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THE JOSIAH MACY JR. FOUNDATION
CONFERENCE PROGRAM

Wi 1 was on & destroyer out at Bilin{ in 1848 1 was fascinated

to our radio operator a3 be tested commumication equip-
ment. He would ask ancther ship through his redio, “How do you
hoar me?” snd the amwer often come back, “T hear you
Nine-Nine-Nine, That meant that everything was satisfactory Of
the three nines one wus for totensity one for clarity and cue for

meanin
’Hn?odah Mw:y Jr Foundation has organized and devoted
a large portion of tts resources {n support of fts Conference Program
bocmualhauﬁicmmcog;ﬂnntu{thaﬁctﬂmt!lﬂebobﬂmc-
ton to ding across the dis-
dplh:\amdrpedalud‘uﬂﬂnlthh,lnhd,homnfﬂmm}m
factors delaying scientific advance. We feel that there are psycho-
factors, a3 well as semantic factors cootrdbuting to the
lty of communication people even in wrguments with one
amother are too much Inclined to make statements at rather than
to communieate tcith the others. I think that we are inclined to
forget, though, that the real question i1, are these words and state-
ments thoso which are likely to convey to the listener the whole
or even a small part of what T would Hke to expresy
T bave a fecling that we should be very much concerned with
the other fellow s receiving set and pot only with our own trans-
mitter If the other person dotmt seem to understard os, it roay
not be enough merely to increase the power of our transmission
wre must try to find the obstruction in his recelving set, and see
what kind of filtert and resistors be uses. So if we call out to the
interprofessional no-man #-land, “How do you hear me?” and the
reply comes back, 1 bear you Nine-Nine-Nine, we have the begin-
ning of communication. What we try to do in these conferences
mductedbydwFomdauonhmwtthemgefmmnnmgful
commmumicatien.
‘With the accelerating rate at which new knowledge I3 accumulat
ing and with the increasing recognition that mature is of one plece,
it becomes evident that the cootimmed isolattan of the everal
branches of sclence from ope ancther is @ serious obstacle to scien-
Ule progress. Nowhers in scfence is the need for combined opera-
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8 Cold Inpury

tions more evident thap in medicine. Today to be effective medicel
research and practice must embrace data from all the disciplines
including nuclear physics at one end of the spectrum and cuoltuml
m logy at the other for advances in one field are frequently
d ent upon knowledge derived from quite another discipline.

Although fertility of the multidiscipline approach {s thm recog
nized, universities and scientific socisties and which are
usually restricted to one small area of & Beld in coverage, have
not yet made adequats providon for chamels of interdisciplinary
communication. We do not wish to compete with the formal sclen-
tific meetings or with the sclentific jonrnals which have esteblithed
patterns and formats for the presentation of material. Our parpose
at the meetings is to keep an mformal atmosphere and to encoorage
the exchange of methods research plan, concepts and dificulties,
which cannot be done if there i forma! speech making.

The FoundaHon has endesvored to meet the noed for inter
dusciplinary communication by bringing together for a serfes of
two-and-a-half day annual conferences a small group of investh
gatom, representing in 50 far as passible all the branches of sclence
which bear on a chosen problem. cipants tn thete {nformal

£ over a five-year period develop a feeling of friendship
trast and mutual respect which in tom promotes comunumication,
cross-fertilization of Ideas and cooperation. The success of such an
endeavor however is dependent upon full participation of all
members in the discussion. Accordingly attendance at amy coe-
ference is limited to twenty five.

Under the guidance of Dr Willard C. Rappleye, President of
the Foundatlon since 1642, the Conferenco Progrem has been
g'rndunlzﬂnpandnd and enlarged untll during 1953 it inchuded
twelve different groups, meeting anmually to discuss a wide varlety
of problems in the fleld of medicine and the closely related dis-
ciplines. Our plan 5 to discontimue the meetings af each group
at the end of fve years.

In order to share with a wider group of investigators and students
the essentlal quality of these conferences and to give others an
fnsight fto the functions of the sclentific mind, the informal nature
and tempo of the discussions tn so far as possible are preserved in
the published transactioms,

Fraxx Fronsonr Surmm, MD
\fedical Direcior



INTRODUCTORY REMARKS

JOHN H TALBOTT
Chasrmm

For this conf we attemp ’loleled bers, & well
as guests, who were d in fund h upon ecold
or who were interested in the investigation of the basic prob-
lems in so far ms the phyxological and the pathological effects
of cold are concerned. But thers are two very obvious practicel
pl that are idsble. To gather more information re-
garding the camsative mechanisms of frosthite is one fmportant
dmlm%pmblummﬂwﬂdd.ﬂthmghpmgmnhubemmada,
frostbite remains as an injury without a readily avatlable form of
therapy So long as there are military operations in cold countries,
and there are going to be more, I think, rether than Jem tn the
years ahead, frostbite and cold inj will still be an important
problem for the armed forces. The o clinical problem is hypo-
thermia which recelved some civilian clinical impetus 15 or 18
years ago, but the interest waned considerably during the war years.
During the past two or three years, it has been revived, particu-
larly ax & tool in the handling of certain surgical problems, and even
though hypothermia 2 not ome of the scheduled, formal sbjects
for discussion, we certainly want to spend some time in bringhng
ourselves up to date on the varous aspects of hypothermia that
are of direct clinical interest to most of us
At our first conference, we satd nothing about the epidentalogy
offmubltnlwnmtmthntmchnmnbahctmnmenxbhto
stody However an epldemialogist was incleded tn the second frost
bﬂemmmjupanmdxorm,mdlthmkthauhemuluwhid:
Dr Schuman wus sble to bring back amply fustifed the assign-
mmt ufruch -:n!nvmﬂgxtm- E{idcmiology of frombite was, to ma,
and e of the whale cold
pmblcm,.ndthntwuthemsonwhywn it to bo the finst
tophe discussed at our second conference.







EPIDEMIOLOGY OF COLD INJURY IN MAN

LEONARD M SCHUMAN Comdr PHS*
Arsy Alsiscd
Fort Knex Kewincky

Ermpooioor A 1 defins it, is merely & study of mass phe-

demiologte penclp

during VWorld War 11 by Joha Gordon of Harvard and by Colonel
T F Whayne, of the U § A Frosthite, a3 you undoubtedly
have recogured from the very g of your own persanal
studes, (s of multipl and has maultiph factors,
and so it was felt that the epidemiological approach was the an
approech that could easly elicit certain relutionships between the
bost, his environment, and the particolar agent, namely cold, and
{ts syvergist, wetnem.

The embalogic approach, has within ftself certain dificulties,
fost as say other of scfence. For example, direct
messmrement of cortain factors s pot always possible, becanse
frequently we are dealing with stirfbutes rather than with meanre-
able guantitfes.

Kark: You mean the attribrtes of the person who I Infured?

Schumn: Yes, tho attributes on the pert of the persan nfured,
as well mx the attributes I the socalled cocio-sconomic envlron
mmt,of.moﬂ)e.tnlnhng.mdodeuuﬂun.lnthapmthbcmbuf
a given factor hus been etirdied mare or Jess by comparison between
two groups, and In this way the approach hs ylelded
resulte Tt nho prescnts certaln difficulties ase in the Geld one
carmot always cootrol the attrdbutes with which we are dealing
On the other hand, we dont always want to coatrol those attributes
because we will be disturbing the natural relatfonship between
the host and the agent. Frequently a given factor may seem physio-
logically ratiooal and yet not prove to be s In an actual analysis

Presenth Depméy Dacecter Mlsots Departosoat of Pableo Tleakth, Srvmgheld, Dases
n
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rates, sod the incid of discipl hronght to besar

mtnlnu:nbdmhsmnmmuftbnmnbufthem

mo(hﬁwu-d;thcnn\auelowinlgrmpwﬂhhlghmnh

Waidt.too.\hal\xuweddh}mywu&n:mmwddmto&

exposure, there would be a relationship between the monale

of the unit as manifested by the over-all accident rates or nanbattle
es and the actusl cold tnjury mates.

Motivation, which is anotber factor that has been described and
which Colonel Whayne has attemptod to assess tn his b1
alto a variable which is rather difficult to measure. It involves the
use of rewnrd for achisvement, and tactical and strategio orlentation
of troops within the limits of security But how can we measure the
level of such motivation?

Then, another large group includes the factors within the socio-
economic environment of the soldier himself We have long recog
ntred the fact that cold injury is a definite occupationnl disease

of 1651-52, this phenomenon stilt bolds troe. Combat ctivity com be
measured a little bit better but it 1s not a wlo determinant. Not
m}ydoambttucﬂﬁtgmodlfydnhddmmofmldmfury but
teelf fn tom modified by other factors. One must mention the
vnﬂxbﬂltyufduekar und clothing, which can be propesly meas-
ured. Command Jeadership and attitude, bowever are other difi-

the incidents themtelves. This type of approach, proved i many
instances in commmunicable dbense, will preserve the normal rela
dmd:d[nmdﬂ\emwpenpccuwo{lhaﬂdubbvhlchm

Inthswhtcruilﬁsl-ﬁ‘lthna‘mthmeambtodn
performoed  fint, the fntenviewing by predetermined
techniqoes sand question contt-nt.o{npa!kntwbowuln]und,
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time, tho relatively shoct time interval betwoen the incident snd
tuterview the rappart established during the intexview
Webster Was the interview privileged, so that the comtrol

vroakdn t fi mdhdﬁlinnrymdiﬂn?
Sdmmwohfnbw tely It was kept confidentlal and done
privately without even the modical affcers present. They assisted

g

as coterminality in space and tme goes, if & man went out oo a
combat patrol, then a man who was in the identical squad with him
vras selected for the control Interview Helndwbuinﬂnnmo
place at the same tme and en; boat the same type of
activity If he were in a tank Wmlgmmcr wo would seloct
one of two types of controls; another guimer in 2 tank alongside
of him, or the ammumition handler within the samé tank as the
patient. If the patient were riding a vehicde and was frostbitien,
then the man who was on the same truck with him was selected
for the interview if the patient stood guard, and ff ft wers o two-
man guard, of courss, the man who was on guard at the same Hme
was quostioned. If 1t were & one man guard we took the man who
preceded the patient or ded him en guard duty in that same
spot oo that particular night. And 5o it went. We set the conditions,
and to that respect, the sampling was not random. Thers was one
pecullsr charucteristic of the sample which will be pertinent to
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tolerated in 1850-51 a3 ho was in 1851-52 when we were able to get
tnto front line bunkers in some instences.

In 195152, the ncidencs of cold injury fell dramatically matnly
becauso we had lessened activity a better supply of gear and the
rubber tromlated boot. We had a rate of 3 1000 per anmum
confirmed cases of frosthite acroms the entire November had
the highest {ncidence. In December the rates fell, and fn January
and February the rates increesed again, and by March they tapered
off to virtually xero.

Kark Will you define “frosthits, please? You said 716 cases
of frosthite.

Orr Frosthite is an infory that occurs my a result of exposure
to a low ambient temperature (less than 25° F ) over a relatively
abort period of time (less then 72 hours but useally 4 to 8 hour)
The infury i classified into fonr d of severity The infury
umong combat soldfers 13 usually to the foot or hand.

Km—gk You wonld call u frostbitten eur a frosthite?

Om Yeu, ff a Jogical history and certain symptoms are elicited.
In order to be conxidered frosthitten the patient should be able to
rdnecvmhufhhcoldu:yﬁs\ne,mnﬂngmdrympummd]

such o3, edems, hypermia, vesicnlstion or desquamation should
have besn noted. It should have been severs enongh for him to go
to the medic.

Blair You might also say that froatbite is an fnfury that could
Dot ocewr at ambient terperatures above 25 F Any tnfury occurring
above that ambient tempersture could not be fromtbite.

Orr: Thats right.

Burch Are any of these trench footP

Orr- 1 have not seem trench foot tn Koves during the past two
winten. The cuses we had in Korea were not stmflar to those seen
in Italy during the winter months of 1844-45.

Sehuman. Table I shows that cold tnfury remained an occupe
tional diseate of the frontdine rifleman You will note the attack
rate for the Elghth Army as a whole was 3.04 per 1000 per annum.
The divistonal rate was 5.95- the regtmental rate was 8.78 and the
battalion rate wus 1L7D These represented the following per
centages of all the frostbite cases in the Eighth Army 92 per cent
of the cases were n divisions, 81 per cent were In and
"8 per cent in battalions. Theso particular echelons, on the other
hand represented the following strengths in the Army as a whole
namely divisions, 47 per cent of the Army regiments, 28 per cent



TABLE I

CmpcrboudTMdFmiHleAMRﬂuioflheSeded:dmlnLhelLS.&hAmy Korea 1951.52

7ol 134

841

07 148 1000 100.0 100

82.8 418 188

88.1

197 388

8Le 21 255

784

5.95 822 472 108 1000 1000 100

804 1000 1000 100
878

8th Army
Divisloas
Regtments
Battallons n7m

Infantry battabions caly {rifo eod mortar ooumpanier )
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of the Army and battalions approximately 20 per cent of the Army
as ¢ whole.
‘When wo calculats the ratlo of ectual attack rates to the expected
T ing the values expected i the rate of cold
injury had been uniform trrespective of echelon or wit, we find
rather interesting mathematical ratios. At the dividon leve], the
rate was ahmost twice that for the Army as a whole the regimental
band, ed the following strengtha In the Army as & whole
mdthohmﬁm:hadanﬁonthﬁmﬂnnm four ttmes that for
the Army as a whole, indicating that

with a uniform attack rate for both units, that is if the occupations!
character of this particular infury were diregarded. Thus, in Kores
in the past year cold infury remsined a disease of the front line
riflanan.

Burton Would you relieve my ignorance, coming from a forelgn
commtry o to speakP To me, a Canadian, the terms division
regimeat “hattalion  would really be categories of stze of units
With thoy evidently are not. Is the batialion a group of men
who do different things from people in a reglment?

Schuman The battaion can be thought of as that it which
has the greatest concentration of actual front-line riflemen The
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way the battalions represent 20 per cent of all the Army aod 80
per cent are suppart troops.

Meryman Aro all the battaltons that you refer to here infantry
battalions or do they Inclode others?

Schuman No, only infantry battalions, but they represent all the
infantry battalions that were deployed acoss the lines in Kores
Support battalions ke tank, engineer signal and so cm, are not
tncluded &s infantry battalions These are regimental or divisions
support. Only the tofantry battalions which contain the rifie and
heavy weapons companies are included here

Horpath I there any relationship that you found between the
relative number of cases in the battalion per se? The interesting
paint it would seem to me, is how manv of those support troop
of the battallon were afflicted with frostbits and how many of the
actog! individuals engaged on the static frant were afflicted.

Schuman That is not shown in the table, but it can be dexived
by a stmple caleulation. If you will take the difference betwreen the
number of cases fn the battalions and in the regiments and divide
by the difference between the total battslon strength and regiment
strength, you will then have the rate for regimenta! suppart it
It is well to potnt out that these battalions on whom the calculations
in Table I were made represent 100 per cent front line rifie and
heavy weapom companies. They are the three combat battationt
in each regiment, including mortar companies which are engaged
in active combat. The supporting elements of the battalion wer?
tallied as part of the regtment to which they helong. A few support
troops within the battalion, those attached to the headquarters
group the medical men or the corpsmen who actually go cut o8
combat patrols, were considered part of the combat battalion I
they themelves were infured. Ako intelligence and reconmafssanc®
groups from headquarters wers considered front line elements be-
uwtbeywaemﬂamdonthenmmlmeufrukm-ndmsﬂ#d
in missions fn no-man s land.

Burton 1 think this particular use of words In your report might
lead to some mismderstanding, particolarly abroad.

Schuman 1 am ghd to have it brought to mv attention. If there
is that confaslon, that will bave to be correcied to read “combat
battalions enly or some such dedgnation. Would that clarify the
pleture?

Meryman Ty that also going to apply to regiments® Are those
combatent regiments?

Schuman l\o,thereﬂmmtincludaﬁwthmcumhﬂhﬂhﬂm‘
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and all their supporting units. Other units which might total regl
mental strength are not destgnated as regiments within the division.
There was & tank battalon supparting or attached to a reglment
but that was still considered a di vi.ricnallmltrntherlhm a part
of the regiment.

Burch Do you have an analysis of your data which shows the
dutinction bethween the men who do have an opportunity to warm
themselves such as the medicnl corpsmen who may go in and out
of battalion aid stations and warm their hands and feet, and com-
bat soldiers who do not?

Schiuman Ve have that data only in a general way Onr Quarter
master observer made & stedy in which be showed what percentage
of the patients did have the opportimfty for warm-up and whick
did pot Upfortunately we do not bave s standard of reference
to the number of troops, who had shelter available at the time.
\ay I edd that medical corpsmen go along on combat patrols as
wﬂmdmnﬁtnmrﬂytnmduutofhmhmddmﬁom

Shumacker Could we ssnume that the atteck rate woald correlate
quite closely with the hours of potential exposure to severe cold
per man? In other words, the number of bours of exposure of the
Eighth Army personnel as 2 whols would be small because a great

gmificant,

Schuman nght.dmtilmcﬂywbylnythntmldh]juryhln
occupationa] diseass of the front-line riflerran, became of this ele-
ment of exposure I wonld say that thts s not becate it may repre-
sent one-fourth of the men exposed to cold, becauss the pumber
of men in the battalions 15 actually 20 per cent or cme-fifth of the
entire strength of the Eighth Army yet ™8 per cent of the total
Eighth Army cases aro found in battalions, virteally four times the
attack rate that you have for the Army as a whole. To separate out
the udynﬂr{m]veelcmh. you would bave to recaleulate the

battalions and the Eighth Army as a whole Such a calculation leeds
to an attack rute of 062 per thourand for all suppart troaps as
compared to 11.8 for bumbim that £, the nttack rate for battalons
per s¢ Is now 128 thmes that for rather thap four
times the vahwe for the Eighth Amywmf: m

As to the reliability of the dats which we gathered, I would Uke
to emphasize that we were not satished with merelv the patients
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way the battalions represent 20 per cent of all the Army ad 80
per cent are support troops,

Meryman Are all the battalions that you refer to here infantry
battalions or do they fanclude others?

Schuman No only infantry battalions, but they represent all the
infantry battalions that were deployed scross the lines in Karea
Support battalions like tank, engineer signal and o oo are not
included as infantry battalions Thess are regimenta! or divisional
support. Only the infantry battelions which contain the rife &od
heavy weapons companies are tncluded here.

Horvatl Is there any relationship that you found between the
relative number of cases t the battallon per sa? Tho futeresting
point it would seem to me {s how many of those suppart troops
of tho battalion were afflicted with frosthite and how many of the
actual individuals engaged on the static front were afflicted.

Schuman That is pot shown in the table, but it can be derived
by = simple calculation. If you will take the difference between the
number of cases in the battalions and in the regiments and divide
by the difference between the total battalion strength and regunent
mmgth,wumﬂthmhnwthenmfwreglmmmlfﬂmmﬂ"
1t is woll to polnt out that these battalions on whom the calculation
inTableIwemmdereprueuthOpcremtfrmtbl:neﬂﬂEl”d
heavy weapans companies They are the three com t battalioos
in each regtment, including mortar companfes, which are engrged
in active combat. The supporting elaments of the battalion wer®
talied as part of the regiment to which they belong. A few suppat
troops withim the battalion, those attached to the headquarted
grm:pthemcdlcalmeuurtbecurprmenwhn-ctmﬂysomt";
combat patrols, were considered part of the combat battalica
they themselves wero injured. Also intelligence and reconnaksance
groups from headquarters were considered front line elements be
cause they were stationed on the matn line of resistance and en
n misstons in po-man s-land. t

Burton 1 thinl this particular use of words fn your repost migh
lead to some misunderstanding, particularly abroad

Schuman T am glad to have It brought fo my attention. If there
is that confusion, that will have to be hr:re:dctllﬂz:c
bettalions only or some such designation. Woukd that clarify
picture?

Meryman Ixd‘mnlwgcdngtunp-plyiDl'Ez'.'lﬂi'ﬂﬂm’A"’"bme
combatant regimentsP

Schuman Nu.thamglumtmdudatbethmmmbatbnmliw’
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and all thelr sopporting wnits, Other units which might total regl
mental strength are not designated us regtments within the division.
There was a tank battalion supporting or attached to a regiment
but that was stil constdered a divisional unit rather than a part
of the regiment.

Burch Do you bave an analysls of your data which shows the
distinction between the men who do have an oppoitunity to warm
thermtelves, such as the medical corprmen who may go in and eat
of battalion aid stations and warm their hands and feet, and com-
bat soldters who do not?

Schuman We have that data only fn a general way Our Quarter
master observer made a study n which he showed what percentage
of the patients did have the opportunity for warm-up snd which
did not. Unfortunately we do pot have a standard of reference
to the number of troops, who had shelter available at the time.
May I add that medical corpumen go alang on combat patrols as
we‘lmdammlnecenarﬂylnmdouxofbaﬁlllnmddmdon;

Shumacker- Could we ammme that the attack rate would correlate

ElghthAmypmndulwhohwuuldbemﬂbemnuum
mnynmwmnotm:pmedmmmw\d.\vtmyvuiet
much

Schuman Right, that is exactly why I say that cold tojury is an
occupational dizease of the front line rifleman, becanse of this ele-
ment of exposime. I woald say that this is not becanse it may repro-
sent one-fourth of the men exposed to cold, because the number
of men in the battalions i3 actually 20 per cent or one-fifth of the
entire strength of the Fighth Army yet 78 per cent of the total
Eighth Army cases are found in battallons, vitually four imes the
attack rate that you have for the Army as a whole. To separate out
the purely mupportive elements, you would have to recaleulate the
rate by using the difference between purely battalion cases and total
cases divided by the difference In strength between the total of
battalions and the Eighth Army as o whole. Such a cakculation leads
to on attack mate of 052 per thomand for all support troops ax
compared to llﬂfmbutmlbu that i1, the attack rate far battalions
per se 1y now 12.8 times that for support troops, rather than four
times the value for the Efghth Army ay a whole.

Asto\}wrelhbfﬂtyoft}wdatnwh!ch“mhﬁud,lwmldlih:
to emphastre that we were not sathfied with merely the patients
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response to questioning. In our inftial hunt for the partionbr
bunker mate control, we interviewed the battslion commanders to
find out the exact situation fn which this particular patient had
been frostbitten and from that information, we were then able
to ask questions of the bunker-mate control, which would prampt
hls recalling the situation. It has been mentioned that this type
of questioning is always difficalt at best. I wonld like to say that
1 personally iterviewed these people and, on the basis of all my
past experfence in conducting this kind of survey inquiry I feel
that we established very fine rapport with all the controls who
were interviewed. I feel that these were answering to the best
of their ability at the time, that they were not giving fictitions
annvers, becauss there was no elemant of recrimination fmvohved
These boys were prodded tnto giving us the true situation et the
time by tel them a little bit about the situation that we were
trying to get to recall. Fortunately there were many incidents
wh!cﬁwm!drmmdthobayofthedhuﬂwnttbcumeaﬂdlﬂﬂl
farth quite a bit of information that we were secking. There was,
however a type of data that was not relishle- for example, “How
much weight did you loss?” T think these latter answers reflected
certain elements of immaturity in the ndividua] and what he feit
ahout his own persan rather than an exsct estimate of weight change.

L T S N ]

1

1710 cuves t the Owkx
permbmdon, from D-hmdi‘-h-rD Cold
of 165081 Medicing 31 177 (1653).
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), 1 represents a sample of the situation in the 18350-51
wﬁ\tgf“m'l‘hh figure is presented so that the {dentity of the pattemn
can be seen between it and the pattern in 1851 52 shown in Fi
Z.At(hnbcgimmgddmlmlwﬁ\mmmthmmanﬁ?i
increase in cases, almast epfdemic fn form, then a decline thron,
the month of December and then peaks in January lessening tn
intensty through February and tapering off in March.
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Figure 2 shows that we had an epidemic type of carve at the
beginnlog of the 195152 srason, about the tame time as the previ-
ous year despite the difference in the overll Intensity of combat
activity However there wat an element of similarity even there
{or we wers hit by the enemy wlong the ine {n two or three spons
at a time of an interchange of position between our
the ROk troops The United States regiments in
caught withoat their shoepacs. were on Tclr
digging inta poritions that were too shallow for them as ad

i
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been occupled previowly by RO troops of shorter stature, and the
first cold wave hit at the same time. It was as if the enemy utilired
the cold spell as well as the interchange of positions to attack us,
That was the anly flurry of combat activity in the entire winter of
1851-52 that could even compare to the of activity that existed
in 1850-51, with its retrograde action snd its very active defemse
which finally turned into offenstve action but not without unfts
being pinned down in many sftuations.

Burch Was any attempt made our army to change troops
during warmer weather and to a making changes during cold
spells that are known to be approaching the battle area?

Orr 1 do not belleve so At least not until after November 1851
One of our objectives in the cold injury p in 195152 was the
indoctrination of combat troops in the application of weather daf2
and the prediction of weather changes. This approach alowed
smaller units to take Into account the weather whenover they made
changes in position, sent ont patrols etc.

Burch Is that a practice to be Instituted or ane which has been
in pructice for some Hme?

Schuman That is a practice to be instituted, for the most part.
Some of this was begun In one ar two regiments before wo left, @
Lheba:haftbdrmyiumbkmtermm\mthumdiulpph
tlon to tactical situations, operation of equipment, and so on.

Siple Yes, the local regimental and battalion weather obsene-
ton system started by the Cold In]‘urmimhmbemprdmfd
and improved,

Shumacker 1 imagine, George, that Commander Schuman will
bring out later the fact that until the winter of 1851-52 the Arory
hndnonppamhuortnm:dppcrmmlfm-ctmﬂymnniﬂﬂ“
predicting weather co-nd.(tiomo‘ntbeﬂghﬂngllne.ltwmaplé:
of the study team s program to institute such studies. It met vl
md:gmenlappmvnlmdiumefulnwwumxpparwtdnlﬂ
hes now become a permanent part of troop operatfons.

Burch You moan thero had been no weather prediction on the

rou see in Figure £ Prior to the
zempenhlru data that were available were dLhﬂﬁ'omdlvhim:‘k;
luip:mthnAkamuomthmmlmﬁmmﬁﬂq“:‘;}d
miles end miles from the front lines, many times 20 ar 30

south of the front lines. In 185051 the nearest airport fn wse ¥
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no

more than 100 miles south of the Chosen reservutr There was
way of getilng local data st the time. Therefore st the begimming
of this stody one impartant consideration was to obtatn weather
data as closs to the locale of (njury us posstble, and I think that for
the first time in the history of military operstions we got as closo
a3 anybody could get, to the battalion command post, which fre-
Exmﬂymﬂgbtmdnddgnmdwhmkmwﬂhtbofrum-nne
ements of the

There is a pretty ton between the actusl
dafy Jocidence and temperatires in Figure 2 Ag prev
toned the experience In the winter of 155051 led to the establsh-
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thgs;’;k It wasn't poor selection of clothing which camed that,

Schiuman No The penl more ar less reflects the temperaturs
drops again. The statement has been made that the best correlabans
would be with wind chill. Actually correlations are fust as good with
average temperature as with dafly minhmum temperatires. I was
ready to accept wind chill as the best correlative factor untll the
particular data presented themselves, but I think it must be safd
that the terrain of Korea operates agalnst wind chill being a highly
corrslated factor because, whereas, & wind may blow down a valley
a mountain may block off that wind fatrly well for a particular
line, and s0 you get under these conditions a detracting effect
upon the correlation with wind chill,

I feel that the large peak in November is predaminantly & resuit
of a) the most intensive combat activity of the whole experfence,
and b) the failurs of the troops to don the right kind of gear st the
time. Those are overshadowing factors. We have no evidence for
lack of acclimatiration other than that the Incidence ocomred
with the fist cold wave. I really canmot say that that phenomencn
exists except philozophically and as far as experience is concerned,
we do not have data to back it up It could be & factor in this
particuler first major peak

Kork Is this not also a phenomenon like immunity? Is this &
population who have never been expased to cold before and do
not know how to ool after themselves? In other words, there must
have been some rotation from troops of the year before, with rew
fresh troops coming in who had never been in the cold. Do yoo
have any data on that?

Schuman We know that rotation virtually removed from the
theater the vast majority of those people who bad had experience
in the previous winter I can say that the number with a history
of previous winter combat in the same theater was relatively small
and this Includes both patients and bunker mate controls, so that
lack of experlence fn winter fighting certainly cannot be ruled out.

Blair Another possibility is the elimination of highly susceptibls
individuals. ¥ e know that certain indfvidoals with labile periphere!
vascular systems, Faml.lﬂy hyperhidrotic persans, are
susceptible to cold injury mdm[m]}ytheﬁntmldm‘g
eliminate these highly mﬂ;ch})ﬁb]o fndividuals and leave a mu
more rexistant general population.

Schuman That is certainly » Seld that remains to bo explored
Wo attempted the of the stability o7




Epidemiology of Cold Infury in Man 29

lability in the pre-cxporure stody by a test which Dr Burch (2)
hudZa-tbed.CmmmdmCooL.wbowurupcndblefmthe
wmmunﬂmmummd&mnm ta
unfortunately are highly unreliable because of the extreme vard
ability of the enviromment In which the test was done. It had to be
done in forward battalon ald stations, and sometimes thoy were
well heated and crowded, so that the heat wes excessive, and at
other times the stover would be out, and the light would be poor
for the Coleman lanterns would be burned out. It b certatnly worthy
of further exploration to see whetber or not ruceptible persony
are removed en maste with the fint wave of cold

Blatr- It might be well to note that the cold injury pattern i
Korea during the past two winters follows closely the pattern that
occurred in Italy and fn the Alewtians during World War IL There
in cach case, with the fiest ontet of severe cold thero was a tre-
mendomly high mncidence of cold infmy and although colder
weather followed in January and February there was a lesser
degree of cold infury Of course, this must be correlated with com-
bat activity before It can be evaluated, but it appears to me that
there wust be factons of elimtnation of susceptible individoah,
acclimatization, cold weather equipment, learning and discipline,
to be considered n the over af} pieture.

Crizmon: Two words came up in the previons discussion that I
think are of considerable fnterest and concern the whole aspect of
seclimatization. One of them Is experience, which has both learn-
inf; and cxposure connotations, and the other is the more restrictive
term, accHmatization. Did your data have anything in them which
would permit you to distinguith between the leaming aspects and
tho acclimattrtion aspects of this total exporura?

Schuman 1 believe that our data demonstrate the operation of
possible acclimatization prior to this expomre as a factor in this
exponure rather than the factor of experience. Tablo 1T shows that
oo difference exlsted between patients and controls with respect to
days in combat before frostbite. Althongh the bulk of patients were
in combat for a shact perfod of imo when frostbits occurred, this
w1 also troe of the bunler mate controle. Thus evperience tn com
bat does ot appear to have been a significant foctor fnfluencing
frosthite incidence in 1851.52. As to acclimatiration during this first
phase of exposre of covrie, we can sy ttle The bulk of the evi
dence seems to be fn favor of prior seclimatization rather than
cxpetienco In this partkular sitnation.
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TABLE I

Comparison of 679 Cases of Frosbite and 453 Contrels with
Respert 1o Days In Combat, Korea 195152

Cases Controls
Deys in Combat,
No. [ [ Na. | %
0-15 102 284 18 248
18- 30 195 184 81 185
81~ 45 63 08 50 1o
4860 .38 75 82 71
6173 35 52 19 4
76 — 60 39 57 il a0
51103 a2 47 2@ 48
106 — 120 a4 50 .14 82
More than 120 106 188 [/} 135
Total 670 L 1000 &3 1000
Xi1x=0 408 df=8 P>.20

Burch Would you say that the instructiom given to new troops
concerning protection of themselves were uatef

Schuman 1 dont think there is enough in ton or cold
weather tratning You sce marked differences f units aud the pre-
exposure studies showed & wide range in the amount of festructia
that the troope received. Thero ls 1 littlo tendency on tho
part of a tent to make excuses for his infury when bo thinks that
thers might be danger of recrimination, either by way of &n accus
tian of self infllct wornd or that ho wam t very careful and that
1s why he was infured. Thers is a certain amount of bias that creeps
into that kind of data however controfs with 20
recriminationy at stake present more relabl dats, and on this basis
1 say that fstruction fndoctrination and xctnal cold weather tran
ing are tnadequate.

Talbott 1 think that in addition to ndoctrinktlon, one must bave
upeﬁmludoctrmuonhﬁmbmdmbmmdommumhsohl
to fall far short of the ideal unless experience Is superimposod
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to be true in World War IL In additfon, the Britixh Commomweais
sector was, on the average, somewhat warmer

Webster In World War I1, in the Army the commanding offcer
of the unit was held personally responsible for the foot fojurles frow
cold among his men. He was the ono who was censored ntber
than the private, and there foot discipline became quite effecthe
Schuman 1 will say this, that the in which the Buitdh
soldier holds his lance corporal seems to be much higher than the

ch our trooper holds for his own sergeant, I do think, frm
personal observation, that a lot of the foot bygiene and the so-calld
command responsibility was a little bit better in the Britith Amy
than it is in our own experience. This latter aspsct was pot &I
veyed, h and an impression anly Of course, coor
mard responsibility can be carried to the extreme and cases can be
nm

Meryman In soms of the trips that I made into South Korem
Iocations I got the impression that they bad just about ay wech
frostbite as we did but they never evacuated anybody I saw quitt
& number of people with lesions easfly as bad as the ones thet o
men had, but they stayed an the line and ignored them.
Schuman Thall:gwtamamtufdlhwehaveonb’wp!ddh“
nationalities other than the British are for the ROK troops It 0
tnteresting to explore the poxibility of an acclimatization facte
operating among them Weactmllynwalotofdy:zngﬂm Mm
naked wandering eround in the cold climate, ling and
mﬂmrﬂnnlngﬁumlbdrmhmncomnmbdkfm{
LhoGththc!batalhnttbmpmpluhudmedLbenrd‘ﬂhurﬂ
way but, ectually for the number of troops that the Koreant
along the lines, they too, bad their shars of cold tnjuries. Howeve
their tota! incidence as calculated does pot W‘m’;_":
Thetrs was lower Iwmtmutedwmwhntthdrdllgww
like. I dont think that their hospitals ever saw a first degree
Hwntaﬂ.’lhelrhm'piulrnwbutamﬂporﬁonuflbdf"@d
dbymummdtbd:ﬂl)oddmmmprmhforthemﬂnl:;
thﬁ'dmdfaurthdepeotn]‘uﬂa.Fmtﬁ:tmmn.wd}dndm
nmnthemutfalmmpaﬂmbecaumtbmwu}dbemvﬂfd bt
parison there. Thetr fudgmuntafdcgmewmdlﬁ'ermtmd‘:_“
thuywmfeediugmtotheumm‘maudoumdlﬁerwhls‘
thus, impoasibls to find out the truo incidence among them. SpeC™
Inting, however o the degroes of infury represented and comrectiz
for total strength of divisions tn actusl combat, we arl
which s not much unlike ours.
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Flgure 8 tndicates the relationchip between combat ectivity the
bow t and the Ineid of frosthite. This was a

of those selationships in a single army unit and thaws the important
role of combat acthvity

Wo wero in d in tho precise relationdsip between the agent,
cold, nod the incidenco of cald tufury This was one of the problems
whtchmmlnedtmammrdn!bvmdal“otld“uﬂm
we wanted to find out whether there war a better measure of cor
wﬂnmhdwmiheind&rnwﬁm)dm‘mmdu tempera
ture mh[mmtmmmaaﬂndd:ﬂﬂmmxuhh
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Froomx 4, betwean dafly incidencs of cold end dnly svensge
temperatury, Enttre US. Froot, Kores, 1051-82 bt

carrelztion (product moment) between the average dafly t

ture across the entire United States front in horea and the

of cold injary Each dot represents 2 separate day We were able
to calculate & definite regresston line and get a standard error of
estimate of approximately B cases plus or minux,

We wondered about the rectilinearity of this curve and what
effect combat activity had in this particular correlation. We saw
that some of these plotted pointy wers seemingly out of place.
When we went back to the origine] data of the datly incidance we
found, a5 shown In Figare 5 that the five paints that are circled rep-
resent the five days of intensive combat activity at the end of
Nuvemberwhm!haﬂntmld:pcllocc\med,mdwbenlh:ecﬂfo‘ﬂ
of theso umits were caught without thefr shoepacs and were hit by
the enemy at the same time. Removing these five polnts does two
things to the curve it improves the corralatfon to a level worth whil
considering and, it reduces a stondard errar of estimate from nine
cases to five so that you obtain a level of predictability which is
roletively We can with this kind of regrestion live for a stable
sot of conditions, pamely a static defente front and adequate goar
begin to make predictions of incidence. To show further what this

removal of the five points actually does, the efficiency of
goes wp from § per cent to 20 per cent which s an even better
measure than the rise from —0431 to —0627 In the cocficlents of

correlation.
ﬁmhmotherpointﬂmtsecnnnlitdomtafphmnndﬁt;:
is the 40 cases at 16° F That proved to be January 12 where
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Schuman No we have not yet tested the curvilinearity of thes
particuler data,

An identical procedure was applied utilizing wind-chill dsta to
obtain a regression line for the data (Figure 8) with the days of beavy
combat included, and abso (Figure 9) omitting the days of hesvier
combat to obtain a more pearly unfform base. Actuslly these cor
relation coeficients for aversge and minfmum temperatures and
for wind-chill are not significantly different from each other and
if this type of data is to be utilized In prediction of cold infury
I would say that one should accept that varisble which can ftelf b
predicted reliably for aversge temperatures and wind-chils e
retrospective values and not predicted values as is the next days
minimum temperature. Thus, the minimum temperature which
predictable by previous evening dew polnts lends {tself for applics-
tian to such equations of prediction. Figures 4 to 9 inclusive, pre-
senting date for terrain like Korea and for the kind of combat that
was ged in are included as a posible clue to future analyses
of this type. I persomally believe that this Is worthy of further
exploration for prediction in all types of combat activity

Because of the contributing modifying factors, such as combet
activity the type of gear mdividual susceptibility possible df
ferences in racial susceptibility and so on, ft is surprising that there
is any kind of correlation at all between tho relationship of dur
tion and intensity of exposre to the degree of injury Table I b
presented to tndicate a possiblo further attack on the problem. The
lon, lpermnhapmdtomldthcgrularhhbl&aﬁhwdd
mlﬁufﬂry also the lower the temperature the greater fs his Lke-
hood of frostbite. By multiplying the two ek namely the
duration of exp end the reciprocal of the temperuture, a0
exposure index s obtained. The values which are presented i1
Table 1T aro not, unfortunately significantly different from esch
other degres by degres, when tested at 5 per cent probability Jevels
by the t test, but this is a possible clne to fature wurk because ther?
does appesr to be a trend in the direction of increasing mean &
postre indices with Increasing degrees of infury If, tn some future
theaters of war the temperature range is lower Ibeﬁemﬂutg
would have to use the Inte temperature scale to get below
negative values that might then be t with or add some constant
Llutcauldavu—mothntnegnﬂwvalue.lnmymmehiudk:
are relative apd must be calculated identically for comparison. It
possible that one factor canh-lbuthqmlhefnﬂmmal!d!dgﬂfuf‘
fcant in in the exp index with Increasing degrees
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Horoath 1t 1s only your third-degreo injuries which drow sny
significant differences, at least just from at the figures
1 dont think thers is any difference at all in the fist-degree or the
fourth-degres between thets two groups.

Schuman That Is correct. There are no sf differences
there by rigid statistical tests but there are This is the coller
tive experience, lrrespective of climatic region of origin. The sir
tistical significance which les between the two values for thind
degree mjuries, as Dr Hervath pointed out, may be & chancs ocom
rence. I mentioned the mcial difference because in the dats for
temperature of exposure alone, thero Is a differenco between the
white and the Negro fn other words the average temperature for
the Negroes is significantly higher than the average temperatmy
for the whites.

Horoath s this duratfon of exposure {n hours obtafned from yoor
questionnaire of these people?

Schuman Yes. This s obtained from the time, for example, that
patients went out on patrol It was just from the time they were
Brst untf] the time they re-warmed by whatever means,
walking, or fire, and so forth

Horvath 1f they were pinned down for an hour sy but {t hed
taken them five hours to get there, the five hours were not cot
sdered?

Schuman The five hours of walking to their partieular patrol
were not considered.

Burch What is an average value for DP

Schuman The average value was abont 7 hours for the entir®
experience. Thers Is 2 wide range I exposure Hmes. There wat
anytwhere from 2 ar 3 bours to 12 or 18 houry. In same of the patiest
who were on outposts without heat, and who wers under enez’f
observation, thers could not be more than slight movement fof
upwards of ahnost & day ot times,

Burch Didyoumkamyeﬂ'uﬂtoaﬂmatetbenmbad
calordes of beat that could be lost with the temperstnro gradients
anolvedlnyuustudla?ltwouldrequ[renfnh}ylongmf"'
leg to cool to a freazing level and tho rate of cooling should b
exprwrdlntemuofaah-}aperhmperkﬁoofﬂmh

Schuman: No place fn tro bout

Burch It to me that if freezing takes place
thulnﬂghtblepf:;?bortforﬂmmﬁdtep]mh.\oumddﬁﬁ‘
mate the sccuracy of your data by such a study
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TABLE IV

Distribution of 716 Cases of Frostbite and 455 BunkerMate
Controls Aceording to Rece, Korea 1951-52

Cosn Controbs
Bace
No, % No. I -
‘White 417 582 407 85
Negro 201 408 87 81
Mongal 8 11 11 24
Total l 718 ] 09 455 1000

example which was cited in World War IL The difficulty in Workd
Var II was that the majority of Negro troops were held in service

tions rather than In front line positions. In Kores, in the
winter of 1951-52, the situation was entirely different from what
1t hay boen in the history of American combat troops. Thero was
approxmately from 8 to 10 per cent distribution of Negroes i the
front-ine units throughout the entire front.

With that kind of situation one has the stabilizing or correcti’g
factor of distribution as far as morale, training, individnsl combat
expedence ard many other features are concerned.

Horpath Except that you had the intengihle of from 1 to 10
There 1t an individual who is still distinguithed by color from the
others.

Schumen Exactly However from persaual obeervation, which
is not & meagurable quantity and which I do not present 83 prodk
the relationthip between Negro and white fn the combat xm®
on the front line especially is one, I think, virtually without aoy
discriminatory practice. I have seen white boyrmkingmmmd’
from Negro sergeants Ihnvemwhﬂvboyibdugmnlhm’gh
the paces of martar practice with o Negro corpornl giving the
commands or firing directions stc. T havo seen, and this is pertinet
to an understanding of this problem, a Negro boy asking & whit®
boy to wait for him and pot to leave him behind in a ghven p37
ticalar problem, and the white boy saying, “TTl suro be there, Bod
There was the the of 2 common emergency that was present In this
group How to measure that, ] dont know But it was my fopres
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Rark Weﬂ.ofmune,butthatimtwhntlnmtryingtolﬁ
out now It seems to me that in protecting coneself from the
in being tndoctrinated to protect oneself from the cold, e goss
through a whole process of learning to do it satisfactorily All o
us who have lived in the cold learn to watch each other If yo
pair off you do better than if you dont pair of It may bo that
yon have some block in being able to do & protective job well
because of your previons background and education as & youmgster
I mean your attitudes. The only point I wanted to make is that it s
very hard to say what effect your early educational backgromd
hat on your rate of learning new phenomenon, or your abihty «
desire to learn.

Meryman How about the breakdown, If such exists on thest
cases on the use of equipment, which would be a reflection of this
intelligence factor? If a percentage of the cases resulted from 2
man losing or misusing his equipment, that certainly fr not 8
physiological factor and would to some extent be dependent oo b8
intelligence, his ability to learn.

Horoath Yes How many of these frostbites were due to the fact
that a man was holding a gqun barrel or sitting em a tank and g%
his bottom scraped off that way?

Schuman There wers relatively fow taok cases, relatively fex
cases of hand frostbite. There were a few hand cases that hed theif
orlgin tn removal of gloves to unjamb weapons, but they do not
repmmlthulm]](ofthmumwhlchwmpﬂmlrﬂyﬂfmf""

Adams Ray Kristian Stray (3) has been making an [ovestigation
of susceptibility to cold among Norwegian troops and he has fomnd
a difference between blondes and brunettes

Shumacker- C der Sch do you have [nformation about
when socks were changed?

Schuman Yes, I have.

Shumacker T have the impression that when stodies have bees
carrled ont to determine possible dlEmmubctmnNWmd
whites in aptitude for leaming, they have shown that no
differences are evident at the Jevel of primitive intellectual processes
Formmpla,lbaﬂewlthubcmlhmvnthltnndiﬂamm
nutedntthoboginnlngufschooLTbcvlmap“Uwc"‘dfé
when content becomes an important factor The child s better
Lhcnifhehmngoodhmﬂybmdcgrmmdwlﬂdlhnmd’dfﬁ
with some understending of such things as history peography
literature. Though I may be wrong about it, I think we are con
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cerned with primitive leaning habits rather than more compl-
cated oves, such a3 are of importsnce to the medical student.

Kork \What about personal discipline? That s the thing. Personal
discipiine 15 something that you learn early in life, in the bosom of
your family and in school Y¥hat 1 am pointing out is that one would
like to know whether the educational background of these groups
was comparable in thefr early years. I don't think you can get that
date very easily

Meryman In talking to these frosthite patients when they have
been evacuated, I had the tmpression that there were many epdsodes
tn which the ultimate infury could have been provented i the fellow
had only used his head, and that stupidity whether from excitement,

tion, or frmate in the mdividoal, had prevented him from
m]dnggpmpammllﬂ]lfcelﬂnlthh:huuldbelvuy
important aspect.

Horvath My fmpression from watching Negro troops and white
troops up tn Cansds during the war was that although we did
ectually soe ¢ slightly greater number of Negro troops with frosthite
than we did of white troops, in many cases some of the sccidents
with the Negro troops were deliberate in that particular situation.

measured or whether this just ha
whkﬂ:mgutxthﬂdlﬁmlg‘:: mﬂuﬁ:ﬁmwcxme
back from that experience In Canada, we put a u(BOwhhu:
lndaﬂNegrwmndmpbtstofupmmwg‘:P
and then followsd thetr skin
and, Itwuhtq:onfhlalndkﬁnguhhbetwmdnm
&3 1 could tell. The toe temperatures of the Negroes
w@nlwumwmdmmmmmmﬂm
t. Their survival or their re-
rpunafm-tb:mhmmm—m or —40 C. seemed to be the same,
There may bo a difference, but 1 wonld be samewhat hesitant n
putting forth a statement of difference mnti] T have had st losst
mare information,

On the basts of the initial chart that you have and your developed
ratlg, T can’t ses that §t fs possthls to suggest any difference. You
have one set of statistical data saying thers is a difference ard
motbeneto{md.sﬂm]d.-hnyfngtbanbn‘t differenice. Table
IV ik & distinet di the races
wberu:TnbhHIrdltudmﬁonmdlntms(tyufuxpowxoto
degres of infury for the two races and does not demomatrute dif
fermmlnnmcknto.TnblaIkaLbatLberemcat;

4
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differences between the races which may or may not contribote
to the difference tn incidence However attention is directed to the
ftem of temperature of exposure which is definitely higher for the
I‘;;Eothmforthewhﬂeandblmpmmtuﬂhncxpmmchdﬂ
it
Shumacker If the same sort of data is brought out in the rest of
the discussion, it will demonstrate a real difference in incdence
regardless of whether this s explatable upon some difference it
intrinsic racial susceptibility or upon differences fn behavior Fro
the practical standpolnt, this should be of enormous value to the
Armed Forces tn planning maneuvers and campalgns in cold regiont
Horvath On the basis of the exsentlal detalls is this fust a Bgmet
of our dats or is it a Bgment of our imagination or is it a true Bt
that there is a phystological difference between these two races?
Schuman It is the purposs of this presentation first to demor-
strate that there is an observed difference and then to attempt &%
analysix of the factors that may be contributing to that difference.
Probably the use of the word susceptible is unwise at the presest
time and caution should be exercised in ity uso fn connection with
these racial differences. But there is a real difference here which
1 think Dr Shumacker and Colonel Orr have mentioned aod the
“why of it, of course, is what we are going to try to ferret oot
Now Table V d Tates In mote form the relathe
risk of attack by race when ane considers the strength of the Elghth
Army all the divisions and all the regiments according to race-
Then, as was dans In relation to echelon groupings (Table 1) the
same typo of calculations was made for racial in the
divisions and in the regiments, Individual racial attack rates pet
Lhnumndnmlbownnndt}mﬂnn]]vthandosbehvﬁeumcﬂf“

th
the basis of strength in the Fighth Army The ratlo for the Elgh
Army a5 a whole, was from 1 to 4 for all the divisions from 1 ¥
%, and for all the segiments from 1 to 8 The larger ratios for
division and regiment are fmmediately apparent becauss 0“;‘
difference In percentage distribution of the basic population
race in divisions and in regiments as compared to the Eighth Army
perse Inothe!'wnrds.khL:wcl.lldi.ndleatcthntthereuertmm"'hfl
Negro troops used as service troops and support troops than
more or Jess combat Jovels or echelons
In demonstrating these risl-of-attack ratios among the Negrotd
nmdt.bewl:dlmcmd:»oba.rhv;ﬂ'clhmt{c:n:g{::mofm-lgln.“'ﬁc‘”"e

Y
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up with the particular values shown fn Table V1. In order to sdjost
v;&:lg;am?tt:mmdmvﬂ g to the population, cne does the wml

Hng of nes by multplying by the rectprocal of the
particuler percentage that we find.

TABLE VI

Comparisons of Relatire Risks of Attack Frostbits Betweea
Whtte and Negro Populations of the U 8. 8th Korea 195152

% m8h Amy | Noo | Adfated | pgy o
Region s Raco | (py b oS, |Cam Rk
) by [(bXx =) Raticn
r‘ b
Northern White X 3 34657 | 1000 100
Southern White 528 205 55878 | Lo12
Northarn Negro [¢1] 24 | 2680.68 | 7694 509
Southern Negro 137 262 | 191234 | 5518
Total 100.0 664 — —_ —

Beuusowehadon]ythepm—axpommnmpluuthomwd
data as to the state of orgin of the white and Negro troops, we
usmid:hpro—apmmnmp}outbocxltm—fonfurthedhﬁibuﬁm
LnthoE]ghthArmyunwbola.Byotbﬂtub,wadmwedthﬂ’hc
pra—expmmnmphwﬂmymh&vnu{theﬂg‘hthm
for several other criterla which wero used. Rank and raco foll fn the

d:anne}vulmgnon}ytnd!camdnotactmlvn]ua.mmhtadmﬂ
to the other we note, a repetition of the average ratio noted befort,
sbout five times the attack rate among Negroes as among whitth
undwhmwemddmthemgfmaliﬂmweﬁnd!hﬂth’
southern white is significantly different, from the nortbern white,
in that they have 1.5 to 1.6 times tho attack rate. There is, howeve
mﬂgxlﬁmntdlﬁmmbetwrmthewthmmdmhm)lqmﬂ-
cvmd:oughtbmuagrmternm-naimldiﬂ'a—mcebemnw
The standard deviation of the value of 24 cases for the porther
Negro was large.

If the Negro is more commonly attacked, sccording to this paf
ticular hypothesis, the Negro should show more hi fo-
j‘m-lathmthewb!tamnlfheb more susceptible  again pet
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mitting the use of the term in the sense of factors operatmg b
produce greater infury We find (Table VII) that tn comparing
the northern white cases of foot injury with those for the
Negro there is no significant difference in the two curves of
tribution by the chi-square test, but no reliability can be
upon this value as it deals with chi square cell vahies less than
However ining the more adequate data for the southern
a3 compared to the southern Negro we do find a reveral You
notice that whereas the southern white has 48.5 per cent of
injuries in the first degree and the southern Negro 35 per cent,
there is an approach to equivalence in second degree and then 8
reversal In the third and fourth degrees combined. We find a higher
rate of higher-degree frosthite among the Negroes as compared o
the whites. This is indicative of some difference opemting. The
significance of the chi-tquares is pretty high and, for the total grom,
it remains as such despite the paucity of the rarthern Negro cases
That was true for feet. The same thing applies to the distr{butian
of severity or degres of infury for the patients with injurles of the
hand as well (Table VIII) For the northern white and norther
Negro comparison, there does not appear to be any t df
ferenco in the distribution. We are dealing again with very smal
mumbers and I don t think this is very reliable, even fn the chi-squre
application. For the southern white com with the southern
Negro, however there is a significant erence, and for total
experience the same iy troe.

Kark Of the 24 northern Negroes represented in Table VI, bow
many hed been brought up fn their childhood in the South?
Schuman None. Actually in determining the regfon from
they came, we took the state where they spent the greatest mumber
of years of thelr lifs as the state of origin for that particutt
individual

Kark 1 am concerned with early education. Wo have been sble
to notice a difference in many ways in tho Negro, as we sco bim
at the hospital i Chicago betwoen those who have been reared
tuthairdlﬂdlu)dtnﬂ:eSouthandmeewhoHvedinChkﬂS;
Schuman The locale of early education was not checked,
other words, whether or not they had lived in tho South fnit ot
mxmmmmmtmmmqmﬁmuw
the collatera! questions of “How many years did you live

%?E%E

i
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these poople could have been born In & southem state #nd moned
soan after to the Narth and they would be classified as northern, or
of porthern o,

Kark T would agres with that, but one who has been brooght
up to the age, say of ten or twelve, in the South, I wouldn't ce-
sider him a porthern Negro

Schuman No, we did not. You see, ten years was really the cutnf
point Where he spent the groatest mumber of years of his He

Kark I would say I am thinking about the early part of their
lives, the most important in terms of personal discipline. 1f they
mpent six yoars growing up, say in Nashville Temmessee, I woekd
consider them at the age of eighteen as probebly southern.

Schuman Usually they come directly from their places of birth
tnto the Army In the pre-exposure data we tested for the pomber
of people who moved from ane region to ancther and the percentage
was very very low Theso boys seemed to come directly Into the
Army from the region tn which they had spent the greatest part
of their lives. In the fow Instances where there was migration, w¢
did record the state of origin as the place in which they had lired
the greatest length of their lives, rather than the last place where
they had lived.

Burton On this question of caltural and behavioral difference,
possibly due to eary education which Dr Kark raised, my oz
view would be that although it s true that the level of todoctrimt-
tian is perhaps & primitive level, so that the previous education
of whites and Negroes enabled both of them to take it in, the el
tﬂugthntdeiumtuuwhctherwebep:outoftrmlb}omﬂwmﬂ
is not s0 much  slavish following of rules but following them mte:
1lg|:nt}yandbcingwﬂ]f.uglomalruemcptiom,bemumnonelCJ

One has to act intelligently sod take the mitfative in modifying *
rule. In other words, you may be told to change your
or twico & dny and 1 seems to mo that the Negro because of
nduloglculmuommmm:bucdumﬁmLhtncl{nodmﬁmﬂ
back and be told and follow exzctly the rules that he has been ghe™
whereas the white {s willing fo take the inltistive and modify the
rule and not change his socks when it ts 40 F below and get his
feetﬁmtb{nmuhedjdnllhmldmmyben\uyrmld{;
ence there, in spite of the fact z‘lrktm'.bet;z\ﬂulm:emﬂ.“
ous education required for £ doctrinal
mﬂmkvellthmk'.h‘! keeping efficient tn the cold depends

H
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on & mare fntelligent application of the rules of indoctrinatian, and
1 think indoctrination is not enough. It is the experience with cold
that you have to add to it. It is because of this reason, it it, that
we have to have the experience? I think I am inclined to agree
that this may be a real edocational-culturalsociologics! initiative
difference.

Burch 1 think there is another fector here which {1 agalnst dif
ferences due to timus constitutional or gemetic factor, eg, you
found the southern white and the northern white to be different.
1 would pot expect genetlo or coustitutional differences to exist
betwoen thoss two groups. I would think that experience in protect
ing oneself in the cold might be a factor

Schuman In analyzing each of the factoms in Table IX, we found,
first of all, that the Negro was just abont 0 4 of & year younger than
the white, and though that difference was shown to be statistically
significant, I do not plece a great amount of importance on that
particular difference. I dont know bhow much a one-half year dif
ference in age is going to make as far as schooling is concerned or
a3 far a3 matoty at this particular age level is concerned. The
whites did sigmificantly outrank the N —but the question of
promotion rate which arises cammot tely be answered. The
total mumber of white sergeants, who were frostbitten as compared
to the Negroes did not thow any great difference. These differences
in Table VIII do represent differences between privates finst classy
and corporals for the most part, because the total number of ser
geants frostbitten was relatively small.

The questin erose whether rurality or wrbanity of previous
existence played any role in predisposition to frostbite. It can be
seen that the type of residence did not seem to be different between
whites and Negroes.

If frostbite is a matter of training and experlence, troops who
have been tn Korea konger should be more hardened and more
experienced in their combat life and therefors should be less prone
to frosthite. Foc some ressan, merplained at the moment, the
Negro patients seemn to have been in Korea approximately thirty
days or & month more than were the whites A statistically uig
nificant difference. But if one raises the question, “Well, what does
this mean by way of fatigue?™ one has only to refer to the number
of duys In combat vrithout rest, to find that there # no significant
differenco between the races, so that ths physical fatigue factor
does ot seem to play a major role here.
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thess people could have been barn in & southern state and moved
soan after to the North and they would be classified as northem, o
of northern origin.

Rark 1 would agree with that, but ane who has been beought
up to the age, xay of ten or twelve, in the South, I wouldnt con-
sider him a northemn Negro

Schuman No we did not. You see, ten years was really the cotof
point. Where he spent the greatest number of years of his kfe
determined hix state of origin.

Kark I would say T am thinking about the early part of their
lives the most important in terms of personal discipline, If they
spent gdx yeart growing up, say in Nashville Temnessee, I woud
comsider them at the age of elghteen as probably southem.

Schuman Usually they come directly from their places of birth
into the Army In the pre-exposure data, we tested for the mumber
of people who moved from one region to another and the percentage
was very very low Theso boys seemed to come directly into the
Army from the region in which they had spent the greatest patt
of thefr lives. In the few instances whero there was migration, ¥
did recard the state of origin as the place in which they bad tived
the greatest length of their lives, rather than the last place where
they had lived.

Burton On this question of cultural and behavioral differences,
poxsibly due to early education, which Dr Kark raised, my o%®
view would be that although it is true that the lovel of indoctrint-
tion is perhaps a primitive level, so that the previous educstion
of whites and Negroes ensblod both of them to tako it In, the real
thing that determines whether one keeps out of trouble in the co¥d
is pot #o0 mmuch a slavish following of rules but following thfmh"i
Hgently and being willing to make exceptiont, because no set
rules can cover all the cases and circumstances that one has to meet
One has to act intelligently and take the lnftiative i modifylng &
nﬂnlnoﬂ:e:wotdx.yaumybetoldtochnngcymﬂwd“m‘;
or twice a day and it seems to mo that the Negrmo, becauwse
uxﬂuloglcalmwmumuehucducnﬁomLhmdandwﬂmd
back and be told and follow exactly the rules that he has been 'i-
whereas the white is willing to take the initiative and
rule and not chenge hiy when it Is 40 F below and get bis
foet frosthbitten as didmlthhkthmmybe-mymldﬁlﬁ
enco there, in spite of the fact that the level of intelligence
previous education required for taking this indoctrination is at &
primitive level. T think that Lecping eficient fn the cold depends
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The mumber of days i combat are assoclated erith the days 1n
Korea a httle more closely than the number of dsvs fn combat
without rest. There was a significant difference here also, but it I
oppotite to that which ane would expect if the question of dif
ference i experfence wers Involved to accomt for mcial differences.

The Negro did not differ matertally from the white n his history
of previons cold infury For a history of previoas cold infury we

did go so far as to ask, “Were vou hoepitatized for it7 If mot, “Did
you see & doctor far 1t?” "Did your skin peel?” If they clatmed they
peeled, we included them as having had & history of previcus cold

tmfory

The whites and Negroes diifered on the basls of history of previous
illness only with respect o syphilix The inquiry of previow {Il-
pesser was part of the questionnaire as & porsthle cine to the pro-
duction of cold bemoaggintintms. This was wsed primarily as a
postible factor of predisposition to cold injury on the basts of some
aof these disenses. \What role syphths plays (o cald infury I em oot
prepared to my From our knowledge of the atteck rates m venereal
diseases among the Negroes as compared to whites, this s not an
untowerd find{og.

The amount of mmoking which these people did was necemarly
limited for the most part by the amount of cigarettes distributed
to themn. Thev rocelved a ratlon of & pack a day but there was a
certaln amount of swapping of packs. Some people did not smoke

by the white and Negro is significantly diff leally What,
homduaﬂluf.paérlmforthe)}eponcfmﬂym?
Usnally troops ate fust before going out on a combat patrol
Theso vatues, not different at all virtoally are tn line wmith the length
of cambat patrals for the most part, which did contribute the grotest
bulk of the cases as far as setivity wus concerned. It &3 noted that
the interval was 7 9 hours for the Negro patients and 7 7 hours for
the white. There is nothing here to indicate an enviroamental or
bost factor difference.

The ftem, content of the last meal, was based on whether

ate B ration or C ration, native food, or some of the other of
foodpwthuwdthamlnmwdp}md;mmdmwwnyEdﬂ
ferences tn one group or the ather hrespective of thetr
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TABLE IX
Summary of Analyses of Faciors Tested for Relation te Froebie,
951-52

Racy Te
It r Vabm o r
Wit | Necs | T
-
Mean Agn (Tr) 20 | a8 | ¢ 2a50 | & | <@
Rank + — R d 20010 4 | td
Type of Residance Raal | Urban | Y* aazt 1|~
Deys o Xores Q7 |00 [ ¢ 7o | ea | <l
Deys tn Combat 402 | me t 4704 | 60 | <@
Dars fn Commbat 100 | 108 | ¢ | osis| eso | >®
Provioos Cold Infary + — x 5413 3 | >
Pravious Iiness
(Syphe) il B N .8 B e
Suoking (Packs) 1 | os v 4% ) s <o
Hours Smoce Last Meal
Eaten before fromblts | 77 | 78 | ¢ | 043 | o1 | >®
Content of Lat Mea] — | 4 | x |4 4>
Footgesr Tiorn + 0 — | x| am| 8 |>7
Em Footworr Carried |+ | — | x| Laao | 4 |>®
o A o s | L7 t 233 | mm (<8
Average
T ) 13 | 15 t osa | 8 [ >®
Last Change of Socks | s t 1o | 503 | >0
Scckyear Wam + - x [moso| o |<o
Y + 0 = | o [oeu| s |>®
Ition | ~ | 4+ | ™ | aws| 4 |>®
Condition of Feot (Dry) | — + x| s 4| >m
¥ \
A + ~ ™ | 89 o |>®
Cooxlition of Hands
Toers — |+ | v ey s >7
Actrriy + — | o |wm] s [>®
Averagn Mimdoem
Temp. of Exposrs nr | s t 2150 | a0 | <8
Parsocal Hypeoo + - x| 43008 L res
AGCT Scors Ares T w5 |2 | ¢ | 4| m <O
AGCT fors A I | 033 | g | ¢ | 4188 | 71 | <01
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In other words, the Negro scemed to eat & little bit mare of the
hot meals, or mare of the C rations, than did the white. But, apin,
that difference is not significant,

The white seemed more often although not significantly so, to
wear more adequately protective foot gear in other words, be
seemed to wear the shoepac more aften the combat boot. Bet
these differences are not at all significant. As to extra footwesr
there was no difference between the white man and the Negro =
to what they carrded with them out on combat patrols, on recon-
nafswance patrols, ete.

The ftem, last change of socks, however was reliable in tho seme
that we could corroborate from company commanders and from
the sergeants of the squads who wers out, the information on whea
the men changed their socks. It was the practice for them to chang®
thair socks before golng out on patrol There was mo &
difference between the white and the Negro in this

Type of sock gear worn, taken alone, can be misleading, for it i
dependent upon the foot gear worn. Thus, combinations of foot
and sock gear were eliclted with regard to constriction or inade-
quate {nsulation. When broken down in more detafl fnto the coo-
strictive types or the types of combinations which gave inadeqmats
fnsulation we found no significant difference between the races.

of the condltion of the fest alo revealed just the
opposite to what would be the cass if the excess incidence among
Negroes was due to increased wetness The Negro seeroed to have
a drier foot than the white man. This was not a physiolgic observt
thon but merely a question of the Individual “Were your feet dry
ot wet when you reached this particular ontpostP Were your fect
dry or wet when you reached your objective on this particubrr
pamlrﬁuwnmhﬁwomﬁmonthﬂpﬂﬁﬁ“&m&
vidual rather than a physiologic determination of sweat that was

mnnuemcdtos}mwn:ﬂgi:ttdgﬂmthoNeg‘mlnweﬂﬂng"rd‘;
quate hand gear but, again the difference Is not significamt.



o/ColdInfm-,mum 81
Among the meng
wag
Partieyly, tb::
tamy
u.r:fl]y
was this

E
the hapd
Cceording
Other o
Ettle
the
YOU wer,
Up and
Pch
n‘da
Bedown
lnd
tn
bvtwom
ﬂﬁnhmm
tﬂl'mim
bwm
ffii’”‘,l.,
?Wv
°'-md
bcn

w.ﬁ f
m%wm% m.z mm%wmw mwhwmmﬁwmm%%m MW

Em%m



s

62 Cold Infury

AGCT scores which runge from 40 to 148, They seemed to rm the
same range as we find tn the Binet and other fntelHgence testx.

Meryman That is a falrly significant difference, then
dﬂidnnmnm mltﬂ]uahlgh}y dgnmmnmﬂtdlﬂ'm e find the sams

g e pre-exposure Is this, a contribotiog

factor to the difference between theytwoP then

Webster- 1 assume that thess are all African Negroes, or of
African origin. Are there any correlations among the other colored
mhmguoutﬂmu,arfmtd}emanythtngmthodgcgrmufpigmmh-

Schuman We made no individual observations as to the degree
of pigmentation. The Negro group does fchide Puerto Riem
Negroes as well. Some Puerto Ricans were fncluded as whites bat
actually there were anly 30 Puerto Ricans in the whole experience.
I dont recall the exact propartion that were Negro and the emct
proportion that were white. Do you recall, KenP

Orr 1t was approximately 50 per cent.

Siple \What was the highest in rank?

Schuman The highest fn rank who wat frosthitten was s Hew
tenant of an artillery outfit.

Stple 1 think we can draw the conclusfon from what yoo e
glven us that you have exploded at least the possibilities of certaln
old comcepts being true or not being sigutficant. At the same tims
youhxmpotntodlrptheonuwnccdtowwrynbout,amthoﬂth
we have not necessarily found the right conclusive answers yet.

Dugal What would be the correlation between the AGCT score
and the tneldence of frosthito within the group of Negroes for
tostance?

Schuman I don't think there was any correlation. If I remember
the dats, the variations within the pre-exposure cantrols, who were
not frostbitten, and within the group who was frostbitten was lrge-
They showed, as I indicated, the same mesn scores with no sig-
nificant difference betwsen the two.

Aeryman Ono of the things that bothered me aboat thix is the
fact that such a large percentage of these men, when you talk 10
them, have a partieular and peculiar circumstence to relate,
that when you are dealing with what is actually a relatively small
nmbﬁu{men.uhrgnpermntnguoftbqnm[umeptcﬂm
ﬂtuadunwbcntheymcein:dtheirfmnbﬂe.'rbeygotmuwmlbdf
boot,thqmtthmghlﬁmmtbcymelnl'm&f”
a long perfod of time or some extenuating drcumstance. When you
add those to & statistical group, why it might just swing it ono WEY
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TABLE XTI

Comparison Between 700 Cases of Frosthile and 455 Contrels whk
Respoct to huﬂlﬁzl Adfvg‘lé{glz’nmo of Exposare,
rea

e Cases T Goatroke Totsk
Light 500 251 e
Heavy 191 204 s

Total 700 455 s

X187 7403 P 001

Thess are the differences being sought and in the race cowperixa,
theso differences are not, on the other hand, present.

Adams Ray You bave no instance where you had many =7
half @ company fwommple,whowumaﬂ{rmtbmmmdww
you could see the difference betwesn the two groups?

Schuman No the weather was not so severe in the I
experience. However thers was one squad, a group of Col
who crossed a stream, end went through the ice. But
of them, that #1, about 4 aor &, becams frostbitten, and
half did not. But, again, fn a group of nine, chance
pllyﬂmln.TbeothertnstanmLuvolvednmmelﬂmdﬂ:
again, had ing cir such a3 you menth
had about 36 cases in a Jong trek, and yet many times that n
were actually expassd to identical circumstances in that coov
replacements between Vifongbu and their particular front-tin®
tions, when they were hit by a snow storm and their trucky 1
down. These boys had never been tn temperatures below 57° F
think it was, in Siam. Even thetr experience with cold weather geaf
was minimal for it was difficalt to teach them to lace their boots
They didn t even know what laces were for Thymgimgi"m
for instance, and told that they would protect them, so they
ﬂ:an,lmmobﬂe,mtbeb-d:oftbctmchwﬂu?l%forlhe s
to be repaired, without even moving thelr fingers. t was the
of situation you had. But why even among that group 'nd“n’ﬁ
the question to you, Harold, were so many not frostbitten
others frostbitten under the same circumstances, with the s°

gear ete.P
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Meryman Maybe some of them did wiggle their fingers.

Schuman But there are examples of many people in identical
with #d | gear not becoming frosthitten, and

the question still remains, whyP

Burch May I take issue with the term, dentical™? That is a very

A draft from the atr-conditioning duct acros the ceiling
room deflscted against the wall and hit one side of the
whils his hody shiekled the other hand and finger Thus the fingers,
though both were in an air-conditioned room, were not really in
the same environment. WVith elimination of the draft the two fingers
behaved alike.

Schuman 1 would grant you a misuss of the term.

Adams Ray Another factor which fs very dificnlt to evaluate
1s the factor of fear That would give you vesoconstriction and

droxds,

Schuman Again, that {s an frmate characteristio or variable.

Schuman The southern white was 16 times s apt to be at
tacked as the northern white. The northern Negro had an attack
rate of 7 times, and the southern Negro had an attack rate of
about 5 times the rate of the northemn white. The difference be-
tween the northern and southern Negro is not significant. But the
point to be noted Is the marked difference i attack, imespective
of region, between the two races.

Shumacker 1 am nire everyone of us hopes that some day you,
or someone else, will sottle the question of the fundamental factors
fnvolved in this obvious difference in incidence of frostbite in
Negroos and whites. Even If we fail now and in the future to
elackdate this problem, nevertheless it is extremely important that
youha e shown that this striling difference ested In troops operat
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ing as mixed Negro-white units down to even squad level This
:hmeeufbamdomvn}ue.Aﬂerlﬂ,ccldin)‘uﬂmmM
a military problem and a practical contribution of this sort is mot
valusble even if we fail to understand the basic mechantsms.

Blair Yes, I think that is & very good point, Dr Shumacler Far
exemple, during one winter of Warld War I the French used

troops Among the Senegalese there were mamry coses
of trench foot whereas pone occurred smong the white French
soldiers serving with them.

For the frst time, C der Sch has defintely potntsd
out, statistically that which many of us have suspected for some
time, That, I think, is in {tself & most valuable contribution to the
Armed Forces for selection and assigrment of personmnel in any typs
of cold-weather operation.

Schuman Colonel Orr end Captain Fainer in 1650-51, fu a generl
way indicated a trend in their observation of the state of arigin of the
tndividual, that is, where he lived the greatest part of his lfe and
his rate of attack in cold injury In the 185152 dats, a very carcfdl
analysis was made. Weo nsed the United States Department of Coar
merce data on averags minfmum January temperatures for the
individusal states. In some instances, observations that have covered
a period of 76 years, and in others for the last 20 or 30 yean, were
represented. We found that these weather determinstions were
representative for the state because the statfons are, in almost every
instance, aggregated where the greatest bulk of the population
live. We felt therefore, that because we were nsing broed, genert!
groups of ten degrees between regions, {t made po difference
whether thoro was a five-degree difference in porthern Idaho &
compared with southern Idaho,

1ith that in mind, the states were then broken down (Figure 10)
on the basis of less than 10 F s the mean of daily mininum
January temperatures for the given states in Reglon I, Region II
those states tn which the averzge or mean dally minimym January
temperatures ranged from 10 to 20 F., Reglon ITI from 20 fo
35 F Reglon IV over 35 F A fifth region, to include Hawal,
from which there were one or two individusls and Puerto Rico,
from which there were about 30 individoals, was added to Regioe
IV berauss the temperatures obviously were over the 85 Frl-l:a"gi

Siple Very possibly of greater signifi than the temy
alone is the length of time that specific temperatures persist, Thert
mmmpatnexiﬂcnce\vhlchlbcﬁevehnwmtbempubmb‘d
but could be made avarhble to you that give the per cent of hours




uftbemwbmtbetempmturuomm-:diﬂ'qmt%fw
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TABLE XII

Comparison of 701 Cases of Frostbite, 452 Epldembologie Coutrsli
and 1339 Pre-Exposure Controls with to Climatolegle
Region of Origin, Korea 1951-52

Casen Epkleaiclogic | PreEsposse
Controks Conirals
Ragicn

No. L3 No. % Na 3
I 22 a1 3 88 | 121 | 89
n 15 | 164 | 117 | 258 | 89 | #2
m 251 | 401 | 148 | 827 | 604 | H4
v 28 | 425 | 100 | 221 | s | 202
v 55 78 43 | 106 30 22
Total 701 ( 968 | 452 | 099 [ 13% | 609

x _— 1 416535 1014841

P — <001 <001
North (I ) 157 | 195 | 156 | 345 | 450 | 881
South (ULIV V) | 561 | 805 | 208 | 655 | 909 | 663

(523)
(501)t
x? — 624900 ALTER2
P _ <001 <001
Expectad on bees of Epidemiologic Controle
+ Expocted on baxs of Pae-Expome Costrols

=:8

bunker mats cootrols, and the expected frequency on the basis
the pre-exposuro controls is represented by the Each
them is significant. I took Colonel Orrs data of 1850-51 and
pared it with my data. I found that the same distributica and
nmowepmdmnmufmmﬁmnthamﬂhcmﬂﬂuaktcd
tbeprectdlugymxlux‘peﬂenw,whkhIle!’ttdlndfmmdw
statistically significant.

2

T
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pidemiological controls and antidpated criticlsm that this was nat
representative of the front as a whole, wo did the same thing wih
the p controls (Table XIV) which were simflar to the
population of the Eighth Army as a whols, and obtained an even
greater number in the South than was expected,

Kark What is the general distribution of soldiers in the whok
Army? How many in the Armv come from the North as compared
to the South?

Schuman That, of course, as you know {3 automatically takem
care of in a chi-square an the basis of expectancy for these tables
The bulk of the people come from the South. You can expect 61
cases at compared to 113 in the North. It doem t seem very
but by actual proportion you find that thers is & highly signifiemt
difference between the two, and that that could occur by chee
alone lesy than once {n 1000 1 did not actually caleulate tho totl
probability valos there.

Brinkhous 1 wonder if that difference may not be related tothe
ACCT tests and educational background. With comparatively
limited educational opportuntties in many sections of the Sovth, &
greater proportion of the boys there are likely to be channeled into
the rifleman group

Sipls More industrial deferment, perhaps?

Schuman Yuurpo!nt.ofcmmmfmtowhymmnym"b")‘
from the South get into the Army and yomr observation, D¥
Brinkhous is a matter of explainimg this particular difference 1do
not have the answer I am only reiterating that these regions bav®

TABLE XV
Com of!BGNep-anmo(Frodhhemd$7Kq:r’
F;ﬂmc Controls with Re?ec\ to Regton of Orlgit,
Korea 195152
M
Regon Negro Eidoiopic Totsl
Ocigin Cass ‘Controls
Northern U 1 =
Southern 262 (281) 38 288
Total 280 87 J 823
\

Iol484s FP>20
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TABLE YVII

Comparison of 408 White Cases and 286 Negro Cases of Freslbin
with Respeet 10 Reglon of Origin, Korea 195152

E Tt Nogro Teal
Narthern 113 24 137
Southern 205 262 (299) 557

Total 408 286 L

X1=305481 P00l

TABLE XVI

Comparison of 702 Cascs of Frostbllo and 448 “BunkerAlate™
Controls with Respeet to T of Residenee Lived tn for
Greater Part of Life, Karea 1951-52

Coatrol
ype ot Caren J il
Na. % No. “
—

Rural 158 25 108 =87

Urban aod Suburben B44 [ 78 He 783

Total 708 l 1000 48 J 1000
X1=0.2057 P>50

Tablo XVILI indicates that we found no significant difference &
the distrbution af cuses by typeofrcrldcmldcllberlfdyc“;
bmdmbmbmwithmban.prmm}ybcmmoftbed%
questioning between the patients and the controls. Actuslly
wrban referred to towms on the outskirts of cities or co0-
tignous with large cities This was an attempt to t:ft'.bﬂc-l:ij’.f::u':e
afg:dlﬁcrmcematmol\mta-mongpeoplnwbocamoﬁm y
rural environments as compared to strictly urban lntﬂhefmldwdlvb,
.mnnwaft[ngfor-bu:onacnmcrange{omof!he N
going into the comer drugstore, but a boy living on & farm
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go about his chores regardlen of how cold it is Thit was dons
again with an eye toward the climatologic factor there.

Sipls With respect to your climatological interpretation, 1 woald
lLike to attack one potnt California, for emmmple, has a distinctly
different climato from the North or South, in the other aress of the
United States. I think that significantly at Jeast it should be
emamined, because of the fact that our West Coast citles dont
have either hot weather or cold woather whereas in the interior
and mmuch of the East there are kong pertods of both extreme cold
and extreme heat.

I think there are thres specific climates to be considered, and
that it 13 canceivable that your California statistics thrown in with

the South, may prove At our first conf we referred
tntheBﬂﬂxh,\vhoperbap«HwatnlnntthebWﬂtpouihlolevel
of phy ! climatic The Bntish seem to be able

to get alon wi!huutmnlnlhenlinglnthmrhcmbemnnitm
geu:or:ohfd:nthcyuntgetbywithmdmplcbaun systems.
This creates o specific living pattern and must affect the whole
physiological adjustruent of the Brdtsh to the cold. This same
situstiton s similarly true of oar West Coast cities. There ars somo
{mpoctant differences between the north and south of Californls,
however as a whole there may be a ifcant pattern in respect
to the reat of the country to be wat

Schuman: 1 was aware of that particular thing. 1 excloded the
patlents who lived in Califarnia and exchrded those from the con-
trok and # didnt seem to make any difference

The several factors which may have contributed to the climatic

differences were tested next (Table XIX) Because race
erences hed been noted, these were analyzed separately for
northern and southern regional differences.

The first significant {tom on Table XIX {3 the previous cold
{nfury evperienced. Northern whites as might be expected, showed
ﬁntﬁuumberu{pndcnhwﬂhpwvbmmldh:}uryﬂ:mmmhen

tes, but the northern Negro and the southern Negro showed an
almost {dentical percentage of patients with previom cold njury
However soldlers from the southern regions bad a higher incidence
of frostbite which, # previous cold inhny were the only factor
oprmating, would not have heen expected since the percemtage of
previout cold fjury among the northern controls s greater

Table XX shows these race-rcgional differences in expected sttack
rates on the basly of previous cold jury Becanss the porthern
troops moro frequently gave histortes of previous cold injures, the
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TABLE XIX

Summary of Amlym of Factors Tested for Regional snd Recl
Differences tn Frostblte, Korea 1951-52
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78 Cold Injury

probabllity of subsequent infury among these would be greater.
Adjustment was made for this difference (expected number of caser
with previous cold injury) by region and race and comparison mde
with actual number of cases which occurred. It can be seen that
both northern and southern whites had significant excesses bat tht
the excess of southern white cases of frostbite with previous cold
injury was markedly greater Chi square tests for iteraction with
race and reglon revealed (sum of the individual chi-squares mipes
chi-square of the total equal 20055 end, with three degrees of
freedom, the probabtlity is less than 001) that previous cold fnfmy
did not affect the groups equally Chi-square tests for regional
interaction showed that reglon contributes significantly to this
excess. (Sum of the individual chi-squares for whites minms tho
chi square of the white sub-total equal 12.323 and, with one degree
of freedom, the probahllity {s less than 001) Chi square tests for
racial mter-action (southern Negro vs. southern white anly because
the number of cases among northern Negroes was too few fx
reliability ) showed that race did not cantribute to the excess (s
of the individual chi-squares for southern whites and souther
N minus the chi-square of the souther sub-total equal 0915
an withouodegreeoffmcdam,!hepmbahﬂltyhgrmlﬁ'—hlﬂm)
The next significant difference between regions s in previoss
illness. Syphilis seemmed to play a part in the difference bat w!
it contrdbuted to cold infury is unknown. Melariz seemed to be pre:
dominant in Lhewudlcmtrmp:,n.nd,ufcounc.dwhhmd
malerfa is obviously one of southern locale. How much of this
actua] malariz, I dont know and hence, undue significance ceooot
be attached to this item, We have had personal expertence in track
mgdmmponcdusaofumhﬂ:nmthuputﬂvnmm)\'m
and a Jot of malaria is still being reported withont laboratory o=
ﬁrmnﬂonandltgeulutotbenﬂidalrepm-uunnhﬂn.mlw
having worked among southern people for # number of years In
putrdtion surveys, that they call eny chill or any fever malark>
Shumacker For that matter even in southern Ilinols. 1
Burch Imightthmwmmel!@toudwmddmceu{nﬁh}[lﬂ-
hnvemthndapaﬁent,nmﬂmof[aukhnn.lnthocmﬁfy o
pital with malaria since 1841 only
Schuman It is an indication of how it has declined. The
malminwvhnvetodlyinﬂlino{l,fcrmmpk.m“h’wﬁ:;
or two indigenous cases a year are 50 to 60 fmported cases
tho Rorean theater
Burch That is our experience, too.
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previous environmental background of the North or South. There
is no doubt about that.

1 have been quite interested in acclimatization to cold, and 1 do
not believe that this geographical difference can be explaied o
a strict acclimatization basis. Ve know from snimal experfmentation
that however resistant to cold injury may make an simal
through previous acclimatization to cold, it is only a short period
of time, usunlly about two months before that resistance has com-
pletely disa Presumably all these soldiers, from the North
or the South, had been together for many months, a period i which
any differences in acclimatimtion due to previous geographic
ground would have been totzlly lost. We know very little
cold acelimatization in the human bot we do know
about geclimatization to heat. I believe Dr Horvath
that studies at Fort Knox during World War IT and at
University Fatigue Labomtory before that ahow that
tion to heat is completely lost after 2 month. So, I
confident that any scclimatization to cold these soldiers may
had from their previous geographical hackgrommd had been
by the winter of 1951-52 in Korea.

any

nfiiz
FrigRit

z g5

The one polnt which me 1 that if thers s
ference in resistance to cold in soldiers from the North and from
the South, it is due to experience and “know how from
living in that environment rather than phystological acchmatict
tion. Also, you wonld expect “know how mnxpa'knmlb“'ﬂ'*
to the greatest advantage tn those with the grestest Intelligence
or highest AGCT scores In the whites that AGCT scoro was €8
nificantly higher than In the Negroes, and of about the same degree
as thefr susceptibility to cold injury The northern whits shows
rmach less susceptibility to cold than the sonthern white; whereat
between northern and southem Negroes, of kower AGCT rating
and lower ability to take advantage of experience, there Is no sl
nificant difference. Thus boldngltmndauﬁ-mntbhml’dﬁ
pluy what we know of scclimatization to cold in snfmalt
aedhmﬁnﬁunluhmtmhumam,lbd}mycurd.nhdeﬁnﬂdi
pdntmtthntnnydlﬁmcummkmnuhmklmmiﬂ”&a
groups from varlons geograpbical enviraoments must be on &1
experionce basls rather than due to physiological acclmatization.

Kark You are talking about what you can measure. Let of aesume
&ntthceu:mha(}\hgu‘:e?gmmnf:lm‘unmmfﬂ”;
wh won t spot it 1s use you haven goi means

\) meimyzgiLIh.githﬁpeoplewhhveuMlﬂMﬁﬂYmﬁ
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dence in humans and Mackwuorth, working st Fart Churchil,
Canada, 1 think, had previously produced completely convinetng
ovidence that in psychomotor performance there was a difference
after men had been accustomed to having their hands in the cold
But whether or not that explains these results is a different matter
I doat think we should neglect the fact that it s now pretty certsin
that people who have spent all their lives In & fairly warm clirmte
can be taken to live for up to @ month or 5o in a cold climate, and
show a definite phyxiological and psychomotor change.

Blatr That Is quite true, sir but in relation to interpeetation of
these data I dont believe that plays any part. The critical exper-
ment, of course, would be to take a group which has fust come fran
a cold ares and a similar group from a hot area and place both
groups under simfler conditions of cold stress and combat activity
Then you would be able to make a proper evaluztion, because you
would be quite sure that you were dealing with a cold acclirmatized
group and with a nonacclimatized group. You cannot take groups
that have been together in one environment all the summer #nd
then, when cold weather comes say that thoss who were borm snd
reared in the South are any more or less acclimatired than the groop
that was born and in the North,

Burch You are using the term in a physiological rather then ¢
psychological senseP

Blatr; Thats correct, physiological rather than psychological sc-
climatiration.

Crismon This, of course assumes that you can distinguish be-
tween the state of scclimatiration and the utter failure of the

y ch (for acclimatiration) in an ndividus] who never
reaches that state. There may be some that never would acelimatize.

Sipls Weo have one bit of evidence in regard to occupation:
Out of » group of 33 men, 3 individuals b of their occupatl
more than anything else obviously displayed a difference fn thelr
state of acclimatization after a year of life in the Antarctic. The
cook, the radio operator and the weather man, stayed indoors
almost all the time. When they went outside, you could recogniz®
Lhemlmmedinknlybythe{rdothlngmdtbeymnpparmdycddﬂ

re as they walked around, as coor
Bndredlwt:cgle":d]ermm In addition there was a further sub-
g.lavl.dmbetwcen!hemwhuwm and octive as compared
to the older and more sedentary | Our dog dﬁmg
cample, out 0 wore lexs ¢ seemed to enjoy
cokd more t cral nm of en. This is a striking
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difference that T have experienced in myself over several expeditions
a1 well a1 a dtuation that anyone can easily observe among various
groups of men.

Horvath: Imt that, again, the result of experience? Those men
who were in the wireless room or who were in the Kitchen were
in the same position as the drivers were on thelr very fint day The
men who had been outdoors for a year had Jost that Inftal stage
which these men who had not changed their h
were fust completing.

1 am not for or against acclimatization to cold, but frankly 1 have
te0 any positive evidence that you can ecchmatize men
(4) I feel that there Is some suggested evidence that may
sy that one man may be abls to rexpond better to cold than

man, but 1 dont think thers s any evidenco of
ttmtion of cold. Frankly I feel that y who tmplies

2 minor change in rectal tempersture or o minor change
temperaturs of an extremity indicates acclimatization of cold
fust beating up the wrong track.

Talbott Dr Crismon, I thmk you reacted violamtly to that
statement?

Crismon: \ell there are data in existence which are convinetng,
at least to me that acclimatization is a real phenomenon (567,8)

ik

and & host of other factors Datn are being accumulated pow and
they stand in nico relatiomship {n contrast to the changes that have
been d d for accl fon to heat,

Burton: When 1 spoke about Lamren Carlsons* reslts, I was
referring to the level of concreto measurement that Dr Horvath
wants. Dr Carlsons dota convince mo that he has shown this
skin data on ey rectal and
lostes and s on, so that this hos now been demonstrated in
humans. T think the difficulty in the past has been that in order
to get it fn bumans, you really ha e to expose them. You have to
have them bivouse oatside for a couple of weeks at least, and pre-
vioms expertments have stopped short of doing that very diffcult
thing, and have expoted people for from five or six bowrs every

Cubon, L. D Prricoa! conmanication.

iy

g5 -
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;iny 5o they dontuxllgmvw:ﬁythMg The previous data of three o
oar years ago equally were quite statist] v:Bd.ﬂ:mﬂ
that the psychomotor performance, the mcﬂlecﬁdlizﬁmm:ﬂm
0 on did chango in humans Although I was very skeptical, as Dr.
Horvath seems to be, of physiologicel acclimatization fn humams,
1 bave now changed my mind and am satisfied.

Horvath May I say that I haven t changed my opinfon, primarfly
becaure I would like to look back at experiments which have been
conducted over two-woek perfods under essentially similar sitns-
tions, Thero has been, I think, fust as good evidence to the contrary
as there now seems to be on the positive side. I would besftats o
believe that fust becanse one group of experimenters formd that &
goes this way and another group of experimenters a littls later found
that {t goes another way there has been & significant difference fn
their epproach. I thiuk ft goes back to what Dr Fremont-Smih
bas often said about really repeating another persons
The question is how to interpret the two ssts of facts even though, &
ane case, they may be eight or nive years old and, in another s,
just about yesr or @ year old.

Blatr- 1 think Dr Burton mads the point correctly that the ressm
why ouo set of data seems to show ane thing and anotber st d
dlta!heappoﬂtnllas!n(bedeg:moafaxpoan‘atowﬂdlthﬂhd‘
viduals are exposod. In animal experimentation, which has largely
beenruyetxpel-}men.«:xpcu::m:!ofmb':mlstvatl:w.vwmdcai"ﬂ“"f
cold stress to which we have been accustomed to exposing homs?
bolngs produces no demoustrable effects. But if we expose enimalt
to more severe cold, just shart of producing pathological effects
then we produce t di limatiration chang;

Acclimatization of humans to the same degree of cold strest &
that for our animals would consist of exposing  nearly nude uo-
matheﬁzedmanmndegrwufco]d)‘mtxhyufpmdudn;ﬁwb‘f;
orluha]hypotba-min.Snchmupofmwwldbefmmu‘ﬂc
hours dafly at an ambient temperature betwreen 0 C, and +5°
No ave has ever dared to expess human subjocts to such & $6V¥T°
cold streny.

Dr Carlson (B) has exposed his human subjects to 2 mnch mor
severe degree of cold strens than has been previowly # party
As ¥ result, he has demonsirated very definite evidenco of "

Jimatization I his subfi meﬂmgﬂﬂ
extreme cold produces minimal scelima

~ Mmomh;fyﬂnuedfwmmunmmmdd
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TABLE XX1

Compostifon of tho Dicts Used to Test Realstance and
Acclimstixation 1o Cold

———
Diet A (Ligh fat) [MR(H@"’“”"“"’
C
ol Il ) B
Casein 430 189 2850 n
Glucose 850 245 | 2000 ™
Lard 1.56 1797 | 040 i
Yeast 195 8 125 8
Cod Liver Ofl 030 030
\Vbeat Garm Ofl | 871 3383 | 003
Mieral Salts 1.00 100
Total 1026 Toul 10265
mad Thirien, M
Mlgyth?LLP :;_‘P}.ac-d.ll“‘

Sect. E 23, 244 (10435}
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vivors began to gain welght, and the latter were f“‘g
scclimatized when they had attained thefr inittal weight at
moment th, finat exposed to cold.
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Emm:ﬁamfedmzhnmhmndfeammmﬁlﬂ
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Figure 13 shows the effects of adrenalin (0 14 mg. per day) emd
ascorbic acid (150 mg per day) on the survivel of rats at -1 C
Group I (the ascorbic acid treated) had 85 per cent suvird,
Group II (adrenalm treated) Group III (adrenalin combined itk
ascorblc aeid) and group IV (untreated comtrols) each bad & s
vival of less than 25 per cent, Group IV (sodium chloride trested)
and Group V (adrenalin per os) cach had 50 per cent survivil
There were 12 ruts, each weighing 200 gm., tn each group repre
sented In Table XXII. After soven days exposuro at —3 C. oaly $of
those receiving 150 mg. of ascorbic acid dafly died and oA 1t
recelving sodinm chloride died. In the group with Jonger exposmm
at 4 C. seven of the 35 animals which received 25 mg. per

of ascorblc actd by mouth died at the end of the 244 dayx
is about the same incid

By

as at room temperature. S teen of
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thousand guinea pigs were tested, and it was
fmmddutthnmnﬂmhneedcdmemdmm-mbﬁcuddu

the temperature was being lowered (5) Figunl{xbcwithl(anly
the group receiving 5 mg. per day of ascorbic acld succeeded fn
getting acclimatized at a temperatare of ~15 C. Tho overage
weight of the guinea pigy, upon entrance into the cold room was
440

gram,
As & matter of fact, many different dosages of vitamin C '3

tme the temperature of exp w1
-S‘C.Onegrmpwhldnmcdvedﬁmg.pcrdxyd
vitamin C lost welght at first but returned to the normal or inftial
weight at the end, the group receiving 25 myg. dafly of ascorble
1 exposed for the same time at the same tempenture, lost 20
percenllnwnghLuntkmnmga,whﬁm!hegm:prccdvin
m&gpﬂdﬂyoflhﬂmmambn‘tnncebﬂ‘llpﬁtcnt(nwdghh

lmthetexper{ment (8005) with temperatures mnging from
to 4 C. we compared the effects of 10 5 and 0.5 mg. of
ucorbic ackd, the group recetving only 05 mg. of that substance

could not sarvive at that ternpemture for more than 18 days, and
the animals of that group bad, on the « erage, Jost 40 per cent of
their weight. The group recetving 10 mg, had gained 8 per cent
"hﬂﬁﬁi;uwdghtofﬁbmortcﬁvlnglmg not changed ap-

In
1 C.

It was also found that there i a greater retention of ascorhle
acid in the tistues, especially the adrenals, at colder than room tem
peratare  this Is clear from tissue analysis (Table XXTV) and
fmmuﬂnn}ym(lo\ (Figure 15)  In guinen pge, there is an increase

in ascorbic acid everetion during the first days of evposure to cold
and then a decreate below the level found at room temnerat ire
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Resistance to Cold o

the excretion remains at a Jow lovel d the whole period of
exposure to cold and even for & while when the antmals are brought
back to room temperature.

Ay in the rat, failure of seclt fom to cold s fed by
a decrease in the ascorbic acid content of the adrenals. The average
ascorbic actd concentration in the adrenals of guines pigs dying
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0 cald, Reprmed, by Dwgrl, L. P Ererétion
-—nd‘-nd- Mhmdbhﬁq‘:ﬁ}uh\iﬂ.h

cmed de bl B, 249 (198)

TABLE XXV
Retentlen of Arcerbile Acid by Galnes Pigs Exposed to Cald
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Rezistance to Cold a3

the excretion remains at a low level during the whole period of
exposmre to cold and even for a while when the animals are brought
back to room temperature.

As in the rat, faflure of acch tration to cold fs fed by
a decreass in the ascorbio acid content of the adrenals. The average
ascorblc actd concentration i the adrenals of guinea pigs dying

{.H =
it
: AY

1 fErry

|

am e o

Frooms 15, Excreom of ascorbio scxd by prmee peps before and after exposrs
te cobd Reprtnted, by peraberion, fom M, ond Dopil, L P Exerition
et st dahnuaucéxy-upu;“n&ud.m

comad de bial 8, 33 (169).

TABLE XTIV
Retentlon of Ascorbic Ackd by Guinea Plgs Exposed to Cold

Averags werght A aacorbio
Asctac | Dayg of | g azposre, "‘"‘“’f_‘, i iy
w m expomrs g /e
E; Inctal | Fioal B Liver | Kudoey iAdn-h
RS |

0008
0083

ool
0035

0530
0300

]
20
perobsion, fron Degl, P oamd M Asorbic acd and
hmmﬂmmc-nhlﬁn ml” (14mL
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in the cold roem has been compared (Table XXV) with the er
pected average concentration in the adrenals for different doseses
and a decrease of 60 per cent in the ascorblc add concentratin
of tho adrenals has been found for those animals which died
must be emphasized that it is in the adrenals that the decresse b

most pronounced.

TABLE XXV
Average Ascorble Acld Concentration In the
Adrens! Glends of Guines Plgs Dylng In the Cald Room
Awcorblo scid Rectal Adrenal axc. scd, g /pe
shven detly temperatore | ]|
o Gegrees C. Expectsd Fowed
20 5 .28 0088
20 35 0.238 o)
20 2 0.e28 [i]i-]
20 20 0.228 1131}
20 20 0228 0053
a5 28 0478 0018
50 an 0399 0240
50 18 0.389 0215 |
5.0 19 0.900 oe0 :
75 15 o 0438 !
100 21 o710 o1
Avennge 0343 0138 (—00%)
il od

Repootad, by pannission, from Degal, L. Thicien, ML _ Ascucks
Repted, by paraloon, fom Dot L 3y i fo £ ek il 19473

effects on larger mammals 2 series of esperimen e
macacus monkeys way undertaken. Twenty four monkeys were
mbutedmmthmmcmpLzhooonmlgrwﬂnw::ﬁ
of 11 mankeys was kept ty at 5 o
Purina Dog Chow plus an awal supploment of £5 mg. n‘a‘:
acid datly for dx months Cmrpucmsbﬁngomem&ry:édu
giwnanldcnﬁmld.&dmddwumemmtafwﬁc

room
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the preceding group but was mamtained in a mildly cold environ-
ment of 10 C. for six months befors any experfment was performed
on {t, and finally the 5 monkeys of Group 1II were also kept at
the same mildly cold temperature for six months and fed the same
diet as Groups 1 and IT but recetved dafly 325 mg. of ascorbic acid
ocally Acchmatization to cold was estmated by comparing the
respective capacities of Groups IT and IIT to resist an acute expo-
sure of two hours at —20 C. with the rexistance of the control
groap In all these experiments, the monkeys were completely at rest
and tnunobilired during the whole exposure. The degree of resist
ance to that intense cold, was measured by the ability of the dif
ferent groups to matntain their rectal and intramuscular tempera
tures durtng exposure. The incidence of frostbite of the tails in all
those monkeys was analyzed.

The monkeys were fmmobilized in wooden baxes, their fingers
and toes covered with mittens to provent frostbite but therr tafh
were uncovered a3 shown in Flguro 16. One thermocouple was
toserted in tho rectum and the other cne (noedlo type) in the right
:l:;ngo(hwmplu into a connecting bax in which efght

could be inserted. Never more than three

Bmkcy!warooxpotcdat&mumatimo.Apmh—hmontynm

any with a always

kept at room temperature g(\hgdiractrudmptu-tmthu{n

degres ccntigrade withtn a fow seconds. The temperaturo of the

room, the differentin] of which was 15* C. was constantly

given by a recording thermometer The relative humidity was con-
stant at 60 per cent.

Table XXVI presents the remlts obtuined in the three groups of
maokeys (11) The antmals of Group I bad been exposed sixty two
times at —20 C. but pever more than once a week. When they had
frostbite, we waited untll they were completely cured before
eqosing them again. The fall in rectal temperature for this group
b3 C. Group IT pre-exposed at 10 which had grown much
thicker fur had exactly the same fall In rectal temperature. But
Group 111 pre-exposed at tho same mild cold temperature and
recehing 325 mg. of ascorbic actd dafly had o fall in rectal tem-
perature of only 21 C. a difference of 0.8 C. which is statistically
‘"Yﬂ'pmchnnL(ThetleﬂhS.ﬂhctwcmgruuplllndHLmd

4 between groups 11 and 1) \\egctlboutt}mmmeplcture

‘bcnnboknttbermﬂu btained on
G"’“P “Mcldmdm-orbemeqmcdlocoldhldnhﬂd-i' C.

{n ntramuscular temperature when expored to 20 C. Group IE
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100 Cold Injury

bad 2 fall which is a little higher but the difference between the
two is pot significant. Group I had s fall of only 3.6° C. Hee
agai, the difference between Group I and Groops I md I &
significant,

Different treatments on the some antmals were compared (Tebls
XXVII) Monkey No. 1 was exposed to 10 C. for six months aod
received 325 mg. datly of ascorbic acid orally He was then expesed
cight times, each time for two honrs at —20 C. with never mae
than one exposure a week. Tho averago fall of his rectal temper
ture was 157 C. For tho next three months this moukey ¥=
maintatned at 10 C. and recelved only 25 mg of ascorbic acd
In tho following slx months, he was exposed ix tmes to —20° C.
and his average rectal temperature foll was 266 C.

Monkey No 4 had & fall In rectal temperaturo of 3.78 C. wh@
recelving 25 mg. of ascorbic acid and only 252 C. when recehing
325 mg. Monley No & had o fall of 280 C. and LE5* C., respes
tively in the same canditions. Monkeys No 2 and 8 recenved 8526
ofumb!cnddwthhcywmﬂrﬂpm-expmcdmcddmdh
the following year they received 825 mg. with falls fn rectal tez
peratures of 218 C. and 268 C., and 260 C. and 270 G
respectively This order was designed to eliminate an 4
between the result and the arder of exposure

The average fall (weighted averags) in rectal temperature ™
3.04 C.W!:eutbenmkryrrecﬁlvvdﬂmg.ofambic‘ddmd
210 thmthammemonleysrecdvedmmg.dnmb&ldd-

Table XXVIII shows the fall in intramuscular temperatures for the
umommkmdmingtbcmuxpedment'lbewmgﬂdlﬂ'ﬂmﬂ
although quite high and less significant than for rectal temperatur®
1s still highly significant The t test {s 3.3, but the individaal vark-
ability far intramuscular temperatures s much more
than it is for rectal temperatures.

Tnbbmmmeaﬂmdddlynduﬂnhmﬁondw“;
of ascorbie acld for at least one month before exposure o8
tolerance to Intenss cold of monkeys which had nover b
been exposed to cald Each group consisted of six monkevs. o
average fall tn rectal temperture of the group 25 me.
ascorbic acid is 31 C. and almost 25 C_.lntbegmUPIﬁ‘-‘*"[”“ﬁ
325 mg The difference obtaned here iy mnch smaller than It
with monkeys pre-exposed to cold but it s still significant.
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104 Cold Injury

Dugal Yes

Rark Did you make eny measurements of the amount of ket
grown by the two different groups?

Dugal No I did not.

Kark The crudal thing may be that when a monkey it exponed
to cold, say at +10 C, he grows hair which in turm may hces
hhraqtﬂ:emenufmnmrblcadd.lfhehp‘vmonly”m&ﬂ
ascorble acid a day he may not have quite enough to grow bt
maximally whl:ma.li:flmget.:ﬁ-nm75tcrlmmg.perv:hytﬁﬂﬂlﬂ
ha.lrmaygmwatamuim:lmtn,ltmnybetbntthemmﬁ!
those given 325 mg. are protected, is that their bair growth

ter

Dugsl Well, I don't think so because from what we have s,
it is impossible to note any difference tn the growth of hair betwes?
those which received 25 mg perdayandtbmawh}dlrﬂd‘d
325 mg. I know that 25 mg per day of ascorbic acid cover the
needs of the monkeys for that substance at room temperstw®

Kark 1 think ft would be very nice if you could get same de2
on amount of hair

Dugal You mean you would just shave them and weigh tho ba?

Yes.

Dugal Hawwuhyouuphmthmth:tthemmd“hz
Mm&dnmrﬁcadd-trwm(mpcntm'c.wtpf&ﬂm‘d
cold, has done much better as far as rectal temperature is conceroed
than the gmupwhlc.hhmgmwnhshnndhrmd"'hg
95 mg, af ascorbic ackd in the cold when both are exposed
—20 C.P Would it be for the same reasonP

Kark 1 dont know at all.

Chnywhcnthehumentwﬂhwmg.ndayducﬂ'b‘cm

prwedadthuuuewithﬁmg?mefﬂupaﬁntﬂbth

monkeyx it was shown that the hi dnageufamrb‘cndd.w

to the lower one, had a benel effect for resistance to 10

culd,urudgen:lbyt.bem-lme::m:cec-frectalnrrdtﬂh'll’:‘mﬂd“’c“‘:u

temperatures and by the ability to avoid frostbite. Would yo¢
bash

small differences in rectal temperature even
seem significant.
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Blair Of course, tn animabs the growth of hair is very sight over
those areas that are wmally sivceptible to frostbite, There is much
lens insulation on the feet, ears, and tail than there is on the rest of
the body of the animal. Those frostbitten areas of the ears, feet, and
taibs actually show litthe change in hair growth during acclimatiza
thon to cold, and I believe the amount of hair to be of enly minor
significance in resistance to cold infury

Burton: Do the monkeys show any changes in behavior? From
their behavior would you say the onies which have been aeclimatized
to col and ascorbic actd dislike going into the extreme cold Jess?

Dugali No they all duliked being manipulated, so we cant say
If t wras because they were going to go fnto the cold or just because
wo came cloto to them. They are not tame at all.

POSSIBLE MECHANISMS UNDERLYING THE
EFFECT OF ASCORBIC ACID

Dugal: The question now arises as to why ascorbic acid has such
an offect during exposure to cold Frankly Mr Chatrman, I have
10 definite answer but I have o few results that point to the fact
that at least part of that action is through the hypophysis-adrenal
wds, Fint of all may I present some results (14) the

sdrenal ghinds

You may bo aware that it has been found by Selys (15) and
cthers (18) that rats already adapted to cold, when adrenalecto-
mized, resist cold better than adrenal tzed rats not accl d
to cold. But what about dtmatized drenal d
ratsP Do they resist cold kesy than the ones already acclimatized but
adrenal as is the care for muscular work? Yon know
Selyo has shown that in the case of muscular work, rats which are
adapted and then adrenal tred are more resi; fo fact, than
animabs with their adrenals. We wanted to see if that wus the case
with enother strexs, like cold,

We conducted three cxperiments which stressed the fmport
ance of the adrenal glands, two on resistance to cold, which are
summartred in Table XXXII and one on resistance to mrscular
evercise. The rats had an average weight of about 200 gm. The
teciimatired ones were evposed for two months in the cold, before
anrmcdml}mmﬁmnmhltmpﬂntumofo (o}
Twentyfour hours beforo expasure to cokd the rats were adrenakeo-
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tomired but left with malntenance supplies of salt and Lept ot roam
tempersture, These were the same conditions as Selye (15) used for
muscular work, The survival of the 12 antmals In Group L

to cold and adrenalectomized, is 41 per cont after 24 hours

pﬂmtnﬂnﬁbmmlnCmupHannnbmk.nomdnpwd(u
cold but adrenalectamired, hiad only 11 per cent and zero per cent
sunfial, respectively after the same periods of esposure The non-
wiapted anfmely of Croup NI with their odrenal glands intsct
alter only a sham operation survived at the mte of 100 per cent
even after 48 hours Tho second experiment gave the same sesults

From theso bo experiments, ft seemas clear that nomadapted
animals with adrenals resist cold better than adapted animaly with
out adrenals Sich 2 result Is exactly the contrary to what Selye
hax found for muscular work. He has never dane It for exposare
to screre cald though.

Hortath Tam nurprived that only 12 per cent of yvur monadapted
adreralectomized animals srvived 24 hours, because certainh st
feast in tho old cxperiments that I did with Hertman, we had muach
better survival than that (17 18)

Dugal How much did you get for the adapted amimah?

Horcath \\ o never did study any adapted rats as such The point
f1, 1 am a httle disturbed about the relatively small percentage of
survival bn your nomadapled anbmals.

Dugal Well I thinl the important pont here is that they have
all been in the rame conditions, and the nonadapted nonadrenalec
tomized anfmals survived ot the rate of 100 per cent as ~ompared
ta-(lpermntmdllmtcnlford:\ctuvothﬂgmr;nmqwdntb

1 am not suro aboat the temperature 1o the second e
Maybe it was fower than 0 C\\ev.mimcrﬂttdmmwlnuhe
nonzdapted adremalectomtred animals aould do o comparison with
the adapted adrenalectonrized. This confirmed the findingy of others
that the adapted ones mmviscd better than the nonadapted ooes
when they were both sdrenalectomired.

Hercath Hartman and I were getting as good sund al with our
nanadapted adrenalectomired animals es you were getting with
vorr adapted at the same temperature.

Dugel What was the nesght of your mis?

Uorcatl  They weve from 200 to 230 grams.

Dufal Yours wero touglrer thats all

Horath Im sorprised. Well. I dont know This war ten years
A, axd [ can forget what we did ten yean ago casth enough
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Orr Is it & different breed of ratsp

Horvath It could be.

Dugnl We repeated the work of Selys (15) on muscular work
althammeduw,tooandwaconﬂrmedhhruultx.hblam
lhcmthoruismncatonmningufﬂnemmctbmemcmpl
on for 157 minotes and Group 1 ran for 18 minutes whereas
Group DI ran for 151 minutes. Here, the adaptation is more fm-
portant than the presence of the adrenals as Selys found. But In
the cold, it seems that the presence of the adrenals s much more
important than the sdaptation

TABLE XXXl
The Effeet of Adrenaleciomy on the Res of Hats to Hanning
Croup Treatmant Nm"‘] m
1 _Ad'Phd [ 9 |w7e(uzess) | 24 (rm)
i Nim]l"ed ; 12 186(8al) | 069 (1)
m mum 7 | 1314 (s0178) | 207 (1 )

Horpath Yes, 1 a, with that. I dan t know about the sdaptz
ﬂanumch.butcmg:n]ytheprmmofthcldm}shlm
impartant fact, especially if wo can show it another way
Dugal Yes, and it {s more important i cold siress than in
muscular exarcise. That is what I meant.
Havﬁmgfotmddntthepmceul-dmmkuimpmtm;:
focused our attention o leaming whether the adrenals werew
pomththancﬁonafuwrhlcndddm{ugexpmmvwcoﬂ.dﬂd
tmd!odthomhﬁonbatwecntbemmtofnm'blcnddmbm
fmtunuaofnnmhupmcdtocu]d,nndthdrldlphtz
tothemmelawtanpcmtmn.uwmmwmmibyrboﬂir]cw Y
]untnwzfght.nndthedlﬂ'emmbctwemtmﬂdnnd dm“dgwh
during exposure to cold. It was found (Figure 17) th&w

a direct relation between ascorbic acid concentration in adrensls
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and adaptability to cold. The straight line in Figure 17 has been

fitted by the roetbod of tho least squares such a relation does not

cdst at room temperature and does not exdst for the livers, 1

and testes from antmaks exposed to cold. That result led us to study

what would be the influence of largo doses of ascorbic ecid on the

adrena) hypertrophy which #s normally observed In animals during
to cokl.

Table XAXIV shows that for three days exposure {7) to a tem-

and not significant. The contro! group exhibited the normal hyper
trophy for such an exporure.



Reprnted, by permisson, fram L P and
mwmmmnmmmmwwu The ioltoezes o

TABLE XXXV

Norpul temperstare | Cold room (+4 G}

Ascorbic scid
25 mg daily

Diffarence

-
i
;
| -4
¢
!

Reprintod, pormisdon, from Dugal,
iT75] denﬁn&ﬂ“ﬂdmﬁ(mb

cald
Aftar eight months at 4 C. the adrenal weights of the control
group represented an Table XXXV kept in the cold increased 22
peroantwhmmmpamdtotbeadmalwdghuuf!hcmnhnh
Lept at room temperature. Of the groups receiving 25
ascorbic acid daily by month, the group exposed to cold had
Increass in adrenal weight of anly 2 per ceut which 1s not signifieant.
Incidentally the prevention of h hy by ascorble acid during
expasure to cold, has been con ed by Elsensteln and Bonlfaco
(19) working at Washington Unfvtf:jty &ﬁﬁ oven H mmhﬁi
trophy of the ndremals were prevent exposure
thore{iﬂmcowunevu-thclalmuwtdtomgubemdmnt



3




10 Cold Injury
TABLE XXXIV

Normal teamperature | Cold mom (4 C.) "
% incroase

Adrezal Adrepal
Do 0 | srcight (g ) | N2 e (g | T
33
33

Ascorbic actd
150 mg, daily | 2% |3345+156

NaCl ~ 09% | 25 |3247 =047

3170 = 118 0.74 (0.14)
3600 %009 111 (2.64)

by pemimnon, from L. P o
i s o i e et Soring ponmy T M Ton el o

TABLE XXAV

Noczmal temperstirs | Cold room (+4 C.)

Troatment
m weight (mg.) ::;‘h weight (mg.)
Controls 20 (3665180 20 (4483288

whie ackd | on |gao0175| 20 |70 115

exposure to cold, has been

(19) working st Washington University But even if the hy;lﬂd.
trophy of the adrenals were prevented during exposmre 0
Lharudstanmwunevcﬂhelenmwcdtowmd:thcnmeddmg
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havebcmobsm'vndlnmrhbontury for instance, DCA k
;ionhmvvmted by mFThbak ldillhanamulmu (21) hnyp:otm;
drenalectomired ones ow that ACTH does not
hypertension, but T know that cortisone doa.m prevent DG4
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Figure 19 shows that the alevation i blood premure is much
smaller in the group of rats troated with DCA plus ascorbic aeid
(Group II) than tn the one recelving DCA alone (Groop 1) The
differenca is significont. But such an effect is not obtaimed in
adrenalectomized antmals treated with DCA (Group IV) Group
I represents the controls here. Another corticotrophicdike effect of
ascotbio acid obsarved fn our laborutory is that the so-called for-
maldebyde arthritis in rats it prevented and cured as effectively by
ascorbic acid as it is by ACTH (£2)

The ACTH liko effects might have been due to a nonspecific
strexs cuused by ths large doses of ascorbic ecid used but agatmst
that mterpretation wers the facts that adrens} b; was

during expasure to cold and that resistance to cold was

prevented
tncreased by the tame largo doses of vitamin G
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have been observed in our leboratary for tnstance, DCA hyperten-
danhpmw:ntcdbyuwrbﬁc-ddlnnmnnlmu(ﬂ) but not i
a ones. T Jnow that ACTH does not prevent DCA
hypertension, but 1 know that cortisone does.

bic acid as it 1s by ACTH (22)
B%Amhhcﬁ?cunﬂghthnwbcendnnwanompaﬁc
mumdbyﬂuahrgedmofmuc-damd,bmmx
that interpretation were the facts that sdrenal hypefﬁnphg;wu
prevented during exposure to cold and that resistancs to ¢

by the same large doses of vitamin C.
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We three working b #) ascorble xedd pre-
vents the hypertrophy of the s during stress became it
{ohibits directly the ection of ACTH, in which case ACTH would
be eed just the samo (23) We didn't believe very much I

an hypothesis, and, as & matter of foct it was mied oot by the
resuits obiained. The group (D) recelving ascarbic acid and 10 mg.
pcrda‘{“u{ ACTII shows the same increase tn adrenal weight after
y-:ulucau-ncntulhemhnlg;mumm recelving blexr
banate and the same amount of ACTIE ( Teble XXXVI) The con-
trol growp in (his experiment recefved sodium bicarbomate with
the amaunt of sodium cquivalent ta that contained in sodfom xscor
Iate. Ascorbic acid was edministered in the form af sodium ascoc
bate becama it is better tolerated by the rat thon ascorbic acid
ftsell when given by mouth. The results for the increase [n adrenal
welght, were the mme whether we gave ascorble acid and ACTH
or sodium bicarbonate and ACTI] Therefore, we do nat prevent
the Increase In adrenal weight with ascorbic acid in pormal animah.

TABLE XXXVl

TbeEleﬂnIAne-rbk A id Treotment on the Adrenal Welght
of Normal Antmals Which Received ACTTT

Nwmaber tiom | Adreoal (7t ddferesce
Ovonp | el Trestmest e i el
xhrab Dwstrornt g t vakoe
A 15 NsFICO, sa | B e
«
— — . R
ACTH —
B 10 FNICOT T | adap ;‘l";’ a4
daily
Ne-ascorbato | 349t
c 14 150 g, dafly 3day | 0 1+ 1327
ACTH —10me
D1 o1e | FNeexodete 34 | SO0 I sm
150 mg. daty | |

'““A..L';.:""“ oo iRl Tl 14
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The second hypothesis was b) nscorble acid prevents the
trophy of the adrenals during stress because iupmmcamlggqn
hypa‘acﬁvityufthand:emlcartuxandahypamcuonufmﬂa]
hormones a bypothesis that could bave been substantiated at the
t(mcbythofudthattbefaﬂ!nld:malcholcstemlbgrmt:rwﬂh
wbicnddlhauﬂlboutdmhgmtomld.ﬁchypﬂ
soctotion of the cortical hormones would prevent indirectly the
hypersecrotion of ACTH, according to Sayers theory (24) That
secord hypotheals wus also ruled out by the followin ts.
T:ndayznﬂahypophytectumywcmm»edthukg:m
treated the animal with ascorhic ecid for the next ten days at that
time wo removed the right adrensl, took its weight, and studied it
histologtcally The antmals were matntained at room tempernture.
The control group receiving sodinm bicarbonate (Table XXXVII)
does not show any increase tn the t of the right adrenal after
treatment as compared to the left adrenal before treatment, and
the weights aro virtually the same for the group recelving ascorble
acid. We have no effect, at Joast for such a ten-day period of treat
ment 21 we have used. Therefore, there fs no corticotropic effect of
ascorbic acld per se

Horvath It it true that without trestment hypophysectomy
prevents hypertrophy of ono adrenal if the other fs removed?

Dugal Yes, but if you have a substance like ACTH, which has
a corticotroplo effect, that is the way to test it. That is what we
wanted to see for ascorbie add.

The third hypothesis was ¢} ascorble acid has e potentisting
effect on the action of ACTH when the demarnd for cortical hor
mones increases. Hence, small doses of ACTH corresponding ap-
proximately to normal secretions, unable by themselves to hyper
activate the adrenal corter, would do fnfluence of
ascorbic acid. If such were the caso, the
expected to be hyperstimulated in the cass of stress, becauss enough
cortical hormones would be produced by the combined actfon of
small doses of ACTH and ascorhic acid. The problem here was to
see if ascorble acid could potentiate the ection of ACTH, and the
reslts obtaied show that apparently it is so.

A dosage of 05 mg. of ACTII m@nzﬁmﬂngg
in hypophysectomized rats,
the same as in the preceding one, namely that we walted about
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exposed to cold (Table XXXIX) also that the liver metabolion,
already increased by exposure to cold (as shown by Sellers) (18)
Is increased mudxmninthenscmbicnddtmatadgrwp(?.ﬂ)

The fall tn liver glycogen (Table XXXI ) fn the confrols exposed
to cold for 8 days, Group G, is 43 per cent, but ywhen the animaks
receive ascorbic acid st the same time {t is 63 per cent. Thero Is
abounmcrenmfnhvuotygmcmuumpﬁonofmpcrmlmtbe
cvutrohe:pomdtocold,nndof%pcrcmtlnthamhnkanpoad
to cold and treated with vitamin C. Thase differences sre all sta
tistically significant.

Hegnauer What was the duration of exposure In thoss expert-
ments where you got the 683 per cent drop of glycogen?

Dugol That i 8 days

Burch What has happened to the body welght of the animals
during this Hme?

Dugal They lose welght to start with and then they galn weight
again

Burch Could it bo doe to edemaP Some of the adrenal hyper
trophy could be fimid I was wondering if thers conld be some dif
ference in vascularity

Dugal No We have compared wet and dry weights of the
adrenals and the results were the same in each case.

Kark Dr Dugal if I understand you, when your rats were
&pmcdmeo]d,theonawbomgiven}d%hlmamhuflmﬂc
acid did not have an increase in the & welght?

Dugal That is right.

Kark I think I can offer a fourth explanation. I doa't know if its
right, but in rats, if you inject ACTH you will Increase the a
sire. In man lfyvum}ectA(TrHywwintinmctbnldrfﬂl]
size. In rats, the adrenal manufactures ascorbic acld, but fn mam,
the ascorbic acid comes from the diet. Therefore, when you gio
rats 300 myg. of ascorble acld, the adrenals do not need to hyper
trophy to manufacture ascorbic actd,

Dugal No mdlag:'mwith)”m-ltlll&l’&Thﬂf""‘?“‘]"”‘“Wb':en
my first explanation. Don t you thlnh ft Is paradovical, however that
when tmﬂmmmtdACprlmmbk;]ddﬂsi;?m:
a regeneration in atrophied adrenals? It is not hypestropay
an fncveass tn weight. T know that tho two effects obinined with
ascarbic actd, namely Uwpmwﬁmofhypﬂtﬂphyd"h“'mk
i normal anfmels exposed to cold, and the regenoration of & f
adrenabs, seem to be contradictory I havo been trylny, to find 2
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explanation for that, and up ta now 1 have only a speculative one
to offer I would say t]utwehx\tmdkmdatethceﬂecuufvdut
the English call the ACF the adrenal cholestero! factor from the
ones of the AWF the adrenal weight factor
Kark: \What about your distribution curve of adrena! weights?
How many animah did you use?
Dugal Our results are based (7) on more than one hundred
antmabs and have been confirmed by Elsenstein and Boniface
{19) The fact that ascorbic ackd potentiates the action of ACTH
(Zl alsn has been confirmed, indirectly Bozovié and Milkovié
in Zagreb fust published in the Lancet (27) that they
fo‘mdnrynﬁy;hucnc&onbemm small doses of ACTH and

negative results. On the assumption that the effect of ascorbic acid
on the hypophysis-adrenal axis might be attrbutable more to its
action at the periphery than on the adrenals themschves, we also
tried the effect of ascorbic acid phus cortisone on the resistance of
rats to cokl Rats 5o treated were much lexy resistant than the con-
trols, Those results, bused on experiments that remained at the
preliminary stage were never published.

Crismon It scems rather curlous that the adrenals would
to a luxury supply of vitamin Cin this way In goines pigs at least,
It has been reported that if one tums the experiment about and
depletes the animal of vitamin C by putting him en an ascorbutie
diet, one cannot detect any evidence of diminished adrenal cortkeal
function.

Dugal 1 know that, but it has also been reported by Ebensteln
and Shank (28) that there was a hypertrophy of the adrenals in
this instance They found that the weight of the adrenal glinds
of guinca pigs on graded levels of intake of ascorbic acid varled
imersely with dafly intake of that sitamin. In other words, scorbutic
guinea pigs had adrenal hypertrophy  They Interpreted that, as 1
recall, as being due to a nonspecific stresy, the Lack of ascorhic ackd
being a nonspeciBie stresy. But 1 would Like to know bow they define
a nomspecific strexs After all i¢ it not a lack of cortical hormones
due to & greater demand?

Crirmon The eriterlon that was 1 sed wa not adrenal size in the
experiments T have seen reported T have not scen the original
articke bt ft reported the response of another Index of adrenal
cortical { metion to the injection of eplneplirine [ belicve eosino.
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penla was used. DId 1 understand that Dr Kark said that in the
rat the adrenal mavnfactured vitamin CP

Karkal That s right.

Dugal In all antmals except man and guinex
that I know of The rat does synthesize nddnnddvpn"?s
has enough

Crismon Has it been shown that the vitemin C source fn the
rat is pot in the gastrointestinal bacterla?

Rark Not as far as I know

Crismon But it seems to me that I recall that the use of ant-
biotfes or sulfa drugs in rats permfts one to produce very nfee
examples of scurvy and the dmgs were of the sart that control
growth of common dentzens of the gastrontesting) tract, Whils some
vitamfo C may be synthesized by the rat adrenal cortex, it seoms
unbikely that this furnishes the entire supply required by the
animal Adrenal ired rats maintained op DCA or salt and
vitemin C-free diets do not d scurvy Mitller has reported that
adrenalectomized mice show reduced lver vitamin C but these
levels return toward normal fo antmals maintzined for more thao
a month (293031)

Burton Iy there not suggestive evidence that you cannot prodace
scurvy in humans by deprivation of vitamin C unless there b

cald alsof

Horvath Well, John Crandan (32) & coupls of years age bad
to be on # completely vitamin C-deficient diet for 2 of six
months befors he devaloped signs of scatvy

Dugal In the cold?

Horveth No, normal environment,

Burehi It that true for almost any vitamin defciencyP It has
been found to be almost imposrible to prodnce pellagra in patients
with niacin

Horoath It certatnly was an extensive period of time that Crandoo
bad to be on this completely deficient diet before he showed any

sgns of deficlency

Kark The English experiments too showed that. Thoy had to

bcouchadiatforfrom&zol!nznﬂm bt there i 12
1 ot deba 1t for humans except

Duee] whlchmnhuehﬂ% terminated at the Defenrce Medical

Research Laboratorfes in Toronto wbldzwmmndudedunh;

gmnpanfhmuanmb}ecu,msgmnprcccb'ingﬂwmg tday'he

stcorhle acid, the other 25 mg., the dosage sdvocated by

British, Those subjects cladon]yluxborb,mexposcdumnmﬁ)’
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for 11 fve days at a P of 80 F Although the
results ore pot compictely wnalyred statisticalh  some arc clear
enough to show that the group on the low ascorbic acid dosage
was pretty miserable a5 compared to the other onc

Burton Ao hes It nat been pointed out in the old records of
coyageurs such as Jacques Cantfer that scurvy was 1o prevalent on
sca voyages in the Nerth Atlantic where they were without & sourcs
of vitamin C, that they didnt even bother reporting scuny?
Dugal Yes, that s true.

kark \ell, Ca Coak had scurvy fn the South Seas, Cape-
town was founded to provide vegetable fonms for cring scurvy
lng:lltcrruoﬂbe[)u!ch&utludhCom?m)’

Burfon It was cold down there wam't it?

Rark No thev gnt sceunvy by going from Hofland to Capetown
Dugel Well, you know what happencd in 15H in Qoebee when
Jacques Cartler came in. They were all dying of scurvy fist two
maonths after they had settled there It didnt tale long there
Burton low loag does it take a guinea pig to develop svmptoms
of scurvy?

Three weeka,

Burton I3 that changed {f you put him in tho coMd?

Dugsl Oh, yer. Then they die in ahot four or five days It
depends of course on the weight of the gaincs pigs.

Burion Do they dic showmg nmptoms of samv ot jut die
from cold?
imﬂuml No, they do show symploms of scany i Lhe joints, for

tance
Talbott Dr Burton will von tell us more about the action of
the liver os & source of energy?

THE ACTION OF TIE LITER Af A SOULRCE OF EXERCY

Burion Some of the renarks Thay to male a1 st mpresaont
1 have gained from prtting yanen s thimm together speculatineh and
from reading the hterature My own on fctwon o that 1t 1 worth
whilo to lock at the Iner 2+ the important sotree of heat
eclimatization,

Tha ¢ alwa 4 heen tmpressed with the env old w wh which was
reported by Julis Lefevre (33 on the hbematmg animal who
roes to sleep with by th sues full [ fat at the end of the wmter
the antmal has tost th fat from its penpheral tosoes and has a lner

f M of plycogen Wetlin two hour after avsbening be will
vearm! fooded During that slept e of temperatire the
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penia was used. Did I anderstand that Dr Kark sald that i the
rat, the adrenal manufactured vitemin CP

Kark Thats right.

Dugal In all animals except man, monkeys and guines pigs,
thet 1 know of The rat does synthesizo amcgc acid and alwayy
has enough normally

Crismon Has it been shown that the vitamin C source in the
rat is not tn the gastrointestinal bacteriaf

Kark Not af far as I know

Crismon But it seems to me that I recell that the use of ant-
bloties or sulfa drugs in rats permits one to produce very nie
examples of scurvy and the drogs were of the sort that cantrol
growth of common dentzens of the gastrointestinal tract. While some
vitamin C may be synthesized by the rat adrenal cortex, it scems
unlikely that this es the entire supply required by the
antmml. Adrenal d rots f d on DCA or st and
vitamn C-free diets do not develop scurvy Mitller has reported that
adrenalectomized mice show reduced liver vitumin C but these
levels return toward normal in animels maintatved for more than
s month (2930,31)

Burton Is there not suggestive evidence that you eannot produce
scurvy in humans by deprivation of vitamin C unless there &
cold alo? o of had

Horoath Well, Jolm Crandon (82) a couple of vears &
to be on 2 pletely vitarnin C-defick ‘diaifm'nperlogo-ufik
months before he developed signs of scurvy

Dugal 1In the cold?

Horoath No, normal environment.

Burch Imt that true for almoat any vitamin defickmcy? It hes
been found to be almost {mpossible to produce pellagra in patients
with nlacin.

Horvath ]tceﬂﬂnlywn:anextenﬂmpcﬂodufﬂmelhllmﬂdm
had to bo on this completely deficient diet befare ho showed a1y

signs of deficlency
Kark The Englith expertments too, showed that. They had to

be on the diet for from 6 to 12 manths

Dugal T am not debating it for humans eveept that M,g_;;‘
experiment which has fust been terminated at the Defenco M
Research Laboratarles in Toronto, which was condocted ";n“:"
groups of human subjects, one group rocelving 500 mg. # yu”
ascorbic acld, the other 25 mg the dosago advocated by )
British Those subjects, clad only in shorts, were exposed consten
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for 11 t at a p of 80 F Although the
results are not i.r“ Tyzed {cally some are clear
enough to show that the group on the low ascocbic scid domge
was pretty miserable as compared to the other one.

Burton Alsc has it not been potnted out in the old records of

g
£
g
£
%
g
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Dugal Oh, yes. Then they dis tn about four or five days It
epends of course on the welght of the guines piga.

Burton Do they dis showing symptoms of searvw ot fust dle
from cold?

Dugal No they do thow symptorns of scurvy 1 the joints, for
instance

Talbot! Dr Burton, will you sl w more about the action of
the liver as a source of energy?

TIIE ACTION OF THE LIYER A3 A JOURCE OF ENERGY

Burton Some of the remarks 1 have to make are it mpresions
I have gained from putting various things togetber speenlatively and
from reading the hteratare. My own conviction i3 that it is worth
while to look et the Iner as the fmportant warce of hewt W
acclimatization.

1 have always been impressed with the ety old work, which was
reported by Jullus Lefevre (33) on the hibermating animal who
£001 to sheep with hix tissues full of fat at the end of the winter
the antma) has lost the fat from its peripheral titmes and has & lver

bed full of glycogen. Within two hours after awakening he will
ﬁmmnm&mdcd&mngﬁntuhmp(mcd(mmmdm
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temperature of the liver and the frant part of the body is g1 much
25 10 degrees higher than that of the rest of the body so it seems
quito evident that the heat which warms him so quickly the 1o
warming heat, is coming from chemical action in the Hver This
suggestive that the liver in hibernating animals can be a very
important soaree of beat. Obviowsly we should not carry this over
to the because there is good evidence that the true
hibernators are not homothers tn the usual sense even when they
are in the warmblooded state Agatn, the liver I think, fs a pretty
{mportant source of heat in pormal metabolism. The liver tempers
ture normally is from e quarter to a half a degree higher than the
rest of the body Considering the very good heat ges in the
center of the body I think that must mean that there is considerable
heat produced.

Then, there is the evidence that Dr Dugal has told us of, o
which You and Sellers (34) have shown that slices of Hvers of
acclimatized rats in the Warbury apparutus, have an increwsed
axygen comsumption. Dr Campbell, of Taronte who at the time
was not particularly interested in cold at all, infected rats day after
day with @ dose of anterior pituitary extract and, after a week,

them serially and found the oxygee conmumption of Hver
slices up three or four times.

Dugal The clipped rats of Dr Sellers had an increase of ebout
four times. That was for the whale animals, ot far the liver slices
(18)

Burton  Four times what it started from would certainly show
that under that kind of hormonal stimulation, the liver metabolsm
and presumably the liver heat can be rafsed to fantastic helghts a5
compared with the normal

I with I were certain whother or not the heat production of

Itmatized rats {s maintained fn the cold at a considerably bigher
Jevel than far the first few days in such rats before they are a
tized. This has been reparted by Sellers and You (35) but T think
they tend to contradict it later I mysslf am pot at all sure what
the answer is I thought at first this was proved, but I dont know
what to think now However thcm-poxﬁhav‘acumofntb:tfh&
hmllmm:mmeuhemelydiﬂ?adtmmbuwthwnuﬁlm
tized anlmals aro matntained at the higher temperatore, wherest
the temperature of the npacclimotized antmal is aliowed to fall
the cold, umless the acclimatized animals are capalile 20w of -
dueing o much greater rate of heat productian The only




Resistance to Cold 125

possibility wonld be that they are much bettor fnmlated, and thet
does not seem to be w0

neuromutcular
now the muscles could continmuously prodoce much more heat going
full blast than they were before. It mkes e look for soms other
place for this extra source of heat.
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started shivering rather vigorowsly and while that was going on,
colonic temperatures remained normal Then we noticed that the
nonacclimatized animals appeared to become fatigued to the point
where thefr shivering could no langer be observed whereas the
coldaccltmatized animals kept on shivering vigorously When the
occurred, colonic temperatures of nonu‘eﬁnudmd animals begm
falling and hypothermia developed. Thus, we suspect that most of
the increased heat production is due to the ability of the scelim
tized anfmal to continue shivering at a very high rate without

Burton Have you any knowledge sbout blood sugar st the time
they stopped shivering?

Blair No we bave no knowledge on that.

Burton As you know the lowering of blood sugar will inhibit
shivering, as Cassidy et al. (37,38) showed. Also the infection of
a small amovmt of fnsulin will abolish shivering I was wondering
H once again, the lver was involved, that somehow or another the
liver can keep the blood sugar up botter so the animal can go oa
shivering.

Blair That s @ poesibility but we have no blood sugar deter
minations.

Burton Perhaps 1 could report two things that come to my mind.
Dr G Maleolm Brown, of Queens University on his expedition to
Chesterfleld Inlet four or five years ago, found that the lvers of
the Eskimos up there in the spring were clinically extremely e
larged. He managed to get some twenty liver biopsles and the
pathologlst at Queens Univensity after stdying them fox a couple
of years came to the dociston that he could find nothing patho
about them, atccpttbttthcyd}dmutobemlyf o

ycogen

The second thing on which I cannot report finally becauso it I
just by heartay from Professor Rotsiter Professor of Blochemistry
at the University of Western Ontardo 1s that he has students %
ing the radicactive phosphorus of the liver of rats left In the
and he is rather disappointed to find that they can datect no chango
in the radivactive phosphorus uptake, as an indication of 11‘\;:
activity This doss not mean, of course thers may not b of
activity ia the liver

Dugl Ilbpoupfmmdndungumﬂwad.rmh.thwzh the
turn over was greater

Blatr T might mention also that we made microscopk ﬁ
of the hypertrophied livers of the coldacelimatized antmals
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Hvers of the nonacclimatized, as far ss we could detect from these
histological studies they were absolutely identical. We could find
no difference at all

Crismon No incrense in glycogen?

Blair Not as far as we could tell We examined the tissues very
carefully and we could observe no difference at all in the sections.
Of course, a six per cent increase is not an extremely largs hyper
trophy and one would pot expect to find too much change.

Crismon Six per cent?

Blair About six per cent was our degree of hypertrophy

Crismon  That is distinctly within the range where
mamwwmldlcw\mtfurthemumchmgeludmltpuuona
n mind of another stressful sible for
accumulation of glycogen In the liver mumly hlg,h-ulﬂmdo ex

with low CO in the respired as demoustrated
gmghymddxrkmnumdby'ﬂmmmdotbcnmdop

With regard to li er gO2 measirements, 1t is of some importance
to corTect respération values for tissue glycogen content rather than
duply to rely oa elther wet weight or dry weight &s & means of
expremion, because glycogen is an extremely labile solid coasti-
tuent of liver If the correction were made, 1 imagtos that theso
fignres of Dr Sellers and others for increases in Hver O would be
even more sirlking than thase they reported.

Talbott Could the increaso wn glycogen content increase the
arygen consumption in the rabbits four times?

Crismon: No I didnt mean to imply that, Dr Talbott. \What I
meant vwas this you may demonstrate that the cmuumpucm.
on a wetarelght or a dry weight basis, of the
tmaledlnnnyg‘hmwwyhhlg}m!hnndmtcfcouhohbynnmﬂa
of four thmes. A high liver glycogen content provides an toert sub-
stance contnbuting to the tissue weight. If you eliminate that nert
substance [n the final cakeulation and consider ouly the remmafnder
then you have ancther factor which forther expands the difference
between the controls and the experimental anfmals. The studies of
Fohrman and Fick (38) show that deubling tho glycogen content
of Hver from 4 per cont to 8 per cent with fts accompanying water
reduces the apparent gO; by 187 per cont. It is obnious that the
fourfold inerease mentboned by Dr Dugal, in animals that pre-
sumably had high liver glycogen must be somewhat smaller than
the actual inctease if it were calculated om a ghycogen-free basts,

Talbott 1 thonght Dr Burtons comment concerned mor:/u
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change In the biochemical reaction rather than the deposttion
of glycogen In the lver Fo
Crismon Noedtbecaﬂﬂngxbomutml}yexdu.ﬂve?lthmktbcy
may well ocour ther
Talboit Thathh-ua.lfﬂmpm—elvnnbuwodgiymgm
content, could that slona account for this increassP

liberated when glycogen #5 tumed tnto blood sugar This does
involve a pretty large incroase of heat,

Crirmon Do you kuow the thermodynamics of glycogen libers-
tion, Dr Burton?

Burton No 1dont, I imagine it is the other way

Crismon I dont know Tho liver derives a good bit of its energy
I understand, from axddative deamination, or st least the down-
stream  effects of deamfration. With amino scid as the only sub-
strato isolated kidney tssue will carry out very brisk oxygen con-
sumption to furnish energy

Burton Dr Rossiter is most anxious to study the rediosctive
traces in the nitrogen content of the liver but, of course, this Is
extremely difficult as compared with the study of mdicactive

orus.

Crismon [ would Hke to ask Dr Dugal if he has any speculatans
concerning the datalls of the role of ascorbic acid in this pattern
he has described Could it be that of a coenzyme?

Dugal Well, that is a possibility but we dont know Wo bavent
done anything yet along that line, except on the lver And even
there, it was not by adding ascorbic acid to the liver slices. Ascorbic
actd was given to the whole animal erpossd to cold, and then we
made liver dices and studied the oxygen uptake. It s possible,
however that it does act fn the cxidative reactions of tho cell 3
A coenzyme.

Crismon Cartain of the metabolic defects ssen In lsalated tisue
ﬁvmmorhlticanlm&h,cunbenpnhuifnoumbytbeuddlﬁm
of ascorblo acid. That has been roported in thiy coun (40)11’:2
in Japan, where Suda and his asociates have found that some
those defocts can be equally well repafred by the addition of fefrons

Dugul Mnasscn, working In the Cleveland Clinks, Schaffenburg
-ndg:rlcann(u):hmdxhnthuycmddmpukorutmb;pr;
venttheeﬁcd:ofsctmywdthmrﬂsmrc-w}utwelum’ iy
working on Is the association of ascorble scid with ACIZ{QM
cortisone or both, and the related effects on the fumctions
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adrenalhypophysis axis. 1 dont want to be too ipecific, regarding
the interpretation of our results.

n{Bm-t'om Mydlﬂluﬂtybthauppam_iﬂz’mmymdwdcpkum

ar the deplet acid from the cortex as
mmdlcaﬁcno(ﬂ)ensﬁv‘ltya{!hcldmulghnd.
Dugal Oh, yer.

Burton Now that has always poxzled me very aruch. If it were
acting a3 an enzyme why should it decrease 30 much when the
sctivity of the gland increases? On the other hand, blochemically
surely it fa very difficult to see how it could act a1 any sort of a
precursor for the sterokds Have vou any suggestions at all?
Dugal No All the observations concerning the effects of ascorblo
acid on the activity of the adrenals do pot exclods pacessarily them-
ﬁehm.'l"hcmmybo lot of spparently independent actions
enzymo activity potm!inllu-no(ACﬂ{.-:uonuLbapeﬂpbﬂy
otc., bat I wonld boe at koss to refate them. As to the fact that ascorbio
actd might be a precursor of the steroid hormones, T do not belteve
that there s any evidence for it.
Burch: Is there likely to be some other substance that might do
the tame, such as P
Dugal Wo tried other substances. We tried methylene bloe, with-
out mruch rerult 1 may add that when we were titrating ascorbls
acid in rats exposed to cold, we found that it concentration did
kummh\thau.nuuofﬂnnnnmukﬂulumwdcdmgctﬁng
s § 4 jonly But we were aware then
lhat'bnlnmo(-mh{cnddobseweduﬂgbthwbemon}y
apparent and doe to an increase of substances like glutathione- how
ever that objection was eliminated by using the method of Bessey
and King (43) which is supposed to be specific for ascorhic acH,
when you operate at a pH of abont 4.8, using metaphosphoric eid
for that purpose
Thero s one other queston that might arise Since the rats which
svnthesize ascorbic weld eat more when they are exposed to cold,
{t {3 postible that the increase {n the ascorbic ackd concentration of
thelr tirrues, during cxposure ta cold, might be due only to the fact
that they eat more: In such a case it would not be pomible to
interpret the increase in ascorblc scid ay being a defence reaction
due to cokd. To answer that question, we tried the effect of cold
on {asting antmals. We froze the tafls of fasting rats, and we got
the same increass ()
Burton: I wat wondertng {f Dr Blatr would tell us something
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about the experiment in Fort Churchill, Canada, on the excretion of
ascorbic acld, using the soldiers stotioned thereP

Blair I think Dr Kark should tell you since it was the Medics!
Nutrition Laboratory that carrled on the studies and since Dr
Johmon and Dr hark s findings on Exerclse Musk Ox were used &
tho basis for the observations

Kark The resalts from the Fort Churchill experiment were never
published. As far os they have heen amalyzed and as for as the
data from Musk Ox have been analyzed, there doemt seem to be
very much change in ascorbic acid metabolism {n man exposed to
cold, based on blood Jovel and urinary escretion doterminations.

Blalr Together with observations of ascorble acld Intake

Dugsl But, Dr Karl, didn’t you report at last years conference
that thero was a decrease In ascorble acld excretion during the
Musk Ox expedition? (45)

Kark We are not talking about the Musk Ox expedition now

Dugnl But in the Musk Ox expedition thers wasP

Kark In that ono at the time when the soldfers wers moving
from a very cold to a warmer environmeat, the blood levels rematned
the same but the urinary output was less,

Dugal In the studier at Shilo there was an increase wasmt
therof

Rark Nothing very significant bappened n Shilo ot afl. That was
a 12-day stady under much more rigorous conditions of cold.

Burch Dr Blalr wasnt ascorhic acdd fed to some of the people
studied tn Alaske, or at Fort Churchill?

Blair Thero has been some study on feeding ascorbic actd. In
fact, ascorbic acid at different levels was fed in the study at Fort
Churchill that Dr Karl referred to but the findings were not very
significant and were nover published.

Burch And it producad no difference?

Kark Apparently not, as far as the data were analyzed, but that
whole study needs to be repeated.
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PATHOPHYSIOLOGY OF COLD INJURIES

JACK ADAMS RAY
Deparimens of Sa,

wm/mf:f

Stockbelm Sweden

AN uNDERSTANDING OF how cold kills tisue is extremoly {mportent
for prophylaxis and tho treatment of cold injury One mlﬁ;mh
is there only a true thermal injury alone or Is there & combination
of this with vasamotor disturbances? Dr Shumacher (1) tald us
last year when speaking of rapid freexing and thawing of froren
skin that such frozen skin when reapplied as avtogencas grafts to
the donor dog would survive. You can look at this erperiment from
another poiot of view namely that of the skin being rescued from
post freezing vascular resctions that might hove killed it.

Dr kreyberg (2) a Norwegian friend of mine has dane some
{nteresting experiments relating to frostbite. First, be has frozem
the skin of mice to —78° C. with carbon diodde smow and he got
100 per cent nectosis of the frozen ares (Table XL) A a second
contral he trantplanted narmal epithelum subcitaneously without
freezing it, in 30 animals After 12 days the epithelium n 22 of
theze controls was living and proliferating when seen microscopd-
cally He then frore skin areas In 22 animals with carbon diovide
mow and {mmediately upon thawing transplanted the pleco of skin
which had been frozen subcutaneously in another place on the same
animal After 12 days 14 of the epithelial transplants survived
(Figure £1) about the same percentage as fn the normal coatrol.
When he repeated the experiment but waited 3 hours and 45
minutes after thawing to make the transplantetion there was sur
vival in fewer skin transplants. When 5 hours elapsed between
thawing end transplantation there was still Jess survival, but some
transplants did survive. He ascribes this difference in survival in
those transplanted kmmediately to the avoidance of the postfreering
vascular reaction, especially the true stasy.

Figure 22 shows the same thing that Dr Crismon talked about
ot the last canference When you have had freezing, the clreula
tion will bo all Hght for some minntes and will then slow down.
There will be & conglomeration of the blood eorpuscles, snd then

34
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TABLE XL
Contral 1 Tota] Nember | Momber of Acssk
Ear frzen with OOy soow
for 6 sec. and emmined 7 45 @
days hater
Comtrod Tt Total Acrsbe { Lilpogofiotd
Tramplantation of normal 20 »n
T L
Expermscat Total Noorber b wh
of frozea l
dooe  tmmedid -3 H
ately sfter thawing |
T tston 3 br to 3 12 3
hr 43 mm_ alter thawing
Trensplastation § br and
M min toBhr after thawing 2 3

Trowalohon ) Aarprinted, by perrewsion, from K L La stote et ride ene
&Whhb&mmﬂ oS eor ot Live e

there will be & true stesds, and the part that has been froven wall
be shut off from the circubation.
The conpechion between cold Infury and burmy, abo discussed

rdce NHe wns of the oplalon that part of the necroshs Is cansed by
direct actim of the heot and part i caused indirecthy Uy the der elop-
ment of stasts followed by kschemia, 21 2 vascular resp to heat.
That the onset of stasls is followed by necrosis of the entire depth
ok e fhun has s ‘pern pomted oat by Sevitt (1)

Both Dr Shumacler and Colonel B B Lewis seemed to agree
at the conference fast ycar that the benefit of rapkd remarming was
mm"uﬂhdmmlkdmmh\gdﬂpmm—vdmowlhemﬁ[




g

bﬂtitmlghtbeduotoana}ternt{onLuthapsﬂmof}oalbbod
fiow How I dont know But it is also possible that [n rapid wanm-
ing, the tissue passes rapidly through the stage of 10 C.to15° C.fn
tempernture range Lake (5) u.dngtimmaﬂtmﬂ.'”d
Kreyberg (8) using living tissue have seen sarious damage.

I have been studylng the effect of rapid rewarming tn men (7
the effects of rap!d rewarming on animals have been beau
lbownbyAmeﬂmnnuthon.WﬂhtbepamLm‘onufpaﬁwts'bo
mgoingtoh.vemampunﬁonuttheth!ghbeauuofgmw
of the foot ar the toes mﬁlgethyichlm-!delﬁ-nuthﬁddnmthﬂ
medla] and laters] aspects simultaneously for from £ to 7 minytes
fust below the site of the planned amputation. I phasize that the
ddnwn:fmzenandwhﬂafordmmme}cngtbddmeonthemcdh]
ﬂdauondwhtcnldde.ﬂmllmmedmm}ywnrmedupmtﬂ*
t0 37 C.1am told, I should have roached 42 C. I will do It tho
nmﬁxmldldnofmtthooﬂlnﬂdcltuﬂ,but)dhﬂn oat
under the bedclothes. About five minutes after the leﬁwhﬂbf‘-'“
putlmderﬂwbedcbtbaﬂwbedtcmpm'uhrra\viﬂbel t28 C
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Burch: How long were they frozen before they were thawed?

Adamy-Ray: T had different lengths of time ranging from 2 to 7
minutes. Dr Fakoner looled for blister formation degenerative
changes, Inflammatory changes, ete. He told me that in 8 caser out
of 21 he could see po difference- in 8 other enses there wus more
damage by the rapid warming, and in 15 cases there was more
dafn:gebyl}nlb\flhaﬂnq, With his permirtion the slides were

& d to another who was of the same opinton.
There It no doubt that there 1s more pathologicoanatomical damage

bynlowthnwingl}nnbyngdlhlﬂx.

W elater- When you sy  damaege t do yoo mean?
Adamas-Ray Degeneratl © changes and blister formation. There

were definite degencrative changes not only i the epidermts but

ko In the epithelium of the sweat glands and so on. The patholo-
gist couldn’t see anything at all in the vessels.
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Siple: Was it pontble to observe the collaidal character of the
colls between the two periods?

Adams-Ray 1 have no lides, I am sarry

At this point T would hke to present for diseunsion a pofnt of view
that 1 could rot fnd mentioned at the last conference We ali
knaw the vasoconstricting power of cald and we alw know that
vasocomstriction alone without cold, can KT tissue. From

agents, such a3 dibenamine. A protective effect wne akio observ
with local t, where glycerme proved to be the most
effecttve. He out that the venules are particularhy susceptible
to the vasodilator action of the nitdtes.

Meryman If you used a local vasodilator to prevent 1
meﬂmhlmhlmwm
retumning to the body from thoso surfrces would be colder than
it would be if the vessels were constricted. In turn, you might get
& general, more powesful vasoconstriction resulting from the tropact
of that cold blood on the central rystem, 1o that yoo might, fw a
way defeat your purpose?

Adems-Ray That s pomsible. 1 have seen quite a Jot of people
who have been frosthitten before, and they hay ¢ asked me for edvice
because when they go out shiing, thelr (eet numb very ven
quickly Thezo patients abso very often bave hyperhidrosts, numb-
ness to cold, all the sequetae that vou see after am cold injiry
They alro have a high vasomoter tone When they go into the
cold, they are moro Hable I think, to get cold jury 1 advhe them
ta be very careful. I would st put them on military duty in the
North. 1 advise them always to be well nourished, well ‘clothed,
and {f {t i3 very cold to tale some vasodilating agent such as
priscoline I the morning and not a drink of bourboa. They tell
me that has worked very well, that they have been sble to skl

On my suggestion the Anglo dinavian Arctic Expedition have
used a Sw vasodilating agent, vwsodil, ex a peophvlactic in
bitter eold. According to reports that I have fust recefsed. they
have been verv pleased with it

Burch 1 would ke to maise a question concerning the concept
that the circulation to an arce remalns internmted by actl ¢ vaso-
constriction to the ettent that the v cssels Lill themseh ex Sir 11::1}
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Lewls indicated, when dlscussing the vasomotor factor in Raynands
dheuo,thatﬁrmnapumlyhypotheﬂm]buh,ltwou]dbeptn—
duxicnlforavmeltnmmnineomtﬂdedmthuutmtufduhuﬂng
the tissues In an area without the xmooth muscle in the veme
destroying ftaelf that is, if the vessal responsible far the constriction
1s located in the tnfarcted area. For smooth muscle to constrict, #t
would have to have nourithment of its own, and when it becomes
devold of a supply of blood, it would relar, end relaxation would
likely occur before the tissues could suffer approciably from a hck
of blood supply The anly manner in which I could envision the diff-
calty you describe would be for the vasoconstriction to ocour st 8
relatively long distance proximal to the ischemio area.
Shumacker That happens clinically George. I have seen a mum-
ber of cases of segmental arterlal spasm, including cases of sparm
of the femoral artery leading to gangrene of the toes and a porton
of the foot. That it was spasm which was respanstble and not throm-
bosis was demanstrated in at least two of these patients by the fact
that full retum of circulation through the main arterial patiway
was subsoquently re-establithed. The pertod of tschemia may last
long enough to produce tissus damage distally even if the spam
is subsequently releassd.

Burch 1 do not deny that such occurs. The only way it conld
happen 13, a3 you indicated, that the spasm is very high or p
with a loss of blood supply far distally I am not con
there are data available thet Lrrefutably establish such an fdew. I
have read about those things and T have seen patients who were
supposed to have had such & syndrome but I have wondered sbout
the henism. B, it is a plansible concept does not establish
it as the mechanism. How long can the smooth muscle in vessels
undergo spasmodic contraction? Do you know Dr BurtonP
Burton Well, of course we know that patients with Raynsud's
disease do get gangrene. I wonder if Dr Adams-Ray wants us to
talk about the protective mechantrm of the peripheral Hssues, par
teularly Str Thomas Lewis hunting reaction which Otto Edholm
and Greenfiekd and his co-workers (8) have studfed so much lately
I spent somo time recently with Carlson and I had his paper fo
rwdbefom"wpub]nhed,lndhemlkmnvuymtmﬂns
Dmmdnconmunwhohndbecnlﬁmcﬂngouth:lbﬂ
cdd‘ﬂeﬂnd_"mﬂnﬂmdny ublppamnt}ynorma],lhxtthg
show this reaction. Vasoconstrictian does not perslst wil
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cold, apparently It is broken into by this big swing of vasodilata
tion perlodically But day after day as you them to cold,
this hunting reaction becomes lets evident, 10 that when they are
folly acclimatized, their peripheral tissues stay at a high temperature,
The peripheral circulation app ly never gets to the same Jevel
of comtriction and, instead of having this perlodic constriction
and dllatation they are now cootinnowly falrlv well dilated and
warm. But werent you in your remarks Ignoring the edstence of
this normal physlological mechanism of protection of the tissues®
Fhystological vasoconstriction, I doubt, ever persists to damage the
tissue since before that happem, this reflex, if you liks this reaction
on the Jocal tirsues, supervenes and one has the protective dilata
ton, One must gdmit, of course, that in Raynaud’s disease and
thrombosis and so on, one gets damage of tasue from ischemnla, but
phystologically 1t srems to mo that the small blood vessels have
a protective mechantm o the phvsiological vasoconsiriction.

Siple  Most of that s on mather short tenm experiments,
s 1t 5ot? When you compare that with the trench-foot damages,
docs ths samo mechanésm Leep on working?

Burton These men were blvouacked six weels in the cobd. I am
spealing about Carlsons experiments. Which experiments do you
mean, Paul?

Siple 1 wuas thinking in terms of the honting reaction that would
affect the constriction by periodic readjustments. In the case of
trench foot, it appears that extreme constriction of the limbs it
maintained over o period of tme Usnally within "2 howrs you
begin to get necrotic effects.

Burton Well, I think in that case the temperaturs probably is
oot cold enough, or the temperaturo gradients are not right to
produce this hunting reactian, for which 1 have a theory T think
probably the honting reaction this has pot been fvestigated, does
not occar {n the conditions which give trench foot.

Stple: IF I might arthedpate yomr theory does it have anything
to do with the fact that the pain semations are not triggered off as
2 waming under expasure to trench-foot circumstances? Thero is
apparently not & soffictently sharp gradient of temperature throngh
The hin 10 st off the pain mechantsm. This physiological dis
crepancy in our waming siem occurs when the tiaie has cooled
down very slowly almost subth  Intolerable pain docs not oco
when the slin temperature is lowered gradually as compared to
tho Intenss pain experienced when the shin temperatare {1 brought
down swifth, One of the obrlons results, ns a consequence is that
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in most really cold areas such as the polar regians, trench foot s
almoatunhnwn,whcrm:mtbccooltempcmmreg;[omj‘untlhm
freexing, wually around 40 F trench foot s a very provalent

Burton 1 think the matter Is a very complicated one, and thers
{1 good evidence, and theory too to show that extremely cold time
gets along much better than tisrue at intermediate temperature.
It 15 the matter obvicusly of the demand for oxygen and the supply
of oxygen. These two things change with the temperature in 1
different way- one may get very complicated efects. Thers b 3
rogion between perhaps 5 C. and 12 C. where timue i mare
susceptible to damage than tissue that is colder Perhaps you would
agree that that is a possibility Dr Adams Ray and there is some
evidence for it?

Adams Ray Dr Burch, you were referring to the work of Sir
Thomas Lewis becanse he talks ebout vasoconstriction killing tirsoe
and he believes that the epithelium of the blood vessels is damaged
by anoxia, which produces a thrombosis, and so on.

Burch That Is secondary In Raynaud's disense, there may be
eplisodes of spasm first then, with {mpafrment of the circulation,
Jocal vessel damage, with proliferative changes, occurs. Mechanical
obstruction, fn tumn, permits prolonged ischemia and then damage.
The role of the vasospasm tm Raynaud s diseass is not clear Now
whether Lewls way rght ar wrong, I do not know I only present
the concept for comment.

Adams Ray Dr Lund tred heparin treatment to prevent throm-
botis, or to 1ee Hf he could prevent necrosls in theso ents
on rats. He coukint do #t with heparin. We all know that tgue
can die at temperatures from 16 C. to 0 C., with trench foot
ca-!:nlnlyIdﬂnkiti.'vm—yc\:-m:mon_Inmyawne\xpe:‘ia:‘cﬂ.“"11“:h
is not too great, I have seem freezing of the tissue very very seldom

Burch Is that vascolarP

Adams Ray 1 dont know I should like to discuss that as & com-
bination of cold pluy anos, followed by coustriction, possibly I
don't think the hunting reaction totally prevents ft, f you have &

with & high vasomotor tone.
Chglinﬂm th:]ymnldﬂutmmebodyhadlbomneandlh;
duced by adrenalin and ergotamine did you mean the two together

Adams Roy Yes, the two together

Burton Well, T would bo very interested to know whether one
could necrosis by adrenalin alone, becauss it scems to mo
thn!tbepaiphm‘nlﬁnuanbohvvlpmfecﬁwmedunhmlgnm"
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d spasm by adrenalin. We have tried that in perfused

tndonogchnrhylhuﬂcrpum,bacnunnwmu

you stop the circulation, the destroction of adrenalin by the amine

oxidase has a chance to catch up. There {3 no more supply and

therefore one finds that the vestels dilate agam. 1 woald be very

tnteyestod to know whether the pt logical agent alone, adrenaltn
could produce necrosis by spasm.

Horcath Well, it does. You can inject epinephrine subcttaneously
and pet a nfce area of necrosis. Not only that, but if you give them
d.ﬂ)emn’dno,thndounotprevmtlt.

Burtvn 1f you mean of adrenalin that ix

effect of adrenalln. It s in the place. I was
uﬂdngnbaut amino oxidase {n the fmside walls of blood vessels.

Rark However in patients with pheoclromocytoma you dont
sto necrosls, at lesst a3 far w1 know

Adgms-Ray Bat if you chill them?

Kark 1 dout know

Adame-Ray Dr Lund 1n his book talks about adremalin alone.
With the doses he employed in his experiments be was not able
to prodoco nccroeis in rats with adrenalin alons Infected into the
baso of the tail He refens to an experiment by Bruum (10) who
ustng a dow of 0.5 mg. of adrenalin pho clulling of the tall, caused
mvucuhrlnfuryimmhonlyinmomm

Horcath 1n that fust injection?

Adamy-Ray Yes fst infection.

Hervath  Wel}, injectton alons couldn't mndum necrosls, but
tnfection plus cold could produce pecrosis but you do sce necrosis
humhmhuﬁhmxnhntbyinkdlngcplnep}umcdouewn}ml
co

Burton What sort of injection do you mean, subcutancons or
venom?

Horrath A subcutaneous infection at the base of the tail in the
case of these animals. We can inject it in the shoulder and get
necrosts in the antmal wathout adding cold.

Burch 1low much, Steve?

Horcat!  One-tenth of o millfliter of 1 1n 1000

Burch 1know asthmatic patients nho have recctved epinephrine

infections at f; t intervaks of the day for T know one man
Vbnlmn-tﬁﬁ drughlhrgcqmnﬁua o1 40 y ears and be has
not obtained amy serfous kocal necroris. He olrtains a Httle atrophy

ﬂhemnmmtmlwqm\!vhrtmnmmh.
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Webster 1 think there was & roedicolegal case in Canada txo
years ago where the nurss gave the patlent adrenalin instead of
novocaine and the patient lost his digit.

Burch ‘That Iz nat local, but diffuse I am referring to Jocal

Adems-Ray Dr Orr are there soldiers included in your material
who were In bad shock when you found them with cold infury?

Orr Wo have not seen shock associated with a cold infury

Crismon Well, have thers been any patients who sustaioed 2
battle wound In additton to frostbite, and wero they Injured severely
enough so that their total injury consisted of shock produced by the
wound, complicated by peripheral cold Injury?

Orr: Those are factory that would be hard to evaluate, Wo hne
had wounded who developed frostbite bat invariably they hsd
ruﬁdm;;;pomrewco}dnndenwghhnmabﬂlnuoﬂmmﬂ
for the Injury per 1o

Shumacker- Yon had a few patients didnt you, Ken, In which
a maln arterial stem was interrupted by trauma with frostbite
distally?

O Yes.

ShumchrAnd(bcyhndmymmﬁoﬂh!tc,dldtheyw?

Orr ‘That is dght. I mj t add that Last winter we had a patient
whunutatncdamsaﬂ&ammtmmdoftbonppaﬂﬂh
mﬂungmnmmpnmdfmctmﬂewuwudngbﬁuhtcdbooﬁ
and did not dovelop frostbits of the lowes axtremities but lnstosd
dom}apodnfourthdeycclnjmy;fbotbbmdtﬂuw
for s of ] mately 12 bours,

Mcrvnunw"d ‘Ibcmpmwﬂukou}ythomnwhomlnw who hed a shell
ﬁ}mentwmdwﬂahmudthempnthmyxmom}egﬂr

ored & fourth-degres frosthite on the other leg, but had o infury
whatsoever an the side with the nerve

Adams-Ray I am back to what you said, Dr Shumacker sbost
thao&xapsﬁthspn:moftbenﬂeﬂax.l!bychmcﬂywlnm
pembutal, ar sume such inmm:ryimwdoféﬂ“’d“-

t will got vasospasn that may cquse gangreno
Eit:i\k.wdinlcfﬁty thmheﬁdeﬂwt{ntvmh‘lcﬁmﬁmm
can kill tisue periphemlly mdlomlin}act)oudﬂﬂ"ﬁ“:
nndndrmnﬂnwnhﬂﬂmmb;m:ﬁicﬁmm&m Y

think s0?

Burton Yes, [ would admit all that, bat my thought was tht
thers ars these protective apa'ﬂm;laimd’:d‘;;w
1 doubt #f Jocal which s of phystologic crlgh, =

vasocomstriction
mulenccrmhunlwtbmhnsbwospﬂmdl
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which ix due to a different mechantim, or unless thero has been

[not,hntoupummdryco!d.ldoubtﬁphyﬁo\ogial\m
striction alone umnlly can came necrosls, withont this additonal
pathologieal event.

A, Tho physiological def; must break down if the

Crismon: At mod Jevels d with {mmer
rlmfoclot(renchfmt,nppucnﬂytbndepﬂﬂempoﬁﬁono(tbe
in]mni{{nnhmlmportmtupectdtnjury The dependent post

may be the cause of the commlication of re-
ﬂucedvcnou:ﬁ-cw

vasomotor tono ot only m the peripheral vessels but also in the
big vessels, nnd that this hypertonia is augmented by cold, and also
by the fear experienced during combat. That s not my tdes. It has
been proposed by {11} in Towlose that those who have
a high vascular tone are the chaps who get frosthitten.

Horeath Tho same chap who gets rheumatoid arthritis some-
times  too.

Adams-Ray 1domt know pethaps It &5 a very mportant thing
10 know us far as prophylasis Is concerned. Some people get frost
bite more easlly f they are tired, or if they are anemic, or if thev

are afrafd.

IInn:ath George didnt yon try that vascular test of Montgomery
on -;:-me of thase frostbitten pattents whom yon studied after the
A Y

Burch lex
Horeat? 1 T recall coerectly there war no relationship at all
bﬂmmjmynnd(hummﬂrmofm you blamed it

partly on the weather {n New Orleans, didnt von?

Barel \\ch.ld.!dmtkmwlfﬂmduelnt}wdﬂmln
rrv worhed in Philadelphin
dnﬂnglherlnler when vrmhucwobnhh mote constricted. We
did our studics tn New Orleans during the warmer perlod of the
vear Mo conld not reproduce Mantgomery s results.

Horvath el after your resmlts came out, we tried It over again
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Webster 1 think there wos a medicolegal case in Canada tvo
years ago, where tho nune gave the patient adrenalin instesd of
novoceine and the patient Jost his digit.

Burch Thot is not lacal, but diffuse. I am referring to Jocal

Adems-Ray Dr Orr are there soldiers included in your materiz!
who were in bad shock when you found them with cald Infury?

Orr Wo havo not soen shock assoclated with & cold tjury

Crismon  Well, have thers boen any patients who sustained 1
battle wound In addition to frosthite and were they infured severely
enough so that their total infury conssted of shock prodoced by the
wound, complicated by peripheral cold mjury?

Orr Those are factors that would be hard to evaluste. Ve have
hed wounded who devsloped frostbite but fuvarisbly they hd
sufficient exposure to cold and enough immobiikation to accomt
for the cold fnfury per s¢

Shumacker: You had & few patients, didnt you, Ken, {n which
a main srtorisl stem was mnterrupted by tragme sith frosthite
digtally?

Orr Yes,

Shumacker And they had very severe frostbite, did they notf

Orr That is right. I might add that last winter we had a patient
wbunutamcdamvemlgeﬂhgmmtmnduftbeuw'ﬂ&h
resulting in & compound fracture. Ha was wearing insulated boott
and did not develop frosthite of the lower extremities but fustead
devoloped @ fourth-degree Injury of both hands. Ho was fmmobilized
far a od of xtrng 12 hoary

Mer;,r’?r’lm mim:umtd{hemmmw who had a srell
&agmmtwoundwhichmedtbompathwxatom}%ﬂe
suffered o fourth-degree frasthite on the other leg, but had no infory
whatsoever on the side with the nerve block. about

Adams Ray 1 am back to what you sald, Dr Shumacker
tbmch:plwithtpumofthemmlfbymywwm
nombumlurmmemch&lmgfummefyhﬁﬁd&;nt;&‘

tent will get vasospasm that may canse gangrena

&fm]-.chnkfﬂy there it evidence vasocanstriction of sn artery
can Ml tixmue peripherally and Jocsl fnfection of ergotuaioe
mdudrmﬂnmhﬂtbuabyvmﬁaﬂmlmm you
think sof

Burton Yes, 1 would admit all that, bt my thought w3t B
there are these protective mechanisms operating in :ﬂ cn
Y doubt if Jocal vasoconstriction which is of physioogle oTgl, 27
cause pecrosls umless thers has been spasm of &
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whlchkduetoldiﬁ’amtn’mdmnhm.urun]mtbcmhmbtm
some pathological event, such as freextng of the tigue. This
mtlpplytonpmﬁcuhrnngeofwcﬁcold,lnwbld]mcgeuh:g
foot, but to expocure to dry cold. I doubt if phy

siriction alone usually can cause necrosis, without ndd.lriaml

event.

Meryman The phyﬂologicnl defenses must breek down if the
thermal Jots becomes sufficient otherwise, the tisue would pever
progress to freezing.

Critmon At mod. levels 1 with fmmer

mmo conditions and in the same nutritional state as other ndr
viduals who do not? Is it because they have an initially higher
vasomotor tone, not only in the peripheral vessols but also tn the
big vexsels, and that this hypertonta i augmented by cold,undu::

hylbefaretpcﬂcnced during combat. That is not my idea. It
been proposed (ll) (nToulmue that those who have
a high \mmmtﬁo who get frostbitten.

too.
Adams-Rag- T don't know- perhaps. 1t is & \'wy important thing
to know as far a3 prophylais ts concerned. Some people get froat
bite more eosfly if thoy are tired, or if they are anemie, oc if thev
aro afraid

Horcath George didnt you try that vascular test of Mootgomery
on l?mm of those frostbitten patients whom you studied after the
war|

Burch Yes,

Horcatl) 1f 1 recall correctly there was po relationship at all
between infury and this vascular tone Of comme you blamed 1t

on the weatber in New Ordeans, didn't vou?

Bure] \\eﬂ.ldldnothmﬂltmvductolbedxﬂ'mm
emi ry worked in Philadelphia
dnring the winter when \-enchmprdnbb more constricted. We
did our studles in New Orleans during the warmer perfod of the
vear We conld not reproduce Montgomen s romlts.

Horrath W cll. ufter yonr results came out, we tried ft over agah
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Webater 1 think there was a medicolegal case fn Canada two
yeans ago where the nune gave the patient adrenslin fnstesd of
novocsine and the patient lost his digit.

Burch That is not local, but diffuse I am referring to local.

Adams-Ray Dr Orr_are there soldiers included In your materl
whowmtnbad:hod:whcnyvufoundthauwﬂhm}dlnfurﬁ

O We have not seen shock arsociated with a cold tnfury

Crismon  Well, have there been any patfents who sustained 2
battls waund tn addition to frostbite, and wero they injured severelr
encugh 10 that their total Injury consisted of shock prodaced by the
wound, complicated by peripheral cold injury?

Orr- Thoso are factors that would be hard to evaluate. We have
had wounded who developed frosthite but mvariably they hed
mfficlent expoxure to cold and enough immobilization to accomt
for the cold njury per so

Shumacker- You had a few patients didnt you, Ken, In which
a main arterfal stem was interrupted by tmumae with frosthits
distally?

O Yes,

Shumacker And they bad very severs frosthite, did they not?

Orr That is right. T might add that last winter we had a patient
who sustained a severe shell fragment wound of the upper thigh
resulting tn & compound fracture. Ho was wearing insulated boots
and did not develop frosthite of the lower extremities but instead
developed & fourth-degroe injury of both hands. He was tmmobilized
for @ period of approxdmately 12 hours. el

Meryman: There was also the man whom I saw who had & e
fragment wound which severed the nerve pathways to ane leg. He
suffered a fourth-degreo frosthite on the other log, but had no Infury
whatsoever on the side with the nerve block. boat

Adams Ray 1 am back to what you said, Dr Shmmcktrhkd
mmmmmdmammuwm%m
nmbuﬂmmmenmhthhfnmmlﬂﬁymdd;&hmdl

tent will get vasospasm may chuss grngrene

Elnk,cllul thero #s evidence that vasoconstriction of am srtery
can kil timue peripherslly nrrd}ocalln)‘octltmcn‘ﬂ'!;"ﬁ“‘i';1
and adrenalin can kill tizsue by vasocomtriction alone. Dout y
think sof

Burton Yes, I would admit all that, bu:myzhuuzht""";::
&mmthesepmtecdvemaehmhnnoptﬂﬁﬂghmd“mym
T doobt if local vasocenstriction which is of physlelogte origin, o
cause necrotls unless there has been spasm of a dis
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and, certamly there Is evidenco that you can show a differencs
fn vascular tone, at least in the patlents with rheumatold arthaith,
and differentiate the potentlal rheumatold arthritics from otber
types of patients. We did our worl. In the winter and that still may
be tha disposing factor which you observed originally But at Jesst,
if T recall correctly in New Orleans anyway yvou were never sbe

to show any difference In vascular tone In patients who did or &id
not have frostbite.

Burch Some of the paticnts had frostbite but they were mamly
patients with trench foot

Talbott: Golanel Orr did you have any evidencs in your follow-up
studies of the soldiers ftten fo horea that there was a differ
ence in reaction between the frustbite patients and the control?

O No We have just concluded this study on our cases which
extended over a period of almost two years after injury

Talbott That was a totul of how many patients stodled?

Orr There were 72 cases of frosthite In the group. The Lando-
Gibbon test, bexamethonfum, priscaline, {ntravenous alcohol and
sympathetic blocks were used and no differentiation coukd be made
i the vesomotar responte of the feet between the control snd the
patients In studies performed soon after infury using cold strest,
that s, subjecting the patient to 2 50 F exposure, wo found s(gn
of marked vasomotor lability In our post infury patients that labdifty
is less murked wfter one year

Adame-Roy Have you been looking at the arterjoles? You have
been measuring temperature, havent you?

Orr“rcmmamrb:gthoﬂdntcmpentmln!heloamd
skin color changes.

Adams-Ray: But there i & necessity for Jooking at their venoss
tone, becaute the venous tone mi tbeuflmpurhncc.Did.nb’;g"“
say Dr Cdwmon, that the ent to the return of blood B
a factor that will glve more necroais?

Crismon In trench foot, yes.

ShumckerWuﬂ,nfmmo.complztebbddngn{mrehn;
will canse gangrene just as effectively a1 complete b
arterial inflow \Vamtbktnumdph}egmzshcﬂ'uﬂld
u type of venous thrombosis In which the vepous returp s coo
pletely blocked. T beliove we have seen five Limbs so affected iﬂg:
pmfm)mmthcﬁmeolumpumhnltmaidmtﬂn!
arterla] pathways were patent but the limbs were dead nev s

Wekbster Dan't you feel there {s an inflammatory reaction
that as well?
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as & metal pipe. After these nonfrozen tails have been rewarmed,
ususlly in 24 to 48 hours, the tail swells with mastive edema, and
nenrt{mbmofthotnﬂﬂbo(ﬂmcclfomunbouttbemnccﬁw
tissue ring to create & pressuro tourniquet Yve think soms of the
gangrene wo get from cold expasure of rats tails may be the resalt
of this tourniquet action disrupting blood supply to tho tafl, and
not a result of direct cold njury to the Hssue itsolf

Adams-Ray There is a point I would liko to stress, and it s an
observation of Dr Kreyberg (12) In experimental trench foot in
animals He saw that when they were cxposed for several hours,
the arterioles and the venules were constricted. There was no blood
coming through the tissue. But after « few hours I cant give you

aktde o .
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the ewrct munber of hours, there was a hunting reaction. The
arteroles opened np somewhat but the veins were still constricted,
and then thero was edema. e thinls that part of this edema that
you speak sbont, Col, Blalr might be duve to the vasoconstriction
of the venous side belng stroager than that of the arterial side
Webster e did some experiments this winter on the effect of
ahuronidese in absorbing the edema and the role that it might
play in the evtent of gangrene (13) Both hind legs of mbbits were
expesed for 4 minutes st & temperature of ~3% C.to ~3" G Thres
bundred turbidiy-reducing undts (TRU) of hvaluronidase were
Injected subeutancously into the edematoms thsues of one g
hours and agnin £7 hours after exposure The i volams
of the extremities were determined by messuring the amount of
waler diiplaced huing fmmersion of each cttremin Flgme 23
shows the mbbits 22 hours after Injection of |
dase into the right Jeg where there was marked decrease erhng
with the control left leg \hicd presented stensive edema.
Fignre 24 thows the volumetric cune of the farmation of edema n
both the infured and control extremities. We found no diminution
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of the gangrene. The amount and ontet of gangrene was almost
identical in the two extramities tn this series indicating that tissue
vocroxis is not primarily related to accumulation of in the
region of eold infury

Horvath In actual freezing experiments and we have not had
those interesting experiences yon just recouated, 1 have ot been
fmpressed with the fact that the edema was 50 masstve a1 to occlode
circulation to the tail of the mt. With reference to Dr Burchs
comunent about local or proximal vasoconstriction, I do think we
have evidence that where you have a severs cold infury to the
dista] portion of an extremity you do have Intense vasoconstriction
of major arterial sterns proximal to it. We obtained some such evi-
dence from arterfographic studies, and, estimating the size of the
main arterial pathways in both lower extremities after having frozen
one it was pretty apparent that there Is a good bit of proximal
vasoconstriction as well as Jocal vasoconstriction.

Adams-Ray That hes been thown by Leriche (14) too.

Horpath 1 think those observations of Dr Websters are really
very significant to all of ws I think we are fgporing the fact that
here we have an Instance where edems was definitely reduced to
an appreciable extent, and still necrosis snd the residual chamges
following cold infury proceeded as expected. That does
not seem to correlats with the other comments that edema fs the
primary thing.

Meryman W bave been talling about two different things
haven t weP Dr Webster has boen referring to a freezing experiment
{n which there has been a very sovero mechanical demage by ke
erystal formation which i itself b perfoctly capable of cansing tissoo
vecrosis. Some of this other work refers to infury from temperatures
abave freezing which causes vasocoustriction and, 1 think, mnoda,
i which the edema may be one of the mechaninms by which snovs
is uced.

mh But vou have no evidence that in these rate exposed to
midmﬁmlﬁmﬁmgthamttnﬂmonecuedldﬁtmnndh\ﬂ'ﬂ
otber case it did not happen to freeze or that there aren t a number
oflcacyﬂahfmdmﬂ)mmphmwhid\mymb‘m"l@
for you to notice but which causs damage In the same wxy e
Wmhmvmﬂtnndbetbemmofthcedamhfﬂlny

Blair Anather possibility 11 the difference in techniques ;h“&‘l:]:
used to produce cold fofury Dx'Slnm-mckcr:m:hniquc!mﬂ“he
was by circulating fidd through a test-tube armangement &
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of the gangrene. The amount and onset of gangrene was
identical tn the two extremitles in this serles indicating that
necrosis s not primarily related to accamulation of
regfon of cold Infury

Horvath In actval freexing experiments, ard we have pot
those interesting expadences you fust recounted, I have not
tmpressed with the fact that the edema was so massive ar to
circulation to the tall of the rat. With reference to Dr Barchy
comment about local or proximal vasoconstdction, I do think %e
have evidence that where you have a severe cold injury to the
distal portion of an extremity you do have intense

of major arterlal stoms proxmal to it. We obtamed some such evt
dence fram arterfographic studies, and, estimating the size of the
maln arterial pathways in both lower extremities after having frozen
one, it wus pretty apparent that there is & good bit of prodmal
vasoconstriction as well as Jocal vasoconstriction.

Adame Ray That has been shown by Leriche (14) too.
Horpath I think those observations of Dr Websters are
very ¢ignificant to &l of us I think we are ignoring the fact
here we have an instance where edema was definitely reduced
an appreciable extent, and still necrosis and the residual changes
following cold injury proceeded as expected. That certainly does
not seem to correlate with the other comments that edems is the

i
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Meryman We have been talking about two differest things,
havent we? Dr Webster bas been referring to a freezing experiment
in which thers has been a very severe mechanical damage by ke
H}Mfmnuﬂmwh]cblulmlfhpafacdycnpabhufcnuﬁngw
necrosis, Same of this other work refers to infury from temperatires
nbmcfreaztngwh!chausawwcomtﬂcﬁunmd.!lhinl.mda.
inwh!chtbecdemamybeamoaﬂhcmcdunirmsbywhkhnmﬁl

Is produced

lpIorna‘dx But you have no evidence that In these rats e:pokdﬁ:
an Identical situation the rat tail in cne case did freepe and in
ctburcn.witdldnoth-ppento&tcxc.athatthmmtnnumh:h
oficeaysuhfurmedlnthmmphcewhkhuuynotbomouke
for you to notice but which cxuse damage in the sams way
crystaks may rau]tmdbed:emuwuﬂbcedeﬂmlnmﬂ]yh(m

Blatr Anatbcrpon-lbllltybthedﬂ?ermmtntechnlqmzlldﬂﬂkw
used to produce cold Ijury Dr Shumackers t.echnlqnc‘m i
was by circulating flufd through a test tube arrangement
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thenmeuthntofnarmalddnmdmﬂg:uﬁmntdlﬂamm
noted n the gain of tensilo strength s compared with that of the
contro} incisions. Dr Lempke and I tried to {solate and frears other
tissues, When a segment of the isolated sciatic nerve was frozen
solidly we did not observe retum of function. It # pastihle, of
course that a different oatcome would have prevafled if a different
technique had been used, far example, more ruptd freezing followed
by rapid rewarming, Certainly the frozen skin survives and appears
to be cepable of relatively normal healing.

Adams Ray Fow was the repalr of the frozen skin studied? That
would be interesttng, Did you make an smputation or did you
study that histologieally?

Shumacker We didnt study them histol y

Adams-Ray If you ask a man with trauma (cold infury focluded)
of one hand to show you both hands you will see, thet the whok
hand with the traums #s paler than the other one in about 40 per
cent (Figure 25) Sometimes you heve only 2 pale zone surrounding
the trauma and, as in bacterlal infections, you may see the red rone
surrounded by ¢ pale zone. If you have a paronychia, you may have
& red zone on the dorsal surface of the finger and ou the volar side
D intense paleness, You see the same thing If yon have a tencsyno-
vitis. You will see that the skin over it is not red, but pale.

This pale reection of the skin can be measured with a photometer
as suggested by Dr Niels Jerlgv in Copechagen (Flgure 26) A
Hght of 8500 A 1s thrown on the skin, at this wavelength thero Is &
maxfmum absorption for hemoglobin. If the skin Iy red, It will absorb
mare and refloct less than a pale skin. The reflexion is measured
by the photoslement. We measured the nocmal varlations betereen
idsntical points on the haods, and 5o we have been able to see if
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Fiovm 20, Photaneter ) smrce of bght. b) sbeophotoclenent, ) rod of
placgians, d) Biter holder (5300 A end T000 A)

maximum of edema. Pallor must thus be due to san incresed tone

principally of the venules.

ﬁnlnﬂltnﬁng the triggerpoint by blocking the afferent nerves or
tic ganglia directly or tatravencwsly by heramethontim

mmpﬂamm Pallor is thus e reflex-hypertons

1o the emmles mediated by the sympathetic (£0,21,22,23)
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Fi $8, Casy of wth
i iamd (mmwwwhm

Hitration of fluld Into the Hssres
venous tids of the capillaries and thus give mors edema. 1 think
that the high tane in the venales Is one of the factory rise to
stasis and edems, important factors not only in cold infury ko
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thology I wanted to know if I could show that in sume
mIlhoughtofbokhglnmthen'numadcuimn,whlch
wlmowan dirainished by sympathetic blocking. My tmpres-
sion i that the effect comes very quickly sometimes before the
patient says, My hand is warm.
Shumacker- Another thing, Dr Adams-Ray with which I am
fure you are as impressod a3 I am 13 the observation of good filling
Ufthcnrperﬁdnlvdmdlbohmdorfoo(tmmedhtd{fo
an effective regional sympathetic procoh
5o regolarly follows sympathetic “hlock befm'.he]]mbbeunnu
warm and dry that we have learned to take its occurrence as evi-
dence that the infection has been successful m anesthetizing the

chatn,

Adems-Ray That Is very nice to hear because I think some of
the action of the blocking of edema b due to releasing the high
tooe of the off-low side, becanse in some of thess patients, you
have & hand that is warm, the arterioles are dilated up to madmam
and stfll you have an effect on the edemn

Shumacker- That is right.

Adama-Ray Well, I wanted to investigate this effect of blocking,
that has shways seemed to be somewhat mysterious. Dr Leriche
(14) who mitiated the treatment of treumatic edema with sympa
thetic blocking says, “I don t understand how it is that when I have
arterial dilatation and block I still bave an effect. I cant explain it,
but the fact is there. When I wanted to stody volume differences
1 was a lite afrafd of plethysmographs, so I went to Professor
Hl]lutltthono&ogﬂmmcﬁicnlDepartmm!dtheRuyﬂImﬂmte

nIchhno!ogw-(d; Photogrammetry is a very good
wy of Iwmﬂdhbmuymm!hlngnbcutitl
think you might quitew-melntemtttnﬁ_

Telbott Yea, of course.
Aqu le]]lmuwﬁ'umyw:derm‘pdcmnthuifyw
d it as an
Upﬂqumodale If you put the two in an ap-
Pﬂmhncnﬂod:rtma:npamwrmfmn!ofm{lghtpmfedm
You can pat a point-index on tentcal places on the plates (m; ms)
Theso points will then units in one model-poit (M) (Figure 30)
Umuufthaepdnuudnphmdhm-nymepdmuwmm
In a vertical di This lateral d can be read with
lmunmo{ﬂ.ll)lmmlnthenueocatqnnmrymuninnmh
2 w1y move the point M fn several directions and meanmre very
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Frooxx 80. pr and pr = Eght projecton

Using this technique as shown tn Figure 81 the finger is stereo-
simultanecusly from both sides without sny pressure
on it whatsoever The di is pated from cats
from the metal plates to the dorsal surface and from the other pafr
of stereographs to the volar naface. The mean ecror when exemin-
ing a metal piece of known dimensions was 0.0 mm. The mean
error when examintng & finger on different occesions with am &x
posure time from 8 to 10 milliseconds was 0.1 mm. (error of the
method + normsal volume-variations)
Pattents with traumatic edema wero blocked mtravepously with
beramethonium and the vohune changes of both the swollen and
dir d were measured. The pre-

car pont &W
esults (3 tation of the volume n the

nontraumatized finger became er than the inflow that
sympathetic blocking diminished the augmented tomes on tho
flow side of the circulation.
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Frovxz 80. pe sad px, = byt profecion.

Using thix technique as shown in Figure 31, the finger is stereo-
phomgrsphed Jtmultme?usly from both ddajwiﬂmut any pressure

Th ix p from
from the metal plates to the dorsal surface and from tho other pair
of stereographs to the volar surface. The mean error when examin-
ing a metal piece of kuown dimensons wes 0.06 mm. The men
error when examining a finger on different oceasians with an &
posurs time from 8 to 10 millseconds was 01 mm. (eror of the
method + pormal volume-variations)

Patients with tranmatic edema wer blocked ntraveouly with
hexamothontum and the volume chunges of both the swallen axd
tbecmmpondmgmnmmﬁmdﬂngumnmnad-mw
liminary results (al)mmvednnnugmmtnuonufﬂrvohmetuthc
Iatter which was dus to vasodilstation and which has been observed
by other authors. At the same time the volume the swolken foger
dimtnished. This seems to me to show thet th the
nontranmatired finger becamo greater than tho fn-Bow lhﬂo";?
sympathetic blocking diminlshed the augmented the
flow side af the circulation.
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Profestor Bjom and Dr Lamndquist (32) at the Dentlstry School
n Malms, meanured the swelling of the check after extraction of
the eighth motar by the method demanstrated in Figures 82 and 33.
The mean crror of thit method of measuring the swelling of the
cbeeklnc]hﬂulnutaialhl7ml)!ymnuhumﬂngcn%oﬂnwed
2 similar course with the swellng pormally passing away rather
quickly (Figure 34)
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Froma 3L Pallor end edema after chon e wounds of dager
~ palx

In some cases though, after cold injury and after other trauma,
the edema will not pars away It will organizs it, it will stiffen the
fohtrkwiﬂdlﬁurhthepadmtmymnub.lnthaﬂntpeﬁodlftn
the trammm, you can expect bioch agents to bo

wound or in the frozen tirsue, but when you come
to the second week, third week, or fifth week, when ev
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3 e whth o regeoertomcome. 1t posle hat =
plains these disabling post freexing and posttraumatic syndromes
The other day I had o patient with an amputation neurome and a
puke hand with edems. When T pressed on the newroma her hand
paled still more a5 conld be reen when 1 measured its color Hence

We first got 2 <lue aborot his from animel experiments that Dr
Girling was doing {n my laboratory wbenhewmmminz‘d}‘;‘é
we call the “critical closing presyure inlhuleguflnbbdt.HﬂM
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|
:
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from the p in the and the b

came down as blood fowed through the leg. But what we have
been stodying for some years is that it does not come down to the
bottom, bat stops at what woe call the eritical closing pressme,”
which we think {3 & meastre of the vasomotor tone and the tension

the
experiment. It also fell but was considerably below the point where
the arterlal stopped. Well, that was fine, but T told him
that it be nteresting if he were to raise the venous pressure
tu this expertment. 1f one should reach » potnt where the venom

closing up toq, 5o it is atways above the venows
pressure (38) This s true wnlew vou ome anesthotio
to the antmal o it is deeply It Jooks as though there

Dr Gaskell, who is now {n England on @ fellowship with Prafessor
Heury Barcroft, worked on the humen digits last Weo were

lowered one leg and kept the other log level, to act us the control.
We mextured the blood flow tn the toea by the standard plethysmo-

goaph method. Seddenly wher venous occlusion & by a
cuff just behind the
the veins, there 1s a rise of the volmne tn a curve which eventually
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below the baseline and comes up again. Evidently when the velnt
empty the volume of the finger or the toe {3 now much ke thin
what you started with. Then there s a subteguent increase In
vohmne. I the vessels have any considerable vastnotor tove end
mmnmictedthho}m:égumthnmmdgwmcmgnfmﬁu
In thit case the only effect of blowing up this venons ceclusin
cup i » shrinkage of the finger All ons did was to dam wp the
venous return in this finger and yet the result s that the vohume
of that finger began to T don’t see how you can pomibly
get any explanation of this other than that there war some refie,
meaning a reaction from one set of vessels acting on another which
ceused this.

We found that we could get exactly the same pletures if we left
the limb level and simplv blew up an occluston cuff which ean be
uite distant. For instance f you leave the leg lovel, measuring
awmhmcmdﬂmv!nlothame.mdbbwuplmﬁcntbemﬁo
with 20 mm. of mercurv pressure, the too tmmediately shrinks. It
seems to mie that you have to say that that rise of verous pressure
somehow elicited a reflex effect which caused a vasoconatriction of
some kind in the toe. It is & local reflex, It doemt bappen fn the
other {tmb and it {s st{{l present and fust the same in the
tomized Yimb in the patient with a unflateral sympatbectomy We
need to do much more. We should find, followtng up Girlings
animel experiment, that under anesthesta, perhaps the local refiex
Is not present.

A3 a result of this, we can plot only the apparent blood Sow Ovo
must reallze a serlous import of these experiments that {5, when

one 10 longeyr can say that the initia] slope will be a true mesrure
of the undisturbed Sow This refiex can affect the curve of volume

thertkage of vessels One can att to correct it by takinga
}’ofnmg%}ewu'igtmlbudmamd\e ttom of the afterdrop a3
baselfne instend of » horirontal line, but, obniousty correction

the
is not very good.
However tnkmgthaeuppum(ﬂaw!,ormutbemﬂd
ones, with angles of title of ~15 ~30 —45" or plus 15°
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the apparent blood flow into the toe or the finger changes greatly
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reason. Lowering the pressure in vesseh by the hydrostatic factor
1 think, s ancther way of demonsirating this critical closing pres-

sore. 1f they have vasomotor tone, the pressure may drop below
the critical value, and they close. Normally # you put an anm op
to nbout 60 there is vo move fow in the finger That may not
persist, of course.

One result really excited us. We wanted to find out i the reflex
effect existed after sympa The patient we obteined was &
person with a unilateral sympathectomy for Buerger s disease and
the blood Bow on the wnoperated side was extremely low indeed.
On the operated slde, it was 10 or 15 times as much and in the
noral range, 5o tha op denily was ssful in preveat
:gc‘glngnm After studying the opevated nde we found that the

existed there But we noticed that on the unoperated sids,

which rematned level, the signs of this reflex were very marked

indeed, whereas in normaks, when you put the arm or the

you dont ses the afterdrop wwhich is the rign that this refex i

operating. 1 am quite convinced, however that even when the Hmb

18 Jevel, the reflex is there, although it doeant show Hself in thy

sfterdrop. But in this patient with Buergers disease the

Wit most exaggerated even when the leg was lovel, and 1t did nat
At

o his small veins, his local venous must ave been
mBWIMmﬁcﬂtwmhwtb(m
gradient of pressure than novmal to provide the venous retorn
This reflex might cause the vasoconstriction tn his digits, which led
to the lschernia,
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dothccump]ete}obthatuneodad.Aftcrnﬂ.ynulnvetolnm:
change of central blood pressure to elicit the carotid sinos refer
andthnoﬁecturmechanhmvhthetympathcﬁchmmphdydﬁ
fuse and en masse The sympathetic nervous system always affects
both limbs and thus the carotid sinus mechanism cennot kook after
possible vasomotor changes in cases whero cne leg & up and the
other leg is down. We have no knowledge of the mechanism bt
gyv‘:ﬁ;}]mthatthmhthbmaﬂimlnnmmevmdgo{hhb
& distention on the venocus side does uce a very
diminuton of flow and 2 vasocanstriction. prod e

I know this will arouse a Jot of argument, but we doa t see gnother
explenation. The application to this conference in terms of frost
bite, is that this factor may be operating, maintaiing a vasocoe-
striction during recovery It might be worth trylng tv see whet
happens if the limbs are elovated to drajn the veins, Whether o
not the sequelno of frastbite do include an exaggeration of this
reflex, I don t know As you ses, ft doesn ¢ quite fit what Dr Adams-
Ray has been tellng us or has been discussing, but I thiok it s
relovant, perhaps, In another way to the prohlom.

Crismon Dr Barton, I would like to comment that this expert
ment s reminiscent of work, reported by Brun (37) some yesss
2go from Copenhagen, on observations of vessels In the rat stomech.
In his experiments, the procedure differed consfderzbly Ho w3t
measuring the diameter of arterioles under microscopic ezamination
He foung that when ephedrine was introdoced into the animal
be could measure the constriction of arterloles, as ane might expect
However if those vessels were provided with some sort of Lsolation
in the form of a local anesthetic, applied in & ring around the aret
of observation so that all the vessels coming {nto the region wrere
at least in contact with this local muthcﬂc,thmhe:;ziftz
intravenous infoctfons of ephodrine caused, not a constrl
arterioles, but & diletation ’Imn}yvmmkth-tdmodunﬁﬂm
circumstances were the cap! o1,

I wonder if perhaps mu'lnmpmuauafgbepbmmt:;
depending upon the venous trigger might posstbly be modified
one that would extend to a trigger that might ke auywhere down-
stream from the arterioles, since the Impulse for vasoconstriction
mderthmdrmmmnmwmktbemﬁ:kﬁ

Iy

Burton I:L.mkwahmm.dmnumwmnmy%
here the tri, h,nmcnnwebonhmh:telymtb:th

:ta-lo]uwhge:mc]ming off rather than the venules. My feeling
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ts that the changes of Bowr which one gets are 3o dramatic that 1
change of venous resistance, which sfter all, is not &
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hecauss you have filled up @ vein diring the experiment, that thets
veins now have a large tone, which when you release the occhuston
persists for a little while. This would give an overshoot in the volume
upon release of the occlurlon, followed by recovery Of course, this

There 15 a possibility that there is some direct reaction of the
venules, and that somebow or another they have o mvogenic reaction
50 that when vou raise the i them, they respond by

smaller But as a that does not appeal to me.
Wi 't it requure & very complicated sort of mechanism? It woald
be very paradaxical, wouldnt {t? It {s not very acceptablo to me
1 prefer to think that possdbly there sre in the veins,

stoua b ptors as just & specialtred cass
afl over the vascular system, which, as you know e betng found
in u vaziety of places now

papers.
When 1 was working with Dr Tumer and Dr Sodeman, we pub-
Ished (83) the phenomenon of variations in pulsations with varla
tons tn position of the Hmb with respect to the level of the heart.
We fond eesentially what Dr Burton has We could vaxy the lovel
of the fingers 10 cm. above or helow the Jovel of tho beart and
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could not detect any change in the volume of pultations of the
finger tips. Above or below that fevel, they changed. We rggested
thxtmiweammvmomtmnwmpmlympmdbkhplh
valume when the part was below the level of tho heart

Then e observed essentially the same reactions in the veins In
the fluger tips of a man held at heart lovel which Dr Burtm
described (38) We noted the same overshoot. We sttempied to
quantitete the pressures and volume changes involved In the e
sponses It was our opinfon that the changes occurred in vesseh
distal to the arteriolar tide because of the large volumes imohved
We employod such responses ax a measurement of what we called,
“venous tone” or “vascular bed tome, other than arterolar We
studied several patients with acrocyanosis & diseaso in which the
velns are supposad to be partly or greatly at fault and found this
rebound phenomenon absent. A cestaln number of the patients hed
definite changes from the normal

Wo soarched for an optimal pressure required to produce the
reaction. It was found that there was & critical occhiding pressure-
If high p are cmployed, the response was not noted of
different

Up to the present time, wo have never measured blood flow by
the venous actlusive technique, using the plethyxmograph, afthough
we have heen (nterested in plethysmography However we did nt
meastre tho rate of blood flow because of obvious diffcalties with
the technique. Within the last few smonths, T have betn fntecested
in retrvestigatin wmeofthuepmb!mmvulvedmmommﬂ&‘
sive tochniques for measuring blood flow Dr R IL Turner nitia
these studies at Tulane University School of Medicine but neve
reported his resultr Pravfomlympatadmanumnmﬁﬁfw
ﬂo\vbyﬂmvarmu-wdmlvetadmiquashmldbﬁmtd"ﬂh
contiderable caution.

Rurfon T am afraid so T would have preferred lhh“’;gz
other method. 1 always felt it was sorethin, thatgnwwﬂmd
[iters per minute directly without ergument about calibrations, ”
which was really meesuring what you wanted to Jvow It wu
much better than the dgrens of Other ways by which you <%
measure samething related to hlood fow Bat 1 am pow forced
feclthahmlmlnmnuethavehummplyIBWW”!‘“‘

the initiel slopes thet one measures with suspicion.

Adams Hay 'le:,nndifyoubeginthelemmdﬂé;}:;:l‘:s
constricted, that will give you s very flat aurve. Dt T led,
at the conferénce last year that when venous occhusion i 452
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Burton It might simply be that they mre full
Borch Yes.

Burton I vhited Greenfield in Ireland two yvars ago, and he
todd me he was kooking for this hunting reaction tn flngers. By the
colarimetric method, with the finger in & Dewar flask, he would

find the heat given off decreased in the cold and, all of & sudden,
went up to high values But when be a
pl-:ll:ry:mog:v at the same thme, ho could find po trace y
hrereased at this moment. When 1 looked st his records, it was
obvioms that upon ocrluston the curve of wolume tncrease went
fat very very quickly within one beat. His recording system was
not & fast responte system, 2o that ooe could not hope to amlyze
beat by beat, as Dr Burch does, and still approximate for this initiel

A 1 11} hic method therefore Is of no

pp ly the p o
application when the venous reservoir is 50 very small
Adams Ray We have something Hke it in the clinfe, when there
is krjtation of & veln. You have venom coustriction with thrombo-
phlebitis or phiehothrombosis as has been pointed out by Ochuner
(40) ard Leriche (14} But some times when you have a deep
ddalhrmbcd:dnvum,yauhmenrcﬂncmmicﬁmmthelﬂmﬂ
too

Burton 1 have alnays taken that as encouregement to think that
there are reflexes which are elicited from the veins which affect
the vasorooter ide.

Burch An erperiment wo did last woek might throw further
I@tmwhltDr Burton was talking about. While studyng the
plethysmographic method of blood flow i a subject wo
have studied severs] times under various physiologie condrtions
we poted that his rate of fow was ter at a comfortable room
temperature than at @ bot axd hi one. Thus way doe to an error
In the method and not mecessardly to the fact that the rate of flow
way lesx fn the finger tip tn the hot roam. Apparently the veins of
the “venouy reasrvoir in which the blood b trapped when ths veirs
1o occluded were too full to hold the blood rushing Into the fin,
from the artevies, and blood leaked out of the fnger under the
occluding cuff, resulting in the measurement of an erroneously sl
nats of blood fow When thre room temperaturs was 12 C., the
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ntaofﬂawnmmcanuedtobem‘l’hhmuﬂwﬂuemylme
bcmduotnanermrpmducodbyuug,htvunauxrw&m,unﬂgh
to accommodate any blood that might be trapped distal to the
occluding cuff as well as to arterfolar comstriction produced by the
cold. The relative role of each factor has not been evalmited yet
Burton Tt might be efther We feel that such low flows be
; with the complete v riction that you start with
The disturbing thing for the plethysmographie method is that you

& marked apparent dilatation, judging from the heat ghven aut
gytbcﬁngurwhlahhmomthm)wemge&mmvmhmpktn
vasodfiatation, and yet the plethysmographic method In those or
cumstances does not show anything

Burch Of course, and that is due to the shortcomings of the
technigne

Burton Does what [ have been saying about the posibls reaction
elictted on the vasomotor sids from the veiny apply to frostbite?
Does ono get a blockage of the venules and small veins, let1 sy

by the blood cells in frosthite co that one could thers wis
a distention of the venules and veins which might elfdit this yax-
motor reflex? Does anybody know whether cne get roechankal

occlusion by packed cells in frostbite of the veins?
Adams Ray 1 couldnt tall you about frostbite, but Knisely (41)
has thown that the blood dudging atways beglos In the veoulet
Orr What do you cousider to be the cause of sludging?
Adams Ray One of my collgues in Stockholm, Dr
{42} hes been deing experimental work on how dextram may cous
sludging of blood corpuscles and he has shown, very nicely 1 think,
thntldg,bmlecuhrdumngivaaw?deﬂnmdndmm
Iow molecular dextrun (s fnjected, this stadghng goes away He thinks
that the blood eudging is caused bry chemical action of the thrombin
that Is released in & traumaatized part of the body That fs bis theory
Mearyman There iz o definite ma&ugfcunmdontbnndctﬂis
mdging.WehavnmcendydonesonmnbctmnMd
l}udgcdmdmﬂs,nndltdoumtmmbonxpuﬂcmdh:&
the red cell. It Is something which i3 adsorbed onto the red
and thers fs definitely A coating of some materis! there.
Adams Ry Yes, that is one of his findings, too. He that
coating if he gives high molecular dextray o If he gives
molecular things {nto the blood stream. Ny
Meryman We o found & very heavy coating with poly?

pyrrolidene.
Critmon The mdmggiuﬂnﬁﬁmmuﬂbepudydmww
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Webster In it like an ftercellular cement substanice?

Meryman It is just an amorphons material

Kork Dr Crismmon # you add a sallcylate to any type of blood
with an abnormal sedimentation rate can you restore that to pormal?

Crismon 1dont know Dr Kark. We haven t hed an opportuntty
to do that. I was telking to Dr Welmer &t Fort Knox, and 1 under
stand that cold aggiutination can be completely reversed by the
addition of salicylate.

Kkork  Including cryoglobulins?

Crismon 1 dont know whather or not Dr Weinter studled thet

Adems-Ray: Have tred the inhibiting effect of salicyhtes
with high molecular lg]tmu?

Crismon No the only things we have tried are Knov gelatn,
P20 ocypolygelatin, and the recently prepared modified” Koov
gelattn We dont know how the modified gelatin b
Actually we know something about its physical properties, but it
may well be quite analogous to axypolygelatin, It is a coupled end
degraded gelatin,

Tallott Dr Hognauver do you have any remarks that you would
lke to make?

TAL NEAAT IN ACUTE IMMERSION BYPOTHERMIA

Hegnauer To ga off into a totally new fleld I would ke to tal
a little bit about the heart in acute, immersion hypothermiz. Our
conchusion, which stil] wants direct proof fs that human deaths ln
acute hypothermia, induced without benefit of prior anesthesis, sre
duekovmhiaduﬂbrﬂhdmmhmfm!hhmnﬂmlh:z
our ohservations on barbitalizad dogs subjected to hypothermia
{mmersion in an iced bath at from 3 to 4 C. After ap fmitial 1iss,
the pulte mte regr with the temperature so that at temp ot
of 17 18 or 15 C.inthoheurt(hcpulmntnhﬁﬂﬁwmm“
or less (45) This applies to the mafority of such dogs they have
pot been subjectad to prior surgery and If they are pot burdened
with {ntraventricular cathoters.

methmhxvpulmn!utbmmﬂybcnﬂdmmbgc;
farther regression to 10 5 or even fewer beuts miuumn.ndub
asystole or ventricular fbxdllation The point tbaaml'fm“d
loemplm.ﬂmlhatduth!nuyﬂu}eocwnmlynlmtbeﬂ‘:’ﬂw
temperature are reduced to very }cwlevﬂh.Snddenu}"“’mm
1ot oocnr from heart rates of 40 or 30 or move these

ohtained above 20 C.
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There fs always & proportion of dogs, probably 20 per cent, that
die at the higher temperatores and which prior to death exhibit
extrasystolic action. Such deaths invarably have been due to
ventricular Bbrillation, and with extromely rare exceptions have
occurred et temperatures below 25° C. Bigelow and his co-worhers
in Toroato (48) have had a mmilar experience, but with an even
greater fncidence of terminal ventricular fibrfilation at or above
20 C. Cardisc sbnormalities have been a common observation
mtggnnﬂpouphwhohnvuwwhdindwﬂddufhypoﬂ)mnh,
question of cause has been raised. Tentatlve answers have
bemptcsmted.butllu}edirtctcxpedmcutnﬂmhubcendnm.
dered for the of the
lhmrmn]iﬁuofrhythmandcudhcﬁﬂumhthltufmrdhc

That hypotiz i not a factor under the condittons of our expert
muhb&mtudbythngobwrwuau first, respiring
the dog artifictally either with atr or axygen bas no influence on the
l:ounoufdw lse rate regression ar the incidence of
if an orygen dobt had beon accumubating daring
coolrng(uio C. or less, it might reasonably be supposed that a
mdden cessation of all resptration would quickly cause the heart
to fall On the contrary st such temperatures tho respiration may
be blocked completely and the heart may continue to beat and

arygen consumption, aftar which they were rewarmed. There was,
dmhg!bcrmhgpcﬂminowidcnmthﬂtmuxygmdcbtwu
being paid off while beart rute and blood presmire retumed to
wormal. Fourth, the measurements of the coronary A V difference
mads by Penrod (47) and fts relation to arterial satoration both at
normal temperature and at 20 C. and 17 C. indkeate that in spite
of the marked Leftward shift of the axygen-dusociation curve which

ovygen from a unit of blood at the lower temperatures as at normal.
The shift causes o Jowering of tho oxygen temsion of the heart
mascle, bat since the lic rte is redoced to perhape ape-
ourth or one-fifth of the normal and the cardisc ou & shmilarly
reduced this does not appesr to havo a deleterfous efiect. Such dogy
¢ould be mamtatred for 15 minutes on a 3 per cent arygen mixture.
Theso cbservations indicats to us that hypovia is pot a contributory
factor in hypothermic death, sithough I too had erred origtnally

-
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by sensititing ane nictitating membrane, by remaviag the superee
ctrvical ganglion, and recorded the constriction of the membrae
in the wsual way for geuging epinephrine sctivity Wo tested the
response of the membrano at varfous body temperatures. As the
animal wus cooled, the same dove of epinephrine produced e pro-
gressively fncreasing response i the nictitating membrane. This
could be sbolished completely by diathermy localized to the hver
The only part of the body effectivaly warmed war the Liver the
temperature of the nictitating membrane measared with themmo-
couples way demonstrated not to change.

Hegnauer Diathermy to the liver reduced the sensttivity of the
cold nictitating membrane to eP

Crirmon No it reduced the response. We dont knaw anything
at all about the sensitivity but a given doss of eploephrine pro-
duced & very much lower excursien of contruction, when the fver
was warmed than when the Uver was not warmed (55) In ome
of the animals the experiment was a fathure becauss of ventriculss
Bbrillation after a dose of epinephrine.

Adams Bay We were tald at the conference last year about
hemoconcentration and there was g discustion as o where the blood
went. Does it go fato the tirsues? I wonder if the venules and veios
dont taks part in that hemocencentration? There are some Swedih
phycologists Sptrand, Nissel, and Johnson (56,5758) who bave
maintatned that the venoles in the lugs centract, and pool the
blood o the hmgs. Glaser (89) found an enlargement of the fves
in man during cold and eko congestion of the fungs. In dogs, e
know that the bepatic veaules contract In histamine shock (&)
Dr Oblson at The Veterinary Faculty of Stockbolm and I sho
found by xmay 8 swelling of the liver after y Why
mldnt!bownulacmtmctivbeutbmbhyuﬁo h.:&lb:n
culatin, inephrine? To ook further into t, we
4:!1:«[1:;;5111;'3acxpe;rlu:reul:oud::ﬁg.mdIwmjttz.:dcm'rﬂﬂ'-"”’°‘1’°‘l
far meenring the clunges in volume in & living dog

Silver indicators of different mapa[widtnd&mdmmplﬁdm
anthu“FPdea.undamrﬁmmdfrwbadaofﬁmefmh
dog which fs then placed on a specially comstructed tablo wder
two 1 ray tubes (Figure 36) YWhen the x ray tabes are expoocd

\ﬂloumnumethahadonofd!omdbfmmb‘mnm‘z
accurately by an apparatus, which graphs the arthogonal Yeced %0
with the aid of & micrascope. The indicators have been ted
that they form  tetrahedron, the volume of which can be come
with an error of five per cent.



L mouﬂ&mnm-}ctwupedaﬁy
Erst dog died in collapse the volume of the liver was meanred and
was found to have tncressed by 50 per cent. The second dog re

different condittans. It is simple sxrd it is very exmct.
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SUGGESTED AREAS FOR FUTURE
CONFERENCE DISCUSSION AND
FOR RESEARCH

Informal Croup Interchange

Talbott 1 would like now to go from the beginning to end of the
conference table and have any comments that anyone would hle
to make regarding this confevence, suggestions of subject matler
for future conferences, or suggestions regarding investigation. Jef,
do you want to start?

Crismon 1 think one of the problems lkely to be fruitfal Is &
examination of the arca available for exchange of fluld in the capiliary
bed. A great deal of attention has been pald to changes of
ebllity as they are judged from the appearance of protein
In edema fluld, and to the flow of minute volumes of blood It
occurs to me that perhaps some of the phenomens, such as the oo
described by Dr Adams-Ray namely the reduction of edeme b
certain that were Tated with relief of vasompass,
might passibly be related to an fmpr t of feation
between perivascular spaces and the blood stream as a resilt of
exposure of more capillary area. Bm-hnpssimlhrmmfdmﬁuﬂ“‘
area have to do with the rate of loss of fid It s not proper 1
think, to congdder all capillaries open at the same time or to cot
sider that a flow rate ix aloayt assaciated with the seme roote
from asterfo mveuu}es.'l‘hemmemkamcbauttbsﬁdnﬁ
surface, the more wo will understand ahout the relationship of
cirewlation to the infury produced by cold and to the recovery
processes that are concerned with revertibility of cold infury

Talbott 1 would like to ask Dr Amm&wﬁatm“’“
voscular system the pooling tales place if an
conm—lcﬁonmdﬂ]venomconmictgmmdpoolmzufbhodhth'
parenchyma of the lungs or in the lver

Adams Ray If the hepatic venules and vrins constrct, you il
hnvvnpooﬂnglnthevualhrbodofthellvu'mdpa‘b'}””“”d
mﬂymthapormlryﬂan.lumehngsmmnd(ﬁ)h”&’m";
stratod that there are sinuscids that have a great capacity
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enlargement and constriction apd that §5 the place where the
poolivg might take place.

Burch 1 would Kke to suggest that maybe in oo of our seasfons,
wo might discuss the sort of experfment that Dr Hegnauer deseribed
todey cooling of the whole aninml This is an interesting subject.

Hegnaver- Can we that to include not oaly the m-called
Lomotherm but aleo the hibernatig animal?
Burch e

Hegmauor It i a companative problem, really hihernation vensus
artificlal hibernation.

Burch 1t ts dificolt for me to suggest the course to take in the
study of cold tmfury I think we need more people who are genuinaly
interested in cold infuries to wark an the sbject. It is my tmpresstan
from thess sertions that there really it a great deal being done
on the subject. The field needs support because It obviowsly is an
tmportant problemn, aspectally when we realise the milltary posst-
bilittes ard the fact that a large part of the uninhabited sreas of the
carth are in the polar regions and probably a great desl of the
) rescurces wil] eventually bave to bo brought out of the
cold aress.

It i my opinjon that cold mpury fs & diffuse injury it i not

In any ooe timue It i vascular nerve osseons, and so

The and the if we observe m our
eperimental animals and fo man are determined by the degree of
cooling, the duration of cooling, the rate of cooling and rewarming
a3 well a5 the result of demaged tissues and their relative rales ln

vexsels per 48 may have Mtils to do with the damage to other sd-
frcent thaynes by frocaing, the damaged vessels change the arculs
tion and tmpatr repair therefare thev fafh the sequelse noted.
It appery that the lymphatic svstem has been negloctod, partico-
kaly when swelling and edema are being considered. I have the
imprexsion that spasm of the lymphatics and problems of lymph
dralnage are fmportant factors which come (nto play much a1 Dr
Adams-Bay bas polnted out for venous esrculstion.

Brinkhour- A question still axists regarding the relabon of the
ovenall congulability of the blood to cold Infury It seems to me that
O attempt should be made to sudy in an frolated mamer the
clement of vascular occlusion tn cokd njury and to detexmrtne fts
7ok, f any in the production of necrosie IF this could be dooe
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animal which is muftable for astcongulant studies from the stand-
point of thelr ralationshlp with the problem in man?

Brinklious As you know there are many of theso clotting Factor.
More are belng described every year One of the continuing studies
in our laboratory is s species comparison of various coagulant factort.
Because no two spoecies are alike, certain criticlsms can be made
of the transfer of conclustons from one species to another I beliere
the dog, and perhaps tho rat, are asy ruitable as any animal for
studies of this type.

it from the frozen state and imbed it, we can see the speces
were occupied by fce crystals. It is perfoctlv evident that freezivg
at the rate which one would expect In a clinicel cuse is
cause a grent deal of damage In tisue This damage will be pria-
cipally pl lysis, and the pl lysls will be very sovere
cant seo whether or not there s membrans rupture, but ther &
certainly & serfous derangement of the anatomy of the cells. On
thawing, there it a reconstitution of the water so that the tissoo
often regains a mare or less narmual Jooking appeartnce oy you ¢
it under the

In the studies that have boen cartied on with
one soes om th g, & of hy I
dont feel that it is entirely hwuﬂabfemmtaprct that &3 belog
apum}ydrcuhtm’ymlpﬂn!d.b&luulfﬁmmhuboﬂﬂoﬂlmuﬁ
damage to each individual cell, without 8 massghve derangement
mﬁﬂrm}ctme,oncwmmtseuanylpec{ﬁcmdmdm
mthomﬂ.mdcadceﬂ.immodhtelyaﬂardmth.hﬁﬂm
fmt&mulhaﬂﬂngmllmm}yaﬂectmﬁnnethatwﬂbﬂm
Mﬂbcmﬁnwdou,mdmcm}y&mcﬁouwhmhmbew“'&
time 15 that of the dreulating blood mllmttbenhsavidoudx
masshe clreulatory damage wmﬂym‘ww
dam.gnhubcendmmorymmnmnmm}ymm!hﬂm
has been o great deal of demage From my I"""hg
dutfrecdnghagemllmadd.mnguthmughmttbemﬂ;w
wll affect roost cells Itwﬂlbop:mpm-f:lamltvﬂmh)'d-"t‘c'“m‘he
cell, which means, inc{dentslly that skin will como off best

of freezin,
 Nout _‘—vglnjurvha plotely different type of traums. It

£8%
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the result of an abmormal physiologieal situation, the rerult of vaso-~
constriction of ane type or another change in viscosity of the biood,
reduction in the oxygen capscity of the blood, and the net result,
1 think, ir an anaxs to the Hune. If there is inadaquate oxygen in
the dirculating blood, one would etpect that tesue suffer
in the arder of its anatomics! location and ity axygen needs. That
mesns that nerve terue will suffer more on both coonts, and in

The necrosts of nonfreexing infury 1 think s on a completely
different basis then the pecrotis of frosthite which # a freedng

freexing injury exp Ty you mnst guize it 4
not

toration fn & fnger vhkhecdwhg;xpcud to
spectrum analyris of translluminal t to ghve
the valnes of the ssturatton. Unfortunately It js f terme of skin
b ture, 53 we can caly suppose what the internal temiperature
ﬂ?i:avnbm&:thocno C. to 8 C., he finds axygenation of
1 cent. That would be Interpreted a5 meuning that the tissue
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TABLE XL

Redinribution of Potasshum fn Playma and Edenta Fluid
After Freezing a1 —35 C. ta —37 (. for 4 Minntes

POTASSTUM IN PLASMA wmEq /urma

3809 4305 4744 4918 | 5470

Menn
Valoe
(33 +021 +028 [ +018 | 014 | F0U
D +0.67 =087 | +083 =060 | =07
P — ~02 <001 | 00005 <00
P | — No Yo | Ya | T&
Em 0 Valos A
s Redotnbuton

Ropetuted, by pemirien, from W T and Vebetar D R Bt
rm(}ikp.;dm}m} g,;(m”' 70}
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There does zeem to be a gradient in tissues. In our experiance the
gmd:ﬂanhnﬂ'm.nmxdn.lhnnndhrgebbodmkﬂ)awb
e Iting in final destruction of the

ulcmunuulbownlnﬂgmaw SS,M@(%WJW

mmldh:j‘urynﬂg;mbethumultdthhdogmmﬂveprm
In other experiments whils exporing rabbits legs to senere cold,
the skin was not destrayed but the muscles mffered severe damage.
Eﬂﬂﬂﬂ,mdﬂmowmwwmﬁmn{mm}o
and inflammatory reaction which occurred. Later stages show
thet this injary is repaired by fibrous tasue so there is irrevocable
damage as far as the individual muscdle cells are concerned (3)
We did some electrolyte stndies of the muscle which corre-
pandad to these muscle specimens. The redistnbution of potassum
ad sodicm tn plarma, edemz fuid and muscle tissue following
exposure of one rabbit s keg to ~35° C to ~37° C. has been In est
gated (45) Progressive loss of potamfum from the injured muscle
tisue doe to rapld breakdown of the cells ocourred (Table XLI)
The release of resufted in hypetp is and a
humdttmzbcmcd]uh:&md(nﬁmﬂu.mgmw)mm

Pesony
g s

//—-——.__..uou e
- PASRA
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Medicive not only VD control officers but Cold Infury coutrl
officers. That is purely from the practical side,

From the point of view of further research in the fleld of cud
injury I think that the field is wide open and what we need to
know is how to stimnlate young peaple to wark fn it I woald lile
to know something sbout the metabolic requirements and mets
bollcnﬂidancyofﬁumanpeﬂpbdrﬂlmuttudisdtn,}dlﬂyl
Warburg apparatus or with Cartesfan divers, with regard to &f
ferent rates and degrees of cooling and freezing and different rates
and dogrees of warming up. As far as I know there has been m0
concerted effort to tackle this fleld at all

The other thing which interests me, not so much in o
cald tjury but in regard to living fn the cold, s the
logical changes which occur with exposure to cold, or to living in
a cold climate. 1 think the Hmo has come to measure blood Jevel
of varfous hormopes like TSH ACTH and thyraxin in peoplo €
posed to the cold and becoming scclimatized if there is such #
thing as acclimatiration.

Hegnauer In that same connection, we have planned to meant®
the peripheral circulation, the circulstion through the
artery mdogxlmmerwdmnniceba!h.nahmdlcg.nwtbudfz
musculetore close to the femur drops down to 2 temperatur®
about 10 C or 12 C. after an hour and a balf or two hours fn
bath, and although I have not measured the subcutaneous tempert
ture in the paw orinrmncc.ltbinlwupmbah}yhlwmffmz:
to supposs that that is very much colder and much doser to
bath temperature.

metbeovem]]uxygunconmmpﬁonufthennlmlwm‘!hb‘t
bocumausu:ed,onccnnmythxtltlheaﬂtmpaﬂnmd‘bw
17 C theovcn]]oxygnnmmumpﬂonhon}ynbwtl{,ﬁa’ﬂw
cen;ltlx,fdﬂmnormal guin?

T t+ What was the temperature, a;

Hegnauer It is o heart temperature of 17 C. which means that
out farther in the periphery for Instanco In the pam nndcvc}!;'
the cold les the &n ption must be very very

posing there s still @ ble axygen
pﬁﬁ’gﬂﬂﬂmuswhcntheltmbhimmer’edlums Corlo C
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bath foc & prolonged period of time, it seems concetvable that the
constriction which occurs might be maximal, blocking all blood
fow thereby starving those tissues which at that temperaturs still
have a slight but ble axygen ption, and productng
damage by anoxda.
Meryman Of course, your figure of the ovvgen consumpton of
the animal at 17 C. fs not necessunly tho amount of otygen that
the tisue would like to consume. It may be merely the amoant that
it is able to connmme, with a restricted circulation peripherally
Hegnauer- It represents the demand If you feed the animal 100
and

oxygen,
tion does not increase. It makes no difference whether you respire
him with sir or ovygen
Talbott There is one other bst of evidence I amume which

immediately and rewarm them, if they were not too heavily anes-
thetired beforehand for instance, if one uses ether as pre-immerytan
thesta instead of p hal or nembutal, they wake up at aboat

or 28° C. and may struggle to get on their feet As soon as
exs from shivering is elimimated, they can get an their
will eat and work without evidence of lameness or pam.
you

Ag

with them. I might add that the total cooling period is only from
two to three hours, not enough to reveal anything with respect to
passble hypoxia fo the extrermities such as Dr Merviman s questian

ggesty

Kark Do they get cyanosts?

Hegnatier No there is po cyanoss

Adeéms-Ray Do you think in nonfreexing cold mjury it iv snovia

that Klls tssze?

Meryman 1 belleve so

Adgms-Ray Bat you tell vs and we know from clinteal worl,

that if you have put a tournkquet on your keg and if you havo that

on for two hours —

Hegnaver But the body is st & warm tempersture and the ovygen

Mm-tnmtmmm

Meryman Two hours #1 not an adequate time. Two hours fn
will ot give tmmersica foot. The tissue loss from tmuner

ton foot #5 a loes after exposure of days, perhaps a week or mare.

e
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Siple Therefore, yon are dealing with a relative situation &
respect to tme,

Meryman You are dealing with death from cumulative anoziz.

Burch Tt is slow

Meryman That is why I say the differentiation between frosthéts,
a freezing mjury which occurs in a shart perfod of time, must be
mads from the nonfreexing injury which occurs as the renult of @
exposure of days.

Adams Ray You have nonfreczing eold infurfes that ocow in
very shart Hme.

Meryman How short?

Adams Ray Half an hour or an hour exposure. In that cold spef
in 1940, we had ronfreezing tnjurdes Tho chaps coming out of the
reataurents, at night, had no fur ceps. They had an expomre time
of about 10 or 15 minutes, mnd they hed cold injury

Meryman How do you know it was 2 nonfreezing injury?

Adoms Ray Some of the patients themsetves had pot obaened
any stiffoess {n their ears, I saw all patients who came to the b
pital during the night, and their ears were not frozen stiff.

Meryman Well, 1 would want & little mare evidence that there
was not some lce crystal formation In the more hydrated timsoch,
or that the men had not thawed the ear aut by the apploation of
& hand prior to coming fn, or soms such thing.

Blair The miraculous thing is how rapidly a freexing lojury o
thaw under certaln condittons 1 am highly skeptical of manv of the
socalled very low temperuture frosthites about which it is stated
thnttherewunn!coformaﬂanandmfmaingbwﬂmﬂlh‘w
personall obocrvtdamanwdthnvu'ymvae}yirmﬁmwm
completely thawed In a few minutes tltmomtu'npe-rltm‘e-Iﬂ-’lﬁlk
amnmueamcln!albo:plmlordlulcwﬂbnﬁmp‘”’“;:
the length of the hall, and sctually be completely thawed by
ﬂmehegehtondocmr'foucantsnybcdldnothlwiceformﬂg
orufreeﬂnghxjmyunlcnywmh]maxt!nthﬂm}dbfﬁ“
has besn rewanmed. The same thing i true of # soldier Be can
wn]lfmmufmholeba&tothcbartaliomddmﬂmmdwwm
he bas not been rewarmed, the activity of walking and eserche
thave the infury befora he ever reaches & warm envircument.

Adams-Ray I saw some patisats in the mountabns, eotoaly
whwefee{lndhxnd:wmmmlbmdtbayminmmhmt
stage, There was abeolutely no freezing. That fs what I e o
caten, and that is nothing, However we do have nonfreezing
infury without long exposure.
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Meryman What were the sequelae of these injuries, gangrens?
Adems Ray Edema. Pain.

Meryman That is an extremely mild infury and you would call
the case frosthite only because it occurred tn dry cold. Tt would not
necesnarily have to be a freexing infury I beliove that e freeztng
Infury except possibly a very quick freexing of the tkin, will fnevit
ably result in tisue loss.

Hegnauer 1 would like to differentiate the two types of injury
One 11 & temperaturo Infury as such, and the other 4 an actual ke
aystal formation nfury

Aferyman  Preciscly

Shumacker- The same thing bothers me which I am sure bothers
all of you. I certainly think we have to differentiate cold mjuries,
such as trench foot and immersion foot which occur from prolanged
exposure to mild wet cold, from thoss which occur relatively

from exposure to intenss and more or less dry cold. It seems to me
that the evidence fs not at hand to support the sssumption thet all
tofuries resulting from brief expasure to relatively dry inteme cold
aro associated with achml ice formation. Such sn assump-
tion, T feel, is based upon an & y fiimsy basis.

Blair- That there ix no ice formatHan is o a very flimsy busts
alo, Why can you cool @ man down m the cold room to s skin
temperature below ¢ C and see oo sign of freezmg injuny at olF?
YTam yure that Dr Horvath has done that. 1 have done It many Himes
and have kept men near zero

Horvath And minus rero.

Bleir No cold injury whatsoever occurs My explanation of why
1 doesn’t ocour 1is that thero is no lcs crystal formation or actual
freexing of the tissue. I have reen men held for four and six hours
tt 4 ki temperatare near 0 C., with no pathology whatsoever
resdlting from ft,

Meryman But if you beld him there far davy, thez you would
have hing equivalent to tmmersion foot or treach foot.
Horath: I don t think you have to hold him at xero for that lmg.
Meryman No no but the time period tuvolved for @ nonfreextug
bfury it of a condderably different order of magnitnde than for
the freeztng infury

Horvath: We just finished studying four people who were living
In the nude at approximately 80 F  lying quielly with no move-
went whatyoever except to go to the tollet for five minutes once
2 day for about s week. I might say that of thase foor therr were
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tisues. Then, in aszocietion with plasma volumes, we did the mi-
cyanate space, and found that the sulfacyanate space decressd
by about 20 to 25 per cent.

Webster How are your electrolytes?

Hegnauer We havent done electrolytas but in none of the work
is thero any indication of stagnation of the blood in exept
for the plasma. It looks as though plesma skimming occurred, that
is, some vesiels were constricted down to the point whero they
permittod some plasma to leak fn thers but permitted no cels
get in, and the cells would bypass those passages. That v caly
suggestion, bowever

Burch I might indicate that we have data to show that chbodds
s found in cells in relatively large smounts fn narmal sad abpormat
man.

Hegnauer- The chlaride space is actually decreasing, not ncres-
ing, and the sulfscyanate spaco is decrensing. The chloride spac®
decrease, according to our first measurement, I think, can be &
counted far by the fact that at 28 C., where this shift of wals
from the chlaride space, the axtracellular compartment, {s madmm,
1hlveﬂnguatamuhnum.mth:tyoumwmlh3ﬂ””‘h§
osmotic presnure and drawing fn water at the expense af
chloride space rather than the plasma. ol

Burch Of course, the first time, yon may be measuring htrs-
mﬁvceﬂuhrchbﬂdexpnm.mdlbamddmeml!mw
chloride space.

A’Yqz'rm'ulﬂ:r‘i Doyan-meamremeubindlutathatdwanlhub‘ﬂ’
chloride pormally?

Burch ohmmmrxgm,md-hrgemmnmﬁﬁ
our studies were with radiosctive chloride, CI*¢ Wo have T
cblurtdetogommdwt.alpcdlﬂylnhfwmt’At;ﬁw
‘!Enﬂuro.l:lobc:tI-"lﬂ:trepoﬁodu!t:iwfil]mat'ﬂllxﬂf':'lﬁ ot
Phystological Society o New Orleans that ho could causo &
20 per cent of extracellular chloride to enter colls or
injection of concentrated solutions of sodtum bicerbosate in

Horoath It appeans to me, from listening to what people hav®

suggested as possible future things, dmtlbﬁrﬁmut]ﬂﬂmﬁ‘g
problems thntwemlght}ooklntuOno!.rLbamlaﬂwdeﬂnDd’

and requirements of various tissues under different
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agents diminished sumewhat the extent of gangrene. As I recall
them your results were not dramatio but definite.
Webstsr Yes, thats right
Shumacker During the last year I have talked with & number
of individuals about the question of sympathetic denervation
human beings with frostbite and have analyzed my own experlences
{8) Dr de Takats tells ms that he has seen & number of petients
in Chicago and at the Great Lakes Naval Hospttal with apparent
equal infury of bath feet in whomn an early unilateral sympathectomy
was carried out. I recognize the difficnlty in estimating bilateral
involvement as equal in degree. Nevertheless, in these patients the
tne of demarcation between viable and nonviable tissues developed
much more rapidly in the denervated extremity and definitive treat
ment coukd be carried out much earlier on that side so that often
this extremtty would be hedled long befara the ather Although he
could ookt be sure that the sympathectomy resulted fn actual sving
of threatened tisme, bo feels that the procedure altered favorably
the coumie of ovents snd permittsd much quickes beslmg, Last
week at Camp Atterbury 1 saw an officer whom Colonel Omr ond
Thad met in Kores about a year ago He told me that, shortly after
we sxw bim in Korea, he was given another s t which
placed him in immediste proximity to « ROK unit. Because
the ROKs were hadly handicapped with regard to other pos
ibls therapentic ids, were anxious to try the effect of sympa
thectomy on patients frosthite ard ssked him to teach them
the technique of lumbar sympathectomy They performed unilateral
e3 upon the next 50 patients whom they encountered.
maﬁmhrdthutmpmn{mudidthe}lolaﬂimthnltba
operation brought about @ dramatic and favorable alteration i the
comsa of events, with rapid dissppearance of pain and edemas,
qulcker demarcation and more rapld healtng. Following this experi-
ence they spparently felt justified in porfarming early bilateral
Iympathectomy upon approdmately 150 patients. It was
felt that thern ‘wus & very pronounced thortening of the period of
d-l"bﬂftyl.ndlmnd:urucrretumtufullduty
1 do not mentlon these observations a3 & propasel that all ceses
bo treated by sympatbetic denervation. Unfortunstely ths expert-
ence will be exsentially lost as tt {s not Hlely to be reported tn tha
t"ﬂmlkmwn{i\miyﬁmbnmy but my informuat, wha
. t and observing person, felt that theve was no question
thout the Ty favorebio af tting from this
Durtng the past winter we had ono very interesting patient o
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Indlanapolis a man who according to my best judgment was da
tined to lose at least his great toe and fn whom the sventua! but
was only e tiny area of superficlal necrosis of skin, During the phase
of reactive hyperemin when the entire foot was quite warm, the
great too remained ¢ anotic and cold. Furthermore, theio were lage
veslcles proximally end none an his tos. Wo have learned that sach
signs are indlcative of impending deop gangrens of the etire toe.
After early sympathectomy the color and warmth of the toe o
proved and only a smell superficial oleer resulted which bealed
rapidly

Obviously one such patient means little, but if over a period
of time, one should encounter 2 number of similar cases, it would
certainly contribute # great deal to one s understanding of the po»
sible nid of sympathetic blockede in the early treatment of frosthire
If we take advantage of every opportunity to make carcful obeervt-
tions perhaps eventually the cumulative experience will be sufficient
to meke the best management of cold infurtes a great deal clearer
I fes] optimistic that progress will continue and that with enoagh
people working in the fleld it may bo possible to bring about ¢
botter understanding of the fundamental procestes concerned =
cold injuries ax well at o better Insight {nta efective measares for
their prevention and treatment.

Sipls I have been very much impressed by the remarks in the
last hour here, because I have seen, I feel, an advance or a charibor
tion fn theory to the point tbatl\vou}dalmos‘tgoso[ﬂruml"’&*
that fn our third conference mwﬂlbeab]e&tuucdmpantatl’mm
mafor aspects of cold i) which have con us
Imfo;—eurand lawmee:’rl:yutlhhymr Ifecl!ba!!hcmmt;
Dr Webster made with respect to the electrolytes are 2 clue “’M
probable fact that we do have & fractionation of the colloids mﬁﬂ
frecz:lngwhlchi.rnrl:tlt:ausaok’dmtbnftboti.wcrc.Inq‘dCk
ing there im t time for fractionation, and therefare the mol gl
particles are in Juxtaposition and are capable of viabillty when
are thawed out again.

G W Scarth (10) and his colleagues have been studying p;g:
tissues h:rmpecttofrmtrad:tantphnhmdtbetcndﬂ?h“‘;dn
are killed with fust a slight touch dmwh”m“md
studles in great detai] and have given an fndication of e -
deterioration that is apparently within the cell structures 'WM !Dr

1 was abo verythmnch cnmumgﬂtﬂnb}' H;efre]m:}l:nk: Py
H ver made with respect to an or 1 fee
d:cg!:g cold exposure and often erroncously attribrted to freedng
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thers b a form of anoxia related to the variable metabolic demands
of tisenes at different temperatures.

1 bave been partoularly concerned with this bocanse 1
loat a friend duriog the past year by death from exposure at

tirmes demand lest, and apparently the latter exercire mejor con-
trol over the respiration and the blood circulation. Therefore, rela
wmmmm&mmmwwnh@h
aygen such s the viscers for exampls, oven though thare
is xdeguate oxygen for the peripheral and obwicwly cold tissues.
Perhaps the frst critleal areas to be affected by anoxla are the
higher motor cemters of the brain and as a further consequence
the whale arganism dies. 1 bellsve my fnend, Dr Dana Coman,
dept to death tn & temperaturs of —30 F He was doing a folkowup
experiment on two men who had carried cut a similar expertment
the night before. The two men dremsed in special clothing had gone
to sleep lying mht:]:fdmd:ik—pingbagx'l‘bqwohup

hourmfn becauss of violent shivering and
their aleeptng bags, warmed op and survived the ni
Dtcmmngldnotm\ﬂwp[mmlbnh’\iﬂﬂphmof

gﬁ

5§
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o
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ay vrith me completely but ¥ feel that shivering
m,,mphyf:m part. 1f a person exposed to cold shivers,
1 don ¢ believe he will bo In danger of death, however if he does
ot shiver he is fn grave danger of to death i the cold.
The fatlure of the shivering mechanism may be dve to many factors,
much a1 2 lack of stisnulms of o sharp thermal gradient through
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50 patients with frostbite and some 74 controls. Our dsta do nat
show any clear cut distinction between the two groups boweer,
the cold infury patients tend to be Immature, pastive {ndividuak
with saggestive tralts of & schizold persomality From the dats of
the psychiatric study one of our investigators proposed the ke of
a personality inventory for the purposo of screening men for cold
weather operations in other wuords, @ measure for predicting whick
man might be most apt to incur frostbite. This type of inventory
utflizes 20 items from the Minnesota Multiphasic Inventory Test
on which the answens given by the frostbite patients were distinet
fmmthcmpomaobtn!nedﬁumthemntmk.ﬁbbxtyped
uﬂgmndzformtugoftmopi that is very provocative, becans
method has not been fleld-tested and it is still in the question-
able stags at the present tima.
Our nutritional survey in the winter of 1952 revealed that muwy

was o3 low as from 1500 to 1800 cnlories. The serum

surveys showed the frostbite patients not to bo markedly different
from varlous control groups. Ascorbie acld surveys were

on tome 2400 combat soldlers. Further work is needed In the netr
tional fleld.

Schuman Ilbou}dhkakomythntunnep#demwl’;
quite impressed with the similarity between the epidemiology
tmuma, soch as cold infury and the epidemiology of both the &cotd
infections diseases and the chromfe disenses.

Ifﬂm:mmmmwmmmmmdmm
of tho particalar host and agent relationship in traume, erpectly
the modlfying factors. With 0 i mind,

progress in the prevention of this particular traumz
mﬂtofnmnbhuﬂonof:xploﬁdminnﬂthoﬁeml‘d‘*d‘"
hnwhmrddhmmdhemhtbolaﬂhnday&lmyd‘hp’ﬁ
larly b T am tempressod with the evidence of tndtvidmal ¥
tlons in susceptibility even though we have mot propased of P
sented any distinet proof that such exists.
Ipmmtedmyoudiﬂcmmmthcmkofnm&w&
mcu.ldldnotn:cmrﬂ)pmwurclnlmndjﬂ'ﬁmh”’“f&d
bﬂiwbuton}ylhmvodthntadiﬂmncubchmﬂthe;é:'m
exist. T am going to bo surprised in the futare if such &
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i proved to bo oo grounds other than susceptibflity I sy this
hectuss In certeln chronlo and scute infections dbeases, we find
racisl differences in syceptibllity and in others, no racsa) differencos
In nmeeptibllity At the moment, we do nat know whether or not
differences in true nnceptibility play a role in cold mjury a5 far as
mclal differences are concerned. 1 think, therefore, that coupled
with Beld t igatlons in epid logy ove must the
bnt for thess subtle differences botween tho races and betwoen
ndividuals as far a3 Hssue sasceptibility is concerned.
Inm:leuﬂhoudiehnrdxwhohndthuummdmrdmmyed
by the fallure of our pre-exposure studies and who st proposes
that b the futire, especially under mibtery operations, a more
tab and {va pre-exp strdy be umdertaken, with

attention to the field of vasomotor stability Furthermare,
1 fee] that the neuropsychiatne studv which Colonel Orr has men-
Hooed rrust be expanded, becsuse 1 pervonally beleve that in this
particalar endeavar there Het promise for progress o onderstand
tng todividual diferences, which mav be the hases for such varla
tone o

Colooel Or7 has mentloned that the sfibcted individuabs tend to

not really cont bat meam that the individual #2 passive in
his renction to stress bt mentally is aggressive tn what be does
M&athoh\tm&Sc\ﬁmkonm
particalar tendency or this concept of a tendency  cormparison
of our controls to the patients showed that the fide  ®

situations, whether they pinned ol, w
they were in a vehicle, th e nal
patral or on & combat 1d mn re th

the patients (Table X1 *
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APPENDIX AUTOBIOGRAPHICAL
SKETCHES OF PARTICIPANTS

ALAN c. 3urTons | em in the Department of Biophysics, It may be
quite imnecessary but I find 1t nseful to explain what I
mean by @ blophysicist, he s just a particular kind of
physiologist who when he sees physological events and
watches the behavior of living things, s interested in the
phyxics that lies behind that behavior fust as the bio-
chemist is interested in the chemistry My tnterest m the

cal effects of cold really dates from my turning
c3 to physiology and working on human calorim-
etry the heat exchanges of the animal and the human
body Then I had the privilege of going to leamn, study
and do some research with Dr Ba:ctt,w]g:oh.umﬂumced
50 mamy of us bere, and there I continoed my interest in

tha t ture regulation of the bodv From that study
Toay tomhxve:ﬂg-ﬁmofthamntmruftbeperrpb—
eral with the d ds of the

tcmpa—-turercgul-ﬁmDuangdmwmeuputun
practicel problems of men faced with unusoal environ
ments, such as cold and altitude. I hope some day to do
some more work on the effects of cold, bt at the moment
T have been concentrating on the peripheral circulation.
JPFILON M, CREMON My first interest in cold began with some
work on hypothermia done under the sponsarship of the

these were investigated at a alightly more fundamental
Jovel, and our work concerning frostbits was done not on
men but an antmals. Since that time, becawse of the dearth
of detafled information about gan, in its relation to
ischemis, wo have stodied the metal Hcchmgu!npcrlph—
enal titsues that have been rendered ischemic in one way
or another My assoclate Dr Frederick A. Fuhrman, has
gome on with that aspect of the work to a considernble
degree- 1 have become more nterested in the capillary
circulation.

Ooren 1 norcH I have been interested in the peripheral blood
veasels, Using tt primarily as a contrast environment, our

27
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Cold Infury

operations My interest in cold and cold injury extends
aver the past 25 years fneleding four expeditions to the
Antarctic as well as some trips into the Arctic.
WurLdWarH,ImwutonuanloumEmupetoox
amine the causes of trench foot among our troopy, In the
winter of 1851-52 I visited Korea to study winter combat
problems, including factors influencing cold Infury I per
songlly have had as much exposure to cold as envane here.
During my association with the Armmy In and out of wmk
farm during the past ten years I have been concerned also
with the rexearch and dovelopment of clothing end foot
gear as a preventive to cold infury particularly the con-
cepts involving vapor-barriers
M. SCHUMAN: As an opidemialogist, my interest in cold in-
L;Lr;mlybemprmcduonanfphﬂwophypﬂmrﬂy
use I hold the belief that epfdemfological principles
aro just as applicable to chronic disease and trauma s
they are to communicable discase. I never dreamed that

I

This trp gave me Interesting insight info the applics
tion of epidemlological principles to cold fnfury

p oxr: My first coptact with cald infury was on the wards
at Cook County Hospttal, Chicago, Illinol, in January 183
Mywcandeontuctwumdainlmlydmhg&nwhl’ﬁ
of 104445 1 was a Re tal Surgeon in a unit which
lmfortunntdyhldnhfgig tncidence of trench fool, 1t ¥35
atthhﬁrmthatlbeameintme‘tcdtuga]dtub}:ylg;'
ticularly in the preventive aspects In Novem!

while li-rvtng as Chief of the General Medical Sﬂ-*g
Osaka Army Hospltal, Osaka, Japen, I recefved tho
&mhlmmm{hntmnudmgmemmﬂm
in Korea. A short time later I openod and was pla

charge of th Cold Injury Center for the Far Eustern
Commxmd.A:thoraulto{unwm'khtthcﬂmfwﬂ

to
ordered to the United States fn the summer of 1851
P“PmﬂmpOﬂunculdinfm'lumcmedtuKmXW:
sent back to Korea the winter of 185152 with a team



Appendix 21

canduct feld studies on cold infury At the present time
we are engaged in the task of preparing the results of
this study

sosiri & Al I am presently engaged in setting up a research
profect

that problem for the next two or thres years.

HAwms . spuMAcKiR: My spocial are in the card i/
Beld. Before World War 11 I had no particnlar nterest fn
cold Infuries. I became much more concerned with the
genenal problem when, during the latter half of World
War IT, I directed one of the thres Army Vascular Centers.
Here oy ! and I were tible for the care of
* great many individuals who had rustained vascolar
tnfuries. Becauso of that stimulating experience and be-
causs of the dearth of knowledge coocerning cold infaries
in general, T was proopted to undertake some animal
experimentation and a fairly active mvestigative program
has been going on in my laboratory since then. My interest
aleo has been alive by my relationship with the Armed
Forces as ove of the copsultants who helped organizs the
Iast cold Injury study teem and its program in the Far Fast,
md"mdthmawhohldthuﬁormﬂtymobsmv
the work of this team in Japan Koren in 185152

A4Sk ApAMIIAT My first tntezest in cold fojuries dates from a frost
bite of my own when skiing in the mountainy 20 years
ago In 104041 we had o very cold winter and T tried
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operations My intezest in cold and cold injury extends
over the past 25 years including four expeditions to the
Anterctic as well as some trips into the Arctic. Durtng
World War IT, I was sent an a mission to Europe to ex
amine the causes of trench foot among our troops. In the
winter of 1651-52 I visited horea to study winter combat
probl Including factars influencing cold infury I per
sonally have had as much exposure to cold as anyone hers.
During my gsvocfation with the Army fm and out of unt
formgm-[ngthopmttmyearsIhavnbecnconmailho
with the research and development of clothing and foot
gear as a preventive to cold injury particularly the con-
cepts involving vapor-barrers.

LIONARD M. SCHUMAN As an epidemiologist, my interest n cold in-
jmymaybcnprescdasoneofpiﬂomphyp‘lnnrﬂy
because T hold the belief that epidemfological principle
aro just as appliceble to chronic disease and trauma &
they are to commumicable diseass 1 never dreamed that
the oppartunity would arlss to prove that belief to myself
and possibly to others untl the fall of 1801 when the
Surgeon General of the Army asked me to make a trip
to Kores. Recommissioned by the U S. Publie Health
Service, I went with the team headed by Colonel Omr
This trip gave me Interesting Insight into the pplice:
tion of epldemiclogical principles to cokd infury

KINNFTH © ORMs Myﬁrrtcontlctwithcoldinjmywuoﬂllww?.g’
at Cook County Haspital, Chicago, llinols, {n January 1
My second contpct was made In Italy during the winter
of 184445 T was 2 R tal Surgeon 1o & umit ¥
unfortunately had a high icidence of trench foot. It was
ntﬁzﬁthnethu[beameintamtcdlilu;ﬂ:jm 1&
Heularly In the ventive aspech.
whﬂﬂmtngupalefoflbeCcnmﬂMuﬂcllm
Osala Army Hospital, Osaka, Japan, I recelved
lewhtmﬁmgmemﬂﬂm
A short thme later I opened and was pla
the Cold Inj Center for the Far Eastan
As the remhugmrworkh:thh Cw‘e’;ﬂ"":
ﬂmUxﬂtedStutmi.uthemrm‘HOfle
& repart an cold infurles incurred in Korea. o
ck to Kores tho winter of 195152 with & team?
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chifblain of 153 hm""””n 1
skin color of, sfter trapme, 154 Pulso mate in, 178, 180

Handgesr wnd frostiete, 58, 60 kver fo, 183

Heart in mbbit, 130

chlornde space m, in cold strom, 118
1n hypotherma dus to immersion, 1 8-
183

t wperatwe of and ovenll ovygen
comsumpirn, 203

temperutors goadicnts in, 181

Heat, acclmuatmation to, T8

'Mﬂﬂm ton, cold, and frosbete,

Hermocoocentration
vem n, 184
Hemoptula and cold njary 162 194
Heaamethontom, for paller 157
Hibernation, 123-184
bormone m, 135
Hirsifen, snd ascorblc acid in cold
stress, 104-105
Harmona
cortical, in cold strese, 114
m hibarnation, $25
See else Adrenocortscotropic hormane;
Cortince
Henting reachon, 140-141
o fioger 175
and trench foot, 141
Hyalmonidase, for edena  fior cold to-
Joy 149
Hydration, nd cold Wfary 315
H petemion, des to DCA, efect of
mcorblo sckd on, 118
Hypophveectomy effect of ascorbio acid
on adrena]l gand sfter 114-118
T potherma
blood pookmg in, 183
m cut, epoxcphrine in, 183-184
 dog. 200
with dreulating epinephrive veoule tn,
1

Tecovery from. 200

Hypode, cardme, i immertion Jypo-
thermie, 179

Kidsey after cold sress, 57 3, 02

Kores, miltary froebite to, 17-5%

Korea, Repubbe of, frosbite m okt
of, 12
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Postion of lnh, in trench foot, 145

FPosture, and ctreuktion f fmb, 189-171

Fotasttum
mgmﬂnd.-ﬁncddhmm(.

b1 moscle, after cold injory 203, 205
Freewxe
eritical Qmmy, 108160
veaous, end yesooomtriction, 168-174
Priscolme, o5 prophylacts for cald fofury
1%

Preudoe gglrtioation, 176-177
Prychogenesty, of frosthite, 321 229, 933
Puerto Rican, froethote i, 62
Pubonlr, o tmmersion  hypothenie,

Rabblt, hypotbermia tn, 180
Racy (of patieot)

xod cold siress, 43-78
and evposure index, 43

and soscepubibty to cokd Mjory $19-
223

and trench foot, 60

Rt

scolimatization, 14
-&l:-ldmdxn.mmumxw-

adrenelectomived, 1 cold siren, 105-

ecdima of tall of, after cold strwse, 147
148, 150-151

Itver i, in cold stres, 126

necrosis of tul of, sfier freexiog, 147
144, 150-151

Cold Injury

Eli-Cad‘d

-.&u-mﬂb!mc,ln
after milfs drops, 122
Heyneod's disctse, vapoconsiriction in,
140, 141 143
Bed blood carpasch, Sa Erythrocyts
Resttance to cold
adrermlin 1, 90
ascorble acid in, 55-130
and adrecalm, $0
sodtum chionde &, 80

Senegaless, sad tremch oot, 68
Eerum, ascocbic scd in, b fosthite L2
Sbivering
and blood meger, 189
10 cold rem, 125134, 313, 315, 320
o decp, 330
Sheck, od fostbite, 144
an 154163
color of, after trzvea,
freockog of, by Low method Wi
copyes rod, 138
of

end pain n-ch-h-. -
woand bealtng i, 153134

tempersture
dh:rculd
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Trench Foot—Comt d
and shin temperature, 141 142
Yasoconsiictin in, 148-140
and weines, 31

Vasocanstrichion
cdena doe ta, 149
and hunting reaction, 140, 141
m Raynaod s docase, 140, 141, 143
trasne DecTonet doo to, 190-144
m treoch foot, 148
duo to venoos dmtenton, 1
and Frombete, 172, 178
Vasodil, as prophylicts for cold Inry
13

68-174

Vasopressm, lver volums after 185
Vasospess, gangreno dos to, 140, 14s
Vem

blockmyg of gangrenc doe to, 146-147

and frosthite 17X, 178
Venereal disease, aod cold injury 58, 50

Cold Infury

Ventricle, flxilition of, & iowersa
bypotbermia, 178, 178, 181, 183
Veouls
constriction of
blood poolicg after 190
fn trench foot, 148
in hemoconcentration, 184
i bypothermis with clecultory e
peplaine 184
myogonic reflex of, 173
tn pallor 154-103
tone of, 100
Viamin C. Sew Ascerlic scxd

W

Werming
npdd, 18
end kocal blood fow 133130
axd ttwoe necrock, 138157
sow and tmmpe pecrore, 138137
Water space, In cold strem, 212
Weather forecusting, mibtary H-17
Wotnos:
wnd froatbte 00
nd trench foot, 31
What race, end cold strem, 4373
Wend-chil
ond cold trkay §7 23, 87 02
and frostbie, £7 18, 87 4043
Wound, healing of, bn frocrn skin, 155
154






