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JOSIAH MACY JR FOUNDATION
CONFERENCE PROGRAM

FRANK FREMONT SMITH M D
Mrdical Director

As AN INTROBUCTION t0 these Transactrons of the First Conference o
Cold Infury I should Like to outlme what it 15 that the Foundagon hopes
0 cc0om, by irs Conference Program. We are interested, first of all,
In frrthermg knawledge thout cold injury 10d o tins end the pamia-
pants were tngether o exchange 1deas experdences, dsc, and
methods. In addsticn to thn parncular goal however there i & farther
Mpcdu&meﬁmd;nmmehﬂuwhdlommnfmc

a cauon between
aocnv(ﬁ:ducpllnes
The problem of commumicanon berween dsapline we fed w be &
wery real and 2 very urgent one dremm«cﬁmajvunmemdthc
vbo{:dnumu:bnngmn upmn Becsuse of
mﬂngnmntvh:dnnrwlmow accumulaong and be
-::mcdmnummﬁddmaﬁmrtmh mmiunmxmgxmcdm
quire another chanmels musr be establshed tor the most relevant dis
serwmtion of this knowledge
The uxcreasmg realizanon that nature isedf reco 00 boundanea
fahes 1 evident atso that the contmued solanon of the several branches
of science 15 a serious obstacke o srenufc progress Pamculaly 1 2 30
in mediane char che Lrnited view duough the fens of one disaplne 13
r-olm'q;l:rcncvuiecz example today mediine mrus be wedl versed n
use of the tracer technrques and the mjury which an
rcsu]zfmm raduson At the other extreme, medwme is cerramly a soqal
samce and, through mentat bealch, must be coowermed wath econamc
2 yora! quesnons The snswer then, i ot further fragmenainon mo
increaungly isolated spetiaines disaplines, and deparumenas, but the
Entegranoa of saence and sennix knowledge for the ennchment of ll
btudn'l‘hnmrq:unm,‘e&d an be encouraged by providing
fora approach to grven topscs
Aldnup,hdn(uuhtyold\emh\dxmybntappmdrumgnmd
adequate provisson  not made ot 1t by our oversmes, soenufic soae
tnes, and purmals And 1 the presence of ocber fandening facron
must be admiced P orly senunm in natare, they may alo o some
degree be psychologacal Adminedly s oftentunes difficult o sorepr
data detrred from methods with s huch one 13 unfamsbiar By making free
and wnformal drscussion the cent at woee of our meeang, we bope to
achreve an armosphere whah manimaes a3 anch as possble these emo-
tonaf barners




8 Cold Injary

Thus our meetings are m contrast to the usual scentfic gatherings.
They aze not designed to present near solutons to tidy problems buz 1o
dhxpmmmdmudonofd:cdjﬁaﬂuawhnchmbmgmmm-
tered in research and practice. For thus reason, we ask thac the present
toas be relatively brief and that emphasis be placed oa discussion a3 the
heact of the meeting Our hope 1 that the parucipants will come prepared
nottodcfmdns:.nglepmmofnewbunomk:adwnugcoftbcmtcdng
43 a0 opportunity w spesk with representatrves of other disapline in
much the same way thac they woald talk with their collesgues m theur
own laboratones

We have, now thirteen groups funcrloning under the Conference
Program, and the following ropica are o adrenal costex, agmg,
blood cloang cold wjuey conriectrve tissues, consclousness, cyberneticy,
infancy and chuldhood liver injury metabolic interrelations, nerve Im-
pulse renal function, and shock and arculatory homeostags,

When a new conference 15 organized, the Chaltman in consulunoen
with the Foundation selects fiftcen sclentists to be the ancleus of the
group aad every effort 1s made to include representattvey from all per
tinent disciplines Prom time to time new members are added by the
group to fill gaps in viewpount or technique. A limited number of guess
are mvired to attend each meeting, but, for the purpose of promoung
full partcrpation by all membens and guests, attendance at any meeting
13 lumured to twenty-five It is inevible that 1n no topic can we possibly
include more than a small frecnon of the key mvesugutors in the
field and oae of the difficulues in forming a group Like this is the neres-
drymluvemnlomypmplewhomwcwmﬂdplﬂ:emhdudc

The transactions of these meetings are recorded and published ThisIs
done becanse the Foundation wishes to make current in 2 fild
evalable to all those working 10 1t and because it believes that con
veying to those n other fields who are concemned with sclence for ex
ample ent officuals, edmini etc, the ial nerare of

¢ research is 4150 an important problem in communicanion Logx
bnuulupcctofsd:nce.hucqmﬂyuundllisdtlnmidvemcrum
aspect. Rescarch s as creatrve as the punting of a porrrait or the compos-
ing of a sympbony Aldhoagh Jogic f, of courte, necessacy fn order ©0
rmﬂgtmt:ﬂ,mdmvnﬂdne,mcbtbnmmcrﬁdﬂ which
has 1ts source 1n nnconscious, nonsational processes Unfo yho'i]
vdcdlgry

ever in the finished prodocrs which ere presented ro the world
research reports this mtegral part of saentfic endeavor is shn
the cold, white light of logic. By preserving the informaliey of our
conferences in the published transactions, we bope 0 ¢ & truer plore
of what scually goes on in the minds of scientists of the role which

creativity plays.



INTRODUCTORY REMARKS

Ta!boﬂ Befonlml:dmcftwmmdu & chaurman comuders
a discosuon group such &y thus 1 should like
eohzvvach up and tell us his ryu-mmumal.
Anmi&m;ﬁlhmunddmo&fmu’mmmlndhmhum-
serest fo cofd.

In selecung thes discmnoen groop, an effort was made, and swccesy
{ully 30, 1o have reprosennnves from the Anoed Force, the Ammy the
Navy and the Adr Foroes 1 ths comtry We o have two cepre
seneatives from England  Acomily we have one. Ungley who was

w0 representatrves from Camada, and we may yet have & third ooe Dr

&gdwhspmnxxdmmxfpmﬂ:k,hunimdntverme

pb-ym a3, blophysiast, sargeons, and inrernists preseny
Cnnmmllmv:dlm-boutmh\kmmmld_

JEFFERION M CRISMON: | om from the Deparmment of logy
Sanford Universty The firme work that we did oo
m.dyalhlf:(hmn.hinlm 19141 and 1912 From results ob-
ained 10 study we becume waterested in catrying out further
work on regional cold injury Our srudies on panprene caused by
frombue occupeed a one year betw een I9H=ndl9-ﬁ
under Office of Saenufic Research and Develo
Since that tme we have done nothung else with ool )u
but our present research has grown our of the frostbite We
felt dhat we wanted © know morte about the mtbohccm—
secquences of tschermua and the problems of control of blood flow

i stoal{ vessels.

detnm(mnmmm’xplxt,mdrhedeuRmudm
Board of Canada has been srpporong me in 2 srady of 1o,

aland { -hanges aual by cold A nﬁ:
out work has mvolred ex g small wnimals, y rats,
for protonged peniods ro moderare degrees of cold (gest about

9
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penience, a taak which has not yet been complered I find, how
ever that the Asr Force has done an sdmirable job m summaramg
l%rutdulofthee!pﬂimmulwoxkinc;emnuyiudrm
volumes covermng German Avianon Medicine in World War IL
However i summary Ican say thar I was coatem, whether
or not 10 this confused subject a3 10 vibratlon or bams, were
oot some guiding principles stemming from basic studies. More
unmeduately important to the millry are the pnnaples of
therapy which might be summarized o guide internists and sor
geons and y indrviduals m the bartle line, the men them-
sehyes, s0 that some of the gruesome resulos that have occaered m
?ﬂmpculrcs\ﬂrofﬁultymunm(wiﬂmtbcmp&mdlnml
orces

JEROME W CONN I am in the Department of Mediane, Unrrersity of
Michigan, Ann Arbor 1am primarily s internise wich an mrerest
in the physiology of nommal and sbnormal condinons of man.
Frankly I know nothing about cold or cold injury When I was
1nvited 1o be a member of this Conference, I told Dr Talborr thet
1 thought I would have very little to offer to this group and that
1 felt that I mbablydidntbdmg;iud:kBmDr ’I‘Puﬂzcrrtmd
he would like to have a person the Macy Conference on
Adrenil Cortex of which T am & member represented here, and
s0 I accepred.

JOSEPH R. BLAIR: I 2m from the Army Medical Research Leboratory at
Fort Knax, Kenrucky Ihxnb%minmuzﬁmdxphy;;bpal
and Lo, 2 of colt e for the past
DuuPlﬂmngdmp:Jmc m(mmm the Arcde with Dr
Gottschalk, and thus past winter I had the good fortane of sacom-

g Dr Talbott and Dr Gotmschalk to Japan and Kores to
mnmldm}unad:ﬂem I am u member of the
Environmental Medsane of the Army Medical Research

Lsboratory We are interested both 1n aoimal and In human
studies on the effects of cold

ROBERT KARK: 1 am & physiclan 2 pracdcing mrernist, I am from the
ent of g{cy:;lucoftbeUuimdryofﬂﬂnols. My malo,

imterests cover the metbolic 2nd nutridonal of dusease m

man In 1941 T was pushed sto & cold chamber by Dr Burton and

the late Dr Barert when T was in the Canadin Alr Force, and

from there on, somehow or other Igmmix:dupvl:hculd
mdbntd{mrumrdndonmmﬂimyncﬂnda,inphca[h
LbeA:cdc.NorthwaxC:md;,mdBnrma_Myp.mculubobby



Introdwctory Remarks 13

m medicme {3 the relanoa of cimuate 1o duease, both in produc
ing duease and 1n modifying drsease saates

GEORGE E. BURCH [ am from the Department of Medwane at Tulzne
University My wnteresc has been in the cardsovascular syscem, and
partscularly in the Influence of tropical and 1 envivon-
mcnnoutibmmmgthcmthe% Scientific Re-
saarch and Development, 1n assocaton with the Amy asked
that I become interested m the study of trench foor. Dunng the
course of the the var ended, which concluded the project.
We then o our erms on hot and warm climates,
and became interested in the nse of radiactre elements m the
study of turnover of electrolyres We were curlous sbout the rates
nv}udxclcqmlymfmmddmrwyinmwunmddxnh
oominp of the yanatons with time tm concentranons in swear,
unne, snd blood Ournxamnhwmnnnmddmgzhﬂe
feneral lines More recently in assoqanon with C T Ray # pro-
gr:mumrmgrmfonheNznuulR:u::chGnmcﬂmfoqu
up trench-foot casualnes from the last war At the moment that
is the only type of our research dht 15 directly related to cold.

STEVEN M. HORVATH 1 am from the Depanment of Phyuology Seare
University of Iowa. My interest m dis pasticular problem began
at the Fangue Laboratary vltmwwmmerencdmdx;wob
1ems of stresa, and I had an opportonity o wark with Dr Talbort
on some hypothermia experiments Then 1 wenc on o the
Ammored Medical Research Laboratory which 15 now the Arty
Medical Research Laboratory where we were agam wnrerested
in environemental problems partially in heat and pamally in cold
From there I went o | medicine, and again the
lems wete related o heat and cold Now I have moved to lowa
where we are continuing 10 this parocufar of work but I
am shightly more mterested n the pen: arcalaton than 1
unln}unmnpcnmrereguhum

PAUL A. SIPLE: T am from che Deparunent of the Army Genenal Saf
Research and Derelopment Dt 1uon, of the Enmiron-
menaal Research Drvison and chairman of dhe Department of
Armmy s Environmental Factor and Control Comrmustee. I am 2
geographer and log herefore mp primary mterese 15
concerned with the prevenove-mediame aspecty and the enstron-
ment ender » hich cold myures occur

Ay personal expersence bas ncloded several years in the polar
regaons, particularly the Antarcoc, eod 1 therefare have had a
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durect personal interest in cold and 1ts effect on man for quue s
number of years. Duning the war T was sent to the Earopen
theater of operation on a special mrssioa to 1nvestigate the trenck-
foot situation and the cuse of it. I have cootmued saive lntere
mn the field of protective devices, clothing, footwear and 5o on, 1n
regard to preventon of cold injuries In addion to my regular
work with the Army related to these fields, T have been carrpng
o research 10 my own laboratory particularly that which b
relaced o environmental factors fabnes, and thermal-cranfer
phenomena.

HARRIS B SCHUMACKER JR: I am from the Indrans University School

of Medidae I am 2 surgean who has & paruculer meerest m
aurdiovasculer surgery Though I had previously been somewhat
weerested 1n the injunes resaldng from cold and espedally m
thetr vasomoror sequelae a more intense concern with these in-
junes devetoped during World War 11 At thar nme [ bad the
good fortune to direct one of the Army s three vascular centers 1o
which wete bosplealized most of thase soldiers wbo a5 the result
of injury or disease, bad vascular problems which required speaal
personnel and facilides for ther proper study and mreamment. AJ
a result of this experience, which iocluded the management of
bundreds suffering from the varions cold infures, I was mmpressed
wnh(hemagmmgcofﬁ)epmblcm.ltmd:meuldnbanm-
ing and provoking fact that practically no progress hed been made
between the two world wars with regard o u.ndeﬂuﬂdl'.:ig the
cold tajurles, prevenung them, or treating them. T resolved then
that, once the war was over I would try ro find out somethung
more about them n:ﬂunmthtwunbﬁehﬂsbcmmmm
my laboratory a fairly actve program of research in re.

JOHN H TALBOTT Dr Fremont Smith saud that I should 1y & word

abour myself
My saterest in cold precedes the Second World War [n the

Lare churties we completed u series of stodies on hypothermia m
human beings More will be said about this wark tomorrow
marmng During the Second World War I was statdoned for #
time ar the Climatic Research Laboratory on loan from the Sur
geon Genenl of the Army ro the Quartermaster Genenal I dhat
Jaborarory there were cold chambers as well a3 hot chambers.
Recently I was a member of a mussion sent to the Far East Cam-
mand o study the frosthite problem in horea and Japen. Other
members of thus mussion were Colonel Blaur and Dr Gortschalk.
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FRANK FREMONT SMiTH: My interest m cold goes back to college days
w}knlmdmal:mldplc[?gumd;cb-rhuhdi;aﬂidurhg
the process of Jowenng myself ino cold water in y mom
ing that 1 learned somethrmg about the problems of hyperventla-
ton under such arcamstances.

Ona very horday at the Massachuserrs General Hospital some
years Later T had myself lowered on « sheet, withous dothing,
inw 1 buge rub w hich had xce Boang sround n it Artached o
me was a basal metabofic machine o measare respriranion. Also
1 was goung to prove — which I dida t, although 1 thunk 1t was
true — thar the cramps of swimmung came from alikaloss, a re-
sultof orervennl overvenulation showed up very axcely
the moment my buttocks tooched the cold water Asustants had
taken 1 tample of blood beforetund, and the idea was o cabe &
sample after and show dhar the pH had gone ap It took them
twenty minutes (o get the second sample of blood In the mean
ume there I was m the water and once m a while the :adisoc
rmtems would splash more sce water o e After twenty mumutes
they got a few oc of blue-black blood which, of course had a very
muxch fowered pH So I proved the opposice of what I w.anted ro
T dunk of we had had artenal punctures m those days [ would
hare been on the nght tad..

Talbots This Conference s concerned primanly with the fundumental
arpects of cold la dncussg with Dr Fretnont South the wabjects for
consrderanon, it was obvious thar if we our remarks o the applied
level we probably would neglect several of the fundamental aspects The
subjocts ass, therefore, which are to be of short duravon with the
ducussions occupying & major portion of out tume have no direct ¢l nscal

5

The frre subjects for discussson wll 1 no way coner the field of old
miury and the meroducroty remarks in each instance are to be precisely
that — introductory rather than defimtree.

The purpase of this Conference 1n keepung with the polkyof 1l Macy
conferences, 13 mformal discuswon with each one partapanng
the spint moves  Are there any comuments regardimg the general par
pose of thes Coaference?

I emo 1 Smth Let me 1ay onc word about the discussion Dr Tal
bot 15 quite nght when he .ap that we focus o artennion on the
{ 4 ! biol ‘rll A 2l o 'p‘l|n.|'ﬂgt(gllph)(
pmblcms,hn!}uxdocsntmmn:ﬁ:nhcducmmnccdhem}ublm]m
any way It may range in any dircenon Tt has been our impresion
our experience m facr that you am always move from discusson of
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fundamental problems to practical and realutrc problems without def-
culty but if you focus your arendon on the clintaal of & sitmanon
1t 13 more difficult to move back w the fundamental plane. We think
of this a5 4 program n which we hope to do som to advance
fundamencal ledge on problems of cold dunng a five year penod.

There are many problems that the Ammed Forces have
meet tomorrow and the next day Some of those will come up in dn-
cussion, and you should feel perfealy free to let the duscussion range
widely a3 you wish. But when the next topic comes up we shall revert

1o fundamenmls again, ar Jeast 1n the in the tanoa
hopm.gthxti.uduthy through 12 five year period, we make 1
contribution to berter ¢ anon at the fund, 1 level

Talbost From now until five o clock this aftetnoon we are going to
conuder animal studies If anyone docs not have an ©
have his say this morming on the subjert, there will be nme this afternoon
to correct tire defidency Are there any questions?

Bartox Is thuis mormung s subject local hypothermia?

Talbott You will note from the agenda that tomarrow we will con-
sider generalized cooling, hypothermia, and sadlimatzanon This eve
ningwehxv‘csdxdulcdﬁ)mmsﬂsb It 13 obvious that one cannot segre-
gate subjects completely and 1t is inevitable thar aspecos of cold mjury
not scheduled may be brought into the discussion fram tume to time.

Fremons Smith We cannot segregate subjects completely and we do
not want to The poinr Is to be inconsistent. The logical aspecs of
sclence are the ones we all hear sbout, and to which emphags is given
but in the laboratory many things happen which we keep dark. Here
we wanr a chance for the illogical, the creadve, the b aspects 10
appear We want o really free assocunon, o that if somebody say
mthingwh:cbevokulq‘gadon,minqmy a hunch, or an idea, that
Is the time to speak of it. ¢ want to have a3 uninhibired a group 23

possible.



ANIMAL STUDIES

HARRIS B SHUMACKRER JR
Depaiment | Sar
U nesty fl-f:. Med ldCrﬁz

I $1FOULD LIKR o start the disaumon by atrempning o answer the
queshon whether animal experumentation 5 a) le to the problem
of regronal cold Injurles 1n man. First, I should bike ro review very baefly
some of the fundamental features of the problem a3 1t reletes 0 man m
order o see whedher there is valid reason for hoping that animal expert-
ments may contribuce useful information.

Asyou well Lnow there are a vanery ot regronal cold inpunes (1-13
fundamentally similar I:mdlffenngmwwhnmmpccxm&rmw)x
ooas under which they occur the apiduy of cher developmene, the
seventy of the njury sustamed and the charactensix features | ther
sequelae First there 13 the large group n which the njury 13 susamned
from exposure 1 mote or less dry cold These are furcher d vided 1w
true frosthare, in which sctual freemng of the rssues w e occurs and
milder 1npuries 1n whach the bissnes are not actually frozen. Frostbiee
may develop gradually over a perrod of hours or days o less comanonly
it may develop with remarkable rapidiry The larrer octurs when there
1 exposare 1o exceedingly low temperatares, pacticularly n the presence
of stroag winds, and when there 19 d recr contact berween the exposed
E;!mdunccmlcdob]m It may occur on the ground but more atten

resulted from accdents dunng high-alurude flymg

Tn snocher group of injunes wetness 13 a fundamenral uusative factor
Of course, w etaess of the exposed part will also mcrease the suscepubiliry
™ mpury 1n frosthite because of the capaaty of water o faclicate che
traneder of cold to and beat away from the body I the develnpmenr f
mmerion foot and trench foor, however w etess o seemngly almast 4
Imporant a3 cold 1cself Such tnpnies are ord manly sustamed over
penod of davs or weels 1n ambient remperarures whech are generallr
tightly above freemng The rusnes do noc freere, bur the resuleant dam-
18 MUy be very severe

I this baef ouchine T have mentioned only a few posnss, and {01 the
she of brenry I ba e omitred reference to other factory of moportane
I“d’uﬂlﬂitm:tlngr_lorhmp_,nwm:»{:u‘]hy lack of muscular exerase
vascular sans, and 5o forth. Nevertheless, the outline will serve o em-
ﬁ]m'(mdﬁmhd\em\dco[pfodmofd! anous cold

Jurles Now let us exzmune the result of such injuries.

17
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fundamentat problems to pracrical and realistie problems withowt dif-
culty batif you focus your atrention on the dnical of 2 sitmnoa
1t 1s more difficult to move back to the fundamental plane. We thmk
of this as & gnmmwhlchv:cbopctodomuﬁmgmldv:m
fondamental ledge on problems of cold dunng a five year peviod.

Thcreuemmydpud:cxlpmblctmmnch:AmrdFomhncm
meet tomorrow and the next day Some of those will come up in div
cussron, and you should feel perfectly free to Jet the drscussion range 13
widely s you wish. But when the next topic comes up we shall revert
o fondamencals agan, at least m the beginmng In the presentaton
bopmg thar n that way through a five-year penod, we shall make 2
conl on to berter ¢ ation at the fund; I level.

Talbott From now until five o dodl this afternoon we are going o
consider anumal studies, If anyone does not have an opportunity ©
have his say this moming on the subjert, there will be rmme this afterooon
to correct the defiaency Are there any questions?

Barton Is this mommg s subject local hypothermia?

Talbott Y oa will note from the agenda that romorrow we will con-
sider generalered cooling bypothermus, and acclmateranon. Thus ere:
nmgwel’nvesd:cdulcdgomcosmkhahﬂomdutou:cmmt
gate subjects completely and 1t 13 mevitable thar aspects of cold mjpury
not scheduled may be brought 1nto the discussion from tme to tume.

Fremont Smith We cannot segregate subjecrs completely and we do
not want to The pount Is to be incoasistent. The logical aspects of
saence are the oaes we all hear about, and to which emphaus 13 given
bat 1 the {aborarory many things happen which we keep dark. Here
we want a chance for the illogrcal, the creanve, the hunch™ aspects ©
appear We want a really free assocanon, 5o that if somebody sy
something which evokes & an inquiry 2 hunch, or an ides, that
1s the nme to speak of it We want to have as uninhibited a group 23

possible




HARRIS B SHUMAC!\ER JR.
Dy, S
Laner dlﬂfu:”.lI::r/d f
Iﬂvouwmwnmtbcdhcuxmubyumnpungmmmcrzbe
Fstion w e nimg] %umnunmublem the problen
A{

d%jmldmpuiulnma.m Finye Ishoulq 0 eview ©1y briegy
mwh%lfummof&np obln-nunrbluamnunm

wdumsecubc:batbmbvdxdmmforhomgdurwapm
1af
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One potential consequence 13 gangrene, or necrosis of tissue. Extensrve
gangrene necessitanng loss of significant romom of the mjured a2
constitures mdccd,d)cmoud.rﬂdcdscqu which may develop In troe
frosthute the development of gangrene and 1ts cxtent appear o be cor
related with the duration and severity of the exposure and the extent of
the part exposed. Yet freezing 1s not essential for the uction ot tiasoe
necross Gangrene of varuble extent occurs all too dy in trench
foot and smmerston foot, and 1t may ocour tn the mulder injuries resul
from exposure to dry cold, though 1n sach Instances 1t tends to be L
and superfiaal Whenever vesiculation of skin or necrosis of ussue it
present the possibulity of mfection exists. This matter of mfection, once
very grave, has become much less a threat now that the mmportance of
good local care of the injuted asea 13 understood and now that effecrrve
anubioucs and chemotherapentic agents are avastable The problem of
gangrene and 13 preventon 13 certanly one we shall have to keep m
mund during this of.

Another problem concems injurtes to somanc nerves. Temporary
paralyss of mnportant nerves 1 occasonally a real problem 10 immer
son foor. After such an mjury the indrvidual may have, for example,
& perineal paralysis with typical tooc-drop gar. There may be present
1n trench foot, and to a lesser cxrent In frostbire, evidence of munor
neurogenic damage such as small areas of hyperesthema, hypesthesns,
or even anesthena, but motor paralyss 15 usually conspicuous by 13
absence 1n these condinons Furthermore, some of these alteratwons fn
nerve function are apparently not due to organic mjury to nerves but
to impaired arculaton, and ain be eliminated by sympathenc denerva

ton The [ikelihood of extenstve somanc nerve then, scems ©
be grearest m mmersion foor and least n frosthire, with trench foot
occupping an intermediate poston.

Another related problem concerns panful sequelae Some of them are
apperendy sssocuted with altered vasomotor funcnon or sympathetic
activity smnce they caa be elmunated by sympathetic interrapdoa. Same,
however ase seemmgly unrelered to arculstory changes, and are not
influenced by sympathetc acavity or paralyns. There is good hisrologic
evndence to suggest that the latter may be dependent npon scarrmg about
siall nerves and nerve endings (16) These pamful sequelae are & very
real problem m trench foor and immersion foot They consticute 2
avely mmﬁg;gﬁbl:m in frosthite, whether 1t be ground frosthite or high-
aldrude te, most of the seior. * =510 this conditron bemg

Finally there i3 the comr. L, mynoe
motor and sudomotor funcoon. ¥ maey
snitially be presen~ [ athetic



essfulyg Lcnnnglcmgofcbcmcmujfumru

d%%mmmWOPWn cly when there

mdh%mwmlmjmm Byn.ndl.uge, the dhef
LOnK 4

Ussues o OCCULS far Jagg y n tha Zench fooe
o tbemﬂdcrnoaf 8§ mjures 8 from e
pmmemdrycold.
the mogy g Methody lungxhnchrd,cumnl-



20 Cold Injmy

of raprdly induced experimental frostbise 10 animals may have very ko

nﬁ-pphﬂhﬂuymdxpmblunofﬁmrb&mmmlf oa the ocher hand,
impression 1s correct, the animal ts would seem, in all like

hhood,tohxverulva.hdxry experimen

Further evidence of therr applicabiliry to the problem i man cxmes
from the uumulanity of che leswons produced. The expenmentl leston 11
jmtcszmxlutothatxmh:mm,md:.ﬂgndaofm}u:ymybcm
uced i anrmals Indeed, 1n the case of the more severe myurres m k-
mals as 10 man, all degrees of injury are present in the same extremy
varying from the mildest chan, 1 proximal pordons to gangrene i the
more Further belief 1n the validity of snimal expermens
would seem justfied from the faces thas expesimentally produced frost
bltcnppa.ntobcquncumlllrmaw:dcwncryofs)xau,mdﬁrxﬂ
generally responds in like manner to similar messures in all of them.

It 13 most importaat that Colonel Blair and hus associates (19) at Fort

Knox have recendy produced frosthite in expermental anrmals by rels-
trvely long periods of exposure to low ambient temperatures rather than
by immersion of an extremuty I hope he will speak about thus work. I &
a very fundamental contribution. Now that it 18 possible to produce frost
bite expenmentally 1n 2 manner more simtlar to the method of develop-
ment of the common variety of frosthite m man, it should be possible to
find out quickly whether or not this type of frosthite 15 similar to that pre-
viously used in animal studies 1n 1ty banc physopathology and in in e
sponse to mexmment. For the moment the consideratsans just enumerared
mggutdmtd:ucnewntud;amllprob;blymﬂﬁnnthcxahudypﬂ
formed.
Assuming that the anumal t3 are valid, to what phases of the
frostbire problem are they apj jiablc? First, Iamamud:tnflutlrrﬂblﬂﬂ
of gangrene. It 13 pr y with regard to gangrepe that expert
menntron has made ity chuef contribution to therapy Indecd, the ma-
dence and extenc of necrosis have thus far proved the oaly reluable yard-
mckbywh:chmmumredxeﬁcmvmwofth:np{

Tt 15 not my purpose now o review the resolts of these studies, but it
may be appropriate at this tme :]Jpolnz ouc that these anumal experd
ments are 1n complete agreement {uponunepmnt’rheylllmdm
that the immediate momentary qﬁl;c:rnon of moderate warmth to the
sull froren pert m order to brng 1es rapid thawing comsaures by
far the moat effectrve thetapy which can be a Hcdcgo— Tbcy}’ﬂ'?
demonstrated some appatent salvage of dasue n 000 0
rutm (23 27) and also from the use of anuhistamines (25 28) They
have given variable results as regards the dgccn;:n?; czl;fy‘;gp;l) n:
terrul and vasodilatng agents (23
upcnmcnpumu Mwmgmc;ﬂm bmcﬁtdﬂsgmc moderate beoefit, They have been
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Comp, otradicrory, M ith regard o Antkcaagulan, therapy (23 24
27 323?3 iomebzvmgrunh 10 00 m w’fumevasome
mmodmxebmcﬁt_mdudmenln%ngiymprwccnonlmm
ecrogs

COsder one that curren,
“ndmdin:uncryofwrmn; femely d)elucoftbeld:mocofum
D‘Dpxtnﬂmnclndmm.:m: Tbt’elg:nu bave by, used 1 frosthye
lLluuxi,tbOu h 5o

g arummwbluheinumywrd
Chltﬂodm-cmbcocﬁ;l:mfmlmd Anmnjsmd.cxpmudeno

that the hnnmncmodmu W]
Aoiuulouofu.xmeummd(m) The mrcnm:urdly
Ibfquthuedmgrmxgmbcpocendxu,vuwﬁ; M hibinng gy
mg.m%mnmw:dmlmm tes !KTeasingly
lPPIftnfdnrthcﬂﬂuhmouD{ﬁbrmumgﬂncu]uﬂx%r
‘?ﬁ%uhbzbend: mmuop,f}nmnkc-r 00 and ey
™ mbcmmdm}yubm are tsed. Unge,
e My gp r.bc‘ilxtn:lo.-. Xarnag gngd
ﬁ'bﬂhublxul mhmmnfmsd:m- nlxrgecnough roblem
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they heal with minims] scarnng when they heal promprly and withon
infecrion. If lacge, thewr healing should be facilitared by the nse of sn
grito rather than by allowing them to epithelhze slowly from the edges
Actually by and large, the healed extremuties of patienss wich cold mpr
£1e3 have good, healthy and relatrvely pliable skm, On raee occasions 1o
\m::[plamcd teadincus contractuse of 1 real fibrons may
;u“ op (‘;c%:&uy bowever contractures from unbelanced musde

upon stumps after partial ampuration or 10 cuses in which the
indrvidual keeps a digit immobile without muscnlar exercise for Joog
petiods Under such conditions one would not expect any drug to be effec
tive More often than not, ap) t decrease in mobduty 13 dve o long
disuse and weakness of m effectors rathet than to real periardeufac
fibrogzs In a few persons with residual Raynand s sclerodac
tylia may develop as 2 late sequel, and 1n & few whose cold myury has s
sulted 10 obliteratrve arrerial changes trophuc alteranions in the skm may
develop years afterwards. Al ane would conclode, boweres, that
the problem of scarring and fibrosis is a relatrvely small one In homas
frostbite.

It seems faurly dear from animal experiments ther the resultant dem
1g¢ from frostbire can be modified provided proper trestment 15 sdmnir
tered immediately ’Ihhbmdmfgmmapmmmuwmhnpdthmﬁ
inwh;d:dxtratcdgrmrpmymmvcmmﬁrdco:mnpapumm
whle In the uatreated coatrol extensve gangrene develops. Other
;pcrmmumggmdmcu—uinn ditional measures may be modenarely

ectrve. Thus far all of these studies would fodicare thar the presence
o absence or degree of tissue necrons which follows frostbire depends
pmnlyjmd:emtyofdxfrmgm]u:ymdtbemmtwm
13 mnsaruted a3 20 immediare emergency measure, Fridence of the cffer
tveness of therapeunic meesures applied Later aftes thawing bas nken
place 13 less coavinang It would seem wise o keep in mind the db-
tinction between the emergency treatment of frosthure and its sabscquent
treatment.

T have spoken of the fact that alreranon m the vasomoror stacus of the
m]umdmmyumcmmwﬁinﬁumgmﬂmldmw Itis
100 bad that emmel studees have thus far not been producrree aloog this
Iine One of the fundamental defects of such studies Is our comparaave
lack of knowledge of the normal peripheral vasomotor behavior of o
E:i?mm animals and of thelr responte to sympathenc blockade. We

-grutdal%r:bemmhmrybdnnorcfmﬂylmmmd
and eucally dencrvated humen extremiaes in ordinary eviroo
mental airc 3 and upon exp to moderately cool and wamm
mmﬁhc:u:m Séoulac information sbout the commanly used jaboratory

is lacking Seudies which my sssociates and I have mitiared in
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ocder to obtam sach inft Jon have unf ly not peogressed suf
ﬁﬂmdyfutup:mﬂcmdnﬂm:mbtdnwhumd\cm.{l‘hﬁccpkn
1oy observanons would seem to indicate, however die there are impar
taat differences between some of the laborrtory saumals end man. Soms
of tw [aborstory amumals a w have ouch mare eubide arculseon
b ot semesphee et spper @ b, s I appren
ol diere & o5 @ be ots &,
Mﬂm{nlbeumrwn]fi:cdma ymcrv:mdmd!)mpadxxnﬂyppim
denervated Iombs than o trre 1n man. 1 belreve we shall have to study the
P of the yanouos lab y animals 23 carcfully as we

have explored ths freld in man. 1 belreve our wnterest m the cold wjuces
;Fnhgmfo:ucmmhmdmourhmlcdgcubou(dmpmphmlm

anon of laboratry animals,

Horrath Thercfoce, you would suggese char ps che use of some
blocking & ryght be 2 nzce toal @ help evaluzee chis. 12m
12 terrns of & recent report thac cetraethylammonium chlonde was not
value in prevencing the eftereffec of frostbute whether (¢ was given prior
w0 az mmmeduarcly after the rabdbie (1 thunk ot w a5 a rabbit) wus frozea.

Shemacker Yes, Dr Hocvath, ] tunk hat a greac des] more work of
thus soer must be coned out parucalarly since the resalts with sympa
thete blockede and the uie of general vasoditating  gents have goven such
coaftrctiny, results m expertmental frostbure It 1s erue chae one of
workers has recently reported fadure of rerraethyiammoninm to
redoce the madence or extent of gangrene 1n frosthatten rabbers. There
bve been several other stodies in which srmeler measures have appareatly
been of benefir. Such sindres should be contmued unui the marter 1 berrer

Kark Your docussion denls mainly with senoas myury &3 & result of
ld. There are at leas three other condmsons ta man whech [ thnk need
dssussion m refsnon r anuml expenmentsnon wld sllergy chublanos
«od the Rayraud's syndrome (39) Do you think that one can do studies
oa xumals m relanon o these theee conditroas, or do yoa thuk 5t 18 beerer
™ do myesngasions on mxn?

Shamacker 1 cunk chat che only ohsecvations which have proved vatu-
able are thoee which hare been made on man. Lempke and 1 trred o find
out whether the dog  foot tended o be cold-senutsve after frostuce, bot
we obtamed no conduarve dare (40) 1 feel that we should continue w0
explare the possihilsties i animals, but I have the duunct teding thar we
shall have 1 rety pretty Lergely upoo studres m man to advance our wn-
denanding of such thuagy as cnlbisips, cold allergy and Raynaud’s

phesomena following b
Fremonst Smh Have there been good Mumg chae s,
wanching the circalation under the mucroscope during and have
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there been good histological studies of matersal secrioned at varows
of chdlling? If so I wish you would rell us what actually happu:.lﬁ
mseance o an ammal s skin and subcutaneous tissues when they are
chilled Whar goes on thar could be seen if you were observing the are-
laton 1n the rabbit window — If that has dooe — and what gos
on 1f you look at 1t under the microscope? Does 1t take five mnates, tn
munutes twenty five tunures and 5o forth?

Talbott You are wmlking about changes not assoasred with sevese
damage
Fresront Smith 1am speaking of all degrees of change down t frees
ng 1should hkcrokmwwhn%uumcnn when you say freezmg

Edbolsy May 1 mrerrupt concerning the word  freezing 2 There art
some difficulues 1o 1ts use, in that we keep on thinking of frecung &
occurring at 0 C. That presumably 13 not the freezng pont for lorag
nssue, and I should very much like to know particularly in himan nssoe,
at whac temperature we get actual freenng By freezing I take it oo
would mean the appearance of crystals in tissue At what scage does that
oceur? Is 1t & necessary enon for the production of frosthte, o
13 1t something that 13 30 udownthe:empcruu:ucﬂe.mflrummw
mentzl condirons are concerned that 1t doesn t ocrur oftea?

Iéonnb Tissucs are supposed to freeze at 25 C. insread of around
0

Gottschalk Centigrade?

Letss 1do not know about human beings. I can tell you exacly where
anunal tgsue freezes ar —22 C Thus does not tahe into accoimt the
pheoomenon of supercooling (which ocours somenmes) as d b
Sir Thomas Lews (41) He froze down to -~19 C 1 some
beings wichout freezing the skin. You get that 1n moxcle, 00 We had g
Brown potentiometer record down to about —3 C. or —6 C,and k&
jumped back to —03 C. I wrote to the company "What 1 the matter
with your 1nszrument? 1 had 2 man come over from Hoaston to fix e
instrument, then I sud I cannot have thus gomg on 90 I got anocher
oae, put 4 thermacouple on that and put it the same hole in the
leg and 1t also jumped So I knew it was 2 physiological phenomenoa.

If you do not have supercooling, anumal tissac freezes at —2.2

Horvash Whatdo youmeanby freezing ?

Fremont Smuth Yes, what do yoo mean by freezlng ?

Horvath Bloodis —2  and muscle tusue 18 supposed o freezeat —3

Lewrs Muxcle freezes atabout —22 C

Kark 1 should like (o have a definrnon of frozen nissue

Lets Just as this tissue here 15 frazen dasee

Kark Histologsally

Bartos You have to define it in terms of physwcs, In terms of sce crys-
tals. Freezing means change of stare from ebe liquid to the solid
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Stple You speak of a jump Was that 2n actual jump m the themmo-
couple reading?

Lewss That 13 right

Siple That tes 10 with thcshcnom:nm of feeling thar we call ce
ptng  When a person has had hus cheek frozen a numbet of umes, be
leans to recognure a minute but very sudden, sharp pain simalncos
with the instaat thac the cheek begins to turn white and freeze.

Leuss Of course that only happens once in & while. Perhaps out of
twency anumals pou will get two or three that jump The others go on
down, and stay below freezing Gomg; across the freexetemperature
apidly we got the jumpa back to —0 3° C.

Fremons Smuth 1t happens only occasionally

Lewss Why the temperatuse jumps back to —03 C instead of
—2.2 C Idorotknow siace the latter 13 the freczing pomt of tssoe.

Fremont Snuth So it 19 not & charscteriste phenomenon.

Lewss No u

Burton The ling d upoa having very few nucld oa
whxd]thecrymmpcm”tanTgcncl}Fnby;m}g:amg ration, you will
get this recalorescence, thus beat jump If you do not have superaooling,
then you get this flatness of the curve, which is the key to the thmg

Fremors Smuth 1f lunderstaad it, vou then —

Burton ‘The flanening happens at the point ar which the change of
state 18 happening The external coolmng 13 adang heat from water ©©
form ice instead of lowenng the temperarure

Fremont Smath It 13 not the supercooling If I understand correctly
pow 1t 13 what happens after supercoolmg, when you get 2 sudden pre-
apuation of n'ysmfn. In the sudden erystallization after supercooling yoo
gee this upamng Ts that nght? It occars when the alodes are relessed.

Burton If you do not have any supercoaling, if the moment che tisoes
reach the freczing pomt, crystallizacion begins without the tempertture
going below it tig:oycuwonthmdlhﬂlmp you will fust have the
curve of cooling and & flatrening off until all is frozen

Horsath What is the factor that determines whether you have supes
ooling?

Barton All;omofdung.unmlynbmxceofnuda—cv:ﬂwﬂﬂd
will start it, or seeding from another ares by 1 crystal

Horpath Insertion of a thermocouple needle will do the same thing

Bsrton Yes

Minard IlhouldlfkewfollovupwhuColoﬂelI:whhunﬁdb]
commenting oa the findings of Lewis and Love (42) These mvestigrrons
occasionally observed the ﬁ_,m of sopercooling in homan ‘k.ifn
to which a chulled copper bar was epplied. Supercooling could not
w:ysbch\dnccd.mdocmmdoulyundcnpcdxlcond}uoos.mlmuv
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the skin must be extremely clean, s0d odly skin was mare Likely to extibi
the then dry skin,

Barch 1ao e 1t also troc, 1o 2 mose receat peper that Lewas (43) was
The

able o produce 102 every wnstance 1f be was 30 Incl
tﬂckumhzrl:: completely dry 1f crystals of water are
permured to on the bar the crystals biquefy oa conoat with the

the copper bar complerely diy supercoolng occusred almost v,
Lewly was able o ool down o —20 C and —22 C. withoar
the sk
Talbott D Crssmon, do you have eny comments on vour slide?
Crismon [sumply wanced 1o furnush this ey evedence (Figure 2) (44)

oc

TEMPERATURE

] ! i

l;‘f a 3 '
TIME IN MINUTES

Kl

oF

[}
LJE T L)

Fomow 2 wermpersows b abbet  foor Treezang (20 mmoamets m ~13 C)
dm:mnmﬁmrm A wod Cracaon, J M [ Clms
Tesesvputes 2, .19 (1947)

ftmay be x birie esnier o see than Dy Lewss chart A thermocoaple was
#;ﬂddwpmnmhm-fomnnmmcdmxmolmgmmu~u C

tempemture change shows che recalorescence desarbed by Dr
Barton followed by & further declne m tentperature after tre arystals bad
formed When the oot was removed from the cooling mxrure after
twenty manures, the rewarming curve thaws a long platean withour eve
dence of re-eatry of blood unhl some tarty o« fifty minutes had pamed.
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Talbott And this was reproducible in a high percentage of anmmis?

Crusmon 1do notknowml:}fowrm.rryn.mu thlshwmtm.Wemumud
1t 10 & very few of them oaly When we used thus temperatute of &
posure, 1t was a very common expertence I do not think we had sy ex
posures at this temperature with the thermocouple n place where we
could not see it. Of course, the placing of the ple 15 o oo
manznng procedure and may have contributed to the changes illustreeed.
When we used lower temperatures, such a3 —53 C, no such reaalo
rescence was noted. The feet were frozen, The temperarure curve wis
smooth when the foot was removed from the freezing muxrare and thaw-
1ng occurred The Latter pare of the curve has the same general characer
1stics 23 the one from the twenty-minute period

Fremont Smuth Do 1 undentand the physics of dus correetly? Is thos
the same kind of phenomenon as that of supersaruranon, where if you
drop your crystals into & supersaturated solutton you suddenly get a full
arysallzation, ether with the absorption of heat or with the relesse of
heat, depending upon the substance? Is this & sudden crysallization of
1ce from 2 superssturated solution mn which, as the ice forms 1t relesses
heat, and hence causes reaalonzanon?

Barton 'That 1s nght There s a rich source of study of this phenome
non m the work of the entomologusts Insects show this You can take
them down to perhaps 23 below zero and they do not die therefoce
they bave a very mntense supercooling Then all yoa have to do 15 ust
touch the skin with ¢ little crysenl rce, a0d they are dead

Fremont Smnth Then they freexe

Burton Ifyoupmlﬁ)cmmomulcmthun,tbctmpcﬂmrc'ﬂls"
down t0 20 below the moment the freezing happens, the temperatur®
shoots up almost (o zero Thurupc:coolmgcnnhxppcummxcu.lﬁd
doces happen very frequently and the insect goet on flying around, and
20 00, 2t 20 below

Fremont Smnth He conttrues to fly

Barton That 1s one way of klling & 1 the Arctic caech up
with him end touch him wrth a Little but of ice, and he ls dead

Barch An intecesdng note s four or five years ago Irdescribed
the process of bringing a drop of water down to 70 wathout freczing,
bylpowtnugltmtomlmmphcremlv:rymefuﬂyduncdghﬂz
spatola. Then by sudden aguation the werer aystallired Thar coul

be r uced with tions
Sellers Accordmgpfrgl:t.}i]:m?be was able to control the condictons,
so thet freenng conld ke place ac g:.ﬂic-.lly any chosen temperature
down to the minimum mentioned by Dr Burch
Fremont Smsh Is there general agreement sboat the temperamure 80
which the skin will sabrlize once freezing does take place m terms of K<
) crysaals bang formed, the temperature that you menuoned, sir?
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Crismon Yes but we did not rely on that in our experiments. We &d
not put & thetmocouple n every animal that we exposed to cold.

Sellers Are we mfl concerned with skin only in thes graph?

Frepiont Smuth Tissues more broadly

Sellers Is the discussion we have been having pernnent to this
at all? It 19 1n a very general way butwchxvt%:-cmmlﬂug
about the freezmg poine of slan.

Talbon Colon:lPOLewu said by definition thar freenng was hardnes
Thus 15 hardness of the skin I presume

Lewss Tt turned out to be the same for muscle and sk as far asTom
tell SirThomas Lews saysatis —2.2 C. That 13 what we deaded musde
was so I don t think there 15 much difference

I shoald like to ask Dr Crismon what thermocouple wire be wed
We used 30-grage wire,

Crismon Thus 18 27 gauge.

Horrath We have seen thus with 36-gauge, and with 42 The same
thing occurs regardless of the slre,

Rark W?h:n:ool.sLbcclcpd:ofd-«:c:l.l?Il1tcryn~xlfm-mmcxm'i’fdi'e
length of time, or 1$ 1t supercooling?

Bartor I there anyone who can report on the work that 15 gomg 08
at Bethesda? I remember that ac the Internanonal Phymolr‘)ii;l Congres
Last summer Luyet was reporting expeniments with thin of embr
onic heart tissue, how you could quick freeze the ussoc in d air od
have 1t Live afrerwards If chungs are frozen quickly enough, the ay
tals are so munute, submucroscopkc perhaps that you do not rupture
d:ccellsmdyoudono(getdadmwe.lkmwthiswmkbgﬂingmﬂ
Bethesda.

Dr Behnke, are you familiar with the resulo o far? What happens =2
mlnmulu(hcqumwhccheryoucvcrgﬁqmd(moughfrt@ﬂg
to escape the rupture 1n the skin.

Siple You do i quick freexes of the face wath srong winds at low
temperatures Tbmuuolpparmldnmagebeamecf-q‘uﬂm’;d
The extent of damage is generally limited to the sloughing of skin,
not always to that.

This 13 really as Dr Sdlcrshupoimcdom,frcczmgofmh-ltgz
13 contrasted to freezing of skin Dr Framer (45 46) utdﬂlufd:c
of the US Anorcuc Service 1n 1940 t‘o;k;dsmp-w}tch trmun, Ow
length of exposure to wind chill that ca men s faces
or ears to freeze Hewulddodﬁdyemsuntthxtﬁccﬂ.ug[i:cunfdbzz

of sudden blanching which corresponded to the momen
lw.lgpycaﬁmd)cdntche ping sensation of the onset of freezing Freesng
started 13 2 very nny spot, and then duslly grew m ares. e

1 thunk the question of supercoo g]:u.imbcvurdlcdrlﬂﬂ
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fully to prevent overemphasis 1did 1 senes of about ¢ hundred expert
ments 10 2 cylinder of water and whenever the wind was percep-
tible from one on, even though apparendy not enough to shake
the wnsrrument, 1 never observed supercoolmg The oaly ocoasion on
which T acrually witnessed supercooling was whea it was 0 calm thar T
could derect no direcrional wind Cooling was progressmg, and the tem-
peramre went below the freezing potat Myobsrnldonr%mdcduycu
the eccurate nming of the thar the temperature Jeveled off ar the
freamg dunng the ime the water was giving up 13 latent beat
of Purzled by the absence of 1 levelmg off” of the rem-
perature on this occasion, 1 went out to examine the er 1t was smll
all water uatil T tonched the cylinder Then suddenly the water tumed
mosly to ice, #nd the temperature shotback opro 32 F

Horeath 1 want to emphasze what Dr Burton sud earlier namely
that a5y modificanca of smult o any modificaton ot factors ar 41l on
the skin of 1n the dasees themselves would be aufbaent ro set 1ato action
the supercooling

Bartow Such es vibratwon, sound, peramsuon.

Edbolm When we get to 2 white appearence i the skin which we
tenn a frosthate, have we then got cysul formaton m the nssues or
even in the cells of the skan?

Siple Cerramly s far a3 taces are concemed

Fremons-Smitk 1 think we ha e reached & cruaal question. How ain
we relate the observance by the eye and the feel oa the wrface wich what
803 0n 10 the tissues, by temperature measnrement, for which there iy
some duts, and also mucroscopucally? Is there any way of telling micro-
scopically whether there have been crysmls formed of not? I am under
the rmpression, from the discusuon 30 tar that there isn ¢ good correfa
tion berween what on within the disies and whae we observed on
d:cmrfu:c_"[‘lm—eﬁorpoddc-lofuum Now have we got any
cear clean dan that show us whar happens?

Horsath In the destrucoon of the assoes, there 11 certam to be xe

Fremiont Smab Whac 13 che evidence of thar?

Barton Ivuuldpunlzqz]l:o;hcr ;Vly Ihhe:“enbcmﬂfmmmgn
mﬂmhud}cpecu.\m of 1ce formaboo you get in very rapid
freening, then there i certan 10 be nsgne damage i

Fremons Sath Now we have two asserbons

Bartow 1f you do not sec tysue damage, I would say there cannot be
Jee formagon onless it 1s thu sce of quick freering

Sillldonmﬂnnkdm ck freezmng 13 a3 peculiar 21 yoa seem to

Sellers 1agree wich Dr Siple. Thave spent a large part of my Life in the
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Midwest, and there in very cold weather 1t 13 quite common to get small
areas of the cheeks or ears frozen. Some phystologuca] changes ootur be
cause the skin 1en ¢ quite the seme afterwards, but it certunly doemt
slough off 1t 13n ¢ dead

Fremosnt Smutb Gentlemen we bave two assertions here which ar
contradicrory but n nesther case is any evidence given. One assernon was
that if there 18 nssue destructon, there s ke formanon, and the other
assertion was that 1f there 13 e formatson, there 15 ussue damage. Netther
of you gentlemen gave any evidence any dats, to show that your cox-
clusions would be justified Tam not saying there is not any daoe. Whats
the daca that relares cryseal formation to nssue injury?

Ssple If we can assume hardness, we would have it.

Ta/bott Does hardness mean damage?

Siple No 1t means sce

Talbott Does not ice mean damage?

Siple Not necessanly if caused frecang.

Bfﬂo» Dr Cole, with Dr Mcryz:zl;.iﬂwo:kmg o ths, and he by
an extremely sensutrve measure of ussee injury He measures d‘:prﬁﬂ‘;
or absence of the physiological membrane 1n muscles by the impedance
muscle If that has been changed, then there has been damage o et
membrane thus 1s 4 very sennuve test

Fremont Stmuth Can you relate that to crystals?

Minerd 1 mught amempt to answer the quesncas of Dr Burton and
Dr Fremont Smuth about the work being done at Bethesda 1 am 3007
I cannot 1 complete or deriled sccount of it However Dr ;;;E
man has waterested 1n studying the freenng process undet i
conditions such as the freermg of a thin film of water He has wsed
elecrron mucroscope and more recently the X ray diffraction IPP“’I:
to examine the frozen film. He has also examined frozen specimens
solotons of crystalloids and collands One of the mportant findings
13 thar rapid freenng results 1o cxtremely small arystal formanon.

Berch May 1 ask poa whar mpid means?

Mmard Of the order of milliseconds ¢ view

Barch You 1ay small aysals You mean from the pomt of M
of the arystallo 4

Mmard Frtf;ﬂl@ileypom! of view of the appearance i the d@;
microscope. In other words Dr Mcrymuatumaobnlns:pknut‘l:lﬂd
electron microscope whech shows essentially no strucrure 'I;z
suggest that the arystals were ap molecular magateu e abe

Barch Do mean the difference between the sze of an Tt
and a big bl ofxccwhmyounynymlnxe?mnhe o biock
form these two the same? Or are they different? That i, 1f you had 8
of ice and an 1ce cube, would the crystals be different?
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Bohuke To get back w the plants, I am somewhat familuar wah c-
rus hornculture, having had many winter evenings spoiled by the need
t0 go out and do smudging The temperatures 1n southem Californu do
not get very much lower than 28 F Freeaing occurs, od 18 accompensed
by cell rupture which 15 thought to be augmented durmg rewarmiag fram
sun radianon. The cellulae rupture that occurs i eauly recognized be-
cause the frozen area is dehydrated. So with reference at feast o oranges,
we associate the 1njury to the plant cell with the ropeure of the cell men-
brane because of sce-crystal formation and expansion

Fressons Suth You rased an interesung question, Capzun Behake,
1t the physical level I rececrred the implication that if you supercoled,
with very minure crystals forming — not Large aggregates — and chat f
you then rewasn gradually during the process of mnnmg,l};rmml'l‘]
on this plateau level from a supercooled area, larger aypsal would be
formed that would then destroy Is that correcr? If thus is true, it scems ©
me that the fact that mapid cooling and rapsd warming are equualent s
cruaslly important,

It never occurred m me before thar during 2 slow w. Lasger
crystals would be formed when you reached this plateau but if t#at s
true, then you would get aggregates lacge enough to rupture cells, 8
process that did not rake place when the tusue was first frozen

Burch Isnt 1t also true that of you keep a frazen, the coystals
(suze of the aggregates) will grow even tbwgﬁa;:m rapidly coof with
tme?

Mmard 1 believe that 13 correct since molecular mevement does DX
cease enturely until absolute zero 1s attuned As long as there 13 still o00¢
molecular movement there can be mrganmtbnl;l;il changes betwesn
the phases even though these changes may occur slowly

Sf]]ﬂl Dr By, crug mmmmtmm&m%dhm

wadio f: for rewarming (47) He tells me resu
gacoun;?;clﬂ-[czu able to rewurr.t( by')r.hu method as rapidly as by mo-
meroa in water at 40 C and with no il effecs.

Talbott That 13 because you have a depth ofns:uetopmcﬂ‘l—rt':g
beat If one warms superficzlly one proceeds through essentully
same stages 19 10 slow rewarming irrespectve of how raped 1t appeass
to be superfictall:

Crismon Tbnymjy explain the difference, w0 berween the successful
treatment of a thin strucuure, like a mbbic s car and the relanely pooret
results that you get with the foot.

o o i The the mpression that VeI

Conn U] moment ve cn
ouchutbogghrmmuohucﬁllcdwlgg(ﬂmd.ﬂ‘ddn“b‘ﬂ“ldmﬁ:
or might not rapture the membrane, depending opoo the speed
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ence oa cald injuries m Washington. Thetr report incldentally cootins
an excellent résumé of the customs of same of the pamitre peoplas in
respect to the emergency treatment of cold Injudes Thelr smdy aves
208 cases. It 13 1nteresting that out of the entire 208 oaly In three wat
i::rcncmxlimg or a1 they put 1t, "congelation with fonmation of

Talbost These were frosthute studies?

Shamacker These three were certalnly cases of true frosthue. Pre
sumably the others were not cases of frosthite In the sericr sense of the

To returm to the origual quesuon, T shoald like to say that, albough
1t 13 obviously very umportant that we know m animal expermens
whether or not we gre desling with acrual of tussues o xe, ks
dﬁmﬁymmdmwcmnmuctonmptmnu 7 less severe grmdesof
cold m,

Not long 2go I saw 1 demonstraton which illustrates with dasty
some of the problems that we were discusung # short while ago, 1

that relate to aystal sze and the rapudity of and rewarming.
Thus was 1 demoastration at Duke Ul by Dr Keeley Dr Gome,
and Dr Brown. showed that one can ool 2 comes, del-

drated in ethylene glycol, so raprdly by immersion ia liqud nitrogen it
the comea remaing com‘plctdr;{;r.mp:mt. Dr Keeley and his assocars
:ppumdyf:dthntthurq:racuucmvuﬁmmnvimms‘i’
sequentdy hmtmannrymm;x)intcdouimmcmdmod:mﬂwm‘
cannot safely wse clarity or transparency as an index of vimfication &
contradistinenon to the frozen suare, because perfealy clear frozen
wds, ke we, may be constrrured of
Fremont Smuth How long will the cornes stay clear?
Shumacker It will sta da:mdmmpumfulmgunbhpltdd
and it can be kept dlear if it 13 rewarmed mapldly If yon freere the comet
mote slowly uwlllookupaqnemdhxv:cmy-ppcnnmofb::f
&mcn.lfywcoolhnﬁdlyaothahrmamspu{ccdydal.bm
sequently allow 1t to warm slowly }twﬂlbccumeop:queultgm
from the vitreous to the fmzcn"mre;itudngdxpmt?’ o
To it with greater accaracy becomes opa DOmE
mhmmlxm”mmdumgmhgmdtfmm

disappenr
Barch It it just as hard? pard
Shamacker These rapldly cooled tissues are apparently just 4

a3 rock.
Tadbott So the feel docsa t derermine the presance or sbsence of 7>
Shamacker No
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Barron This is & domestic problem for every mother in Churchil
They bave learned by expertence that they have to tell thetr diildren
that when they are playing outide and ther Litle suter gess one of
these spots, they must brng her in nght away But they have also lermed
that chete is nothing © be faghtened about, that there are no sequelx
at 2ll +f thus 13 doae. On the other hand, if they play there for half 10
hour with thes white spot, then there will be pathologscal chasges.

Skamacker In the Scockholm expeience to which I referred & moment
20 and wn which there were only theee cases 1 which acrus] freerng
bad taken place there were 106 1n which the exposed par had become
white mlimdnumb We know of course, from other circolamey
disorders not assocuated with expostre to cold, that whiteness, coldnest
2nd qumbaess may result from ischemis alone We sce these phenomens,
for example, 1n the ypscal Raynand s artack.

Talbott Colonel Lewss, did you conducr any studies involving the
abdommal wall? This would be of some Interest because of the thidet
Layer of subcatancons {2t than 18 present on the exemities

Lewss No sir we worked only with the rabbit legs.

Talbott When Dr Burton mennons solidification, does he men
freezing or jusr sohdification?

Burton Soldification.

Talbott The lipids are an imporrant fracnon of the subcutxoeom
tirsue One may get a feelmg of hasdness from solidification following
exposare to cold that does not necessarily mean freezing

Barch 1should like to ask another question. Coald the hardenmg be
ducmpanmnhemxndmofumllbubbluofguavhd:btm
mppcdmudeandbctwcmcdh?%dﬁemﬂorpgvohmhd’?ﬁj
into cold solution, there is considerable bubbling along the surface
the part.

Lewss 1 do not know about that

Burch 1 wonder if trapped aur could contribure.

Premont Smuth Isnt that st from the surface roughness of the oot
side of the rat s mil?

Barch Ithmkmdutmmnceitvmldbc,bmlwoﬂdtmdifmm
hardened noafrozen assies it might not be | alr—

Fremont Smub Catbon diomde 13 more soluble 1a cold

Bebnke Yea & the

Burch Soch as we enconnter wii bends.

Bebuke The cooler 1 solution, the grester the solubillrydﬂ""h
soluticn Your thought s that if cryscals form, gases are released

Burch Yes.
Barton Ir,hmkudmublcmdu;xxcofthuqnﬁdouofdrviﬁwg
mmﬂdmughi:bofvcrygmtinmranlmysdf.manvﬁxtd.pdm
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or 40 below zero? If a dry finges or & dry band 1 placed against menl
ar this tempersture, rapid freenog mdoubtedlyocfun

St/; Idnul[dhk:d‘mﬁthcod}crudeofdmlnu:.bcamcldﬁi

reezing of hands and faces ha, endy Just as Dr. Taloo
has mentioned 1tuum¢dbycm£mvpm-:mm{oclmgluim
wnd chill coolimg, whether at bigh altirudes ar on the ground. I beliere
chat If we examine the sequence of evenes 1o thawing we mighs under
stand chat thus phenomenon of couding of the vrtreous sate ke plsc
because of refreexing of water particles even while thawing 1 in progress.

Tissue frozen from the outer surface forms a more or less lens-shaped

ece of ice within the skin. It is being warmed by the ussoes on the
mside that are above freezng as well as by external heat. Liqud or
nrorwhxcbcvmrccmdyduwcd,n.(&ecm te 10 the srea of the
cold mass of ice, may i part refreeze that ls, by exchange of evergy
dum&?mgkhpl&uﬂ'bletoummcdntforctchcﬂuplcofﬂn!ﬁﬂﬂa
that another may refreeze momentarly

Bersox Yo muunderstood me, De Siple. I do not mean T thuk
there 13 no actusl freening of tasue I am sure that occurs. [ am s2ymg
I do not think there 15 any analogy to the quick freenng whech
the vitreons stare, rather than just in practice.

Ssple 1 am sorry that I misunderstood you. By vitreons, you mexn it
will be letely clear ice all the way through.

Bsrtoy Yes.

Siple Iucx.lx:rwcu-d.;,Ll:-c:lim:.r;x!:lm.sdntycm}mzoﬂdeErOUL"d“':le
the nunute crystals, only the vitreous ice.

Fremont Smnb That Is the point 1 was trying to make.

Barton The process of very mapid freenng is usad in stormg food
T am not aware of the references, but I am sure 2 good deal of dam hat
been sccumulated on how fast the cooling has to be. Ie has 1o be Y1y
fast just baw fast, and whether cnxymes are released from cells, 19d 0
on, I am sare has been messured.

Shamacker Mr Chaurman, I think Dr Burton hes made £ good

Data concernmg quick freczing m 1ce would seem to be applcab'e ©
the problem of human cold inpuries, while dama concemmg efforts to
mcgn vhreous swte, though of grear mrerest do 5

- to be related to this problem.
Pmrdmmlly uhyxulkmw atrempts (o reach 1 so-called vireous
mmwﬁhhﬁobgﬂmlmmuu:dmedmf:ﬂmmﬂanbcﬁm
are dehydrared befare they are cooled in an ulerrapud manner
eatly no matrer bow sapidly one cools them, tssues tend nmr reere
in the utnal fashion, with recognizable crystal formation, as long a3 they
contwin their nopmal water coatent.

Gortschalk 1 thunk we will all agree that cryseals are oot the only
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without acrual freexng I thmk there is no doubt of that, bus I thak
there 15 & question

Talbott The sequelac of cold oorur

Mimard Well, is necrosis nevitable where acrual freezng has o

curred?
Talbots 1f there 11 freczing, then there Iy the possibulity of restonmoe
to the extent that one cannot detect any obvious necrosis.

Mmard Yes 1do not believe it has been esublished that dssue acw
ally frozen cea recover o aoy significant extent.

Barton At the Bethesda Conference six weeks ago 1 heard M. O
from Kores He stated thar in hus of and experience, where there
was definite evidence that the tisue had been frozen, as when the whole
Limb was encased 1 tce there was no chance of recovering that usse

Talbott 1 thunk Colonel Blair was the Medicn! Officer from horet

Blarr It was asked whar evidence there was of acrual freezing octur
niag as compared to the trophic changes we see m trench foot. Evidese
put forth by medscal officers 1n Korea was this they never knew for
certun, after examinun -footndlyorlmgcrnfmdnwlnﬁm
there had been cold mduced ophic changes or true freexe infury bat
dizgnosis of frosthite was often made on the baus of the that
when the soldter first reporred for medical care the foorwear was
10 the feet, and could not be removed unal thawed off Leyer by Ly
down to the skin In such a case they felt they had suffcient endenct
to make a defirute diagnosds of frosthite rather than trench foot, where
there 15 rarely freezing of the foatwear to the feet.

Barton Did he noc say that mn such crses his feelmg was that there
was no chance of recovery of that nssue?

Blarr 1 think thac in cases where that occurred there was grngren
of large areas of tusne, but I do not believe 1t was correct to sy that
there was 00 possibility of recovery

Mowrey What do vou mean by recoverv  here?

Talbost Colonel Mowrey has scen these cases He has followed them
clrucally week after week, "

Mowrey Most of the cases we have seen have been three weeks o
at the time we have seen them. At three weeks after injury you heve ©
assume that the injury was frosthite because there is gangrene there
A digrt will be bleck, bard, and mummified yetdmicxﬂinywﬂm‘"
rell a3 to the depth of the destruction, and yoo cannot rell w regm::'d
tont of tssue there will be. Some of these digity are black, mummfied,
wﬂnklcdupAIhnveumﬁnsmdmOﬁLikctladpaxﬂ%
ally over the course of the next two moaths, I have scen all of this
dead eschar peel off leaving 2 baby-pink new skin undemeach,
epithelium.
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of supercoling, one is not speaking of cooling without frecmg, b
rather of cooling below &cczingfid:foun‘?ngonufvmymm?:n
es I thmk that when one cools an aqueous solution &
ow its freezmg point, cae produces sce arystals in thar sol except

ibly 1n the case of millisccond freezing of the comee, a3 mennoosd

Dr Shumacker

T believe that recovery of the frozen nissne depends upon the sze 1d
duration of the ice erystals formed

Motwrey 1believe Dr Talbott will agree with me that many of the
injured had = foot that was a solid cake of xce. It was necessary to thaw
the ice off and most of thote cases did develop gangrene eitber of super
fictal or of deep exrent. However I have scen at least half & dozen of
those whose feet were encased m sce, and who had to thaw the ke of,
who dereloped only bhister formanon, and never M:u(mmdm#m;
gangreae, atther superficial or deep 1 have seen that happen,
dlh:irtbempnrymmuthc:tphadchmfm&mmlblod e
did develop what we call erther thurd or fourth-degree frosthie

Karh 1 recall seeing, when I was 2 boy two eels dropped In ligeld
wr Both were taken out, frozen soltd One was hit with & hammer and
dnmdMenpmeofymmomﬂwudmppdmnhM&
water and recovered and swam around I also remember hﬂﬂﬂ&::
Greene, the Everest mountauneer put his hand in liquid aur Some
wete frozen solid He pulled hus cluut,mdth:fewl.inor‘:ndr\lﬂi
d.lm‘glcftunlllﬁerdnwmg Is thae aghe?

Edbolm 1 am afrad 1 doa t know

Kark 1 think you ought to look that up I recall hearmg 1t durng the
war He is the kind of man who would do 1t.

Burton That 1s the same as the system of freexing in the food industry

Sipla. 1believe we could attack this problem of tissue visbility relsted
mqmckcrllowfrcczlngfmmlmtbermglcbymﬂd:rmgdxcﬂﬂ
of freexing solmdoas and colloids We know that when s collod is frozen
the clements frequently tend to separate by crysal fractiopanoa. Sach &
process 11 currently used commerdially to concentrate muik freenng.
I am cerrain we have all seen frozen mulk in a bottle, 2od that pure
ice crystals have separated from the mulk sabstrutes Mﬂrﬂlﬁ
be rermoved, leaving concentrated milk in the botle Agaln, we will e
ﬂntmﬁmhgumnlwﬁeﬂ:mmhwwd Ifses
forms quickly and there 15 not for complete litde P;‘:’
de!ofultwﬂlbcacdudcdmlmxnﬂxofpu:cke.luolduﬂmg-dg
dxnkmlmmmonpn:ﬁmmd:epowmgkm!mmuﬁmdd
sea for mukang dnnking water Generally sce more than one season
wuulcctcdgccxmeltmknownchutheultlnquldlyﬁﬁm‘“

. would in due dme separste because of tes lawer freering point thus pro-
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the container (46) Iaccomplished this by including a cork in the center
of the water mass around a porton of the temperature recording element.
The expansion force of freexing was nhsorbecfg;dm cork, and the cyfin-
der was not ruprused by repeated freenng and thawmg Ina smilae man
ner I postulate that the nonwater substances of the celluler collods mey
serve o abncbtheapanumfcrwofdjspmadmlnmmﬂmbupm
formation, whereas 10 more complere crystal separauoa and fracooor
ton whete larger crystals form, the expansioa force cannot be coshsoned
sufficiendy to prevent breakdown of cell wall boundanes

I have that my coacept, although spoatancous with me, 15 o0t e
fiew coajecture It appeary that the planr physiofogusts have made grosee
headway 10 this general direction’ than have the human physiologse
to wit I submu reference to a publication summuarmnng numeroas sefet
erces to nvesugation of death of plant tssue by frecnng, mvobeng
coasderation of the breakdown of eolloid structore by freenng (34)

Letess Tahould like o ash Dr Shumacker whether the comea of w
he spoke lved

Shumacker 1 do not know about the comea. I do not even know
whether efforss ar lantation or reimplantzhion were made The
skun, as far as | know dlg Live during the several months of observao.
How | these obscrvations concerming survival of the remplanted
skin have cxrried on I do not know

Leters That 1s the important question Does it live? Yoa are probebly
familiar with Gross Peurces ($5) work n Boston on agrid qend
plants They would aabe the frozen area and dump it 1n carbon dide
and alcobol  fifty fifty which 11 —70 C. and they h:ddl;;ll::ﬁ It
sloughed ont. So now they preserve at 41 and +4 C a0
lxklmammmmcedqdwmofamhhumrmmsmh'm’
necrosis of tissue

Shumacher Of course Dr Gross and hus assocuees aod Dr Hufragd
have been Working with the problem of the preservatran and
tanion of homologous grafes and homologous grafts do oot live. On
cun transfer them successfully from one animal to another and they m¥
functon well and look grossly vible If one examines them
ally bowever one finds convioaing enidence of degeneration and £e0
replacement by the host

rPMvumll:’gmdltuverccmdvbcgunasrudyvhfd?mlng:

some new informanon regardmg this problem. We are expofing
Qroad artenies of dogs, excluding a segment momentanly by placmg ©°
mbberlhoddnmptwoudnevmdmcnlcmdmctcul?‘n e
off the adjacent assue 50 13 to avold injury w It, xnd then freenng
artery soludly with an ethyl chlonde spray The clamps are then orl
and the wound closed These experiments have not been completed
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laboratory thar frosthute can be prodnced more gradually
by exposure for a langer nme w low arbient temperarures pronds
with e new valuable tool If it can be shown that this type of expermentet
froschire res, tomd:munuauzfiddnwin 1n & comparble
manner to cmgnseofthemorenp ypmddag:mﬁﬂb
merston frosthure dnpures, addidonal support will have been fomsbed
fnrdnlp&hafnhtyofﬂncxpaunmmlw&ﬂnnfuaxduim

Blesr \We have produced slow cold injury by exposare of & sedes of
anumsls to dry cold over a long of time

Gottschelk 1s this a matcer of hours or days?

Blesr ‘That is over & period of about twenty four bours. We try o maiz
exposure periods comparable to field conditions for troops. In some coxt
there have been two or three days of cold exposure, but usually o pedod
of from sex to twenty four howrs exposure 1 a dry chat wil
;lutlproduccfrcczelnjuryismﬁdcuLWemnothngdJﬂcrmm
the lesions from mmersion and those of dry-cold exposure.

However before we can be sure there is no difference, there will bave
to be histological studies and also evaluation of respoase to various des-
peutic procedures, such a3 of thawing and utilzatlon of drgs ©
see 1f idendal is for the same degree both of sho¥
freeze and of Memld wjuries 1f chere 15 anv dafference o e
Md:mxtumtwunpccu&utlcmﬁndfmmhtmmmmddimwl
One trophic changes are more apparent climically in trench foot and o,
11 trench foot there is & more macked systemic reacrion aad more sOVII¢

elac In the quick freeze type of cold Injary cne may have conudet
:}ej:mvolvununwubmxtmy systemic reaction. Experimentally M
man s mvestiganions show there Is & dufference In dielectric measuremenlS
and suze of Ice crystals of a frozen solucion, depending, first, on the A%
uwhxchitbﬁozcu,mdmnd,rbcmeofrbawmg,whahahhﬂﬂ

! sigriicance clinscally I do not know Grosily we can tell 0

erence at all.

Horvath Some experiments we carrled out with the Armny Chemill
Scrnccondmv:ryumcprobluniudxaccdthxtwkhslowhmﬂng
—30 C, for about srx hours, you did have the 1eme of frosthi
When rats were placed 1n hot water at about 30 or 60/ C, you dud oot
have as much gangrene develop a3 you did when you allowed dflﬂ@‘lm
D WALm Up At LOOM temperature, course.imhudmmllvftﬂlﬂm
mtdgwaﬂdhnvetmcddxumcumumoflu]uryﬂﬂ"d
warm d.cmuphrt,bmxtxansnrboughnpdr"mfﬂa'“
some benefit even in that type of cold wnjury s

Mowrey 1 think there ate two facrors dinkeally which we must 00t
sight of 10 our taimal expenmenaton Onchd:equadﬂﬂﬂfcw’ﬂk
uon from dght fitting dlothing, and so forth that eaters meo the bum2
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Blarr 1 rught DA some s whih

tater We do have what avftaﬁ?ovbc:f“c\nas! s mxsuoﬂwg, mmduwﬂ}n;muzi

the P i anumals © d\uhundngm:m“oiw(%) Ty

P;Iﬁ‘ﬁymuslp\AYIpaﬂ Pfoblb\ymlmporhntpaﬁ o anmal B
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tremity (and this has only juse been reported by Greenfield #od othess)
the vasodilatation is not quite the same a3 in the normally fnerried
finger 1n that tt can be modified by the pretreatment of the extremuy
htbencnndmb;ca.whhiumfnnmmm,lfymhnmcmdrmd
firstof all nwarerat 15 C.or30 C.ord5 C., It does not affect the sab
sequent vasodilsmtion when the hand is exposed ro water at a tmpes
tureof 0 03 C

The dencrvated finget when It 18 pre<ooled In water ar 13 C andss
then put into jce water does noc vasodilate If you have the devervard
extremity first of all 1o water at & temperature of 30 C, on imaestho
1o sce whter you do get a vasodilatation which Is less than on the foner
vared side Bunfyoupte—hnnhcdeumrcdﬁn nwarerar 40 Cm
43 C. and then cool in ice water thereisa taton which 1 equl
to that an the normally innervated side ot may be even greater So the
vasodilaration due to cold ctn occur in the complete absence of aay erve
supply but it is modified by the absence of that nerve supply

¢ unting phenomenon itself that is, the perodic
and vasodilatation, can also occur in the complere absence of arry nerve
supply The hunting phenomenon 13 & very varuble phenomenoa In oot
experience, that 18 t $y you cannot stare that there wil be a dytbm
of vasodilatation and vasoconstriction lasting so many minutes in &y 608

subject. You may get penods of ten, tweaty or thirty mimtes
with 50 obvious hunung in the sense of a vasoconstriction coming 13 0
the Tasodilattion at all, The unmersed past may stay completely vx-
dilated for the whole time of exposure.
Talbott ‘That Is what temperature again?
Edbolm This occurs when you are exposing the extremty to Wit
temperatutes in the range of 0 06 C.

e third polnt 13 that h .ppanmmmdepcudadﬂﬂd"
different fingers For example, ylmlnvet:h:vwholebmdlﬂ"'lf‘:“"‘e
finger may constrict, and o mrmludxhtcd.’rbcnd\bme““dﬂ““
n.ngﬂ p:-mch:rﬁngerrlﬂconm‘ldmddlmdﬂlmmh‘mm
in words, 13 Dot & ed mmmonlu:h:muofﬂ*m‘;
strictian affecting the w! Ieof:hepnnwhldxh!mmcucd.hocmﬂ*
&Hnm:dmahdlﬁmﬁngmmd:wghthqﬂedlmd
multaneously constric

Sot}mnwdnnhmofd:edihuuonmddmuxd:anlmofd;ﬂ s
tion, although modified by netve supply can ocrur independ I{iomf
But what the mechanism af the dllsmtion and constricson 1,
think we can say at present.

Blarr We}uyvenmuudledlndmdudﬁngmottw-b“‘“hg;;
mcdindrefcctdntdwhmd.ngracdmmxyxhuw:dlﬂ'ﬁﬂm
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Fremont Smith 1 wholehentredly agree The fact that we are wockng
on animals was not in any wny‘.mmdedmmxkcnﬁmdxmcmeWe
wanted to stress the Physblogﬂ.l-b!od)umul phyu:]lh:fﬂ
problem, whether tt coocemed human beings or other
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ANIMAL STUDIES

JEFFERSON M CRISMON
Deparimens of Physrology Stenford Usn ety

D SHUMACKER HAS ratsed some inreresting questions regarding the fe-

versibility of cold myury We have to consider the effects of
per se u&mnguuhedfmmctbtrﬂmuﬂ:atomumlhfm

poacs that bave already been discussed o some extent the mster of
crysul formarion is important the role of schemun itself has been tooched
apoa but not yet dealt wath very extensively

It has been most unforrunate that nearly all the reseasch that has been
carried out on old myury has been under the drving urgency o fisd s
method of treatment or prevention, and mmuch of the hndamental woik
that might have contributed o one undersranding of the narure of cid
inqury bas gone by the board becaute there wasa ¢ ume for 1. Webrd 0
employ emptricel methods, and 1t 13 ooly now that we are carchmg op 2
bit to 1nterpret some of the things that were Y

To dustinguish partly between the cffects of temperature itself as 10
1njury factor and a facror mduvmlorw:cmpcumm,wemightb&“
somne of the work thst has come from fundamental invesngations o B0
lated nssues as well at the fundemental work that bas been done on byp>
chermes 1 animals Ituwnukmch.ucerummﬂoiiu(li)mmdﬂ;z
achicve very low temperatures d hibernat

g onmiats iy b ol o emperarre wel blow e
notmal body temperature and ﬂ:cnbmughtb-dzbyouenmmmlﬂ'
other either rapid or slow warming (2) If ther nunpmt“':
unotlcw:rcdmodruuulyformolmg:nmmthﬂcmhmhmd
rewarmed and show no evidence of permanent damage that gO%P
anumals includes man, a3 you know o

A1 far as work oa isolared tssue is concerned, the exam, “"f“w
1 have available are somewhar linuted and include work that Wi
in the physiology laboratonies at Seanford, at first by D Fohmmi
Dr Field (3) who did & considerable amount of dssue-respiranon
1n relaton to low temperature.

Data shown 1a Figure 3 (3) ﬁu-nhhx;nmlmn’mlq“;":f
rused by Dr Behnke. Here are the resulty of oxygen-consampood
urefents of rat brain correx and rat kidoey nssue 'I'l:ve]nt:dcﬂf\‘"""‘é‘xg
open circles 1n exch figure show contro} data tasues ase taken from
aumal placed 1n vessels 1n the nsusl way and the oxy,
rate 15 measured.
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ments on I;an spet s, for example, in whech tests of axpgen
coasumption glycolysis, and viabiliry have been used after the spemn wes
subjecred (o tempetatures in the neighborhood of —70 C. sad lower

4
ZnFlgwc{dat-ouanuuhrcrp:dmmt (3) arc shown for g abem

== THIUEY W 378 TR
—~THIS W A1 RN

T T T Tty

MANOMETRIC EXCURSION IN CM.

TIME IN MINUTES

Proan 4, of 1 pabhi enr skdn bed
PR LI e S AT
CAIR Contrat 475 (1645)

i
i
1
E

from the itmer surface of tbe rabbit s ear These skin sumples are (o
venient to use because thelr thickness iy well wichin the Lmiting ik
ness ranges #s prescribed by Warburg for wsve
rates The slopes of the curves 10 the upper

pometer excuruon, The slope of the line yiel nvduefaroiim[;:

penodbcrwcméﬂmdljommuzu.tbmmrmcdbdm!
E pLIon Was AgAin ’Sldnnmgla:bmmiomdmm
10 the same way as the flsues from brain and kidney that heve &
higher oxygen-~coasum e,

focidencaily siin is b pecalias tsmue i that i conaias relasiely 2l
amounts of cellular marenal cumpaudmsmuulnnrcdﬂm@ﬂ”’
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1 other orgray wodied, and 1t may be that the things that make skan be

ave differenrdy with 1o cold exposure very markedly on
the o siacnaal tad cellatsy
rablwr ear ddn 15 cooled more drastcally foe example, ar —33

C, and [s then allowed tm thaw a1 room temperature, o rate of oxygen
consomprion 3 30 fuw that it cannot be mewsared by the Warburg method.
1 think the maxnsm that we found was 2 Qos of 01 ~—~ thar s, 0 L ashic
of cxygen per milligram of vasue per howr
Thus sction of cold efiectively descrays che abiiiry of the tssue to coo-
;mmgmuwmmuen thiy rsther crade method. There may
some cells in ther le of skin that conld crery our cxygen comump-
dﬂu&umﬂcuélpgadmmtmdmmdm The €act chat
here ate cermin maneuvers we ain carry out which will leed w the sur
vival of tissoe asmely immedizce raped warmng, 85 Dr Shumsckes
described, saggesty that thus may welf be so.
mﬁgmi()&mﬂhmutdmzdcpaofmmamm
Eaes taken from Wasbnrg messusemenss on control shin samples, {roren
. - % 33 TR D
o1 43 e o
. -

v L

.
1 4 Il 4
¥ 3% 3] W 3F
~ur '

TIME IN MINUTES

f —33 € for 1 muwee} sablce ofx
o O o i, § ' Faw R sy GEU

MANGOMETRIC EXCURSION IN CM

i)
Ii;
i
3
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skin and frozen skin after rewarmuing Samples from uninjured ean, sm-
ples fram ears that were immersed whale they were attached to the rabbit
1 freezing mextures 2t —35 C. for one mioute, and then immediardy
afterward rewntmed rapidly without intervening thawing i waes st
42 are incladed. Tussues represented here as numbers 1 2, and 3 (the
lowez threc curves) were from ears subjected to freexng 2ad then dy
1n warm water before samples of skin were taken and put 1n the Wi
vessels These samples of nssue coasumed oxygen ac about the same p
as skun taken from the ear that was not 1o in any way

The frozen stare 1self unduthaccond:dom,-mnmbtm‘
Junous the evenes that go on durmg the period of g, if thawing
18 allowed to occur at room rem, rum:pparmm;mcdxu.ﬁu&

We have no information, other than some observatnons of transilie
minated ears under the mucroscope, which tells us anything about denlls
of events after thawing Ifyougo‘l.nma(tb.ithuboenfrmml
freenng murture of —55 C. 41 900 43 you can ger 1t under the MKT-
scope you will see that the nssue 15 opaque. From what has been sard 3
morning, I judge that its opaaity depends upen the presence of ror st
Within a very few minntes, when thawing ocours, enough light £
throgh the car to permut you o make out some details of vasculds stoc
ture. Soon after that the phase of hyperemis begms, and good biood
flow can be seen ac least for a bref inrerval

sl

TEER . oy

”
v v
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srmeﬂxd.:,nl!&rmmq Tbcﬂdxexfomu(‘unplc:dydrytnd‘ﬁnmf:‘
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mmtadiac:depcnd_, lqmryoftbclnnm}mdﬂzefwghac,s
“’bcclgemwhchnuh;xpmoueofdmogﬂnunmm.mmm
c'i:"-ﬂﬂlbeotbqfnl Qge
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i "g

SNV SO . QRO |

Freuna 7 #nd bravae 8 ?.um fest 5 end 17 bouny after froscbeer TM-D—M”CQ‘
rom Csmon, ] M and F 2nd Raport
Consract 476 (1543) I wod Bkt J

Inj\mamrehnvdymcomtmtmdxcgmupmbpacdtomemw
exposure Moﬂtofd)cscmumhloicmmorcdnnpommuofm“
mmetou.whﬁwdw&edntwexccxpotcdforthrccmmumfustddﬂ
nﬂofthe(ootupmdtpmntofmncnmurmﬂmcdawﬂ of
wssue on the planter surface.

Figure 12 (6) showa the proten coatent of edema fld from thex
anmals. In the early phases, when tdcm}ndﬁntfoﬂ:ﬂtd.kh‘d
about as much protein In it a8 the plasme. We have not made d
lmlpaofdxpmmumbemmdutkh-llphmpmmn.Afﬁh’M
dxepmtemcmc:nnumnind}ccdmﬂmdgoddummﬂiﬂ
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Awrmal Stxdn i 6

Crimon As edeme flmd eccumuleces 10 dhe tsues, cortan vessels
are changed In thear mechamrcal relaonships oas with anodwer s chat
in'hngmnmmoicbun,mdmdmevmdx:mbcmkmhd.

sops.
Fremom-Smah Woa ¢ yoo have dowrag of the fow chroughout from
the compresson of venales?
Crismow 1 wasat able w conunue abservations fong epough 1o de-
fenmine that. As soon 3 the astue tuckens with sccumuistmg edema,

% 3 15 iz 76
" R2Lamive Foor voLUmE
Fomrgy, - et frome

Aisciombip berweo foor mekon: bt o reraare o
:m&wlmrmr pRpcaiiy Vil troby ki

x becomes dficul throogh and I do not have in-
; :gu ¢ w see gh not enough

Frewont Secth That would be consiscent with the general theoretical
concept of the mechamcs, woulda ¢ ie? That 53, i you put & lmob ander
Pressure, the compresson would be fele firse on the vessels at lowese

Cretmon: Yes. With the perfusion comung in from the srterial
”ﬂhdwntuhmmmmmsdxapﬂmhm
Mhlﬁcmllmﬁzgvmulu,md\cp(mzwlnnpmmdnngum
communicated through the system.

e
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Fremowt Smith The flow continues, but connues at
o 3, es at a Jower ram,

Crismon No 1t does slow down, but I am not sure it slows down
b;cau of the accamulation of edetns fluid o after sccumulanon. Nooe
of our measurements would 1t us to that we ly do nat
have dat of that kind e = ey

Fremont Smnh 1 just wanted to make the point that, on theoretial
grounds, 1f you subject any collapsible tube with fluid goung theough it
o external cnmlprcnmﬂ which is sufficently great 1o apprommare the
lowest pressure level i the collapsible tube, although flow will contime
because of the build-up of re, the rate of flow will be slowed be-
cause of the increased pmﬁm

Crusmon ’I‘huwouFbecuelfyaumodxfyyowhmnm&mhdude
regional narrowmg If the change 1s uniform thronghout, 1 do ot see
that 1c would make sy parnculer difference m flow rates. Dr Bunon
would be able to comment.

Barton It does slow 1t down, yes, but proportionately It is the differ
mofpfmmtbetwcmthchxﬂdeofﬂxvmdxmc{ﬁrcmﬂdm
matters The size of the vessel decreases in proportioa to that
pressure, so the vessel has become smuller We hare expenments on
putting tissue pressure oa the human arm. Flow does decrease with i
crease of tissue pressure

Crismon That 13 the pomt I wanted to make.

The that made me heutare was the observabon of Glemn and
Danker (8) that lymph-flow rates are greatly accelerared in butned
ssue where odema reaches large magnitude You would expecr that
nsing pressure there would reduce the flow of lymph

Fremont Smth The potnt 1 that you have & new inflow which 3 an
entirely different scory

Crismon We have evidence of mncreased lymph flow (00, in thit ex

Bremont Smnth 1 mean the sonrce of the | fhudd Txve pew
sources of lymph flud that have been open a vushiley
Ituulfyouhldmsmcdmmynccd]aimothc‘imcmdpoumdlrm}i\d
1. 1 should be Interested to know if Dr Barton or anyoae else woul
mmmmkcnmmmmrth:rthehuuscdumdz{mtih;h:;bﬂm’
of m thus of injury will give you any rodscaton e blood
flow Idogfccbmkntwuldldﬂnkdmxhcblwdﬁowmldmgumb
be decreased while the wnflow is increased

Talbost Does that produce the reverse effect?

Crasmion [ thunk that 15 correcr.

Barch Donrycuzhhktberehnmberﬁcmrwbldubouldbe:d‘—
dd:red?Wheu-pannx:hnsnﬁngcmpmdh,dmeddnfmlhmy
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dﬂxuuonorhuummc.cmldymnoug,:lummthcﬂawd:mugh
the one that had been reduced by 20 per cear?

Bearton Ymmﬂdifyoulcﬁtbetf:upmmem.

Fremont Smsth That, 1 think, s the situation that Cope is
dealing with 10 hus sttuation there was a vascular diletaton of the
utedj&cewb:d:compmwcdfcrd\cummnlm

Mmard Thete is also the questron of whether some of the blood mey
not be shunted through artenovenous anastomoses

Kerk What sbout damage to elastic tusmes? In other words, the

of any part of the body by local edems depends upon the
abiliey of the mtercellular protelns — collagen, elashn, ground subsonce
~— to strech If these are healthy you on oaly stewh so far 1f thes
same tissne strucrures are damaged, then you can get local edema even
if you don t have increased permeablity

Crismon. When you warch the fisues under the muose d:li:
thawing and doring the phase of hyperemu, you notice 2
uon of all vessels het you see, locluding veaules and capillenes, capl
lastes in such urmbers that you couldn ¢ believe so many vessels could
have been there before njury

Fremont Smuh 1s ths in the ear?

Crismon ‘The ear Within ren minures, stasis in the true capllanes
becomes complete with g of red cells very close rogether and firle
or no plasme. Flow In other channels for quite a Jong time.

Fremont Smath in spite of arterolar dilatstion?

Crismon Yes.

Fremons Smath Not due to arterlolar constricrion, in ocher words.

Crismon No 'This 13 stasls that 1s analogous to thar dexcribed b7
Landis lz)inw}ﬂchthecdhbcamepﬂck:dsaz'bﬂymgulﬂwmm
of the pl loss through the walls

Barton Have we other fignres on the blood flow dunag edems t

Fremont Smsth Docs anybody know of that dunng old mjury?
think that 15 an 14

Mivard Ccpeh:mmngexpd'{m;ot:n did meclude cold injary

Barton He has measuremnents of blood Sow?

Mmard In the foot e

Fremost-Smab Where was that

Tadboit Inmeuf:hemrgicxlpnﬁb There 13 a serles of arpdes o8
damage from cold.

Fremons Stnnbh Recently?

Telbort Two years 2go

Mmerd In 1950 Ibelieve.

Crismon Ircm:mba‘memtoumlquctdmhgtbyml“th‘l“ﬂd
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FEremont Smab So 1t fell down too
inCnm:f;zg That 1 correct. But 1 the interval 1ncluding the time of
jury the penod of b which P of
35 Clintheear m(uﬂmmmmmd
temperature. This was our usual ence

Other means of anslyung this gradual m arciladon after
injury can be employed. The use of intre y m] foorescemn
permtts you to get some dea of equilibtmm of intersarial fud and hlood
(13 16) If there 1sn ¢ any fluorescence there ar all, the assumption »

GALYANOMETER UNITS

2 5 [ 7
TIME IN HOURS

Frotar 15 Incenmry of fiaoreicence of rabbls enss et different tima perods sforr frosbert.
mwé n—ii&{o:go:und.l.n\:n-:dnh)u:minmm

nmmhx mel:lm()mmh)

1 hoar sfeer froadere (4 aramatt)
;rﬂmﬁmi((nsmh)
xmhnadhypéng'd"m&unohumf}u tnd)l"uhunm.F A ] Clis, Iswartizasen 26,
268 (1947)
that the blood 150 t arcularmg of it does appeas some blood must bave
bro 1t there.
hig:lnms&ngmmmd:eumoflumbcamwm
mwmetduofdledcg:ecofunmmmdmbawemzhcpmﬂmﬂﬂ
tssue fluid and the blood stream.
Flgute 15 (16) lbow!lomccuncsdcuvaifrunmammnﬂmcg
lnmlryofﬂnotﬂcencr_’ﬂ)cullcﬂcumconnccdugcm”ddﬂ“
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Burch That would rend to indscate thar the vessels are less permesble.

Crirmon That has been the suggestion by other le who baye osed
ﬂnomscdngﬂ) but 1t seems  lirtle © abont 1 change
of ty 1n that directioa 1n the face of an socumulating proten in
the flud. It seems unlikely thar o small molecnle like fluorescein wonld
be retained,

Barch 'That 15 wiry 1 wonder if diladon was the reason for the two
being different.

Crrsmow 1 am sorry we do not have measurements that woald gve o
that answer If we knew exactly bow much fluorescein was remored per
munute by leakege into the upper part of the ear which also becomes
edematony, it would grve us some help in snswenng

Mmerd The same sort of thing 18 seen 1n batns, m that the minal
fuorescence following 1 bum 15 « b uorescence, and then, with sub-
tequent fluorescein injecnons, the degree of fucrescence as compered
with pormal sk decreases progressrvely Here again we are 0ot
sure to what extent the later hyperfluorescence Is a result of restricred
blood flow 1nto the ares, and to whar extent the edema may act (o filrer
out some of the acuvanng ultravioler and emrrted fluorescence.

Sellers Are the ume rels! similar to those after burns? Beaose
the lymph flow from & bumed starts 1o slow ap as you know after
abont elght hours or 3o unnl after twenty four bours there is very linle
lymph flow

Mimerd We have ot correlated our findings with lymph flow 0d
we have not followed the rate of dissppearance of flunrescence a3 far
a3 Dr Cosmon s experiments show here,

Sellers May 1 presappose what you might be to say? When
doesd:cl,mpbﬂcwm.rttuﬁowlgﬂn&omd:cmmpanlndxw
of cold ijury or does 1t keep flowmg fast for the period of observation?

Crismos  Our measurements suggest that it begms to flow very soca
after six bours Some time between aix and twenty four hours there
evidence of reducrion

Fremont Smuth Does the reduction in I flow in this and m the

beng
Berch 1 have not worked with lymph flow McMaster (18) inh;;
studies oa lymph flow and tiasne preswure, fonnd 5tooccu‘.'fhh
dilared Iymphaucs. Injection into the skin of cd:mu::mtuﬂ
congesrve heart failure of 2 small quantity of dye m almost
an immediare appearance of the md)emaofthcdﬂgs
Normally the dye wonld be limited to a few ers of the sie
mjection duning that same lengeh of dme.
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taken from extremities Injured by fachemia, and slso by cold plut the

mevitable schemia thar goes with it.
Figure 16 ullustrares the accumulanons of sodium and of wates i

20

=l /100 GMS DAY

EXTRA W

00 00 300

EXTRA H O OMY /100 GM3 DAY

fnmm Accamaleoon of water s wodem In rabbt Jog macle afver vancat oo of
yery

musdcs&mnmmdmbb:tltgl,iﬂwbkhvﬁmnqpaufmfurym
pmdun:d_Somecthunwcrcinjurcdbvmmlqu:ulyphcdforuncw
(Group D) San:wcr:mtnmdforfmubmmmdumplcdurvcmr
two bours The rats 1n Group F had a tournd e¢ o0 for two bours and
W:mu.mplcdntrwm:y-cwogouu.'rbcnu Group G bad tourniqocts
for tour hoars, and were sampled at tweaty-two bouss.
In:ddlnonconhcgrm}umcuumcd,mmclndmofdmmx)mvﬂd!
Lgated others had the smaller astenoles blocked with mirospheres (20
1) Thaemcmybmwmmxcmdmumnymdhxdnmn
dismeter of forty microas We had occluded mdmuﬁxdmmﬂﬂf
h:geu\nnbcrg{nmﬂvwchmmmnmdx‘fbl Boger peduction
accomplished erther by toumiquet of of majot vessels-
ThePcronamukﬁ:endmglu b/ that were found m frost
hittmm\mie-’ﬂxmdmlquco{thhenmmldnummpueddnm
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frosthite, but some event concerned with the changes that take
after thewmg does appear to be related to the infary P
The tusees dhat survive cold dnjury muse do 30 by having at leagt some
surviving cells in injured tissne, a0d they must have some preserved blood
supply I thunk we cannot exclude these facts m acconntmg for soch
phenomena a3 survival of frozen tissue, rapid warming, and survival of
tlasue after vanous other therapeutic measures, when the mjunies are 13
severe a3 those used m our expenments namely exposure in liquid for

Ifmycatmmthmbceﬁ‘acuve,lthinkdmitmunbupphodm
quickly and Hes distinctly 1n the category of a first-aid measure, In sap-
port of Dr Shumscket s point, I say thar nothing thar we have been
able to do to these anumals in the larer phases of their response to cold
mfury has been m the least effective. Hood

Fremont Smuth Have you been able to compare the pressure of
flow 10 rapid warming to that in slow warmung? In other words, do we
know anything abour the difference of the dynamics within the hissoe m
rapud warming a3 com with slow warming?

Crirmon We have Interuidal fiud pressure measurements — ¢ few
of them — but 00 measurements of blood flow

Fremont Smah Would Imptession be that rapid warming gives
you a much betrer and er arculation through the injured part than
slow warmmg does?

Crismon It grves it much sooner but mare Important than that, &
perusts You do not get these long mils on the first curves they come
downmud:mnregzomptly

Fremont Smuth You do not go mto secondary fschemis in the seme
way with the mpid warming that you do with the slow spantancom
warming?

Crumon 1 wouldn r put it that serongly 1f yoa look at the ear under
d:emoscnpe.yonﬁngﬂthﬂymhnenocpcﬂmmddxmmm
caapillartes by rapld warming Testill occurs

Frasmont Smith Does 1t occur just as much?

Crismon As far 13 I could tell, there was no diffetence, and the pro-
tewn concentration of the edema fluid after raped warming way jost 43

23 1t was wathont any treatment, 30 that we do not appear to beve
nenced chat infual stage of vascular Infury m the least.

Fremont Smith 1s the edema loss greater?

Crismon It soems 1 be even greater and lasts a ltle loager Jf ey

dl?fmnulzn Myamdnumdlhmbecﬂvcrymnd:inmcﬂedh
d:erehuomhipbcmccuedmmddrnldmlmrﬂukw:hlnhmd
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of water from a graduated cylmder a method which gave reproducible
results within = 3 cenr.'I'h:volumcofnchlegw‘?uhmmumed
perrodecally sfter freezmg There was no significant difference 1n the
mpudity of development or degree of edema resched 1n the two groops.
Inthus t the edema subsided more rapidly in the rapidly thawed
group gh edema developed with comparable rapidity and 1o the
same extent in the two groups, the end resules were quite dufferent as far
23 tissue loes was concerned One anumal in the coatrol group developed
00 gangrene (14 3 per cent) and three in the rapidly thawed group
(37 3 pez cene) did not. Gangrene more exvenscve chan favolvement of
toes developed m seven of the control group (87 3 per cent) and m aaly
one of the treated group (14.5 per cenr)

Lempleand T (25) were interested in making controlled obsecvancos
concernung the effectrveness of the mloﬁﬁd loca! apphcatsca of cold o
the frozen part Bynsmgndmeciyv the monse conld be kepe in
2 saugly fitting cage with hus tail in # glass be projecting 1nto & constant
temperature bath {Figure 18) we were able to keep rhe previoutly

PRAXIMAL LIKIT
0F FROSTBITE

BLASS TUBE

Fuamx 18. repeescotation of tppasrims. need for cooling of B
Fromeen, ol of o tocee Repcinisd by ‘rorn Lomphe, 1§ el Stiroader,
H. B Jt Yae] Bl © Med 21 321 (1849)

frozen ol chulled for 2 long perrod of nme. Acrually we kepe the water
bath ac.a tempersrure of from 1 03 C, and the tail exposed o
this warer bath for seventy-two bours The were considerably
worse than m the untreated coacrol group in which the frozen tail was
allowed to thaw spontancously at o room temperature, nd much
wone than 1n the group treated by rapid

Edbolm 1 did noc quire get the condidoos Whee were you domg
cooling the wil?

Shuwiacker Flrst we froze the tails of mice. In onc group the frozen
tlﬂwud)cndnvcdnpndlybyimmedhr:xmmcﬂimformmﬁmrﬂfﬂ
water at 42 C. Seventy-four per cent sustalned 0o Joss of tixwe and @
mJy]épucunwmmEthcdhalcmumatro[:bcnﬂlm
Another group was allowed to thaw at ordinary ro0m temperature Only



Y the
Qnocturhrl‘nurd‘(m-bq:keo!blmd‘vpp{y 10 the pyrp bur
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o occur and then to apply a padded dresung We hud enough
mmmgmbybotﬁo{thoacmcﬁ‘::mggwmcdmnﬂgh
well have been an important factor in destrucrion of tasue. It wasn ¢ uatl
we did the work of rapid warming and found that we conld get rerovery
:tboutmﬂumngttccdmua[ldmwcammchemndmdm

ems per s¢ was not the necessary ungle cause of gangrene.

Framont Smuth In the foot? 8

Crismon In the foot or in the ear

Fremont Smuth But not 1n the tail,

Crusmon We did not study the taul arall

Talbott The pocentalitres for constricnon of the small vesels m the
foot und the ear are sumufar

Crismon Our dilemma is this If edema Is not a factor in destrochoo
of nssue by gangrene after cold inury then why did we get benefit from
closed plastic dressings and pressure dresungy? We have no snswes for
that at all Aﬁuomworkwurqnnai,lxﬂcwetdtharocbapnp!e
have applied those methods without very much success

Mowrey Clinscally ft has been observed thar in the bovs who bave
been weardng combat boots and who develop swelling, the sooaer the
boot is removed, the betrer your results are. Where there is edema sod s
wmb:tbouuldtort;ﬂf’t:-v:dpcdodofc&nqmgumomdmugcm
you do 1f the baot 15 exrly

Shamacker As so0n as thawing had taken place and before any swell
ing had developed, we applied plaster boots to the previously frozen fect
of mice, tnts, and rabbues (27) " Sunular casts applied o pormal exmrerch-
des did 0o hamm The end result of frostbire was noc improved In soy
of these species even though the development of edems was effectrrely
prevented Indeed, 1n the rat more extensive gangrene developed in the
treated group than m the control group

Mowrey Have you used beparin in your mice?

Shamacker We have used hepaan, but not m combunation with plaster
casts.
Barch R to Dr Fremont-Smith s remada concerning tnsat

¢ when dealing with pondistensible skin like the tall, elevations

in ussue probably will nterfere with hlood flow The same i
true of sdleroderma. In & hand wath scleroderms 20d contractmg fibows
tussae, che tissue pressure may nac considerably which may impair blood
ﬂowThhbmddywmw‘hcnlmmwth:dcmdmxofchehde
flexes his hands slighdy and paling ocouss over the knuckles due t0
squeexing of blood out of the versels,

In studies done some time ago I njected one cc. of normal salae md
vanous tssues of the body and observed the change in dssue
(28) The eyelud o the loose hreast m the female resulus fn L f;ﬁ)
change in tlssue pressure following the injecion of & whole ct. ©
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ﬁ.lledmd:mmcuutbut}nin;\ued should be kept cool and
allowed to thaw oaly slowly Asinrullzgtd.Lthscmcgtmnnhm
never had any controlled observations as 1 basis. It 15 an extremely
Portmtpmbltg:n&dntmmbemdcd We must know whether It s
night or niot, 4nd the queston cannot be settled umply by grearer comfort
of the wndrvidaals. Itumobad,butd:crcmprfc;clzlymammw
observatoas 10 man. Dr Loyal Davis s group that was sent to
durmg the last war to study high-altitade frosbte, wnfortunarely rather
gtﬂ,mcdlmmxblzemmchm:rvudom Selecting one mdrvidoal with frost

te mvol hands with d treated
onchmb;lynﬁxnl cold packs for onrdgl{tt}nq:xﬂnmmrbyﬂ
posure 1o ordinary room tempersture. “They could oaly condude thit
the limb kept cool did no better than the other and probably did worse.
It developed lasger vesicles, was more uncomformble and was sob-
sequently more senutrve to cold than the other Unfortunarely they dud
ot make addiaonal observatons of this sort

The srudy of Adems-Ray and Clemedson to which I have referred
several nmes dealt almost exclusively with mulder nonfreezing infuties,
and the results of therr study must not be too broad mgnificence.
It is mreresting, however thac they concloded that those indrvidusls In
which the infured part was treated by application of snow did worse daa
those raprdly warmed. Vesicles developed m 70 per cent of the former
10d 43 per cent of the larter The length of tresrment was eight days in
the first gronp and four 1n the second

In some way thus question will have w be answered definirely 0d [
certalnly would be amang the first 1o admit that-ooe cannot coptent hem-
self with experments sach a3 Lempke and 1 did with the mouse s il
Someday we shall have to oboua desc-cue observauons upoa mea. We
heve tried to use lon, ned chilling in the case of the mouse s foot,
bar we sacceeded in keeping the foot chulled for caly one hour The 1
sults were worse than in the control group You did sumilac
kzep1.u_gthenbbklfootctuJchfuueven_lbcu.rtw-ldnmrlmpmﬂngd?e

Shurvacker 1 recognize the lack of definuive proof of the correemest
ot error of the assum| and T sy we must setde the matrer by cote
wolled observations. We certalnly cennot contmue o acrept a8 {deal £
umdndofmmgmt;glybcmuxchmnfmdme[nzhelﬂrﬂmﬂ
it has been all to be
FfmauSu?ZdMlyImkelcommcuthtm?Dr Burron brought up
experiments in which the lunbs were in sce ot to prove the value
ofcold,butmpmvtthukm ema cut way fm| Ymc:l%‘
Jecred to hus data regarding becanse they would Imply dhat






88 Cold Inyxry

Butner s own expermments or not As I recal, the experiments had t do
with placing tourniquers on 2 dog s leg for an extensve peciod of e
;‘;’d;m%j:fkg;fnm'hm From this local metabolism an-
ued ata rate 1n the ahsence of normal ly by dr
culation, the results upon release of the mquum:g:ummyp : byTbt
dog died almost insntanconsly presumably of romc powsonmg and
shock. On the other hand when the dog s leg with the tourniquet on for
an equal length of time was immersed in 2 cold bach that chilled the owme
50 thar the local metabolism fell to a very Jow level and required verp
Lile oxygen, the release of the toumniquet caused Iktle if any resccn.
The sumal suffered no ill effects. Butner concluded that 10 frozen oc
deeply chulled tssue where arculenon has been rednced, the destal end
of such frozen limbs should never be rewarmed to the extent of aeanng e
condition where metabolism will incresse because of nise in
before the arculaton has been fully restored from the body to the Lumb 13
2 whole, thus insurng » supply of oxygen.

Butner further off mmddmtmprwehhd:m Thus coo-
cermed a lovelom nurse who attempted suicide 10 eamnest She ook a dose
ofﬁ:{m—mgh,hcmd,mldﬂn}anm m make cerain
of her death she went ont into the bitter cold of a local park to freeze 0
death. Bumer colorfully put i, * It was found sdff and apperently
Lifeless the next momng  The body was taken to » cold morgue ©
awt ideanficution. Hours [ater an atrendant was starcled to pote a feeble
s1gn of life m her A stomach pump revealed some of the poisoa sill oo
absorbed, Shewuw:mcdmygrndmﬂymdhmuﬁ;bﬂ:ktommﬂ
life Bitner explained that the cold and subsequent low metabol rae
had offser effects of the poison which was absorbed so slowly that the
amount consumed was oot lechal

I«mBﬂm:rnmrvmcwuuldooududedntthek:yofmﬁnnn:Isu
the sequence rather than esther # tapid or slow rewanmung rate 3,
1thcncuuxlt0rewmd5euwbernpiwcmdtcoldmuu’un1damddﬂ
body proper so that arculation is resdy to enter the frazen areas a3 0
25 they are thawed. If the frozen extremities are rewacmed oo rapidly that
meabolism 1ncreases before the drculation farther up is mnblocked,
anaxis will set in and may canse disaster or serions damage.

Fremomt Smrth 1 you focrease the metabalic peeds before the oxyged
cn be supplied you may 1nto trouble, however If you kecp them
down until the oxygen aan be supplied you may ot

Horsath This was odginally on some Ronian expermentd
which were later repeated by the Germans About 1933 there was some
wﬂdﬁmwmhmmmmmmaemugwrﬁﬂdm
dxmdmdxllnuhmwuemmgthh:ycﬁcofmw frosthite,
mwmnmmﬁmxdmy becanse they were
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Mowrey This brm, oae of idens. Pracucelly 1¢ will
mmqhmmwgimm:zgmuykmlghbem
oy We tlunk dd’txwmguo(dcﬁmrevdnc.u.ndycrlfwelm:rﬂ.{c
metabolnm by we are likely to get more damage. It scems
mmc&widalmdndwuxfdbcthemeofdn[bumy as mendoned be

thermy warming
that the o0 bear has been fully resored to a poine

du(wtxﬂdallfmhnmscdhlaodcrmlmmmdtm}u

Sbwmacker In this discusuon I belicve we may have all neglecred o
stress the fact thar the dan from antmal experiments o which we have
referred concern the momentary applicabon of warmth ro the sdill frozen
part 10 order to bring about its tapid thawng oot the applicanon of
warmth to & limb which has been chulled but noc frozen. Of coarse, 10 thss
respect the expenmental observatons are pot relevant to the problem of
the poafreexring injunes, immersion foot of trench foot, and yice versa.
Purthermore, 1t is perhaps sull an unserded question whether benefic re-
sulns from the tranuent applicanon of moderare warmth to the already
thawed lmb in case of real froschite. In oy labocacory the resoles of sach
studies have been somewhat conflcting. I belreve, Colooel Lewis, yoo
bave found that the applikanon of warmth after thawmng does result1n
some benefit Ls that correct?

Fremont Smith After thawmng?

Lewss 1 you remember quhmgumluiddellycdmrmmEg‘z

ant at the 3 per cent level and, therefore, had five chances out of & han-
dred of beng an acddent. Dr Crsmon said be had bad resnln, [ said
Before I get ont on a limb, 1 am going to go back and do that over

1dud, and the resols were the same Now I em gotog back and do
fr 2 third ume. It would be nice if delayed rewarming beneficial
Tam not convinced now in the face of my two findings, but L am going to

h?b:mbr Y ou may be interesied o know Colonel Lewts, that we
also repeated our ongnal sudy and that on the second ocasion tran

duu“mdngo{d\ealrndythz'cdpnmdmrcsulrinmcbcm
it, whereas in the fre expenments no benefit had been noted

Sellers Isn¢ that jos rheoppoureof what you L:ud about Dr
Webster s and Dr Johmson 3 treacment of immersion foot

Shamecker Whar?

Selle s Thacdelayed g i3 dangy and valuel,

Skamacker NmThlvunotmtﬁonmktelehthmlndl We
are speaking now about the momenrary applicanon of waomeh sfter the
frozen extremity has been allowed to thaw as rapidly as  will under
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&manownupmmmuormchlm&dnapmmmuh:dmdo
with plaang tourniquers on a dog s leg for an exrensive period of tume
and keeping the leg warm in a beth, From this local metabolum con-
anued at @ high rare and m the ahsence of normal oxygen supply by ar
culation, the results upon relesse of the tourniqoets were disastrous. The
dog died almost insmntaneously presumably of tome posoming ed
shodk. On the other hand, when the dog s leg with the toumiquet on for
an equal of time was immersed 1n # cold bath that chilled the tysoe
30 tha the local metabolism fell o a very low level and required very
lirde oxygen, the release of the tonrniquet caused little if any reacson.
The arumal suffered o iil effects. Bimer concloded thae 1n frozen or
deeply chulled tsue where crculation has been reduced, the disal end
of such frozen limbs should never be rewarmed to the extent of creatmga
onditon where metabolism will incresse becaine of rise in

before the drauladon has been fully restored from the body o the b as
a whole, thuy suring & ly of oxy,

Biimer turther offer m(ﬁr‘mm(mg:'mhud)&q Thh e
cemed 2 lovelom nurse who attempted susade In earnest. She rook 4 dose
of porson — enough, he said, o kill n horse. However o make cerom
of her death she went cut 1nto the bitter cold of a local parl. w freeze
death, Biwer colorfully pot it, Tt was found siff and apparendy
Lifeless the next mormung  The body was taken to 1 cold morgue ©
aware dentifcation Hours later e atrendant wes stactled o note a feeble
s1gn of Iife 1 her A stumach pump revealed some of the possoa still m-
absorbed. She was warmed very gradually and hrought back to noomal
life Bitmer explamned that the cold and subsequent low metabolic rxe
had offser effects of the pouson, which was absorbed 5o slowly that the
amount contumed was not lethal.

From Batner s stoty one wonld condude that the key of rewammng 8
the sequence rather than either a rapid or show rewnming rate, That 15,
it 15 exsentual to rewarm the aress berween the coldest extremydes and the
body proper o that ditculation 1 ready to enter the frozen areas as sooxn
ud:qlmth-wrd.lfthctmencmenﬂdaucrcwmdnouptﬂyﬂm
metabolism incresses before the arcalaton farther up 1
eaomis will set 1n 20d may cause disaster or serious damage.

Fremost Smith 1f you increase the metabolsc peeds before the axygen
aubcmp‘pﬁcd.ybumyg;thmmble.hom 1f you keep them
down untl the oxygen can be sup| you may ot

Horrath n;xyw“ originally on some Rowsian experimenss,
which were [ater repeated by the Germans. About 1935 there Was som<
work donc by the Rustians on this. Then there were vague durmg
dxnrﬂut&chﬂmmmﬁg&hﬁcofum ot froseblee,
although they were never confirmed very well beaause they were
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Aoscrey Thas topic brings up one of my pet desy. Practically it will
mwmkmmtubu,butlth%nkdn ¢ cxperimentally 1t might be nice
to try We think 13y dumgisofdcﬁmtevdue and yer if we incresse
merbolism by rapid ‘we are likely t pet more damage. Tnseemn
tometbudulmthod d be the use of diathermy as mentioned be-
fmmwhcdm‘mupdtepmwumdmkmpz}n&hmn

saow nntil you start gerdag it warmed up
Siple Or proj lvuhdhcdhﬂ::ﬂnymmﬂngdawnd)ehmb,lﬂer
making certam first that the tors0 heat has been fully restored to 2 point
that would call for mcreased blood arculavon to the extremines,

Shamarker In this ducosson I believe we may have all negleced w
saexs the facx that the data from anmmal expenaients to whuch we have
refetred concern the momentary application of warmth to the still frozen
part in order o bang about 113 rapud thawing, oot the applicanon of
warmth to & limb whach bas been chulled but not froren Of course, in this
respect the experimental observations are not relevant to the problem of
the ponfreening infuries, Immersion foo, or trench foot, and vice verma.
Purdtmntkpcrhplnﬂlmummlcdqummvhcdnbmeﬁtm—
calts from the tranyent application of moderate wannth o the already
thawed Limh 1 case of real frosthute In my labotatoty the resnlts of such
studses have been somewhar conflicting 1 believe, Colonel Lewis, you
hxve[mmdthltdmlpphutbnofwﬂlmdllfmduwingdoarﬂultm
same benefit. It thac correa?

Frewont Smab Ah:r:ponnmn

Lewts 1f you rexnember in\Vuhingmn[uIdddxycdmm\Ing
mm:hou:ubemﬁmLmdrhermﬂumdmcxpaunuumdgmi
ant at the 3 per cent level and, therefore had frve chances out of & hun-
dred of beng an ecadent. Dr Cnmon said be bad bad resules. Tead,
Before [ pet out on » lunb T am going to go back and do chat over
1did, and the resuls were the same. Now [ am going back a, and do
1t 2 turd tume. It would be nice if delayed beneficial
Tam pox coavmced pow n the face of oy two findings, bot I am gomg to

i
hﬁ-—aﬁn You may be meeresed o know Colooal Lewss, that we

Sellers That delayed rewarming is dangetoos and valueless,
Skxmacker No This was not an effort to keep the Limb ol et el We
wre speakmg now about the momentary application of warmth after the
froren exremity has been allowed © thaw a3 rapidly as it will under
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ordinary environmental arcumstances We simply deferred warming the
Limb uatdl thawing bad mken place.

Fremont Smub That does cotrespond to continned cooling, to keep-
1ng it cool. I mean, 1ts remperaure remains cool for a long period of tme,
whether you do 1t oa purpose or not.

Talbort But cooling at a level above that which prodnces damsge.

Sellers Webster didn t describe it as cooling, but T think be nsed the
ame term,  delayed rewarming While the experiments were pot coo-
trolled as well as they should be, there were great plans afoor in Habfax,
ﬁew:efomodmphm.mmqwcmmﬂcdmu,butm

y or unfortunately immerson foot sto; o at that

Blazr Wersn tDr {Wm:obmhoiapidmﬁghnmg&

Sellers Yes 1think it 13 another lem,

Blar It 1 defimtely another problem.

Sellers 1am sull wondering what was the severe objecrioq to the trett
ment, however

Shamacker My objections are these. I do not believe it was that
local chulling produced significantly improved ultimate funce o
control observations were made, Though the cbservarions were made
upon Immerson foot, the results of such studies are ever so likely w be
transferred to all the other relared cold 1njuries. We have, 1 feel, smilar
coafusion concerning the application of measures to ool the affecred
exrremuty in var:ovs ischemic condinons, Whenever local coolmg 18 used
1n 1schemic Limbs, it is employed in the hope thae benefit will resalt from
the consequent lowering of metbolic dsme Of course,
local cooling sumultaneously reduces blood flow o the part s well
Under such drcumstances oaly harm would result if the local droulenon
were reduced proporticastely more than the metabolic requirements We
knownmhmgnbou:d:cptopordmmdwh:thactwoﬁnﬂﬂ,lﬂd
we have 0o way of wflaencing the effect upon one and pot upon the
other Ih:n}ndtnxhuhxgeapenmcewid:nﬂmofj:ﬂ*ﬂﬂ
arculatory difficulties end, though I persoaally bave never local
refnigeration except in preparation of an infected extremuty for amputs
00, [ have in quite a few cases seen the resalts of local cooling
by others, In my experience only harm has resulted from soch measar®,
mdlhwmmmmymewmmbatﬁmdﬁmlmlmolhgﬂ
ulmc-m:efmp(:r.rln for Hon. It should be
course, that the use o batu—l;annfullnllloaudxdauinw‘hﬁld’;
lmbdoanmhvctheapaunmmuxiummhdmudsfmﬂy
bave not had personal experience with the method Webster nsed in oset
of immersion foot, bur I do not helieve his experience with fmmenson
foo(lhaﬂdhdpgcxpetmmd}emncept that In frostbite it is helpful ©
delxy thawing an, mkscpthcauumrycool.
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Sellers Iqult:- thnfurd;ccmofc.xhehuhford:emcdnd
has the obvinas

of not being 2 coatroll m

Bebnke Excepe thar the gist of the experrence of the o sum-
marized agaln m ths German avistion medica! volome (31 byr.be
ﬂlemmdntmeumo(mahmmlunbuRﬂuy

e of treatment, partrcalarly under baulefield
ir 15 important to follow the general mie Rascars the chilled boJ] u)—
wdly rewarm the frosthutten extremnty slowl

Now the Rustian experience, a3 reported by Canadian observers 32)
8 to rewarm the extremites raprdly and a recent lnformal §
pott 15 aald 1o recommend m:m:hcfmtbhrmputnp{dlymd
then cool down

8o we are faced with the cook s dilermma. We have been miking sboat
df-m}:{vhnmthqufmhdalmgwid:hmdammnlqmuﬁm
1 d Jike to know moce about the basc physiology What b the basis
fora p:uucnhr of therapy mdvhumveuyingmncm::sihh

vimx:mmubcmmxdemdphyﬂolcghl bio-

d)unnlpfoc:dumcxnncdo\nmcmwnaiou the vanous weat
mnmwymﬁndmwhumummdxund:ﬂpngpﬁndpluﬁxn

Bm‘ ﬁ\mldlﬂ::mpohuo\nthnldomlﬂubrslmmdn:nin-
terpretanoa of hrs oa cold s indicatng It cun be of no benefit
m any condition foot 19w very difficult problem, not oaly be-
came the rissoes bave oot been frozen, but there 1t nsmally 2 much more
exensive damage, 2 larger volume of dssue mvolved then in frombite,
lndkmlybedntl:ceﬁngdmhmbmhhwymddbmcﬁtbr
othet reasons than those concerned with the injured ussoe. The problem
is not merely what the procedure doct on that limb, but how the edema
h:dnrlhnbnnybelﬁcmngrhe of the man, the whole man. I am
thinking of the loss of procen, the oss of frud, whrch may push him
much fastet into shodk.
Tt ety be for these rexsons thar it looked to Webster that keepin|
lhnbmldmbma,vhnmnhxvebmdmhngnpmm'fwiuur
the effect oa that damaged [fmb, mther thast the effect cpon the whola

padent

Shamacker Animal stodies (23) have shown that, effectrve a3 is the
momenmary applicaton of wamh to the froren extremity I oeder to
fmake 1t thaw raphdly when sich rapid thawing ls followed by contimmed
apphcanon of warmth of, say 40 C. for 2 long perrod of trme, dssue
dmgmrkmumifdnh&mmwﬂuhxmmmn’dnpn‘
‘warmmg bas dmwnmhbtmcdh:mynymeptnmcn—
tarily to remm Aﬁymmmﬂnﬂmeuquidlyupwn:k.

Interesuagly enoogh, -Ray and Clemedson say thar the Swedish
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ordmarvenvit 1 | arcomstances. We sumply deferred wamnz ée

Limb oot thaw taken place.

F emor $- 1 does correspond to coatiroed coolmg, ol
wmgrecoot 1o mperature remains cool for a loag penodof =,
whether v o urpose or not.

Tab 1t B +t a level above that which produces dmge.

Sellers ™ = t describe 1t a5 coolng, bur T dhink be oed e
same term ~rmmg " While the expermments were sxat
troked as & )uldbggberewmgmxph.uslfwnﬂ-lkh
s thee we- L83, to carry out controlled senes, bot fo
nzeelv or urr ~mersion foot stopped occurming at tht pc

Blar W ¢ ster s observations entirely on immersen foe?

Sellers Ye 15 another lem,

Blar 1w nother lem.

Sellers 1ar mngw}utmd:cscmcob’cﬂmwﬂ*‘ﬂ
ment, ho eve

Skam che mucr.bese.ldonotbdwven:&wdﬁ:
lecal chulling “mificantly inproved ultimate resalis, st
comerol obstr\F made. Iztmgh the observauoas Wit ¥
Upon mameny 1 results of such studies are ever w ey 0
usnsferred w2 er related cold mjunes. We bave, [ feed, iz
confusion concer 1e applicanon of mersures 1o ol te i
auemmymvan 1 emic condioons. Whenever bocal coolmg B

m‘xhtﬂnChmhs,uL.crnploy:dmthctnped:ubmcﬁI"mmw
dxcmscqum[imenngofmcubohcdsmenqmmmam"
Iocal cooling sumultneously redaces blood flow to the part 3 ¥
Undauxﬂaﬂrﬂmﬁumaonlyh;mwou]dmﬂ!ifdrwmdn:
Fére rednced propornonately more dhan the mesabolic M
mwsm“}tpmpommamdmum:hmmf”’n#
“hvcmwzyofmﬂumungr_h: effect upon one and pof I
other Ihxvehadnmd]crh:geapcumcendnﬂmof o
curculatory defficuliies and, though 1 personally have oevet gt
"ﬁlmmmﬁrp:nnonofmm&acdummf“m
000, Thave 1n quite a few cases seen the results of local coolmg

by others. In my expenience oaly harm has resalted from scth %

23 2 measure for for amputation It should be e
ﬁh‘hhwolldmqummmm” 1
10t have the cypaaty to increase 1ts arealapon o
of Peosonal experience with the method Wtb“:cbﬁd.
Lmmersion foot, but 1 do not helieve his experience belpt®
fm(u“ﬂdbdl’ ttthecmcepttb:tmfmsﬂffuh
delay thawing an to keep the extremity mol.
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Sellers Tqudee with that furthermase, the baws for the method
mmmdfmofmbdngnmudm
Bebuke Exvepe that the gt of the experlence of the Is -
manred again in thrs German sviaton medical volume (31) by the
le staerment thar one canooe make stract roles about every and
e of treatment, partrcularly under bettleficld condinons, bar that
It 13 importane to follow the general rule Rewarm the chdled body rap-
sdly resarm the frosthstien extremty slos)
wﬂxkumnapa{m.urrponedgyﬁmdhnobsum(az)
Is to rewarm the extremides rpidly and a recent informal Swedish re-
port 15 sud o recommend the frosthetren part rapldly and

So we are faced with the cool. s dilemma. We bave been riking sbout
therapy bat since this Canference is dealing with fundamental questions,
1 should like to know more ahout the base physology What is the baus
foc & parocntar type of therapy and whar are we uying to sccomplish?

blood-

menss o try o find out whar coastrute the mderlying principles for -
tooal therapy?

Barton Ipv{vuldlikemp){ntunduxldonodichr Shumacker ¢ in-
tetpremation of hes findings oa cold es indicating it can be of no benefit

exrensive damage, 2 larger volume of tssue mvolved than in frostbate,
and 1t may be that keeping the limb in ice i necessary and of benefit for
other reasons than those concemned with the mjured assve. The problem
13 pot merely what the procedure does on that imb, but how the edems
tn thar limb may be affectmg the body of the man, the whole man [ am
d:mhngofchehmnfpmcun,dx(nofﬁmd,vh}d)mxypnhhlm
moch faster Into shock.
1t may be fort these rexsons that it looked to Websrer that keeping the
Lemb cold wes better whereas we heve been thinkmg up to now st
the effect on that demaged limb, rather thar the cffect upon the whole

padent.

Shymacker Animal studses (23) have shown thar, effective as is the
momentary application of warmmth to the froren extremity m order to
ke 1t thew rapidly when such rapid thawing 1s followed by coatinned
applicadon of warmth of ey 40° C. for & long perdod of ume, nssue
damege may be increased. I think 0o one who has recommended rapid
warmng hes that warmth be used 10 any wiy cxoepe momen-

tarily to retum the froren to its pormal state ay quckly a3 possible.
hmwiug{ymmgh,Aﬁ:*hydeuncdmnydxnhechdhh
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ordinary environmental arcumstances We stmply defermed wzampic
Iimb untid thawing had taken place.

Fremont Smuth That does comrespond to conmnoed cooling, ey
g 1 ol I mean, 113 remperarure remasns cool foc 1 long prodefis
uﬁcxh«you do 1t ont or not.

Talbort But cooling at a level above that which prodoas

Selfers Webater t describe jt 23 cpoling, baz |tk bemt&
same rerm,  delayed rewarmng.” While the expenmeno wer KIft
trolled as well 3 they should be, there were great plaos thoc o it
13 chere were 10 other t© carry our coatrolled sens, bo e
nately or unforrunately immersion foot stopped pccurmmg st 7 e

Blarr Weten ¢ Dr {Vebuusobsernnmsmm&ym

Sellers Yes I chmk it 13 another problem

Blar It 15 definreely another em. =

Sellers Lam sull wondermg what was the severe b 0t
ment, however i

Shamacker My objections are these. I do not belfere £ ¥15
local chulling produced significantly mmproved ultma gt

upon tmmersion foot, the results of such studies are era 0
transferred 1o all the other related cold imunes Wch‘;jfz
conhsion concernung the applicanon of messurss © P
mmtymnnomuch:msccundmmww'mmﬂm
m ischemuc Limb, 1t 13 employed in the bope dhar beoefit WiE0
the ent lowening of metabolic nssue e 89
local woling simulmnecusly reduces WX:;J“’# ngb‘
would i1 t
Under such arcumseances only barm mcubﬂkwr

d:otmfﬂ‘")

o
odlerlhxvehadlnd)crhrgccxpcndxc“dl'-um Wl
arculsroty difficulties and, though 1 personally hae wﬁxq”
refrigeration cxcepe m preparation of £ infected gﬂunﬂ‘e
thon, T have 1n quice a few cases scen the resuls of I from 0
by othess In my expenence 0111y1m:u:l'mfr!:dﬁ‘-‘kﬁm"i waﬁgﬂi‘

and I have yet 1o see anyone who has benefi 9 o
3 & measure for pr for ampuranon. It mdj:ah‘”e‘]
course, that the nse o 13 barmful m all oy

limb does not bave the o, 10 inerease ity wxd w2
bave not hud persons cxpg‘lm:::rc: witbditmdh”riwé?dw .
of umruersion foot, but I do not helieve his %knﬁu
foat should hefp te the concept that i

delay thawing rcukncpthe:xtmmrrymﬂ'L



Anemal Studies 91

Sellers 1qurte with thar furthermore, the bagds for the method
hnbeobvmusd:%fdt;cyoimtbung-mhuﬂcd
Bebmke Exvept that the gust of the experience of the 1 sem-
manzed again in this Germua svunoa medicnl volume (Jl‘zr:ﬁtbc
ﬂemdmoncummkcmmlanbommy and
of trearmen, partrcularly under betefield conditons, but that
Ir is mmponant t follow the general mle Rewwrm the chilled body rap-
iy resonrms the frostbaten extromuty slowd,

Is © rewarm the es and & recent ¥ &
port 1s g2 0 recommend che frostbiceen part rapedly
then cool down ¢

So we are f; with the cook s dilemma. We have been talking about
therapy but since tns Conference 1 dealing with fondamental questions,
1shoald tike to know more about the basic physiology What 1y the basis
for & particnlar type of therapy and what xre we trying to accomplish?
Have blood-flow measurements been made and physologreal bio-
chremuca! procedures carried ot in confunction with che vadous treat
menn o try © find oat what consutute the undetlnng prinaples for -

tbm.lﬂn'llpy?
Bartox 1wounld like to pownt out that I do pot like Dr Shumacker s in-
terprerapon of hus findings oa cold s indicating 1t can be of no benefit
m a0y condiron Immersion foor is a very diffiault problem, not only be-
camse the tissaes have not been frozen, bat there o oanlly & much more
extznsrve damage, & larger volume of wusue involved than in frosthire,
and {t may be that keeping the Limb in ice 13 necessary and of benefit for
other reasons chan those conceroed with the injured tswe The problem
is not merely what the procedure does an thac Limb, buc how the edema
m that hmb may be affectmg the of the man, the whole man Iam
thinking of the los of protein, the foss of fluid which may puwsh hum
muoch faster inro shock.
Itnnybcfwd)mrumst}nthlmkaimwmﬂnr%
Limb cold was betrer wherees we have been thinking up to now just
the effect oa that damaged limb, rather thasr the effect upon the whole

patienc.

Shamacker Animal srudses (235) have shown that, cffectrve 5 19 the
momentary application of wemth to the frozen extremity in order to
make it thaw rapidly when such rapid thawing is followed by contrmed
appliation of warmth of say 40 C for a long period of me, desue
damegr may be meressed. I thmk no one who has recommended rapid
warmmg has soggested chat warmth be nsed 10 a0y way cxeept mamen-
nﬂymrmdx%mibmlmuqdddynponﬂ:h

Interestingly enough, Ray and Clemedson say that the Swedish
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tone, the local vasodilamtion 1s connteracred by the existing scate of Jocal
colilwuld'ugg:ﬂchnlf:fhyddogicdmcdnduhmmghuxd.
1¢ will be meffectree becawse of the low of the part concerned.
H the tempemture 1n the cold extremity s messured, It will sy cold
even with a complete block of the vasomotar sysem.

Shamacker t 13 fust what happened. These measures did not re-
salt m any coosant appreclable shortening of the of thawmg

Bartox Thus raises ¢ question [ o ask Dr Crismon. 1 sccepe
Ins evidence and evidence of others that there is & prolonged decrease
of blood flow What evidence have we of how moch the decrease is due

there 13 1 big vasomocor component in the decrease of the blood flow?
Have you, for instance, seen what woald hay m & sympathectomezed
ear of & rabbit whether 1t would bave suffered the same decrease of
blood flow after freezing?

Critmon Our expenence includes chemical blocking of the coastricror
mechansm fn the ear by 1npecting procunc 1nto the region of the seelleee
ganghoa. Ochers have used sympathectomized antmals. In onr experrence
the injury was 00 less severe in the sympachecrommzed ar blocked anmmal

Bartom How about the blood-flow smdies? Do you do them an the
sympathectomized animals, and does blood flow decrease fust the same?

Crismon Perhaps thete 1s delay of stasis in que @ es up to half
or three-quarters of an bour, but sympathetic block did not abolesh scasis

Bsrtos 1 would suggest, then, there o not much of a sympathetic ele
ment in this decrease of blood flow It s probably caly these two
mechanical forces.

Crumon Noce that we coald discover

Bartox 1 thiok ther is & very importent fundamenta] point how moch
of this decrease 1n blood flow thar 13 apparenty camsing all the trouble
i doe to & sympathenc clement.

Tdbfon Have you any observations of blood flow in the unaffected
arex of the exwremlty d infuty and followmg 1nuey? It would be
hdpfulmknowwhube:ﬂol:gno(g?hlmdﬂcwbniﬂmdlymmme
nonaffected partions of the exremiries.

Crumon We bave observed that it 15, Dr Talbott. Flaaresceln ac
cummlates in that poraon of the ear fusz as it does m the Infured porton.
We could detect 0o dufference in mrtensity or Hmmg Tirel (33) Ibe
Lieve it was, several years ago made some direct observanons of vesscls
ot only in the unmjured of the mbhut ear, bat also 10 the frost
HumpamHercpcrmdlmm of pacrowing at the juncrere of in-
Jured and unmjured tiaoe, oae could make out quite eanly by
tranalllomunating the ear If you ook at that regioa under the

-
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youﬁnddxcolumuofbloodmumthmughvayhmldy The vessels
::’l‘;ywmmclmhf:emmof:bemlmkmumlmk:d

I tO mjury ent em dunng the state of freezin
dunng the onset of of s e

Barron I should like to menton & tactor which I think has been rather
forgotren, and that 1 the effect of cold per se ou the arculation, We
fmmdintbcbolucdmuedwduxbcmumnpammofﬂ
(both of the perfunon and the ear) and 0 C,, the resismnce to fow
ncreased two and one-balf tmes and this is exactly related o che vis-
cotity Theretore, 10 2 cold linb & very big fuctor is that the restance to
fow will go up two of chree times simply because the limb 1 cold and the
blood has greater viscosity [ think we rather tend to forget this purely

yuce] factor which entens mio the problem of dreulsnon In frosbie
rom that point of view warmmg the limb would improve the arcula
tion for & purely reason. The fector 13 about three ames becween
¢ warm limb 20d an jeecold hmb

Crusmon Thete must be sometbing different, however In thus dreum-
stance of cold inpury from that encountered as 1 result of fschemia alone,
because 1f & rourquet s applied and Jeft on for two hones the tssues
that are rendered 1schemuc do not undergo destruction. That
13 about the maximum intetval that you predict for the duration of
ischetaie in the 1ninal phases of thawing aftes cold injury so we are not
conicened with ischemnua that occurs dusing the time of cold, If we are
concerned with uschemis, 1t is the prolonged tschemin thet occurs after
gradual dlosing off of the circulation 1n the interval berween rw enty four
and fifty-two bours, or something of that order

Talbors Was the viscosity determined on venons blood returning from
the injured extremicy?

Barton No 1t was not. This was an done wnth Ringer s
solution becruse we didn t wane the complicdons of blood it was 2
physical expenment We found mesely that the resisrance to flow 13 one
cooled down the eas went up two and one balf times. This 13 exacrly cor
relaced with the change of viscosity of Ringer s solution with tempers

ture.
Talbott But that temperature s of the rerutniag blood The areral
blood tempersture has noc dropped to the same level as that of the re-

rurmng venous blood.
Burfon Yes In our experiment we made It sumple by having both the
oo fluid and the ear ar the same tempergrure.
Telbort 1f there is a change in viscosl with cooling of che blood, that
would lead o & decreased flow of = g venous blood If the arteraf
blood is being supphied to the svolved scees at the same fow nare that

might coneribute to the formation of edema.
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Bartow Of course, on p of this 1n the actmal case oot would heve
another increase of apart from that due to the teny o~
crease namely che fector of the eresse of blood over chat of plasma, 0
that you have the double effect m frosthite of the cold isereasing viscosity

and the concentraon of cells increasing 1 abo,
Horr-‘b Natmdyduz.butthvcmﬂhlood tumvnuldbt
ﬁxhtbcamhhbcmgtmltd 'J
blood fiow is coming up on the venows sede As Barett aho ong:unlly

0nd we confirmed later dueu;nurhdeﬂcaomhemmxlbloodtun-
g:mmbyvmaubbodmmgupfmnmldumw:}myoum\nd
really quite o marked change m viscosity owng o boch those fac
o ¢ change ln the actual cempersoure of the areerial mflow plus the
hemarologie changes. This mught make the chunges even greater than
33 o 10 per cent that you
Burrow 1t ught be up o five emes with the rwo facrons.
Cde T thark thar it 15 #n important pont o consider 1n the dis-
the difference betrsween injurtes seen 1n the fiekd and
lhosel.lmhmehcmpmdnxcdhnhchhcacoq Soldrers that are exposed
to cold may huve protonged corung down of thewr peripherat arculation,
and the scima! duranon of effecorre Bscherma m these mdrmduals may
well be oar wual tune bty
Horratb Did you ever take an ammal and put & pressure cuff on the
lﬁgwmhnudmm:c,mddmfmcehmdafmfmmne,rehxthe

Cn‘:anrIklerrbehh Foundstion has doge thar. He uses
thz method routinely because cemperatures for that he
ued (sboot ~15 0 —20 C.) did not uce f; te oniformly
I bes expermmenta! anfmals unless he occh the circularion, He pums s
mrn:quoumdhrmdmfn«rhﬂenhwﬂumc,uﬂrbmsm

mpey

Blrrn Ths shou!d brmg us to the t about Intravasclar dlotring

thar I want ro hear discussed, 1 sbou. rcrymucbl&emhurndu-

cmston whether miravascular dortmg ocras o 6oz, and o

Tdlbott Bdtxetelnvcxpmgmlﬁlpa.h[:bnﬂuk@londkw

t© telt us abour his expenmental work.

Lewes We trwed bepacsa, 1 [ rold you ln Washungron at dhe bnstigs

o of the Sargeon General, becruse of the reports we had been reading

hthehlmchcmﬂdnotgctmyrmluﬁmmbepaundxnpy We
the cxpeniments of persons who had sdvocred the use of hepa

Yh. 5d:cumcdo¢a,butamldno(ymlmgﬂx tme of

The use of hepann fa based on the theary that the recroan from frost
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hmuduemthmmbodsofblmdvuul&\vcmmﬂmmmdm
theory was not correct. According to those who posed the theory the
thrombosis occurred ahout seventy-two hours the Inury so we did
some hustological studies on muscle and got vanous chan, very eardy
Within seventy-two hours pour macrophages have c-rncﬁnylﬂdr
nccmbcmusdc,mdynuh:verephc:mmtﬁbmwweknuvdmyou
Bt necrosts very much earlier Infacz,yo\nan;cech.ugummﬁ)ﬁﬁm
minutes after cold injury

My ideas are different from most of those I have heard today so differ
ent that I hexrtate to ralk abour them for fear of getting mto tronble.
fT:Ibo:t T'do not think you will ger into any more trouble than the rest
of us.

Lewss We have frosthrtten 2,700 rabbit legs, 30 I thiak I shoald beak
lowed to draw my own conclusions. There are two theories, you know m
general, 23 10 the cause of frosthire necrosis. One s that it s secoadary o
the vasculer lesions, and you caa name them il fram edema down w0
thrombosis and the other 13 that it Is & direct cold 1njury # troe thermal
injury Of course you can always studdle the fence and say 1t 1s half and
half aod you never get mro an argument with amybody ic has also
been my expertence that you do not solve many problems Oge of the two
must be much more mportant, and may be entirely important m this

blem
PchucOf(hcopmmd’u(mos{nfthcdmgc,lfm(llLI;due
primarily w cold 1njusy — not ice formatlon, T belleve, although I do not
mtmbemopinxmn&dmdn:mm?é)d‘c;.dmumnﬁl;t(ﬂ;;ﬂ'
the early German pathologists Ruschpler (3 37) 18
vdludengluhmvudgmthcﬁvmd(}B) and Sir Thomas Lewis
(39) believe it 13 & direct cold injury Lewls and Blackwood would fead
us 10 belseve it is due to ce-formaton 1do not, because of the his-
tological pcture The patho and the pathology are entical with
that of bamns We produced the same picrure by immersing the rabbit
legin 32 C water and 15 you know mammalian muscle coagulates et
47 Weranltupo30 justtobe sure We let the mbbits Live, some for
three days some for seven, and took sectioas. I should like to show yoa
two of them 1 did no¢ have time to make slides. These are colored plc
tures of the tbialis anterior of the leg One was produced by cold and the
other by beat, and you cannoe tell the difference. If you guess, you Ave
1 fifty chmofbunsmmThmunbdmdymdlﬁmlﬂ
the pathologic chan, Figures 19 20

Thcreuesrwory'pg;‘ogmuxlen After muscle frecres, us far as
Ilmcwdmbmtbmgdntwﬂlbmgnb:d.Webavehxdmlnckﬁﬂ;
rapid rewammung, which 15 the only varvessally ueamcmdé:;n
know of cxpenmentally I flashed some of these muscles dowm (put
in —40 C. alcobol) and 1t took about & minure to get the sperfical
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FiGLar 19 Leg unmentd 1n 40 C sheobal wnnl encenos sarface of

thalm apectior reached  10° C (2 musnres, 49 seconds)  Immedurely

amned i 42 wanr Sunivsd ame, 7 doyy Secton shows congalatoa

ecrons of superfiemal moede lay ey and slow muscle-cell demohraon wich
Ehroes 10d crodenon 10 the sdgacent deeper Lepers
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bkcuduetothmmbomcfbloodvaxds.chmq\mec:mmﬂm
theary was not correct Acrording to those who the thepty the
tb.zvmbtxuanumdn.bmrmrrtwcbmu the mjury 20 we did
some histologscal studies on muscle and got varfous changes very eady
Within seventy-two houss your macrophages have away oll the
secrotic muscle, and you have replacement fibrosis 30 we know thar you
get necrosi very much earlier In fact, yoa can sce changes withm fifreen
munutes after cold myury

Mtg:dwucdlﬁumtﬁomrmofd:mclhnehmdmday 3o duffer
ent that [ bentate to alk about them for fear of getnng tnto trouble
debon Tdo not think you will get mto any more tronble than the rest
of us
Leswss We bave frostbitten 2,700 rabbat Jegs 30 I think I should be sk
lowed to draw my own conclusions. There ace two theones, you koow b
general, a3 to the cause of frosthute necrosls. One 1 that It Is secondary 0
the vascular lemons, and you can name them all from edema down ©
thrombous and the other is that 1t 13 & direct cold infury 4 troe therma!
injury Of course, you can always straddle the fence and say it is half md
half mdymum:dg]:tlumm-rgtxmmtwuh it has also
been my experrence chat pou do no¢ solve many problems. One of the two
must be much more important, and mey be enurely imparteat in this
problem.

We are of the opinton that most of the damage, if ot all, is dve
primarily to cold injury — not e formation, T believe, although I do not
wmttogctooopm}omtedmdnumre_ﬁnidu,hovbcm is pot new
the early Getman pathologists Rischpler (36) and Uschinsky (37) o
chun‘)cEngl.bhmvu’dg:mBh:Ewood(S&)md&r'Ibomul:wb
(39) believe it Is a direcr cold injury Lewrs and Blackwood would Jezd
3 to belleve 1t 13 due to ice formation 1 do not, because of the his-
twologieal pcture. The pachogenesis and the patbology arc wenncal with
that of buns We prodoced the same picrure by immersig the rabbits
leg in 52 C. warer mduyouknowmmmalhnmusdecmgﬂnmn
47 Weranitupto30 just to be sure. We let the rabbits Lrve, some for
three days, some for scven, and took secrions I should like to thow you
two of them. I did not have tume to make slides. These are colored pic
tures of the tibualis anteddor of the | Onewpmdnccdbycoldmdcbe
other by heat and you cannoe tell the difference. If you guess, you huve
« fifty fifty chance of bang correct. There is absolutely no difference 13
the patbologic chan Fij 19 20

T%::remmmquu:o&mmn After gruscle freezes, 13 faras
T know there 15 nothm dn(mﬂbﬂnglrbtck.Weanhzdw]udvnl;
npt.drﬂvutmng,wl:nfchi.sﬂ:u:uﬂlyunj‘vvcml.llyg‘m‘:'“'“‘hm:':“dux

of cally 1 flashed some of these mascles down (put them

know of expermentally
in —40 C. alcobal) and 1t took aboat ¢ minote to ger the



FIGURE 19 Leg unmersed 1n 40 C akobol weal anterior warface of
tibialys anterec resched 10 C (2 ounoa, 43 seconds)
wimed m 42 water Sory val ume, 7 dapn Stctson shows congrlathon
oecrom of wperficial muscle layens and dow muscle-cell drwolaton wigt,
fibross and exndanion m the adjacent deeper [ayen.
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bate 13 due to thrombosus of blood vessels, We were quire certain that
theory was not correct. Acrording to those who proposed the theoy the
thrombosis octurred about seventy-two hours the infury 50 wedid
some hustologieal studies o musce and got vasons changes very eady
Withtn seventy-two hours your macrophages have away all the
necrotic moscle, nd you have replacement fibroa, so we know that you
get necrous very much exclier In fact, you can see changes within fifeen
minutes after cold njary

My ideas are dufferent from most of those I have heard today so differ
ent that T hestate to ik aboue them for fear of getting into orouble
debatr I'do not think pou will get into any more tronble than the rest
of us
Lewss We have frouhitren 2,700 rabbit legy, so I thunk [ should be sk
lowed o draw my own condnsions. There arc two theones, you know i
general, a5 to the cause of frosthure necrosis One 1 that it is sevadacy to
the vascular lesrons, 2nd you can game them #ll from edema down ©
thrombous and the other is thar 1t 15 # direct cold Infury « trne thermal
injury Of course, you can always straddle the fence and say it s half and
half mdyouncvcrcg:trlnmmng\mtwnhmybody it has ol
been my expetjence char you do not solve many problems. One of the rvo
must be much more important, and may be enurely important in this

problem,

We are of the opinson that most of the damage, if not all, is due
prmay to cold injury — not sce formaton, T believe, although I do not
wrant to be 100 opanionated on that score Thar idea, hovrever 1s nox mew
tbceulyGﬂnn.upuhologuuRLﬁi:ogm and Uschinsky (37) ©
well a3 the English investigators B (38) and Sir Thormss Lewls
(39) believe it is 1 direcr cold injory Lewis and Blackwood would lesd
us to believe 1t 15 due to we-formenoa 1 do not, becanse of the hs-
tologacal picture. The pathogenesis aod the pathology are idencal with
that of bams. We p the same picrure by Immersing the rabbits
legin 52 C.water #nd as you know mammalun muscle coagulares af
47 Wemnitupro30 )\mtmbcmchluthcantshve.mfm‘
d:rcednp,mformm,mdmokmhhouldlﬂmw@'m
two of them I did not have tme to make slides These are
tures of the tibulis anterfor of the leg One was prodoced by cold and the
other by heat, and you cannot tell the difference. If you guess, you sare
a fifty dnmofbcngmﬁuchnbolutdymdﬂmm

the pathologic changes (Figures 19 20
Tbmuetworrpﬂogmmdc Afeer muscle freezes, a3 faras
1 know there 1s nothin, thnwtllbrlugrrbu:k.Welnvehdnoludcvfd;
rapid rewanming, hthcmlymmﬂygooduumcﬂlilt@
kwwufcxpcdmmﬂylﬂuhcdmccx(zbcummdudcm(put
in —40 C. alcobol) o 1t 100k about & minute to get the superfeisl
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biyers of the mmcle oa the fascia down ro —3  which is about the
freenng paint of Then we warmed 1t nghc away patitm42 C
wizr end within & minute or 50 1t was back to body tempersture, and we
It the entmal live for « weeh. Y ou always get 2 coagulation necrosis of
the surface of that musdle. If you flash st down to —2  C. inseead of
~3 C, youdo not get coagulation necrosis, $0 1 belleve that muscle v 1l
sund freermg oaly and that it wall not come back.

The is a slow wasting away of the muscle fibers with re
thmbyﬁzgmmltmnmmcme;dpmmhudcepu
thin the coegulation necrosss, It therefore occurs at a shighdy warmer

than the coagulation gype.
s something different, I am guite surprised today thar there is as
mach resistance as there is to this rapld o 1 do not know why

that should be, excepe tradition. 1f you read the Lirerature, you will see
that it seemms 1o be ingrained in people s minds o soch xn extent that we
anmot change, But as far a3 skmn 1 concemed, there can be 0o queston
tha rapid rewarming is beneficial and skin is amch more impartant than
mrscle saryway since 90 o 93 per cenc of our frosthte fnrvolves the digits,
md xe do not have enough muscle there o worry sbout Bur muscle
makes & nuce nssne for the of sudying the pathogenesy, be
ome you do noc have to be n pist to see these changes
AT say [am noc so sure now about the delayed rewarmmg I do not
think thar the benefit of rapid rewarming 1 primarily doe tw shortenmg
0“:"P‘?“?'T'Hlﬂ:lttt:Lbecai‘:l Tc takes these legs abour half an boor
thaw oat In alr, but the skin thaws out 1n a few munutes, 30 you really only
shorten the exposure time of the tkin from seconds 1o two oc three mis-
043, 30 there 1y & question in my mund whether there tsn t something more
ey shortening the exposare tme that has to be consdered. There
&Mﬂgdx.memuubdkpmdmhdmcd.&nme
e

]mmﬁcm?t&vhrmpcrlmtkmmdqpeofmhm
Ll:'m(mmykcﬂmnanmw Thar must ocenr either just abour ar

freeng point o at 2 pomt & Little bit warmer perhaps in the dwsh
foamanon “but it s below the surface, and we know what the surface

(“E'lmmh.
shout these of the blood vascular 1 do not thmk
Wmd:nydmwe astoundmg changes m the blood vasculer
*tem, bat the joker 15 to hook these up wirh the necrotic process.
Tbemm:oudanonmumi.nculdm&nnhculd Y ou mjure the blood
Mmdﬂﬂyudncrmmc,bmvbcnyoubavevmebumkrprumm
d’““‘mlﬂrﬁd,dﬂnglhaPpcnwhk:hmxmmtdlndyb:mghimm
ention. To be sare, all tistues do noc exhibit the same degree of sus-

to mld 1
The question i ﬁ:’“mﬁdmumddngmmmmmm



FicUze 20 Leg mmersed 10 52 C wames uadl tace of

bl antersor resched 50 C (3 mummres, 5 secoads) S

7 The patbologie changes ase identical to those I the musde
exposed to enkd.
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old infury? 1 am not sure It may have some influence, but I do not thunk
it 13 very important, and if we are going o trear the vascular sysem
mmld,wehxvefottomrttmlnugitmbumx,bcamcdlcpatbﬁgmcm
mg'p;:.}nlogyo necross are rdenncal 1n the two

ox  How about the physical of ? should
protein coagulare at ~2 C? chemusry of procen? Why

Lewts 1donotknow I have asked why it coagulates wich heat. They
tell me thar samething 13 altered 1n the molecule that what they call de-
naturiranon, an unfolding of the moletule, altered the solubllicy

Bxf(_-ian Do they know of a stmuler physiochemual process gomg on at
-2 C2?

Lewss Not so far as I know the reason now When muscle freezes, 1t
5 gone 30 the only thing you can say abour rapid rewarming 15 chat
saves the thin zoae of musde 1n the borderline between freezing and non-
freeing However after about four or five experiments, and watng
several weeks we got 2 sgnificant umprovement.

Iz 2)) expenuments, the improvement was 1 favor of the duthermy
and the same holds true for warm water But you do not get the &
wundmg resulas with muscle thar you do with skn. There must be a ct
cal cold thar skm cennot stand, bur 1 do not know righe now pust what
thar level s3. T thunk 1t 18 abour —15 C. for thirty munures 1n an alhol
bath but for shotter exposure times the temperature would be lower

We have tried cordsone becamse 1t was forced on us. Someooe took
some over to Kores, | understand. We got negarive results as far as the
extent af ussue necrosis was with the doses we used. We
thought we used an average dose. In 2 2 5 kg rabbit we used 3 mg
divided doses rwice duily the first two days, and then cut 1t down ©
three 1 divided doses of 15 mg for five days and killed them oa the
axth day The per cent musde necrosls was the same, and the skm m
cubyc centimeters was the same 1in the cortsone-treated 2ad control

anumals

1 should like to agree with Dr Shumacker shour these clmcal studics
1 frosduce I do not thunk chey are worth much. We have got to gobad
to the laboratory and work on well-<oazrolled animal expertments, be
cause, a3 T sasd, you cannor tell by looking at & panent how severely be
was mjured by tire cold and that goes for beat oo 1 guess. We muost have
adequare controls. In order  smdy treatment in parnicalar you might
have such a small benefit 1t isn t measurable by our methods. Unless you
have controls you never know whether you bave an actual improvernent
of not Youmnythmkyougctawnncnmgmyourp-nmulhm&l
reality you do 60t have 2 worsening but 2 beneficual trearment I belseve
lh«l[ln)stofchcdmlmlrcpumdn(lhﬂeleldmmtnmdwfﬂu
evajuating cherapeutic measures are concerned
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Some of the German articles 1n the yolume of Aswrrow Medrctne are
noc very good, and I #m pot endrely sold oo the Russian papers. One
rewu:mlng

mbmcﬁmLThmdtym;e-mmkt mmrmmmuw
temperarure, 37* C,, saying if you rewarm body tempersture you
will have an increase in necrosus. We know from Shumacker s wark that
42 C. s better than 37 C

I recerved a letter from Dr Essex the other day He saild I am very
pessmistic about the treamment of local cold 1 thunk the oaly frumful
fild s in the ficld of prophylaxis. Afrer the frosbite hes occurred,
1 do not thmk there s moch we can do after the pare 13 thawed I think
m the end we are gomg to trear them as we do 2 bam.

Alfwaerd Mt Charrman, 1 should ke m a5k Colooel Lewis a theo-
reircal quesnian because [ doube of it could be tesed experimentally
The quesiion 15 this [f 1t were possible to se-establish normal arculaton
followkng freenng of an extremiry m the manner pou describe, 13 1t your
feeling that the degree of muscle mjury and necrosis would be the rame

a3 that observed m your expeniments?
Lewis Yer

AMoverd Even though oormal drculation was re-established?

Lewss Tiat 1 the way [ feed

Edbo/m Have you any informarion about tissues other than skin and
muncle, soch a3 tendon and carulage?

Leaswss Only abour tendons, and 1n 2 700 trostheen rabbars we have
not seen the process of tendon except in a fare case when we have
severe secondary miecnon. We generally can prevent infection with

1facry] since 3 g is the ctuef mfect

g agent i our anumals i

We have kept onr animals a week after exposure a3 2 rale We have
krp(wm:mimhfommﬁvcnmduforlpmdmmx,:owhmdx
Ieg 13 gangrenous, somedimes have secondary infecdoa But of necro-
503 15 vascular in ongm, why don t we ger more necrosis of tendon, fince
tendons do ot Like to huve therr blood supply interfered wrth? The
fequence of dstne susceptbility in the Harues thar we heve srodied is
ufu].[o;:d]'nxnm e t3 oscle. Second s the connective
e w supports the musde. You can see m the pecture st the
that everythung is dead As you go down, oaly the muscle 1s dead ’Ig
B anective tisse proliferaung like widfire. Third 1 the skin, and
fourth 15 the tendon [ do noc know why the tendon hasn ¢ become
Decoc, bus T suspect that 1t 19 Iy remsteae.

Horrath 1 thought boae did e Deroti, and thar there 13 later
Tegeneranon of the bone,

Lewrs We haven t srodied the bone. The tseues we sudied were
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th:mmdeoonncmvcdmncmppordngmuxle.ddn,mdrmdm.‘vc
Bave not examned the bone. I am sure 1t will become necronic. I am quite
mr;;ulu;wc;ndbchucdbymld—-burmmathanm
ou cortigone 10 the animals, it only twice & day?
m o ging it only day
T'wonder whether that is the cotrect way t use cornsoas, sioee

it bas been shown that you get berter resulws if you give i cootnmousty
over & fong peniod of ame, of ar frequent mtervals.

Lewrs That is the way 1t was recommended. We took the average
dose, and thar Is the way we gave 1.

Eark 1 wondet what Dr Conn thinks about thar.

Cong By what ronte was the corusone given?

Lewss Intramuscnlarly twice o day

Copm It vsually has had at least a twebve bour effect when grven
latramusculardy Twice & day is sadsfactory for contlovous saviy
Bebnke Colonel Lewns, if the messures to restore arculation are not
of any avad what ere you going to learn from & controlled antmaf
experimentation? 1 mean, how do you expluin the benefins of mpdd re-
wamning? From your animal experdments 1t appeass that the duration
ofuposmmmld,whnd:hre%icdudlepdmcinlum-gmaﬁ
decreased by mapud rewarmmg expeniments are
artifiaal compared with the cooling that may ocrur in the field. In the
field the time factor is waually so prolonged, thar i1, with reference 0
exposure of tissnes to ld, that the few minutes or balf hour wterval
of mpld rewarming may be to00 sbart to be effecrrre.
Lewrzs 1do pot know that Is something I cannot anywer
Bebnke What procedure would you use for therapy of frosthite in

humnbc{%:t
Lewss wonld I do? I would sapidly rewarm it notil it is dawed,
and then I woald pat a sierile dressing on it

Bebnke Would you employ rapid rewarming to shoroen de dime of

?

That 1s one factor There may be something that is metaboli,
Tdoa t know Iam quire certam it is not an Increase in the blood y
for exaraple. One reason chat I feel this way is the simflarfty of the
lesson. 1 'am astounded at reproducing identcal leslons, incloding the
vascular changes, with heat.

Barch Don t you think, though, that the state of the vascular sysem
will influence healing? After all, blood vessels must be injured too. This
i:pmbahlyn-ucdmo“mm:monfooqwbued:empa:mmdoﬂ
m(dmpmthelcvdof&tamg,uwummmmcdlupmpaewhofdl
Into the sea. Of course, blood vessels are fnjured aren ¢ they? All cells

that are bumed are injured.
Lewts All cells are inpured by bam or cold. I didn ¢ sy they werea &
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degree slow freeze type of cold 1njury probably has no effect -
meritoa-produced wnjury of exclasively {o‘;’rd:-:!cg;rt\:mcﬂry I:g::lwu,
anuldm;uryofgnduddccrmngmyusccnml(om,m:h
treatment probably docs influence favorably the adjacent and lets s
verely injured areas, and may cut down the toal nssue lows. A certun
degree of cold mjury appears to respond very firvorably to speafic thert
peutc measures whereas more severe involvement does not appear o
respond ac all It 13 dhus latrer type that 15 frequenty seen m immerson-
produced quick freeze injury

Lewrs All aumals do not develop necrosis You starr at +3 C. foe
thurty mimautes, and get sensory a3 C. Asyon gerdownto
—20 C you get complete loss of the leg, and n between you have all
gradanons of lesions Prenecrotic musde change in the form of serere
atrophy 13 the most astounding observanion. The only arncle I have reed
chat describes this atrophy of muscle m detal 18 one by one of the German
pathologises Siegmund (31) The next most severe leson 13 a slow frde-
sway necrous aod the next most severe injury is dead stop coagulason
necrosis—the cefls jusc die m their tracks, No Coloael Blacr T do pocber
Lieve that what you sty 13 cxactly correct. We do not work In 1 rnge
where we aure the tissue up to the immenon line unal st is gooe. In fact,
the slides that you saw showed that the only necrosis present was the
central portion and anterror portion of the tibualis anterior That by where
we took onr section The resz of the leg nssucs did not develop pecross.

Blar 1 wondered if our cold injury treatment 1n Kores and Japn
was doing any good at el until we visited the Prusoner of War H
1n Korea and saw there North Korean and Chinese Comminist sol
who had recerved no treagment for their cold Inpury Enemy troops wert
losing up to twice s much tissue 23 our own soldiers from whar appeared
to be the same degree of freeze mjury tnrally Part of our treamment
was certeinly preventng mferrion bt something else was bemng done
to prevent our soldiers from losing nearly as much dssuc a3 the prs-
ocaers of war were Josing from cold injury of stmilar degree

Shamacker Were they forced o walk?

Barch Was chcu'd.otbng r?

Blasr For the most part cgtdymc'ﬁutlmrpﬂkmgm’ﬂ"é
the degree of ininal freeze injury — that is, at the nme of occurrence —
being roughly of the tame category It appeared that Uniced Narioos
mmzmgbmndeﬂmmmm!bcauudxywﬁ
losing as much dssue Iris bly true that much of the superiot o
w3 0n a noacauMAte nouinfccumubadx,bmhmﬂlppﬂrfd;”l
mcspcaﬁcuucmcmhndbcncﬁa.dcﬂccrmcumngdmm
tissue loss
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is much duagreement, some s have shown apparent efficrcy
of heparin therapy Similecly blg'bnm:.l.ltmd.mueinngmm
some have shown the autonomuc blodkmg agenn, general vasodilanng
-gmu,mdloalqmpuhmcblmkorsym}mhmmymbedm
value 10 sedvang the mcidence and degree of tssue necrosls. I wocld be
Lbeﬁmtmldmowl:dgecbuthebm:ﬁtremldngfmmthscmam
tends to be trrvial compared wath the dramanc besefit of rapid thawing
in the reatment of experimental frosthite, but they do tend o pomt
0 vascular alterations as bemg of some fmpartence. I would also be
the first to agree with Colonel Lewis that the anlmal studies up to the
pmcntmdlmggmdnnhemulummmdﬁudcpmﬂspm-
upullyuponnhcsa:{oummofd:cfmgln;u:y whetber or not
the froren part is thawed rapidly
The question why rapid thawing 13 effectrve is an farriguing aae, 2o
I do not know the answer Ex?crlmmnm:hd.nglc ed organism
dmnmms.rcthatd:edmuono dm&mmmmumpandrdymﬁ
porant. Spirochetes and malarial parasites, if frozen
thlwcd.formmplc‘uﬂntomuwdlifgpggmimncb
as for days. Freezing of a pornon of the mammalun body 1, of coune,
quute n different matver for all sors of neurovascular interreladonships
mtﬂinmth:pu’oblun(402 At any mtc, the resnltent risoe damage
is relaced to the duradoa of the frozen sate m mammals, even
we cannot be sure that it 15 the duratlon of the frozen state per 3¢ which
s mportant. Oge wonders then whether mpud thawag it effecrve

y because 1t reduces the length of the period during which ¢
tsses ace frozen. If one Inflics infury upon a1
anima| and notes aarefally the nme elapuing before thawing is complete,
and then in other anumals keeps the part frozen for a period of dme equal
to the freezing period and the period of thawing before teminadng
d:eupomrc:ﬁmpdybynp;ddnw{ng,meﬁndsdmthehmmﬁmu
tend to develop less necrosis of nssues than the former Soch obsermt
tions sugges: that mapid thawing does samething more than smply
shorten the duning which the tisrues are frazen, What thes
additional cffears are we do not know There 1y something o suggest
Mgemddmmnmoi:n&drﬁnlblwdﬂoriomm
may be of ugnificance. As we have all out previously shorenm
of the period of thawing may Inhibat the harmful growth of crysaal £
during the process ead may tend o bring sbout & bereer physicocherncl
restitution of the frozen tissues.

s with —13 C for chlrty

Lewss Ninery-cight per cent of animals develop some skin necrosit.
Barch Ifyounpdl;“dnwtd thc}nn.wouldd:nchmgcmelad-
dence?
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Lewts And the muscle was necrodc.

Crismon ‘That 13 night.

Mowrey That 13 what reporred  bat 1t 13 not true m troops,
because ta human bengs the dorsum of the foot or the entire foot will
be covered with black eschar and some of thar will peel off 1if s
superfiaal We haven ¢ seen thewr musces mucroscopsaally bur fane
tonally they have perfealy normal muscle left, and thewr foncron
perfealy normal

Lewss What musde 15 there? The dorsum of the fooz, you sy?

Mowrey The dorsum of the foot and plantar sutface.

Lewrs 1 wonder of 1t were gone

Mowurey If 1t were gooe, 1do not think 2 man could walk oa 1t.

Sbamacker When we have 1 panent with necrosis of skia or szper
ficual gangrene, with no deep gangrene, we can never be sure that the
deeper structures were actually frozen.

Mowrey That 13 what I mean. That 1s why I say bow do you gt
pecrosis 1n deep tissue withour gettng 1t 1n the skin, wo? 1 doat e
why you don t get muscle necrosis as well as skin necrous.

Lewss Because muscle will not stand cold as well as the sk

Edbolm Isntit 2 quesnon of the actual remperature range that docs
occar? Do you ever get down to such low temperatures in musde as are

o freeze it?

75 1 think it 15 possible We had one casc in Alaska 2 year 3£
that was frozen well up the leg Probably it does not occur very oftes,
but I am sure 1t does occur The muycle is so highly specialaed 1t cunnot
take the cold mmryuthcdundocs,lthnhcpurposcoftbe&mm
protect the body 1 think it 19 reasonable to believe 1t 13 more cessant

Mmard In a discussion with Dr Crismon durmg the recess that
morng, the possibility was suggested that dssue o froe
ing might be relared to water conrent Cologel Lewis red 40
interesting relationship m tissne susceptibiliry to mjury by freeziog @
powntng out that mi cumomsus:rpu‘blethmconnccﬂvcumt.'m
mmmuumrctusc:ptibled:mka,-ndt.lnrnkmlsmor:‘u-‘Cl'Ptihlc
than tendon. I woader if Dr Cumwuldmphfydxpomzl’wmﬂdt
1 regard to the water coarent of tssues as a facor in smsceprbidity ©
10] f ?

%zxﬁ%rdamnhmm)ymthcmulmmdw
oeuuh:pbucmntendindxrwouuus.mmdcvert\udduﬂdulﬂ
oaly about ten per cent of 1ts volume present in the intracellalar phase.
The rest of it 13 collagen fiber clastm, and ocher supporung
wbcmsmmdchunmnd:hrgerpercenngtofmml‘msﬁ““d"
incracellular phase. It is 1n the mtracellulas comparmment that
actvities go 0n and 3 we have scen from the work of Dr Merymar,
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are 10 & medium which is 2 good condoctor of heat. On 0 g1,
whuch is & very poor coaducror the skin temperature contmpe to
fall, but the deep remperature will fall much more slowly and you may
even mammin dreulanon the deep tsmues

Blarr Thac was exaaly the point I was trying to make. There are two
entirely different conditions set up by immenioa cold #0d proloaged
exposure to dry cold You may have two different uf&onmu.
a:d that may explain why 1n one case you get e myury first and n
the other lhnuﬁljuryﬁ.m.

Fremons Smuath Arent we up againse a perfecdy characrensdc di-
lcmmawhereyouhxvendxmc:f blem you cannot repeodoce
esctly m the animal? Or to pur 1t the other way where you can hive
perfect animal expenments, carefully controlled, but are not reproducing
the cadition which you are really primarily interested 1o, and that iy
bowmtratthcpadcut The best anumal ents mey Dot neces
sanily tell you the right treatment for the paclent, no matter bow care-
fully controlled they are for two reasons one, because there ace speass
differences 1n many other respecss, and unddl It Is nottobewoin
this particular respect you have to have an
difference and secoadly bccnuscnhcncm:fc;pcnmtmlhelﬂhml
is » different experiment than that oa the human belng therefore you
have to say thar the expediment on the animal has cernin
thar do not necessarily aarry over Wchxvefotmgod:m 2 seres
of testa. I am perfectly sure that some experiments a the
mo1t 1deal conditons would actually mdicate the of the best
treatment of some clinical condions whach gre su y similar

Ichmkmelmlmmdlljkindo[dﬂcﬂnm;gﬂnmdlg:ﬂ-c\;;u
might even find that if someone did an expermment on & mouse
pared it with that done on # rar, he would ger quite different resuln,
whether he used an enesthesa or not.

Blasr That 19 quite true, sir Howerer if i producing

cold 1njury animals are mbjecred to identical condidioas, degree, 82d
duunui:uzcold to those mcndbyuoopsthﬂrﬂ.d;
nlmmuobm:ppani entcal to thee experlenced by
soldiers. Varation from such technuique produces lesions r.hatno}al:;;;
-ppurid:udch[nmnpa.kiugfmmapalmcevhhmbbm.hn
10 observation is probably true for other animals a3 well

Fremont Smsth But u:mpomcmtrﬂ.mcntm]ghtnotbclddﬁf’-l

Blarr That is quite possible. erent of ex

pom!cfromdmouh\}(om_ldonotknawmydﬁnglhsm length
of time the men in Korex are exposed, but ahe & was oug drink
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hends was superfical. He ended up | ewo of chree digirs an ooe
hand and one digir on the other d:frzds}‘;dmlphxlmofly ad be
lost the toes of both feet.

Shumacker There was no muscle necrosls et all?

Moterey Not thet we could find

Shamacker | mentcned earlier that I could see no evsentral difference
berween high-alutude frosthite and the mose common ground-type fros
bte Ald:ggbmycxpmmwiththcfommm(gmx,l ed 0
note any difference between this condrtion and ordmary frosthite

Thus winter I had the opportunity to treat a rwelve-year-old gul from
Arkansas who had gone 00t 10 an ourside in & temperature
of about —15 F Her total exposure was very Eﬂugmd probably did
not exceed fifreen or twenty minutes, None of us could see amy difference
1n the froschite which she sustained and thar sustuned by other individ-
uals under treatment at the same time who had a0 infury v
the course of oae or more days There appeared to be no difference in
d}erypc%fvﬂtugrmcuarhnhemammrmmdm

Blatr wias the status of the skin and muscle?

Shamackes We noted no muscle necrosls, but then she had only
m?:rﬁcu.lskm—d gangrene a1 far a5 we conld rell.

albott C:ruf;}’yuou:md)cpaumumth:w:dutudlﬁﬂﬂr

o distinguish frosthite from wjury weurred over & period of only a fev
bours from that which took place over & longer penrod. As s @27y
clinical problems, each patient 1s different from the nexr oas, but there
13 2 great deal of umilanty 1o the two- three- four mdﬁvcwcekpeﬂod’
of convalescence wiehout apprecishle difference as to whether of not e
mnjury was conmacred rapedly or slowly Is not that nght, Colone!
Mowrey?

Mowrey Correct

Fremost Smsh Doesnt the fourday mean the frostbite rook phce

in the last chree bours of the four deys®
Talbott No The officer was unconscious for at lesst twelve hours be-

fore be got inro trouble
Fromont Ssuth But the frostbire might have taken place while be

was clmbing on the ice
Talbott No hus feet were frozen m ;:;b:nk
Mowrey The temperature was 30
Shamacker Onc cannot | the point which Colonel Lewas tred
1o make, that any resulant of digiea! muscles might tend to b
finger movements are mogvated mzsde

masses uituated p ”
bite ane must do & defintdre amparation pot through
uou,buxpm{mnlmuinordcrmguthebmﬁmcdmdmu In
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arcermsances it would be un‘fomm t© examune microscopraully the
mudle promal to the Line of demarcation. It would be most important
o fmd ont whether here, as m Colonel Lewis s expermments, ooe had
moscle pectons 10 an arex in which the ovedying skin was inmact.
Fremoms Speth Some men who are recovering from devere frostbxre
maey dre from some other amultineous wound or injury end I should
think there would be 2 coanderable number of autopues on such cases
where this kind of srady could be made qurte exrensively

Talbott ‘That 13 noc correxr Duning the time that we were statoaed
at the Osaka Army Hospatal, I do not recall & tngle deach among four
buadred cold-nfury cases Did you have any deaths m your frosth te cascs,
Colanel Mowrsey?

Mowrey None.

Fremont Smith 1f 1 man has a fractored skull and trosthute there 1
nothung 10 the frosthite that prevents hom trom dymg of his fracrured
skl

Mowrey We have had # number of those, and they have por died,
Fremont Sputh Nevertheless I think the ome will come, 1f the war
continues, aad if the prchologists and diruaans are elert to this partenlar
problem, that when panents die of some other mjury 1nd are 1 the
process of 1 healing frostbite, we can exxmne the muscles carefully
Mowrey There was one case n which ampanton was done thet
mught help 1 do noc know what the studies are going to be at the Armed
Fatees Instipmme of Pathology on i Our pathologist said be could detec
o0 change 1n musde ap to the line of demarcanion, thar there was an
intlmal proliferation of blood vessels for sbout a cemmmeter before he
ame to the lme of demarcaanoa At the line of dermarcanon chere was
mplete thromboars of blood veels and necrous of all oxsue

Fremont Smith About bow long after the injury was char?

Mowrey About srx weeks

Crisssom  May 1 meerpose 2 comment here regarding the problem of
nchemu? In studies oa #aumals m which 1schemia was prodaced wich
toumiquet for four houn, gangrene was coafined w the toex, bot the
muscles had undergone replacerncac by fibrom connecve tsue. That
w1 dusumilar sort of response m nssues that were equally deprrved of
leod.Webcclmesomtwhucumusumwbmd:eﬂmdgocummma
ﬂhtlumrgmgrmau It beoume quite apparenc dr it wes pot adken
Up in the hlood streamn. Mot of 1t escapes thro gh the surface, and ic is
the purface drying that o respoasible for the appéarance of gan

slan The muscle had po opportuniry ® dry our nvucomcdglkm
Idﬁnm:hhkmybo&vkno‘w;whuwnuldhappcnmmmduﬂtm
SFpoed 1 might come to look just ke skin, dry dask, and mummufied
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hands was superficial He ended up losmg rwo or thiee g on e
hand 2nd one digit an the otber thar 1 the distel phalanx oaly and he
lost the toes of both feez,

Shamacker "There was no muscle necrosis e all?

Mowrey Noc that we could find

Sbamacker 1 menuoned earlier that I could see po essential difference
beeween hugh-alatude (coubire and the more cnmumgrmmd-tvre frost
bite Although my expenence with the former was not grest, I failed ©
nore any difference between thus condition and ordmary frosthire.

This winter I had the opporturuty o treat # twelve year-0ld g from
Arkansss who had gone 00t 10 an outside 10 2 tesppenture
of about ~15 F Huwwmmﬁz‘gmdpmhblvﬁﬁ
not exceed fifteen of twenty mnutes None of us could see any difference
1 the frosthate which she sustauned and that sustatried by other indmd-
uafs under treatment at the same ume who had &0 1njury over
the course of one or more days There appeared to be no difference m
the oype of gangrene nor 1n the vasomator alteradons.

Blarr What was the status of the skin 20d muscle?

Shxoracker We noted no musde necrosss, but then she had osly
sug_erﬂcul:hnd gangrene as far ag we could rell.

albott Ccm::f;uoncscesrhcpanmnouchcwudumdﬁnﬂt

to disangush frostbite troe wuey ncutred over 2 penod of only 2 few
hours from that which ool place over 2 longer As a0 Aoy
cliecal problems, esch patent s dufferent from the next ane, bur thert
15 & great deal of soilanity in the two- three- four and five week perrods
of coavalescence wichout apprecisble difference as ro whether or pot the
(jury was con rapudly or slowly Is nor thar mght, Colond
Mowrey?

Mowrey Corret

Frenont Smrth Doem t the four-day mean the frosthite took place
1n the last three hours of the four days?
Talboti No The officer was unconscious for at least twelve houss be-
fore be got 1nto trouble. he
Fremont Smith Bt the frosthite might have taken place while
was climhung on the ice

Talbott No hus feet were frozen in an sce bank.

Afowrrey The temperatnre was 30 below

Sbl‘mlc]‘ﬂ' One canoot ignote the pout which Colonel Lewis 'ﬂﬁ‘:
mmkgdl&tmymlumgfomuf&g{ulmﬂﬂﬁm&h““‘dm
ow:rlou)cnd:Jnccr.rw:srufth:ﬁngctm:.-ra~ecmenxxme:uouvm-d1‘)yﬂm=“f"-‘h‘m
masset stuated proxamally to the digics themselves Ocaassonally in
biteooemmdo.dcﬁmuvumpunummtduwghﬁ“b‘"“{dm
uou.bmpmxmn]mmuoxd:nugad;ebutﬁmcwulrmm
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dreomstances 1t would be menm cxamine microscopically the
masde peonmal to the line of on. It would be most important
® fmd out whether bere, 23 m Colonel Lewis s experrments, one had
memcle necrons 10 an arez m which the ovedying skin was intact.
Fromoxt Smsth Some men who are recovening from fevere frosthire
may die from some other simmltneous wound or injury and I should
thunk there would be 2 coandersble number of awtopsies on such cuses
where this kind of study could be made qurte extensively

Tdboss That s not correct During the tme that we were snoned
ar che Osaka Army Hospatal, I do not recall & smgle deach among four
hondred enld-injury cases Did you have any deaths m your frostbire cases,
Colane] Mowrey?

Mowrey Nooe.

Fremons Smsh 1f o man has a fractured skull and frosthute, there 1
mmhmgmtbe(mthxm@prnmuhmfmdymgofhufrmred

Morrey We have had 2 mumber of those, end they have por died.
Fremont Swth Nevertheless I tunk the ame will come 1t the war
catianes, and of the pathologists and dinscuans ere slest to this partcular
problem, that when panienrs die of some other myury and are 1o the
process of a healing frostbite, we can exsmme the muscles carcfully
Mowrey There was one ase m which amputarron was dane thae
mghthelp 1 do not know what the sndies are going o be at the Armed
Forces Insutute of Pathology on 1t Our pathologist sid he could detect
00 change 10 muscle up  the line of demarcanon, that there was an
intimal proliferaton of blood vessels for about 1 centimerer before be
ame to the [m¢ of demercaton. At the line of demarcaton there was
omplete thromboss of blood vessels and necroms of all tssue

Fremost Smub  Abowt how long after the mpury was that?

Zarq About slx weeks

won May 1 interpose ¢ comment here regurding the problem of

Bdnrdn}lnuui:ummmkmviuchudmuwipmguccdvmh
warmiquer for four hones, gangrene was confined 1o the woes, bur the
muscles bad undergone replacement by fibrous connecrrve useue. That
a3 o dissumlar sort of espocse tn nssaes that were equally deporved of
blood. We became somewhat curtous as to where the flusd goes in tssues

that become gangrenons It became quire that ic was not taken
9 10 the blood streem. Most of 1t escapes through the surface, aad e 13
the surface drying that 11 responuble for the tppéarance of g

*lllTbcmmdebndmoppomnmymd.ryom rtvucnvcredl;ryddn,
ldﬂﬂx\ilmkmybodyknonvwmdluppcumm\ndeﬁ t were
exposed 1t might come to look just kike sk, dry dark, and mummafied.
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htudswumpcrﬁmLHcmdcduplouugmothm:dxgmmﬂr
hand and one digrt on the other that 13, the distal phaleax only 20d be
lost the toes of both feet.

Skamacker There was 0o muscle necrosis at all?

Mowrey Not that we could find

Shumacker 1 mennoned earlier that I could see no cxsentual difference
berween high-alutude frostbire and the more commoa ground type frost
bete Altbzluﬁgbmycxpmm with the former was not grear, I faled o
note any difference between this condrtion and ordinary frosthite

Thus winter I had the opportunity to treat a twelve year-old gil from
Atkansas who had gone berefoot o an outside m g temperature
of sbour —15 F Her total exposure was very E:gmd probably did
not exceed fifteen or twenty minutes. Noae of us could see any difference
1 the frosthite which she sustained and that sustained by other mdrvid-
uals nnder treatment at the same ame who hed an iopury ovet
the course of one or more days There appeared to be no difference in
the cype of gangrene nor in the vasomotor alteranans

Ble;r What was the status of the skan and muscle?

Shaniacker We noted no muscle necroms but then she had only

lu?:rﬁcu.llhn‘d gangrene as far 23 we could tell.
albott Ceﬂnﬁuouemtbcpmmuon(hc“:dsnudlﬁcult
to disunguish frostbite from snjury incurred over a period of oaly 4 fow
bours from thar which rook place over a loager period. As 1n maay
clinscal problems, esch patient 1s different from the next one, but ther
13 1 great deal of sundancy i e (wo- three four and five-week perods
of convalescence without apprecusble difference as o whether or ot the
myury was coarracted rapidly or slowly Is pot that nght, Colond
Mowrey?

Mourey Correct.

Fremont Smnb Dowsn t the foar-day mean the frosthite rook place

in the last three hours of the four days?

Talboss No The officer was unconscious for at least twelve boars be-
fare he got into trouble.

Frmﬁ Swith But the froscbite might have mhen place while he
was chimbing on the ice,

Talbort No hus fect were frozen i an ice bank.

Mowrey The temperature was 30 below

Sbnu:rjbr OnecumozPcrl P ored:cpolntwhkh(}ol.oﬂ:chmu‘l;d
mmakc,dntmymuluntgmuofd;gmlmmdumxghuuﬂmt;e
overlooked since most of the finger movements are matvared .
masscs situsted pmmnllymdxdxgluthcmximOcuﬂoﬂdlyh\ rost
blteoncmmtdoadcﬁmuvtlmpuuhoarw(thmghcbebncufdcml!ﬂ
mﬂ.btnpruxmulmumordnmgctcbcbatﬁmmmalmul
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aramsances it woald be um, 0 ommine mrcroscopically the
mosde proximal to the line of on. It would be most important
© fmd out whether here, a3 m Colonel Lewis s experrments, one had
muscle necrosis 10 an ares m which the overlying skin was inoact.

Frewont Smtth Some men who are recovering from fevere frosthere
mey die from some other fimultaneous wound of injury and T should
think there woald be a considerable number of autopues oa such cases
where this knd of study could be made quire extenstvely

Talbott That 15 not correct. Dunng the nme that we were sattooed
at the Osada Army Hospatal, 1 do not recall & sngle death among four
bendred cold-njucy cases Did you have any deaths m your frostite cases,
Coloae! Mowrey?

Mowrey Nope.

Fresmont Smath 1f 2 man bas o fractured skull and frosthete there 13
mﬂodnngmdxfrmdmcdmprnmuhmmdymgafhufrmmd

Yowrey We have had & number of those, end they have ot died.
Fremont Smitb Nevertheless 1 cunk the ume will come 1f the war
cotnues, and of the pachologists and dinscians are alert to this partunlar
problem, that when panents die of some other mjury and are i the
process of 4 bealmg frosthire we can examme the muscles carefully
Mowrey There was one ause i which ampumerron was dane thee
mughthelp T do not know what the sndies are goung to be ar the Armed
Farces Instmte of Pathology on it Our pathologist waid be could detect
00 change 1n muscle up o the line of demarcation, that there was an
innmal proliferadon of blood vessels for about ¢ cenumeter before he
ame o the [in¢ of demarcanon. At the line of demarcatnon there was
coamplete thromboss ot blood vessels and necross of all ussue
Fremont Smuth  About how loag after the myury was that?

Mowrey About sox weeks

Crumos May | mterpose « comment here regarding the problem of
ncbemia? In sudies on anumals m which wschemua was produced wich
wumquer for four o s, gangrene was confined to the toes, bar the
fomcles had undergone replacement by tibrows coanectrve tissue. Thar
>a3 1 dswumlac sort of response in ntsues that were equally deprrved of
blood We became somewbat curious as to where the fluid goes m tissues
that become gangrenous It became quire a, ¢ that 1c was not taken
“Phiﬂxbloodma.m_uoqoﬁtmpa gh the surface, 2nd rt
ti""M‘flt‘-ed.ry-:ngLhnLtn:spm.\.d:{efmd;eq:ope:.rn.nr_u:ofgingr:nom
‘h&Tbem\nd:bndmoppomrym out 1t was covered by skin.
Tdo not thuak anybody knows what woul bappen to moadle f 1 were
&xposed 1t might come to look fust like skim, dry dark, 20d mummified.
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HOMEOKINESIS

STEVENM HORVATH
Depotment of Piynelegy
State Unrs ersity of Iows, Callege of Madsowt

RATHER THAN USE the term  homeostasts 1 prefer to speak of "home
oluness 2 word which seems more approprute and more exact. Home-
okinesus I would define a3 the processes and mechanisms chrough which
the body atrem mmmuhmnmndmmufrdndvecmmrgllm
optumur level for the most efficent functioning under the state of aftin
ensting at the time The effectrve operation of these homeokinetic opers
tons an, and usually does result in a staee of relatrve constaney 1e
bomeostasts The problem of homeokinesws, as far as the relavonshp
to cold 13 concerned 15 somewhat complex. Very fow people have grve
1t & great dezl of thought from the standpolnt of providing
evidence When I tny mﬁndoutmeofrbepmblmufrcguhumﬂf
the mternsl enviroament a3 far as local or mmor cold inmunes are coe-
cerned, I was disturbed to find ther there was very litle that [ coald
repart, Actuslly there 13 pnmanly one bit of evidence, which 1 some-
whac contradictory in reself namely thar some indrviduals, followlng £
local cold myury may develop ac 2 Larer date, 2 mnor elevation of body
temperarure which may persst for some tune Thus indicaces thas there
actuslly may be some alteradons n the hameohmenc saate, snd dhat ¥
really ought to look more dosclya(dm}:robla:n of whar 2 Joc!
aree of damage may do to the entire body's regulation Bat there has pot
been any great interest 1n that sort of problem, primarily because everr
oae has focused lus artention upon the locul site of damage, and b5
tried 1o explaun that. Coasequently po one has been able © grre o
ad mformation on what may happen to the organism gencrally o
I have envisaged the problem of homeokiness, as far as ﬁmw
the internal economy 13 concerned 1n this way Here we are .ad‘;ﬂd:c
far 1 generalaed cold exposure 1 concerned, with the problem of
mmnctmwhlcht_bebodycm-djustmclfmmcctndtulﬁmm"mdﬁ
althoughnthumuremxlcmechuhcoolcdmdmmxmllm‘w
15 serdl warm, 1¢ muse nevertheless be able to respond ar the bme o,
d)emmﬂmrcuhumdmddnmmlmﬂﬂih‘“mb‘m
and then, finally where there 15 balancing of areas.
Umg@:znwfordwwoﬁmofmwkmdh-lm‘*ﬁ
would stert oat with some ideas about rare
out how 1t is possible, just from evaluaring the em of rempers
regulation, to bring m many of these problems o
114
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there is no evidence a3 to whether these mdinduals have s crease m

muscular tensing, muscular mne, or whatever the term may be that ym

wish 0 use Morewoﬂ:onthupamnﬂut;}xcfhdhdud old-
the musde-

.dldp:d}) mught throw same light on the role o0t
m the regulason of body remperarure, in cold a6d In relanonthip o
bomeokmens,

Ancther aspect of the temperature concernt vasooosrk

to. There are two possible ways in Yasoconstricton cen infloence
the temperarare regulation The first 13 that it resulns In a decrease in
the thermal conductrvity of the tssues. I shall sxy more sboot that &
e later And then, of course, 1t 21ds m reducing the amouar of thermal
loss from y vascularzed dssues,

Th;h ythlngdnlzvo:desmenhcurth:mlcdmwnun%
may play in the em of temperature regulation — this
homcobumcr&:——bthnlngmqﬂthenngtnwhgnmm
xhifrfxuncomiﬂctevuocmmmonwmplctevuodﬂmn&nhqﬂ:
parrow y you can show en almose complete shifr with an eovb
roomental temperature chinge from around 26* to around 31 C Here
ﬁ);ngo from nearly complete vasocoastricron to almost complete ¥

oa.
Involved in the em of vasoconsricdon is the refiex,
which was easlier this afternoon. Whether thar is :‘ﬁ
nomenoa which 19 related to the axon reflex, or whether it is 0ne
has o do with the Jocal rexcriom of the cells of the vessels, eithar
rnsdle cells of the arterioles or even the endothelial cells of the
has not, 0 far as T know been clasified. More important, Is Jt of vahe
md:corgmhnmhhmiudhdonoflmpmdmﬁhﬂtﬂ?
Onc factor in vasoconstrrction which has been dghiﬁfld’h‘k'
nndlrccmtly—mddn.ta.mcul:)ut’;ﬁimndl throagh the wotk t=t
p of ol i

Dr Barett had done — is the rela ood

influences upoa the responses of the body to Dr

temperatores. It is also e, from some of the that
nd that o &

Barett made, © relate t0 local neural stimul

relatioaship to shivering and to vasocoastricrion. 1
hhhngmdngluthhmpammnﬂddvhnh:m‘dh

old experiments which may have been for, mcnmnbcrh‘\lﬂwm
expermment on the exposure of man to co! water by I thisk,
Iantrcmcmb:r:hemmemcdywwﬂcnomdl—ﬂ P
dlﬂamiudmmpwseofdxindhidmlmhhmmnmﬂlfv‘h’;‘
icmdemﬂmwhahammmmmmmdb@gﬂ“d
bath of carbonated wates o in ooe of jusz plain water The cubort®
water Indoced a grest difference as far a3 the individusl wes cipiniy
100 his response o the thermal stress snd so forth be scemed ©0
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more comforuble than he would have been if he bad jfmz been placed,
az u pdor trme, in oedinary warer

Fremons-Smrth That s In cold &ress, not hot?

Horsath This i3 in cold stress, yes,

It Is also imteresting that & somewhar pmular thing can be observed
by taking & men and shifting him from a bath of, say 135 C. to one of
16° C. The difference of oae degree or two degrees is enough to make
a great deal of difference m hrs responsi to the cold

Fremoxt Smub  Are you going to discuss the mareer of carbooared
water further? If yon are noc, I want o make a comment on it

Horsath No I 2m just throwing these ot as possibilitles to discuss.
1 thought that perhaps someooe ¢lse would want to talk aboat it. Go
nght abezd, Dr. Fremont Smith,

Fremont Smub 1 was just golng to say thar for an indrvidusl who is
m & aartbocated bath with walls eroand it, smce CO,y is besvier than air
there will be an accemolation of COy In the ges or the air Immediately
sbore the water and the indrvidual will be rebreathing CO». As I pomted

thing COs,

13 some of the ¢ who have been subjected o high almrudes have

found. Thac is y ooc of the reasons why it was more comfortable to
crbonated warer

Horsath The only difficnl that 15 that they bad the individual
Lhmghlnﬂ:eulzmnm

Barron D:Ho:v:.:h,Mlgumvcnﬁ:ddm(l) 1 think It was Magnos
and Ll d. It s o very ting thing, and it Is true. A bath at
about 33 4 C[cchnmmLBmifyuuummedxvlmvthO,,l
beth around 31 €. whach feels very cold mdeed of it hasn ¢ the CO,,
feels nenrral.

Fremant Smith So It is actuzlly an effect on che skin.

Bartow Some effect on the tempermture senie organs.

Fremon: Smih On the skin.

Bariow Ya.

Horveth Which probebly is relared to this baniness of vasocoostric
too. I am not sare that It ls, but st Least it seems to be related to ir, and It
“ﬂah'dlpmwm!nmgpoimuﬁrugmcmudngmlm-

tocold.

DLBnrw Ye, it canses n vasodilamatron.
Bazert had » theory on the operation of the receptors
h’ﬁmdzmmdmpmmwhkhpodnwﬁ:}‘;ﬁmgeb&
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tween the inside and outside of the cell (2) Therefore, you coald
thata CO chmgewoulddod:cnmcthgng i a

Horrath Well, shifung en individual 1rto 2 plawn water bath whnch
hnmoucurrwvdegrcuhlgbcrlniut:mpcnmmdou:ncdytbcnm:
thing as far s the local response 1 concerned

Barton Yes.

Barch What sbout results with the gas alane?

Barsor We did not try the gas without water bur Galdschmedt has
shown that the gas 15 absorbed throagh the skm, 0 I dtnk 1t would be
the same thing

Horrath What do you say Captun?

Bebmke Then, too, there may be 2 mechamcal effect. There 13 arr m-
sulanon.

Fremont Smub ‘The bubbles are on the surface of the skin?

Bebnke Yes

Bartos There were no bubbles. It was jusc bath warer sarurated wirh
CO, m soluson.

Bebmks Well, & lot of CO, 13 moving through the skin. There s 00
question about that

Burros Yes.

Bebmhe What effect that has—

Bsrton It uced & marked vasodilamtion ¢t ance.

Bebnke would make one feel colder wouldn t1c?

Fremont Smsth No 1t would make oae feel warmer i the skin, ak
though one s remperature mught fall faster

Horsath Yes, anc s remperature does fall faster

Bebrke Docs the tcemperanre fall faster?

Horvath Yes.

Burtow A bath full of CO feels neveeal even thongh wisar32 C 1o
such a bath yon lose temperature tapidly alchongh it would fed fme
at first.

Bebmke It would be very tnterestng to measure the COs, the et
}imoqquoumgbcauxc:ruuﬂyhchmmmnhﬂwrd:thelkin'c&:z
1nto equilihnum so rapsdly with the absorbed helium in cutancous
that one can messre petipheral draulanon. !

Horeath That has been done by McClellen at Saratoga ae
d:lnLrthsSnnmggSfuugx.I(mntmcoitbc:pum
found there was something o 1t

Fremont Smuh McClellan?

Horrath Yes

Fremont Smsth Isa t it true that the wammh?:};
ot cold depends upoa the remperature o your sken? And of yoo
nnﬂhuummwwmwwsmﬁi’m
4nd bence your skin will actually be wanmer m the COx
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Barior This 1 a very well-sarred bathrub 10 which you farce the skan
temperature to remam the same

Fremont Smith Even beneath the surface

Barton Well, beneath the surface.

Frentons Sputh Where the endings are 0K, [ won ¢ persist

Bartos It1s a qoestion of interpretation.

Horrath Y3, 1t depends upoa how far below the surface you want
o %0

Motwrey Thu aemlacer that breaks up the spray ot water and grves a
babbly » ance — woulda t that do the same thing?

Horratb 1don tkoow 1t

Mowrey Itis a gudger thar hreaks up the spray of warer and gives &
bobbly sppearance Thete 1300 CO present T m the shower that
we bappen to fve It 18 not as cold in that as i would otherwise be.

Horrath We have been domg some experrments wath an agitator of
the same type. It 18 st 4 moror 2 sart of rurbme underneath the warer
whuch purs out & tine stream of aur and disturbs the water coonderably
I an wsare you that 1t makes you feel much colder at, say 16 than you
feel 1f the water is noc being

Fremom: Sesth You wish they would tum 11 off

Horrwth Yes, you are boping someching wall happen to rt so that rc
will be rumed off

Kark Are you losmg much more hear that way or how much beat
are you ?

Horvuth 2 bit more For the fength of ime we were m, whach
was bout twenty mumrtes we were bosing about twenty five to thurty
aloties, whach s & farr amount

Kark A nseful thing for treanng hear injury ch?

Horrath Another aspert ot bomenkinens would bave to do with the
shifts tn warer which probably also are relared parnally to vasoconstric
100, and therefore probably would be related to the temperarure regala
ton,

One of the aspects 1 the change 1n blood volume It bas been
well gubstanuated that there 1 a reductoa in blood volume with an
fncrease of flund in the wssucs, y 10 the ntracellalac phase That
bay been shown 1n all sorts of animaly, sarting off with the rar, and
smlar wock has been doae on the dog T am not 100 sure what this may
do although it may have somethiag 10 do with the thermal cooductrvity
:ig;ﬁmx that i, 1t may change the thermal coaductivity of the mssue
cotly o alter the 1 s far a3 tempetacure s con
ceroed, and therefore mmlmnmo{dr rvidual a3 o
the rate at which be it bosing body beat
Frewont Swirth ‘That 11, exposure to & cold bath will cawse o drop 1
volore? I st want ro be sure 1 enderstood cocrectly
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Horsath Also to cold mr

Fremont Smuh  Also to cold air?

Horvath Yes. A decrease in blood volume with an shift of
dmﬂuid}:um:bcarmcdluluﬁuidﬁmmdzhmlntoﬁmmd]nm
Barbour onginally showed this in rats, T believe, and since then it hes
been shown by several cther mdividuals in other anumals. It oay alir
the thermal condnctrvity

You know more about thetmal condnarvity Dr Barton.

Bartow We had some evidence, but 11 does not alter the therma! coo-
ductivity greatly I think the blood volume change is more related m the
econoary of the entmal and to the fact that to keep # complese vasoan-
smcnonmtbccoldyouhﬂemp‘ntheblood,whd\minthepb
tphery somewhere You have to have 1 dilstatioa, wherest
when you heve got nid of the excess blood volume vasoconstriction cn
be manwaned without that compensanon. So the body 1, 1 suppase,
under less stress when the blood volume has been reduced a Lidle.

Edbolm What sre the ume relatioaships in this blood volume cunge?

Horvath In cold air 1 is apparently a marter of ap e
firse twenty four hours In water it seems to be & hile more rapid than
thmt — several bonry.

Edbolm Do you think thu blood volame change Is ennirely
by bemoconcentratioa, or do you think there 13 & reduction in the mumber
of cells as well?

Fremont Smub 1 could not hear the last part of your 00.

Edpolm 1wondered whether Dr Hotvath felt that the blood volome
change 13 eatirely due to a bemoconcentration, loss of plesma from the
blood, or whether there is & reduction tn the tos] number of arcaladng
cells.

Horvath No

Edbolms Tn other words, we know there Is hemoconcentratson in the
cold Do you feel that that reducrion 1 plasma volume accounts for the
whole change in hlood volome?

Horrath No Idmtbdjﬂcnmmmfo:themdmcbmﬁmdz
blood volume. I am sure that there 55 8 shift from other storchouscs,
pumwmlmmmhﬂlmamﬁﬁﬂm{
from the spl upoa the antmal wi

e depenung o there Is po doube thit
there 15 also an absalute deminunon in the amount of available plasst,
uluxinched:mhmgb!oodmlmnc.]tuthuvhldlmﬂh‘“::
imparrant role, at least in m:hmhng,mtmmof!bCﬂP‘d
slow of indws whetber or pot that may be relared eved
more o the length of time that the cooling may occur There Is st
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qnudoninmvmindutod\cnﬂdnycfthempdw&mcbcdnnge
Jﬂhlocdvolumcon}ymn exr.!f of the exposure to the
low environment. I can readily concerve, d::ghldoutscemyﬂi-
dence to that effect, thar there may be slow changes In blood volume
which may be due o other factors How thus 1 brou) nbtm.lunnot
tmm:e,bmnnny the reachions of {ndividual and show
revarming That s, i.nd.mdmllmbccucxpoadm cold for &
shotr pesod of tume and then 18 rapidly rewarmed, you can see how he
mbemuﬁuﬂynpldlymamed because be doey bave an oppor
tunity to fill that marensed vascular 4 with the readily avalable
gm(kcxmndlulutp:m}lcw you ke an mdividual who bas
aptﬁedlo:-l pcnodn{hmcmd(hcnn y rewarm him,
thudouﬁoccur Yauh.nc:m.{deu.lypgéxmxdmhr
space and 00 wary of filling 1t
What bas bay o this exera plasma water 1 doat know It it
toteresting that if you rewarm these people slowly over an adequate
pennd of tume, that water does go back mm the cucalaring fluid. So that
dﬁembemctquymwhxdmdm“t«ubemgmdxlmed
tather than jua 1 shift into the extracellular spaces, hmm
into the intracelloler spaces That is & problem of
I'think 13 very imporont fn terms —
Bartor You have & Laege diuresls, and get od of # fot of i
Horrath Yes, but that diuresns is one which [ am not w00 happy sbou,
1don ¢ sce that dluresis lases for e very period of ime. When
we mexsure this diuresis, what do we do? We take an indrridua! from
an enviroament like this, a rather hot and moggy environment, and we
themgr hm inro the cold, and he has & draresis which may last for lets
ses, two poars.
Burton 1f you keep hum there, it will be two days
Horsarh Well, we kept men there for tvo weeks and longer snd the
was thete during the firke poction of the first day bat we saw no
further evidence of dmresis on the socceeding thurteen of fonrreen days
Bremont Smith You did not grve him any fluid o drink?
Burton ‘Thelr intake goes down.
Eremomt Smrth Yes il find "
Barton 1f make a balance, |} that he bas d of a
Hgbnhnceﬁzm e o
B[drhhou}dlhtoukthhrs-\d\'hn When you themenina
cctclndbloodmh::e?mdbunomu-
remain unchanged? In animals we have observed an inidal
du:uscdhlmdvolmmdhm-ocommdou,udcbmdmmﬂ
both returned to nocmal
orrath Exrcily
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Blarr And when the blood volume 20d hematocns retutned to pormal,
the diuretrs became negligible. We wonder if the drmresss isn t bargely s
facror of water transfer fram the vascular bed. At Jeast i all of the ld

animals where we have carnied oat blood volume, hematocn,
and waterbalance studies, we observe manmum druresss, manmom
dccreucmbloodvolume‘mdmlmnumhcmommnmdnﬂngﬂr
first day of cold exposure, after which all three showly reram m pormal
and remain normal throughout two moaths of cold exposure.

Horvath We something stmular to that as far as changes in
hbemoconcentranon and blood volume are concemed namely that there
was on the first day a rather marked change, oa the second day the change
was less marked and by the fifth day of exposure they were back down
what they were before they were exposed to the cold. But dic water
balance studies that we made at thar ame which were admitredly some-
what crude, mdicated thar the individuals really had no real druress
after che first day or a portron of the first day However that may e, the

that we observed 1 the hlood valame were noc enough to 8¢
count for any large portron of the flud intake or the balance donag cust
four-day penod

Blasr | should like to bring up oae powt that may be pertinent bere.
In human subjects — and it 13 also true in aumal experiments ~the
blood-vofume change aod accompanying dinrens depends upoa whether
the subyecr 15 left conumuously 1 the cold or is mnrermirtently removed
from and returned to the cold room. In subjects left connnously m the
cold, the in1tial decressed blood volume, hemoconcentration, and dmress
begia to rerurn to pormal after the firsc day and eventnally are maio-
tuned at normal values despate prolonged connnuous wld exposare.
However if the subects are removed from the cold room sx to eight
bours duly a cycle of hemodilution end hemoconcentraton 1s set up, £
compenied by increased water meake and increased ndne output.

Horeath Yes d’)conclwudacrﬂ:mgwwhmmmmyfdm
ouslyar —22 F fornmﬁofuptonnwcdu,lodmwulnm

tioa after continnous cold
Ichmerun—ue—mdgfswebneohscncdmmuvdlum
ammxh—nh:nfycuukedmmoutmtmlghundmvedxmldnﬂttm

recover lndtbenuscdvﬂnlglinucxpcnmmmlﬂlb}ctﬂ.yuﬂ’“m;‘
nexy day diuress which again lasts over the tme you study them. e
uanys:ud:cdd}cmforthmcbmm,mdtbercmdimudumnfh“
PcrmdofdmaThuwouldcuuﬂnuefmmlhl.mddrcyWﬂdF‘
dinreus every ume they were exposed Bur people who art &
contnuously to thus low environment apparently have & druresis whch
rather short lrved

Rark If you have individuals lmng 1 # natueally cold umm::“"
such s the Shulo study (3) durmg the first day of the cold here
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marked djurenss (Figure 21) and during the seoad day there was one
which protably ocauered but whach probably was pot smnsally sig

mfxant.
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Talbott Isthh:rpo:umcoudmnnlymlbcnmc

Kark No because these people are 1 2 nanral enviroament, The tem-
perature Is flucruating

Talbots This is n the North?

Eark Yes

Talbort But aren t they na tem environment during the
tmormﬂnbomd:uﬁmdmtgmmhumdsbdm?

Kark No our people were always cold at nighe. They always woke vp,
and they were uncomforaable and shrvedng

Talbost Weren tthey Insl ?

Kaerk Yes bat they never lﬁﬂﬁffmblyd:mgh:bedmfﬂd
our subjects ever slept the nught nght through without gerting cold.

One thing we did find was that there was a direc relstion berwem
hemoconcentration 2nd ambsent temperature the more coocentrated the
blood, the lower the ambuent temperature mdumnperlm:eﬂuctu:mi
up and down, the hemoconcentration flucrmated up #od down. In ocber
words, as 1t got cold the blood became more concentrated #5 1t g%
warmer it became less concentrated (Figure 22)

Fremont Spath I theee aay reason to believe thar the dmresis canmot
-cmlmxfordnemduaionmbf:)odmhmc,dncchmunghl“ﬂ

Horvath Well, all I can sxy to that s that the which wert
done were as well cantrolled as they could possibly be nader the siradon

Talbotz Did you determine interstitial fluid yolumes?

Horvash No, all we did was Evans blue for blood volume, and bez
atocrrt and plesma proteins and red cell count.

Talbott 1 think the answer to this problem lics in devterium sdle
or fluid space studies.

Horvash Yes.

Fremon: Smith What was your conclusioa on the time relatioosip
between druress and reducton of blood volume?

Horeuth Thcrcdm:donmbloodvolumepcabmduftﬁtbedlw

was over
Fremont Smth But the draresis came first?
Horvath The diuretly came first, and the hlood yolume, which ¥
meuumdltdxmdoftheﬁ.m:wmryfmuboun,;huwﬁdnxdﬂtﬂm
in plasma volume.
remont Smith Was the dinrens enongh o account far & iz b5
ofac.?
Horvath No The divresls was & Litle more. fockt?
Fremont Smutb The dinresls was mote than enough to sccowat
Horseth ‘That s tight,
Fremont Smish Mhth:remymmmnmm:dntdmd}?:;::
notrcluﬂiduccdym:bemdudmiubloodvolume.drblwd
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therefore following the diureals? In other wards, w]zmu;t they havng
& mild dusbetes wsptdus, where you have a kidney and 1 redat
tion 1n blood volume, and you try to catch up with it by denkng?

Horvath Because if ou contnue to messare thetr fluid intake, yoo fad
that they are actually in 2 dehat a8 far as the fuid inrake s concemed.

Frewont Syuth That would not prove that the dioress was oo pe+
mary 1o the reduction of blood volume,

Horvath No

Fremons Swuth Tn other words what 15 the evidence chat the fud v
1n the tissues rather than in the uane?

Horsath The only evidence that the flud was in the fsues ot
from animal enrs 1n which the water conrent of the tissues ¥8
measured. So msouing&mnod’rcrmduxe,wewouldﬂ!dm
there 15 2 shift i the flud o the disnes

Fremont Smub Bmd:»ehumme:xpcumenncnuldbcncmmxadfvtb!
themselves as a primary diuress from cold and 2 secoadary reducon
blood volume.

Horsath On the basis of the facr thar no extracellular fluid mezsare
ments were made, you could make that assumption.

Burtor A:mtyoupcnhxpsmuf\mngmnhmgs——tbﬂhﬁ‘ddr
fusd from the ssues 1ato the blood stream, if the animal is old, ety
mhypotbcnnu,mdd:edm:ﬂh.whxd:l}nthinkubdtmd:m
I think 2 that the druresis happens, decreasng
mlmmxmﬂa of some r.hroufh bormones. lﬂ‘;‘:
case the man s core temperature 15 6ot 2bool y low 1 sdmt
tberchgoodmdmceﬂutwbcnthcmumluculd,thatﬂ-h‘“bﬂ”’
thermua, there is thus shifc butwmﬂdyounnlnnlndnrcvmwbﬂf
mimxlhunom-u[comtcmpcumrctbatbclm:hhshlfrhmdw el

Horvath Ifyouwhmuydmnhcnomlcnrcrﬁnpaim"

3 Cys

Burton Well I would. S

Horyath Well, then [ would say yes

Bartox There are two other things T should like mmﬂﬂ‘d“::
thhcﬂmmﬂmdbalmcc;ndlwhmlimdmco{ml‘;bm
d)cﬁ:udlyofgmngmmthcmldtbcreu-mmrhﬂchdomn
of aalones Inothcrwrd.s.thetub)ccncnulocmelhm(M .
t.ht:pc-:u)-:icm.m.:{clcl:t‘»mhd:c:d.rurcd.l.l.llhouélhﬁh’ﬂﬁf""‘"mwcbCI
water by body solids Andtbescﬂ)udthmghthcruu]t mdtdl’m'
interestng observanon Dr Bazett (4) made }xm%m
ment by puttn thcmbjucuinmd)ecoldforoocdg et on
begm.mdherﬁcupurtbanbackium:benmmbd“’s’md'm,
dnmgd:escmnddxybackmdwnm’l‘hhmhly

action, which mede one thuok of pirucary bormoncs.
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Rerk 1shall rlk about the calomes tomorrow but my feelmg 13 thas
it is oot only oa the first day that they cat more calones they eat mote
alones than wsual for many mote da

Buarfon Yes but there is & lack of Durnng the first few days
they eax moch more, but 11 15 bot accounted for by theft burning 0 There
B of alones corresponding o the loss of warer 30 to speaake

Aard %;cll,ntmybeduemwmuhmgdm

Crismox Do you have data on sodium balance in men durmg druresis?

Rerk Do we bave data oo what?

Crismon  Are they in negatrve sodrum balance during diuresis?

Kerk No There 13 ransient rerennion of sodmm

Allew What ha w the body weight, and what s the magnhode
of change in bl volume?

Horvarh Tt 15 somewhere between 300 and 800 .

Allew That 13 the maxumum?

Horrath Yo,

Bartow The waght goet down, but not as much a3 does the blood
volume, mdicatng again that the subject 13 cating ware food chan he

Horath Excepung ther these 1ndrviduals — I am gust orpmg m recall
the expermental badk pow 1t has been five years smce we did
this — were on a conszant diet all the ume both before and durng their

to cold

Bartos 1t makes a big difference

Horrarh 1t was shightly under 3,000 alones slighiy under whar
Dr hark found necessary

Kark Three thousand calomes are all nghe sf they don ¢ do #ny work.
For reym, tmen, 3 000 calones are all nghe.

Horrath They worked a while, not & grear deal — two hours a day
The rest of the time was spent shivering, 1f you want to cal that real
work, thae 13, m terms of calones.

Bebrke What 13 the renson for the dincens®

Horvath There ate several posubthines. One Dr Burton mentioned

& reflex that may be relared to the pruttary

Bebnke Bar isn t the amount of flwd thar 1 lost equal o the amount
Ufhlooddntudnmmd-“v(mdxskm,lpptmmly’

Horrath No, because they also lose body weight

Berton Qe definve dung, Dt Bebwke was that we bad tocavare
mmdmembn}mumb\oo}ﬁnwohheﬁnmmdwhndm}nmd

of the veins, 20d undl ooc had drotens and lowered the

ume, cne coald not a3 mimmal & blood flow in the
ﬁnstﬂuonedldnfmnhnd ppened Moreover the vewns definirely
showed in those two or three days, that they get more and more con-
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Talbost 'That was the potatstum excess, not the wtal?
Kark Yes.
ohcmm” Forty mbq 15 a8 lile 23 you can lose withour exreme

gurie.

Talbott You probably are talking about added potsaum Joss, mot
total pona.mum loss.

Conn Negatrye balance

Talbotr Or negatve balance, pather

Kark Negatree balance

TaIA‘ou Nor total

Aerk No I thnk I am telkung abour toml 1o that experimeat.

Talbosr That u low 5

Crismon ‘That 13 astonishingly fow

Kark Thar 15 potassium excrenon [ will have dhar dam for yoo
wmorraw [ can never recall the data exacly

Ta!batt Sodrum and potassinm cxdnngc srodtes might be mfoms

Kmﬁ We shall have that dat for yoo.
Talbott This may b¢ irrelevant, but in your studies of cold ey
was a tmanstent albuminuns noted?

Kerk No
Talbost In our smudies on cold immerson we noted albaminuns of
short lastng duraton,
Horearbs There was none in these cold air exposures. Nexther w33
there any m yours, was thete?
Kerk No

ar the

Horvtb One of the other of temperature regulstion,
bommhmncpmblmmmu,urdndmbloodmgﬂﬁﬂ*
an stop shreering, which 15 part and parcel mﬂlﬂiﬁm‘g‘d‘m
by giving the ammal insulin, or by e
hypo, y\:ctmc,mdyv:ttbmu.vofﬂ Iknc'v:rypoorm'-’rﬁﬂ“’
the thztthmns-hypcrglmuludxcold_&mzof:bew

3

c:pmmmmh:dhteddmdnewunhypagi yeemis, and 1 beliere
of one shipwreck [ycemis of about 300 ™6
oo o hmiue:bcmlybmdm‘

per cent Was noted Anfun[lmuw i
evidence it man thar there is 2 hyperglycemic :a-pomcm:uld_ln(b:
be & rather interestng thing to study because it may be relared ©
cph@hmcmorltmybcmmdmmeﬁmm&wutf{m
are 0ot bypoglycemic otherwise the shrvedng would sop Soood
mufmmspocuumumfzhcrd:mﬁdzpa!dxmgnhdmdﬂ g
levels to the adapaanon of man to 2 cold environment.

Fremost Smith Dommandrmmmdeq-umdaumthﬂﬁ"

dana show no change?
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Horpath Both, Thar 1, there are im te data, and they arc on
both sides The few that the did indicated that

response. The others were within noomal levels. Unfortunately in this

fateer group %o many fecrors were ravolved that the picture obtuned at

a recovery bospital may not be valid. There bave been a few

doae on ammals whit sthow that it does ticrease, box those are rather

inmaclugive.

Bartor The root of the difficulty m the expenments s that most peopde

feel thar they have to grve an anesthent 1n submirung kil 0 extreme

ald. Once you grve an anesthenc —

Fremont South  Are you visualming animal expeniments now? T was
boman

wralizmg expermments
Talbott In coopectson with 10 elevated blood sugar level, Dr Siple
a3 15 interesung observanon from the tme that he spent in the Ant
Seple A mediat officer on one of our Antasctx expeditions passed on
the phyncal ndidon of all of the other members of the
before departure. He talled, bowever to report his own conditon. It was
discovered later that he was mildly dubenc. He knew hus own condinon
and tock along a supply of wmsulin. He was perfectly capable of casping
out bt dunes An interesting thmpg was that although the winter nighe
Omphaiﬁgrmrcdhucmdmm,whmbebcam:apmcdmlgtm
n

rt gato
Part of thiy story b recorded in Dr Framer s report of the US Ant
arac Service

Kark 1 be pot worse. Dhdn t be get wone?®

S:p%e No He went oo on a tradl by dog team. He was out for
4 period of about three months, and that whole time be was able
0 et thingy that be bad noc eaten for a Jong time, that i, tugars end
chorolares wbthrepoﬂcﬂzmhadmdleﬂmﬂmmxhk\umdme
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Horvath And actrviey?

Siple Y& more sedentary than while on the trail

Talboss Was he on a higher far dier when he was o the eil?

Stple Yes

Kark Now I remember the storv It 1810 the Proceedmgs of the Amerr
can Philosophical Socresy (5) He had duabetes, be went to the Anmat,
s0d he went oot on trail and did not have disberes wben be got back
mto amp his disbetes was much worse.

Siple 1 don t know about his being much worse. At least, my reeok
lecuon from bewng there was that he was not apparently much wone
than before he went out on the trul, because there was no physal efex
at the time that was observahle by hu compansons.

Kark He had to take more insalin.

Siple He had 1o scart caking 1t, at leass 1dan ¢ kow if be took moch
more than he had previously

Kark Tt1salong ume unce [ read that,

Bsrtor Mr C'm.rum:,n:uyIgurcn.llyfuudnm::umloﬂym.l?'n

Talbost Yes
Barton Iw-mmu.kcdm;gfommuymmlkmthugmupoqu“
who are 1nterested in these problems from
I feel thar petheps m the next five or ren years we will tum
exsmining the mechanim of temperature on, oa which # e
deal of work has been dooe to studyng the al conerol
lcvdofbodytunpa:ruremdundcubtcdlyumﬂbeudxmdwd::
Lbuwe:hxlllooLAndIfcddntwencedmu&morcmfcﬂmr;iM
the diurnal thythm of body temperatuce and how it can be al ok
mdywknowofmcmdocinﬂmﬂumd:uandmd:mm;dn
that most panents that have piruicary aboompalides will be f
cuﬂglunlelmmthemmdbodytﬂﬂmﬁ

It 15 2 faicly whete 1t s
goodd.mxa.lcuc.;fyouwelchm it Cy‘dfd

ucally And we do know — 1¢ has been reviewed recently by Kl
thtdmdmmllthyd:mbno(cnmplctdyﬂphhcd,alim”ﬁﬁmur
explained by the routine of exerase and meals, and 50 00 (‘?#E
Teverse that routine of exercise 2nd work n the night Instead i
1t takes mamy days before the diumal remperature shythm gets

hase
nr;lifdnhnd[hm@moldwork}mbcmdonemdﬂs.tz?ﬁ
mnudmdcﬂjghumdmnmuumrxlﬁighuwbﬁlgu?ﬂmh Pt
where there 13 four or five hours difference n dme, and 5
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your rourine is changed, there is a notable opportunity to get much mare
data on what bappens to the drumal when you fly acrom the
Atlantic or even when you fly across the Contment. I should appreaste
e if ¢ bere who ere making transadannc flights — I know mosc of
you 1t some ome or other — would be mteresied enough o ke
ymr—lwﬂluyoulnxherdunrtcnl——mmwy our hours
for two or three days before the mp vhat your drurnal
mOneshn{:lcoumncmdmhumeullymdxﬂighz,md
Jow ir, say for 2 week when you get on the other sde, becamse we
need mruch mote mfoomation.
1 would a0 be inrerested, 10 t%0 o three years, m finding somebody
who s ™ spend the winter up North in the ewengy four houss
daylight or ex3, summer ot winter to see if anything ha o
the drornal ehythm Evdunjyxtuomofdmcf\mdamcnulh!o
thythms which 15 not eastly dhanged, and one whth ¥ sspect my
to.do with the cycles of light and darkness 1 do feel that thus {sa.
1 which we coald get same very fundaments! informadon about tem-
perature won. If any of yon should do thus, send the data to me
oreven o the Macy We would pat the informanoa togetber
® see 1f we had something of lnterest
Tulbott Heve you checked McFarlsnd's article chat eppeared in 1937
He went to Hong hon, mthdemAnrnunAlrwmmdrI:md
cbservatians u:rf ¢ ho

which incloded four-hour nnne ourputs. T believ
observed body also (7)
Fremont Seuth McFarland?
Tebott Yer.

Horreth Dr Burton sccused me of not reading the Josrrd of Ap-
Mied Physsology six months from now and am g to accuse him of
not reading 1t & month from pow becanse part of © 18 w0 appear in the
Joarnd of Applied Physiology 2 month from now

Bartox Y ears behmd.

Fresont Smith You are supposed to be ar least s1x months 1o advance.

Horsath 1t s very dufficult to change the drumal rhythm

Bartox Yes

Horrath We are repocung something of thar sort shortly We have
wedled the drumal chythm 10 twenty people over 2 persod of time to
Bet the patrern and o see what 1t amOunes to tn companison with alt the
“ork that has been done 1n the past o one of two people We chan
the [mng babits of our help over there, part of them bemg nurses.
had them shifted to the mught shift — agamsz thar better judgment, 1
assure you — and aleo shufted some of the waff o rught duty Afeer two

Frem nt Swath Apains chewr better judgment two
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Horsath Yes, L am afrad it was, bat they had very linle o sy shoat
1t

Barton Thu mught be quite different. You see, when 00
tbeMa;ﬂcdzcdunmtuggghtmddukpm?aqmg:ngd‘ﬁ
you, with your rounne. When across the
mmtumﬂy-d;ﬁcrummcpuﬂy Aduad,yo et

Horvath In Klestman s expenimens, 1 whach be placed the subems
1 2 cive, ooe of the two subjects — not humself bat the other — refused
to make aqy slteratron, 1t I recall. Also I think Rots McFadland's e
do not indcare any shift

Bertox  Has anybody any nformaton 3 to the dmmal shythm m
people lemg through the polar nighe?

Bebwke Dr Klestman 13 pow 1o Norway and 15 making the ess that
ymsuggutcd.SoruemformmonnhwldEeanﬂzb!:byhmm
Of course, you know of his work with the Navy In which the diumal
chythm was aboluhed 1n watch standers who coonnually romte thac
witrhes 30 thar they never wotk #t the same dme dummg & twenrr-foer
bour period on sutcetuve days

Bartox I don t know whether it Is related, buc it has secendy been
shown that schizophrentcs have thewr thythm abolished Perhaps you e
making lim 2 schiro

Bebmke There is known to be chroatc fangue 1o the Navy and 289

asocared with excessrve coffee 2 awake.

Siple Wbmyuuxpenkofubi:;;ﬁcult?dﬂ!mﬂmmdmﬂ‘v
1s that a matter of days weeks, or mooths?

Bariow ‘The reporrs are rather vaged. 1 men, in same people, 8
parently Ltm.tyt:Eswtdcs Iuocbmi:udnngcdmdlmewfaﬂd‘);
i;ywmmulydoanmcbmgcdginnnywhmymdnngtd*mm

ly does 1t¢

Horvath Ofdxt:tw:nrypu:op]o:Westuchccl,mbodvd—‘ﬂﬂ.‘?“d""‘ﬂ:"n
mwtcb,lndmrofthemhndnotchmgﬁ?ndxdﬁfui;"m
when we had to qut. We could not go much longer L
d:emdofthatu;ﬁmeof&mha‘g:rdﬂnammedmlmpk”
shift in their dinensl cycle.

Burton Ilpologue.'l'lmlclllyumxrclmmmtbeonfm

FPremont Smoh Yea, it1s

Burton Immmmo ﬁ:d-mﬂry

Talbott No apolo be o

Horeath I:tl{:sodﬁglu!md’rcrpoi.uthth: Mcdcofwm
There is thus very inreresting busness of cold seasierviry which, o
mmmnm«amm&nzqdmgsliﬁr”ﬁfuﬂmmw‘
the body are concerned nmkcdurdadammldﬂn“{‘ﬂmdﬁ
sure, an mirial rise 1n the pulse rate, flusbes, headaches, ps
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joinny, end so forth 10d 50 on, and Gnelly ends 1o & syncope! srack. Ir
may be doc (0 hestamine ot ¢ may not be bar there 18 cectanly en aspe
of the homeoknenc rescuon which ought to bave ¢ grear deal more
emphasls placed upoa it than t has had m the ‘There have certamly
bammlyl&wnundmuumrh:lqp;:;lmpow prmanly
by Harton It has also been suggested in severa! other reporas thar this
fype of response mught explain some of the sudden deaths which occur
m who are s¥ammung in cold water

}}fh Thar cold sennitvary ~ 13 that owing w blood pressure changes?

orewth Apparendy it can be induced by a very manor sort ot sumalus,
1t bs noc & pasaful sumelus Exposute of the haed to water of only 10 C.
vﬂLmanm:d:ﬂa(Lndmdmh,md‘uczdmrypeDlm?msc,whkhn
a rarher extreme indscaoon of 2 falure of the homeokmenc rescions.
Juis quie remarkable, really f the descnipnons of the particular response
tre true

Premons Smuth B\nxsuutmrethmlhslnmoftb?lgnmmhm
l‘ﬂEﬂnﬁt?lzul ve want of response (n eddroon o feilare i ¢ o?

orreth chpgx?wccmuderuuumngoﬁ 23 faalure o0 muke ¢

which then goes on o s wlamare whach 15—
emont-Smrth Maladpuscment

Horreth — maladpement or utver frduee of the organ So r s
udally 2 faflare of hooeokiness.

Tremont Smah Yoo dont end up with an wdimdual who past ded
not respond at sl you end up with an mdovidu] who has responded
2 very e but bed way o cold?

Horrarb Rught

Fremont Smath 1 wanted o the positrve response rather
than the absence of the notmal adapave responuve There 19 2 mal
adapeive resporne in eddition to falure 1o make the nommal response.

Horiath Bmtppmmdnrmpomevh.dxcmb'muumdwfuhap
Tshould nor vse the word rramed — a3 1o enable the individual oot
o make the final maladpsted response.

Erermont Smabh What do you mean?

Horvarb That is, some of the expetuments employed repeared husa-
mme njechans and also connnued exposute o 10 water snd the
reralts obtamed indicate that you can whe an indsmidual and poll him
oz of thus cold-senutrvity response 1o that he respoads just a3 anvbody
elie doey, just 23 you or [ would

Prewront Srusth X ou mwean you can get over 1t?

Horexth Yoo can get oves it

I can only judge chis from the lierature that 1 svailable on o bor ic

y would mdicare chat more nrerest and cmphass should be
Placed upon evatusting dus type of dung, becanse it 18 8 very nuce indi-
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cation of bow you can get a normal — I doa t Like the term  pormal”
;—dlzutltlunaumdbmncohﬂcucrupomcwhmyoudxdmb:wl
cr

Fremont Smnth 1 believe Harold Abramson reported 1 case o whuck
he fonad psychologlcal facrors preapltating the cold allergy which bsd
not been present before and which deared up under psychotherapy quic
dramacrcally He saw 1¢ as a psychosomadc bebavioral That
was within the past two or three years [ think it may be i Prychose-
masec Medscrme 1 shall try 1o check up the reference on that.

Barch We studied one pauent who had cold allergy (8) 1f one
finger or the whole hand were placed 1n cold water at 18 C., an et
stve edemz dcvdogcd Wcmnsmmed-mchtwmg) for mezwuring
the tssue tone and change produced by edema, 18 an cxpressan
of tssue pressure The tonomerer values correlated with the degree of
exposure to cold

This pettent also had many emotional facrors nfinencmg bet rea
tons She was more apt to develop disturbances when she was bavmg
difficulties 10 her home Lfe. Of course, soch 15 probably true of may
allergic stares

Fremont Smuh IthmkmAbmmmlasedmeptydﬂbshlmd”'
mwbmugﬁthqmmduﬂym:bepaucﬂ&mdlbﬂltht?m’;
was 0o longer allergic to cold It was quire & dramatic recovery 89
remember 1t. It stasted off dramanically aad 1t ended dremavaally

Hotpath 1t may well be that m the cxperiments that Honmbn::d
ncdonhchubmught:hcpuumubackbylfoﬂ‘nofpsydﬂhﬂ‘ﬂ
also by recoadwioning them That may be 1t We sull do pot know

Fremont Smuh 1 thoughe of thar It 15 a form of peychatherapy

Horvath A form of psychotherapy

Fremont Stk Also recondinoning

Horvath That may be 1t entirely but sull we doa t know

Fremoni Smnh No It 15 well worth studylng

Kerk Dr &mmof}obmnsbtugmldmcdm:henmﬂﬁ’ﬁ
mp,dxbﬂmmdmmuwmmﬂymm?;;k
Twas going to talk about thus romorrow but we may as well alk
now Mmy'ofr.heA.fx-lc.l.ut:roopmch,-mlopt:d|:|_|-z:\‘r:1rulwl:;al!:uﬂ=‘]>"""l_n‘;h
to cold showers thncvtrdxygnt(hcmmldnbcrmlmy e
ﬁrcmugcofrhcmbmkeommu:dcuulvhahm“’w‘m

erature at all That 13 josc hus starement o me

Fremont Smrth o you idenify that by ame and place ¢ e
reference that 13 wbmnbcobﬁvnnm!wacmadcmdh'b"ff‘n

Kark That was told to me 1n 1945 ttcbeumc'vbcnslmﬂ;ﬁdnl
nmmng(hepcnp}mmlnnﬂulmitofdeoudlMDﬂﬂAm’f
Corps
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Fremont Smath ‘Thaok you.

Hortath Were those troops sdll in Soath Africe or were they some-
where else?

Rark No, these were m Africa They weze Zalus and Bantus, and
were taken from tribal Life mto Amy camps. There, of course, they took
cold showers, which apparently they were not accustomed

Fremont Smuith You mean they were given cold showers.

Kark They were given cold showers

Gottschalk 1 know of a physicun who breaks out with urtcana i
she seays In the water over a certun period of ume and ar one ame she
bad ro have a

Fremont Smith  Ancrooeuroac edema

Kerk [ suppose you were going to mennon cold agglutinims?

Honab 1was going o menton them

Kark They ate very interesung The oold agglutinms whech peodoce

disturbances

bhemolync anemisy also are of the same type and we st
doa t know where chey come from or exactly bow they work.

Fremoxt Smub  Aod there is 1 Is that what you are
catking aboue?

Rerk Yo

Horrabh Ithunk that 1s all we can say about 1t because we doa t know
much more. It does ocrur and t 13 sccompanied by bemoglobinana,
To bring 1n the nervous system, I 1 would start off by men-
toamng the ability w induce angmal a m panents by sumnlar types
of exposure w cold, such as was done sboat 1946 or 1947 — by Fnedman,
I'believe It was. He was able o taduce an angmal artack by exeraung

who were suspecred of having angma pectorss. He was alo

able, interesungly enough to induce that same type of angmnal attack if
be exerased them 1n 1 comformble room and placed an ie cube m their
band, whereas just umply holding the ice cube had no effect, so far as
‘rﬂlnngmmglmllmr_{ It may be related, of course o the problem
of exerase more than 1t 1 to the problem of cold Bet i 15 remadiable
that & great percenuage of the patients bad an angmal arack when exer
ating 10 & warm room while bolding an sce cube m their hands, wherezs
they did pot have an an armack when they i exercised m the warm
room withoat a cobe of ice

Barton Did 1¢ work 1t the ice cube was in 1 glass?

Horrath 1 thunk pot.

Fremont Swuth There 1s 2 very marked vasomoror reaction o holding
an e cube 1n the palm of your hand for any length of nme.

Horrath Yes

Frewowt Smith } am sure there would be a fall m skin remperature m
the opposite hand and the efore 1t seems to me not inconsastent thar this
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uld be ¢ genume thing Weren t thelr expeniments with the dnnkrg

of tce warer?

Horvath Yes,

Fremont Smsth 1 always felt that the cold was com by de
mechanical distenston of the stomach. But I remember thar someane —

Horvath Cannon,

Fremont Smuh Walter Cannon?

Horvath Yes

Fremons Smuth In human beings?

Horvath Yes

Fremont Smubh Somebody did 1t more recendy withun frve yean. o
suscepuble indviduals be occasioned angmel artscks by bavmg them
drok e water

Rark No when they drank ice water there was vasaconstrcnon of
the blood vessels m the hand. Jsn ¢ thar nght?

Blar That is corret.

Fremont Smsth 1 am thinking of snother expeniment. T don ¢ thuk it
was Robert Levy but one of the curdiologists here in New Yark, o |
remember rightly 1a the early days of World War IT conduecred &80 &
periment in which the subjects drank about a Lter of tce water and gt
quute definite anginal artacks

Horsarh 1have not come across that one at all.

Fremons Smrth They were armributed o the cold water in the stomadh-
I cannot give yoa the exact reference

Talbost Ymmnducalymthemldwmor;mﬂmttdmndﬂ
with jrcrease 1 blood pressure?

Fremont Smsth Arinbuted 1o the cold water in the stomach

Talbott Durectly?

Fremont Smth Well, 1don t know what you mean by ~ durectly o

Talbott Jus mmple dnoking of warer will came 20 wvessoa
T waves

Horvath WdLsomnnythLuglwﬂlanxmlnmmome

Frermont Smuth At least thar bs consistent e of the

Barton That 15 probably a local effect of cooling that
heart That is probably the explanauoa.

Frmoannfnb nznum?fnumnga,uwmw
constrictioa in the hands from drmkding kce water thcnmlfed“lm&m
mdllgﬂmﬂxa}onxmmld,yuuuﬁyonphc:d(heindmd“‘l
2 cold environment.

Bartom Of course, dxgcuf.ggpﬂoélgpmmm‘wm&j
them — on cold on ooe side of the

Horsath Hamulton and this chaj uphchumm,mdﬂaf"fm‘
men, have been doung that. They been measurmag the
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of vanous of the beart, g thermocouples on i, as they poured
e warer adogs and et 1t rest in che somach They
were ahle 10 find that there wats an wveason of the T wave upon dnok
Ing of the ke wreee and dhat there was also & cooling of the heart nself,
which would probably sccouns for that sort of

Fremsont Smush 1sn 1 thay amaning for the currufanon o the beart?

Barrox The T wave 13 supposed m depend upon the balance of what
You are puckmng up berween the two halves of the beart. If you slow ooe
side, you srvert the T wave

Fremonr Swuth | was wpared gc che percepable difference m tempers-
tore m sch & vascular organ as the heart wnduced mertly by the presence
of cold water in the stomarh

Hortpb That 1 o st all, It 8 very easy to change the
terperature of tiwe heart by almosc any of bear o cold. The
first racher nxce prece of wark was doae by ront 10 che exdy turees.
He sllowed same fued o drop 1o che chorrae aage, and wes ghic to
show dut there was & ddfference in remperature oo the lefr ude when
find w5 allowed to dnp inro the nght side Smce then # grear many m-
vudpmuhnnxhcwnrhnnuwym;ﬁmknnmpcnmmud
omnse ttus apparenty pemary ureernon of the T wave a3 8 consequence
of:l::r:dmnpm:‘ge dient berween the 0% 0 portroas of the heart

Bebgke Der-v‘ui“l
of something that i relatrvely cdentnon? You doo ¢ confime your remarks
o e warer?

Horrath No.

Bebnke 1am oot fooking for support (n favor o danking e water
b‘l?ihmmcwnndﬂmtbcpcaplcmdmkmdﬂudsmdgu-kng

Hghe —

Honath "The poumt 1s thar 3f pov have an inverted T wave 5t does not
foean anypthing at all. You see you can have 2 thowsand aod ane wrverred
T weves and get sloag very wedl

Bebwke With angmal aroicks you woold ceramly bave an expresson
of pam. T have 0ot hexed of anybody developeng anginal pain from deml
ing Cocn-Cols, beer or beverages with 2 hintle more akohol 1n them

Horrath That was the expenment you were aying to recall Dr
Fremont-Smath.

Fremont Smeh It was « licer of oo water deunk Exsrly capidly 1be
Bieve 1 abways thoughe it was rather redundant They were patent who
bad some kind of coronary iliness and the was o be com-
Wmmumwmmaw

lmxu:rv&rwrmmgomd\c
Bareh You aun reverse hs direcrion by not changeng the remperucure
ety touch,
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Horsath A traction of & degree

Lupeshlaz hes found chat changes m the nerghborbood of only mro-
or three-tenths of a degree are suffiaent o produce that pan.

Barchd The influence of cold on the process of repolarization has been
known for many years Ie 1s because of this influence that it s difbeolt
© the T wave when the animals chest 15 open and the bestt

t the atmosphere The T wave may become invested. Just re
cently durmng hugh speed motion-pacture recording of mechaniaal asd
elecrrienl activity of the heart, the T wave was first sharply mverted
when the Lights were turned on to record the motlan picrure, the T ware,
1 the space of one beat, became upright apparently owing o the heat
from the lampa.

Barion Itbmktheard;ologimh:v:ui:dmaxﬁmﬂh?“
ance of whether our T waves are upright or mverted don t you? I mess,
after all, there are so many ways physologically that they om be
changed Of course if none of those facrors are proyent and you heee
mvcm-dTwnvu,ufcrbAps you should worry

Allen Y ou sho dah:ou[d:mgcxhapu

Barton  Perhaps hawing tovi T waves because of these other
facrors does not mean that the factor 1s injunions. o

Burch The T waves are mvereed merely by erm
such ay filling the stomach with cold fluid Pcm:r:l:ﬂ;fﬂm T wares
are unully nor normal Thhwbolcpmblmumwﬂmm
briefly

Berton There 13 oae other factor we thoald discuss m thes connechos-
Isn ¢ 1t very definstely known chat asthmedcs ofeen bave voleat attacks
when breathing cold a1r or when put inro the cold?

Fremont Smgh  And hay-fever sufferers

Barton Yes

Fremont Smuth In hay fever that 13 very characrerstc.

Barion In hay fever there 1s a reflex from the upper respuratorf 5T
tem (11) auck

Fremont Smgh Opening an 1ce chest will preciplaste an
paticars with hay fever When open #n 1ce chest tougd H
out, and dote it agam fust that beeath of cold air wi P‘“ﬂf’fnd
severe attech of hay fever sacenng, mEM everpehing
those go together with the asthma verv o

Hogoﬁb Dr Burch just mentioned to me 1 an aside that '.”m’z
have to do 15 pur your bare feet on the floor nd you induce 20
1 think that 15 2 v t point

Fremont Smtlvcrlymvxepcw an t by Mmd&:‘uﬂ“ﬁ
Wolf wmcya:sb:dgntCormcll}v{cha]SdnﬂwlﬂIP' (onertng
Raynaud 3 disease, and they found 13 fs well known, that by
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the m * conseal chambet they could preaps
mamds.mdmfmdmxnnmpatmwhddxdnupm

Y experiences.
mmnlind:vdud‘vuldguldnxmdunmpammwhmm
that those with Raynaod’s
coold be thrown into & complete attack. Thea they foand &
Mhm‘ﬂﬂﬂf-mr iﬁlﬂﬂmtbep:dmc‘;mmnrmmdmdmod.m
g was 2t bome 1t red & greater

drop 10 the consant wmperature %gmmm
& required Jess of & drop i contaant tempenature on a so-called armoous

day when things wete more rerse m the home stuation

anxrety o the sysopathenc nervous sywem and the mfluence of cold
ot the sympathetc pervous system 1 thrak these tactons of suornanon
shonld be very well conndered They are paroculurly peroment | ehink,
InrbeAnmdScrvlcn,bcameywhavtpcﬂupuhm:thmgsduzmty
concuentte 1 terms of summanoa cold, enomi, and emoronal tension
ot anxiety snd it 13 quire possible for all three ro ke place umultane
onsly 1think, slso that we should nac neglect the emotnal wne of che
cxpenment, of of the expenmenter (o the expenimentes a1 an edded
facior when & patient 1 bemg cxposed (o & arery of expenmental sxtua
vony, including exposure to cold
!&nukdut&-epwdnloglcxlmmnngohh:upam 1 know
Alfred Cobn — sl who else was it that was worlong wich hum>
Barch 1 did, and Newmamm goted ns about ope year Lacer

Fremont Smuh Am I nghe m this? As | remerber the

3 Cohn old 1t 10 me, you tound, 1n measunng the pulsatoos 1 the
ﬁ‘s:: theplcthymognphdntyouwmmtgvmngpmrmmﬂ

n 2 labo
rm)qm with much md.Nnmurmmldmezh:nhq
qute baj had sobred ‘d“:ﬁd*hbomotymlmkhkea

m:pptrmncbawmg They felr they bad sobved 1t,

hn‘:pmnttdouxmdxmdmdxymrhmmlvobmmgﬁng«up
Tetponses o the environment of a boudowr and not w the aormal
Brrch Dr Baroo can venfy coocepes of the volume changes in the
fingertipa. They are very semuve 10 paychologat aon 'A)mngthc
fmdmgdl leth of the fing the none

‘“0\‘-'1«101:5 e, the ofl(depbone ul)m‘m:tdseﬂrbjcix,
rewalts n extreme end mbumm The problem of mul
“lesthmbvthmmmdvuhngdrnb;mhsmmymh

TAOCONSTRON.
Bartox 1 was very much mortshied when 1 learned thty yeans ago
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Hypotberma 147

blood pressare, both dustolic and systolsc phase Thus 1s followed by
comiderable flucrusnon and evenrually & gradual falling off of hlood
pressure, at times to & level chae cuanoe be recorded by 1 mercnry ma
pometer The radia! pulse was also unobtainable at these dmes. The bea
chual ertery was josr palpable. The femonal pulumons were always

present.

After the mitia] increase m pulse rare, this also decreased and m some
pagents rexched & low of not more than forty beats per minute.

The dara from & panent who was observed for o cely thirty
hours are given in Figore 24 Tbccmempcntummzjmbpamchcd
a mououm of 74 F at the end of fourreen bours. Thus is m the same
mfuch.tofdrfnmm(:hugohdywbomukmmtoflm

Ithink her temperature was 71 or72 F

The hest regulanng mechanism of the body is to cexse
openiting st internal temperatures below 75 F and Joss of body beat
rkes place afterwards as If the body were an inamimare object (1)
Certainly we noted that there was a contmued effort oa the of the
body to restore internal temperacures ar all levels above 73 F As soon
ﬂtbclc.i:mhncnnfhdnednmghth:bhnhmmhnmpmd,foﬂcw
mg ¢ lag, the mtemsl temperature to e, upon the
kvdnvhh"vuhﬁmlmnhrpocbmm;m 'Pcmwu
sermmad and the internal tempersture of the body depressed

In this expeniment there was aa mitul end & secondary nse in the
blood pressure. Subsequently the blood pressure was unobeaimable for
4 pedod of time,

lulddlu.mtnﬂ:echmgulnl:ulx,bluodprmm,mdimunﬂ
fmperature, I wish to drcosm this morning renal dearence studses.
These were completed bn some subjects dunng the period of mdocon,
in others when the tntemal temperature was at a minlmum, 10 others
durm, restorxnion, and o all padents eeveral days after recovery from
hYPD\itunh.Glmhrﬁlmummc‘rtmlblaodﬂcw dsodrast Tm,
and glucose Trm. were observed You will recull thar these studies were
done mare than ten years ago, ar which ume diodrest rather than PAH
mdlt:;pcnmm.ulmbtunmford:tmﬂhhgblwdﬁownﬂTm.

Barch m{mupﬁvbmd}cuoodprwureu\mohumble?AJmt

wis observred from time to ime m panents who had 1 nega-
fve carduc history The carduc arthythmiss were present when the
€ote tempersrure was below 85 F durmg depresmion or mainrenance.
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Hypotbermia 147

blood pressure, both dustolic and systolic phase Thus 15 followed by
conudertble fincrusron and evenrmlly » gradual falling off of blood
peessare &t tmes to 4 level thar cranot be recorded by & mercary ma
nometer The radial pulse was al9o uncbeamable st these nmes. The ba
chial artery was just palpable The femors! pulsatons were always

peesent.

After the injdal increase m pulse rare, thus 2130 decreased and m some
patlents reached a bow of not more than forty beats per minurte.

The data from a panent who was observed for tely tharty
hours are given in c24 Thecorempcutummzﬁmb)camchcd
2 meninum of 74 F at the end of fourteen bours. Thus i3 fn the same
ﬁudmofdxﬁmm(lmgohdywbovumkmw:ohmw

1ihink her temperature was 71 or72 F

The heat regulating mechamism of the body o cease

Dpcumlguim:mlltu:upenm:ubdovﬂ F snd loss of body beat
ukes place afterwards a3 if the body were an imanimare object (1)
Ccmmlyvcmtu:l:hnzh:rewu:cmunucd:ﬂonmﬂt

bolmmremﬁ:m;lmnpmtumunﬂlad:-bnv:ﬂ Axnocm

ing d:mhdonofbnnednmghtbcbhnbbwm:cmrpmd,follaw
1 lag, the meemal to tise. Depen upon the
level at which ve nunmn 'Pm

pressure. Subsequently the blood pressure was unobeanable for
Apu-iodcf

Inzddlummd:cd:mgu{npuhc.blwdpxamm,mdhmmd

tempersture, I wnh to discuss thiy moenng renal dearance stodics.

were completed In some subjects during the perlod of tnduction,

in others when the intemal remperature was at # muaimum, n othess

mmmmmpdmmmmmm

Glomernlar filtranon rate, reml blood flow dsodrast T

and gincose Tm. were observed. You will recall that these studies were

duxmedmrenyunngu,nvh:dlumedmd:mnd;ddnnP.A}L

I substance for blood flow and Tm.

Bm-b A:c{wup:cxwhen:hebloodptmucumnbahublt?A:mt

¥ou f, somethmg setious may happen to the pauent?

T. :memwmﬁmmuﬁum
Changes in cardise thythm were observed thar were dustressing
1 30 not have the electrocardrographuc treangs with me bt auticular
fbeillatson was observed from ume fo time in patients who bad 2 negs-
tve cardiac hisory ‘The carduc arthythmias were present when the
core rernpersture was below 83 F during depression or mainrenance.
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As 5000 25 the wtemnal temperaruee was permutted o e, 8 s b
normdthyﬁxmwuobsxvcip‘n

One reason why we were not as concerned a5 possibly we should brre
been duning the periods when blood pressure could not be obquned vss
the fact that we were always able 1o get 2 good flow of arterl blood
from the brachul or femoral arrery The blood far chemscal ailnes
was taken by artenis] puncrure after mducron simply because K ¥ 0
difficult 1 oben blood from the venous channels. At trmes 2 nesdle v
inserted 1 @ vein 2nd some blood was removed, but ususlly the
was inadequate for our purposes So long as we oboumed blood
by astertal puncrure, we knew that blood was flowlng through the decp
tissues at least

Gottschalk What was the level of consaousness and responsivencs
of the panenns?

Talbots The patients reacted as if they were hearily scdated. There

zation whech preceded the renal clearance smdies. Once the infasoe for
the rensl clearance studies was functoning and the bladder cheres
ized, the blankers were put back o the subject and the collection
started Duniog s of three or four bours under such aremsEnct
the patients might sleep widhont awekening, and we might collect ot
samples without defficuly

t1schalk Whencver you did an arterial Pma:uxcm:bumvtﬂ“«
did that arouse them?

Talborr We did not use novacune for arerial puncrres. We &
countered less reaction withoot local anesthesia,

Mmard 1belicve Bigelow (Z)Db;cm.-dqumunlwlrwd
shivering by grving hus animal some barberurste snd
Dv.dd:.':unountatbnrh{runret!:.ny‘oug-necom:'-'ulsh.rv’t:rlﬂs”f‘""L
at what body-temperature level did shivening swp?

Talbost Ancﬁoﬂwmdetnmkeohmuommﬂuvﬁmswc
were aware of the wark that Burton and Brook had dooe some 727
before an the type of musde reacuoas dunng cold (3) ¥r
were successfol in obtaming elecrromyographic tracings some panens-
Aralyses of these rraangs revealed two types There was gross shiveros
‘hnmuu'blc,uweﬂuﬁnemusdemuthﬂmclp;nmm!f

el ecrromyo,
hmemmnmquddxm:ddhrhmnmhbmw
tus was effectrve after the fiest few bons.

that e
prowt Smrth Dud have any indkadon that the duration ot
Fre ,cd,monmg beause of th ‘rumi:.fymdof"“
m
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clearance procedure, we cannot aaswer the queston regarding durons.

Crismox That 15 what I mesat.

Talbost We did not collect urine sam| quoth:rdm.Du.n.:jdx
dearance procedure at least a liter and & half of fuld Is mfosed, aod e
diuretic effect is probably uarelated to the change in body rempennmre

Crismor ’I'hxtutru:.butyoumzmrziud)eiuﬁnmdnwglnxlﬂ
of the clearance period 50 that the volume goes down —

Talbott There were no significant flucruations m usine volume deong
the collecnon periods

Barton Did you bave any albaminuna aloag with this?

Telbott Albuminuria was observed m a small percentage of by
oaly Moat of the unne samples were free of albomm.

Bartow By a dnical test?

Talbont Yes. Our observations were oot m keepiog with some. 1
:ppmamddmdnmdmofdhmmud:bprmdmbcﬂzhﬁ
during cold exposure

Barton Thar clnical rese fails to grve any Indicanon whetber of 2
the albamin 15 three umes the normal range of albuminucis, 2 # 5
really inadequate for showmg a slight increase. For albumin m poma!
umplaofurln:.youﬁnddutthcpmblblﬂqamemmuulﬁlb‘n
12m p«cmnﬂminnltmnppumdydoarmgﬂcmyw
of a fame crace unddl you ger u 1n the range of 30 or 40

Mmard 1 was wondering youmanucdcnxd.m:ouxpm

Talbott Thesc studies were done when catheters were placed In o™
cain orifices of the body but froe 1n all theumfc.chucdmt’:ﬁ
withstand the test of having derermuned 1nulin ot diodrast in the
van, and we do not know the extraction ratos o

Iangu:ezsnh.nenrrelmomhprctwccndledepfmmM
merular fileration mate and rectal temperature s apparent Thireen
vanons are recorded, and the datz are sadsfactory

In Table I representanve data are given. The g{o.mcruh.rCﬂﬂfﬂmﬂm"Idi

ate ma lhﬂw:mnxlmm‘ndcpfmnmoflp%::xﬁ:ﬂlldzw
mtvctigcmxemaltmpcunueof&} F The reml 1@-&;

30 per i
fncuomncgivmmrhehnmlmnn,mdmxybeuhxghu

L cl
ThcdxodnstTmhdepmwcdlhghdymmduutbemu
Thaedmmmmrp:ercdushowiﬂgm;ﬂmdhypcnd‘iryoftbtﬁp

DOCOr SYSTent
A single observanon which bears u dre.ohdiﬁcxdonoili}xd-'ﬂ“;
be of 1oterest. In one subject oaly in ;ma,m:mzf proximaf
rwcnry—ﬁvccmdmctmmthcbauoddbcamcnﬂd LEL!
mmmpudmuwcmmedr:g\dxdymyhau but 10
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the iterval was loager Shortly afrer mudnight I was called to see de
paueat and found this area as hard as wood The patlent s temperatare
was permutted to come back to normal and twenty- hours later there
was no evidence whatsoever of any damage to the skin. T fully
an extensrve skin slough. We believed ar the tune thar the phenomenm
was one of solidification of Hpids we hoped it was nothing moee.
Fremont Smith Was the temperature low enough? It could noc coo-
cuwhly}uvebcmfmzmld:mkﬂluhd,cmauadponnrbﬂt
Talbost Theblnnkr(r:mpcnhrredjdmtpcrmxnhekaofdrdr
cutaneous tssacs m be frozen.
Th:nfrctcﬂccuhlchlumaofp-dmuwucm(dmkxllyngnm
Oncotrwop-nmuhdahrﬂcudumofd:drmﬂufmmnrdﬂm
days following the study Hypo(hctml.lwumpamdmmnﬂ
at three- or four week intervals, mdm)lx:t:cu'nullmclummrmr“c%iz
were O
Fremont Ssuth Induced hypothermia.
Talbost Induced hypotherma
In summary -wrmm:dyﬁfqhypo{bennhpcuodsmdﬁmﬂ
1 Afreen patienss al N
Fremont Smuth Did you get any psychological remussions
T e obscrved seversl weiking changes for sbort penods o

served for as long as scveral days Thcpurmufc]tmweormkﬁmm
d’utforulougunya:folluwmgludmdrywm s
memvcd.lwmﬂ.dm(crpmmydnngcduzwehmobsavcdu e
4 form of sbock therapy ok
Shamacker Dnd they cator
Tafboit 5 stomach ube wes snd they were fed by this O
from time to ume. They & touslmdnre‘l{q-mddmmdﬂl

ficuley
Conm Mayluk;banmumclca‘mlytumdbkndm ?

Talbort These dats bave bcmpnblhbedlud:euﬂ:ﬂ”bymllmd
Forbes (8) Possibly Dr Horvld:wﬂlmnunbcnhehloods:lﬁf‘mll““'
The dar for hemarocnt, serum pmmd] du;hby‘i:;: volame, P
volume showed changes in keepmg w1 00,

Horvath Thcbloodmgxnwtreammdlmrﬂyndxhlc.%t:“°
patients had elevauons, but most of them had shight dung? S ot
the samples of blood mw:{ﬁdorﬂdzzu}l;l
fccdmglnbourbcforeor(hrcchotm ore, $0 8
Wemuldno(saymyofrhcbloodmglnwet:ubuimdm‘}m‘w-u



be conmdered & mmbcamevewmuhngd)cbmodump\ub
0 o the bass!
bamacke? Dodywdnmuogcngmdm)
Horvath DO
Kark ‘Keroe bod 97
Tdbost Yeh V¢
?
Talbost 10 DX Tbcﬁ«unug;mﬁan wath te0
rore mnoh_bcaxygtﬂ urmcurvatozh:lehm!
© menﬂummbnvkhuxygcu 023/
grves
‘Fremont Smnth H :cdu:uaﬂmp\lmnvo\mnd
Talbotr Avmod 24 ot 30 pe5 T
Fremont Srtb th:\hcﬂmd\uﬂsmtcﬂw!mmxht
Fremons Smth Do you fect thttd:-ctcdu:n@m yolume
w3 enOgh © ot the of brood pet
&d:\vcud;,md:pu&e\dm hnv:b:mngyolmgo(b\nod
maaxy wnthin the would account Kd\ercmluuﬂ&
volume? 1t ye0™ kur-rhdmpoﬂu“mkno whethet
your cent leOdvo\mmvﬂuﬂ!ghmM!for
the {xt «hctevnoob\ood awucﬂdy mmwacrﬁoﬂ\vcm&
ohﬂ‘\h:dtb\oof!\nyoul
Tdbott No,lwoummxuy(h:t ‘Undoubted!? lwrtw-ugmﬁcun
of mvbmcﬂdhhboug
¢ In the RIES :J;mcm\ﬁdcm well 13
wese educed Oa the 0BT we\mowrtmdbloodﬁms(mm
the acterial sysem ¢ by s
the supeshost vewd P have hrale Of 7 in them
st COME mughthem\ow
Horrath THE vans!
Eremont Silth t e possbild yo

1
Horrath Thtyn-wﬁ\uvebccn:mg 1t bocause rhuvmccmmly
lgwdﬁo-o(uood Youbad 0° reenat blood
Fremont Smrtb You could £ but YU coatd not £°°
2
Td That is aght
Fremont Smuth mcerum\ymggcwngooddnllmbloalmlw
mﬂ‘ﬂd\mdm\w\dhmb:m normally
Allew Not necess2nly 1t oad mc‘m’thnmcmmkﬁchmnum\c

pul
Tremont Smrth Dots anyone have a0 mpreson ot would FOU want
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w give one Dr Talborr, as to whether there was 1 poolmg of blood —
n ocher words, a vasodilataton m same other vascolar bed — thn
partly compensated for the very marked vasoconstricrion m the s’
I raise the question because in’ typhoid vaccme fever as an emaomple,
during the oise 1 fever there 13 2 tremendous vasocoestricrion throaghoor
the skin, and a complete obliteration of movement of bood from sy so
that you can see. If you looked ar that alone, you would say thet it messt
an mereased penipheral renstance, bac eaqually the bload pressure 1 falk
ing heavily and 1t 13 way down at shock levels at thet pomt. And snce
thmunochmg:mdplum:pmtunmdtbcreuml& of clumge
1n blood volume under those arcumstances, T dunk oee has w esseme
that there 13 e shift of blood from the peripheral bed o deeper beds,
which must be, therefore, ddared and vice versa, when the tempersrure
reaches 1ts height, there 1s a0 enormons dilatation of the vasulas bed
mcheduumthnrtcn;lpulsmoumdmupﬂlmu,burnodnngcm
blood pressurc at all from the previous twenty minuzes when there w!
10 blood moving m the skin at all sotgzincbu-emmhncbcmlﬂm‘f
of blood
Now whenever a person becames cald  through ordipary exposure 0
cold — and I guess you had the same thing here— there 13 4 vt
striction 1o the skin and a shunung of blood ot of the skin. [am auag
the question Is that enurely to be acrounted for by a loss of blood volume,
or 13 there a shift of blood mto dilated vascular trees somewhere ds¢?
Kark The oaly data that I know of that have been publubed oa it
pont appeared 1 the November sssuce of Cliskal Scrence m a paperby
some people from England, Glaser & o (9) anhxdldtypmm
o X ray tebles and took very carefully controlled X rays. They e
an enlargement of the liver duning coohag, and alo of
lungs with increase 1n the size of the pulmanary vesscls
was no change 1n the size of the beart. ,
Shamacker Did you weigh your panents
Talbost We weighed d]%hpuﬂcms before the expenment &0d d;"ﬂ
following Ibchcv’edutd}etypcofcjammmtdmibedmw 5
same a3 onrs, and that exposure to col mthourlngmﬁﬂ-ﬂtred\!—‘lmcbc
temperature 1 2 different phiysologecal nrumon_lnouxapcthﬂm‘d‘p
hrpothumuwumunumedmmmemmcufmmoredmm
Thednug\:m:ybcqmtedﬁumrforthompcnocbofexpoﬂlﬂ-
Kark This was two and 2 half boars As far s
Talbott Even so Id;mknbudmh-dLﬂ’:rcmﬁmdm-wm
poongofblooducux:mcd,Ihmuocxplmmun.Pmbtﬂ]
some pooling but thus did not sccount for many of the changes obxTYS
Fremons Smuth lmwou]drnhmmyidavhu’ekvul’"‘ﬂ‘d?
Talbost No
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pauent had died the blood pressure had been maintained well m that
potat. The panient died a few minutes after they had deaded that the
femperature was getting too low and had mmed off the cooling cabemet
and turned on heat. This suggested 1 me that the answer wes dat
hnguhbcywmkcgmdwmldmm,ﬂxh]ood wonld be
manouned, Burt they dauseddxmmhxvunsodﬁr::zmd—

Framost Smub ‘They actually turned on heat?

Barton They actmally tuned on beat.

We did cool one of the psychiatrc paaencs. I hud 00 clinsce! respoos-
bility T could ot bave, of course I stayed with tum uanl one m de
mormung, and the blood pressure had been beaunfully

‘When I came back the next day 1sald, ‘Well, bow is he?”

They satd  Oh, he went flat on us His blood pressure weat sway
down, but he recovered all nghe

Isaid  Whae did you do?”

Oh, we took him out of the cabinet and pat him into bed with wam
blankets.

1 potnted ont to them that probably thar was the reason that bus biood
pressure had fallen Three weeks larer they did the man agaw, but o
stead of taking bum out of the cabunet they merely turned the coolng of
0d let hum eake fifteen to twenty bours to warm up and at 0o time
thar entire period did hus blood pressure fall below pomml vafe My
lmprmonudutitdldmtmgﬂumuﬂ]uﬁ\mxcmrd:hd\:

Fremont Smrth In the first case the blood pressure wen flat only afex
they had put hum under the hot blankes?

Bmiton Yes

Fremont Smuth ‘They did not put him under the blankets because of
blood pressure failare?

Barton No, becuunse they wanted to warm bun up

Thus brings out to me what I think has been proved in arumals, 2ed 8
dgxwmcdalmpommcmmemmtofﬁlemmw
thermia the very grave danger of giving them heat, cuuses fadlure
1 didataton. Dr Cleghorn s experiment (11) done on dogs grvmg
them hemorthagic shock a0d leaving them in the cold, indicates dut 2p-
purmzlythacumdmg:roflbodrfmluﬁngﬂmmindrﬂbﬂ}
which s comparable to the danger of keepéng them In 2 room &t 83 F
thunk that we should always be aware of the danger h:pmlaﬂs‘dhﬂ_gi
thermia, of a shift of flnd from the blood stream the blood pressare
be meweulned 25 loag as there 18 mrense ery great
daager ub:!:]: before blood volume is adequately wncressed,
von will about low blood pressure.

Fremont Sgwb Thus is of importance with regard w the whole qa:;
muofthockmducounuymrheruggmnudew!m becanse
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whole rrezement tends eo focus on heating So 1t rumes the queson of
whether we mught not casider cooling 15 advantageous for shock, be-
are you hure the same vascular phenomenon. Y ou have a reduced blood
vnlmc’wmdvuodihunom

Bartea ‘The question tus been dcunted, and of coune the 1dea that
hext mughe be inpunous 13 2 very old ooe. 1 think {t ongmared wib Dr
Bayert i the lust war (12) He made the observation thar men left our on
the bartlefield who were roc up for a couple of days 5 quire coo!
weather seerned o fare a3 well as and cven berver than, the men that they
ruthed into overbested shock wards, Ths set bum thunkmg about 1t, s
he wocked out the physiological theory that woold sndicate whar might
bappen. During the war a t many expenuments were done o ammaly
the resalts of which, seem to point our thar there are dangens of
beanng which are moch than dangens of ketnng people be cooled

Fremont Smith That 1 oot therapentic procedure.

Sbamatker Yes tt1s recognized that panents 1n sbock are besrer off
et cool chdn if they are made too warm.

Barton 1 think Moon s book an shock shows that the dangers of hear
f:ﬁ;&d:;ﬁkmmu@mmﬁnm}ndmgmuﬂemngpmphbc

13

Fremont Smub Is application of cold, then, the recognized thers-
pewric messura?

Bartos No. You XY dhese are very grave dangers of heat
ing The coaventionat for 8 to give panents much heat, but
e now realaze that has very grave dangens, and may not be anyriung ldhe
the danpers of lerung, them be cold

Fremons Smith 131t not quite poauible 1o tom that around? {t seems m
me that the bagical sequence of such a statement 13 that & ceftam amount
of cold should be applied t patients wn shock rather than thar we should
beafrard of che danger of grving ther too much beat Why doa t we find
the righe rempenxture to give them, and apply t i & poxrree way

Hereath There has bren expermmental work on che wse of the cold, not
feceasarily prophylscnc. As far 13 anumals are concemned, expermmenters
mhlydsdxmpmvc:he-mm‘h chances of survival If they hepr them

Tremomt Sausth Blalock did that

Honwb And severa otber people

Trewont Smuth Shar ss the starus now 7

Hortath The Atmy direenve dud tay 1t w31 bewtes 1o Leep panents
ol than 10 averheat them It was ot mecemsanly (ollowed

Bertow As far as tha Conference 13 concemned 1t 130 € a conference on
shok, but tt b 1 conference concermied w tth cases we maghs find, like that
“ﬁ&ngw:mmhmhcmmhukmdh\gm
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duradon. I think 1n that case we ought to be very well aware of thus pbys
ology If this shuft of flud has taken place, then we might lall peopleby
lp§lymg,uwc would naturally do much beat

was very interested 1 thes problem, and T asked Dr Whillans, the
Direcror of the Medical Divisson of our Defense Research Board, w find
out 1f there weren t some clinscal records 1n Canada from the bospuls
1n the North It seemed to me we needed some clinical hustoies of peopkt
foundinhypod:emToourmmu}mt,wccnuldutﬁudlmgk
dinmlmcuxdofnpaxmfouudmhypodwrmmacn&mnthﬁp(mﬁd
hospitals there

Fremont Smsth What about 1nfants?

Barrton 1 think 1t 15 a very different physiological problem i mir,
as Dr Adolph has shown in young animals T suspect that the answe 5
thac people were dead when they were found, which is e
case ordthcywmmumvc.lthkmostofchanpmbtblydicdbdm
they got into the hospiral For thern, therefore, there are no reords. bl
dmdbacluscpcoplcdxdd:cobﬂoun}ungmd%mdmmw“
Iam just guessing The remarkable fact is that rom arvilien bospeals
have no clinical records whatever

I}nvebcmtclhugmumcdmluud:nudmdmmuzdouum;ﬁﬂﬁ
T hope they will alter 1f they ever come across £ ase kwldd‘ ;77
vﬂmblemmnk:mobsavxmﬂ:jcdom:ambﬂwwﬁi e
tem), rure was, what ha, ed, 50 00L

Hvrearb. They did betie m che perod of 1698 Wﬁﬁffﬁ:
aumber of very wteresting records of acrual mnﬁc:nuﬁ

cked up 1n snowdnfrs and also some potanons ©
f;u:kcduuf:mdnozbmu,ghtlmmcdmdymnw:.ctnplutd'-db‘u‘”h‘n
those brought 1n and heated. shiftng of

Bartow S0 1 feel the esablishment of whetber or pot the p
ﬂuxdtn.kntplzcc.-_nhca'pcn.mcntscctncdmiudrle‘=v1-‘Of

ccal 1m|
P albots & sumple clnical procedure vouldbed}chm?g‘d’mhg
ceatratron. If the octit h;b?ﬂﬁfgldgﬂﬁﬁﬁmm
thermua has persisted fora of ume and a decrense
has occurred chchamrgtuwmm.llyuorml ooe might be 5
fied 1n warming at a faster rate.

T would like ro have Dr Sdlmdmmrhedfcauf%ﬁ
vasodilaratson. Is 1t possible with diathermy to restore byat?
withonr produang a profound vasodilareoon of c!:t'CﬂD nlB:ng"""'k

Sellers 1 do oot feel able ©0 c;ul;-;ecntHfuﬂr oa Dr hesbery

14 13) Ichought that he mught owever
tgnc oflzumnh]sproblum. and be has had the benefit of(q:u;g{';
pncmlhelpof-phyﬂaufmdtNlﬂmﬂWd’
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design of a sutable dia urat thae supposedly grves a more un
formly distributed heat than the usual machine docs. The machine wes
radio As far 23 I understand, i docs not caose any apparent

peny dilaspon. Dr Bigelow scems o feel that wo effect 13  heat
drdoerﬂ:mnud-cummncuuhnumcwpaﬁmluum
While I am rlking, [ might menpon two ather points that bave 1
E;:dmcmDr Bygelow s work. As ou Loow a3 vork is duefly on
heraua He has used dogs and monkeyt, and as the cemperanure of
the body goes down to somewhere aroamd 18 C., { understand thar the
ropurarory funuon ceases To combat this, be used scaboel rsprraton
Then he hrt opon the idea of phrenx smulation and he foand thar res-
pmanon can be mantuned very well in hypothermua by sumulsung the
phreax nerve. Another  or 3 lamer — 1 can t be more precise — and
thee heart rate, which has been slow somenmes srops almgether He de
vrioped an decurtcal araficral pacemiker for cardiac acrex wich apple-
atron of the edectrode directly o the unoamat node through the opent
chest. Ooe of hus assocutes suggeseed the pastng of an miravenous cathe-
11 10 the tmoscriel node, and pleang an clectrode w the catherer dumi-
maeng the necetuty of oper mg the chest Winle 1t 1n the regron of the
made, he has been able to mawnmin within Lmuts whatever thythm he
'mlndthudtcrumd\cl'k:hmodo{mddmmdnnnlumlh‘pﬁ
He wondered abour the effects of these low temperatures below 18° oo
the psychomotor function As 1 mentoned last night, he bas carned out
prrchomoor tests on mankeeys before and after [owermg thetr cempera
ture to thrs Jevel As 1 underszand it the mookeys show no deterwortion
fter and going such Elecrroencephalog! show a gradual
MBMO?mﬂnd\duappuxum C then teappesr oo re

warmng

His other work of mrerest s on tibernaton He bas used ground hogs
ad hay rccenfully kept them m true hibernawon for & number of
months His chermen! studes bave been fraugbt wich dificulnies. One of
bes progects was to esumate kerosterowd excrenon, bux the excrerron of
urine seemed 1o be 10 negligible thar he wam ¢ sble w measure i

Hy other chemmcal have been lurured, although he mtends
0 continue hus wock nexe winter on a farger scale

Barion 1 thmk the vita} pomt in these studies w nch many people are
:Rmhy]uhcnnhutbudaumohhemm\h:d:dtmmdhu

old —
Talbott ‘That s very smpormnt
Barion *wﬂ):e?ﬁu.cvafmp‘dm:mun 1 myselt feel thar the
work at Dachau, even 1f ont put confidene m i whach I do

10t think one ahould — afrer sll the dams mught bave been mvented our
o the anthoc s bead ~—~ does nox 1ell s the ansner became all of thote
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people were warmed up almost a3 s00n 13 the temperature got to the de-
sired level A g:.cucnl case would mnvolye finding someone still alve n
the snow who had been there at & low temperature for 2 long while.
qurte
It may be that oace they collapse 5o to sperk, the temperanre filk
mupxﬁ{dmxfwcﬁu them slive they can t have been there Jong |
should like to sce more expermments doae an the duranon of the penod
theyuck:ptcold,mdbawdmaﬁtm(bedﬁaqofnpdmmg

Talbort I am 1n complete agreement, but [ wish to make it clear o
rapid hypothermus may be of great incerest to the Armed Foeces, pamx-
Larly to the Navy and the Alr Force. Assoctated with immersion a¢ 52,
daemaybclrc[pcuumohbcD-ch;uaperhnmtmzhurhebo&ym
peraruse may fall 10 or12 F in 1 short period of nme Under sachar
cumnstances, the sabject probably should be treaced by rapid rewames,
not slow rewasmmg

Horvarb Raybom reported resuscitation of some fllers i the Noth
Sea. He had tw0 cases of raped rewmmung against about eght of siow
resarming and the two rapid oaes did much beteer

Burton Imtd)cvmlpom:bowlmgrhqhxvcbcmcold?lfdmihﬁl
of fiud takes place there may be very grave danger in repld cowamizg

Horgath T%uewms}nnapommmrbcnmldmkofﬂm!m
forry minutes duraton

Edbolm Isn t there perheps some confusian about tefms once mott, 5
to what you mean by tapsd rewarming? In the Toroaro expermests 7o
dum'lrdrturnpdmummg

Burron 1don't think I did use the rerm.

Edbolm Yousudchuth:twuﬂzat&cdmgﬂcxmcm.'wd’g
turned on the heat Onecxnuydntyuuhﬂvevcryllmvnmglm
which you would allow the pacent to return his temperature o pomml
bybhmmmbolxeﬁonnrmodmmw;rmﬁ:gofdrkinddmﬁ
describe ornpxdmnningofthcrypcdmwdmc-tDnﬂﬂtw
danpmnBchnkchudone,mvh;dlyouhmwxcd:ewbiﬁ‘

warer at & tempenature of 42 030 C

Barton Ith;urefwcwmﬂdngrceudm txhxrtbcummcd'lﬁ‘:;
of rewarming probably has dengess, a0d that the chosce lies HeTwee
slow and very rapid rewarmuing

Edbolm Yd.g\iodcmcrcbutmgltbmkweandupokof Wouldnt
that be genenally accepeed? e —

Stple One conuderapon that hasn ¢
isz.bjc’hctthltthebodv of 1t a5 a cylmder has 2 remperan®
gradsent from the tnnde outward to the shell. As one sAG © ‘"”:bcm
apparently the capullary bed opens np rapedly Wbmthlmd
waem needor blood Aowing gh this newly opened vy
rather abrapdy ‘l‘hx.-drcuhdnsbloodmtumbnn‘gsAﬂﬂﬂ‘@'}"‘“"‘l‘“‘g
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den drop n temperature of the malde core. This 15 apparent m normat
people workang out fn the cold. They can be out for several hours ata
tme woeking xt —40  and when they go mude where 1t 15 warm, for
sz a few mimmes, for the first tume m hoars they stact to shiver volenely
od scrually begin to feel pun from the cold It 13 afrer they have hur the
hear, not before, that they notice an abrupt semation of being colder
Horrwib 1t is betause their rempersture keeps oo gong down Ther
recal temperature goes down sill more

Bartox When you stast rewarming yoo do get this extra drop which
might possibly cacry € pruent s 2 lechal grge

¢ That1s what { thought was m thus patrern of rewarming getong
1 04 probably a rather violent drop of a degree or 50 1n internal
mﬁlmxe may be creatmg some of these
o8 What 1 sm trying m emphasre ~ and | am bemng a it vehe-

ment sbout It perbaps — 15 that we should not decide thae there are no
frave dangers of rapsd rewarmung until somebody has done the expert
soenes with diferent Japses of tane after the subjeas are conled before
the rewarmuag

Tdbott And determine the blood yolume ar some means whereby an
wadex bt evailahle us to whether or noc one woald be n croeble < the body
temperature were restored rapldly

Bamtow 1f you left them two or three hours before they were efd
‘mHkLhmbeufemmetmvmugfmmmng’

Shimacker Are these any dats on the rapidity with which one gers

maximal concentrathon of hemoglobm?
Telbort In our seudies the maxymum coacentration of bemoglobm did
XA unnl cwelve or fifteen hours after g mducoon There-

fore, Thelleve that rapsd inducnon 13 quite a different mechantm, of pro-
docer differen dun;;dm(cnully dngulllow mducton does

Horrath May J ask qust one more quesnion about Dr Bigebow s cx
perimenss? T am curmoos about vy wse of the hugh-frequency urrent
Ocdmarily at feast In cur cliucal expenence, although we beat the deep
99503, and can elevare the deep qrasuc temperarute 2 o1 4 C wealso
Be: the superfial nssues. They may show an elevanon up 09 or 10 €
138 jom wondenng whether Dy Bigelow had been downg this beaung
0 the cold 30 43 10 heep the pernpheral nxsues constnared selaoyely
speaking, and 1 drrve most of the heat thar was induced deep or whar
#vet be ruphe be changmng 10 the deep nsues, and not mfuencing the g

nssnes,
Selters When { was speakng; before [ did mx mean o grve the mm-
Premon, 1f 1 did, thar the s | nases were noc heated because cer
»hatyou say u correcr Bupelow mcreases the genenal rempesarure
THY sapdly and perhaps Dr Barron could comment on che physics, buc
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I understand that it 13 & very high radro-frequency machine that be &
usmg (14

Horsasth 13 1t tn meters?

Sellers Tt minimizes the differential berween deep and superfial tem
pcl::mrebut,ofcounc,:pccdud)cblgpomt‘ﬁm:mhbmmdmk
some dilamdon of the clal Investigations as well,

Shamacker Do you whether his ammals show hemocmnce-
tradon ar this ame?

Sellers 1am afrald I would be guessing

Sbumacker But you do know that they are reladvely shorierm e
penments, do not?

Sellers Yqy?lthmk he usaally keeps them cold for about frre boars,
or somethng like that ¢ e pened

Barrow 1wouldnt wanttoa an o ent of rapud rewasmr
ing Ithmkuuqmt:hkdydn(l)g:;xhhspziuulhsbcmmldlm
while rapid rewarming 13 a4l effective, but I am tryng o endute
lomcouemdod)accxpcnmuinnn:hlmxmumﬁnduﬂ"hﬂb;
the length of time 10 which ammals tre cold does affect the effiaty
raptd rewarming Unuil we know that, T do not think T would like o &7
thar rap1d rewarming 15 without danger from

Bebuke Itucuumlyobncuxdn(iéumrympf:;\:ﬂtum{
the core from pasung through the cold periphery 1n't

Burton A::vmgxluhnﬂftheocberdmgau{dm wbmymd:_f
rewarming, you always get 4 deep core drop and thae might ctay

?

o 2 lethal tem e
Bebake The very important phiyseological principle canbe emphastzod

drar
from cold-warer s and rewarmng, that there are t¥0
lations the core and the peaphery One can isolare the perpbery by pH
and mamtrn an or ancrygmdcoudjdunfur-lmg}xdﬂ

time with a arculaton only through the core mdcuuhIY"m
tures 2t 90 Fmdabcve,onchulvcrycﬂidcmurpm%d’
13 flowmg through the core and pot through the periphery penciplt
certanly seems to be applicable in shock, In bums, e
which the periphery 15 injured, namely mlmrmmhdmdlmlﬁmd* ot
btrvmdtohmunbmxpdmofmximnﬂocbﬂ'mlmﬂ‘kvuwdw‘
eﬂmﬁl(eoftheorgm:mbymnﬁmng(hearmhﬂﬂghum
smaller area. T think thus 19 brought ont in cold expenments o
foraszlc,m-duwlngofﬂtpuLuanxmm@mm‘wﬁ
axfold because of sheverng but the m{:aﬂ 48, Ths
ordmarily be 140 with comparsble exercse oa ¢ cye, Y
fodicates very efficent heast acnon. the pe of 2l wock ©0
Now Dr Buorton s suggestion a3 t0 tome
be carricd out is important, but I wonder if 1t fs the of fud
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that rt b #9 tmpormane as the scrdon of the beart imself Above 90 F I
belere one has & beart that is funcnonung well. Now below 90 cardiac
funcron may be mpawed Cerninly ooe can withdraw a pior or even a
quart of blood from an indrvidusl wrthout camsing him roo much trouble,
20 1t may not be due 30 much to the flud volume as rt 15 to the condron of
the beart,

In these putenss, Dr Talbot, 1n which prolonged hypothenmia was
ancried our, whet was the conditon of the beart ia tems of dhydm?

Tdlbott The changes 10 curdiac chiythm were ivatiably present below
80 F and sametimes when the internal cemperatare was 0o lower than
83 F Ido not recall any arthythmies appesning with inrernal tempera
rares 2t 90 or above,

Bebuke 50 F.2

Talbois The beart appeared to be acung normally if the internal cem-

mre were no bower than 90 F There were at least two potennal
below 90 F Carduc dysfuncion was one. The other was the
posuibilrty of shock appeanng with rapid rewarmung Shock conld be o
doced with rerorn of body temperanire to normal in the 90 5 as well as
mthe B0 g,

Belmke How did you warm the patsent rapsdly by hot water?

Telbots ﬁcpgrmmmn;ﬂy His temperature was
merely permuteed to erse In each isexnce che soxree of cold was removed,
nd restoratve processes were allowed 10 operate

Bebmke Thatsa t raptd rewarmung, perhaps.

Talbost Yoo are carrect It fs faster rewarming chan we telt desireble,
becuune when we start from a rempenaturc at 80 and goup 098 F owe
prefer twelve bonrs to this. We kept the cold machine on m
fermurrently for this long period of ume rather than shut the machune off
0d let the panient s temperature returm o normal withen a few bours.

Bebnke “The type of experiment that I shonld like w see dooe m ad

t that suggested by Dr Burton, 15 one 1 which, by means of
the pormal temperature of the heart, lever aod other organs
Bmimained and the periphery kept cold.

Herrah In man, you just can ¢ here the beart by duthesmy youcant

B¢t enugh temperature down 1nto the heart regton to chance the beart

1#om We hxve made an approach to that 10 rats by putnng a ressst
nce ol i o catherer down the esophagus to heart level, and by 1
h‘Gl beat directly by that means, w hile the rest of the animal was cold 16{
f“ﬂmdm e mm::i 1 5;36115

where prenomly it had no waves arall, on, com-
P‘“ﬁ'ﬂtmmalpfzwu:mumdmpnrhnﬁm@nm
PeTacure, ay far a5 we were able to measure, does not come up at all. That
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would roean the change of anly 1 few teaths of a degree i the tempens
mcof&rcpcccmxkcrmnm}mp{uhdutlthmkhulmﬁ)mmmm
the £wo phascs of the mechanism of arculatory collapse
In one drcumstance we deal with problems owing to fadlure of venom
retum. It may be that absence of shivermg 18 responsible, oc perhaps the
longer phase of removal of flud. In the colder temperenres the heart
1uself begins to change 113 parern of funcoon so chat £ loager nme & uxed
10 the 1sometric contraction phase 2ad 2 smaller span of e 13 ved 1
the ejection phase. Therefore, the stroke volume goes down, lesvmg £
tremendous systolsc rematnder Thac was demonstrated oa expenmennl
amumals Wiggers showed that a loag thme 1go (1‘73

Corn 1 think there 15 another expertment, 1n addstion m the ane g2t
Dr Behnke has just broughe up that might throw a Litle light on t
subject If perpheral vasoconsscnon could be mannined, then deng
the :ﬁphauon of rapid rewarming both the peripheral vasodilsnpon
and the drop 1 snternal temperature that cocurs from 1t woeld be pr-
venred

If oae were to adminuster nor-epnephrine intravenously as 2 dop, od
‘hm‘PPl!ur:fldmm untmthkq{ythuwumlngvmﬂdbemﬁ
more gradual because of the absence of peripheral vasodilamanoe,
mught noc one 10 this way also prevent the vascular colla)

Talbott Are you presuming that there 15 cardisc failure? o

Crismon Not 1 the subjerts that are cooled oulytn:bc:ﬂ:tﬂfﬂm:h

urs were but in the expertmental antmals chec had been taken st

er temperatures.

Talbott Thete must be cardiac fuilure.

Crismon There 13.

Barton 1 dunk Hegnauer has somethung on thes that the resmmal
event 1 ventricular fiballanoa (18)

Horsath Mumdumdbyphungdxq.thct:riud;:{mmdﬁ}k
13 going to publish & showing that thac 1s acrually
thtdxvmmhrﬁmmumu bytbeathztﬁmd.f(h—fbcd""
get archythrmuas of vapous soms, aod t there is apparently an alceo0t
10 conducting ame. ()

Baxrron It 1s a conduction breakdown (19

Mimard Mt Chauman in one of Bigelow s reporss (li)let:g“:
curdisc fatlure 15 one of the termunal events and this 13 peeced
marhed e 1n venoas pressare. ;

ran,
Talbost This1s not & low remperature 8;0 wnd1s CBy

section, if he dlyrcwumeddxmlmﬂ.hcﬁﬂ{ﬂmdf
plmmvﬁy%dmd:hproccdumtbcmhmluﬁnﬂf‘am
ventricular fibdllaton.



Hypotbermm 163

Tadbots Again we muss define our experomental Limars Bigetow s ex
permnents were of oaly two or three hours duranon

Siple Ry,

Aﬁclmm,lbdmumYmmcmdmtmmzth
shift about w buch we have been arlking?

Tkt Yer.

Goitichalk 13 this a peripheral venout pressuce of central veoous peey
sare?

Morard Central. 1 belleve he measured st by catheter

Edbolm Dud you think there was & contmued fall i blood volume
with ?

Talbott Tt may take 2 Jong 25 twelve hours to reach a mummum
tempersture. We did not reach this warhun & space of four hours

Shamacies What huppens to the 1os Bud after drey o ¢ rewarmed?

Telbott In our expenmenss we proceeded uphill e approwmarely the
same tpeed a3 thar with which we descended ¢hat we would re
uoxt the blood volume s the same race chat s was foss

Sckumaecker Ded 12

Tdborr There was dinical evidence that we got aw hede trouble
\bmwepnxcrdcd slowly 1n conerast to capsd rewarming One may en
souncer dfficulty anywhere afong the Line on che »ay back  normal if
mﬂmhmnp&ilnmdwmnmwmalhcpnucmm:ybcmdvd(
£od thould be treated by cooling #nd later by permuting the remperarure
10 £een to novmal

Bebake What is the degres of hemoconcentravan

Tabort It may be es greac xs 23 c0 30 pec cent,

Bebrke Oue chould consider with referenece co flnd shutes, diue sweat
g on £ hoc day may rexule tn e loss of $oc 61 1ers f Burd. Can one gee
cxchted over a abnfr of sey —

Talbott The boss uf“gmd m the sweat B primanly extracellolyr The

traton of 35 or 30 pet cent mophred 2 reducoon 10 plasma
volune of was magninsde This 13 quire differens o general dehydranon
hach exposuse © warm weather
Edbolm Is w poss ble char there 13 another dufetence 1 the hypo-
thennls mduced by your metods, Dr T thoer oc h that of the woman
% the 0w hank, and of those immersed 1n ¢ Ad w ter? | was thnking of
the bydrogeanc effecr on the arculatron i the sarer and the removal of
tu rostanc effeer when subpears are reron ed from the warer

Talbost Ore of the patienes described by Wapburn died some tme
“‘"m;e(m) The patient was alrve on tescue but ded oo susveee

taon.

Solm That s ahat I ceally had m mind It e ¢ only the mareer of
T armung after you come out of the water Iri 2 queston that if you are
bang tex armped bemg put strasghr mto a bath you ase ooce more wwp-
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porang the armlltlonhphymﬂy It may be that that facror i of mo-
portance 10 unrmerston rpocbmzuoggowdmhﬁ;kmﬂamm

Crismon The vety cold ones do better youbleed The thing you
suggest would tend to raise the venous requm,

Edbolm Thar 15 1 the stage of carduac failure.

Tudbott Cardusc faddure 15 & good probabiluy when the core tempens-
cure 15 10 or 15 below normai

Barton Wasn t there an RAF case where a man way rescued from the
sea 2nd actually climbed out of the boat and walked out to the beach md
collapsed and died?

Talbotr Onpe of the repore from the Armed Forees 15 sumlar The
patcnt appeared m be alive xnd menrally alert but died shordy aftes

Bebnke It 1s believed that & number of patients — not a few bat qure
a number — have been lost by talang them out of the cold warer Speck-
cally 1f the water temperature 15 70 F an fndrvidual s deep body o
E::nuemnyﬁLLlct:uy 4 F 1n oae bour On the other hand, if bes

ght into the air ar 80 F duning the next rwenty munuces the e

pecarure may fall 6 F If he has been 1n warer long enough so that the
core temperatuse falls to 88 F or 83 F and s then brought ous oo
the comparatively warm air environment, the subsequent addizronal drop
10 temperature may be such as to nterfere with heart acuoa

Bur b 1 should like to ask 2 quesson. Have vou grven any thought
to the mecbanism by which ths flurd escapes throggh the ?

Talbots Nu(ﬁdldmuwd‘bcmadhm

Brrch You don t think 1t 13 canrely bydrosaatle, do you?

Talbort No Iprcsumet.hcpammuwcrcmnmpmcpmiumuaﬂ
expeniments were.

Ssple Hydrostatc from increased pressures o soert wich. Is that o
1ible?
Barton InmwmﬂxbcddntmbOdyhummduncdcheuxﬁfm
mﬂ&&urdyttcnnrbcchxtnobodglmmcdaz«mm’ [

Rark ThCPaul;t:th{.tdmd mc)wgrvmcumm s
remember I read abour it 10 @ newspaper!

Talbors Although mcdocmrcf‘mg for the Padmzmmﬂyd:ws:
there was some benefit fm:;tdmmmn;elwmw‘ﬂm

[ar benefit was attrib o

Seple 1think we aan dmide the ext 1ndixced hypo(tﬂn“‘bl:"m'J
ar lease three different categornes, 1n whuch the effecs Lhu“h"l"_‘;m
duann.ugmyhnvendLﬁermupprmd:orijcmuruﬂrﬂﬂL e che
one 18 the oral dr, mchumccqu-lmmuwhemn!‘m%gﬂ
whole body down, but ac modetate tem| turumddurh.)‘““
the tempetarures down, sull not at freenng graduall
dm?:oylcorgmmn:mdoocudx}ﬂlpbdﬂdeh‘Mp
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h:nmuun-nd(bumputru:c,lﬂ\mdtwuwouldhneanrmg
ture gradient bevween the antenor and extersor There would be
admslanty berween those rwo In that the body temy re would eventu-
#lly drop down below you bavea v xlzarpgrns:cmmd:frulhsrp
eoough you may freeze the exrenor The third one from a cold-injry
1s extremely imporaane bypochermua over & long, penod of
e for extremuties in which the whole body temperature sall se2vi up
that 1, which Jeads meo the wench foot patiem, In which you have 3
byperthermaa of a pocvon of the body with perhaps & shight drop through
the whole body Tt 1 snll holding it above & freening eemperatuse, but
bolding it down for a long peviod of ume That umng aspect s extramely
exeotut in constidenng this whaole trench-fuot prcture
Sellers An example of chas last case 13 seen m our racs thag are exposed
:ou::?ucammmnbme freenng They almost invasebly lose dheir
euns, and i many cases Jose therr enls after & varpmg of tune that
@y be aywhene from & week or 30 up ro tw etve or fifteen months
Siple As1undersund the general pcture 11 13 char w th the reducon
of the aarculation for a sufficient persod of ame there was an snoxxc effect
whdh tly cnused soee destrucoon of rssae We hare looked st
thes from varous angles but i my opmson it ts & quesaan of
wming It Iy obvious froe che precucal side that general exposure ro cold
:gusﬂrhslrmmducnrmfwlmr{mmd;mz :;lmum
A Lintle faster than exposure ca trench foot on w1 cold con
droons. Generally i uampg)wukc fﬂgmmq four to thuTp-Ax O even
seventy-tao houn before the bad casey appear Holding the excremunies
nmnmnimiwnlmgptrbdo(mlppamlyumlmpmumhnk
1 the chala of events that creares the tafury The quesaon o Where is
the tafe time Hmmtanon for remataing i conserieron? Our bodrex obrr
tnidly me C;J‘wnm 11 the extremiases :drr}nuc:e fordlbm-dur:non
1t becoroes Jethal to those it is held for
W
I think we migh int thes discussion on bypothermia o
bave Dy Ed}n!mldlmgnhbwrmofhnmrhmhcnuymyndm
expenemental work poing o m hs countiry of he would like o dn w0
Ldbolw lﬂmlﬁ‘ﬁcmmphmxedmﬂwwrkdmhpmgmh
my own Leboratory 13 all m 4 very prelimenary stage and 1 do not chink,
therefore, too moch mporaence mm 1o anpthang chat we cun
WY extepe from the pount of view of
]‘k’ffa’ﬁdbneﬂyymtfdaymcflhemlmlrﬂ)eﬂmofmld.o(
father | shoald s2y locai effect of cold warer on the hand 10 which there
"";T""hffd vasod laracton ocousrmng with o thcn:’hunrm: N;:n
Uﬂyrmmunrd;mhnpcmnmuimpemds ot more
5 Bour 10 an bour 2nd & half 5o we can ¢ say very much about the rela
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tionship of such experrments to immersion foot or Immersion band. If
you have & hand 1n water ranging from 0 to $ C. for an bour 1o an boar
and 2 half you doa t have anything apparently very much m the wryof
aftereffects 1n chat hand Th:hmfvofumeumﬂxdmﬂ'hltifuu
n 2 dependent posttion but if you maintem the hand exther at ot aboot
heart level there 15 no change 10 hand volume The tempersrure vithia
that hand 15 probably mamtained fairly high owing o the very mped
hlood flow I thenk en important problem to wark out i relanooship ©
the unmersion syndrome, will be the stage at which co¢ s gettmg
changes that are going to lexd o o damage afterward

It seems to me 1 lutle difficult to attempe to ascribe all the duogs
purdymmoxm,bccxuscc:mmlyumyntemdmmxhoﬂ;modﬂd
time cne mauntains an increased blood flow in cold water

Tt may be thac after that rclimmryhmnmmhou:mduh:l.f'ﬂl
further tmmerson the blood flow comes down again but so far we v
not got any evidence of that

Siple s thatin the peniphery?

Edbolm In the hand. diche
Stple Woald 1t be ont into Lhemrryofdwﬁngﬁl.otmﬂ
deep in the hand?

Cgbolm No 'I‘lxgr:-rmdegmofdﬂxuuonumdxmmhﬂhﬂ‘d
tian of the fingers and then 1t decrenses a3 you come into the oy
1tself but even m the hand you have an Increased blood avery
uderably increased blood flow duck,
There are cae of two aspects of this which are of some wnrerest, g
d:evcrygrathmlwdntyoumuhxvefmmmehmdlb“mm
muﬁaccxpcﬂmmuhxvcbccuarﬂcdcmlndwhbonmﬂ .
temperature of & range of from 18 1020 C warh:godmfyd"d*w
nﬂ\ﬂuwmh&mglnﬂd\ouaﬂlmellpmdﬁ“! mmcm—
calonies from ot hand alone in an hour which, of conrse, is £ &IY
stderable heat loss.
T'hcreuemmnomdnmg:lbomdxvmndomufculdﬂrﬂd\h’:
xlmdybcmmfurcdmmod)ﬂmp&umyw}‘;:l‘:ldwh
1ce warer you do noc feel cold generally even though oS
rmltmpcnmmandmmoummgumr&mm P
out of the cold water withis quire a ﬂpﬁrﬂio{ﬂm“’ﬂah Iper
munutes, you feel intense oold and yoo get goose uc 10, 0F
sonally find that rather hard to understan Itucut:flnglmwdﬁw
1 think not very largely due to an mlwdﬂo' ot
d)ecmlcdpa.n,bcamcymhﬂcchhmuscdb s::fdt
through the part dunng the whole peniod otheel'pﬂm[vmwf
Blood ofcnunc,urerumm‘gfnx-nd’mb.lm:lunlo'rcl'DP':{:dchcw
hxvcmxdcso-mcrcmpenmxemcummncnuumcbemﬂl



and lbowttmpenm:uo!drorduorw o 20 the slop 1
&mbizoftbeordcromezs

30 that
mhd%gdn%mmnﬁufﬂmdomfadmld%mhc
Wbtbthtlhudlxlmutaad
Ylew Qndﬂ:bcmwﬁaibyvm.,mmmu’mremmcdﬂm’
Edbo/u We baye been doung Itthyrmompb Hudiey, 5 &
ldeB,“t]J"l‘Dou_gocruxmonD‘sc"uszmeuﬂ\e
é?mh;ehm%%hrmmmfmmrcdun
Mintcey mupcrronmmni.lm:l’-umrou“ﬂmx
fgﬂ;':mduntbour&veorummubmmxafth:m which ;5

e do UP thar ey} “ﬂlq,ltu"cﬂmmt:u
"Wy?ﬁd}y W}ur\-canny nofxruo.u-f«n:d,nuybeuw,b
ﬂhu-hebbod forearm reducey "Jmnemn‘g hang
huﬂd“ltnr Bow in the & noe by the
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We have also tried the forearm alone, and there agam we hrve
doae very few experiments, but such 15 we have done suggest that there
oay be same ncrease 1n blood flow 10 the forearm also art low
tures, although thus effect 1s not as deamatic as that occurring in the
or in the hand Bur agam I do nort think that our data sre sufficeent for o
to be coafident.

The other effect of local old on which we have a few observanons 1
oa blood-pressure changes. When the hand is immersed m xce water there
13 2 n1s¢ of blood pressure withm the first munute or 30 2 nse cefly m
syml;c‘]ljtmu:c,wthxmlﬂdumdumhcpmmpmm
then slightly 1f the experiment 13 coatimued  the systolic pressare
climbs 2 little but not very much more, whereas the distolic pressare coc-
tnues to ruse. Duning thus slow contlnued nse there 1s no pain m the hand
Tbcp-m:;dmhnuxdutephmanmonwbnd:hmfozn&mimﬁ“
rmurmutes pethapsa deal less, depending tume the yaso-
dilatation devd.ops.P’Bufoi:d:pm of thehckofpuguwmhdxhanﬂmﬂi
cold rmmersson of the hand tbcdhnolkprwu:ecounnnammmd
1t the end of an hour duswlic pressure readings mght be over 113
mmHg  the initial Jevel being 75 mmHg

1 do noc know what relanGashup this may have ro the initiel me of
blood pressuce that you are reporting Dr Talbotr, wrth your gescad
hypothermis, but I thunk, jodging from your graphs, there was 0o veIf
great rse in diastolic pressure

Taboty No Ichmkd:epaheprumxcﬂdedanlymaﬂﬂﬂ
were observed m the same direcrron in the cand pbuse.

Bartor Do you think this could be an adrenal effect, this sready six?

Edbolm Dr Pugh, 1n my laboratory budoncnfewmudldmcﬁd;:
ﬁémtmu lfd:crehmpdn,thereunofxllmtb«:m:l;ﬁhﬂl'ﬂh v

of immertron. As far as thae goes there 15 not endence
ndr:nxlnmwtyldomtd:mkwcanmﬂynytﬂyﬂmgwm

Barch Douthcf;llof:odncphxlsoauuonlyfmmlﬂmdﬂﬂb'
factor? bave

Edbolm You hlvtnlmdamyalf\mdlm%ﬂlégmﬂﬁki‘;i‘;fmt
been uung eosinophils a3 an em) index. We do niot
uouurvigmttbcygom wedopigthwwdd:qmdmd“‘fd’q
are stored, 50 the use of cosmophuls 13 by no means on & firm basis

Barch Dr Conn might know

Conn Immﬁdhmofmmmdmmgﬂ
count a3 2n mdex of sdrenocorrical actfvity When be does Leep i 215
d:clmttmm,hcmybenhlemusemwphﬂcumumgﬂh;:wﬂy
wage. It has been demoastrated that an of
. ectomezed animals will cense & fall m eosmophils, and GeotE
Thom and others have recently reported cases of A
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heve bad 2 sharp fall of coswophils with hrmne bat oot with
ACTH.Dr C.N H. Long and hus gro hxvcmtdch:td)emno-
;lﬂ.lfu].[crwhgm?nephmehn male rats 13 abolished
astranon, sugges: the possibiliey thet adrenal cell reso i the
xS may o the endogenous ACTH refeased by ripe
Uneil some of the basic problems coanected with the of
comnopents and the fate of the cells chemselyes have been danfied =«
WmmmhmutW&MU{m
of mcreased function

Sbrmecker 13 the normal difference berween oxygen satrunanon of
weerna! and venous blood sholished or diminished in the hand durmg
@olmg, Dy Bdholm?

?ﬂ - Inm-fnndwthnmtmynudnaoutbndl;yg)

¢ On your expenments that have been 10g 1n these

Clﬂ.'u}lmtheh:.udur}mdxfm’c‘ﬁmapmcdmd’:ml?
Edbolm Yer.

m What i3 the ambient condinoa of exposure for the body a3 2
-

Edbo/m The room temperarure has been in the rangeof 18 020 C
d"“‘htﬂ!mnngorchmrydmbﬂ otherwise, m generally comfor
txble conditions

Siple Have you doce any expedmencs where you have had the body In
”‘l‘ﬂ'ﬂg ed state to stert with? If so 13 this same pheniomenon of

xcreased flow a3
Edbolm 1f you have your subject cold — and thrs has been doae not
by omselves bae by Greenfield — you seill have 1 Jocal vasodileearion fn

¢ band unmensed In cold wacer (21 22,23) That vasodiletation 1s re-

doced, bat there 13 a4l an increased flow

The sbpect sac with his trunk and legs bare at 2 room cemperacure of

13 16 C, wath two or three elecenc fans playing on him He was cold
hus band was put it the alonmeter There was nevertheless an

Baese m blood fow elthough it was much less than when he was com

warm,
Sife What was the cemperature of the water?
m Itranged from0 Cto5 C

Sipfle Have yoo ever trred the experument by starting with comfortable
?“Tmmmdbrhghg:hemp:nmmdolnmydoﬂymuc

1ame for dilatatron occurs®
Edbolm We have only ¢ & certun number of experrments in which
¢ bave kepe the hand and arm in water at 12 C. op ro eight bours.
&ﬁymma-vmmﬂmwdhlddeimﬁh

under -

ooy forearm, There 1 no vasedilataton
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We have also med coolimg the forearm alooe, snd there agam we fave
doae very few expenments, but such as we have dooe snggest thar there
may be some increase m blood flow 1n the forearm also at low
ms,ddmgh:hucﬂmumudnnuucud:zxoammahm
or 0 the hand. Bat agam I do not theok that our daw are suffiaent fors
o be confident.

The other effect of local @id on which we have a few observanons o
o blood-pressure changes. When the hand 15 immersed 10 rce water there
13 1 nise of hlood pressure within the first mumte or so 2 mse cnefly m
systolic pressare, wath & small nse m drastolic pressare. The pressure may
then fall slighdy 1f the expenment 13 coonnued  the systolic peesware
clrmbs a Irtde bat pot very much more, whereas the diasrolic pressare oo
tnues to nse Duning ths slow connmmued rise there 15 o pam m the band
The pam 13 an smmediate phenomenon which lasts for nos more than fre
mmutes, and perhaps a good desl less, depending upon the ume the vao-
dilstanoa develops Bmmrpueofd:ehtkofpumndldﬂsmmd
culdmnncmunofdmhmd,d;edlmohcpramremmmammﬂﬂ
2t the end of an bour dustolic pressare readings maght be over 113
mm Hg., the minal level bemng 75 mmHg

1 do nox know what relanmnshrp this may bave to the mmal me of
blood pressure that you are reporung Dr albore, with your geoert
bypothermua, but I thl, jdging from your graphs, dhere was 00 7
great nse m drastolc

Telbort No.1 theak sbe pr pressure vaned oaly slightly Changss

Edban D P oo hote dooe efﬁmn:i?cmcozi
Edbolm Dr Pugh, 1n my laborarory has a few
ﬂmﬁ&mumm@eumbﬂmhmﬁhﬂ’“ﬂ’d’;
of mmerson. As far as thar goes, there 13 not mdd;.lc.t
adrenal acenty 1 do poc think we can really sxy anything sbout
Barch Doalbcfluofcwmphﬂlmm}yfmmﬂw

facor?
Edbolwt You have rarsed 2 very So far we bave

fundm}dn e o
been usmg eosmophils 45 an empuncal index. We not know
ﬁcn:drygom rcdonorknawid:qmdmﬂrﬁdafﬂdﬂ
mmttd.mthcmcof«mmphﬂsubynommmlﬁrml:m

Barch Dr Conn might know
Comn Imkmemdbumom.emmofchemfﬁ
count 3 an mdex of adrenocortucal ity Wbmbedocsl:rfpr
d:clmnnms,hennybcxﬂcmmccosmop!ﬁlcmmmgﬂ lmﬂdlmy
Irhul:cmdumnmutddnxmm!ommofqmcﬁm;l
:ﬁ;ﬂcuummdmmhwﬂlm1 aﬂinmanﬁhlﬂ G‘“'dm'st

Thorn #nd others have recently reported cases of Ad 3 disease
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lnnhd:xlnx‘pfnﬂofmmpbi;mdmmehnm(vxh
ACTH.Dt. CN H Laog snd his have that the couno-
followmg € m a male rars 15 abolished

;I;mnm, suggest the possibility that sdrepal cell rets m the
mmyr?mdmcbemdogmuAm{rﬂuscdbyrpmcphrm
Unal some of the basic problems coanecred wth the mechanums ot
cosinopemia and the fxee of the cells themselves have been danfied, ¢
would scem wise not to regard cosinopents in man a3 & speafic mdicarur
of Increzsed adrenocorncal fonerron

Shemecker 13 the normal difierence berween oxygen mumnon of
aremal and veoous blood aboluhed or deminished lo the hand dunng
oling, Dr Edholm?

Edbolm 1 afrud we haven ¢ any studies on that as yet

Sipe Onyuucxpcumamdnxyouhv:bcmdcxrib 1n these
ases, was just the hand ot fust the forearm exposed to the cold?
Edbolm Yes.

hxﬁ: What 13 the smbeent condiion of exposure for the body as a
)

Edbolm The room remperature has been 1n the range of 18 020 C
d"iiﬂ>fCI:13wcmngurdi.ruryn:locbc: otherwise, m generally comfor
table condinons

Sigle Hive you dooe any experiments where you bave had the body In
. ed stace 1o seart with? If 50, is this ssme phenomenon of
ncreased fiow a3 pronownced?

Edbolwe 1f you bave your subject cold — and ¢his has been done not
by carselves bat by Greenfield — you still have 2 loal vasodilzrazion m
the band rmepersed in cold water (21 22 23) That vasodilatarion 15 re-
doced, bert there 13 sull an increased flow

The subject sat wrth his runk and legs bare, ar a room tem| rare of
13 016 C, with two o« three electnc fans playping on hm. He was cold

bus hand was pur 1o the aaborimeter There was nevertheless an
naease b blood flow alchough I was much less than when be was com-

borably warm,
Sip" What was the remperature of the water?
bolm Tt anged from0 Cto3 C
Yiple Have you ever tried the experiment by sartmg wath comforuable
‘melndbfmgmgﬁnmpcﬂmmdommyda\lymm
*baber thar seme for dilataton occurs®
Edbolm e have coly 2 cerain nember of expenments m which
€ have kent the hand and arm jn warer &t 12 C. up to eight houss.
ﬁ“ﬁmmﬂ.mmummﬂh&:ﬁ
1 er L
doss and forexrm. There is no vasedilatadon
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‘We have also tried cooling the forearm alone, and there agan we have
done very few expeniments, bat such #3 we have done suggest that there
may be some increase m blood flow 1n the forearm also at low
tares, although ths effect is not 23 deamaric as that occurmng m the frper
or m the hand. But agun I do not think that our data are sffiaent for m
to be confident.

The other effect of local cold on which we have 1 few observanoas 13
anblood-pressure changes When the hand 1 immersed m xce water, there
13 8 11se of blood pressure within the firse munore or so, & se cuefly m
systolic with a small nise m drastolic pressure. The peessure may
then slightly if the expermment 13 conanued che lic pressure
dimbs a ltttle but not very much more, whereas the diastolic pressare oo
tmues to ruse. Duning this slow coatinued rise there 1 no pain m the hand.
The pam 13 40 1mmediate phesomennn which Lasts for not more than frre
munutes and perhaps a good deal less, dependmg npon the time the s
dilatation develops Bur 1n spete of the lLack of pam wrth this copnmoed
culdlmmemmofthchmd,tbedurmhcpmecmthuumnx.nﬂ
atd:ccudofmhourmmohcptummmdlug:mlgbtbemlu
mm.Hg the mnitsl level beng 75 mm.Hg

T do nor know what relanonshsp this may have 1o the inmal me of
bloodpmredn:yuumrcpotdngDLTﬂhm.Wﬂmﬁwl
hypothermus, but I think, judging from pour graphs, there was 50 YJ
great rse n deastolic pressure

Talbort No I thmk the pressure vasied only slightly Changes

Barion Do you think this coold be an adrensl effecy, hus steady 2
Edbolm Dt Pugh, m my laboratory ]:njdouelfcvm:dxumcuﬂ:}’
Efdctmmlfd}munopuu,d)munohﬂmdxcmbo?hﬂlﬂd’ g
oflmmsmmfuuchatgou,thmhmmnchnﬂm
adrenal scervity 1 do not tunk we can really say about chat
Buerch Douthef;ﬂofmmpblkm:mlyﬁommtﬂw
facror? e
Edbolm Youhxvenuu:lnvcryfund:m:nnlpomSofﬂ“fmr
been cmmprumunptnaliﬂdachowbowdﬁdifdﬂ
tzon or where they go to we do pot know if they are destoyed af
mmrcd.wthemcofcmmpbﬂjubymmammnﬁm\m
Baxrch Dr Conn might know
Conn Immmﬁdhamofmewam@ﬂ
count as an mdex of adrenocortraal actrvity thuhedodktcpmdm
d:ehmlmums,hemnybezblemmémophﬂmmwyﬂh;:uuuy
o Ithubcmdmmttddntmh{[mofepnc‘:bﬂm
ccromured anumals will cause 2 fall in deCO‘dm'S
Thorn and others have recently reported cases of A 3 disease
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bave bad o shaep fall of eonnophuls with ephrine but not wich
ACTH.Dr C.N H Long and hs group have thar the ensino-
?uuhmfnjmephrmch ecromized male rats 18 abolish <

Qstration, saggest the possibility that adrensl cell rescs i the
RS oy m the endo, ACTH released by hrine
lhn]lome'mbanc ptobl.ci:nc:uncacd mththcmm ot
ﬁmumdthcfueohhec:llnhﬂmdmhnnbcendmhml 1t

seem wise not to d eounopents m man &5 & speafic mdicacur
dhuea:dldr:nomrd;F“

Shemecker hdxnomddﬂmbcrwcmuxygmumnnmat
#eral and venous blood abolished or diminshed m the band durmg
@aling, Dr Edholm?

Edbolws 1xm efrard we haven ¢ any studies on ther as yer

Siple On your expenments that you bave been dexcribing 1 these
@1, wis fuse the hand of Just the forearm exposed to the cold®

Edbolw Yes.

h“;ﬁ’; What is the ambient condition of exposure for the body as
)

df"“l The room temperatace has been In the rangeof 18 ©20 C.
sabiecrs wearing o oth m generally comfor
e g ordinary coches erwise, . generally

Have you doae expetiments where you bave had the body In
'x'th cdmr::gymnwdﬂlfn 13 this same phenomenon of
acreased hiood n ?

Lebolw If you have your subject cold — and thls bas been dooe not
l’fmdmhnbyGfemﬁ:id— sull heve a local vasodileranon in
te band imunersed 1n cold warer (21 22 23) That vasodilananon 1 re-
m.hudmeh!dllmmamdﬂow

Whrccxuzwid:lmu'uuknmilcgsbu:.-urm rure of
1 w16 €., with oo or three electric fans playmg on him. He was cold
bi3 bund was put wmto the calortmerer There was nevertheless an
crense bn blood flow although rt was much less than when he was com-
wam

Sifle Heve comfortable
Yyou ever tred the experrment by starting with
‘"“‘mgnummdbrhgtng(hemnpu:mdcwumdoﬂymm

)
mmda-zforddauumocrun’

Edholm We have only done a cerrain number of expermments 1n which

“b""h'ptdrhmdmdummmmnlz C. op to eght bours.

f&jﬁ“@mmu"mmﬂwmgmmmgh

vk T B 0 vaodisann oo i
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Siple The thing tha 1 was derving at with thus question was my feelmg
that you ere dealing with a sumulns that creates dilamtion which 13 poc
necessacly skia to the constriction phenomenon drat 1 observed
in slow or gradual cooling In such cases you would expect long-lasting
coastriction, 43 m trench-foot exposure.

You have made & very important observation In showing that with &
strong stimulus you do get ¢ diatation 1n the extremities We know for
example, that the head reacts normally to 2 cold sumulus, by dilzanon,
Even though oae does not cover up hrs head 1n moderately cold and not
too wihdy weather he may still feel comfortable. ng)l:bdmxhuif
thewr hands and feet were like their head they woald ectly com-
formable 10 cold weather They fail o realize the dispropo amount
of body hear loss from the head as compared to that Jast from the fect 2nd
hands. Mort and more blood ketps flowing to the head to try to make
for the increased cold expasure Ir would indicate at least thar there
somethung that coatrols the flow of blood locally 1n the hand, and that
the consericrors end difators for the whole system (arm and hand) are
some 1 a ceater above the hand

Bebmke Do you get a horseshoe curve? 1 refer to whar S Thomas
Lewis showed 2 long ume ago that mipdmal blood flow in the hand
occuts around 13 to 20 C., and then the blood flow Dr Edbolm, at
0 t©5 C 13about the same a3 that observed ar 38 C.

Edbolm Or cven higher

Bebzke Yes even higher That is the amazing Isn ¢ it qudte -

ot to derermime the mimmal blood fow level, and then mey you not

ret the sugmenced blood flow st & lower remperarure, 1y below

12 or1s C,asthe first mdication of some type of Infury?

Edholm 1 think that 15 the potat. Is it injury response? Cerainly &t
Greenfield thowed it 13 0ot dependent on the vasomotoe syseem. It fa 8
Locul res; lndpraumxblvinvolvﬂlhunnmlmachmhm,bmldo
not dmwch:vemymdm:eumwhxtdmmcdnnmmxyb&

Horsath Don t you show cycles which get progressvely smaller snd
smaller?

Edbolm Na;\md:nh:cm‘:idlmthw:mmlﬂord-

Sipe Does fangue occur

&”;o?u Wchxv:gmconﬁ;lfglynmdmmofmlnmmdlbﬂf
mddudngdn:pcuodd:erchmubdndlﬂonfmmmbicﬁmmbkﬂ
mdrdqgreeofmnmmwhkhocmndﬂﬂnslthchd-Ymb:;y
hvcvcryhrdchtmdngdurh]gdluumtrﬂmlh‘"m?"hd
g ocourring Burcbcmﬁl:lnoendmae. thiok, from any of our records

far thar there is

DBrﬂon Ixmd:lnﬁgoﬂ;nﬂﬂem:dnnhnohhhvhxhﬁwdi:
almost parely mechanical. Have yoa thought of what happeas if you
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unal be has his dilameon, and then soddenly while the haod 18 n dilata
tlon, put jt back into repid water? What haj to the dilatadoa then?
Does it dess, £0d go back to & moderardy low fow?

Edbolm We have that expenment without measunng the fow
because we have been Interested ln the pain prodoced by cold. Perhaps
ochers have some informanon or have done the expeniments, bort the pain
with cold i very curoms When your hand goes immediarely into the 1ce
water the pan i extremely unpleasant there may even be
That pain passes off a3 the tanon comes oo. Y onr hand may be
in for an bour and a half 1am not going  say rt s perfectly comformble,
bat there 18 not very much pain after the il epesode. There 13 some
slight discomforr, and dhat 13 all exaepe duning persods of coastricoon.
Now rke that hand out and put 1t m repd warer of 30 and you have
inreme pam,

Barton You bave t pat 1t into & tepid calorimerer

Edbolm We have noc doae that.

Bartox 1f this mectanium that 1 have posrulated in my mimd 5 true,
you should ger a decretse when you pot it 1n teped water

Bebuke 1s there an anesthess of the sensory endmgs, and i it possible
that ooe does not feel cold because of the anesthesia?

Edbolm In the perrod of an bour and & half there may be some bot
there 13 nothung very dramanc m the way of sensory loss. You have loss
of finger dextenity of course, bax not very t, NOt A3 for msmance,
11 when muscles of the fotearm are cooled, when the fingets cxn scarcely
be maved ac all Bat I do noc think there can be ary great anesthesia, be
cxase if dunng this immeTsson there s vasoconstricnon, you wall get pain.

Bebuke Have you cried the pirpock test?

Edbolm Yer.

Belmke Docs one feel as much wth the hand in cold water?

Edbolm 1 wouldn tlile to say that there is no loss of semadon 1 think
there may be some loss of scnsation.

Bebmke Thms s not the reason why one does oot feed pain?

Edbolm 1do noc think so.

Bebute It ks not due to anesthena?

Edholm No

Burron Y ou sl feel ¢ ac the demarcation poene ar the wrist?

Edbolm No, noc very dlearly pousibly slightly

Bartow Isn ¢t troe that when you immerse in cold water the pam is
all aronnd where the body enters the waret?

Bebuke Yex, it tobe but the pam 1n the cold water test, when
the whole body I immersed, 13 greater when the hands are under warer
Presumsbly we did not keep our hands under water long coough. If we
evald keep our hands under water perhaps the pam would go away but
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the only one felt really was the extremely painful sensarion m the
toes and feer dunng the whole persod. This pam did noc dusappear durmg
the persod of exposure (2bout oae hour)

Fidbolm ‘1bere 13 0o doubt whatever that this local response 15 mark
edly affecred by the state of body temperatare

Mowrey 1 should like to ask Dr Shumacker 1a refrigeration anes-
thesus wsed 10 duabenc gangeene, how long does it take before the pain
m the extremuty disappears after packmg In 1ce?

Shamecker I canaot answer the question 1n a prease way I do not use
refrigeration anesthesta for opertive procedures, but only use local re-
frgeration 1n order to achieve & phyuological amputanon of an fnfecred
limb which has to be smputated surgscally later on. In such crcumstances
the relief of paun 13 quire prompt, but I do not know ly how loag i
nku.Wbcntbekehﬁthpllcd,tndﬂpcanUy 2 tight tonmiques 18
applied 21 the same nme, as is often the case, there may be some transsent

ac Ayt For thus reason we offen give some peforehand.
M:dynﬁﬂ-pplbmnofdmccbooct}nllmbbmomqquimmfon

e,

Mowrey It 1y withun the period of an hour?

Sburmacker Yes

Talbots Withn fifreen munures

Shustacker I would tay somewhere between five or ten minutes end
a0 hour

Bebrke Dr Edbolm, I think thar 1t 18 yery important o make scudies
of the degree of saruranon of the hemoglobin. One may get
blood from the veins duning exposure of the hand In hot water It would
be very interesung if beginning with a munymal blood flow ar 130

the temperature was subsequently lowered gnd the Jexsened degree of
desaturanon of the blood.

Dr Hortvath, 2t what remperaruce 1 thete 20 appreciable reducrion of

sararanon of the hemoglobn?

u;lg:]mb It searts mghr awey It goes down and becomes progresmvely
worse.
Bebwbe What kund of curve does one gee? I have not seen i¢ published,
by the way Has 1t been published?

Horvath Oh,yes 1 1n 1942 or 1941

Talboss What was the quesnon?

Horeath That axygen curve

Talboss ‘That was m the Amercas [ournnd of Phtsiology (8)

Horsath There 13 also o be published # tarher extensive sencs by Pen-
rod on varsous temperatures, bat ar present siot enough has been prb-
lished to indrcare w 1t 13 linear of poL,
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Berton At 20 C.ltonlyﬂkulﬂmm.nfoxygmt:mmnmnmme
blood. There i a very marked decrease indeed.

Bebxhe ledd)emuxmdmu!mmmdmpmxbt?gmﬂ

Edbolm The oxygen consumption of the is very

Barch When g the hand, did you submerge only the hand
and leave the fingernps our of the water?

Edbolm No we put in ditber one finger or the whole band.

Barch You did nox do the experiment of Lewls in his study of Ray-
mm{‘ldmz.lnwhmbbelcftch:ﬁ.ugﬂu out of the coal warer?

Edbolm No Wo].EmdPu:bmxm:uj reported some observadons
oa the after response to cold (24)

Siple Iu;amdmcevhi:dmidaofbnngmgdlemfmmm
very gradually msread of creating anomalons sumulos, and
realling the horseshoe cnrve Dr Bcbnkedcnaiba:hwhﬂugo T think it
wonld be extremely mpornnt to find ouz if s holds true for the con-
xmncrion and subsequent dilameon. One of the things thar we note 1 the
sequence of events leeding to trench-foot mjury is the faflure of & wam-
mg thar the body is 1n danger It is ane of the few thermal conditions of
potentul hazard where the warming disappears upoa exposure o low tem-

pcnmre.Appumdyd:ercmp:nmmgndi the skun ordl-
mn'}yu:dmu For exemple, 1n the case of mecm:dhmds
sartng with 2 water temperarure, H the

Jowered very graduslly oal nfmcdonof:dngecnldnx.mewould

umcdntbcumcoflhckofl.hu-pchnmﬂ eqt in the dlan the
mpmzumcuuldp-uughxmd:mghdzl where pain should ap-
but withour 1

mecddnn.hmmh.dp;munmedhim,mdhemokmcofhlm—
sedf or that he went oa if he bad to and bat that he never got
Bmdafuocwbcrcmcgﬂdud}ymﬁg;nmmyvtmiug,lnd
never even gets o freenng, ane 13 not necesadly very uncomforrable and
dxer:(ufe.uablemmymzbed.mgcrmnefo;nlou ¢ dme that one
may get mto trooble. If any of you could coas that far down and s
vhnbctarnmcbedxhu.dnuvlﬂncmxl}yhlppmul}:hyﬂaﬂylﬂvmn—
peraenre, of if yon conld find that it was due to Lack of pain sumulus that
h:dwomh:el.fouimdhadmmmcnd.dm could see whether
dnddnhndgmmmldmughmtm ég:

Edbolw 1think I can snswer dmudu:-nouppu:mbedu:
10 the sturmlug, becxuse v occur m subjecrs with complere de

of the hand or finger
Siple Then you would predicr that m this experment, after the tem-
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pmmxchtdgomdownm-cempm(tbcddnmdonwnldnmuuy
occur?

Edbolm “Well, I think I had better do the experiment.

There s oaly one other prece of work that would be worth while re-
porting hete. It is quite a subject, Dr Hatfield 1n my department
s been determuning agam the thermal condecrance of human dise
23) He has measured thermal conducance In fat and m mosde. The
gures be bas are very different from those which oae obelns with heef
muscle and beef fat. Some tme 2go Hardy and Sodersirom, discussing
the pheral blood flow in sub| exposed to vanous emperatures,
mcfffligmc for the thermal me:{?;ucc of the superficial tussues which
was 10 part upon messurements of the conductance of beef fac and
muscle, which they found to be almost 1dentical Humaa fat and human
muscle do not have an idenncal condocoance  human musde coaduas
about two or three ames betrer then buman far does, Hatfield also esd
mxted the conductance of beef far and beef muscle and obamed the same
figures that Hardy and Soderstrom obeined (26)

Dr Talbotr mentioned that in one of his hypothermis expeniments the
buttocks became rock hard.

It 13 reported in the literature that the solidificetion pomts of fat vary
a good deal 1n different anumals, but human fat solwdifics st about 15 C.
50 oac presumuably would expect to feel solid fat ar below
15 C.I wonder if the explanaton of your observation is that the fat had
solidified, and 1f a similar explenatson would sccount for the hardness
of the face when 1t is appatently frostbitren.

Burton Haxve any studies been mede of fat for different parts of the

salidification

body? I am thinking of the expenments oa the cadbon the
point with far from the kand might be very different with fat from the
sbdomen.

Edbolm We arc hoping to do that. It 18 00t yery easy to get & very sat
isfacoty end pornt 1n these so-called solidification messurementt.

Kaerk Melung polnt of fat udnzvhuyoulr;lgumg?

Edbolm 1 you like, melting point, o the soltdificanon point.

Kerk Whauboutu.nngbdmc—uumlf)czu nf;amdon,wincb

parenty is also relared to this ease ol
lPlylm!m T’hﬂeueﬁgmumtheh:mmmms:myanﬂda:blc
difference in different speacs but I do not think they have been doae
from that potnt of view

Barton Tt would be mce to do the experiments dooc o the casibou on
the human.

;(ﬂﬁ There 15 2 man tn Norway named Schmide Niclsen (27) who
showed that the lower the skan tem) of ¢ man s body the lower

the melting point of the
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which had occurred after 2 very short, or relatively shorr, period of ex
posuse to moderate cold.

Mrmard Mr Chauman, I should like to mennon in that coanecron an
obsetvation on a subjecr following a forty mmnute immersion 10 water st
45 C. About thirty-six hours following the immerson, & macular erup-
don appeared over the tunk and persisted for about two days. With no
other apparent canse, thus cruption seems to bave been relared w the
immersion.

Tdbots Insea water?

Mmard Yes, this was a0 immersioa in sea warer at Argentia New-
foundland

Bebwke Onc of the most remarkable immersions in cold water was re
lated to me recently by Dr Sverdrup Durector of the Norsk Polarmstrtat,
Oslo Norway It occurred during the Norweglan British-Swedssh ex
peditica to the Antarcuc last year AyouugSwud.uhgnmgnphch
with two companions 10 a boat that was carrled under by the carrent. His
companions drowned and be was immersed 1n warer at @ temperamre of
—~135 C. He swam 1 distance of over 200 meters, wearng Arctic cloth-
fnﬁl\-xfnulbemchcdmteﬂoe.ﬁecxpom:edmcinmtrwpdnp
2 bour On the ce floe the temperatare was —12  with the wind
blowing His statement said  Got over on 2 large ice floe. T froxe terribly
mthe —12 C. cold air Kept moving, running around oa the floe. I last
myaPlDdg!Dva.butlmdmylnm!koa.mddutprmtcmdmclglhﬁ
the wind

Burton Thisis —12 C.?

Bebnke Minus 12

Bsrton That would be Centigrade, woulda tit?

Bebube Yes He contnued  “The sun appeared 2od warmed me 1
oaﬂdnuwgaoﬁmyumummdboou,unﬁcgdd:ewu:rmddﬂmy
socks I kept constntly moving to the blood drculanng The bost

finally reached me, and I obtained dry This was 2 00 P, afrer
1 had spent thurteen long bours an the ke floe 1 had some warm coffee.
1 walked to Maudh where I dintely tamed in and went to slecp-

1 have had no (I effects from the exposure.
HumpmnmdmghgbcfmehewmrmdnhAmmiCaﬁdmﬂﬂv
that be mighc be too delicare to be exposed to cold weather He did pretty
well
Hﬂtunpimucofth:x:“minwbrdlhzm;w{mmlng ﬁdhctt
is & pacrure of the survrvor He is not athlenc. He is a young maa sbout
twenty two years of ege and about 6 feet 2 mches in beight.
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n The Loss of heat from the hunds and from the Sngens immerwed f
ald water ibd 113, 459 (1951)

2.6 ADM and & ot of the re
mmddo(dzdrmlmth:mghﬂxﬁngmdnml Ci.
. 0, 123 (1950)

24 Worrr H H, and Poceme E. E.. Quanttative obscrvations oa vescober i
scoom in hmam dgit 1n rospome W local eooling ausaa.m(ms)
25 Harrmo, H 8, and Poor, L. G C. E.. Thermal conduactrrity of
and moscle. Nagwre (1951) (In peem)
26. Hiaor ] D and Soorarmost, G. F Heat bom from onde bod: E:ﬂ'bh—
a-lbloodﬁnwumpa:mulecmssclh'mlﬂ,ﬂj 1938)
77 SonavrNmimx K. Meldng polnt of burman fats ax yelated t their loc-
thon it body Acta phyool, Scendines 13, 127 (1946)
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of u o initlared chrough 0 endocrine ? There is no
cridencein the t rerarure whasoever to thaw wirecher it lninaced by the

argi
When we come 1o the short-term effeets of the cold on mas, T ind the
following In the berature which sogpels acdinfanzation First of all,



184 Cold Inysry

Freeman, Pucus, 20d Glover (6) have shown that udnary 17 ketoster
od excrenon 15 wocreased m man on shost term exposure o the cold.
Kearon end Mirchell (7) have shown that the tolerance to the cold 15 -
crensed by # hugh carbohydrate diet, and there 13 also suggesave evidence
that between-meal feedings or muluple feedings, influence favorably the
toletance to cold.

Stemn and Bader (8) demonstrated equivocal evidence of putnitary

sumnlanon in the cold.

Bass (9) recemly has shown thar there are 0o speafic changes In the
counophuls or unc #ad/aeannmne rano 1 men exposed to the cold
I don v know anything about that invesdgation. I saw the abstract in the
Feaeratron Proceedsmgs Perhaps Colonel Blair will tell us some more
about that,

Daniels (10) working m the same laboratory as Bass, the Clinatic
Rescarch Laboratory writes that there are small co-ordinated changes m
sty responses rather than & striking change in any cae funcrion, with
ndicndions of reduced physiologual strain being enident. Is that correat?

Blazr Yes, that 1 cotrect, I beard Dr Bass 1 and Dr, Dansel s presents-
tons at the Federaton Meetings in Cleveland, and discussed with them
the reason why they failed o get any increase 10 eomnophil coeat.
My own impresuon was that the cold streas under which the men were

laced may noc have been tevere enongh to cliat an eosinophil responsc.

‘welve subjects dressed m shorta, were expased about tweaty hoars
daily for twelve days t a rather moderare degree of cold strexs,

60 F Grearer cold stress may be requured to bring abour an increase

cosimihm
Kavk In rymg to determine whether there was o true Increase of me-
tbolism in men to cold, Horvath and his colleagues, end Gray
and Consolazio and I (11) did studies of axygen consumprron o met
wepring Arctic, tempetate, and uniforms ia different tempers-
tures, and in those studies we thar there way oaly & 2 per cent o
crease in beat production in the cold 15 compared with the other dsmares,
over and above the ofdmhmgthnth:mcuwcrcmmguﬂmi‘
mum work rates So does not seem ro be any really true of oremen
dous increase 1n speafic beat prodoction m man a3 there Is L
be in animals exposed ro cold + we did pot do these studies on sockma
tzed men The subjects wese nnecclimatized.

Horeath Oaum:dmwereonuma:llmmtcdmﬂywd;ﬂ;ﬂdm

don ¢ think that fourteen days of exposare to & cold environment MEXH

mythhginmmof:cclmch;ﬂou.mlaxthqmbang.cdimﬂﬂi

‘They may have smarted being acclimatzed here 5
Kark We also showed on the Musk Ox expedinon (12) that
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1n domg hustology in the North, there was some trouble abour fxaron,
and for that reason they had these livers that looked file fatry Irvers boc
without stanable fat in them, It was the following year that they showed

slrcni;-lx
Edbolm Weren t there faurly rapid changes in the shxe of the enlarged
lrvers duning the period they were up there?

Barton Idon t remember the changes in size. He did try some dietary
experiments, and m some cases was able to change this back to what one
wonld constder normal in other races — by changing the diet. But I dont
remember the details

Sellers Well, first, as I sald, from a clinicel potnt of view they felt that
they were dealing wuth facty Liver 50 they decided that trearment with
lipotropuc facrors would be a ressonable course to follow bur they did not
have any successful results with them. I think with mixed vieamins,
amounes of B complex, or with milk powder there was & decrease In
s1ze of the Liver in & matter of 2 few weeks.

Bartos 1think m your general review of definlte evidence of socims
tratlon wo cold, Ishould also ke o include the wark done by Mackworth
several years ago He i3, I thunk, ane of the few persons who definitely

evidence of acclimanzation. He took a group of men at Chrarch-

some of whom were lving cutsde and were really expased to cold,
and others of whom were lving as most do in Churchill In overbeated
barracks, and did 2 test of tacnle discrmination Very definkely there
was a statsucally val d difference berween the two groups. There wis
also a difference in the behavior of their sk remperarures. So I regard
that as one of the very first objective pleces of evidence of scclimad:
zatioa to cold heve pere.

Hébolss May 13 of that, Mr Chairman? I e paper
Dr Lhckworﬂnmmdlygnvemelprdhnmuydnﬁb:hﬂ“dﬂ
The gist of 1t Dr Burton has already grven you.

DrM:cL—wonhhucounnucdmuwrkinE;géI;;i :xpo!b:ghf-”;reb'

in a cold chamber ordinary g, ate

!Jefc‘l:ppmnmnclyvlo ‘gl?omgod,mldau of one hour datly they
sat m this chamber At the end of the bour oae finger was orerd
loulwmdnmnchbcdrrpccdbdngofcheordcrof}&)méOﬂffﬂf“
mmﬁeﬁugﬁwubddhchhmcmm:fmmminmmg
tle sensithnity was measured by the two-point tacle discrimupanot D
nique before #nd after cxposure, 30 it was possible t stndy the degree
ﬁngunmhnmu\dmmamedxfmommwm

In the subjects who were cxposed for an y
abviousamd'c?:dndw)guindxdegneordmdmofnmnbnﬁ
Jowing this exposure. Mackworth then tried an exposare of t#0
dxﬂymdwhmhedlddm,duriug:heﬁxnmwrdndncrcvulﬂmhd
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depends upon 1ts status or primung at the paruculer moment that the
ACTH 13 gtven For example, 1n well fed people, 1f you grve ACTH yoo
guknmud;ﬁymhwawpmwﬂodcvdopkmmnd
yUud:mgwchImACH{,tﬁCkcmuuuad&app&n.WhuImﬂﬂ’bgtﬂ
get ac o3 thus f you take a group of people up to the Arcuic and study
their adrena] response to the cold by varons messurements, you might
find & wide variety of reacnons, but 1 don t think you are going to find ¢
very uniform type of reactioa. We certainly had wide varianons in dant
from the Shilo study

As far a3 eosino, are concerned a3 far as the urescreatine mtto 8

and as far as other means of measurmg adrenocoracal
are concemned, our group has become very skepacal of & number of thes?
measurements (19)

I wanr o show you two things about eosnophuls, since everybody
settns 1o use the eosinophil coont as an index of adrenal actrnry Tios
concepr 18 tncorrect, I feel sure.

These slides (Figure 29 and 30) are from some of my colleagnes who
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Frroax 39 Diurnal rend of mesn hiood eoninophal levels,
ndgecn 23 fram B AM. 0 6 666 M b0 BAN sod 12 partial o comphee
by s . fepeanod by peemimce froe B, L. W 40 Semser, M.t Blowd
61 (1950)

mmrkingwnhm:oncmlmFb 5. These are fust 0 show the diumal
trend of mean blood epsinophil mhmmxﬂwbcﬂheufa.niugu:d'}'m
bhe 13 eanng normally (20‘1 You see, there c2n be considerable drops dur
ing the four hoar perod during which most of us do Thom rests.
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Figure 30 shows ove sheolute counts in an kod-
mmmwnmwmmmfmdmmm

Moreover recently Bitnman (21) of Califacoue bas shown thar sinple
things like damg a Valsabra mancuves an Amrhdeonn?um.
Changes 15 respiration cectnly om alter the eotinophil count. So 1 tunk
we have t0 be very chary abowt ugag the cosmophll a1 s messare of
adrenococtianl fimenon.

REPRESENTATIVE 24 HOUR B.00D EDSIMOPHIL CURVES RUDD

homy o T emy-fom: howr blood cmucopbl cerves wah
ta mﬁﬁw?&uﬁwmmbmm
at fracrmmine Cwmpared (orttu dovcht Repomesd by permumuon from
Bew, Rk W nd&.ﬁx,.., W Blowd 6 6:[’:““0)

am Shoer has also showa that the urk sad<resnnme rapo cm be
altered by differences m diet (22) 30 we canmx ose that as kn mdex
of adrenal funcnon.
Now In oo sndy (Figare 31) which was amde in the winges of 1947
(13) we used a1 eubjecrs tharty-two young volunteer soldien m Flonda
who were sccliirarmzed w hear We pud them oo alrcraft and flew them
umemp&doumWhmp:sgumdmnmdfmmemmﬁ
they were put e the feld for a penod of eleven days. The
wear down © —43  bor flucroated wp wad down. Then they were
moved out of the fidd and wrudted i warm bacrecks foe thres dam All









“r s

194 Cold Infery
WATER RESTRICTION — DIURESIS TEST

——e  BOUC F——t  ATOVY
10100CA) §omoasoc) | m (1650 )

I

SPECFIC GRATY
(DESTLLED WATER 1000}

el LR I L ;_'
ERE R IR RRELEEEE
THE OF DAY (hourdd -
SPLCIFIC GRAVITY OF URINE DURING WATER RESTRICTION—
DIURESLS TEST

Ordumates Speafic gravity of urne compared with disnlied water e the st
tempersmre.

Absclsme For each of the four expermental groups, the ome of dey dodog te
trsz. The thine ieeded (0800-0830) m drink the waser by denoced by sobd ber &
the chare, The dose of waaer was 20 @l pey kilo budy weighe.

Toouax 32 Specific gravity of nre wutrr rescricrion-dinrests o by pex
colmon fr0m Strrind 1o the Cotd 8GO0 MdmNuﬁimwy.ﬁde“
Nov 30, 1948 (Fig 28)

222 on the eleventh day of beng m the bivouac, and then during re
covery it went back to 1.23

And bere again you see m this slide that there are changes away from
the Florida level duning the brvouac in all groaps, end then  rerm, dve
to recovery woward the Florda type of curve but not exactly the same.

Mowrey Bythar, Dr Rark, you mean that the largest bourly day speck
men was two points higher than thar of the night?

Kark No ‘when you compare the volume of the ane-honr specimen
over the night volume —

Mowrey The rano between those two

Kerk Ya, the mtlo between the two

Cows Do you know whether thar can be related ro the ghan losses of
water in Florida as compared with the skm Josses 1n the North?

Kerk Itmaybe Idoube it
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Barcd What abour these changes of filtration just presenced by
Dr Talbort?
Ka-ilrnnybcrdxtcdmdm,bmccmmli_thnuue Enomenon.
At far 23 the nitrogen balence 1s concered (Figure 33) let s disregard

NUTRIENT BALANCE — NITROGEN WATER
[T 33 [t GOUPTY
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O e WY R YN Y U O Y
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o
Ocdoases Top Nu Balince
ol ool jei e chid
Abectas Geocps o o7 m beromi e Kk fox ach frocp aeeshown 8

ég“ ey oy

v SHE ot i bt it Yovirk o i oo

the low calorie groups. Note thar m G 4, akmg a3 much food as
dlxj"mtcbet:unb-:lmdymm ?

fir day of acute cxposure, m w hich we found maximum dreresls within
theﬁmdghthoun'i“ gure 21 p 123) Iwant ro show the water balance
there. You wil] sce there 13 & pegative warer bafance, thae i, & diwre-

00 the firse day in all groups. In the 1 100-calone group yoa will see s
ourked wacer dhurens pracucally thronghour the whole period of soady
Web:ﬂcvedu:umvolmmygzhydrmouducmhmnu:h,vﬂd:wc
bave nodeed befoce.

Fmﬂmﬂmmcﬂma{wldmhamlugy Here



196 Cold Infary

ACUTE EXPOSURE TO COLD — HEMATOLOGY
[AVERAGES FOR THIRTY SUBJECTS)
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Kark Those are vanous types of records that Mills ok from Vinl
Sunmmdﬁmn}mizg.lmrds

Barch Because the differences in dugnosdc faalittes may account for
a part of the differences shown.
Kart Ithunk so

Barch The bospatal facilitles in the Soath aze not as good.

Kark His 1deas have been very severely criticired by Harrington, #s
everybody knows, but I just put rt forwurd as 2 specalation T havea feel
mg and I may be wrong, our group here should not coafine Inelf

ely to thinking over the next years, in terms of frosthite and

Barton 1should Like to raise one very important pount, which I learned
scmndhmd,utomypinuury-:drcmlru‘pmscmrbcmmofmld.m
was the resalt of 2 conversation with Jean Manery Fisher who with Dr.
Ken Fisher 1sup at our Northern Research Laboratories at Churchill, and
has been working dhere for the Last two years. They have been settiag op
€30 to measure 1n every way they can the adrenocortical respoase, She
mdcbatchqwmmuunceddmyouuxﬂddcmm:mmnapoﬂuﬁt
clmlymthemldimwhoue?oﬂtdltcbu:d\ﬂlw}mdltygom s
couple of weeks on a sort of indoctrinaton to the cold  conrse. Bur the
thung that wornied her was whether thes response was relared to the cold
or to pspchological factors, because It 15 50 difficult to separate them. The
men all ace a bit worried about going out at 30 below in the wind and liv
mg in tents They are keyed up #0d the resnlts of other people would
show that thet amount of snxety and 50 oq, conld produce quite s great
a response It must be a very difficult i el such ©
scparate these facrors, because 115 2 traums, in & way to besent
out on oae of these

1 am wondering, Dr Kark, whether that could be exdnded in the ex
pernments of

Kark We chd Minnczocs Muluphasic P Inventory on all of
detailed psycholo sudies. There wete

our subjects, and we did v
chmgulnd}uxpsycbad;imgthepﬁxodoidme(hthlhcmm
and I gm sare —

difficul, fsa £27

Bsrtow How wte we ever to rule ont anxiery? It is very 1
Kark Ianthinkofonedﬂ:igchltuﬁ ¢ be worth doing — 20d
chink this cught to be a combined Army Force.mdNavypfﬂfﬂJ;
n.ndth:thmmdymcnd:mxlglmdxmmmdpugnviolmrdeﬁ‘d]
tchOnh,mA:cuclm;,agnmd)Oicmmmwh)dxelv{olcn!hdx
in the temperate climates ot tropic climares, It scems to me that cuat
hndofpm}cath:cmldbesctupbythcAmgunimeoandm.
We tnied to seart one like that some time back, but falled. With
gnmmtuatmmld.pe;h;puwrcuﬂdg«mcblmn{ygomg
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1 heared barracks and were outnde in the cold for three o five houss
daily On the first of April they were brought back to Fort Knox and ob-
served there fof eanther ax weeks, Throughout thes dme we could degect
00 mignificant chaage in the basal metabolism and protetn-bound sodine
of aay ot the subjecrs. There was 1 slight decrease in the average protein-
bound {ndime whilc the subjects were st (hurchill, although there was not
« ugficant difference in the Churchull yersus the Fort Knox valoes,

Kark Do you remember what they were?

Gorysybalk It was a macter of approxmately one half # microgrem per
cmLItmlvn-v:mﬂ_ldn.uge_

It 13 also interesting to note that one of these men had sernm prorein-
bound iodine values in the myxedematous range, and yet we could detect
10 difference m hus tolerance to cold He certamnly snffered no more than
the other men at Churchill

One summes we had the opportunity to dew blood from & of
mmmﬁskhnos,tmofwhzgcmtg'om&mham Idmfggdi-
west Tertitoties and seven from Chesterfield Inlet, N W'T' Thelr pre-
tewrbound fodine averaged higher than that of a Large group of
panents ar the Massachuserts General Hoapal Most of the
values fell within onr normal range, although there were same in the

hymmdﬂngm

| physical examinations were done on all of these Ealdmos, and
there was no clineal sign of hyperthyrordistn 1 might also mention that
1n none of these seventeen Eskimos were the Livers palpable.

We do not know the causc of the high sodue valoes 12
the Eskuno group It Is apparently not & matter of temperature, since the
blood were taken in the mmmer when the temperatute w13

about 43 T Ttisnot a marter of insufficient washmg of the blood samples
50 that toral 10dine rarher than proter-bound 1odine was dercrmined, for
21l samiples were washed sufficlently to remove any amonat of nonproein
iodine. Tt was thought possible that perhaps the incrensed sodine In the
deet from sea food — these are Bskimos, and they eat much fish ~
mmﬂ}cmtmnucdxpmtth\hmnﬂbdmc,fmubpoﬁiblemn}k
the serum protetn-bound sodine by ingesung very large amounes of for
ganc todine But if you calenlare the smount of jodine tha these Eskimos
could possibly bave igested from a pure fish diec, it falls fac shore of the
amount needed to russe the protemn-bound sodine.

Kark These Eslimos were studied duning the summernme?

Gottsebdk Yes, durlng the summertime.

Kark Well, I don t see why Eskimos cannot scclmmatize to sormer
temperatures, usc as we do Certaml md)cMuxkOxcxpadmm.Whg
the men moved from e tem, m:e.{thmk,m)cwbcrtummd—"”
toward a remperaure of 0 C.— In other words, from a very codd 0 &
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freezmg temperarure — there was very definite evidence of scclimatiza
tion o best of the seme order of heat acclimanration that Joe Donpe and
Baxett {27) found m men m midwinter who went into & warm room.
Barton 1 doa t know the protein-bound 10dine values for a group of
1should thenk that if you wanted to work oa acclimatization
10 man, you should study e thousand Englishmen mittmg m thetr offices,
parncolarly dil servana, at 2 tenperature of 53 or 60
Has anybody got comparable &3 — bospaal figures — protein-
bound 1odine figutes from England and from the Scates? Do you know
Dr Bdbolm?

Kark Myant et the Unrversity College Hospral London?
Edbolw: 1 ar sure there are some figures, but I do pot know anythmg
abont them.

Bertor 1 Lknow I wonld have more cold stress spending & winrer in
Eﬂglmddnn[wouldrpmd.mgmvcdabrmxdmgnchmdnll

Kark Of couse, I want o out thus about cur men  they were
under cold sress for a penod of eleven days and mghrs they were never
in the warm. They were cold all the ume, even m thetr sleeping bags
‘When they goc out of & wann sarcraft and the warm barrscks, they were
ukmnulghtuummtmch,themnpcrmneﬁbelcwmohhmnbgt,
and driven about fifteen muley, with a blast m &t the back of the
trock, unul they goc mto the field. They wese y exposed 1o cold as
compared with most people who go to the North and Irve in - oopscal
environments,

Barch Commg back 1o Dr Burroa s statement when I was m England

two or three ago I made an obsearvanon thar impressed me very
m-ﬁ;mmmmm the appetrance of the
hands of the people 1n England, Wales, snd Dr Edbolm s bands
how the very nicely [ have notced his hands since he has been
bere, Hu lrequhez{tﬂ

erent from ours Thcyn:euuan:l;:t
Lamed. In scuches such a3 he has been describmg, one often wonders
the influence of the vascular sare. Such alreradons in the versels of the
mﬂdxlmwd;mmbednnmofmuofd}epmpleof&g-

Bartow Did you ever see chulblains oo this Continent?



207 Cold Ingxry

Brrch No

Barton Yet everybody has seen them In England.

Barch When vissung Scotiand, I found the changes to be even grearer
The face and ears arc also considerably involved.

Kark Never mmd England and Scotland You sec them in Cay
10 the winter where it never freczes bat where temperatures go w
440 or +30 F There u x high inadence of chilblats emong the
Ezpulmon there, espeaally femsles There 13 0o central heanng,

Open grare fires are found in the houses

Burch Are the bands injured or acclimanyed?

Edbolw Of course, we have not really gor down to a definiton of what
topury means ] am warnng for the pathologis 1o tell me whar the dif
ference 15 berween a pathologial process and a physiclogical process m
the problem of the effect of cold

Blasr 1 shall ask Dr Barton and Dr Bdbolm & question. Among the
numetons cases of clulblains in England have you ever seen it developm
a Canadian or Amenican while residing 1n England? Duning two wintens
m England I saw many cases of chilblains, but T cenoor recall a single case
among the many Amencans and Canadiens there at the same time.

Motorey Among Amenican WACS over 10 England, it was almost unk-
versal m the winterame

Blarr Just among the WACS 1nd not amang the male soldsers?

Motrey The males did not get chilblains but the females did, becxuse
of the ¢ thar they received.

Blair Amencans end Canadians to whom 1 referred were all male
college srudents Thave never observed chulblains in s Canadan or Amer-
can oa this Continent or 1n England

Mowrey You will see 1t among females at college in the wincernme.

Gottschadb Would someons care 1o define  chilblains ?

Edbolm 1don t know that T can give you a very clear descdpuon, Dr
Gotriﬂnlk.Thcreuswdhngmdhypermnofd}edlgmunmﬂtof
exposure to moderare cold, which may i & severe case go oa to aqu
slonghing of the skin 'I‘hctwclhngl.ndhrpetm&hmlype:dnfurmy
days Clulblans do not commoaly progress t the state of ulceranon, but
that may happen (28 29

There 15 8 hugher inadence i adolescents, and it sp) o be com-
moer in women than in men. That msy or may not be due o differences

ind
Go%b ust bands?

Edbolwm ﬂ:hmsocmrouhmd:mdf?h;;io?gcocmrwndfbc
ankle. You can also ocoesicaally observe chil an.

Blor I:thttenotnhohulvm’ongm:bdalcndmccmmppﬂf“
hﬂadm:yhamindiﬂ:bhs?mlantheimdmce-ppw:mbem
greater in certain families than in others,
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Kark Do you want to say anything about Selye s work?

Comn With respect to diseases of adaptanon?

Rerk Adapation In relation to the cold, speafically the fact that be
produced nephritis by cold injury o rats,

Cogn T think most of Selye s 1deas are pretty well set forth by himself
1n the Transactons of the Josuah Macy Jr Foundadon Cooferences on
Adrenaf Cortex and efsewhere.* T think that you can puck those up moch
more eanly from lum than from me. He has them all outlmed well 2nd
cleasl
Ta[boﬁ Dr Cann, the increase in far thar Dr kask observed, at lesst
would be 10 Leeping with increased adrenocortical actdvity would i so?

Conr The increase 10 fat?

Talboyt Fat deposioon

Kark 1did not say there was an incteased fat deposition.

Coxs No hesard inereased weight,

Kark 1#2id there was incremsed wetght, I do not kow if it is far And,
of course, there was increased unger

Talborr Isn ¢ there some cridence that there s increased far deposh

uon?

Kark There 13 no clear cvidence, 30 far a3 I know thar there I m-
creased fat 10 man 10 the cold T suspect e ds far

Sip/e We have ot seen any great tendency for man to take on moch
more fat.

T think the asumilation of fat in their dict, voluntanly 18 vety stlking
There were individuals who had not been able to eat & piece of fat bt
who would drnk rendered fat from bacon with gusto when they were
cold and would revert t not beng able to ear fatry bacon when they got
back to & warm climate even for fust & few days Ther would happen 2
sharply that one could chserve that cven In 2 one ot two-day exposure
they could take the fat, and then coald not take it when th pot back ©
2 warm climate. I don ¢ know what 1s involved, but I saw 1t happen more
than once.

Talbott You have not done any body densley scudies before and afees
acclimanzation, have you, Dr Behake?

Bebuke No butify:})rmungxinh\wghgldmhknumlmm

£
Kark Ithink so

Bebnke Itis not muscle and bone after we have grown up
Kark Tthink ftisfae.

Bebnke We should like to thiok it is muscle and boae, Dr Kash.

Neire H The Phrsialagy ed Pabologs #f Exporere to Sois Moatreal, ACTH, 1ot
1956,
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Kark 1dont.

Bebnke Iwmmoutbewlyﬁoftbedhmnmm}ammnﬂy
for me, bat has the marrer of the relation of anoxia to cold been discmsed?

Taboys Na.

Bebuke Aboat two years 1go L artended a high-alurude conference m
Pere, and one of the things thar came out of this coaference was the sk
ing differcnce berween the effects of amte snoxus a3 contrasted with the

of findings 1n individuals who were adapted w high altirede. I mean
wuh reference to glandular changes end disturt of hormonal scere
o For insmance, acure anoxia brought our the hypertrophy of the
adrenaly, glycosurie, end changes in dhe thyroid — alterations thae were
ot atall evident in indswiduals who were adapeed w life st hugh slatude

Now 1 wonder whether ar not m exposure to cold there are changes
ld“‘h!:chukepl.i.cueh’\vu'iomglmdxvh:dml’qu.xlltt-rt:r:udnndn.llxbeml'nc

‘Well, yes, thar is what [ had 11 mind when I mennoned earber
the mitla] versns the final reaction of man o chrons stress [t shawed up
mmmmﬂpéﬂmmanbolxmdxamnwdddumgdwhnwon

where, for le the mrtial ex; re 0 hear br 13
sbour negairre purogen balmmpmdepmdmr of Pdoflrvd of muf:f
procein. Durting # period of fourteen to cn¢ drys, xs adapeasron

omplenon, the acgruve lance diseppesred The
naf was then in arerogen balance and taily acchmatzed Yet there
wis other evidence that increased electrolyte regulanng acavides of the
adrenal were majncamed, a3 if smitually the response t the sress was &
omplete one, Hrvolying all of the peripheral acevines assocuared with
inrezsed adrenal foncon. Then 3 aume wene o, depeoding upon the
parncular of seress thar had 0 be combared ceram resdhrments
mm’?:(mmplgwempmuiwmbdmmwxhdphl
A0 tequired In this paracular type of sress, bur e pevertheless was
‘;:Ihxmrdudn inural exposure, and then 1 dnappeared. On the other
Rt Josses from the sk represented the immeduce threac to Life,
and evidence of “onanued adrenal ectvity wich cespect to galt conserva,
tion remained conseandy present for months

Kerk You think, then, that there 1 & difference between che types of
that are being excrered  chat in qally you ger bath an mc. end

& ¢ excredon, and then lacer st contnue with an m ¢ extrerion®
Comw No 1dont I thnk thar the response ro edrenal bormonse 1s

wadioned n the penphery

Sl Dr Coan, we nave found tnat ff xadimnanzed o — oy tar'
Dean raty that e accuscomed 0 Iremg m & cold room for more than free
or #ix weeks — are adrenslecromized o thyradecromized, they survre
much Jonger than adrenalectommred or thyrordecromized conmrols, al
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thoagh eventually they do die, indicanng thar some of the secreton n
The difference 15 very smking indecd (32)

Some of these expeniments had been suggested by the wark of Selye
(33) and also by that of Lebland (34) though not 1n quite the same
connection.

T dunk 1t demonstrares the poine that yoa have been makmg, does 1t
not?
Conw Yes there appears to be some change in the peripheral nssoes in
addition to the influence thar the adrenal has dunng the course of adipo-
ton.

H rvath How about accessory adrenal ussae?

Kark Which 15 present in the testes mamly

Horvath Yes There may be other places where 1t mught also be gre
ing the same response and now 15 working at 1 shightly hugher level

Cosn That could be.

Kark 1 should like to go back to Caprain Behnke s statement aboct
there berng no glandular changes 1n fong term anoxiz st alurude. 1recall
thae Dr Monge (35) told me that there were testicular changes m st
mals m Peru with sterdity and that when he was 1n Deaver he went
mountamn dmbing and talked to farmers at lugh alurnde, and found that
their cattle were sterile We know that in long-term acchimatizaton ©
anoxa there are defiaicely changes m the funcrion of a least ope gland.

Cosn 1 think i mught be potnted out that the hustologic appensance of
a gland may oot give an indicanion of irs funcrional sctivity

Horvath Ofcmme.dmcmmhwaefunmouﬂ[y‘g::cdmbtof
no value if they were sterile It does not matrer what tesces sub-
strucrure looked Like

Conn Yex.

Horsazh 1 mean, funcoonally they wete srenle.

Bebuke To get back to this other question I think that rr may be out
1n lower animals, but pot 1o man — 1 t know whether or not an
has applied a Kunsey index 1 don ¢ think there 15 ay evidence of gen
stenlity among the Induns who live and work ar 14 000 teet.

Kﬂ Monge wrote 2 book on The Deterroratron of Cradratron m tbt
Andes 1n which he described most of the detenioration as bemg due ©
the facy that stertlity has developed among the populaton at alurade be
caute of anoms Wasa ¢ that hus philosophy? Do you remember s, Df
Talbott?

Tafbort It wasa common belief withont any statustical evidence, when
we were there in 1933 that the Induans ar 14 000 feet, both in Peru 2nd
in Clule, were lexs ferale than the Indians at sex level. Drd Monge quot®
any figures 1n his book?

Rark He wrote the whole history of Peru arcond that.
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Talboit Ye,but did be have valoes?

Kark 1doa t remember

Talbott 1know 1t was 2 general impression. When we were there, be
was sz begimning to get on thar idex, buc T have ot seen any figures

Bebnke The Induans are alo exposed 1o cold in Perw. In the days of
the Inces it was said — and this must be conjecrure — dhat they wete
lighdy cloched, and thar thetr body temperature at nighe fell two to three
&gmhﬁnmuuomuhhemmthuthcymrﬂnpcdxbem
They were glad to see the sin

Tdboit You appreaute that Peru 13 only 2 short dusance from the
equaror The determuning en ronmental facror 30 far as remperuure 3
concened, in the mountawns 1s aloude Hanng apent sevena! moaths
tbuclvouldmuydmchc(anpcnmmvmcflppmabiyfmdmc
1t Leadyille, Colomdo ar 10,000 feer ‘whete it gety colder 1n the winter
nme than it does m Chile and Peru

Bebnke Ten and 12,0007

Talbott Fourteen and 18,000 feet

Bebnks To get back w this macter of sccdlimnzaton Has anyone
rexlly srudied people who are suppasedly scchimanzed to cold? I refer to
Patagoniams who run around with few cloces and who are cold Whar
&Irhm-buupm;icwhmcmamapmcdbahmﬂlymm
wld?

Rark AsfarasToould find only the most supetficul stud & have been
ouade oo Eslamos. Very licrde 1 sbout the Pamagonans, excepe
anthropalogical studies made by the people m the Argendne.

Horrath Hicks bas done some work on the Australian aborigmes, oo
which st be kepe tn mmd

Bebuks Yes, but the Eskimo does not get cold. Their clothing 13 # lirtle
but berter than what we have been able to produce unal recent years They
htp“mdmhil:igdxhngmuuulmamcdmthzmld.-mimrmly
meager

Bartox ‘There wre not too many Paragoatans left eo srudy

Edbolm No the majonity have died

Bebwke Probably it 13 because they have become stenle.

Edbolm No, they died of meastex.

Telbott Colone! Blarr didn t you have something t say on this sub-

Blar Yes, chiefly on cold secdimanzation in antmals
At the Aomy Medical Research Laboratory a group of us have bren
o d'in the cold accl n problem W have heen wody
g vanous aspeces of cold seclumanation m ammaly, partscalarky phywo-
mduced reslstance to cold injury
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The expenimental dats thar T wish © at thiy dme are ot fo-
tended merely to 1ntroduce new mai but rather to potnt our, firs,
some very perninent research problems assoctated with cold acclimatm
non and second some interesnag research leads for further stody md
evaluanon.

Tshall not go tnto detatls as to the techniques nsed i the cold aerdlms-
tranon of our animals The following abstract gives the coaditions, dom-
ton of exposure, and ambient temperatures at which the rabbues aod rats
were cold accdimatrred

Acquured resstance to cold exposure 1n the rabbit and the e J B
J M Dimitof and ] E Hingley (latrodnced by A D helier)
McdnlSerncanddRmrcthb,Pmex‘kmmcky

Groops of 6 mbbus and 12 rans were coaditioned to moderare cold &
posare for a 7 week period. The rabblts were housed far 20 bours of each
day 10 a0 ambsent temperature of —20 B (—29 C) while the nm werr
housed 16 hours dealy st 20 B (—7 C) The foregoing ambsent tempers-
tares have proved to be the bower range of cold exposure which

exposure, and (2) that these two species bave different quantinadre
Jogial tolerances to cold exparure (36)

The experimente] animals (rabbios aod rats) were chosen berause they
coald be very carcfully seleced and controlled from standpolnt of straln,
-gc,sqfnz:,udwuﬁl:j{udxum(u‘ueofdopmdau,uwﬂy
scquired from pounds thout specis] beeedin

Iumﬁ:ucmsidctdwcc&mofcoldncdimdn%mupoudxmh
ability to maintam s constant intecnal temperature, of to develop
ment of hypothermua when exposed ro extreme cold. Table ITT shows the
colonic remperarures before and afrer five hours cxpasare st 3 F of
twelve pormal (nonscchmanzed) rats #nd cwelve s which had btﬂr"
acclimanzed over 2 period of seven weeks at an ambient remperature 0
20 F Dunng this seven week acclimatizagion period the nonscdunanzed
o3 had lived 2t an ambient cemperature of 77 F Examunanoa of the
data reveals that all nonscclimarized rats suffered o moderate 1 sever
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fall in 1nvernal cemperature, tvcrzgmeg7 F  whereas all cold-acdmms-
tred o with one exceptron, show an incresse m nternal rempers-
tuse, with 40 average ose of 1.2 degrecs Table IV shows & graph of the

TABLE IV

Mean Colonuc Temperatures of Rats During 5 Hours Exposure
ats F

©w
N

102
R AP
-~ -
“100}o
S
uy
5
P 98|~
R
o
Ly
o
X 96
w
-
Q
Z 94|
§ ——  NORMAL (NOMACCLIMATIZED) RATS
— COLD ACCLDAATIZED RATS
L J | 4L ]

)
[ 2 3 s
TIME (IN HOURS) —

mean coloaic tem taken hourly dunng five bours exposure 4
5 F ﬁat‘oftwﬁnmacchmamcdnu,mdmcmd,ofmlwm
which had been previousty cold saclimatired over & seven-week
The mexn colonsc temperature of the cold-acclimatized ras (broken line)
stexdily nises thronghout the trve hour exposare od whereas the poo-
w;ﬂmzcdns internal temperature (soltd line) shows an ppmter
rupted progresyrve fall meo a souee of thermia
(hGom:bqu Was thmmymd;??mmthcdtgrmohaﬁ‘?d

¢ racs?

Blerr No Lthall discuss thar pone later but there was no differeoce i
acttvry of the two groups thar we were able o detect.

Horrarh Did chey huddle up more?

Blar No theywm:dcnhcnl,ufuuwcamldlce.fndﬂrbdm
m the cold. Only ooe amimal was kept in ezch cage.
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Kark What happens if you take animals under  barhiturare anesthen

and put them 1n the cold?
arr We have not done that., It woald be a vety intecesting cbsern-
tion to make

Sellers We have done that. Our work 18 quite similar

Blasr When we get 1nto the duscussion of these research problems o
cold sachimatization, Dr Sellers will be sble to coneribute a great desl,
because be has carned out a large number of very similer studies.

Let us pow examne srmuar studies citried out on rabbug. Table V
shows the colonie wemperatures betore and after eight hours i
—50 F ofmnomnfc(t;omcdmmrd) nﬂiuuodnxm
had been previousty acctmarmzed over a of seven weeks at m
ambrent emperature of —20 F No ill ccuwcre:xpmcnctdbyﬂ
of the rabbuts during or after cold acchmatization. During this scven %
acclimatization period the nonacclimatired rabbits loved in an ambeent
temperature of 77 F The cold scclimanzed rabbits wese able o mam
tauq & relauvely constant 1nteroal temperature as compared o the non-
acclimanzed rabbers, all of whom showed 2 fall in colonic rempetature,
wveraging 5 F The curves shown in Table VI demonstrate the sbilny of

TABLE VI

Mean Colonic Temperatures of Rabbios Durlng 8 Houns Exposare
a—50 F

o
>

I}
o

o
nN

°

°
o

—— HORMAL (NONACGLIMATIZED) RABMITS
—- COLD ACCLIMATIZED RABBITS.

oo td

COLONIC TEMPERATURE (IN F}—
I
O

o
o

0 I 3 a4 5 6 1 8
TIME {IN HOURS)—~—
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oold-scchimanzed mbbus (broken hipe) to mawnoun & normal internal
p hroughour eight hones exp at ~% F On the other
band, noascclimarized rbbuts (sofid ine) like the nonacclmanzed rats,
experience & progressive decrease in metn colonic temperarure, Tt 1 -
terestng that in the finst hour of exposure both groups ut rabbuts behaved
almost endcally with one- tall m colonsc cemperature
Table VI presents sumlar daw of cold inpury expenenced by sox noo-
acdimatized rabbits 20d mix cold acchmanzed rabbits after eight boars
exposure at —30 ¥ All romacchumatized rabbits developed moderaze o
severe frosthate of the ears and, 1o a lesser degree, of the feet and tails. The
oaly frostbate preaent among the cold acchmanzed rabbirs was erv muld
furst-degree inrvolvement of one ear of one rabbut, These data are 1n dicest
confirmation of thac already presented tor rany Figures 36 and 37 show
photographs of the cars of four nonscclumanzed and four cold-accluma-
dn‘dn.liﬁnuk:uwuchyl-ﬁ:raghthoun at—30 F The
ears of the ammals previously condinoned to cold remamed nomal dur
Ing 2nd after old exposuce The ears of the nonacclimatzed rablat re-
veul cypucal thrd-degree frosthire with bleb formanon ulceranon, and
Close examination of the photographs w ich bocanon of the Line
of demarcanon reveals cach ear to be appro mately three-tourths 1n-

vohred by pangrene.

These o%;ncrvadom e mm}med a5 demonmraang that ran and
rabbuts, under appropriare ond noning w moderate cold, acquire an
musial remstance to development of 514 inury when nbjeceed 1o 2
mace severe cold stress

At the preset ume we are most interested 10 what logical
changes ocour dupng the acdimatmapon process © brmg this un-
saal resiseance to the pathologual effects f cold exposure Such a fall
hinttrrultcmpuatum brings 11 to acton 1 both groups of rabbiss van
ous defense mechancsms wld (shi enng vascular respoases,
metabolic changes mdngunh) In nonaccimatized rabbus all these
defense mechanisms are able to do 3 & briefly stow down the tall m co-
Jonke tem re bur in cold-acdrmanzed arimals they sre sufbaent
0 bang the internal temperature back o normal and mameam i indefi-
nliely at 2 normal level

tecond cateron vsed as evidence of  Ad scchimanzauon was the
smmals abylity o withstand development of cold npury when c‘xr:dtd
$2 extreme cald. In Table VIiI one may observ  the extemsrve codd -
Facy present m nonacclomanzed raw after five houry cxposure at 3 F
¥ uh caly one mm-ll ran not prenowly condroned to old
wiffered second (bl g) oc th (gangrene) troschure of
telr tafly. Only in ane of the previously cold-acclimatzed ran was there
1 ;pgestion, & reddenmg of the tp of the tul that disappeared wttun




(ot sows paw woastwell ) mncpmos) I, -
Arjﬁ.-aaivf -
A%vﬁguiﬂnﬁ.ém

Cold Inery

0 0 0 H% ++ + =+ T
0 [4 [ a€ 0 0 +4 o€
0 [} 0 v ++ +—+ +++ €
0 0 0 Wt + 0 +++ qz
0 0 + HZ ++ ++ +++ {z
0 0 0 az ++ ++ +++ 4z
mL b g oN mL By oy o
Lzafo] D) oy dratop poD L
LYY CINYNTOOY-TW0D LYY (CELVMTTEOVNON) TYHsON

214

2 05— 3 amsodxy KINCH § Y BN 3o Armfuy pIod
A TIEVL










217

Arclimatizatron

(%0 wonss puw guacterS ) Gxpti) OAFIPPIL o |+
b iream) o Brusenty) mepe) o Yo T
(145 o o (98] Sy SANPRN] e 4

[ 0 0 a-0r ++ [ o a91
0 [ [ VT + 9 0 gt
0 0 0 g6 +++ + o vt
a 0 4 V(i 4+ +++ + g€l
0 0 [ a1 +4+ + o vt
0 0 0 V8t +1 [ [ g
0 0 ¢ gLt +++ + ] v
+ 0 o Vil A4 + [ [: 421
0 0 o vt +++ ++ + vu
4] o o qz +++ + + a0t
1] 0 o vz A4+ + o vor
0 0 [\ at +4+ o 0 A4l
iaig ay g N (a3 Rt ] v -
Araal ) =% dratat o bl

1Y AIRVRIIIY €D

LYY (GRUGDITNON] TN

q s wesnsodsg amoy ¢ 25y miey Jo Onfug prop

HIA gigviL
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forty-c1ght hours, of any cold injury It very easy o see the marked differ
ence ta cold myucy between the two groups and to observe how previons
acclimatzation to ¢old protecs the animal agains frosthite when ex
pased to more 1atense cold stress Figure 38 shows phoographs of rn

Normal (Nooacclmatised) Rars
Faure 38 Photogr pha of mts tls aken rwo davs efiter 3 hours exposur &3 F

tals mken two days aftes five hourt exposure at 3 F The tails of the
cold-seclimatired rant #re endrely normal but those of the nonacdimt
tized ra; are tavotved by thurd-degree frostbire with edema, swelling, uf
ceration, and gangrene. The prognoss of the Lerter 13 that seen m Figure
39 — mummufication and sloughtng of the tail at the hine of demarcaton.
The ault of all previously cold scclimatized rats aze normal We are ¥
the phase of the problem from five different asperns E;)l-ﬂm'
ing ot vt facror }Z) metabolkc facrony, (3) mcrease snumal
fur (msulanon) (4) endocrne facton, and (3) arculaory adjustmentt
Dr Horvath and Dr Gomchzlkbmughrqu}ntuc:ruirdylm
mportant factor 1n human bemgs, and that is, | to live Indhe
We know from mc:mnbcArcncnhatmeo;v_hemw‘ﬂ"
adapeations  cold is that man learns how w dress, how o use
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Noempaf (Bonslmaerred | Raty
TEOU Y Proosapheof o b phen s Ak dfwr hoor expoeme s B

eather equipment, sod bow o manage bimselt properly under conds
oo of stress We have studied these anwsaly  ery aretully chrough
daily observarions, and we could 1ee po evidence of behuvior changes
exher in rany o¢ in rabbay In every ase the rabbirs, both acchmasmzad
and nonacclunanzed huddled inn as small 4 ball s they ¢ ld m the
@mer of the cage and shrvered very viy, rously w th praccally no vol
oty aatvey The raos behaved - simulac manner As far a3 we were
1he 10 detect, from very careful viswal observation there was o leammg
tacx frrvolyed sn cold-acchimanzanon of rats end rabbars,

A seeond f20mr 1n cold acchmatzavon in which we are intereseed s
that of mcrease 1 animal fur or r weight Toua well-hnown fact that
Mt furbearing aoumals have tisck and beavy tur durir g the cold mondis
o Niwer This undoubted! plays 40 ympomant part in uxreaumg ani
b8 temsrance m cold bur{sofnonnpomnc:mh\mnmchmamm
"“”“Mkudnnvehavcmadccmqnnmducrnmmaidw;dt
20ty of ponacclimanzed and cold acclimanzed anmals Such data fs
prevenzed in Table IX. Thus table show s the werghe of the peles of nonac
himatned rabbirs as co pared o those of p ly oold acd d
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xbbits. The pelt weight contlsa of the wesght of the skun plus the wey,
o‘:hu.nlmlfdlfnr & o ot

Anmtﬂudngmthmgmmmdmmxdyuxhuwhmwbmbcg;n
the acclimadzadon process, onr rabblts were paired off — one expen
mmmmmmﬂyumdxmagemdu
bazalso body weight Althongh their calonc inmake was appro-
mately double, the cold-aoclimag rablats expenenced & shight il
[ weight, compared 10 a stight nse for the nonatrclunanzed This

muﬁd:ﬂmemﬁnﬂbodytnghumfdmnugywps

agalow 2937 grams for the group

The pelt werght of the group of mbbus previously condisoned  cold
srernged 397 grams ot 13.6 per cent of wnl body weight. The aver
2ge pekt weight of the noaaccimanred rabbits was 369 grama or 11 L per
cent of their toml body weight We ase oannuing our studies on in-
areased furring 1n cold acclimanzanon 1o order t leam how ta
iz k acrually plays m increasing an arumal s resistnce o -old myuey

Telbost 13 the difference ?

Blar Y e, the dufference 33 gruficant, but we think 1t dots no¢ present
d’tmptcum_b[osmidmumnmpdtwngmuducmnmxd
ﬁrudmhunuddm-nigmw:mfmnmmdydmum
remore all the hair from & tand thus obwaro dhe toue fur weight But

or measunng the depth of the fur the facor of mcreased 1n-
salanoa i eold acclimatizaton of xnmals becomes much mare endent
et when peesented o3 e increase n pelt waght

Sharacker Colonel Blasr if yoor two groups started our with sdentd
ally the same wouldn 1 it be more valid o compare the pelt
weights with the wergha?

Biar We could fust e well compare pelr welght with the anumats
oaginal weight, and 13 true that it mught be « mote  abd companion

tllers Colonel Blase was there scrual waight Joss?

Bler The food intake o the cold scclimanzed rabbies averaped about
twice of that of the noczachimaired, but durmg the first week n the cold
£00m thess increase m calonc ke 13 quite small It requires onc ot tvo
ecks tn the cold 10 brng food consumpeion up (0 3 consaat maxamam
fevel Tt is dunng the first rwo weeks of cold exposure that the fall m body
"“&ﬂmliulhulmmlfﬂdeﬂmnmﬂntbcu‘dé:uuvtry
torszant level ehrounhour the lasr fre weehs of exposure the other
hﬂid\emmmlnhbm.hmgumn(m\pcumm,nnuhmmmul
“!tmdlmhukud;;btbmmdyh:rusembodytdgfm

Horath Have you maincamed the same rwo groupr of aumals oa the
131¢ amouny of food muake? Tor mstance { the group in the cold ws
Ooning, say a hundred cadories and the other group ounide was coa-
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very
Blary Yu.wmcofrbnnyouc:.um.mﬂau very wel] but they are no¢
‘ﬂlusadmmyﬂuzd,cdfubmnmdmmﬁlepmmred,hwddbf
ﬁuymgobccktoomongmajbutcdlulndnmngcthcmml’;:i;
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approumately doubled food mtake cermmly snggests that there 8 1
ertased merabolsc acuyity in cold acchmatired ormals dunng the persod
m which they are cold-exposed The pext question that anses 1 this
When both groups of animals, the nonacdimatized and the cold sechima
nzcd,mpuzundcumutmldmax.wbuutbchazpmdmxm
those whath are cold scchmatired #s compared o those which are noc
mveuemlhndofdﬂmumbowmmupmmum[
o measure heat oction in rabbitt at =30 F Trmuy be
qurte difficulr rechnscally We hope to obtain direct measurements ot
hext prodaction so0a but st present we do have some suggesve eve
dence that cold-scclmatized animals mantan 2 higher mebolu rate
dmnﬂ.ﬁll’t of severe cold stress than do the noaacdimanzed
Tables X and XI List the weaghn of rars and rabbios taken before and
aftec 8 penod of severe cold exposure In order that all anmmals were at
e gazne batal leve! food was withdrawm cwelre hours befure begnnmng
the exposure. No food or water was gven the anumals while m the cold
100m. All raes and rabbits were weighed carefully just before and immed:
aedy after cold exposure. W eight los has been expressed both as toal
grems and a5 pert cent of body weight. Careful observation ot the o
tes ceveals tuar weight loss in cold-sochmaczed snumals was much
greater than that in nonacclmanzed controls — 9 3 per cent of body
wtight compared 10 4 8 per cent In rars, and 8 8 per cent compared to 6.0
cent of the body weght of rabbita. We feel char ths greater boss of
!‘dghbym]!udm:und ammals durmg exposure to severe cold
22y be due o thelr greater utifizanon (metabolsm) of body macerials
(“bﬂlpfoducuonmordermmammnboiymnpcmmremdpmca:
*'&pmmc(mldm}nry
One on that we are unable o answer at present i3 whether the
scclimatized anumals are able to step up and maintain their metabolism
2 2 higher level in the cold than are the nonacclmatzed or whedher
toth proups begen the cold exposure as the same metabolic level, with the
oeabolic rate of the nonacclimatized gradually falling off resulnng in
and cold Injury
ortath Do they produce more urme, by the way — the poazcchma

o prou,
Blar I;.mng the acchmatiranon persod?
Hortath No' 1 mean in thes tesz period
Hldr 1do pox have figures available on that, but m ths test perod
Appears to be very lirde difference However dunng the scclma
phase the animals m the el 1 drink 20d urinate conuderably more
3¢t than the controls at room temperature
Hortatb Apparently an animal which 1s used to the cold and aa anf-
FR1 buch 13 1ot sed to the cold pur out the same smount of unne
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226 Cold Injury
Blasr As far 13 we can sce, but based only on jus one severe cold ex

posure.
Bervow These ht losses then represent insensible warer loss plus
the CO.—uxygcnuﬁoh:lms. and no else? o

Blar That 1s cotrect metabolic loss insenaible water Joss from
the lungs and skan The larter may be quure [arge in the cold room at sb-
zer0 temperatures where the absolure hunudity is always very low

Gottschalk It would be interestiog to compare the welght loss with
the pulmonary ventilation rate

Aerk Yes Iwas gomg to ask you, have you done any tissae analpses
1n thete ammels?

Blar No that is sometthung that we have never done

One of the most wtererung aspects of this cold acchimadzation sody i
that increased fur and increased metabolism must play only a minor part
mmtmgfmmcoldtn}u:yd:cuﬂsmdamo coold acdimatized rass

rabbits In both of these stroctures no one can observe any increass

1t fur or insulation a3 a result of acclimatzadon. Likewuse d:ezxcclhi;
tized arumal does not 1eam to protect the tad or eat by burping it
body fur Often but not always the tau or ear will o to freeze before
there 13 any fall in the animal s colonsc temperaruse there appeas ©
befnmnomathmlummg,mmwnb,ormcubaunnmdb
protecrion of tails and ears of gt frostbite. There are seventl
possibilines One already mentioned 15 drculatoty chunges, soch ©
strengthenng or  coadiwoming  the hundng reaction, to provide foal
protecuon agunst cold infury Another possibiliy 13 that
to oold may {ncrease a nssue y resastance to freezing or cold wjury
a third possibility — perbaps Dr Crismon can grve ns same jnformaton
on thus —~ are acelimatized swes able t sep up their menbolym o 2
higher [evel than nopacclimartzed ussues? In other words, Dr Cosmon,
are there any Warburg tusue slice technique studies on oxygen o
sumptioa i cold accltmanred as compared o ponsechmarzed ussue?

Cresmon 1 did not know of any oo animals until Dr Sellers handedme
ths one,

Talbott don ¢ you tell us shout your srudies, Dr Sellers?

Sellers Cizﬁ’;m 1 have been extremely inrerested 1n this last presen
uuon.ﬁmofnﬂbmmcotiumegax&mdmrd.bcuﬁ';nm;

ementary o ous o In facy, if the experiments
E@dmmplmxm:mmmqmumnw-mﬂ
bert

(-

Well, although our approsch has been somewhat different, & good
many ot cﬁe(t.\clg,hd:rmnmutd wre exacely che same (31 32 37 38 31
40 41) About 2 year and a half or two years ago we decided that



Acclmatcranion 27

would be an intetesang procedure to shave rats and expose them ¢ a
temperature of just above freezmg, whach temperatare we have used
sstently We found that of raw were shaved and placed inourcold  m
they would die invariably within twenty-four bours. We then to} 1
d:n\mmncdmﬁvmglmhew environment, that s they |
been in 1t for more than six weeks, and dipped them s close i
uchmdmncdlpﬁ:zmd them o the same temper ¢
Toour surptise, they lived on quite sadsfacronly for many weeks o ¢
Qses unal the fur had grown back m.
The pext peocedure was o find ont why they were bving. sowen 5
Wﬁmmmmofdznumd:emldmn Wefouna hat
m the case of acclimanzed cls rars, end also 1n nonacclmac z
dipped controls there was an immedute increase m oxygen (oo p
00 10 2 level thar we had not encountered before The usual rate » th
out method, recording ar30  for a normal ratisabour 130 @ of e
Per equare meter body surface per minute In the cold thete clipped an
maly sometimes used 4s much as 300 cc. per square meter per minut 1
we followed the mm:::ﬁncvmfwmun.wcmntound
that the dipped ls cononued to produce heat (use
E)“lmguwaredmmd\m which was for a numbe of
) but thar the oxygen p of the pamal lcm
trols felf off quite quickly and that the anumls were dead by the il w
fog morning,
comparisoa of the oxygen cc P at15 C of the acduma
wed andmaly i and without their fur was that the dipped rats showed
30 per cent increase in en consumption above the already gready
tate caused by the low temperarore. The way that they man
ﬁmdthurbodylunpenmmvummthaxhatpmdu:uon
The quesnon then came up  How are they producng the mcreased
ot of hear? The most obvrous sy, 100 w13 by means of musculac
tetrvity and here we were impressed by the observation of Burton and
Bm"k(“) made some years ago that 1t was not necemary to have ob-
"ot shrvering 1o bave mrusculas a
We anesthered anmuls, using sodium tal 1n doses small
ugh w mainealn aneschesta For an hour and u half \hthruzhngr
ol that the snmals remained in the oxygen messsang lmun& e
b‘mdthﬂt}mh“inmygcumpummmgrﬂt eed, In the
lipped animals, as compared 1o the nond animals, thece was en-
wrereaing difference In that a; y the heat los was o0 great
@ be consisrens wich survival 10 that after eneschena the clipped anumaly
mﬂ‘cwpptdm-bl:mmcdmpmoddath
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Ovl::v There Is an unportant relanonship between respe at

oty and shivering, a tly connected through the butha + 1
mlhnmmmhdmucthhmm h t
shrenng often comeide wnit the ry phase

Seflers That s very Inceresting wehxvedonemmhrc Tt
mt;::mnmo(m\ndc and we intend tu proceed

wreverto De 3 quesnon as regards the basal
e, chat i, the metabols: rate measured at 30 I menvon
¥5139 10 50 per cent increase in this rate when de val est
exposed 1 coid are recorded That suggested o us tha 0
tac mught be contriburing to this increase So Dr Rveru Y
of my avociares, carried out tistue tespuanon sod e 1\
ppiams, and found there was 1 significant increas¢ in th
sepoon of brver slices amounung to about 20 per (ent hese
memt, and an even more and dramanc e
dooudase actmity of liver tissue homogenates when  sue (e
wclimatzed snmals were compared with pormal coner v

wcﬂ*ﬂvmtdmmdvnh:pmc:nq(ncchmnnunm npre t
il how long dud 1t take 0 be produced and how fomg did tla
e tammaly were removed from the cold?

The procedure followed was to we the same tex chut { ey
dipped anials 10 an envirooment of 15 or 2 € The anmuls +
there normal complemnent of fur were placed 1n the cold room for ¥
g peraods of thme varying from ooe day to six weels Then they =
Mfmd\tcoldmom,dmd,mldmd\qhadmﬂcm“m
the snexthenc whict we pave to focilitate shaning we cepla e them m
the ld room,

Atfar a3 we can say there & lintle or po acdlunanzadon before o to
Brce weeks, and the acclimatization under these conditons sppeared o
be complte'at abot frve 1o 3rx week.

‘W}'fsp‘mg‘hmdnd animals were removed {rom the cold room and

e vatnng periods of tune at pormal remperamures, were
#ined 3 then epieren In e cold roorm, they st sonte o therr ablicy
"“‘m"tmnﬂwonndmcufmrdays There was sull a slcnificant
ls'F’""f3'::111'11.".1:::umnfcuud.:ayx

[ emont Swmth, Was consunpaoa back to narmal then?

flers We haee not done that sir

Bler {mighe mendion, bn relanon to the work tepotced by Dt Selfers,
92 e have also srodied the mate of development and loss of cold
2ofimatiranon in the rat, It s very interesting that out results on develop-
et of acchumatzanon almost cxscrly with hus. And our rea
m{“‘“’i‘dﬂsmw«b exposure 1 cold as our sundacd acdima
£R2tion period was the observation thar It required approxmmately < o
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seven weeks to develop maximum accdmmatizaton in animals, However
on the rate of loss of sechimadization — Dr Sellers nsed 2 different coch-
nuque for g tots of eaddl fon — we find that our resalas do
not fallow quite the same patiern. We hare weed as our coterhon of mame
tmnnceofncflxl?:dndmthenreunh}chlcdmnnndnu fnternal

ature fafls on beng subjecred 1 extreme cold exponure, oc the
colgsucssrurwh:chlmbcmdom'bcdpmwmlyYuuwﬂlmMm
Table IV that the cold ecchmarized ran muntamed a nommal weemal
wedlrougbouubemldmydod,whamtﬁcmumdm

snumals showed a definste and constant rate of fall. Unng tho
obseruuonumumtumuafcoldmihmnnuon‘wempactdc&m
on the saclimatized rats one, rwo three, 20d four weeks after acclimama-
ton. We found thar thewr performance atrer one week was in the vicmity
of about 75 pc:cmrhl:dgax{ as unmeduacely afrer sadunatizedoa So we
concluded thar chey had Jost & quarter of thew abeliy ro resist cold, Afeer
about tvo w eeky the cate of fall in colone tempertiure was sppeoxmmacly
midway between thetr ablity ro mampun & coastant remperature and the
sceady rare of tall thar you see in nonsccluntnred rars Most of the
accl bad disappeared, bar ane could alwaps see some snidence
of 1t afcer four weeks That 15 £3 long after sechumatzzatron as we bive
stodied ous ess Thus, we conclude thar sbout 23 per cont of the resiit
ance to co)d 1s lost for each one week perod st room remperature- 25 pef
cmg&ﬂpercmz,*&pcrtmgmdalmax-muﬂoumemtbﬂe.md
four sreeks follow ing cold accimmadzatoa.

Sellers That test 13 much mare sensitive aand o probably preferable
1o ours, which 13 & pretty severe test of increased reusmance.

Just to finush off chere are twenty or more denrils in whch our experr
ments agree completely with yoars, and pracucally none, where the cos-
ditrons are relauvely the same where they disagree.

Blatr That s nght

Sellers 1 am extremely nteresced sn that fact

To sum up then, m & sentence o two what our view I3 as o the dif
ference berween acchmatized #0d oonacdlimanred ansmals, we feed that
the ability fo connoue prodocing & very lage amount of beat ts the
essential difference. The scclimatmed aaunal coataues the producpot
far & long ome dxfmf(h;fd;unmdmml”a:;o‘dothb \th?m’P"'d
o ¢ $me ol artificlally by using vanous
nngﬁx:mdmhmma ch:rdtbemdmpumldcqﬂ“
would use The only combinaton chir we found sausfeaocy w48 Vg
cortisone srarh thyroan for # pertod of ar least 2 week before cxporure ©©
cald Exther of those substances grven sngly in the dases and the segimen
we used did nor appear ro be effeurre.




Acclmatization

Tedbott How much were you able 10 increase the sury 1
dmuhuyoud)dxoptep.rd

Sellers Well half as rmuch a5 che increase in the nators Iy
nimaly,

Talbott You were able to achleve 30 per centacima i 1

wecks stdon?
Scﬂﬂmgﬂy that 13 correct.
Beroe 1oughcedd o0 whae Dr Sellesshassand  scem |
which the two of us heard abour ar & confc

Genady, from Dr Campbefl in Toronto but whubn !+
related. Dr Camphell 15 a buachemist who bas been in ~
wh aotenor plnunary extracr 1 think i 1 crude extes t
periods of e, he kills the anumals and does a b e pet b 1
the slieey nd be bt found & remarksbly progress ver 4
meabolrem fo{lmns the injection of this satern r pirut e
That appears 1o dle fn with whar Dr Selfers has tound
Critmos Dt Joho Field became interested in some tbser
Polac ond, whose Dormal habitar amre s —15 C (431 )
Bken from that snimal show s much ighet level of aypen (o
rh”'hmpanb{edmukmﬁancmpantﬂmth Th
e was that perhaps these animals ha ¢ become adag
the environment through some property watfun theie edl
3bles them 1o produce a higher concentrarion of ennymes ke ¢
ﬂm’fltcrhﬁﬂnvmkep(hw;nmwuufuukxglmthu“ W

b of otygen consum, comparable 1 those of Tempe ate
z‘"‘ﬁ‘hﬂcnﬂ'tndy Ta:npcu;:’“ea;mc EI‘:G might be alle t underp
e sdapeatyon 1o cofd
The differences that appeared at first berseen the measurement a v
p"’“’d“\ddxga!dmmfc,n‘rmpuneﬂ\mhsh decreased mark
m‘?"f*“‘ednngtdmnmnmmrmmum another polar fish the
*pin. Those two smumals come from the same ermironment from the
S3dpomt of temperarare and yer the differences berneen the mate
sesile form the scul and the other polar fish e cod were s a1
m“d\th\lmlw{:érmbnmxhumw;ohrmdmd(hxnw

orfe ar Temperate Zone emviconment
Horrath Lwas rather snrerested 1n this problem of seven weeks o gee
" tred, whach 1 put In quotes becmne 1t poes back to anather
[“Ym\fﬁmmpmbl:ms of agmg Using 1 redatve rawo of aping
Betveen ran wod man chac would jmply that st would take some five
7313 of & bugh merboluc rate of three tmes hasal for & man 10 become

© cold.

B“‘*‘M\Im:mgnb:dcmumbr Rark broughe oat
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duct of these conferences. Even though they have been conduaed for
tome rwelve or fourteen yeass they are sall in the cxpenmental sage. If
you have any suggesnons, I recommend that you write to bum. Secondly
ved:dnmh:veumemdmmumurchpm;cmmzhemld—m;uryﬁdi
Dwill apprediste it if you will tend on any suggesuons when you retum
your edired comments.

Fremont Smith Send us any rdeas concernmg aress which should be
investigated and which you thmk partscularly demand snudy ax dhis dme,
whether of not your own laboratofy can undertake them 1 thunk that we
might sumulace somebody else © do that research Thus is Captain

¢ suggeston

Talbott [ wuh to take dhus oppostunity o thank the Josuh Macy Jr
Foundatlon, and paruculerly Dr anxm:Smnb.tofnnhngchqu-
ference possible 1 also want to thank each of you for parucipatmg and
gmng your respoasibilrues for thiy penod of ume 1n order to come o

mTaLhmeofyw‘homcfmmod:«cmmmumdfm

fotdgnhnds,my far thanks
chullmﬂe;r‘gmnmm
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31 $erax, . A, end You 8. 5.1 Role of thyrold 1a metabolic ropoass t coid
environment. dm | Phyool 163, 81 (1959)
X2 Sery E A, Yoo 8., ead Twosan, N Acclmatszebon aod sorvhal of

raty b eolds effecty of of adrenalectomy and of thyroldectomry Am.
] Pipoel, 163, 48] (1931
33, beumy, Ha Sigraicance of adrexal glends for sdsptaton. Arch bmtermet. de
iy, ot de thérap B3, 031 (I93)

X C.P and Gaom, ] Effect of on rosstasce o Jow
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