coils immersed in a cooling medium of water and crushed ice,
(In one experiment* 3.7 gallons of perfusate was cooled from 90 F to
50 F in six winutes by this method, a heat removal rate of 11,800
BTU/hour.) The ice water should be agitated frequently to prevent
"warm pockets' around the heat exchanger coil,

* conducted by Manrise Corporation

28=2
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The least desirable method of cooling the perfusate (adding ice direct-
ly to concentrated perfusate) is discussed in 58.2.3.2-3-4. This
method poses many problems and is not recommended except in emergency
situations where other means are not possible.

58.1.10 Perfusate Shelf Life. The useful 'shelf" or storage lifetime
of the perfusate in liquid form is not known. Typically, these solu-
tions are used in experimental rather than clinical procedures, so no
standard practice has been cstablished. Since a primary constituent

is glucose, a necessary element for bacteriological growth is available
and liquid perfusates to be stored must be effectively sterilized.

58.2 Practical Problems and Possible Solutions., With access to unlimited
Tesources, under conditions where all cvents arc foreseen and no emergencies
occur, the foregoing instructions are sufficient. Chemicals are mixed as
directed in the required amounts, stored, refrigerated, and filtered prior
to use.

Those with limited resources, and/or facing emergency circumstances may find
it necessary to deviate from standard procedures. They will encounter pro-
blems which will prevent full adnercnce to the recommendations given pre-
viously. In such circumstances, compromises may be required, although it

is clear that such compromises are detrimental to a greater or lesser degree
and are not to be used except when the preferred alternative(s) is not
possible. The following discussion of alternatives must be taken in that
context,

58.2.1 Glucose. Glucose is a thick liquid comsisting primarily of
hydrolized dextrose (dextrose dissolved in water). In this liquid
form, it is relatively expensive and difficult to handle. As an alter-
native, dextrose can be procured as a dry powder and combined with
other components in forming the perfusate, It may be weighed more
easily since there is no need to compensate for residue clinging to
container walls or provide for flushing out this residue. Glucose is
approximately 95 percent dextrose by weight, so subtracting 5 percent
from the weight of glucose gives the required weight of powdered dox-
trose to be substituted.

58.2.2 Dry, Scparate Storage of Components. As readers who have
foliowed the evolution of basic perfusate composition are awars,
changes have occurred frequently and still other changes may be re-
quired with the passage of time. The rebalancing of premixed liquid
perfusate could be very cumbersome, so that entire stocks of perfusate
might be obsoleted and required to be discarded again and again. This
will not pose a problem for societies with arple funds and hired lab-
oratory workers, but organizations with more limited resources will

58-0
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The least desirable method of cooling the perfusate (addinpg ice direct-
ly to concentrated perfusate) is discussed in 58.2.3.2-3-4. This
method poses many problems and is not recommended eXcept in emergency
situations where other means are not pessible.

58.1.10 Perfusate Shelf Life. The useful "shelf” or storage lifetime
of the perfusate in liquid form is not known. Typically, these solu-
tions are used in experimental rather than clinical procedures, so no
standard practice has been established, Since a primary constituent

is glucose, a necessary element for bacteriological growth is available
and liquid perfusates to be stored must be effectively sterilized.

68.2 Practical Problems and Possible Selutions., With access to unlimited
resources, under conditicns where all cvents arc foreseen and no emergencies
occur, the foregoing instructions are sufficient. Chemicals arc mixed as
directed in the requircd amounts, stored, refrigerated, and filtered prior
to use.

Those with limited resources, and/or facing emergency circumstances may find
it necessary to deviate from standard procedures. They will encounter pro-
blems which will prevent full adnercnce to the recommendations given pre-
viously. In such circumstances, compromises may be required, although it

iz clear that such compromises are detrimental to a greater or lesser degree
and are not to be used except when the preferred alternative(s) is not
possible. The following discussion of alternatives must be taken in that
context.

58.2.1 Glucose. Glucose is a thick liquid consisting primarily of
hydrolized dextrose (dextrosc dissolved in water). In this liquid
form, it is relatively expensive and difficult to handle. As an alter-
native, dextrose can be procured as a dry powder and combined with
other components in forming the perfusate, It may be weighed more
easily since there is no need to compensate for residue clinging to
container walls or provide for flushing out this residue. Glucose is
approximately 95 percent dextrese by weight, so subtracting 5 percent
from the weight of glucose gives the requircd weight of powdered dex-
trose to be substituted.

56.2.2 Dry, Scparate Storage of Components. As readers who have
followed the evolution of basic perfusate composition are aware,
changes have occurred frequently and still other changes may be re-
quired with the passage of time. The rebalancing of premixed liquid
perfusate could be very cumbersome, so that entire stocks of perfusate
might be obsoleted and required to be discarded again and again. This
will not pose a problem for societies with ample funds and hired lab-
oratory workers, but organizations with more limited resources will
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find this load untenable, The latter organizations may find it
necessary to weigh out perfusate components in dry form and store
them in separate containers until the need arises. If changes of
quantities occur, the chemicals involved are simply reweighed
individually.

58.2.2.1 Contairers. Small polyethylene wide mouth bottles
obtainahle frem laboratory supply firms such as Cole Parmer
(see Appendix A) can be used for storazge of dry chemicals,
Alternatively, plastic containers may be purchased from phar-
macists (be sure that such plastics are neon-reactive with
chemicals to be stored). Separate containers are required for
each chemical in each "batch" (neglecting heparin, which comes
in pre-measured contziners)}. The side of each container should
be labeled with the specific chemical contents and its exact
weight.

58.2.2.2 "Batch" Size. Since several containers per batch
are required, it is recommended that chemicals be weirhed and
stored for preparing large quantities., Four gallon units are
convenient, and quantities for this size batch are provided in
figure 58-2. Containers should be grouped in and stored as
sets, so that direct addition of distilled, deionized water to
form the approprizte volume can be carried out efficiently.

58.2.3 Mixing Perfusate which is Stored in Dry, Separate Containers.

Given sufficient notice as to need, and provided with adequate auto-
claving facilities, rcfrigeration space, etc., the dry, pre-weighed
components can be combined in an essentially ideal way. In this
event, the advantage of pre-weighing is that some time is saved,

but the lengthy processes of autoclaving and chilling in refrizer-
ators must still be accomplished. If the need is immediate, these
preparatory functions may require too much time., An alternative
(though it is certainly less desirable) approach is described below:

58.2.3.1 Mix Perfusate in Concentrated Form. Dissolve the dry
chemicals necessary to form four gallons of perfusate (exactly
four times that needed for ome gallon solution) in just one
gallon of distilled, deicnized water. (When perfusate is to be
used, an additional three gallons of water and/or ice vill be
added.) Use commerciallv available distilled, deionized water
as possible. Do nof add nepardn at this podint.
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58.2.3.2 Add Ice and Water to Form Standard Strength Perfusate
at a Temperature Between C°C and 4°C. By adding the proper
amounts and proportions of water and crushed ice, a fully li-
quid perfusate at proper concentration in the 0°C to 4°C temper-
ature range may be produced. For a four gallon batch the total
weight of water and ice added will be 24 pounds. At one pound
per pint, this is 24 pints or three gallons. This will fully
dilute the (gallon of 4:1) concentrated perfusate to the proper
concentration. The detailed discussion which follows will
guide the user in determining the proper propertions of water
and ice to be added:

58.2.3.2.1 leasure Temperature of Concentrated Perfusate

(Tc) and Water (Ty), Both of these should be approximately
at room temperature and nearly equal. If this is the case,
this temperature is the "Liquid Temperature" (Tp) to be
used in part 58,2.3.2.2 below. If the values are somcwhat
different, refer to paragraph 58.2,3.2.3.

58.2.3.2.2 Determine the Proportions of Ice and Water

to be Added. In figure 58-3, draw a horizontal line at
liguid temperature "Ty'". (Example; 72°F). Directly be-
neatls the intersection of the line and the curve, at the
bottom of the pgraph, read the weight of ice '"W{" in pounds
(example; 9.1 pounds). Subtract Wy from 24 to obtain the
weight of water te Le added (W)} in pounds, or in pints;
either is correct (example; 24.0 - 9.1 = 14.9 pounds or
pints of water tc be added). The mathematics used to de-
termine the curve in figure 58-3 are provided at the end
of the section in paragraph 58.2.3.2.4.*

58.2.3.2.3 Determiration of Ty, ®tT,v is an essential
factor in determining the proportion of ice to be added.
It is an undesirable situation, to begin with, where per-
fusate must be mixed in concentrated form and then be
diluted with ice. Where the concentrated perfusate and
other water of dilution de not match in temperature, this
unfortinate situation is compounded.

If Tc and T, are somewhat different but both clese to room
temperature (72°F), Ty may be obtained, approximately, with
the bolow formula.*

* After determining Wi and W, add ice and water to con-

centrated perfusate and refer Jirectly to paragraph
58.2.3.3 for further instructions.

58-8
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where: Ty = "Liquid Temperature"

=
L]
i

Temperature of Concentrated Perfusate
Ty = Temperature of Water

If the temperature of liquid perfusate is substantially
different from that of the water to be used in diluting
the perfusate, and they are not "balanced" o¢n either side
of room temperature, then the process of caleulating Ty,
is quite complex, and requires successive iterations in
which ([see 58.2.3.2.2) estimates of Wy are used to derive
test values of Ty and Wy, A trial value of Ty (Ty") is
calculated by:

oy o BTe * WETy

8+ Wy
where: Wy = Weight of water to be added (sece 58.2.3.2.2)

If T,' is less than T then the estimate of Wy must be
adjusted and the procedure repeated until TL' is approxi-
mately equal to Tp (within 2-3 degrees). Then the value
of W estimated iE correct,

58.2.3,2.4 Derivation of Curve in Figqure 58-3.

let: WL = Weight of Liquid (1b)
WI = Weight of Ice (lb)
Ty, = Temperature of Liquid (°F)
32 = Total Weight of Liquid + Ice (1b)
111.5 = Latent Heat of Ice (BTU/1b)
H = Heat Transfer, Liquid-Ice (BTU)
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it

Wy + Wy = 32 H = 111.5 Wy

(Ty, - 32) (W)

[}

W = 32 - Wp i

111.5 Wy = (Ty - 32)(32 - ¥Wp)
Wy = 32 Ty - 1024
T, + 69.5

Values of T were substituted and values of W; were
calculated. The curve of figure 58-3 is a plot of
these values,

58.2.3.3 Filter Chilled Perfusate to Sterilize. The per-
fusate is pumpec through a precision pore filter (such as

= m oam

with pores of 9.5 micron or smaller, The perfusate emerges
with all microscopic particles removed in an essentizlly
sterile condition, If this proecedure is to be of maxinum
benefit, the firal end of the filter, the tubing leadirg to
2 collcetion container, and the container itself musi have
been pre-sterilized. Since the perfusate is filtered in a
chilled state, it should be used immediately, or refriger-
ated, (Filtration cannot precede mixing with ice, and
final dilutieon, unless the ice and water for dilution are
both sterile and pre-filtcred).

58.2.3.4 Heparin. Heparim, in the amount required,
(figure 58-1} i:s added immediately prior to use.
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98.3 pH; Its Measurement and Control. The primary referecnce of this scc-
tion (1) stresses the importance of maintaining a pH of 7.0, rather than
(as has previously been held desirable) a pH of 7.4, The proportions of

constituents should result in a pH of 7.0, with essentially no rebalancing
required,

Should perfusate be recirculated, as sugpested in 58.1.8, pH changes could
occur., The perfusate will absorb salts present in the extracellular fluids
and rebalancing may be appropriate. For this reason, particularly during
recirculation, pH should be monitored and controlled.

58.3.1 pH Measurement. Either pH sensitive tape (Figure 58-4) or
a pH meter (Figure 58-5) may be used for pH measurement. This type
apparatus is available from laboratory supply houses such as Cole
Parmer and Van Waters and Rogers Scientific (see Appendix A).

. e s e S R

scales

s
graduated color/ electrodes

chart

Figure 58-4: pll Tape Figure 58-5: pH Meter
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58.3.2 pH Contrgl. pil may be raised by adding a sodium hydroxide
solution (described below). Similarly, the pH may be lowered by add-
ing a hydrochleric acid snlution.

58,3.2.1 Preparation of the Sodium Hydroxide Solution. Add 14.0
grams of undiluted sodium hydroxide to n liter of distilled,
deionized water.

58.3.2.2 Preparation of the Hvdrochloric Acid Solution. Add
12.8 grams of undiluted hydrochloric acid tc a liter of distilled,
deionized water.

58.3.2.3 Amounts to be Added. The solutions used should be
added in sufficient quantity to restore pH to the target value
(7.0). Quantities less than one cubic cantimeter (or one
milliliter) will probably have little effect. It is reconmended
that quantities added be increased in steps of two (2, 4, &, 16)
until noticeable changes (alteration cf pH by at least 0.1} are
observed. Once noticeable changes can be produced, the same
amounts should be repeatedly added until the pH is rebalanced.
Eetween each treatment, the perfusate treatcd should be allowed
to mix thoroughly and should be retested.

58.3.2.4 Effects of Rebalancing pH. The use of sodium hydroxide
and hydrochloric acid for pH control will add sodium and/or
chlorine to the perfusate. The perfusate (assuming it is being
recirculated) will be picking up substantial amounts of salt
{sodium chloride) from the tissues in any case, 50 incresses of
sodium and chlorine will occur even if pH is not rebalanced.
Since the objective of perfusing with an intracellular fluid is
to remove salt, the perfusate will ultimately become laden with
salt and will he discarded, being replaced with low-salt fresh
perfusate approximating intracellular fluid. The fresh perfusate
will initially be of the correct pH, and as before, may have o
be rebalsnced for the proper pH as it is recirculated.

Reference

1. Quaife, A,, bannise Technical Review, 2:3-9, 1972.
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qjg EQUIP&KENT FOR PHAGSE 1 PFERFLSION
g%;i @7 @ é(:§

Phase I perfusion equipment basically provides for the injection of perfusate
into the Donor's circulatory system. There are some very simple ways to accom-
plish this, which are not desirable because they are relatively ineffective, and
there are more effective ways which are comparatively complicated. The morc
effective methods are more costly, and the equipment is not so easy to use.
Also, the more effective equipment is usuzlly more difficult to transport.

There is no ''standard apparatus'". & number of perfusion systems are described
from which one may choose. This secction includes general systems descriptions
(59.1), specific systems descriptions (59.2}, a discussion of components (59,3},
and operational procedures (59.4).

The reader is cautioned that this treatment, however detailed it may appear, 1is
only a preliminary survey. More detailed information can be obtained through
direct contact with Manrise Corporation, if the need is immediate. More com-
plete information will be contazined in futurc revisions, although it is doubtful
that this will answer all the questions of those who may decide to construct
apparatus themselves.

59.1 General System Descriptions. Equipment for Phase I perfusion may be
placed into two catepories., Category "A" systems arc embalming devices,
adapted for Phase I perfusion. Category "B" is compriscd of that equip-
ment which is specifically designed for Fhase I perfusion in the inducticn
of S5H.

59.1.1 Category "A". Equipment in category "A" is commercially avail-
zble, and systems can be assembled which provide for the minimum essen-
tial functions required in Phase I perfusion. The basic elements in-
clude a reservoir, containing perfusate, and a controllable means of
developing injection pressure (usually a pump). Perfusate flows from
the reservoir to the pressure producing apparatus, through flexible
rubber or plastic tubing, and from there to the Donor. A means of
measuring or determining perfusion pressure must be provided, and in-
cstrumentation for measuring pcrfusate temperature must be available.
There must be a container for collecting the perfusate after it has

59-1
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passed through the Donor's circulatory system., A functional block
diagram of this basic system is shown in Figure 59-1.

59.1.2 Category "B". Equipment in category "B" is intended solely for
use in conjunction with the induction of SSH, It embodies all functicns
of category "A" equipment, and provides such additional features as a
flow meter and internal recirculation of perfusate through a heat ex-
changer so that temperature can be controlled (59.2.5).

56.2 Specific System Descriptions. The following descriptions provide the
reader a working familiarity with specific perfusion systems. External
appearances and general capabilities are indicated; advantages and disadvan-
tages are cited. A brief cvaluation is provided in each case,

59.2.1 System A-1. A relatively uncomplicated perfusion method in-
volves the use of a hand pump (Figure 59-2)}. This device has an input
and output nozzle, cach containing a metal valve., Flexible tubing is
attached to both nozzles, The pump's input tubing is connected to a
container of some kind that is used as a reservoir. The pump's output
tubing is connected to a cannula in the Donor. When the plunper is
drawn out, perfuseste from the reservoir is drawn into the pump. When
the plunger is depressed, perfusate is injected into the Donor's circu-
latory system.

A pressure gauge (Figure 59-3) must be connected to the cutput tubing
and carefully monitored as the plunger is depressed, so that physio-
logical range pressures will not be exceeded. A thermometer (Figure
59-4) is used to monitor reservoir perfusate temperature levels, The.
fluid levels in the ressrvoir and in the output container must be
measurable by means of a depth gauge of some kind, convertible to vol-
umetric units so that the amounts of perfusate injected and perfusate
collected from the Donor may be determined as a function of time.

§9.2.1.1 Advantages. System A-1 is highly portable and inexpensive.

59.2.1.2 Disadvantages. The perfusion pressure is related to hand
pressure on the plunger at every moment, and is difficult to con-
trol. It is possible to damage the Donor's circulatory system by
excessive pressure, and constant input pressure is virtually im-
possible to attain (pressure goes to zero every time the pump is
recharged by withdrawing the plunger). As perfusate travels to

the pump and then to the Donor, it warms up, thus the temperature
measured at the reservoir may be quite different from the temper-
ature of the perfusate at the point of injection.

50-2
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59.2.1.3 Evaluation. System A-1 is valuable only in those emerg-
encies where nothing else is available., It is unsuitable as a
primary means of perfusion.

50,2.2 System A-2. GSystem A-2 is different from System A-1 only in
that a bulb syringe (Figure 59-6) replaces the hand pump. Instead of
cushing in the plunger of the hand pump and then drawing it out, the
buls syringe ies first squeczed and then released. System A-1 and
System A-2 are essentially identieal in terms of function, advantages,
and disadvantages. System A-2 is not suitable as a primary means of
perfusion,

59.2.3 System A-3. Another relatively simple system makes use of
gravity (Figurc 59-7). Perfusate flows directly from the reservoir
{as shown) to the Denor through flexible tubineg. Pressure is regulated
by height of the fluid in the reserveir abeve the point of injecticn
(59.2.3.2), so measurement of injection pressure is not essential,
Perfusate temperature is measured by means of inserting a thermometer
{Figure 59-4) or the probe of a remote thermometer (Fipure 589-5) inte
the reservoir. Levels of fluid in the reservoir and the output con-
tainer must be measurable by a depth gauge of some kind, convertible
te volumetric units, so that ths perfusate injected and perfusate col-
lected from the Donor may be determined as a function of time.

53.2.3.1 Advantages. System A-3 provides for constant and con-
trolled perfusion pressure. It is relatively inexpensive, and
is unparalleled in simplicity.

59.2.3,2 ODisadvantages. Maximum pressure is limited by the
vertical distance from the point of injection to the level to
which the reservoir can be raised. (Each foot of elevation cor-
responds to 22 mm Hg. To perfuse at the maximum of 150 mm Hg,

the difference of elcvation needed is 6% feet,) OGome commercially
available equipment includes a funnel shaped reservoir where con-
version of depth measurements tc volume measurements might be
difficult.

58.2.3.3 Evaluation. System A-3 is an acceptzble, portable

means of Phase I perfusion, and sheuld be considered as emergency
back-up equipment for those circumstances wherc bringing the Donor
and more sophisticated equipment together is not feasible. It is
probably possible to select suitable elements from a laberatory
catalog and assemble a more uscful apparatus than can be purchased
commercially,
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59.2.4 System A-4. A standard commercial embalming machine (Figure
59-8) includes a reserveoir, a pump, and a gauge for measurement of out-
put pressure. The output of the embalming machine is connected direct-
ly to the Donor's input cannula. A thermometer (Figure 59-4) or the
probe of a remote thermometer (Figure 59-5} is inserted in the reservoir
to monitor perfusste temperature. Levels of the reservoir and the out-
put centainer must be measurable by a depth gauge of some kind, convert-
ible to volumetric units, so that the amounts of perfusate injected and
perfusate collected from the Donor may be determined as a function of
time.

59.2.4.1 Advantages. System -4 is a compact unit providing for
211 essentinl functions except for temerature measurement. The
Teservoir is usually of a shape well suited for converting depth
measurements into volume measurements. The length of tubing lead-
ing from the reserveoir to the Donor is minimized, so that tempera-
ture measurements of perfusate in the reservoir correspond more
closely toc injection temperatures than in simpler systems.

59.2.4.2 Disadvantages. System A-24 is more costly than the more
simple units,

50.2.4.3 Evaluation. System A-4 is a limited but satisfactoxy
means of Phase I perfusion, when supplemented by meens of measuring
temperature. It is commercially available, ss a standard product.

£9,2.5 Systen B-1. System B-1 as described below is an early proto-
type of special purpose perfusion apparatus for use in the induction of
S8H. Equipment in this configurztion was demonstrated by Manrise Cor-
poration at the 1971 cryonics conference in San Francisco. It is
illustrated in Figure 59-9, (Improved equipment is now under develop-
ment and is expected to be commercially available by January, 1973.)

£9,2.,5.1 Inner Loop Description. Refer to the block diagram
(Figure 59-10). Perfusate is stored in a reservoir, and is drawn
off through valve #8 by a centrifugal pump (Figure 59-11). Perfu-
sate leaving the pump passes a thermometer and flows through valve
£3. The mzjor part of the perfusate flows upward toward valve #6,
and the system pressure developed by the pump is monitored by a
pressure gaupe I'7 (Figure 59-3). The perfusate that flows through
valve #6 returns directly to the reservoir., Some portion of the
perfusate flowing toward valve #6& is diverted and flows threough
valwvs #5, the hegt oxchanpor (Fipure 59-12), and then roturns to
the ressrveir, )
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§9.2.5.2 Outer Loop Description. All of the perfusate pumped does
not return directly to the reservoir through wvalves #5 and Fé,
During perfusion, some of the perfusate passes a flow restricticn
(shown as 'valve' 2) where an indication of flow is produced in a
differential manometer (Figure 58-13). Perfucate may be sampled
by opening valve #1. (Also, the rate of collection through valve
#1 may be used to calibrate the flow meter,) Perfusate permitted
to pass valve #4 is Injected into the Donor's clrculatory system.
Perfusion pressure is monitored by pressure gauge P, (Figure t8-3).
Other pressure gauges (P3 and Py) are attached to hypodermic need-
les and measure physiologicel pressures in the Donor's circulatory
system, Perfusate leaving the Donor can be lead to a collection
container as in simpler svstems (FPigure 59-1) or it can be return-
ed to the pump through a filter (Figure 59-14) and through valve #7.

58.2.5.3 Advantages, In additiorn to those functions provided for
in system A-4, system B-1 provides continuous recooling of perfus-
ate and the monitering of physiclogical pressures. The two loop
system provides improved perfusion pressure stabilization. Indi-
cation of flow is provided by the differential manometer so that
aven minor circulation blockages arc detected immediately. Temper-
ature measurement of perfusate is an incorporated feature znd per-
fusate temperature may be manually regulated by adjusting flow
through the heat exchanger. Multiple channel switching to facili-
tate use of a remote thermometer is provided.

58.2.5.4 Disadvantages. System B-1 is not yet commercially avail-
able as a standard product. It is less easily transportable than
other units, more complex to operate, and its intrinsic component
costs are hipher,

59.2.5.5 Evaluation. Societies that have centrally located perfu-
sion facilities may desire equipment providing for the basic fune-

tions incorporated in system B-1. The information liere concerning

system B-1 may be of value to these societies in establishing thelr
requirements for such eguipment.

- 52,3 Components and Auxiliary Instrumentation. Certain types of components
are of fundamental importence in perfusion equipment and its associated in-
strumentation. A brief review of some of this equipment is provided below.

28.3.1 Pumps. The two basic types of pumps are those which produce
"positive displacement” and "positive pressure'. Positive displacement
(gear, roller, and piston types, fall into this category) pumps tend to

=« T ]
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force a fixed volume per minute out their outlets, up to maximum pressure,
Output increases sliphtly as flow rosistence decreases. Positive pressure
(centrifugal and impeller types fall into this category) pumps have a
maximum pressure under ne-flow conditions. As flow resistance decreas-
es, the volume of flow increases. At low pressure resistance, high

rates of flow are produced, Corrosion-resistant low-temperature mater-
ials such as stainless steel and polyethylene are preferred. Ideally,
the pump should be magnetically driven, so that no drive shaft comes in
contact with the perfusate. A speed control feature permits the pump

to be operated most officiently. Fumps for category A equipment are
available through Kelco Supply Company, while pumps for category B
equipment mey be obtzined through Cole Parmer, Micropump Corporatiom,

and others (sec Appendix A).

58.3.2 Heat Exchangers. A heat exchanger permits perfusate as it is
circulated to be cooled through contact with cold surfaces. The sir-
plest approach to this is the use of a coiled tube in a comtainer cf
coolant {(Figurc 59-12}. A more complicated system involves pumping
both the coelant and the perfusate into a single device such as a shell
and tube heat exchanger (Figure 59-15). Mzny other configurations are
also widely used, but these two roughly illustrate the range of peossi-
bilities.

59.3.3 Filiers. TFiiters may be used for removal of solid particlss
such as microscopic clots from the perfusate during recirculation.
Wien a fine grade of porosity is uvsed, a filter can be used for liter-
ally "sterilizing" water to be used in preparing perfusate, or for
sterilizing perfusate after it is mixed. In sterilizing applications,
a filter with precisely controlled pore size is necessary. Such fil-
ters are manufactured by General Electric (Nucleopore filters) and
Millipore Corporation (see Appendix A). Both filter holders and the
filters themselves must e checked for chemical compatibility if they
are to Le exppsad to crycrhylactic agents such as DMSC, A typical
fine poresity filter holder is shcwn in Figure 59-14,

59.3.4 Flow Meter. A flow meter gives a direct and continuous indica-
tion of the volumetric fluid flow past a& given point. Many kinds of
mechanizations are employed for this purpose, including deflected
paddles in the flow, magnetically suspended balls that are pushed cut
of position, rotating vancs, positive displacement pumps that are beck-
rotated by flow, etc. Cne simple method of monitoring flow involves
connection of a differentizl manometer (Fipure 59-13) across a flow
restriction. The pressure difference across the restriction is propor-
tional to flow and is visible as an unbalance of liquid levels in the
manometar,

e
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56.3.5 PRemote Thermometer. A remote thermemcter (Figure 59-5) is an
instrument which detects electrical voltage or rcsistance as a measure
of temperature. Sensitive probes at the end of long wires produce the
proper conditions of voltage or resistance so that the temperature in-
dication is accurate. If probes are matched, the instrument mzy be
switched rapidly amone a virtually unlimited number of probes, display-
ing within a fow seconds (so that the meter necedle stops moving) an
accurate temperature reading at each point. The probes may be inserted
into body cavities te menitor physiological temperatures. Probes are
available in many forms including hypodermic needles and flat plates
which can be taped te body surfaces. A full line of remote (and con-
venticnal) thermometers are offered by such suppliers as Cole Parmer
and Van Waters and Ropers Scientific (see Appendix A).

59.4 Operational Set-up and Perfusion Procedures. This portion of the sec-
tion deals with the check-vut and use of perrfusicn cquipment. Rather limit-
ed preparations are required for simple systems, while the procedures for
readying equipment such as system B-1 are more complicated. The chart below
(Figure 59-14) shows which steps are applicable in the case of each system
previously described (59.2). A column is provided for each system, benecath
which the pertinent paragraphs are shown. The user can follow through the
sequence of steps applicable to any system by refering to the paragraphs

cited.
| Step Step % St -
nNo. Description | 2a1 AuD Aul3 A-4 | 8-1

1 Assemble Eguipment 59.4.1 |59.4.1 58.4.1 |59.4.1 [59,4.1

2 | Sterilize Equipment 59.4,2 [59.4.2 59.4,2 |59.4,2 |59.4.2

3 Close All Valves 28,4.5.1159.4,5,1 {59,4,3.1]59,4,3.2|50.,4,3.2

4 Fill with Perfusate 59.4.4 59.4.4 50.4.4 59.4.4 158.4.4

5 Test for or Develop Pressure [59.4.5.1159.4.5.1 [59.4.5.2 59.4.5.3; -

6 Fill Heat Exchanger --- - - == iEQ.ﬂ.ﬁ
L 7 Set Inner Loop Pressure --- --- -—-- - 59.4.7
: 8 Connect Equipment to Donor 59.4.8 |59.4.8 59.4.8 |59.4.8 [59.4.8
_q? Begin Perfusion $9.4.,9.1159.4,9,1 159.4,9.2|59.4.9.3|59,4.9.4

10 Peservoir Level lManitenance |[59.4.10 [59.4.10 {59.4.10 [59.4.10 |59.4.10

11 Monitor Parameters 59.4,11 i59.4.11 (59.4.11 |59,.4.11 ESQ.I!‘-.II j

Figure 59-14
59-12
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59.4.1 Assemble the Equipment. All interconnections between compon-
ents must be effected, using flexible tubing and clamps as required,
In all cases, the perfusate output (injection) tube should be suffi-
ciently long to reach the Donor's input cannula(s).

59.4.2 Sterilize the Equipment. Circulate formaldahyde (37%, U.S.P.,
available through Benalab Division, Ries Biologicals, Inc., see Appen-
dix A) for no less than ten minutes and [preferably) for up fo two
hours. Purge the system with sterile saline and test for contamination
by the use of Clinitest tablets. Dissolve a Clinitest (available at
drug stores) tablet in 10 cc of sterile saline. The celor will be a
lipght blue. MNow dissolve another clinitest tablet in 10 cc of fluild
from the perfusion equipment, supposedly sterile saline. If the second
sample is discernably green, to the slightest extent as compared with
the first sample, an unacceptably high level of formaldahyde remains.
In this case, the equipment must be purged again with sterile saline
and then rectested.

52.4.3 Close all Valves.

£9.4.3.1 Systems A-1, A-2, and A-3., These systems will probably
have only tubing clamps on the injection tube, They will still
be filled with sterile saline (the reservoir will be very low).

b9.4.3.2 System A-4. System A-4 will have a tubing clamp on the
injection tube and (1) a pressure and (2) a flow valve. Both valves
should be closed. The system will still be filled with sterile
saline (the reservoir will be very low).

59.4.3.3 System B-1. System B-1 will have 2 tubing clamp on the
injection tube and eight valves. All valves should be closed ex-
cepting the "flow meter' valve (a calibrated, pre-set flow restric-
tion). The system will still be filled with sterile saline (the
reservoir will be very low).

59.4.4 Fill with Perfusate. Fill the reservoir with perfusate (depend-
inig on the equipment, up to three gallons may be accomodated).

56,4.5 Test For or Develop Pressure ("A" Systems only).

59.4.65.1 Systems A-1 and A-£. Depress the hand pump plunger or
squeeze the bulb syringe. Observe the rise in pressure. Assure
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that the hand technique used is such that inadvertant overpressures
are avoided.

59,4.5.2 System A-3. Elevate the reservoir to a height of from
4 to 63 feet above the height of injection into the Doner's cir-
culatory system.

59.4.5.3 System A-4. Turn on the embalming machine and open the
pressure setting until limiting physiological pressures are reach-
ed. Assure that these are not exceeded.

59,4,6 Fill Heat Exchanger {System B-1 Only). Fill the heat exchanger
reservoir (Figure 55-12) with crushed ice and water.

59.4.7 Set Inner Loop Pressure (System B-1 Only). Open valves #8,

#3 and #5. Turn on the pump. Close valve #5 until pressure P, exceeds
maximum physiclogical limits by 50 mm Hg. Cpen valve #6 until pressure
Py falls to maximum physiological limits.

59.4.8 Connect Equipment to Donor. This step is not taken until per-
fusion is about to begin., Full instructions are given in section
60.0.

59.4.9 Begin Perfusion. The following paragraphs describe the cpera-
tion of equipment during perfusion.

59.4.9.1 Systems A-1 and A-2. Depress and withdraw the hand pump
or squeeze and release the bulb syringe repcatedly. Monitor the
pressure gauge continuously and never exceed physiclogical pressure
limits (200 mm Mg).

59.4.9.2 System A-3. Perfusion is autcmatic. Once the injection
tube is unclamped, fluid is injected by gravitaticnal force.

59,4.9.3 System A-4. Adjust perfusion pressure to maximum physio-
logical pressure (200 mm Hg), per nanufacturer's instructions.
Monitor pressure continuously and reduce it if transient flow re-
duction produces pressures excecding physiological limits,

59-14
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§8.4.8.4 System B-1. Open valves #4 and #7, cbserve perfusion
pressure FPo. This pressure should fail no more than 25 mm Hg
below maximum physiclogical pressures (200 mm Hg). Do not change
control settings; repulation of pressure is automatic.

99.4.10 Reservoir Level Maintenance. In closed circuit (recircula-
tive) perfusion, reservoir levels will be somewhat constant and contin-
uwous addition of new perfusate will not be required. In open circuit
perfusion, or in perfusion in which spent perfusate is manually trans-
ferred to the reserveir, it will be necessary to assure that reserveir
levels do not fall to the point where air is drawn into the system.

59.4.11 Monitor Rescrvoir Levels and Other Parameters. Reservoir
levels, perfusate temperature, and other parameters must be measured
as described in section 60.0.

589=-15
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FEHASE 1

PROCEDURES

JAW 1972

FOR

PERFUESTON

The procedures shown in Figure 60-1 for Phase I perfusion should follow the
preparatery steps (57.0) with unbroken continuity,

Action Subparagraph ]
Connection of Perfusien Equipment 60.1 i
i Discontinuance of HLR 60.2
; Elimination of Air Bubbles During €0.3
E Connection
E Injection of Heparin 60,4
Injection of Perfusate 60,5
Eefilling Injection Heserveir 60.6
Dispersion of Blood Coapulation 60.7 :
Reversal of Flow 60,8 é
Measurements and Records 60.9 _1

Figure 60-1

6d=1
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60.1 Connection of Injecting Cquipment to Cannulas (General). The manner
in which the injecting equipment is connected to the cannulas determines
the direction of the injection. Inproper connection could jeopardize pro-
per perfusion. Figurc 60-2 will be helpful in determining how connecticns
are to be made. It i5 equally important that ccnnections are made in such
a manner that ne air bubbles are allowed into the system (60.2)

i
Type of | Region Vessel Flow irection
Carnula Useditannu]atad | Camnulated | Toput 1 tutput
= | Cannula 1 Zznnula 2 Cannula 1 Cannula 2
i .
Standard ! femoral | towara | toward R i e
Embalming iIliﬂ— artery ! leg I trunk i
Cannulas. | Femoral femoral --- P - from ! from
(Two per | vein leg i trunk
vessel -- | carotid toward toward --- L -
connected artery head trunk | s L
with a ‘Carotid jugular - - from , frem
Y- shaped" vein head | trunk
stopcock axillary towarc toward == [ aem=
‘assenmlily), artery | amm trunk i
Axillary [axillary |  --- - from { from
vein i 2Tm b trumk
|”T-Sh&ptd“ | femeral toward leg § trumk | 0 ==---
(onc two-  Ilic- artery
direc- , Femoral fomoral 0 0 eeenn from leg § trunk
tional : | vein
cannuln ! carctid toward head § trunk | 000 -----
per b artery
vessel). , jopulayr ] Teemes frok head § trunk |
i f Carotid | vein !
! | axillary i toward arm & trunk | @0 --=e-
i | artery . i o
{ Axillary  axillary | e==-- from arm § trunx
: | vein | N
Figure 60-2

60.1.1 When ‘T-shaped' cannulas aru used, only oné cannula is inserted
into each vessel (i.e., one intz the artery and one into the vein).
Bach cannula is connected directly to the flexible tubing which leads
to the injecting apparatus. The input tubc must afways be connected

60-2
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to the T-shaped cannula in the artery and the output tube must
afways be connected to the cannula in the vein, except in the event
reverse flow is utilized (60.6).

60.1.2 When standard embalming arterial cannulas are used (in
embalming, "drainage tubes" are used almost exclusively in the veins
rather than cannulas), twe cannulas are inserted into each the art-
ery and the vein; one cannula in each vessel pointing in each direc-
tien., A "Y-shaped" stopcock assembly (56.0) comnects the two can-
nulas of either vessel. This permits flow through a single flexible
tube leading from the injecting apparatus to be directed both up and
down the vessel., The input tube from the injecting apparatus nmust
aliways be connected to the stopcock assembly in the artery and the
tube carrying output back should always be connected to the asserbly
in the vein, except in the event reverse flow is utilized (60.6).

60.2 Elimination of Air Bubbles During Connection. In all cazses, certain
steps must be taken to assure that no air hubbles are introduced. At the
time of cannulation, the vessels were closed off (with hemostats) above
the cannula(s} to prevent air from entering the system when the vessels
were incised. These hempstats should still bhe in place. Paragrenhs
60.2.1 through 60.2.4 give full instructions for connecting the tubing
from the injecting apparatus to the cannulas without introducing air in-
to the system,

60.2.1 Purce Tubing. To purge air from the tubing leading from the
injection apparatus, start flow (hold tubing over reservoir, let the
perfusate flow back into reservoir). When satisfied that all air has
been eliminated at this point, hemostat the tubing 6 inches from the
end which will connect te the cannula (or Y-shaped stopcock assembly).

60.2.2 Purge Cannula/Vessel Area. To purge air from the site of
cannulation, inject perfusate into the vessels between the cannula
and the hemostat which closecs off the vessecl. This is dene with 2
hypodermic needle. As the perfusate enters the vessel, the air will
be forced out the top of the cannula. VWhen the injected perfusate
begins tc flow out the top of the cannula, all air should be

purged from the site,

£€0.2.3 Connect Tubing to Cannula. The purpged tubing, still clampad
with a hemostat, is connected to the open cnd of the camnnula.
(Surgical rubber tubing, when ferced over the end of the cannula,
should effect a good, airtight seal. Greater protection against air
leakage can be accomplished by securing this connection with a
tubing clamp).

60-3
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€0.2.5 Purgc Connection., Air must Lie purged from the arca between
the cannula znd the hemeostat on the tubing, Insert a hypodermic
needle through the surgical tubine just below, and as close as pos-
sible, tc the Lemostat. The plunger should be completely depressed
when the hypodermic is inserted, As the plunger is pulled outward,
the air will be removed. If plunger is pulled out twe thirds of its
distance before periusate bepins to enter the c¢ylinder, rcmove the
hypedermic needle from the tubine, push plunger all thc way in apain
and reinsert the hypoderric needlc into the tubing in the same posi-
tion describzd above. Never pull the plunpor ceompletely out of the
cylinder while the ncedle is inserted into the tubing (this would
allow air to re-enter the tubirg). Repeat this procedure until per-
fusate begins te fill the cylinder of the hypedermic, at which time
21l air should be removed from the system. The hypodermic necdle is
removed, All hemostats can be removed when injection is desired.

60.2.5 Prevention of Air Entering During Interruption of Perfusicn
or Disconnection of Tubing. When injection is to be temporarily
interrupted, both {npuf and cuw?pul tubes should be clamped and closed
before injecticn is terminated. Even if no tubes are disconnected,
air may entcr the output lines (with progressive drainage) if this
line is not clamped, If tubing is disconnected, particularly at
the input side, tubing to the canrulas must be clamped so that the
air-tight integrity may Ge preserved. If tubing is disconnected at
the input side, the areas on ezch side of the disconnection (up to
such ciamps as may have been put in place) must be purged of air
after each recunnection, as described abeove.

60.3 Discontinuance of HLR. 1If use of the HLR ha: not been previously
discontinued due to the achievement of low budy core temperatures (36,3),
it is discontinuec as Phase I perfusion begins.

60.4 Injection of Heparin. Heparin, in addition to that normally in the
perfusate (58.0) should only be injected at this stage of the induction of
S6H when it has nol previously been injected as described in 22,0, When
this is the case, 20,000 I.U. sodium heparin, without preservatives,
should be injected as deseribed below. Then, the injection of perfusate
should begin without dalay.

15,000 1I.U. heparin should be injocted on the trunk side and 5000
I.U. on the other side of the arteria] cannulation, When flow is
mequn, the heparin w11 to some degree be forced through the cir-
| culatory svotor ahead of the perfusate. This method takes the
greatest cdvantage of heparin administered at this point in the
orocedurs.

60-4
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to the T-shaped cannula in the artery and the output tube must
afways be connected to the cannula in the vein, except in the event
reverse flow is utilized (60.6).

60.1.2 When stendard embalming arterial cannulas are used (in
embalming, "drainapge tubes' are used almost exclusively in the veins
rather than cannulas), twe cannulas are inserted into each the art-
ery and the vein; one cannula in each vessel pointing in each direc-
tien., A "Y-shaped" stopcock assembly (56.0) connects the two can-
nulas of either vessel. This permits flow through a single flexible
tube leading from the injecting apparatus to be directed both up and
down the vessel. The input tube from the injecting apparatus must
aliwvays be connected to the stopcock assembly in the artery and the
tube carrying output back should alwaus be connected to the asserbly
in the vein, except in the event reverse flow is utilized (60.6).

60.2 Elimination of Air Bubbles During Connection., In all eases, certain
steps must be taken to assure that no air bubbles are introduced. At the
time of camnulation, the vossels were closed off (with hemostats) above
the cannula(s) to prevent air from entering the system when the vessels
were incised. These hemostats should still be in place., Paragraphs
60.2.1 through 60.2.4 give full instructions for connecting the tubing
from the injecting apparatus tc the cannulas without introducing air in-
to the svstem,

60.2.1 Purce Tubing. To purge air from the tubing leading from the
injection apparatus, start flow {(hold tubing over reserveoir, let the
perfusate flow back into reservoir). When satisfied that all air has
been eliminated at this point, hemostat the tubing 6 inches from the
end which will connect to the cannula (or Y-shaped stopcock assembly).

€0.2.2 Purge Clannula/Vessel Area. To purge air from the site of
canmulation, inject perfusate into the vessels between the cannula
and the hemestat which closes off the vesscl., This is done with 2
hypodermic needle. As the perfusate enters the vessel, the air will
be forced out the top of the cannula. When the injected perfusate
begins tc flow out the top ef the cannula, all air should be

purged from the site,

€0.2.3 Connect Tubing to Cannula. The purged tubing, still clamped
with a hemostat, is connected to the open ond of the cammula.
(Surgical rubber tubing, when ferced over the end of the cannula,
should effect a geod, airtight seal. Greater protection against air
leakage can be accomplished by securing this connection with a
tubing clamp).

60=-3
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60.5 Injection of Perfusate. As perfusate is injected, the input reser-
voir must be refilled and the contents of the collection container must bhe
discarded. After as much blood as possible has been flushed from the body,
the contents of the collection ceontainer may need to be reserved for re-
circulation. The recovered perfusate is cooled to near 0°C and reintro-
duced into the injection reservoir if the supply of perfusate is likely to
be depleted before body core temperatures near 0°C are reached. See 53.1.8
for further discussion.

60.6 Refilling Injection Reservoir. Certain measures must be taken to
prevent the intreduction of air into the system when new perfusate is added
to the reserveir during injection.

60.6,1 Add perfusate by pouring it intc a large funnel with tubing
attached to its cutlet, lending to a point which is both beneath the
reservoir surface and remote from the pump intake.

6C.6.2 If no other means for prevention of air entering the system
is available, completely halt perfusion, recirculation, and other
fluid transpeort in the system until the reservoir is refilled and
bubbles have clcared completely.

60.7 Dispersion of Blood Coagulation. Although heparin has been adminis-
tered to the Donor directly as well as being a part of the perfusate,
coagulation of blood constituents may be experienced in wvarying degrees,
depending on the individu=l circumstances. This clotting can cause a local
or teotal stoppape in perfusicn flow. :

Blockages can often be detected either by a drop in flow or, in some cases,
by swelling of the tissues around the blockage. Blockages due to blood
coagulation can often be alleviated by manipulation of the points affected
or by application of pressure te the adjacent surface areas. This probienm
will rarely occur after the majority of the bleod has been flushed from
the body,

Perfusion of a Doner who has been clinically dead a period of hours with
no cardiopulmonary assist will be more difficult than perfusion which is
bepun under more favorable circumstances. In these latter cases, alterna-
tive apparatus will be used while the bleod is being removed.

60.7.1 Instead of cannulas, drainage tubes (56.0) will be inserted
into the vein, first in one direction, then the other, until all
blood and clots are removed,
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It may be nccessary from time tu time to remove the drainage tubes
and "spread' the-vein with forceps to allow the cozgulated bleed to
escape the vessel opening., This is done by 'squeezing' the forceps
together, insecrting them into the vein, and allowing them to “spring”
open, They are then squeezed again before removal.

£0.8 Reversal of Flow. The cannula connegticns {60.1) may be reversed

to periuse the vessels of the pulmenary system (the pathway by means of
which blood travels to the lungs for release of carben dioxide and absorp-
tivn of oxygen). Expert opinion differs concerning the necessity for

flow reversal te clear thesc vesscls, since the tissues concerned are
rourished by parts of the systemic system which parallel the pulmonary
system and which are perfuscd without the necessity of flow roversal, In
the event that fiow reversal is performed, it should be performed only
after blood constituents are completely cleared in the normal flow dirce-
tion, and after body core temperatures have fallen to or below the temper-
atura:s at which use of cordiopulmonary resuscitation is discontinued (36.3).

60.8 lFeasurements and Records. UDuring the time that perfusate is being
injected and body core temperature is beding reduced, a number of parameters
must be momitcred and ricorded. These include: [a) body core temperature,
(h) perfusate tempersture, (¢) perfusate flow, and [d) pB balance.

RBzcord charts mey be used (45.0) for the systematic recording of these
msasurements. Carc should be cxercised to show the exact time at which e&cﬁ
megsurement is taken.

The arount of fluid accumulation or loss in the Donor's body can he deter-
mingd by the difference heiveen the smount of perfusate which leaves the
injection ressrveir and the amount of effluent which enters the collection
container during a given perind of time. Rescrvecir measurcments may be
teken (if other means are not available) by meens of a sterile scale (ruler)
which is inserted into the container and clempod to its side. If the amount
of perfusats belng injected significantly excecds the amount of effluent
being eoilected {taking intc consideration that 2 small amount will diffusc
inte the tisswes) = bliockage may have occurrod.

pH readings should be taken periodically by the use of sither a pl metor
or pH sensitive tape. I1f these ave ncot within the desired range, correction
should be made with an approprizte buffer (58.3).
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To this point, the procedures recommended have been concerned solely with the
functions of the circulatory and respiratory systems. Cardicpulmonary resus-
citation and perfusion, however, should be supplemented by purging and/or
conditioning of the digestive tract and the urinary system.

61.1 UDigestive Tract; The Stomach. First, the stomach should be cleared
of all substances {(solid and liquid) using a stemach pump and catheter
{or other aspirator). Then a sodium bicarbonate solution (pending fur-
ther study, 10 grams of sodium bicarbonate in one liter of water) cshould
be introduced and removed ten minutes later, neutralizing acids that may
have accumulated. Fipally, a flush with eone liter of the base perfusate
(58.0) sheould be carried out to provide a stomach content neutral with
respect to the perfusate. Ten minutés after introduction of the base
perfusate, as much of it as possible should be aspirated (sucked out)
using the same equipment as before.

£1,2 Cigestive Tract; The Intestines. Repeated enemas should be given
with the base perfusate {58.0)}. Each flush may consume one to two liters,
depending on the size of the individual.

£1.3 The Urinary System. A bladder catheter should be inserted [observe
that male and female cetheters are different) and the bladder aspirated.
Following this, the bladder sheould be flushed with base perfusate (58.0).

1

1.2 Implementation. For all of these concurrent procedures, it will
be impertant that other operations in progress not be disturbed (such

as cardiopulmonary resuscitation or perfusion). The Donor will have to
remain horizontal throughout, and the implementation of concurrent pro-
cedures must proceoed without reduction of ice contact (in the groin) or
compromise of artificial respiration (if in use)}. The following dis-
cussion is conjectural and speculative, and does not represent a des-
cription of provem approaches. Taken strictly in that context, the idecas
presented may be uscful.
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1.4.1 MAcecess to the Stomach. A stomach tube or catheter will be
necessary. If artificial respiration is underway, tracheal intuba-
tion (insertion of a respiratory tube throuph the meuth, threat,
and then into the tracheal tube leading to the lungs) must first
have been accemplished, Following this, with artificial respiration
in progress, the stomach tube may be inscrted. If possible, a re-
mote thermometer probe should be attached to the cutside of the
stomach tube. This will permit the best possible monitoring of body
core temperaturc,

61.4.2 Access to the Intestines. A relatively large tubs must be
inserted into the rectum, and must be fixed in positicn, so it may
be used both for injection of the enema and for aspiration of the
fluid plus fecal matter (it will be impractical to place the Donor
in a vertical position, remove the tube, and induce gravity drainage
by abdeminal manipulation. The fluid and solid matter will have to
to aspirated with a suction pump of some kind). If possible, a re-
mote thermometer probe should be attached to the cutside of the
large tube. This will permit a second advantageous position for
monitoring of body core temperature,

A number of possibilities exist for effecting a seal at the entrance
to the rectum. A rubber laboratory cork could be drilled for four
holes [cne large, three small) through which are threaded the large
tube, & remote thermometer probe, and two ends of a nylon retrieval
loop. All port clearances in the cork could subsequently be sealed
with spoxy cement to prevent leakage. The cork could be sealed
within the rectum just beyond the sphincter (donut shaped muscle at
the entrance to the rectum). By selection of a suitable size cork
and use of a biclogical lubricant (such as vaseline) a satisfactory
seal might be easily established.

61.4.3 lccess to the Bladder. A standard urinary catheter can be
inserted, and can Le used both for aspiration and injection of fluids.
As previously observed, an appropriate type (male-female) and size

of bladder catheter must be employed.

61.4.4 The Question of Removal of Devices Used in Concurreat
Procedures. Elsewhere in this manual, it is suggested that cannulas
be left in place following perfusion. This suggestion follows partly
from the fact that cannulas will be used in Phase II perfusion, and
the tissue in which cannulas are embedded may be inflexible or prac-
tically solid when PFhase IT perfusion is terminated. Another comsicd-
eration is that future attempts at reanimation may be facilitated

by the availability of access to the circulatory system. It is
dcbatable as to the value of leaving the tubes lcading to the
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digestive system ir place. Certainly the remote thermometer probes
will be of value in Phase II and afterwards, since monitoring of
body core temperature will be necessary until the Donor's conditien
is stabilized at a final temperature level. It could be arpgued that
access to the digestive tract might be of value te scientists of
some future timo, in the use of some hypecthetical perfusate which
might be liquid at liquid nitrogen temperatures, and which might
(initially) be more easily introduced into the body via the diges-
tive tract than through the circulatory system. For the present,
it is suggested that these tubes may be left in place to some
possible future advantage. By use of appropriate connectors, the
tubes could be disconnected a few inches outside the body openings
through which they were originally introduced.
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62 g“'\x POST PHASE I
,-uf’ PERFUSION PROCECOURES

Fhase I and Phase II may frequently be exccuted in the same location, using
essentially the same equipment. In these cases, the transition to Thase II
will be essentially uninterrupted. In other cases, Phase II procedures will
have to be executed at a2 different facility from that in which Phase I was
carried out. In the latter case, a number of intermediate steps must be
taken. These are shown in Figure 62-1 and discussed in subparagraphs below.

|
fiction Subparagraph
Discontinuation of Injection 62.1
Disconnection of Inj. Equip. 62.2
Arrangement of Transportation 62.3
1 Maintenance of External Cooling 1 62.4
Fipure 62-1

62.1 Uiscontinuation of Injection. When body core temperature reaches
0°C, the Phase I perfusion is continued, in a recirculating mode, until
immediately before Donor must be moved., Then perfusion is terminated.

62.2 Disconnection of Injecting Equipment. The injecting eguipment
can be disconnected from the cannulas as soon as injection is discon-
tinued. The cannulas should NOT be aemoved from the vessels, and aix
snowld noX be atloved o enien iZhe syddem (60.0). Cennulas should
remain in the vessels for usc in Phasc 1I. Short lengths of tubing
may be attached to the cannulas and clamped off to prevent drainage,
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The discennection should be carricd out in such a way that the tubes
beyond the clamps contain no z2ir bubbles (60.2.4).

¢2.3 Arrange for Transporiation. Arranpements for transportation of
tihie Doner can be made while the injection apparatuc is being discon-
nected. Trans-phise transportation of the legelly dead Donor is
discussed in sections 63.0 and 64.0.

62.4 Haintain Exterpal Cooling. GEvery cifort must be made to maintain
body core temporature zt 0°C during the lapse betwsen Phose I and Phase
Il procedures, Contact with crushed ice on . all hody surfaces should be

carerully maintained. Uody corc temperature should be measured and re-
corded perindically,
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@ TRANS-PHASE

v DONOF MOVEMENT:; OFERATIONS

The primary operational concern with trans-phase Donor movement is speed.
Therefore it is recommended +hat where significant distances are involved (s5av-
eral hundred miles or preatuer) air transportation be secured. If surface travel
is to be used, the infermation in section 39.0 will apply.

63.1 Air Travel: Common Carrier. Operationally, air transport by common
carrier may pose problems in maintaining external cooling. Idezlly, a
society representative would travel with the Donor to effect replenish-
ment of ice as this melts. Even assuming that is permitted, diffi-
culties may arise in providing for the disposal of cxcess water as ice
continues to melt. A spccial purpose container may be necessary to
satisfy airline regulations. Thesc problems may arisc whcther the eraft
involved is a parsenger or a cargo plane.

63.2 Air Travel; Charter Carrier. It may be possible to effect air
transportation by chartered flight, in a relatively small plane. Regard-
less of how this is accemplished, the penalties will prcbably invelve

(1) higher cost and (2) increased travel time. Less prohlems may he
expocted in terms of the representative’s disposal of excess water, but
this will depend on the individusl circumstances.

63.3 Special Purpose Containers. The Denor will probably be transported
in a water-tight box with a hinged cover, providing for drainzpc of

water to a separate container., A Land pump (see 59.0) might be uscd to
transfer water from the Donur container te the water collection contciner.

63.4 Commuent. This section will he revised and cxpanded to provide more
detail, particularly under 63.3, at a later time.
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@g @ TRANS-PHASE
s SR DONOR MCVEMENT; ADNKINISTRATION

64.1 Documentation. In line with the discussions of section 39.0,
documentation (removal permits, etc.) must be provided as necessary.
Variation in state and local rcgulations makes advance inquiry 2s te
these requirements essantial if trans-phasc Donor movement is

anticipated.

64.2 Use of Common Carriers. Use of common carriers may be advantag-

ecus, but laws may prohibit movement of a deceased person unless eu-
balmed by a licensed embalmer (39.0). In some instances in the past,
perfusate has been accepted as a form of embalming fluid, and the per-

fusion was sccomplished by
teria were satisfied.

2 licensed embalmer, sc the necessary cri-

In the future, with human organs being transported from city to city by
air, the regulatioms in this repard may be breadened te provide for
transportation of whele-body human anatomical gilits, In any case, should
trans-phase Doner mevemont by common carrier be anticipated, thorough
advance inquiry 2nd preparations would be appropriate.
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ﬁﬁ- @ STANDARD PROCEDURES:
D, OPHESE T

In Phase II of the induction of solid state hypothermia, a cryoprotective
agent is added to the Phase I base perfusate. The temperature is then
gradually lowered and the percentage.of cryoprotective agent is increased, so
as to always maintain'a liquid state in the Donor's tissues. Finally, & point
is reached where lower temperatures produce crystallization regardless of what
mixture of cryoprotective agent is used. Important factors are:

65,1 The temperature must not be lower than the freezing point of
: the tissues, The freezing point is dependent on the percentage
ef cryoprotective zgent in the tissues.

65.2 Since it takes time for the cryoprotective agent to diffuse
outwards from the capillaries, the percentage of cryoprotective
-agent in some tissues may be substantially less than in others.
The percentage in any tissue is somewhat less than that in the
perfusate.

65.3 The cryoprotective agent may be toxic in larpe percentages. This
toxicity is reduced as the temperature is lowered (1). Therefore,
the temperature shiould be as low as possible at each point without
violating factor (65.1) ahbove.

The perfusion methods described in the following sections are responsive to a
recent article published in the Hanrise Technical Review (2). This procedure
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is based largely upon theoretical considerations, and as of October 1972 has
never actually been used with whole organisms or even large organs. Also,
there are a number of practical problems involved with implementation which
may arise when the method is first employed.

Sections 65.0 through 70.0 have been reviewed for approval by lr. Quaife,
His collaboration is an essential element in the infornztion and recommen-
dations to follow.

References

1. ‘"Cryoprotective Agents™, H. T. Meryman, Crycbiology, 8:173-183, 1971.
2. 'Mathematical Models of Perfusion Processes’, A. Quaife, Manrise Tech.
Rey., 2:28-75, 1972.
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66 @ DIYISION OF ACTIVITIES
P TSN  THRE PRELSSE Tr TELN

£

Comments under 52.0 apply to Phase II team organization and responsibilities,
Further revisions of this section will include a recommended team organiza-
tion and division of responsibilities. - :

Phase 11 will require careful control of temperature and perfusate composition,
but these functions will gradually settle into a routine as time passes. On
the other hand, completion of Phase II procedures may require prolonged per-
fusion, perhaps over several days or more. A team of four persons may be more
appropriate than a team of two. ‘!embers of the team may elect to work in
shifts, since Phase II procedures must be applied continuously until they are
completed.
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@@ @ "PREPARATION OF
% PERFUSATE FOR PHASE 11

Perfusate for Phase I1 consists of the Phase I perfusate (see 58.0) with
cryoprotective agents added. At this time, a single cryoprotective agent,
dimethyl sulfoxide (DMSO), is the recommended additive.

The title of this section contains the word 'preparation’, implying that the
Phase II perfusate is simply pre-mixed and then injected. This would be an
oversimplification. DHMSO is added to the base perfusate on a progressive
basis, such that its percentage is gradually increased as the perfusion pro-
ceeds. This operation is inextricably involved with the details of sectien
70.0, "Procedures for Phase IT Perfusion'”, so the details are not included
in this section.

68,1 Quality of Dimethyl Sulfoxide Recommended; Sources of Supply.
"Reagent” grade LSO is consicered to be appropriate. Curtin Scientific
{see Appendix A} guotes $50.58 per case (of four gallons) of DMSO when
five or more cases are purchased.

68.2 Pre-dilution of DMSO. Prior to adding DMSO to the base perfusate,

as part of the perfusion procedure, it may be appropriate to 'pre-dilute’
the DMSO to dissipate a principal part of [¥SC's heat of solution and
lower the freezing point of the mixture (1, pp 43,58-9). Dilution with
distilled water to a concentration of 80 percent is recommended in

HMr. Quaife's paper (1). Observe that this represents the percentage by
weight, not vofume. One adds one kilogram of water for every four kilo-
grams of DMSO, to achieve the 80 percent concentration. In practice, it
will be simpler to mix DMSC and water by measuring volumes, but one must
not forget to correct for the specific gravity of DMSO (approximately 1.1).
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With corrections for volumetric change on mixing, using the known
densities of DMSO and water at 25°C, add 793 ml DMSO. to 218 ml water
to get 1 liter 80 percent DMSO (w/w)(2).

68.3 Pre-balance of DMSO with Perfusate Constituents. Before DMSO,
either pure or prediluted, can be added to the base perfusate, the
constituents present in the Phase I or base perfusate must ‘be added.
To one liter (or one gallon, or four gallons) of DMSO, one must add
the same amounts of constituents as one would add to distilled water
for Phase I perfusate (section 58.0)}. Note that it does not matter
whether or not the DMSO has been prediluted. Constituents are added
~on the basis of the total fluid volume to be balanced. Particularly,
note that the balance is per unit volume. One adds a specified quant-
ity of constituents to a liter, gallon, etc. of cryoprotective agent,
regardless of what it wedlghs.

References

1= “Hathematxcal Models of Perfusion Processes', A, Quaife, Manrise
Tech. Rev., 2:28-Y5, 1872, S
2. FPersonal Cﬁmmun1cat10n, A. Quaife, dated 12-5- ?2
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ﬁg @ EQUIPHENT
, o FOR PHASE 11 PERFUSIOH

69.1 General Description. The equipment for Phase II consists of a
perfusion system with capabilities extending beyond those necessary for
Phase I, and a temperature controlled cabinet which contains the donor
during perfusion. Both are described in more detail below.

69.2 Temperature Controlled Cabinet. The temperature controlled cabinet
15 basically an insulated box with a means for regulated cooling down to
~60°C or below. Commercial units can be procured, with costs generally
exceeding 53000. They are cooled by compressor driven refrigerator ccils
and are suitable for continuous operation, year in and year out. Alter-
nately, a similar unit may be constructed which makes use of cryopgenic
gases for cooling. Such a system could be more difficult to regulate,
and may not be desirable for long term operation, but its cost may be

far less than the type of equipment first described, Further, its range
of operation may in principle be extended to the temperatures of cryo-
genic gases to be used for long term storage. The discussion which
follows is limited to temperature controlled cabinets based on the use
of cryogenic substances. :

69.2.1 Precautions. The gases given off by mest cryogenic substance!
of interest are not breathakle, and must be vented to the atmosphere
after they are used. The continued release of gaseous nitrogen in
an unventilated space could progressively result in reduction of

" pxygen levels in such a way that unconsciousness or death would
follow. The release of carbon dioxide would produce this same effect,
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plus the suffocating sensation one experiences when holding one's
breath, Thus carbon dioxide gas may give more warning of a danger-
pus condition than nitrogen, but both are potentially hazardous,
Phase II spaces should be well ventilated, particularly if cryogenic
gas. cooling is used,

69.2.2 Design Considerations for Cryogenically Cooled Temperature

Contrelled Cabinets. The following general discussion may be useful
to these who intend to design their own cabinets,

69.2.2.1 Basic Elements of a Cryogenic Gas Temperature
Controlled Cabinet. Figure 69-1 is a block diagram which
indicates the possible set of elements in a cryogenically
cooled temperature controlled cabinet. The cabinet interior
is a well insulated volume capable of containing the Donor plus
any other equipment that should be cooled, Its temperature is
monitored by a temperature controller, which causes a feeder
mechanism to transport cryogenic substances into a cold gas
generator when the cabinet interior becomes too warm. A
blower or fan recirculates gases through the cabinet and
generator so as to maintain uniformity of temperatures within
the cabinet. Excess gases are exhausted to the outside
atmosphere,

69.2.2.2 General Discussion. For maximum efficiency, all
elements within the dotted enclosure should be packaged into a
common insulated volume. The hlower is essential to correct
function of the temperature controller and the cold gas
generator,

Perfusion System. The perfusion system, as already sugpested, must
embody a number of functions not required in Phase I. Since the possible
complexities for the sake of convenience are many, and since the immediate
purpose is providing a least costly means of upgrading Phase I perfusion
equipment for use in Phase II, an "idealized" system will not be discussed.
Rather, methods for "adding on'' to a basic Phase I perfusion apparatus
will be presented.

69.3.1 The Basic System. The Phase I perfusion system to be used
as a baseline for upgrading to meet Phase II requirements will be
similar to "System B-1" as described in Section 59.0 (58.2.5). In
review of this type system's characteristics:
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€9.3.1.1 1t has a main perfusate reservoir..

69.3.1.2 The reservoir feeds one or more pumps. The pumps'
outputs flow in parallel to both a heat exchanger and to the
Donoy,

69.3.1.3 Perfusate temperature is monitored at a pump's
outlet,

69.3.1.4 Injection flow rate to the Donor is measured, Flow
{and consequently ‘injection pressure) to the Dnnnr is controlled
by valves or other means.

69.3.1.5 Pressure is measured at the outlet provided for
injection to the Donor,

69.3,1.6 Perfusate to be recirculated is filtered.

69.3,1.7 A multiple channel remote thermometer is provided
which monitors body core temperatures, skin femperatures, and
temperatures at other required points. :

69.3.2 Additional Requirements for Phase [l., The following char-
acteristics are required for Phase II, in addition to those listed
for the basic Phase I perfusion system above.

€9.3.2.1 Function at Low Temperatures. All equipment in the
Phase II perfu51on apparatus must function to temperatures as
low as -70°C, Many materials tend to fail at low temperatures;
some mechanisms (pumps, valves) cease to function, and other
components change characteristics (certain "flexible" tubing
is not at all flexible at -70°C). Apparatus to be considered
for use in Phase II must be designed and tested for proper
operation at these reduced temperatures.

$8.3.2.2 Resistance to DMSD. Some materials which are suit-
able for use with the Phase I perfusate may not be suitable
for exposure to DMSO, Questionable materials include
polycarbonate, polystyrene, styrene-acrylonitrile, and
polyvinyl chloride.

69.3.2.3 Specific Gravity Measurement. It is necessary that
the specific gravity of perfusate injected and effluent
retrieved from the Donor be measured in Phase 11, either fre-
quently or continuously. Samples may be taken in hydrometer
¢ylinders and measured by precision hydrometer floats (Figure
69-2}. This equipment is available from Van Waters and Rogers

04
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Scientific (VWR Scientific) per Appendix A. A specific
gravity meter is available from the Brooks Instrument Division
of the Emerson Electric Company (see Appendix A, under “Brooks
Instrument"). One of the VIR Scientific hydrometers can be |
read in-.0005 subdivisions in the range of 1.000 to 1.055, and
costs less than ten dollars for a hydrometer and cylinder. The
Brooks specific gravity meter costs several hundred dollars
and is specified for an accuracy of one percent over the range
1.000 to 1.220, implying a useable resolution of .062. In
general, a change of one percent DMSO is approximately equiva-
lent to a change of .002 in specific gravity. Since measure-
ments to a fraction of a percent DMSO may be important, the
Brocks meter (if used) should be supplemented by manual
hydrometers for higher accuracy.

- 62.3.2.4 Controlled Inflow/Outflow from System. 'In Phase II,
- pure (or concentrated soclutions of) cryoprotective agents must
be continuously added to the main reservoir, and a portion of
‘the effiluent must be continuously discarded. The flow rates

care small, and must be controlled so that the flow into the
main reservoir is the same as the effluent discard outflow. A

_Simple means of mechanizing this would involve the use of a
variable speed dual headed roller pump available from Cole
Parmer (see Appendix A). Flow meters could be placed in both
lines, with needle valves used to balance flow rates. A
separate reservoir is required for the input DISO concentrate.
An effluent discard reservoir is required for collection of
ejected perfusate,

69.4 Further Discussion of Equipment for Phase II Perfusion.
Phase Il perfusion equipment is
not yet commercially available in i
a standard product line of any i
kind. Figure 69-3 is an early
"conceptual’ sketch of a Phase II
perfusion system. Correspond with
Manrise Corporation directly for
further information.

Figure 62-2: Hydrometers § Cylinders
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7@ @ PROCEDURES
" EOR: PHASE 11 PERPUSION

The procedures which follow are, in all essential respects, the implementa?ioﬁ
of Part F, "Procedures for Phase II Perfusion® in Art Quaife's paper (1). Ses
the explanation in 7C.10. :

70.1 Initial Conditions. Using equipment fulfilling the minimum
requirements given in section 69.0, the main reservoir is charged with-
not less than fifteen liters of Phase I perfusate, and Phase I recir-
culation at 0°C is in progress. The auxiliary reservoir is filled with
DMSO concentrate and the flow rate into and out of the system is zero. .

710.1.1 Steop Perfusion., Terminate injection to the Donor. The
system now contains a fixed amoumt of Phase I perfusate, continu-
ously being recirculated to the heat exchanger, All effluent is
discarded.

-70.1.2 Add DMSO, Prebalanced DMSO (see 68.3), either pure or
diluted, is added directly to the main reserveir until the concen-
tration reaches five percent (w/w). This is achieved by adding
DMSO gradually until the specific gravity of the mixture corres-
ponds to the five percent DMSO level in Figure 70-1.

70.2 Inject Ten Liters. Perfusion is begun, and continued until all
except five liters have been injected. All effluent is discarded, At
this point the DMSOC concentration in the effluent is measured, and the
factor K is calculated:

o am
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K = 1 - El;

5
Cq is the DMEO concentration in the effluent. K is an indication of
how much DMSQ is being absorbed. For example, if ne DMSC is being
‘absorbed, then Cq = .05 and K is zero. If all DMSC is being absorbed,
€y = 0.0-and K is 1.0. As before, the concentration of DMEQ in the
effluent is found by measuring the specific gravity of a sample of the
effluent and consulting Figure 70-1,

70.3 Continue Perfusion with Recirculation. After the first ten liters
have been injected, perfusion is continued, but the effluent is recircu-
lated (with filtration) to the main reservoir for reinjection.

70.4 Start Adding Concentrated DMSC and Discarding Effluent. As soon
as possible after recirculation is begun, concentrated DHSO is started
slowly flowing into the main reserveir and a like flow rate of effluent
{see 69.3.2.4) is discarded, First, the proper input-output flow rates
must be calculated. A quick estirate may be made te¢ begin with:

HK' has already been calculated (70.2 above). The perfusion flow rate
I (liters/min)} must now be chseérved from the injection flow meter. Cg
is the fraction of DMSO in the DMSC-concentrate reservoir (examples: fc-
pure DISO, Cq = 1.0; for 80% DMSO w/w, C4 = 0.8). The perfusate first
injected is assumed to be five percent. Calculate Jj:

(J) (K) (.05) (1.5)
Ca

Jd=

The factor 1.5 is simply an initial approximation to mere complex terms;
further information is provided in 70.6.

For example:
If perfusion flow (J)} = 2.0 liters/min.

lfK* E’\E

1f Cd = 0.3

L

then J4 = {2-ﬁ](ﬂ:3}{gia51jl.51 = 0.0375 liters/min
0.8

In the example given, the 80 percent DMSO solution would be sent into
the main reservoir at 0.0375 liters per minute. Effluent would be
discarded at the same rate. The initial determinations of "K" and "J4"
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are subject to many errors, and redetermination of "K" and modifications
to "Jq" will be needed frequently, in the bepinning. Therefore, one
must proceed at once to those steps called for in 70.5 and 70.6. Also

a thorough understanding of Phase II as outlined in 70.10 is essential.

70.5 Continue Recirculation; Perform Essential lMeasurements and
Calculations. Once the inflow-outflow (concentrated DMSO; effluent
discharpe) has started, recirculation to the Donor is continued. Ileasure-
ments and calculations are now required for controlling the operation.

70.5.1 Data Sheet. Figure 70-2 is the data format for use in
controlling Phase II perfusion. It is assumed that users of this
procedure will have an extensive supply of these sheets.

70.5.2 Filling in Basic Information. Fill in the Donor's weight
in kilograms, opposite '™". Calculate Wg and W, as shown below.

Wg = .053 My NOTE: 1 peund equafs
0.4536 kifognams
M, = 575 My

Fill this data in at the top of all data sheets used for any
particular Donor.

70.5.3 Filling in Lines of Recorded Data on Data Sheets. The

time of measurement of effluent specific gravity and DMSO concen-
tration (see 70.2) is entered under "t". The flow rate of perfusion
observed at the time is entered under "J". pp is the specific
gravity of perfusate in the main reservoir, and the concentration

Cp is the corresponding value from Figure 70-1. Enter these values
on the data sheet under the appropriate columns. P; is the effluent
specific gravity, and C; is its corresponding value of DMSO concen-
tration from Figure 70-1, Fill these values in also, on each line,
as measurements are made.

70.5.4 Calculation of Quantities on the First Line. Only one
quantity (A) is calculated, on the first iine:

A = J(FpC, - £1C1)

All other quantities are entered as zero.

70.5.5 Calculation of Quantities on Second and Later Lines. On
each line, "A" is calculated the same as on the first line: from
data to the left, on the same line, by the same formula used above.

=5
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The nthﬂr‘quaﬁtities are calculated from data including quantities
from prevdous lines, When a quantity is taken from a previous line,
it will be shown in the eguation as having a circle around it.

For B: i
. ﬂ:i;—@

The triangle (4) is called delta; it represents the time elapsed
(in minutes) between the last measurement and the present measure-
ment. Thus!

Ast-( andU= (@) + 84

Finally, the concentration of DMSO in weakly circulated tissues
(C,) is calculated:

U = W.C
= 5P
“ Wy,

In briefest explanation: A" is the DMS0 uptake rate in each
measurement. "B" is the averape DM50 uptake rate over the time
between the last measurement and the current measurement. A"
ig the time between measurements, and "BA™ is the amount of DMSO
absorbed into the body during 4. '"U" is the total DMSC absorbed
by the body up to the corresponding time "t". In the calculation
Cy, it is assumed that the strongly circulated parts of the body
“are fully equilibrated with the perfusate. The rest of the LilSC
absorbed is assumed to be uniformly distributed throughout the
weakly circulated tissues. -

70.6 Continue to Modify Inflow-Outflow Rates as Appropriate.
At any time, from the latest line of data, one may recalculate K"
and then "Jg" (inflow-outflow rate):
€y
K=1 s
P

B

W, = w5'+ W, Wy 44 caleulated only once. This
vafue 4s then used throughout Phate II.

W
o GPQ{.;{F», 1)

I, A
¢ Cg -G, Ky

where: (see definition of symbols on next page)
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J4 = Inflow-out£low rate (liters/min)

J = Perfusion flow rate (liters/min)

K = Value calculated from DMSO concentrations

Epc” Concentration of DMSU in imitial injection

W, = Weight of perfusate external to Donor (Kg)

W, = Weight of Donér's_liquidﬁatate body constituents (Kg)
Cq = Concentration of DMSO in DMSO concentrate reservoir

CP = Concentration of DMSOQ in reserveir {at the very beginning,
€. .
P po

€y = Concentration of DMSO in effluent

After vecalculation of J,, the inflow-outflow rates should be
modified accordingly. A chart or log should be maintained to
indicate the value of Jg in use at any time. An explanation of
the above choice of Jgq is given in Section 70.10, and particularly
in 70,10.5.

70,7 Frequently calculate "Time to Completion”. The remaining
time "tg" to complete Phase Il perfusion may be calculated, at any
point, using the equation:

te = L:64 - Cp) 2
Since any single value of t_ will be subject to measurement errors,
a string of five or more calculations should be averaged together
for greater accuracy. Any value of tg, of course, is valid only
for the temperature and time at which it is calculated. For this

reason, as temperatures are changed and as time advances, fregquentl
recalculate t,..

70.8 Lower the Temperature of Perfusate and the Donor's Exterior
to the Lowest Permissible Level at anv Point: DO NOT Increase ﬁp

Above 0.64. The Donor's exterior temperature and the perfusate
temperature should be held just above the freezing point of the
DHS0 concentration predicted for weakly circulated tissues, Thus,
at any time, the value of (,, may be compared with Figure 70«3 and
the lowest allowable control temperature determined. As noted in
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70.7, lowering. of temperature will extend the "time of completion'.
Therefore, should a limiting "time of completion' be reached
(practical circumstances dictate against further extension of
Phase II) then the temperature is held constant until the value '
of C, reaches 0.64. A careful record should be maintained of ths
temperature control points used and the times at which changes are
made. lhen reaches 0.64, it is held constant at that value
until the completion of perfusion. J4 is reduced as necessary to
prevent Cp from exceeding 0.64. It may be necessary to discontinue
inflow-outflow to and from the system (J4 = 0.0) for some periods
of time. Finally, Cy, C,, and C, should all converge toward 0.64
(with €, this is somewhat related to the overall accuracy of
measurements and calculations), If feasible, perfusion should be
continued for several hours after all three values are essentially
0.64, and then discontinued, Phase II perfusion is completed.

70.9 Suppose No Inflow-Cutflow Subsystem is Available. It is
possible that one may have Phase I perfusion equipment fulfilling
all requirements for Phase II except the provisions for inflow-
outflow control (per 69.3.2.4). In this event, a minor modification
to the procedure will still permit Phase II to be accomplished.

70.9.1 After determining the proper inflow-outflow rates per
70.4, concentrated DMSO is added to the main reservoir and
effiuent is discarded by manual methods. For cxample, if the
inflow-outflow is determined to be 0.0375 liters per minute (as
in 70.4), one would simply inject 37.5 milliliters of concen-
trate per minute into the main reservoir and extract 37.5
milliliters of effluent per minute from the efflucnt collection
reserveir, perhaps by means of large, calibrated hypodermic
ayringes, etc.

70.9.2 It is relatively wnimportant whether the effluent is
extracted continuously or periodically. One could simply
remove 37.5 milliliters in a few seconds, once per minute, for
satisfactory operation. Far more important, however, would be
constant flow into the system., The injection of concentrated
DMSO into the main reservoir would (in the example given) be
37.5 milliliters per minute. A gravity feed device, for
example, could be arranged to deliver about one milliliter
every 1.60 seconds, Obviously, performing Phase II with less
sophisticated equipment is more demanding of the perfusion
team, since more attemtion to DMSC injection and minute by
minute withdrawal of effluent continues hour after hour,
~perhaps for days, without interruption.

=3
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70,10 Further Information. At this point, a brief explanation is given
as to the rationale for Phase II procedures. This is, at best, an over-
view of the contents of Mr, Quaife's Paper (1) and no substitute for a
detailed reading of it. (uestions of interpretation may arise and should
be referred to Manrise Corporation or lr. Quaife directly.

70.10.1 Ideas in Other Parts of the Manual. The introductory
section to Phase II procedures (65.0) describes the basic Phase II
processes and factors of primary importance. Other preceding
sections, particularly 68.0 and 69.0, will contribute to the reader's
readiness to comprehend the rationale behind Phase Il procedures.

70.10.2 The "Gradient” and Estimation of Total Body DiSO

Concentration. Even as the first DMSO perfusate is injected (70.2),
the body begins absorbing some of the DiS0., Thus, the perfusate
leaving the body has less DMSQ than the perfusate entering it.
This difference of percentages is termed the "gradient' and can be
used, along with the flow rate, to calculate the rate of DMSO
absorption in the body. Further calculations, based on frequent
measurements of gradient and flow rates, permit estimation of
M50 concentration in the body. This in turn permits figuring
(from a graph) which temperatures are safe, at any point, in that
they will not cause freezing to tissue. Finally, when the body is
estimated to have absorbed as much DMSO as is useful, Phase II
perfusion is finished.

70.10.3 Stabilizing the Gradient. The procedures specified for
Phase II are gauged to make the body concentration of DMSO build up
at the same rate as the perfusate concentration, If this is done
correctly, the gradient will be stable, and this will signify that
the body is absorbing DMSC at a relatively constant rate. The
supporting line of reasoning, while rather complex, is briefly
explained as follows:

The flow rate of DIMSO entering the perfusion system from the
putside (and the flow rate of effluent discarded) is intended te
produce a condition where the gradient {C, - C1) stabilizes. Thus
if everything proceeds according to plan, perhaps the initial
percentages are 5% DMSO in, and 2% out (a difference or gradient of
5% - 2% = 3%). Later, assuming an unchanging gradient, the percent-
age would be 12% in, 9% out; then 39% in, 36% out; and so on. Also,
the estimated body concentration C,, should lag behind the other two
by about the same margin, Thus at first C, would be 0% (5% less
than the perfusate and 2% less than the effluent). Later, corres-
ponding to the foregoing examples, G, should be about 7% (for 12%
in, 9% out) and 34% (for 39% in, 36% out). If the gradient changes,
and keeps on changing, or if the "in” and "out' percentages start
to pet well ahead of the estimated body percentages, then adjustments

b i T
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are required. This will almost certainly be the case, since the
foregoing explanation is based on a mathematical approximation of
the processes which will occur. Any lack of exactness will be

reflected in the degree of readjustments that are necessary,

70.10.4 UWhat is Actually Happening When the Gradient Starts
Changing? If the gradient starts getting smaller, this means the
body is absorbing DM50 less rapidly than predicted. If the gradient
gets larger, DMSC is being absorbed more rapidly than previously
estimated.

70,10.5 Changes of Flow Pate {Jq) Into and Qut of the System

to Compensate for a Changing Gradient. If the gradient gets smaller,
"K" will decrease, so flow rates (J4) into and out of the system
must be reduced. The body is soaking up DMSO slower than expected,
and the method of correction is to slow up the addition of concen-
trated DMSO to the system., The gradiemt, "K', and the required
inflow-outflow "Jg" will stabilize if repeated corrections are made.

Conversely, if the gradient rises, the bodyv's absorbtion rate has
increased, therefore, "K' will increase and so must '"J4'* The body
is absorbing DMSO more rapidly, and the addition of DMSO is speeded
up accordingly. One thing, very important, is to keep comparing
estimated body DiSC concentration C, with the concentrations in the
perfusate (C,)} and the effluent (C,). It is possible that by
following the given procedure, (C, - C,) may become greater than
10%. This is undesirable, so in ghis case, inflow-outflow should
be stopped (Jg = 0.0) and restarted only when Cp - Gy is less than
10 percent.

70.10.6 "Built-in" Compensation Factors. Suppose perfusion flow
rate "J'" (different from Jgq) slows up, perhaps due to higher
viscosity at lower temperatures. Perhaps, however, due to lower
diffusivity at the lower temperatures the gradient does not rise
{as it usually would with decreased J) but remains constant, along
with the calculated value of K. Obviously, the body's rate of
ahsorbtion of DMNSO will decrease (due to lower flow rate) even
though the gradient and "K' are the same. The calculation for
"Jq', however, involves multiplying by "J'. Thus, in this case,
Jq would be decreased as 'J" decreased and the rate of adding
concentrated DMSO to the system would be slowed properly. In
other ways also, the procedures tend to compensate for changes
which could perturb the system. One last reminder: Don'f ever
et Cy - Cy exceed 108 (0.70), and don't Let Cp exceed 64% (0.64).

70-11
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‘:? Ei éE:B POSHTE PHASE -1 10 PR E D RES
D

Following Phase II perfusion, temperatures are lowered to those used for
permanent storage. This section provides guidelines that may help accomplish
this, based on a number of assumptions concerning the equipment available.

71.1 Reasons for Lower Temperatures. At the completion of Phase II

all cellular constituents are still in liquid state. These temperatures
are too high for permanent storage. Ovér the course of many years,
continuing chemical changes within.cells may reduce potential viability.
Alternatively, lowering the temperature after Phase II will cause
solidification of all liquid state matter, possibly with some degree of
crystallization. This, too, may be harmful. Current recommendations
are to continue lowering temperature until the beiling point of liquid
nitrogen is reached, (The temperature of carbon dioxide evaporization
is too high for long term storage. Recrystallization within cells
occurs at this temperature, with associated reduction of cell viability.)

71.2 iieans for Lowering Temperature. If a low temperature cabinet as
described in 69.2 is available, with provisions for switchover from
liquid carbon dioxide to liquid nitrogen, the temperature may be reduced
in a highly controlled way to liquid nitrogen's boiling point.

71.3 Rate for Lowering Temperature. Theoretically, the rate of
decreasing temperature through those repgions where solidification
occurs would be cxtremely rapid (snap freezing). This is infeasible
without yet to be developed hyperbaric techniques.

71-1
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71.4

71.3.1 Without snap freezing, the fastest controlled cooling rates
would require total submergence in a fluid cooled far below the
Donor's core temperature, having a boiling point higher than core
temperature. This also, however, presupposes the availability of
equipment far more sorhisticated than that required for Phase II.
Even assuming the existence of this type apparatus, the achievable
cooling rates would be far less than those now held to be optimum,
Fast cooling, therefore, cannot be used effectively at this time.

71.3.2 Temperature may be decreased, at a far slower rate than
that projected for snap freezing or submergence in cold-boiling
liquids, by circulating a cooled gas about the Donor. Nitrogen
is the preferred gas, as intimated in 71.2.

71.5

Procedure for Lowerina Temperature.

71.4.1 Gas Purging Procedures. The low temperature cabinet should
be switched over to the use of liquid nitrogen well prior to reach-
ing the temperature of carbon dioxide solidification. Provision
for an hour's operation on liguid nitrogen, above -78.5°C, should
adequately purge all carbon dioxide gas and prevent the later
formation of CO; "frost" on the Donor.

71.4.2 Lowering the Temperature. Cold nitrogen gas should he

circulated about the Donor at a temperature 40°C lower than the
Donor's body core temperature. As core temperature falls, gas
temperature is also lowered to maintain the 40°C differential, until
the gas temperature reaches that of boiling nitrogen. Bioclogists
later concerned with demonstrations of viability will, as a result,
have a known temperature reduction proflle as a reference for such
comparative testing as may be necessary. The figure of 40°C is
arbitrary, but should result in a sufficient thermal gradient for
reduction of temperatures to those of liquid nitrogen in a reason-
able period of time. The recorded cooling Aate (body core tempera-
ture as a function of time) as measured over the entire period is
the parameter which should be known for future reference.

Procedures for Maintaining Storage Temperatures, Submergence in

liquid nitrogen is the preferred technique for maintaining the desired
storage temperature (-196°C). Tofal submergence ensures uniformity of
temperature. Pailial submergence may not. This point should be
considered in the design of new containers. Ideally, liquid nitrogen
levels in the storage capsule would be maintained so as to ensure total
submergence at all times (perhaps by using an auxiliary liquid nitrogen
storage reservoir and a level controller,

b 1)
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Another approach to assuring uniformity of temperature involves
providing an inner capsule or container of high thermal conductivity
which is in contact with liquid nitrogen at all times. Any heat
picked up from gas phase nitrogen external to the inner container

is quickly conducted away to the liguid nitrogen heat sink. One
manufacturer recommends aluminum as a suitable construction material;

the inner container may contain perforations to prevent bouyancy
problems,
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m?z @ SECTIONS OF THE WENEAL
4 o YET TO BE COMPLETED

r

In a sense, all of the sections of the manual are "yet to be completed’. We
will revise the manual on a continuous basis, improving its contents and
keeping it technically current,

72.1 Improvements Possible How, JMany areas of the manual can be
beneficially expanded, now or in the immediate future. For exarple,
Section B.0 will develop intc a comprehensive guide on orpanizing
cryonics socleties. Section 10.0 will be expanded to contain a
'‘check-1list" version of the proceduees for inducing SSH with
reference to the appropriate sections containing detailed
information. Section 71.0 will soon contain information on low
temperature capsules and where to obtain them. In this respect,
then, the manual will be in a state of growth for some time.

72.2 Updating. 1In some areas, the manual's treatment is nearly as
complete as current knowledge permits. With the inclusion of sections
through 72.0 the manual, in its first printing, is considered to be
complete, Improvements from this point forward will be considered a
part of the revision service. As better equipment becomes available,
desceriptions will be included in sections such as 38.0, 59.0, and 69.0.
The sections on '"Medical Tests' [40.0 through 44.0) will become a
detailed set of guidelines on research measurements of value, as these
are formulated,

72.3 Sections 72.0 and Those to Follow. Gradually, as procedures used
in successful reanimation of whole organisms are perfected, more sections
will be added, based on experimental protocols proposed for use in reviv-
-ing humans.

To=1
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