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INTRODUCTION

At the Ninth Annual Assembly of the Omaha Midwest Clinical
Society in October, 1941, Dr, Harry E. Mock, assistant profes-
sor of Surgery at Northwestern University, and a surgeon of nat-
ional repute, presented a method for emergencv treatmsnt in
traumatic wounds of the extremities. This new method, still ex-
perimental in current use, proved to be an adaptation of the
century old application of cold in disease processes. In an ef-
fort to better understand the theory and thus the practiecal ap-
plication of Dr. Mock's presentation, a study was inaugarated
to investigate cold therapvv in the practice of medicine. Pre=-
liminarv survev revealed that to repart on the multitudinous
number of uses to which cold has been put in therapeutics would
involve a comr-rehensive study of the total literature as regards
therany, not only in the general practice of medicine but all
of the specialties as well. Therefore, this thesis concerns
primarily an elucidation of the mechanism whereby cold effects
the body and soms of the more reeent therapeutie agencies which
employ cold as the prinecipal component,

With the recent reinovation of cold as a therapeutic agent
of major import, there has arisen some discussion as to termin-
ology which would most accuratelv deseribe the various techniques.
At the present time this terminology is in a state of flux so that
there results some econfusion. Cryotherapy or erymotherapy refers
only to the general use of cold as a therapeutic agent. Recently

there has been suggested hypothermy as a more descriptive term.



Kovacs (71) believes that a further classification should be
included. Medical, to include both generalized and local re-
duotion of temperature, and surgical, to denote the various
freezing techniques in preparation for local inecision., Refrig-
eration is loosely used for reduction of temperature, either gen-
eral or local, freezing has suffered the same laxity of interpre-
tation, and artificial hibernation has been used to denote a gen-
eralized reduction of body temperature., While many of the exper-
iments still adhere to descriptive terms they originally employed,
it seems as though Kovacs' suggestion and classification is the
most accurately descriptive and therefore is beginning to be more
extensively used,

As far as can be discerned, the introduction of two new hypo-
theses for the use of cold have arisen in the United States,
Frederick M. Allen in New York started in 1929 to scientifically
study the effects of temperature on constricted limbs. This
pioneer work culminated in the method of treatment which Dr,

Mock presented at the Midwest Clinic. In Philadelphia, Temple
Fay and lawrence Smith, after preliminary scientifie observations
and experimentations finally utilized cold as a therapeutic agent
in the treatment of canser in October of 1936, With these three
men as starting points experimentation has radiated into the
various brancle s of medicine in an effort to realize the full
potentialities of cold as a therapeutic agent. The results of

the investigations are being ourrently published and indications
are that the aforementioned potentialities are far from exhausted.

Thus, while this paper will endeavor to summarize what has recently



been accomplished, the final chapter of the use of cold in the

praotice of medicine awaits comprehensive research.
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HISTORICAL SUMMARY OF CRYOTHERAPY

The use of cold to ease the pains of man undoubtedly has
its origin in the primitive epochs when he first used imple-
ments., Although no records of this kind have been as yet found,
one can imagine this primitive man cutting and bruising his
hand or finger and themn bathing the injured part in cool water
to ease the bleeding and pain. The earliest written evidences
of the therapeutic use of cold are found in the ancient his-
tories of the Assyrians and Egyptianse The ancient Greeks,
Persians and Hindus also used cold water in the practice of
medicine in their ancient civiligzations. From the other side
of the world there 1s found in a Chinese rescord dated several
centuries before Christ, a prescription for one hundred af-
fusions in cold water, each to be followed by wrapping in a
linen sheet. ( 68 ) This simulates the modern practice of
the wot pack which is extensively used,

Grecian mythology speaks of the benefits to be derived
from cold baths and in the Spartan civilization the health-
ful attributes of cold water must have been known for there
were laws making cold baths obligatory. The organization of
thought soncerning the therapeutic use of cold water seems
first recorded by Hippocrates, to whom so many other things
are accredited. Hippocrates, the Father of Medicine, ap-
parently had a rational understanding of most of the prin-

cinles of cold and heat, and it is probable that he used
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these two agents as primary implements in his prefession. In -
his writings is evidence that he knew of the stimulation pro-
duced by cold and the relaxing effect of heat, ( 9 ) Indeed, ,
he went even further and directed that the cold be of short dur-
ation and preceded and followed by friction; this was followed
by a quick recuperation of the body which then remained warm,
One need only glance at any modern textbook om hydrotherepy to
find the same methods used and to find the term "reaction" ap=-
plied to the latter part of the above statement.

The Asclepiades used water in all its forms and had definite
indications for the various methods of application. Some of the
students who came from here followed their procedures concerning
diet, exercise, and baths and became famous. Thus Celsus, who
was the physician of Ovid and Fabius Maximus had what he termed
the perfeoct therapeutic system which consisted of beths, fric-
tion and exercise, Antonius Musa cured the Emperor Augustus of
his chronic catarrh and restored the poet Horace to heslth
through the use of cold baths, and Charmis cured the meladies
of the Philosopher, Semeca, through the medium of cold baths.

In Rome it is common knowledge that baths were the usual
thihg. Yot most of these were warm and used as a device for
pleasure. Galen, the great physician of this era, used warm
water and oils as therapeutic agents and seems to have been
averse to the use of cold bBecause of his experiments concern=-
ing the effeots of smow and cold on the hands. ( 41) In
the middle of the sixth century Aetius used cold water in
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recent injuries and made some use of affusions in the treate
ing of disease, Paulus Aeginata, in the next century used
cold baths to treat sunstroke amnd anuria,

With the advent of the Dark Ages in Europe, the Arabs
were the principal medical historians and in their writings
are found enthusiastic accounts of the values of cold baths.
Rhazes, at the beginning of the tenth eentury used ice water
in the treatment of burns and the drinlciﬁg of two to three
pints of cold water in a half hour to decrease the temper-
ature in fevers, smallpox, and measles. Avicenna used cold
water by mouth for the relief of camstiration,

From the Arabian era until the eighteenth century there
is scant mention made of the use of c60ld in the treatment of
disease, although undoudtedly it was one of the therapeutieo
methods in vogue, for Vander Heyden in the twelfth scentury
colleoted three hundred and sixty ocases of dyéentery which
were "ocured" through the use of water, which method he con-
sidered as superior to the medical treatment used at that time.
In the fifteenth eentury Michael Savonorola practiced a systeme
atie use of the cold bath and had many disciples in Italy.
Chief of these was langzoni who followed the Arabianm practice
of using ice water internally in fevers. In the sixteenth
century Marianus Sanotus, also Blondus, recommended pure cold
water as a "new" remedy which was rapid and certain, to be
used in the treatment of wounds, Ambroise Pare, Fallopius,

-qnd Palatius used continued eold affusions to severe wounds
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with good results. In the seventeenth century water was little
used locally as there seemed to be a partiality shown to com-
plicated ointments and pastes. However, for general application
there must have been a continued use for in 1675 Barra of Lyons
published a book on "The Use of Ice, Ioce Smow, amd of Cold"™ in
which he mentions "cold water for continuous fever, end espec-
ially for erysipelas, pestilential fevers, contagious boils,
frost bites, dysentery, the plague, inflammation of the throat,
and lightness of the stomach.” ( 41)

In 1667 Robert Boyle, more famed for other accomplishments,
published a book which considered the properties of cold and en-
vironmental temperatures and their effects on the people. ( 23 )
Sir John Floyer published his "History of Cold Bathing" in 1697
in which he remarked on the value of cold and discussed the con-
temporaneous inorease of disease as related to the laek of fres
quent or the absence of bathinge.

In the eighteenth century we find the begimning of the
scientifie study of cold which is to culminate in the present
day methods of therapy in respect to cold and its uses. In
1742 Chirac treated the Duke of Orleank' wounded hand with cold
water and cured it and Chirae supposedly used this method as a
routine measure., John Wesley in 1747, in his "Primitive P hysich"
éivas twonty-four indications for the use of water. These in=-
clude everything from fevers to rickets. At the same time Hahn
was using ocold water in smallpox and the other exanthems and Simon

Fissot was using it to treat nervous diseases and bilious fever,
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In the latter half of this century soms of the most acute ob-
servations of the use of 00ld and its effeocts were made,

Esmerch (4) ) claims it was German military surgeons who "re-
introduced™ the routine use of colde In any event Smmoker, in
1762, a general under Frederiock the Great, used cold applications
at the Battle of Sohveidnitz and Huden, another general, used
the same msthods in dangerous injuries and inflammations. In
1785, both Percy and Lombard used cold as a general measure in
surgical diseases, In Amerioca Dr. Benjamin Rush in 1794, at
Philadelphia, used cold water in fevers, rheumatism, gout, yellow
fever, and measles; it was Rush to whom Esgmarch referred when he
mentioned the best type of bladder to use in applying ice, fer
Rush invented and introduced the use of broken ice in a bladder,
In New York Drs. Bard and Hosack used ocold in fever therapy and
in 1797 Peter Edes published a book on water and its medicinal
uses,

In 1798 eame the work which is often considered the aotual
begimming of cold as en active and soientific therapeutic agent.
Dr., James Currie in Edinburgh worked extensively om the physio=-
logical and therapeutic effects of cold water and oontributed his
findings to the literature. In "Effects of Water, Cold and Warm,
as & Remedy in Fever," Currie discussed the effects of sea water
in sailors who had typhus fever, He noted that those who were
foroed to remain on the decks of the ships, by reason of the
great numbers of those afflicted, and who wers splashed with sea
water seemed to fare better than the others who remained below
deck., ( 31)
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From his experiences with fever, Currie, in conjunotior with

Jackson, promulgated some rather extensive indiecations for the use
of o0old in fever: (1) To decrease cold in cold stages.

(2) To decrease heat in hot stages.

(3) To deocrease spasm in the blood vessels.

(4) To support the powers of 1life till the

diseased association dies away from the
coasing of their ocauses,

(5) To wnload the dbowels.
In addition to these prinoiples Currie apparently moted "re-
aotions™ for he cautioned ageainst the use of short cold appli-
cations in fever, This same man lowered the temperature of one
Riohard Sutton, a young and vigorous man, to 83F. by reotum, by
the use of brine broth at 40°F. for forty-five minutes. (31 )
For the effeets of the cold water on delirium, Currie tried it
on a patient who was supposedly violently insane, This man
was not influenced by emetics or tepid baths, and had been
given as much as twenty-four grains of morphine in twenty-seven
hours, all to no availe, Om trying ocold baths, the first ome
gave relief of symptoms for twenty-four hours, and five baths,
subsequently, all at one time, oured the patient who afterward
remained rational.

The nineteenth eentury drings forward those who were in-
strumental in the placing of orymotherapy as a method of treat-
ment in the practice of mediocine, those who spent their lives
in the study of water and its effeot on the organism, Priessnits,
the Silesian peasant, Winternitz who originated "Ssientifie
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Hydrotherapy," and Simon Baruch, the father of the present day
Bernard Baruch, who, in Amerioca, led in investigating and the
formulating of therapeutiec prineiples as regards hydrotherapy.
larrey, Napoleon's chief surgeon, reported in 1807 that at the
Battle of Eylan he d:lg almost painless amputations when the
temperature was 19 F. below zero, an approximatien of modern
day experimental work. It was Priessnitz who, by theb ouring

of his own chest injury through the use of cool water, embarked
on a life of hydrotherapy and did much to popularise the prac-
tices His prinociples combined the theory of perspiration fol-
lowed by oold application, whisch attracted people from all over
the world, both patients and students. Wilhelm Winternits put
hydrotherapy on a physiologisal basis in accordance with the
knowledge of the times and realized that "the most importamt
truth of hydrotherapy, its primary aotidn on the nervous sy-
stem, was olearly brought out by Winternitz, who showed that even
in fevers this effect is paramount and the antithermiec effeect is
secondary.”™ ( 9 ) In 1826 was published a book by Beaupre
who ascompanied Napoleon into and out of Russia, In this bdook,
from his studies, he divides the properties of cold into seven:
(1) Refrigerating, (2) Exoiting, (3) Sedative, (4) Astringent,
(5) Tonic, (6) Debilitating, and (7) Perturbing. In 1849 and
1851 were written two books, which, if available, would be trem-
endously interesting as ooncerns the major considerations of
this thesis, J. B. Arnott wrote "On the Treatment of Cancer b y
Mmaesthetic Temperatures,” and J. H, Bennett's "On Cancer and
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Cancroid Growths," are the books involved. {5 ) ( Ra)

Arnott is kmown to have used c6old in bags and bladders for
sedation to a part, but his book is unavailable, Guerrand

end Richat in 1854, and especially Richardson in 1866 used re-
frigeration of tissues for surgieal purposes extensively and
established this method. However, they used ether sprays,
Esmarch in 1861 contributed a survey of the use of cold and
published his results. That he was enthusiastic is easily

seen when he says "that according to my experience, I believe
cold to be the most important and most powerful antiphlogistie
remedy-~~," He maintained that in inflammation there is an
inoreased temperature in the inflamed part, also a gemeral
inorease. in temperature from the increased textural changes,
and from the increased flow of blood through the parte As to
the rationale for use of cold water "Now if we possess a remsdy
which diminished the temperature of the inflamed part as well
as that of the whole body, and which, at the same time, removes
the sources of abnormal production of heat, I think we may call
it, with full propriety, an antiphlogistic remedy, and that we
really do possess a remedy in cold is amply proved by experi-
ments, as well as by observation at the bedside of the sick."
Esmarch further disousses the physiologic asction of cold amd
points out that ocold baths, affusions and cold bags would de-
ocrease the chemical activity of those reasctions which cause or
result in inflammation, There are nineteen case histories given

in support of his contentions and these cases cover wounds, frac-
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tures, rheumatism and eye injuries; ice bags were applied for
periods of weeks and although pus, when present, seldom dis-
appeared, an early dimmition or cessation of pain with the
disoontinuance of morphine was usual. ( 41 ) How olosely
modern day olinical experiments parallel these resultsl

Fleury was noted during this period for his ideas on chief
methods of hydrotherapy. He sonsidered douching as of prim-
ary importance. Brand used cold extensively, especially in

the treatment of fewver. The Brand Bath, a fifteen minute bath
in which the water was first 7OO-BO°F. and then gradually de-
oreased to 29 F., and friction :ppliei was instituted when the
temperature was elevated to 102 - 103 Fo This method was of
such success that it was Osler who said that "were the Brand
Bath even more heroic, still he would use it, because it saves
livess" ( 9 ) An interesting observation is recorded by Reincke
in 1875, HBe reports on the reotal tempsratures of theee drumnken
men who had been exposed to colde The first had a temperature
of 27°c. ere he died, the sescond 26.400. ere he died, and the
third, who reeovered, 24°C. (75.2°F.) ( 58 )

By the latter part of the nineteenth century cold as-a
therapsutie device was well recogniged, but the umderstanding
of its mode of action was not thoroughly understood. Simon
Baruch did much to elucidate the values to be received from
its use as well as to compile a textbook that ranked as stand-
ard in the field of hydrotherapy. Baruch's essential belief

_aoncerning the use of water in mediscine was based on the theory
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that while it had no specific antitoxiec virtues, it aided nature
against the manifestations of toxemia by improving the eardiac
action, and vivifying the nervous system,

At the turn of the twentieth century there were many men
who studied and wrote ooncerning the use of water, thus there
are many standard texts on hydrotherapy. Kellog (88 ) in part-
ieular produced encyclopaedic works. Ih the last decade there
has been a rather revolutionary change in the use of one of the
forms of water, ice, in the practice of medicine., It may be
said that Temple Fay and Lawrence Smith were pioneers in the
reintroduction of the utilization of lowered body temperatures
as a mode of hydrotherapy, while Frederic M. Allen has developed
concepts of local application of 6old in the form of iee to .such
an extent that they are receiving, at the present time, e¢linical
experimentation to determine their efficacy. It is to these two
latter considerations that further progress in the field of hydro-
therapy most likely will ocour, so it is the primary purpose of
this thesis to investigate these fields and to properly situate
them in the vast realm of orymotherapy or the therapeutic use of
cold.
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GENERAL HYPOTHERMY

Relationship of Crymotherapy to Hibernation

In recent studies of the effects of lowered body temper-
ature in human beings, frequent reference is made to the word
"hibernation” in a desoriptive sense., This is used with re-
frigeration and freezing to desoribe most of the experimental
work. Kovacs ( 71 ) and Talbott and Tillotson (102 ) talse
exoeption to the use of these terms as inadequate and incorreot
and suggest that "hypothermy" be substituted. Freezing and re-
frigeration as terms to be applied are easily replaced., Freez=
ing is contraindicated as a general word for no tissues whioh
are frozen are even temporarily devitalized. Refrigeratiom
is oonsidered inapplicable for the word implies the objeot treat-
ed is refrigerated with the temperature reduced oconsiderably lower
than is compatible with 1life., Hibernation may or may not be a
correct term and is less easily elimimated in favor of hypothermy.

As early as 1831 Marshall Hall was studying hibernation in
hedgehogs. He noted that if they were immersed in oold‘mter
while hibernating, they could survive twenty-two minutes while
ordinarily they survived only three minutes; he also noted the
increased heart foroce in hibernation. Of recent years there
has been much work on hibernation from which have evolved many
theories. The word itself is best desoribed as a "seasomnal
stupor seen in mamy invertebrates and wvertebrates." ( 69 ) The
invertebrates are of little import, other than phylogenetically
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.and the mammals are the primary vertebrates which we should
consider. Mammels, of course, are normally homoiothermis, but

it seems that fhose manmals, as the marmot, dormouse, hedgehog,
raccoon, squirrels, chipmunks, gophers, and even bears, who do
hibernate have a seasonal regression‘toward a more poikulothermic
state. With this regression they have an ability to live in leow
environmental temperatures, and in food depravity. How this con-
dition is accomplished or how it is maintained is diffiecult to
explain, In the hedgehog, for example, whose normal body temper-
ature is 33.50 to 35.500., when the environmental temperature 1is
less than 14.500. definitely hibernates while his body temperature
remains 1°c. more thean the environment. This ocours down to 600.
of environmental temperature; however, if the environmental temper-
ature goes below 5.5°c., the body temperature is either maintained
at 6°C. or the animal awakens, This shows that, in the he;:igehog
at least, there is not a failure of the heat regulating devices
for if death if threatened there osours swakening. ( 'gg ) Thus
environmental temperature would seem to be one of the faotors that
contribute to hibernating. The seasonal dimmition in the food
supply is emother important factor ( %6 ) and in hibernation there
is evidently a deoreased responsiveness, at least, of the temper-
ature regulating mechanisms so that the organism oan adjust to <the
unfavorable conditions of cold and decreased food by a periodie
revertation to a more poikulothermic state. However, there are
probably other factors as well that operate, for Cushing ( B6 )
found that if these factors were altered so as to produce hiber-
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nation, dbut out of the regular season, there would be no hibernma-
tion. BHe bdelieved that a "seasonal wave of pluriglandular act-
ivity" was responsible to a large extent for the phenomonen,
Rasmussen ( 106) speaks of a hibernating gland in 1923, and oon-
tests Cushings claims of pituitary histological change. Ras-
massen denies ohanges and states evidenss should be obtained by
examination before hibernation and after, although he contends
there is maturally an inerease in astivity in the spring and im
bleeding times. A "P" substance found in lymphoid tissue, closely
allied with Vitamin D defieiency, has been mentioned as a causative
agent in hibernation, There is found an increase in lymphoid tis-
sue in the winter, in hedgehogs, and a decreased Vitamin D content;
if dosages of Vitamin D are used in these hedgehogs, there will

be no hibernation, and no lymphoid changes; on one hedgehog when
Vitamin D was stopped, the animal then went into hibernation.

Thus the uncertainty of the true cause and mechanism of hiberna-
tion is evident,

During hibernation it has been found that the respiratory
quotient is decreased to am appresiable extent, This ocours quite
regularly., Blood serum magnesium is inocreased and there has been
found a deorease in sugar and adremalin, These blood ochanges have
been investigated and it has been found that injeotions of Cal-
cium chloride will terminate hibernation and Magnesium chloride
will preoipitate it., Britton found that adrenalectomy had no‘
.effeot in hibernmation, but the animals died in the springe Thy-
roid and epinephrine injeotions give hibernating animals trans-
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iant effects of awakening. There has been found a decreased
Basal Metabolic Rate and an increased foroce of the slow heart
beat as well as a general tendency to increased resistance to
toxic agentse The blood carbon dioxide and carbon dioxide com-
bining powers are inocreased and all oxygen saturation remains
unchanged. ( 64 ) There has been found evidences of dehy-
dration in hibernating animals as well as a deoreased gastriec
secretion. ( 206)

In human beings we find some of the evidences of hibernmation
when they are subjected to gemeralized reduotion of temperatures.
Man is not a hibernating animal normally, and while he is oclass=
ified as "eurythermal” or able to stand wide variations of ex-
ternal temperatures, he is in contrast to those animals which
are able tc stand great variations in their internal temper-
atures. Thus when man is subjected to severely deoreased temper-
atures over a sufficiently long period of time he sannot cope
with it, his thermal regulatory mpparatus fails, and lethargy,
and finally death results. A oonstant finding in the recent ex-
periments using general cooling has been a near constant respir-
atory quotient. ( 584 ) (69 ) ( ¥04) There has been no study
of bleod Magnesium, but blood chemistry has, in the great maj-
ority, been almost normal. (54 ) (69 ) (1604) Buffon in
1749 demonstrated that cold alone does not produce a true hiber=-
nation, but usually a torpid condition that was physiologically
different, and Marshall Hall in 1831 demonstrated it when he
_destroyed the brain and spimal marrow of a truly hibernating
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‘hedgehog eand the heart continued to beat for ten to twelwe hours.
Cushing end Goetsch repeated the same thing. ( 36) Although
there is some tendency to dehydrate in modern methods, there is
usually found an inoreased gastric secretion to even the loocal
application of cold. ( '¥9) Thus it appears that the new use
of generaliged cooling is approaching hibernation, and the ideal
may be a "true hibernation,” and while men retains his present
mode of thermal regulation this ideal will not be realiged,
Hypothermy is a new word suggested by Kovascs ( 71), Talbott,
and Tillotson ( 202 ) and seems more adequate in describing the
conditions produced in cold therapye. Thus general hypothermy
desoribes a moderate gemeraligzed reduction of temperature .
Local hypothermy would be used for designating locally applied
reductions, with medical applying to cold ecompresses or ice
bags, and surgical hypothermy for the use of the various local-

ized freezing techmiques that are in curremnt use,
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- TEMPERATURE REGULATIONS IN THE HUMAN BODY AND THE PHYSIOLOGICAL
RESPONSE TO THERAPEUTIC APPLICATION OF COLD

Mechanism of Temperature Regulations

As man is one of the most precise of the homiotherms,
it is necessary that he utilige a facile mochanism to main-
tain a body temperature that is compatible with life. The
extremss of temperature to which man is environmentally sub-
jeot are wide; his existence depends both on his ingenuity
in fashioning extrinsic mechanisms to diminish the onslaught
of these varié.tioms in temperature, and his inherent ability
to alter his physiologiocal mechanisms so as to successfully
augment his extrinsie faotors. ‘

HMammals and birds possess effiscient neohaniams that
ocan maintain their normel temperatures in response to en-
vironmental changes from OOF. to 100°F. To do this there
is a balance between the heat lost from the organism and
the heat produced. The heat produced in an animal body is
the result of the chemiocal reactions oecurring within that
body and is thus spoken of as chemical regulation of body
temperature while the heat lost from an animal body is the
total of the physical foroes in operastion, so this phase
is oonsidered the physical regulation of body temperature.
The constituents of these two regulatory devices normal-

ly balance one another. This is well illustrated by
DuBois. ( %9 )
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From the previous diagram it ean be seen that heat pro-
duotion is essentially a function of chemiocal reaetions. The
exothermic oxidative and monoxidative process which are contin-
ualls in mmscles is an extremely potent foree in heat production
as shown by the rapid fall in temperature if an animal be ocur-
arigede ( "M9) The chemical reactions found in the liver and
other viscera as well as the action of the heart are continual
sources of chemical energy and heat. The specific dynamic act-
ion of food is another potent force in chemical regulation, At
high environmental temperatures this factor asts counter to
those physical mechanisms which hasten heat loss; thus the use
of a low protein diet in the summer as protein is that food-
stuff possessing the greatest dynamic effect. Conversely, in
cold atmospheric temperature, an inorease in protein intake is
beneficial for the specific dynamic effect acts to stimmlate
the body cells to a higher level of metabolism, The ordinary
combustion of congested foods is a fluctuating source of heat
and is oonsidered the Basal heat producing factor. The chang-
ing basal metabolic rate is the measurable evidence of an in-
orease of chemical activity in a bodves The thyroid gland with
its olose association of the basal metabolic rate is of little
influence in the immediate respomnse of temperature regulation.
Mills, ( 85 ) in young rabbits, found histological evidences of
change deoreased colloid content with an inoreased wacuole form-
ation or a heightening of the enithelial cells or both together,

in the thyroid gland when these animals were subjected to ocmn-
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tinved low temperature, but, no evidence is found of the im-
modiate change in the gland, thus there is little basis for
supposing the gland plays any great vart in the more direot
responses to changes of environmental temperatures. There is
direot evidenee that the adrenals, through the medium of ad-
renalin, astively participate in temperature regulation. This
was demonstrated by Cennon in 1924 ( 55) and will be discus-
sed under the body's response to colde It is well kmown that
a ocold environment is the most potent influense to inereased
metabolism, thus it would be a great influenee in the chem-
ical forces of temperature control. Kellog ( 8® ) lists seven
conditions which lead to increased heat production. These are:
(1) Glandular activity, (2) Muscle activity, (3) Mental acte
ivity, a minimum effect, (4) Digestive aetivity, whioch supplies
30-40% of body heat with a temperature rise of more than .5°F..
(5) Brief ocold water applications, (6) Low external temper-
atures, and (7) Prolonged high external temperatures.

Heat loss from the body is chiefly influeneed by the body's
response to a ohange in the externmal temperatures. The physical
faotors oomoerned in the loss of heat from the body are: (1) Rad-
iation, oonvesctlon, and conduotion, with the last mentioned of
comparitively minor importance; (2) Evaporation of water from
the lungs and skin; theee two fastors ascount for about SO% of
the heat loss of the bodv and are profoundly effected by the
environmental temperature, the humidity and movemsent of the air,

-and the nature and amount of the clothing worn; (3) Raising the
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ary means may play in such a manner as to produce almost any
dissiminated physiologic or therapeutic effect." Thus it is
the skin to which one must look for explanation of the greate

est majority of heat loss.

Normal Physiologic Response of the Body to Cold

In studying the effect of cold on the body, there are log-
ical reasons for selecting water as the mode of arnplication,
Water, which has been used as a medium for the transference of
both heat and cold, is ideally constituted for the purpose. The
specific heat of the human body is nines<tenths that of water,
due probably to the high water content of the body. Air has
only one-fifth, The ability of water to absorb and conduct
heat and Best and Taylor state that water has a cooling effeot
fourteen times that of air, which two properties do much to
determine the thermic effeets of an agent. The facility with
which water can be applied and the ease with whioh it oan be
changed from liquid to solid to gaseous are two additional
characteristics which make it even more useful,

There are a multitudinous number of variables in consider-
ing the effects of cold on the human body, these concern teme
perature of the water, mode, length of time, and area exposed,
amount of tissue exposed, and the reactivity of the patient as
well as his géneral health. Cold, in itself, is a vital depres=
sant as shown in such primitive cells and tissue, as the amoeba,

white blood o0ell, and chick embryo, whose movement is suspended
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when subjeoted to low temperatures, only to resume when re-
warmed., But in the action of co0ld on the human body there
occurs a reaction that acscounts for the therapeutie effect,

As Ewerhardt ( ‘45 ) gtates "Practically all the physiologic
oeffeots of the application of heat or cold are an expression

of the endeavor of the heat regulatory mechanism of the body to
maintain its constant temperature."™ This principle applies
particularly to hydrotherap but is of less use in the recent
therapeutic applications of cold,

There is a difference in the physiological action of cold
as it is used in hydrotherapy and the new methods of general=
ized hypothermy that are being currently studied, The temper-
ature regulatory mechanism responds normally to a change in
environmental constitutions in a way which is best suited to
preserve body economy. To get a therapeutic response this
mechanism is necessarily overcome for a short period of time,
then the physiologic reaction enters and the regulatory forces
reinstate the usual body oonditions, end, as well, there ocours
en overcompensation. In the newer methods as originated in
America by Fay and Smith, this defeat of the thermal regulation
is prolonged so as to produce an altered physiology throughout
the whole organism,

In the application of cold to the hmen body there may oo-
ocur three general reactions, a looal, systemic, or a reflex actionm.

The medium by which the response is iniated and consumated is




Page 23

the nervous system. (101 ) By the effects of cold water on the
skin, the nerve endings are stimulated both by the cold, on the
cold spots, and the mechaniocal impact which also stimulates the
receptor organs., There are definite ocenters affeoted by the ime
pulses which are enumerated by Kellog (68 ) as (1) Sensory oen-
ters located in the brain, (2) Heat centers located in the spinal
oord and brain, (3) Vasomotor eenters located in the spinal cord,
and (4) Secretory centers located in the spinal cord and sympath-
etic systems, These centers are classified functionally in the
regulation of heat as thermogenic centers, thermogenic nerves,
and thermogenioc tissues, ( 68 ) There are three classes of the
thermogenic centers: (1) Automatic centers in the spinal oord,
which are in intimate contact with the thermogenio tissues and
ocontrol heat production, (2) Accelerator centers in the brain
which increase heat produstion by stimmlating the automatioc cen-
ters, and (3) Inhibitory centers in the brain, which restrain

the action of the automatic centers. The automatic centers are
considered as rather insensitive to stimuli which influence body
temperature while the regulatory centers, accelerator and inhib-
itory are extremely sensitive,

The regulatory centers in the brain have been fairly well
localized. Barbour ( 75 ) finds in confirmation of Ronson that
heat regulation is confined primarily to two ocenters in the hypo-
thalamuss (1) Between the optic chiasm and the anterior commis-
sure, which prevents overheating and (2) a "more candal center"

for heat preservation; to destroy the center whish prevents
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chilling, Barbour states that a bilateral lesion "more can=
dally placed" is necessary., Ostensibly Barbour is referring
to that region of the hypothalmus which Bagett ( 10 ) finds
Just in front of the corpora mammilaria which seems to exert

a controlling influence in heat regulation, As long as the
hypothalamus remains intaot, removal of cerebral cortex, thal-
amus, or corpus striatum does not destroy the controlling meche
anism, Macleod ( 78 ) states that there are apparently cort-
ical regions that are important as regulatory devices in man
for with certain cortical lesions there occurs either vaso-
constriction or vasodilitation of the peripheral vessels.

The aotion of these thermogenic regulatory centers is trans-
ferred through the automatic eenters via the sympathetie nervous
system for the most part. Cannon ( 28 ) maintains that the ef-
feots of cold on the warm blooded animals are manifestations of
both a sympathetic effeot and the liberatiom of adrenalin, That
adrenalin is important was illustrated in a series of experiments.,
Using denervated animals surviving and living normally, he sub-
jooted them to cold, thus results would be from either the cold
or the injected adrenalin. As cold is kmown to decrease the
pulse rate, if the rate was increased it would be in opposition
to the effect of the cold. TUsing .0006 mgr. of adrenalin per
kilo per minute intravenously there was found an increase of
pulse rate of 34 per minute, In animals in a cold room there

was an increase in the pulse rate of 12 to 43%, in an ice box
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34 to 43%, sitting in lap and in a cold draught 43%, and with
00ld water in their stomachs, 27 to 64%., If the adrenals were
rendered inactive by extirpation of one and denervation of the
other, the above effects were not found, and shivering was mush
more pronounced. Cannon further found the sympatheetomised cats
have only shivering as an agent against cold, show no increase
in B, Me Rate, and get a decrease of rectal temperature. then
the adrenals are intact thers is a decrease in the shivering
but an increase in oxygen consumption, a manifestation of an
increased metabolic rate. Cannon maintains that through this
mechanism there can be the establishment of a heat liability
of the body for one oan use the weight, temperature, specifiec
heat of the water and the animal. Thus in the animal a heat
liability greater than 1000 Calories per Kilo gives shivering
and increased heart rate of the denervated heart, greater than
900 Calories, shivering rarely occ:irs but heart rate is in-
creased, and at 900 Calories, but with the adrenals inactive,
the same animals may shiver for as long as seventeen minutes,.
The close relationship of the sympathetic nervous system with
adrenal function is well establisheds In men, Cannon showed

a 574 Calorie heat liability by giving 750 ce.ce. of water at

1 Co This inoreased the B, M. R. 25% with the peak 15 to 20
minutes after giving the water; no shivering occurred with

750 ce0. of water at 34,5 C., there was only an inorease of

4% in the B. M. Re The thyroid supposedly also plays a part
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in the response to 6old as has been reported. ( 16 ) Serum
taken from an animal ex-osed to cold will raise the B. M. R.
of an animal into which it is injected. If the first animal
has been thyroidectomized the second enimal will not show a
rise in the B. M, Re HOwever, the conditions of these latter
experiments are not shown and no definite results are noted.

The hwat regulatory mechanism of the human body is effect-
ed reflexly from the skin and by the temmerature of the blood
floving through ite ( 16 ) It is onlv the first of these two
conditions which we are considering in this part of the paper,
Kuntz ( 73 ) maintains that the autonomic system is a reflex
system and the reflexes are influenced by somatie imrulses,
afferent in character, emasnating from any part of the body,
as well as from the higher autonomic centers in the brain stem
and from the cerebral cortex. In the mechanism of heat reg-
ulation Pickering ( 89 ) states the response is at first reflex
but that with prolonged application there is a stimulstion of
the heat center bv the cooled blood. However, as the primary
response is instantaneous, the total response, insofaras hydro-
therapy is concerned, is reflex. Attesting to the strong cort-
ical influences on the regulatorv mechanism are these same in-
vestigators findings of a more marked vasoconstriction from
physic influences than from the cold itself, ( 89 )

The body response to cold is summarized by Kellog ( 68 ).
Cold, through its action on the afferent fibers affects the ac-

celerator centers which then influence the automatiec eenters to
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perform in such a way as to cause an increased heat nroduction
through a response of the thermogenic tissues of which the mus-
cles which store glyscogen for heat and work, are the most im-
portant, The heart rate decreases which allows less blood to
flow to the surface, the surface vessels contract, which less=
ens the area of blood exposed, perspiration is checked, which
decreases evaporation, the erector pilae and other involuntary
muscles of the skin contract which lessens the conduction of the
skin, and resniratory movements are decreased which lessens the
amount of air heated., It can be seen that the primary systemie
effects of cold concern the integument. It has been mentioned
previously that the skin dissipates approximately nine=ten ths

of the daily bodv heat loss so it is only logical to examine the

effect of cold on the skin,
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ACCEPTED PROCEDURES IN HYDROTHERAPY

Effect of Cold Water on the Skin

The uses of cold water in hydrotherapy are confined to the
losal reaction, reflex reactions, and the systemic effects. Most
of the effeets of c0old water are manifested by the skin, yet,
there are many reactions which concern the visceral astion mod-
ifioations. The varying effects produeed depend on the infen-
sity of the application, the temperature of the water, the area
exposed, the time of exposure, and the state of the patient.
There are meny methods of varying the condition of application
as baths, affusions, showers, douches, pasks, and sheets. These
all have there place in hydrotherapy and are used as prinsiples
indicate. The short cold bath is chosen as the examrle of cold
water therapy for it illustrates a mechanism involved and as
Riley believes "But without in any way discounting the wvalue of
other physiocal remedies, I believe that hydrotherapy, partioular-
ly in the form of short sold baths, will bring about more useful
and desireble changes in the functiomns of the body then any other
form of therapeutiscs.”™ ( 90 )

Before beginning on the effect of the cold bath, the word
6old should be sonsidered. There have been arbitrary water tem-

°
peratures arranged according to semsation produced thus: 104 F,

o o o
to tolerance is very hot, 98 to 104 F, is hot, warm is 92 to
o o o o o
98 F., tepid is from 80 to 92 F,, cool is from 65 <to 80 F,,

o o ) o
~eold from 66 to 65 F., and very cold is from 32 to 56 F. ( 90)
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Thus a c0ld bath by this definition would be water cooled to 55o

to 65°F. The time relationship referring to "short" is defined

as from one-half to three minutes, The beneficial effects of

this type of bath are considered from a number of factors:

(a) The ability of the individual to react; a greater reaction
gives a greater effect,

(b) Amownt of surface exvosed; greater the exposure, the greater
the effect,

(6) The temperature of the water; less the temperature, the great-
or the intensity of imnression,

(d) Wmass or quantity of water applied at ome moment,

(e) 1Length of time water is applied; only considered for three
minutes here,

(£) Part of body to which water applied; the general rule is that
area immediately beneath receives the greatest reflex response,

(g) The mechanical effects produced, which increase and intensify
the effects of colde ( gg )

It is to be realized that water is the ocarrier of the active
agents, cold and mechanical impingement, and the effect on the or=-
genism depends on the variations found in the coldness and intensity.
In the avplication of cold to the body there occurs a Primary Aotion
and a Secondary Reactions ( 8 ) ( gy ) (% ) (g8 ) The final
effect of cold depends on the mode of application and the temper-
ature but mostly on the length of the application and the state
of the patient. In the short cold bath the time 1limit is three

minutes, the mode of application, and temperature of the water
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inspired air to body temperature, accounting for about 2 to
3% of the heat loss; (4) The liberation of carbon dioxide
from the blood in the lungs, accounting for 3 to 4% of the
heat loss; and, (5) Loss of 1 to 2% in the urine and feces.
(16)

To change the temperature of ths bodv, either internally
or externally there must ocour en alteration in either the
heat produced or the heat lost from the bodye As this paper
concerns the effects of cold, there are various alterations
of the regulatory balance that result in a depression of tem-
perature:
(1) Deoreased heat produstion with deoreased heat elimination,
(2) Deoreased heat production with normal heat eliminationm,
(3) Decreased heat vroduetion with increased heat elimination,
(4) Normal heat produstion with increased heat eliminmationm,
(5) Inoreased heat production with increased heat eliminatiom,
(6) Increased heat production less than inoreased heat elimination.
Thus by considering these various possibilitks there ocan be cho-
sen a method that will best utilige the physiological mechanisms
available. Of these available mechanisms Macleod states "Under
average conditions in men the main regulation of heat loss is
effected by variations in the skin temperatures brought about
by peripheral vasoconstriotion and dilitation." (78 )
From the above it oan be seen that approximately 90% of the phy-
sical regulation of heat occurs through the skin « As Kellog
( @8 ) states "The skin, as has been aptly remarked, is a harp

of a thousand strings, upon which one who is a master of necess-
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is an all important part in the application of water. It is this
effect which prompted Currie to state that its "not the cold that
stimulates but the sensations which the cold produces.” ( 68 )
This type of reaction can be easily seen in the web of a froge

A slight stimulation gives a brief vasooonstriction and then

a slight dilitation of the capillaries; more severe cutaneous
stimulation gives a quicker and more intense vasoconstriection and
then a slight dilitation and showing of the blood stream; severe
injury to the skin gives an immediate and pronounced dilitation
and an almost complete stasis. This same type of reaction ean
be simulated in man, although it is only the first portion that
is usuallv desired, ( 101 )

The hyperemia that occurs in the secondary phase is convention-
allv designated as arising from nervous mechanisms. Ewerhardt ( 43 )
explains the hyperemia as being, in part, due to the continual
supply of blood from the heart to the deep tissues, with the pro-
pelling force of the heart increaing the local blood pressure until
it is greater than the resistance cauged by the vasooonstristion
and the blood finally rushes in with increased wvelocity and refills
to more than the original volume. The exact mechanism of the dil-
itation of the capillaries he considers debatable. However, Huggins,
Blocksom, and Wilson find dilitation when nerve supply to the re-
gion is denervated and report that as early as 1872 Roy and Brown
noted secondary dilitation in the web of a frog when the sciatic
nerve was cut. ( 62 ) Of course, in this second instance, there

is no record of sympathetiec nerves to the area, Bierman and Fried=
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lander point out that the formation of a histamine like or "H"
gubstance, which produce dilitation of the capillaries by dir-
eot action, and dilitation of the arterioles by reflex action
are factors which are important in the production of the react-
ion, (78 ) Thus it seems logical that in the secondary response
there is the combination of both nervous and local tissue change
agencies in the production of the wasodilitation., To aid in the
vasodilitation, friction and rubbing are commonl- employed clin-
ically for they have been found to aid the hyperemia, There are
other procedures which enhance the effects of the short cold bath
with respeot to the reaction:

(a) Ere bathing,

1) Warm olothing 6) Exercise, but not fatigue
2) Warm room /7) Friotion of skin till warm
3) Hot dbath 8) Warm, dry skin

4) Hot drinks 9) Good health and vigor

5) Hot Enema

(b) In bath or in conjunotion with bath,
1) Very low temperature 4) Priotion
2) Short, sudden application §) Alternating hot and cold
3) Pressure
(e) After bath,
1) Heat
2) Exeroise

3) Friotion
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Effect of Cold on the Muscles
With short duration and with the aid of mechanical impres-
sion, cold increases the tone and elasticity, lessens fatigue,
inocreases endurance, and tends to restore alreadvy fatigued mus-
cles toward a more normal blood flow.
With prolonged application there is a decrease in muscle
irritability and energy, the funoticnal capacity ia decreased,

and stiffness and clumsiness appear.

Effects of Cold on the Circulation

With the sudden shock of cold there is an instant long in-
orease in ciroculatory rate and heart beat, then, there is a de-
crease, From the peripheral arteriolar constriotion raising the
effective resistanee, the blood pressure rises, the pulse is slow=
ed, either from the cold or reflexly from the increased blood pres-
sure, or from the lengthening of diastolic time, ( 11 ) With the
peripheral arteriolar constriction 3azett finds there seems to be
an associated dilitation of the large arterial trunks as evidenced
by deoreased pulse wave velocities, The heart has also been seen
as enlarged by Bauffe in 1926 ( 12 ) from the effects of cold al-
though his comments on the intrinsic reservoir of blood in the
heart and aorta with its large branches and the pulmonic fields
are not germane here. The tone of the heart muscle is probably
enhanced so the peripheral vasoconstrictioh, by inoreasing the
work of the heart and with the inereased diastolie time, both ex-

ercises and rests the heart. With the dilitation of the periph-
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eral arterioles and ocapillaries, there is a lessening of dia-
stolic pressure and with the increased tone in the arteries there
ocours an acceleration in the peripheral flow of blood. With con-
tinued co0ld there is decreased activity and rate of blood movement
in the bodve The continued contraction of the peripheral circula-
tion throws an added burden on the heart, and the reflexed vaso-
oconstriction which occurs in parts reflexly related to the area

exposed further adds to the hearts' burden.

Effect of Cold on Respiration

In short applications cold increases both the rate and depth.
The first reaction is a deep inhalation, then a momentary rest,
and then a deep exhalation. If cold continues the respiration
usually continues to remain deep and the rate is usually increased.
Theoretically this could stimulate tissue activity from an increased
oxygen absorption and carbon dioxide output. Dill and Forbes ( 33 )
found respiratory regulation effective in animals at 23%. although
they did note a trend toward acidosis as evidenced by & redusction
of from one-fourth to one-half the alkaline reserve, However, they

used prolonged severe cold,

Effects of Cold on the Nervous System
Local application of either cold or heat for short periods
inorease the sensibilit-, while long applications decrease it. The
temperature of the water is extremely important here. The effeocts

of cold water on the heat are well known, as the increased activity
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oreated by short application, and the decreased activity from

its prolonged use. The nervous system is intimately associated
with all the effects produced and thus may be summerized by stat-
ing that short cold avplication stimulates activity, particularly
sympathetic manifestations, and prolonged cold has the general

offeot of retarding activity as in other systems of the body.

EBEffects on Metabolism
The B. Me R, responds to short aoplications of cold by in-
oreasing the amount depsnding on the patient and the amount of
stimulation. Prolonged cold may or may not decrease the metab-

olic rate depending on the heat regulatory mechenism's integrity.

Effects on the Blood
Riley ( 90) reparts inoreased red and white cell counts as
well as increased hemoglobin in short exposures to cold, and in-
oreased total counts in long exposed areas, Whether this is true
state of the hemopoietic system or whether it is the result of

the vascular chenges is uncertain.

Effects of Cold on Digestive System.

The short cold bath produces an inocreased hydrochloric acid
production as well as increased absorption in general and of phos-
phates in particular from the alimentary tract; in addition there
is an increased peristalsis found in the stomach and intestines.

( 90)
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The effects of heat and cold on gastric and intestinal
motor activity has recently been studied by Bisgard and Nye,.
( 19 ) Their method consisted of ingestion, irrigation, and
by external apvlication. By the insertion of balloons through
the mouth and through ileostomy and colostomy wounds, and then
transmitting the records onto a hymograph, A record could be ob-
tained. They found that although the gastrointestinal tract
was influenced by manv extrinsiec factors that ecld to the ab-
domen would stimulate motor actiwvity throughout the tracts, and
would increase gastriec aecidity. If the cold water was ingested
this same effect was reversed. Applications of eold th the thighs
would engender the same motor response., Heat in general gave
opposite effects than cold. Sano ( 92 ) found through denerva-
tion experiments which, when considered, led him to ocmoclude that
the motor response to ice depended on somatiec stimnli to parasym-
pathetic and sympathetic innervation of the stomach, but that the
inhibitory effects resided in the ice contact of the ice or cold
with the wall itself, The increase in free and total acid is so
constant that Bisgard mentions it as a clinical test for achlor-
hydria, Stengel and Hopkins (100) noted a greater drop of temper-
ature in the fundic portion of the stomach than in the pylorie
which may be of some significance, although the difference was
not great, Eberhard ( 40 ) corroborates Bisgard when he found
that after ingestion of 250 c.0c. of ice water or 90 grams of ice

oream the motor end point of the stomach was advanced with a de=-
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lay in the emptying of from thirty to forty-five minutes. The
influence of balloons of the type used by Bisgard end Nye on

the initial tonus of the intestinal musele may have been a fact-
or in their results. ( 75 ) However, it would appear that it
would be negligible., Whether the increased gastrie acidity is
from reflex aotion or from the liberation of histamine seems
rather wmoertain, ( 76 ) ( 19 ) Perhaps the surface chilling
may increase the tone of the smooth muscle as it does in vol-
untary musclé, yet adrenalin is known to be released from cold,
this should have an inhibitorv influence on all but the sphinc-
ters of the alimentary tract. Perhans it is a matter of degree,
area ex-osed, end duration of the cold. Bisgard mentions future
work to bedone on the sphincters.( 19 ) Therapeutically, Bisgard's
work indicates that while cold is contraindieated for appendicitis
and peritonitis; it is of manifest importance for the relief and
expelling of gas in distension, exscept in colicky pain wherein
0old may further disrupt the integrated peristalsis. In bleeding
ulcers, the ingestion of iey fluids would act to decrease gastriec
acidity, decrease motor resnonse, and perhaps produce a benefisial

vasoconstriotion,

Effects on the Kidneys
With repeated baths, there occurs an increased function of
the kidneys which include increased elimination of total solids
and urea ( 90 ) although Kellog ( 68 ) finds a decrease in urea
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elimination, Ewsrhardt further states that 60ld effeots di-
uresis by stimulating the misturition reflex and while the flow
of urine is increased, if only temporarily, by the slevated
blood pressure,

While it is wmderstood that the above is only a minimal
desoription of the effest on 60ld on the organism, it is suf-
ficient to umderstand the ratimale of therapeutis application.
Through an understanding of the effects of ocold which is not
excessive on the body, it is hoped that a more logical invest-
igation and a clearer interpretation of the more recent applica-
tions of c01ld in the form of ice and freezing can be gained.

From a oonsideration of the affects of 6old it is seen that cer-
tain oonditions discourare the use of this agent:
(A) Conditions discouraging reaction, ( 68 )

(1) 01d age and Infénoy (4) 1Inaoctive skin or

profuse perspiration,

(2) Obesity or rheumatic diathesis

(5) Very low temperature

(3) Exhaustion of skin

(6) Extreme aversion to
cold

(B) Pathologic Conditions that Effect Reaotiom
(1) Nervous individuals give uncertainty of reaction
(2) Diseases of the peripheral vascular system

(3) Acute febrile infectioms diseases may give toxic motor
neuron changes ‘

(4) Advanced Nephritis when there is a tendency to vas-
ecular spasm,



(5) Exophthalmic goiter
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(6) Chronic alooholics and morphine addicts which may

have a vascular atony

(7) Cardiovascular disease with arteriosclerosis, and

hypertension

There are many diseases in which cold as a hydrotherapeutis

agent is used., Some of the uses in this field date with the be-

ginnings of medicine, and some are of more recent use. The dis-

eases in which cold is used are:
(A) The Sole Remedy;
(1) Sunstroke,
(2) Convulsions in children,
(B) An important adjumoct;
(1) Typhoid
(2) Fephritis
(3) Myocardial degeneration
(4) Neurasthenia
(c) A helpful aidj;
(1) Pneumonia
(2) Local inflarmmation
(a) Rheumatism
(b) Mastoid disease
(e) Neuralgia
(@) Abdominal pain

(5)
(6)
(7)
(8)

(o)
(£)
(g)
(h)

Constipation
Moderate hypotension
Functional stomach disorders

Insanity

Peritonitis
Ileus
Searlet fever

Tuberoculosis

(3) Chronic diseases in which all funotions are depressed
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(4) Asthenic and neurasthenic states

(5) Myxodems and states of decreased B. M. Re

(6) Diebetes and obesity if cautiously used

Of the use of baths in fever, Clendenning ( 31 ) has some
definite indications; they are:

(1) A cardiovascular tonic which acts as a heart and blood
pressure stimulant,

(2) A general sedative to the nervous system which induces
sleep and allays apprehension,

(3) An eliminant bv increasing the secretion of urine and
the excretion of the nitrogenous waste products,

(4) A temperature reducer,

There are many methods of application of cold such as:

(1) Towel baths (6) Compresses, cold and

stimulating

(2) Ablution
(7) Baths, general and local
(3) sSheet bath
(8) Douches
(4) Drip sheet bath
(9) Showers
(5) Wet pack, full or three-
quarters (10) Baths containing chem-
ical ingredients.

Besides the many uses to which a general form of cold water may
be used as a therapeutic device, there are myriads of local ap=-
plications that are used both by the general practicioner and
the specialist, It is used with equal facility by the general

man as an adjunct to mastoid "trouble," in which it "is so es-
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sential a part of early treatment of mestoid disease that every
physician owes it to his patient to use it," ( 31 ) and by the
neurosurgeon as & postoperative adjunct. In general it may be
said that local acute inflammation and congestion are indications
for the use of cold, here the therapy is directed so as to pro-
duce vasoconstriction and relieve the pain, . Likewise in traums,
wherein contusions and sprains are considered, and there is a
likelihood of extravasation of blood and lymph, the vasoconstrict-
ién produced locally is beneficial in deterring the accumulation
of extravascular material, However, it is not within the scope
of this paper to review all the indications and uses to which
cold as a local measure can be applied, it must suffice that gen-
eral rules for the application be reneated, more with the idea of
learning how cold normally acts and the present concept of indic-
ations for its use than with the idea of a comprehensive survey
of the literature regarding its use,

So, with some lkmowledge of how cold water acts on the human
body, and some lmowledge of the accented procedures in hydro-
therapy, a more intelligent investigation of the new methods of

applying frozen water or ice may be commenced.
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THERAPRUTIC USES OF GENERAL COID

In the last five ysars there has been a revival of a

therapeutic agent that was at one time privately attempted.
J. B. Arnott in 1849 published a book "On the Treatmsnt of
Cancer by Anaesthetic Pemmeratures” and in 1851, J. He Bennett
wrote "On Cancer and Caneroid Growths" whioh also regarded the
use of cold as efficacious in neoplastic therapy. ( 47 ),
These books,: howaver, are not available for study. So, while
Temple Fay is ocredited with a revival of oryotherapy in
Amerioa, it must be admitted that predecessors are known and
it is evident from th; historical summary that reduced body
temperatures had been éxperimsnted upon by men in the ninteenth
century and observations concerning reduced body temperatures
occured even prior to that time., In animals actual freezing
of the tissues has been used, Fish, amphibians, and reptiles
have been fully anasesthetized by immersion in eracked ice and
water, then laid on ice slabs and operated with none of the
effects of general anaesthesia, Pfeiffer in the use of new
born rats shows that right after birth they do not maintain
a high body temperature and if they are chilled in a refrig-
erator and operated on a bed of ice, thev would usually suffer
fow untoward effects, ( 59 )

The progression of reasoning and experiments leading
to the first modern trial induced decreased body temperatures
is interesting and illustrates a plan of soientifio attack on

a clinical observation with the evolvement of a new hypothesis.



Page 43

In 1938 Dr, Temple Fay, a neurologist at Temple Uni-
versity, and GeC. Henry undertook a study to discover if spinal
oord lesions or tumors would produce my temperature ohanges
in the corresponding dermatomeres. To: do this it was nec-
essary to kmow the normal plan of segmental body temperaturese
Benedict and Slack in 1911 ( 15 ) had studied skin temperat-
ures, not with spinal cord stimulation, but from the stand-
point of temperature gradients in different parts of the body.
With the thermocouple as constructed by them, they found
parallelism of temperature curves in resmonse to heat and cold
and as a general result, They postulated "Aside from the skin
temperature, a rise or fall in rectal temperature of all other
parts of the bodye." These men reccorded differences in temp-
eratures in various regions of the body and studied the effeots
of physical agents on the temperatures. In studying temp-
erature gradients of the tissuess Mendelson in 1936 noted
the difference of skin temperature in the upper exterminity
thus he found the temperature of the skin om the back of the
hand 29,24°C, on the forearm near the wrist, 32,020C. near
the elbow 32,44°C. upper arm near the shoulder 33,40°C,

He further noted that in general temperatures were higher
near the trunk and lower near jointse In 1937 Freemsn and
iindner studied the surface temperature of forty patients

on nine symmetrical points, took seven readings at each point,
at thirty second intervals at a temperature of 240C, and a
20% relative humidity. They concluded ¥hat {he degree

of bilateral symmetry is so close that one can use only one
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side of the body for the measurement and analysis of data,
There has been given only three examples from those who have
studied surface temperatures of the body seeking sundry types
of informatione Fay, in his study, (44 ) used an improved
type thermosouple and a galvanometer with which he could be
accurate to within .20C. (+36°F.) With these preeise instru-
ments he found that the average normal surface’temperature
was 3.5°C. (643°F.) lower than the mouth temperaturee. The
areas of skin overlving the segments for the breast showed
consistently higher temperatures than the rest of the trunk;
which was fairly constant. The fifth thoracic segment was
variable but usually was o5 to 3°F above the segments lying
two inches to either side of ite ( 44) The head and neck
areas were higher than the remaining body while the extrem-
ities were lower in temperature in all cases, The distal
portion of the extreminities were found from 6e7°Ce (12°F)
to 11,1°C, (20°F) below the normal mouth temperature in cer-
tain instances, and from .1°C. (.18°F) to 4.6°C. (8.3°F.) in
the male normal control groups in addition Fay found that
irritation by heat and pain produced a hyporemia in seg-
montal areas of stimulation and cold produced vasoconstruetion
and ischemia in the same reflex ares,

The soarcity of either orimary or metastaties neoplastie
growths in the extreminities has long been known and often
recorded. (45 ) Coley and Hieginbotham ( 32 ) in 1939 report-
ed on 47 tumors of the extreminities in a series of 1,1211
primary bone tumors, less than half of these found in the
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extreminities were malignant and only 2 matastatic., Mason
(g1 ) notes that carcinoma of the hands and feet com~rise not
more than § to 107 of all squamous cell epitheliomas « In
contrast to these findings in the established frequency of
malignancy in the breast region of femmles, in which segments,
both in women and men, there is found a higher temperature
than in the adjacent segments. With a depression of surface
temnerature that was recorded and noted by Fay and Smith,
they decided to investigate the reason for this decreased
incidences The increased metastases to regions of increased
vasoularization and temperature such as the lings, brain,
liver, and the eentral portions of the skeleton rspresent

the same question for inves+igation with a single explanation
hoped that would suffice to answer both queries.

In studying the effects of temperature on neoplastic
tissues, the c¢lose resemblance of tumor tissues to embry-
onie tissue is accepted. Huggins and Blockson ( g3 ) studied
the growth of red and yellow marrow in ratse. They found that
the red marrow normally regressed after the developmental
period to yellow marrow in +he distal vortions which are the
cooler areas. By transplantation experiments wherein these
distal portions were put into the abdomen there occurred an
increased red marrow perseverence. They observed that abdom-
inal warmess was a factor in determining the marrow dis-
tribution after development. The elevation of temperature
offects an increased hemopexis from the increased tissue

metabolism, the secondary vasomotor effect or both, and
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these oconditions tend toward a persistence df red marrow,

A deoreased temperature by deoreasing the disoassooiation
of oxyhemoglobin and changes in the carbonate bicarbonate
ratio, and concentration and phi operates to remove the red
marrow and replace it with the less viable vellow marrowe:
These investigations feel "Therefore that the temperature
variations of the order present in the extremities of normal
mammals and birds, significantly effect marrow activity."
Huggins and Noonan in 1936 (64 ) found there was a great
quantitive difference found in the retieulo-endothelial system
content of the bone marrow of the central bones as compared
with the more distant outlving eenters, and, that changes
comparible to those desoribed in the previous experiments
oould be observeds The tissue constituting marrow is used
-as a good comparison for neoplastic growth beocause of the «
occurrence of prolifioc growth and mitosis. Thus, those
experiments tend to illustrate that an. inocreased temperature,
is within physiologic limits, tends to inorease cellular
growth in the mammalian body and that deoreased temperatures
may be faotors in regression of growth.

That a reduction of temperature does not kill cancer
calls has been reported frequently. Gaylord in 1908 (52 )
faind that the transplantable carcinomatous cells of the
mouse were able to survive at a temperature of -- 195°C, of
frogen liquid air, for at least 80 minutes and when thawed
would regrow, althouzh more slowlye Breedin and Farth in

1938 ( 24 ) reported on six different types of cancer cells
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which could be preserved bv freezing without their wirulence
being altereds They mention that Erlich kent cancer cclls
alive for 2 years at -- 8°C. An accompanying observation
related that slow freezing of the cancer cells was less
injurious to the caells than ravid freezinge. KXlinke in 1939
(70 ) recorded his experiments on embryonic and neonlastic
growth after using liquid hydrogen and nitrogen as freezing
agentse He found that round oell sarcoma of rabbits, after
being subjeet to --253°C, as a result of exposure to liquid
hydrogen, could reproduce as proved by vital staining tech-
niques and the growing out and emigration from the explants.
He found wvarious resistancies to freezing in the different
types of cells investigatede In freezing fragments of the
embryonic heart of a fowl in liquid nitrogen for 5 minutes,
on thawing he found evidence of fibroblastic growth and vital
staining. Xlinke concluded that the mammalian cells of mal-
ignant, embryonic of normal tissue can survive temperatures
down to -- 253°C, So temeratures inimicable to cell growth
do not depend on a severe reducstion of temperature, but
Smith has shown that temrerature can be an important factor
in cellular growth and differsntiation,

In 1932 Smith reported ( 96 ) the results obtained from
700 studies made on the affects of temmerature on the deve=-
lopment of chich embryose The optimal incubation of temp-
erature in chick embryoies is approximately 100.5°F., Smith

fo'nd that a "critical temperature™ existed between 90 to 950F,
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in which there would ocour a delay in development with a
concomitant failure of cell growth, differsntiation, and
organization, He found that if embryos were subjeoted to

a temperature of 90, for 48 hours, then allowed a normal
temperature for development, they would show 100 percent
malformation, Temperatursas below 90°F, gave only delayed
maturation, Thus Smith points out the similarity between
embryonic and neoplastio tissue and considers the "oritiecal
Temperature” an important mechanism that may have therapeutie
implications, Corresponding with the study of oritical temp-
erature in the chick embryo and the hypothesizing of the
temperature fastor in eellular grewth , there is found an-
other corollary in the physical spectrum, with its close
relation to heat, In 1939 Smith and Fay presented a long
paper (95 ) summarizing their data. This paper eonsiders the
effect of light as of importance, with temperatures, as a
factor in the growth of cells from a broad biologic concept.
Thus intense sunlight and sustained low temperatures gives a
slow stunted maturity as found in vegetables above the timber
lines Sunlight plus optimal temperature gives growth and
maturity and darkness and inoreased temperatures gives an
over-growth and delayed maturity as seen in plants in a dark
cellar. (JeGgle 3R) thus generally speaking the physical
spectrum plays some part in growth in cells. A sugrested
analogy in the human is the clinical history of the slow
growing more mature forms of squamous carcinoma of the heands

as opposed to the more rapidly astive sauamous carcinoma of
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the oervix where the temperature is 1 to 3°F, above that

of the mouth. The effects of Xaray for destruction of cellular
growth while cortain wave length of the ultra violet fre-

quenecy are now being investigated.
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LOCAL REFRIGERATION IN CANCEROUS CONDITIONS

With the establishmonts of certain critical temperatures for
cell growth, plus the fact of deoreased metastatic and primary
tumors in regions of decreased temperatures, Tgymple Fay deoided
to try this theory of deoreased temperature on human subjects.
The first application was made in 1936 on a woman with a pelvis
frogen from caroinoma, ( 44 ) ( 45). This patient had been tak-
ing .2 grain of morphine a day and was still suffering from pain,
thus a willing subjeot for any alleviation of symptoms. Apparatus
was fashioned of water at Sg‘F. in a closed system, and was deliv-
ered to the cervix, In hoﬁrs, there occurred a relief from pain and
the need for morphine was obviated. In three weeks there was ev-
idence of fibrous repair of existing rectovaginal and vesioovaginal
fistulae and definite mieroscopic evidence of degeneration of the
tumor. After fiveé wocks of refrigeration this patient insisted om
going home where she died 13 months later from metastatio lesions.
From the beneficial effects anparent on this first application grew
the routine use of regional application of cold for severe eancerous
conditims and the later investigation as to the feasibility of a
goeneraliged reduction of témperature when regional application is
impossible,

Smith in 1940 ( 98 ) reports the efficacious influence of
local hypothermy or refrigeration in a wide variety of ocases.
There were found striking regressive changes in carcinoma of the
uterus, breast, vulva, rectum, prostate, bladder, oral cavity,
varying peripheral lymph mode lesions, thyroid, tumors of the

brain, and even in some instances of bone tumors. In every oase
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o
in which direct application of temperatures of from 40 to 50 F,

were possible, neorosis and even actual disappearance of cells,
a8 proven at autopsy from metastatic deaths, ococurred. The method
used is simple and evident but the mechanism is as yet obscure,

Interference with metabolism and eellular anoxia must exist,
as well as a probable congelation of the cytoplasmic lipoproteins,
when 00ld is applied. The process is different from actual fre-
ezing in which cells may be kept for long periods of time, for
here the cells lose their wiability in this oritical temperature
level, The unclear destruction and cytoplasmiec degeneration which
ocour resemble the changes found with x-ray except that the xeray
destroys normal tissue includi ng small blood vessels almost as
regularly as tumor oclls which often leaves a dense avascular
cicatrix., With water at 40°F for as long as five and one-half
months, there has been found no damage to the skin or supportive
tissue and the repair follows normal regemeration without scar
formation,

To act on the tumor cells the decreased temperature must
penetrate the tissues., ' This penetration is one of the prime
objectives in the use of cold and Bierman and Friedlander in
1940 report ( 18 ) that cold on the surface of the skin and
mucous membranes oan ocause appreciable diminution of temperatures
in tissues lying beneath the Surfaoe. The extent of influence
depending on the nature of the substance applied, its wariation
from thermal neutrality or the difference from the temperature
of the body surface, the duration of application, and the region

upon which it is plaseds These.men found, using thermocouples
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1% inches from the ice bag that water at 50 to 52 C. fo:

25 to 36 minutes on the cheek decreased the oral temperature
10 to 12 percent; water at 44°F. for 1% hours in the rectum
gave a 22 to 25°F. deorease in the posterior urethra; and in

the leg the effect is best shown bv a chart:
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The fall of temperature is asoribed to the prompt vasoconstrice
tion and the oonduotive abstraction of heat from the tissues,

the insulating value of the suboutaneous fat manifesting itself
in the appearance of the temperature gradient, Bierman concludes
that "Conductive cooling profoundly effects the deeg‘ local, dis-
tant local, and systemic temperatures of the human body." That
there is a decrease in temperature is important, but more impor-
tant is the degree for the relationship of the internal temper-

ature acquired to the oritical temperature of the tumor eells
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is the desired result. At present the critical temperature
levels of human neoplasm is an uncertain thing and though good
results have been obtained clinically no actual determinations
of internal tissue temperatures have been included in the liter=
ature .

Sano and Smith ( 92 ) have recently reported a study on
the effects of reduced temperatures on tumor ocells in wvitro.
Using transplantable animal tumors as controls, they investigated
the viability of tumor ocells at 20 to 2500. (68 to 77°F.) They
fir#t determined the time at Ooc. necsssarv to half growth at
37 Ce, and found that in forty-eight hours all types studied
grew, but at sixty hours only lymphosarcoma and mouse carein-
oma, and these rarely, They then established which temperature
would retard growth both after twenty-four hours at 3700., to
let 60118 establish growth, and by putting cells immediately
into a lowered temperature, The tumors studied were: (1) Re-
tioulum cell sarcoma, rapidlv growing in a 2% year old boy,
(2) Colloid carcinoma of the solon, (3) acute lymphatic leukemia,
(4) Hodgkins Disease, and (5) Mammary Carcinoma of the Mouse,
C 57 Lankeman strain. The results were compared to the controls
used and although it was difficult to determine at what temper-
ature all cells were destroyed because of individual differences
and the fast that only one cell is needed\to perpetuate a colony,
certain rather definite observations were made, Sano and Smith
noted "As a result these exreriments have a oritical temperature,
around 22 to 2400., which if maintained over sufficient periods

of time results in a lethal interference with the neoplastic cells
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in tissue oculture." At 5000, 86°F., there was found a marked
regression in tumor tissue and at 22 to 2400., 71.6o to 75.2°F.,
there was found a marked vulnerability of the tumor tissuwe. At
the lower temperature nuclear changes were particularly effected,
the mitotie changes nerceptibly retarded. It is explained hypo-
thetically by the changing in the physical properties from fluid
to jelly like oonsistency during mitosis. For mitosis to be com-
pleted refluidification is necessary. With the fluid-gel balance
in such delicate equilibrium, the decreased temperature supposedly
can alter the condition. There is evidence that the total molar
oconcentration of materials is less in germ cells and early em-
bryonio tissues, and that neoplastic tissues resemble these em-
bryonic and germ tissues. ( 92 ) Whether or not there is a
corrclation between this latter faot and Seno's idea on mitotie
change has not been decided. There are important phases of cold
checking or retarding mitosis for it is established that neoplastie
tissues are more susceptible to x-ray during mitosis, and, thus,
if 0ell division can be arrested, then irradiation should be more
effective whioh would allow dosage to be decreased so it might
then be possible to continue the effective period of therapy long-
er without injurying the normal tissue.

Ee Vo Cook ( 33 ) in 1939 reported that Asoasis eggs, after
an exposure of 5000 r units found that cold at 5°C. got no re-
covery of the oleavage time as compared with his controls and
the number of normal embryos inoreased as added time of exposure

0
at 5 o, But this mayv be irradiated first and then found that

cold might even aid the reparative processes, the cells recover
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from the effects of x-ray more slowly under the influence of
cold, but they recover ere proceed to develop so normal embryos,
depending om length of time, are used., Temperature of O to 500.,
(32 to 41°F.) were found by Evans and Goodrich ( 42 ) during
1,300 r of x-ray, decreased the amount of injury to new born
rats! tails' skins., These temperatures, however, are out of the
oritical level.

Crabtree and Cramer in 1933 ( 34 ) comment on the varying
statesof susceptibility of cancer and normal cells to x-ray and
state there is an inorease in suseeptibility just before mitosis,
The respiratory system is the most labile of the kmown molecular
systems in cells and it seems that irradiation effects this mech-
anism giving a progressive degeneration while anaerobis glyocolysis
remains relatively constant. This effect of radiation would be
enhanced by cold if 60ld acted to denress eellular activity.
These investigators did find that x-ray has a greater effect at
lower temperatures. Mottram ( 84 ) corraborates the above find-
ings by illustrating the effects of x-ray and reduced temperatures
on broad beans as compared to the rats tails used by the parent
investigators.

At Temple University there has been continued successful
utiligatian of looal hypothermy or refrigeration in the treatment
of neoplastic growthe While no literature is yet available as
to the effects of combined cold and x-ray or ultraviolet therapy,
this phase is being investigated and experimental findings should
soon be available. It is to be emphasized that relief of pain
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and an improvement of gene»ral ocondition for periods of time that
are variable are the only therapeutic claims that have thus far
been established. There have been continual regressive changes
found in size and morphology of the tumor masses treated, yet
control of metastasis and disappearance of malignancy on biopsy
have only occasionally been reported.

MoCravey in 1940 ( 80 ) gives a summary of four hopeless
cases of terminal caroinoma of the bladder., By sewing the mmo-
osa of the bladder wall to the skin surface, thus marsupializing
the patient, he effected a semipermanent suprapubio cystostomy,
By use of special applicators he was able to apply cold at 40°F.
The preliminary biopsies of all four ocases showed Grade 3 oar-
oinoma and pain was the major problem. 1In three of the four
only loocal refrigeration was used. Three of the four showed
negative biopsies while the 0cold was anplied from 43 to 133 days.
There were two fatalities from ascending infection and the two
who lived had negative biopsies as well as relief from pain at
the time of writing of the article., The major complication of
the treatment sczemed to be the chance of infection and consequent
pyelonephrosis., Whether or not the biopsies showed the true con-
dition present is problematical for there is a distinet possibility
of extension beyond the bladder wall, In any event two of the
cases wore definitely benefited, all were improved temporarily,
and two died whether because of the treatment or in spite of it,
is unknowmn., The life expectancy was inocreased and possibly if

preliminary surgery be done to decrease ochances of remal infection
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then the results may have been much better,

There is usually no dire tissue change foumd in the normal
cells of the body in respomse to looel cold. Smith ( 98 )
states by and large, it may be said that only rarely are signif-
icant morphologic cell changes observed in normal tissue even
when subjeoted to prolonged local refrigeration for as much as
5% months."

To summarige briefly; It seems plausible that applying
temperatures of from 400 to SOOF. to accessible tumors one
may expect a relief of pain and imnrovement of general status
of the patient, a regression in size of tumor mass, degenerative

changes, mecrosis, and perhaps even disappearance of the mneoplastie

eells,
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LOCAL REFRIGERATION IN SURGERY.

Starting in 1929 and so before the work of Fay and
Smith at Temple University, Frederick M. Allen was invest-
igating the influence of decreased temperatures on the ligated
limbs in animals with possible application to the field of
human surgerye In 1939 Allen in discussing the physical
factors in shock ( 7 ) mentions one of the standard proced-
ures that was used in the nroduction of sevondary shock.
This is the method whereby a ligature is nlaced around an
extremity for varying lenghts of time, then with release
of the ligature do the symptoms of shook appear, dependent
in time on the length of ligature time, mass ligated, and,
what is pertinent to this paper, the temperature of the
pacte 4Allen had investigated the warious factors that
influenced the changes occurring in a ligated link and his
observations have been complimented by those of other
investigatorse In defense of ligation as a justified vro-
cedure in producing secondary shock Allen then states that

one can quantitatively control shock and standardige the
degree of shock, exclude the nervous factors and the presence
of dead tissues or blood clots, produss complete recovery
of animals when desired, and possess a: convenient method for
studies to be made., Pain and nervous factors are mostly
eliminated partly from the relative painlessness of the
procedure and partly by the mnaesthesia and nerve block
produced by the ligature itself.

In the utilization of ligatures in an extremity to
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produce secondary shock there are conditions similar to those
found in certain surgical application of the tourniquet and
thus Allent's studies which were dealing with shock were easily
transformed into findings that were later developed into the-
ories applicable to some phases of surgery, particularly of
the limbs. The typiocal secondarv shoock following application
and release of a tourniquet may range from trivial to fatal
and is governed by the duration of the ligation and the mass
and character of the tissue ligateds The length of time that
the ligation occupies also governs the local effects of hyper-
emia and inflammation, and paralysis and anaesthesia. Gangrene
arising from ligature applioation is considered due to lack of
blood supply for a longer time than that which the tissues can
withstand asphyxia and from the direct pressure effects in the
zone of ligation, in the form of ulceration, necrosis, and
thrombosis followed by gangrene of the more distant parts.
(3 )

In 1936 Wilson and Roome studied the e ffects of tourni-
quets on an extremity. ( 106) They found that after constric-
ting the hind leg in dogs for seven to twenty hours, 69% of the
dogs died on an average of 25 3/% hours after release, as com=
pared to 17% of the control. Theyv found that with constriction
of three hours, all their dogs recovered, three to 8ix and a half

hours all died. No mention is made of the environmental temper-

ature or zone of ligature, but the site was presumably in the & %

upper leg end the temperature that of the roomes To prevent it

was found that both amputation plus blood or plasma were
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necessarye
Early in his studies Allen noted that the best type of
tourniquet to be used was narrow and elastice ( 2 ) As
he says, "The flaw in the customary logic seems to lie in
the faot that the degree of pressure required to stop blood
flow 1is not greatly different whether distributed over a
small or large area; but tissues are injured chiefly by direct
pressure, therefore the greater extent of such pressure
the greater the injurye" The injury ocouring from the tour-
niquet that are of importance depend on the speciss, the time,
and, as is contended from experiments, the temperature.
The loocal effects of ligature application which give ulceration
and necrosis depend on the pressure applied over a wvariable
length of time, 48 hours is usually the urper limit of time
that gives no ulceration, after this pressure necrosis and
ulceration usually ecour, at room temperatures. The para-
lyvses and ocontractures resulting from a tourniquet come either
from pressure or as phyxiae. Allen states ( 5 ) "On the other
hand, in hundreds of experiments there has never been a single
instance of permanent damage when the paralysis was nroduced
by asphyxia alone, without any local trauma.," Thus it is
seen that the correct pressure, although easily adjusted
to prevent arterial flow is an extremely imvortant procedure
in tourniquet application, Thus in the application of a
tourniquet a narrow fielg is included to minimize the dan-
gers of thrombosis, ( 6 ) The motor nerves are more sus-

ceptible to pressure and regenerate more slowly. ( S )
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The influence of decreased temperature is beneficial in allaying
the pathologic changes as shown subsequently byBrooks and Duncan
( 25) who found that "If a rats tail is maintained at a temper-
ature between Ooand SOC. the application of pressure for a period
adequate to insure gangrene at room temperature, no gangrene
osours.” Whether this fact is sufficient evidence is open to
debate, the rats' tail is thin, gives a good line of demareation,
and presents signs of impending necrosis, These men later con-
tend that temperature changes have not been proven to alter the
development of gangrene, for there is no proof of altered met-
abolism, and, that the condition of the circulation was such
that the receipts of nutritive materials and removal of waste
products does not change with altered temperatures. The temper-
ature range studied was 30 to 3400. (BSOF. to 9302 Fe)

The asphyxia resulting from ligaturing a leg has been ex-
tensively studieds Allen has shown ( 2 ) that asphyxia of
chicken wings takes nine hours of deprivation of blood, a rats'
leg, twelve hours; and legs of rabbits, cats, and dogs, fifteen
hours, He mentions these time intervals might have been longer
had not uleceration from trauma and pressure supervened., These
figures were taken at room temperatire, Survival limits are
specific as Allen says "It is probable that tissue metabolism
is one of the important factors determining survival 1limit, and
beeauée of rapidity of metabolism the limit is likely to be short-
er in the mouse, rat, and chicken than in dogs, and perhaps shorter
in dogs than in man." Allen (4 ) found the survival limit in

dogs intestine to be six hours or less, the liver with incomplete
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investigation, one lobe for one-half hour, gpleen three to four
hours, pancreas, one-half hour, with death from fat necrosis,
peripheral ganglion, number of hours." So not only is survival
limit species different but is organ variable. The amount of
tissue which has been devrived of nutrition is extremely im-
portant both in the production of the secondary shoek following
release and from the standpoint of rate of gangrene.

In animal experiments, Allen found that he could alter the
usual clinical course of secondary shock with a local transudation
of fluid on the applieation and release of a tourniquet bv altering
the temperature of the part, ( 3 ) In rats he demonstrated that
ligature of a whole leg for twenty minutes at 4505. gave death in
two to three days; ligature below the knee for one hour and one
and a half hours, geve mecrosis with spontaneous amputation or
death, at 38 to 3900. for two to two and a half hours gave fatal
shook, and low ligatures gave death in four hours. Thus prolonged
ligature at close to room temperature showed serious results. He
duplicated these exneriments on other animals and got comparable
results., Evidently the raised temperature by accelerating looal
metabolism and antolytie processes, created increased needs for a
supply of oxygen and food, and for r moval of toxic waste products,
and without circulation tissue death is hastened., When the same
types of ligatures were used and the same types of animals, Allen
found that the high ligatures that were fatal if used for thirty
minutes would survive eight hours constrietion if the 1limbs were
placed in ice water; if two hind legs were placed in ice water,

which would be fatal at room temperature, survive for five hours
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ligations, stopping of the aortiec cirfulation by abdominal cir-
culation for one and a half hours, ordinarily gave death in

one and a half hours, but if lower body were placed in ice
water, survival was increased after three hours or more of ocone-
strietion; in this latter case the rectal temperature would hit
27 or 28°C. (80.6 to 92.4°F.) but on rewarming the animals would
be all right again, At room temperatures Allen found that the
legs of rats, cats, ratrbits, and dogs.could be ligated for thire
teen to fifteen hours or longer with a minimal denger." Elevation
of only a few degrees of temperature multiply the asphyxia; 80
that either local gangrene or fatal shook may result within a
fraotion of the time required at room temverature.” Using de-
roreased temperatures, without freeziné, Allen found that limbs
could survive fifty hours or more.

To explain the effeets of cold upon the tissue changes found
there can be postulated a general metabolioc retardation occuring
in the part that is legated and exposed to sold. Goldsohmidt and
Light in 1925 ( 56 ) showed that in an arm exposed to cold water
from 0o to 18°C. there was a decrease in the carbon dioxide sat-
uration, and an increase in the oxygen saturation.of blood taken
from the antecubital vein. They explained this by a decreased
metabolism of the tissue cells similar to that found in most chem-
ieal reactions subjected to cold and to that found in poikulo-
thermio animals during hibernatimn, An additional factor is
the cooling of the blood in the part which deoreases the dis-

association of oxyhemoglobin which decreased the amount of
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oxygen available to the tissues for muscular oxidative pro-
cegsesse With decreased oxidation there is a decreased
formation of carbon dioxide. This slowing of the metabolie
processes is the sine qua non cold could not be effective.

A slow flow should facilitate the call for oxygen by the
tissues but if metabolism is so decreased that there is no
demand then the oxygen is not required and thus the high ox-
ygen figures obtained.

Then the blood flow of a 1limb is curtailed and cold, in
the form of ice is applied, there follows a appreciable drop
in tissue metabolism. The presence of bacteria in the treat-
ed part demands attention insofar as the practical aspects of
cold, in the form of ice, is cancerﬁed. The speculation arises
as to whether the cold decreases the growth and activity of the
bacteria., Zinser and Bayne--Jones say(l09 ) "The resistance
of bacteria to extremes of temperature depends on the srecies
of the micro-organism contains endospores." It is generally kn-
own: that bacteria resists cold more readilv than heat and
that actual destruction of organisms bv cold is rare. Most
pathogenic bacteria have a temperature of 37°C. as optimum
for growth and reproduction, 15° to 2500.(59°to 770F.)
as a minimum level, although staphlococei grow readily at
15‘5. As salient point to be considered is the fact that one
of the usual methods of preservation of bacteria is by means
of freezing. Foster and Ralin ( 48 ) using Strep. glyceran=
aceus liquifaciens, fecalis, laotus, and acidopholus in ex=-

periments showed that the miniwum temperature for metabolie
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processes was usually O ¢, the minimum temrerature for

growth was higher, While these organisms differ from usual
one found in the extremities, they serve to demonstrate bio=-
logical trendse They explained the cessation of growth they
found as a probable disturbance in the interlinking systems
of enzymes commonly found in all cellse. Four other possible
exrlanations are also cited: (1) Accumulation of taxiec vro-
duots in the cell, (2) Changes in permeabilitv or ion absorp-
tion, (3) Solidification of importamt lipids, (4) Too great

a viscasity of protoplasme These men further found that their
largest bacteria erops were obtained at optismum or 10°C.
below optimum growth temperatures. No important studies of
tissue temperature have been made to find the actual re-
duction of tissue temperature under conditions of local
freeging, but some studies, indicated elsewhere, show that
the internal temperature does reduce, although the degree

is not ascertained,

Allen in 1939 ( 6 ) reported a series of exreriments
conocerning bacterial action under freezing, In a first series
he injected rat feces into the legs of cats and dogs and
could obtain controlled rssults as regards abscesses, ne-
orosis, systemic malaise and intoxicatione With short duratienm,
2 to 5 hours, of ligation and cold he found the effects slight
and the infection worse, with a long period of tourniquet and
refrigeration, 24 to 28 hours, the immediate benefit was great-
or than amputation, for the shoek of amputation was absent,

but at the release of the tourniquet, extensive gangrene,
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thrombosis, and absorption of poison was so rapid that the
animals often died in spite of early and high amputation.

A second series of experiments using streptococci in rabbits
yielded the same results. These experiments suggest that
chilling may abolish the vital barriers to the difussion of
baoterial products and that while the bacterial growth is
inhibited, the toxin can spread with inoreasing freedom,

from a chemical combination with protoplasm, and thus with
release of constriction there is death despite heroic measures.
( 43 ) Bazett mentions that while cold decreases the growth

of bacteria it éiso decreases phagooytic astivity of the body
and then when the body is rewarmed there is a resumption of nor=-
mal growth. In other words, the effeet of the 60ld is non-
specifie, it not only decreases the growth rate of the bacteria,
it ooncomitantly reduces the local metabolism of the tissue,
decreases the ciroulation, decreases the capillary pressure, de-
oreagses lymph formation, decreases the body response to irrit-
ation, and even, as Allen has shown ( 2 ) decreases the effi-
caoy of sera injected into the part subjested to cold. Allen
had one clinical case of a fifty-six year old diabetic patient
who had a leg infection; using ligatibn, refrigeration, and poly-
valent serum he got a healing, but in two weeks a recurrence
that required amputation which was done quite successfully with
iigation and refrigeration. The practical lesson that Allen em-
phasized from his animal experiments is that prolonged ligation

and refrigeration are contra-indicated in the presence of any
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necrotizing infection if it is planned to restore the circu-
lation afterward,.

In general Allen's investigation showed that the dangers
of constriction eould be alleviated by the applisation of re-
frigeration., Wilson and Roome ( 106 ) enumerated the dangers
of oonstrietion as (1) interferensce with nutrition causing
gengrene, and (2) eirculatory depression following release.
Allen demonstrated that tissues will withstand gangrene over
longer periods of time than previously supposed, and if then
the 1imb was to be sacrifisced, with no release of ligature
then refrigeration could keep a bloodless limb in good condition
ere operation, nain and shock would be abolished, and perhaps
the effects of trauma would be mitigated so as to allow more
favorable healing. Thus from animal experimentation Allen
arrived at a method for amputation that would obviate pain

and shock, and eliminate the need for an anaesthesia,
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SURGERY OF THE REFRIGHRATED LIMBS

In May, 1941, F. M. Allen published the first of his
papers on the use of Reduced Temperature in Surgery. ( 8 )
This particular article embodies a compilation of his findings
and a method of application as used by him as well as indications
for uss, Due to the completeneas of this thesis it will neces-
sarily be rather closely followed so as a more perfect under-
standing can had. Allen states that with tissues deprived of
all blood suvply by tourniquet and the tissues influenced by
decreased temperatures, there resulted much the same condition
as meat preserved in the ice box. Using as high as fifty-four
hours of refrigeration there has been no clotting of blood, no
thrombosis found, the skin and other tissues remained fresh and
intact and that paralysis or nerve injuries are minimized by cold.
l. Clinical Methods for Amputation

(a) The tourniquet should be two turns of rubber tubing,
to give narrowest compression area, with a gauze pad beneath it,
pure gum rubber 1 cm., in diameter has been found suitable.
Reasonable care in the amount of pressure applied must be ex-
ercised although "eclinical experience thus far has shown no
signs of serious or lasting damage to the most arteriosclerotic
diabetic vessels by constrietion up to five hours at a temper-
ature near freezing." The tourniquet is placed al low as poss-
ible to give a sterile field and yet allow sawing of bone and
retractions It is most important that the arterial supply be

cut off from the 1limb. This oan be determined by examining the
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limb twenty to thirty minutes after chilling, if ovanosis is
present in a 1limb that was elevated when tourniqueted instead
of the usual blanching, then blood has been seeping through to
tourniquet to the leg. The protection afforded the artery in
the uprer part of the calf makes this region undesirable as a
tourniquet sits, thus constriction is best placed either above
the knee or below the tubercles and not between the two. The
marks from the tourniquet vanish in one or two days after re-
lief end in fifty-seven cases ( 7 ) no thrombosis were evident.

(b) Refrigeration was first accomplished by immersion in
ice water but present use of ice bags, thin and flexible gum
bags to which threo to five teaspoonfuls of salt have been
added, is econsidered better., If the 1imb is uninfected, after
first surrounding zone of tourninuet with ice bags, limb is made
vertical and the tourniquet applied in that position, then limb
is lowered and put in ice bags to several inches above the tour=-
niquets In three to five minutes the skin is chilled so no pain,
although sedation to alleviate apprehension may be needed, no
anagsthetic drugs are required however, A temrerature of 500.
(41°F.) between the bag and the skin is the desired combination
of adequate chilling and safetv against freezing.

(¢) Anaesthesia due to refrigeration is one of the most
aspects of the new method. "Still more important is the real-
ization that every form of anaesthesia known or used heretofore
is limited to nerve anaesthesia,while refrigeration introduces
the fundamentally new conception of amaesthesia of protoplasm,"

Thus tissue injury with subsequent shock is inhibited by cold,
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thus the response, that according to Crile, cams from duration
and degree of tissue trauma, is largely obviated and surgeons
may work for "the first time"™ in a shockless and bloodless
field, The tissue injury remaining after ooeration is the
only shock producing agent, this ap ears after the wound is
closed and the temperature is inoreased to allow protoplasm
to resume function. Thus shock is slight and thus a reason-
ably strong patient can return to the ward and eat a full meal
for his constitutional condition is as though he had had no
operation. To establish anaesthesia it requires from one
hour in the emaciated skin to five hours in the rather thick
thighe In thin, weak, arteriosclerotiecs, two and a half hours
for the thigh, two hours for disarticulation at knee or middle
of legz, one and a half hours for lower one-half of leg or foot,
and one hour for amputation of metatarsals or toes have been
found to be adequate. ( 7 ) To test anaesthesia, if the sciatiec
nerve cannot be cut during the operation without attracting not-
ice, or altering blood nressure or pulse, the preparation is con-
sidered as having been faulty. If the technique is properly
managed the patient should not be able to know when the bone or
nerves are ocut.

(d) 1In the operative procedure, the ice bags are removed,
the field is routinely sterilized and the operation proceeds
as usual, No haste is necessary for the tissues stay cool, a
moderate rise in temperature does not bother the anaesthesia

although it is inimical to vreservation of tissue and avoidance
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of further shock. Iced saline and sponges should be used, a
cool atmosphere is desirable, and if the oreration is to be
long, the 1limb should be kept in ice bags. When closure is im-
minent the teurniquet is released, and the bleeding vessecls are
tied, as the blood supply returns in pronortion to the extent
of the vascular tree present. The anaesthesia usually lasts
long enough for convenient closure,

(e) The after care is guided by the state of the blood
supply. If there is a reliable circulation present, the re-
turn to normal temperature may be al most immediate. However,
if there exists a deficient supply of blood the temperature
elevating must be gradual to insure the safety of the part. If
there are signs of decreased vitality and mutilated tissues, the
continued reduced temperature may inhibit shock production and
maintain the metabolic status quo of the tissues until the coll-
ateral circulation is established to replace the deficient supply
of nutrition, especially ox&gen.

The problem of wound healing is considered aided by reduced
temperatures. A fundamental surgical problem concerns the tend-
ency of wound edges to agglutinate and seal in exudate which then
may decompose and become infected. In the use of cold postop-
eratively there are mentioned some definite advantages. Ice dbags
will keep the wound open, allow free exudation and drainage.
Theoretically and from observation the oren wound will not be-
come infected because of the retarding effect of reduced temper-

ature on enzyme activity and bacteria. The profuseness of the
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flow in these conditions shows that oirculation and exudation
are aotive ani the bright red color of the blood is evidence

of oxygenation and absence of putrefaction. Drainage tubes
may be used in conjunotion with the above for they do not ir-
ritate the cooled tissues, By gradually inoreasing the temper-
ature, coaptation of the wound edges can be oonsumated within
a few hours,

(f) In healing the tissue shows both the result and proof
of the lowered metabolism. Thers occurs primary healing but at
a much slower rate., Thus haste in returning limb to normal tem-
perature is not to be condoned, particularly in arteriosolerotic
limbs, Stitches are ordinarily removed in from ten to twenty
days in this method, and this same retardation of postoprerative
treatment must be used in the whole postoperative regime. Prim-
ary union is favored by leaving tissue flaps which would ordin-
arily be econsidered as redundant, nrobably because of the shrink-
age caused bv the cold., The dressing should consist of one layer
of petrolatum gauze and a few lavers of dry gauze, then, one ice
bag below and two above, not causing any pressure. The skin tem-
perature is to be set at 1500. a day, and by using additiomal lay-
ers of dry gauze a gradual raising of temperature commences, de-
pending on the judgement of the operator.

(g) Bacterial infection and damaged vessel walls, or both,
are the usual prerequisites for thrombus formation. The action
of cold on the retardation of bacterial growth, on the lack of
blood clotthing, and the lack of observed vessel wall damage
lead to the belief that thrombi will not be formed. Clinical
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investigation thus far has proved such to be the case. ( 6 )

(h) After shock in amputations has been discussed some-
what elsewhere in this paper, It is known that, particularly
in the thigh, tissue trauma usually produces varying lengths of
debility, With cold this debility is decreased and when used
in thé lower leg the after shock approaches the wvanishing point,
which might make one think of earlier conservative amputation.
2, Use in Diabetic Gangrene

It was the inadequancy of methods of treatment of diabetic
gemgrene that led to the possibilities of utilization of freez-
ing in the therapy directed at this condition., From Fay's ob-
servation ( 44 ) Allen knew that the temperature of extremities
was normally lower than that of other parts of the body; thus
the increased sensitivity to heat. In the gangrene associated
with diabetes there may be either pure infesction or pure arter-
iosclerosis as the etiology but usually there occurs a mixture
of both. Hgat raises the local metabolism which increases the
need for blood. As arteriosolerosis tends to diminish the blood
supply, the greater the sclerosis the nearer the approach to a
ligated limb, heat, then, would have only a deleterious effect.
By decreasing temperature, the needs of the tissue would more
nearly aprroximate the available nutrition. This phenomenon
occurred in some selected cases but in general Allen discovered
that gangrene progressed in spite of the cold and the inocurabil-
ity of the sclerosis further negated the advisability of this
particular me thod of treatment,

Freemsn ( 51 ) in discussing the influence of temperature
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on the development of gengrene, further emphasizes the relation-
ship of blood flow to tissue metabolism and states "It is the
blood flow in relstion % the metabolic needs of the tissue
that is significant." He mentions the easy possibility of
gangrene through the use of heat and thinks "In general, it
may be said that the temperature should be maintained at the
highest level which does not increase the circulatory diserep=-
ancy as shown by cyanosis and pein."” While he recommends the
use of temperatures of SOOC. to 3400., 860 to 93.2°F., as most
benifitting in peripheral vascular disease, he mentions that
when gangrene is threatening, that lower temperatures must be
used, Howsver, he does not state how low,

The use to which cold ean be put in conservative surgery
has already been mentioned while in fulminating infections there
are also advantages that may be gained through the use of cold.
The retention of a limb might mean death and the needed amputa-
tion would give sufficient shoek for death to occur in these ful-
minating infections. In these cases refrigeration offers an
alternative with the tourniquet adding the advantege of opera-
tion without the shocke Packing with ice would decrease the
pain and advance of sepsise The prompt application would per-
mit amputation in a few hours without anaesthesia and with mine
imal shock. 1In case operations were inadvisable, the 1limb could
be left for a few days or amputated in an area below ligature to
decrease the area requiring packing, with the final amputation
coming at some later date. The most important thing is a ful-

minating infection of the type discussed, is in the necessity
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of never removing the tourniquet or letting it slip for then
there is & rapid and fatal intoxication.
3. Amputations of Election

In low grade infections or dry gangrene the question of
the best method of attack is often raised. Whether to do a low
guillotine with subsequent high thigh operation or to do a major
thigh amputation inially is the question raised. The age, gen-
eral state of the patient, the local pathology, and the expected
course are determining faotors. High amputations are often re-
sorted to because of the failure to heal of the low procedures,
However, gangrene usually starts in the feet and the failﬁre of
tissue survival after a conservative operation seems likely to
concern something connected with the operation. Operating in-
jury must be divided into factors of local shock, infectiom,
and edema; accessory causes are listed as: (1) too high a local
tomperature and (2) eabuse of saline infusions giving increased
edema, From the previous observations on the effects of refrig-
eration it can be seen that refrigeration combats all of these
JSfactors and will conduce healing after conservative surgery.
Thus in those osases which do not demand a high thigh amputation
it would seem to be the method of choice in reducing the surgical
mortality by decreasing the number of major operations and making
operations more easily tolerated.
4, Military Surgery

In the present state of world affairs military surgery is
of prime importance and any apparent advantages whish any ther-

_apeutic procedure seems to evidence should be thoroughly invest-
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igated so as to realize the full potentialities. Allen discusses
refrigeration with this in mind and urges further experimentation.
The large number of military and industrial mishaps that produce
mutilation of tissue and lead to the production of fatal shock
offer a field in which refrigeration may be a valuable adjunct
in therapy. The results of animal experimentation are used by
Allen to demonstrate the possibilities of refrigeration: (1) Em~
ergency facilities, nonmedical persons can carry out procedures
using ice in warm weather and only preventing freezing in cold
weather. Blalak and Mason in 1941 found that in twenty dogs
they would get an inerease in survival time when thev were sub-
jeoted to cold as comnared with heat of a lesser degree than the
cold. They contemd that in the treatment of shock that exces-
sive heat is more disastrous than excessive cold and suggest as
a possible mechanism the vasodilitation of heat further depriv-
ing the vital centers of blood while eo0ld, with peripheral cone
striction, forces the blood internally where it is more easily
accessible to the vital centers., It must be noted that these
applications, increasing temperature to 3.700., or decreasing it
12.300. by packing did not increase the animal's chance for sur-
vival but that the cold merely inereased the survival time., (2)
Tourniquets.are often needed to stop hemorrhage and on release
get varied degrees of shock. Efficient chilling would ward off
this shock and allay the onset of gangrene when the tourniquet

is applied over long periods of time. (3) Transportation could
be made painless and with better preservation of the tissues than

with large doses of sedatives. (4) Wounded would arrive at the
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-hospital ready for operation, and not needing any anaesthesia,
(5) The effects of shock have already been described, but mere
chilling especially in thick limbs is inadequate while if the
tourniquet has been in place for eighteen hours precautions
should be u~dertaken, even to amputation. (6) Infection can
be held in ebevanee with tissue vitality and resistance there=-
fore preserved; if used for short periods one may get anaesthesia
for operations without benefit and without arparent harm as regerds
the infectious process., But "Anv extreme and prolongation of lig-
ation of an actively infected part creates dangers of intoxication
and death which necessitate precautionary amputation.”
5. Embolism and Other Accidents

In the lodging of an embolus is found one of the most log-
ieal uses for chilling, the most important method of treatment
in this condition. The usual procedure ere operation is follow-
ed and the postonerative temperature is minutely regulated, so
as to let collateral circulation form. Bierman and Friedlander
( 18 ) mention the ocourrence of two cases of embolism of the
iliac arteries in which refrigeration was used. Both of these
patients died but there was noted well nreserved devitalized
tissues after two weeks of refrigeration, with no spreading of
gangrene, and an absence of the usual fetid odor,

In ordinsrv fractures chilling is of little value and it
has been shown that an actual increase in temperature is more
conducive to fracture healing. In open fractures, the procedure
is governed as with other infected wounds and if there has been

& ruptured blood vessel the procedure would follow that formulated
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for an embolisme, In fractures involving shock the tenets govern-
ing refrigeration and the prevention of shock are applicable.

There are certain obvious uses for chilling in plastic and
reconstructive work but these await further investigation.

In the conclusion of this article ( 8 ) Allen urges the

need for further investigation as to the benefits to be gained
from a preservation of tissues through chilling. It must he
ackowledged that although he has given many indications for
the use of chilling, that this field is in an embryonic state
a8 regards modern research and not until extensive investigation
is completed will the wider benefits acerue.

In January of 1942 oame the report ( 38 ) from the City
Hospital in New York which considered the results of the tech-
nique and principles as had been enumerated in 1941. (8 ) 1t
was found, in forty-five casss with fifty-seven major operations,
that the outcome justified the method to a large extent. These
fifty-seven cases were on unselected cases and poor average riskss.
Thirteen women and seven negroes were included in the forty-five
patients. All but nine of the fifty-seven major operations sur-
vived, Of these, two deaths occured at two and nine months re-
spectively when the stumps from the amputations were thoroughly
healed. Of the remaining seven fatalities, four cases survived
periods of two, four, five and six days, and in three cases, the
survival time was two, three, and six weeks, respectively. These
seven deaths were in general attributed to medienl complications
or septicemia, antedating the operative procedure only one death

was admitted as being due to the operative procedure and it was
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contended that this death would have been avoided in the light
of later knowledge. Counting seven deaths in the six weeks per-
iod the mortality figures 15.5% in forty-five patients or 12,3%
in fifty-seven operations. Considering the individual cases and
causes of fatality this mortality rate is conservative. The
group contends that every death had a rational explanation, that
of an enfeebled patient who developed delayéd shock and with the
added strain of wound healing could not survive,

In fifty-seven amputations, this group at the City Hospital
had twenty-one through the leg, with three deaths and five fail-
ures of healing, and thirty-six through the lower thigh, with
four deaths and no failures of healing. Tt oan be seen there
wore no operations through the uprer thigh, the site of highest
operative risk., The occcurranse of death in the eight reamputa-
tions contrasts to the high or prolific mortality rate of reamp-
utation and is evidense of the comparitive safety of at least
trying a conservative amputation in a lower site to avoid both
constitutional onslaught and the sacrifice of the kmee joint,

The optimum level of amputation and the influence of refrig-
eration on this optimum is still undecided. However, with re-
frigeration there occurs a tendency for preference of the lower
levels for there is then a lesser amount of shock and strain of
wound healing in weak patients. Funetional results from protheses
below the knee are usually better when there is an intast lmee
Joint, The ease of refrigeratiwe technique below the knee and
the greater effectiveness of postoperative chilling below the

knee are two additional faetors which influence to some extent
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lower level choices, The question of operating through infected
fields may havs some less terror with the use of refrigeration,‘
particularly in the lower leg, These investigators have oper-
ated through fields of known infection and then either closed
the wound tightly or left it open, and, although they do have
ocoasional mild, or brief febrile attaoks, the lewsr procedure
seems to have advantage over the dangers of the higher operation.
Whether ohilling decreases local vitality and weakens physiolog-
iocal barriers so that diffusion of baeteria or their produots
into the general eirculation is facilitated or creates dangers
of thrombosis or embolism is not definitely decided. The possi-
bilities have been discussed e}sewhere in this paper.,

The gist of Allen's beliefs are admirably summed in a final
quotation: "The remarkably good preservation of general strength,
the practical absenee of postoperative pain or need for sedatives,
the retention of apretite and spirits, the limitation of necrosis
or iﬁfection even under unfavorable conditions, and the total ab-
sence of thrombosis or embolism all testify to the lack of injury
from éither the reduced temperature, or the tourniquet and esteb-
lish the life saving value of the new method in the surgical treat-
ment of peripheral vascular disease." ( 35)

Although the results of other clinical investigations have
a8 yot not entered medical literature to any great extent,
‘MeElvemny ( 77 ).reports an interesting isolated ease in August,
1941, A fiftv year old man, and & poor risk patient, had one
leg off at the kmee and the other just above the knee by a trainm,
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the wounds contained a considerable quantity of mud and dirt.

On entrmce his blood pressure was 30/0. He was given acasia,
tourniquets were applied to both legs and the stumps wrapped in
sulfanilamide, In eight hours his blood pressure was 50/10, in
ten hours he was irrational, had a sinus tachyeardia and a sev=-
ere pain in the chest. 1In twenty hours there emanated a very
foul odor from both stumps and a diagnosis of pneumonia was alsgo
mede., He received neoprontosil and his temperature stayed at
101.4 in the axilla. At this time ice without a tourniquet was
applied to two inches above the proposed site of amputation.

In one hour, there was no pain in the stumps, soon there was no
odor perceptible, and a little later the man was rational so that
mouth temperatures could be taken. With continuous application
of ioce the temperature of ice the temperature:reduced to 97,2 F,,
so he was blanketed and then the temperature went to 101°F. In
fifty-eight hours from admittance the blood pressure wes 110/%0,
temperature was 101 F., and the progress of the pneumonia was
halted. Thus under ethylene anaesthesia the stumps were elevated,
tourniqueted, and amputated through the thighse No redness, en-
duration, or ecchymosis was noticeable at the site of amputation.
There were no postoperative complications. In five days the pat-
iont was smoking and in six weeks the stumps were healed, The
amputated parts showed no evidence of gross infeotion or inflam-
mation, there was no odor, the muscle appeared red and healthy,
fascia and blood appeared fresh. There were no microscopic exam-
inations revorted. MeElvenny was uncertain whether the drugs or

the ice was the determining factor,but ackmowledges that the ice
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did stop the pain, aided in combating shock, and stoépod all
odors from the stumps, There was a marked improvement in the
vatient after the use of ice., The skin fragmnts not inscluded

in the ice were all gangrenous. Thus the author says if refrig-
eration "Physiologically and bacteriologically the procedure
would seem to be sound," and urges that Allen's claims should

be examined clinically as they might find wide avplicetion in
civilian and military life in which doomed 1limbs might be saved
and infection in hopelessly traumatized limbs may be held in abey-

ance until hospital facilities are provided.
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GENERALIZED REDUCTION OF BODY TEMPERATURE

Following the successful use of loeal refrigeration for re-
lief of pain in accessible carcinomatous lesions and because of
the degenerative changes seen in these lesions, Temple Fay de-
cided to trv the effects of generalized lowering of body temper-
atures on the deep seated and inaccessible cancerous growths.
In October of 1938, a casse of ulcerating breast carcinoma was
treated with local application and the primary site was almost
cleared, as well as the glands on the neck. This particular
patient had metastases to the vertebral columm and brain al-
read: so it was decided that it was a suitable case for the in-
itial endeavor of general hypothermia. The objective was to es-
tablish a general body temperature similar to that found in the
extremities in order to studv the effects on metastatic growths,.
In this initial ecase there were little effects noted on the ecar-
einoma but there did occur a temmorary cessation of pain which
Fay and Smith thought merited further investigation. Since that
time various studies have been made and gradually this method
of therapy is being properly allocated to a suitable position
in the field of therapeutics.

Selection of Cases for Generalized Reduction of

Body Temperature

Since this method started as a hazardous procedure, and is
still in rather an experimental stage, only hopeless cases in ex-
tremely poor physiecal condition were treated. These cases had

all the surgical and radiological therany that was possible and
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inary anaesthesia and then packed the patient with cracked ice,
This patient also received amytol. In twelve hours the breath-
ing and pulse rate was imperceptible so from fear of cerebral
anoxia, she was brought out of the ice and her rectal temperature
adjusted at QOOF. It was considered that the heawvy sedation had
caused the untoward effects ani this has been remedied in subse-
quent investigations. 1In instances in which avertin and amytal
was used, there were two deaths recorded as being due to cerebral
edema so barbitals were considered as unsafe.

The next method of anaesthesia used was evipal, which allay-
ed the shivering. Finally the best anaesthetic agent was found
to be Cyclural, a Methyleyelohexenylbarbituric acid. This is
used intravenously in § to 15 gr. amounts. In more than eighty
inductions there have been excellent results with this drug. (46)
The group at the Lennox Hill Hospital in New York have a more el-
aborate form of preparation, Chloral hydrate or bromides are given
the night before induction. Iuminal is given the next morning,
then a tube is placed in the stomach for later sedation, and av-
ertin or evipal intravenously or rectally is given immediately
preceding the induetion. Fay contends (45) that if heavy sedation
is omitted there will be no cessation of respiration, no cerebral
edema, and no absence of pulse or kidney funection.

Following the preliminarv anaesthesia to allay shivering the
patient is moved to a room at 58°F., or from SO-SOOF., with a rela-
tive humidity of not exceeding 20%. The stripped body is placed
on a rubber sheet, a loin cloth is applied, and the trunk and

uprer thighs are packed with ocracked ice, "no larger than nut coal."
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common in four of nine examined, Newmen and Berris report (85)
that sinus bradyocardia and an alternation of the QeR.Se. were fre-
quent with a generally prolonged ReRe, QeReSs, and R.Ts found.
No ocases of auricular fibrillation was found in fourteen cases,
Also "no ocardiac damage occurred as evidenced by normal curves
following treatment," gives evidencs of the cardiae effects in
apparently healthy nersons. Fav reports (45) death from cerebral
odema end cardiac failure in 15% of cas2s in a small series of
cases and believes they occurred from an added burden on an al-
ready defective heart in restoring peripheral eirculation,
Smith, Fay's coworker, in the report of one hundred cases, (97)
says that of five oases severe myocardial degeneration, three
had existing coronary disease and two had none. Thus a defective
heart is generally considered in all investigations to be a poor
risks I, studies on younger individuals with strong hearts no
mention of cardiac involvment is made, (102) although there was
one cardiovascular death in an older patient in their series,
2, Hematology

Smith and Fav (97) find a tendencv for the hemoglobin to
drop although the red blood count rarely fell more than 1,000,000
during the entire period. The white blood count usually increased
on an average of from 10 to 15 thousand with a prompt return to
normal when treatment ended, whieh suggests a peripheral vascular
influence. Reich at lenox Hill (54) reached the same conclusions
after the first day of treatment. Although in the first day he
found a slight increase in hemoglobin and the red blood count,

In one patient, a leukemic, he found no change in the white blood
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count, and in an acute mveloblastiec leukemia which had two
twelve hour treatments, the white blood count dropped 40,000
after each period of treatment, no change in the 95% myeloblasts
present, only to return to original figure; thus he corroborates
Sano (92). Reich also found the sedimentation rate and platelet
counts were decreased, while cell volume increased. Newman and
Berris ( 85) report ome change in blood type during treatment.
3. Blood Chemistry |

Smith and Fay (97) find that when fluid balance is maintained
there was no evidence of nitrogen retention, there may be some
drop in urea, and the chlorides and sugar were not effected,
Newman and Berris (85) in five patients found an increase in
N.P.Ne., and urea nitrogen during and after treatment, creatinine
rose during and fell to normal after treatment, sugar was unef-
fected and the carbon dioxide content was not significant. They
do not think effects were from dehvdration, but do not mention
individual patients, Beruhard (54) mentions the difficulty of
accurate observations in the eleven patients studied at intervals
of twenty-four, forty-eight, and sixty-four hours. He found (1)
No changes in N.P.N. (2) Plasma protein showed no significant
changes, (3) Chlorides in normal limits, (4) Serum Calcium,
Phosphorus, and frse chlolesterol constant, (5) Red 6ell volume
increased 14 to 20% in four instesnces, (6) Initial scdimentation
rate increased in all eleven, but back to normal in forty-eight
hours of colde The negligible effects as emphasized by Smith
and Eberhard would seem to outweigh those of Newman from the

standpoint of a greater number of osases studied,
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4, Basal Metabolic Rate

All invesgtigators who report on the B, M. R. agree that
there was some decrease, although in short exnosures there oc-
curred an increased rate, Unsatisfactory reports from tech-
nical difficulties were so frequent that not a great deal of
validity oan be attributed to any of the investigations. Geiger
at lenox Hill maintains thet thers is a definite decrease in
twenty-four hours, a greater effect being noticed at forty-
eight and seventy-two hours respectively.
5. Renal Function

With the regulation of anaesthesia and the prevention of
dehydration the kidneys were able to funetion. There were no
pathologie urinalysis found when the aﬁove conditions were ful-
filled, although Mueller, (85) found casts, albumin, acetone
and in inereased N,P.N. with dehydration. The urinary output
was found by Newman to equal the intake, with the specific
gravity depending on the intake.
6. Resgpiratory system

It is through the respiratory rate that the general con-
dition of the natient is well judged. 1In general there is a
correlation in the pulse end respiratory rate. Most often
there remains a normal rate, 20 to 26, throughout the treat-
ment or there may occur some slight depression, with rates of
5 to 10 rare in frequency and generally indicative of some un-
natural process. Fast respiratéry rates are eqjually indicative
of complicating pathology. If there are numerous metastatio

growths present in the lungs, or if thers are present other



Page 86

Recently there has been developed by Dr. L, Phillips of the
Nash-Kelvinator Company a cooling unit using ciroculating Pres-
tone; Richards at the Toronto General Hospital has a cooling
cabinet, (85) and the Thermo-0-Rite Company of Buffalo, New
York, has manufactured a blanket for eontinuous refrigeration.
(102) An intrenasal stomach tube is inserted and a rectal re-
sistance thermometer is introduced. Vaselins gauze is placed
over the eyes to prevent corneal damage'from the cessation of
tearing occasioned by the reduced temperature. The refrigeration
is continued until the rectal temperature reaohes‘88° to QOOF.,
then the ice or mechanical device used is removed, the bed re-
made with clean dry linen, and the patient left exposed to a
room temperature of Sooto GOOF. Shivering usually occurs as

the body temperature descerds from 97°F. to 91°F., and 95°F.

is the temperature most frequently oceurring. This shivering
can berallayed by preliminarv sedation, but, as has been men-
tioned, the sedation implies a more hazardous mode of behavior
than shivering. The length of time neeessary to reach the de-
sired rectal temperature varies, Fay and MoCravey (46) assert
that one or two hours is sufficient, at the Iennex Hill Hospital,
one and a half to two and a half hours is the usual time neces-
sary although in one stout female twenty hours were needed, and
Newman and Berris need four to eight hours to get the desired
rectal temperature. There appears to be a difference both in
the type of patient and the mode of application, however, as the

reotal temperature ocan be closely watoched, the time factor is

not as important as it would at first seem to be. After the de-
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sired body temperature is obtained, the maintainanee is effected
by means of ice bags or blankets depending on the desired result.
For the aileviation of restlessness during the period of
hypothermia paraldehyde by nasal tube is more generally used,
from two to eight ounces in a 20% solution in acasia whenever
there is indication of its use. (46) This can also be given
rectally in five or six ounce doses. At lenox Hill they found
paraldehyde too irritating when given by stomaech tube, thus
they use sodium amytal or sodium luminal for the alleviation
of restlessness, and, as well, lavage the stomach with one quart
of normal saline; a pint at a time, once a day., From six to
thirty-six hours may elapse between sedations as the patient
tends to sleep unless he is aroused, (46) Although no food or
fluid was given in early experiments it was later oonsidered mnec-
essary to supply something to combat dehydration. Thus, now phy-
siological saline in 10% dextrose is the accepted fluid given
through an intranasal tube. Two ounces every two hours is used
by Fay (45) while the group at lenox Hill use two ounces every
hour. Fay mentions that small amounts of whigkey may be added,
and further states that if patisnts are aroused and encouraged,
that soft foods could be given although due to dimunition of the
swallowing reflex, they may choke. No food is given although
the period of treatment may last from five to eight days. The
length of time that elapses from induction varies with the con-
dition of the patient, the type of pathology presert , and, appar=-
ently, with the experience of those in charge. Fay and Smith (45)
have kept patients for five to six days at temperatures around
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80 to 85 F. with no subsequent abnormal effects. Their longest

recorded elapsed time is eight days with a temperature betwsen

88o and 90°F. The usual periods of time are from nine to seventy-
two hogrs depending on the state of the patient., Temperatures

of 78 F. have been reashed at the Lenox Hill Hospital., A patient
wag left at 79.2 ;. for two hours with no subsequent abnormality.
(54) Talbott and Tillotson kept the temperature of a thirty-

nine year old woman under SOOF. for six hours, two hours of the
six were with a temperature umder 75°F. with a low reaching of
74.6°F. This woman survived with no abnormal effests. (102)

A slow return to normal temperature is desired at the ter=
mination of the treatment, from six to ten hours being desirable.
The return is aided by warm blankets, hot water bottles warm cof-
fee enemas, and warm food. A moderate dose of paraldehyde is
eagily interpolated at the right temperature range. This eases
the discomfort of restoration of e¢irculation to the periphery.

On emergencies it is not uncommon for the temperature to go to
101o or 101.5°F., for one or two days. A sluggishmess of sens-
orium is usually noted for from twenty-four to forty-eight hours,
and relief from pretreatment pain may not be determined for the
first twenty-four hours.

There are certain oconditions which necessitate a termina-
tion of the treatment: (54) (1) An irregular respiratory rate
or one above thirty-six per minute, (2) A pulse over 120, al-
though fibrillation has besn treated with quinidine while under

treatment just as well as at normal temperatures, (3) Pulse

irregularities, and, (4) Stupor. It was with the purpose of
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studying the effects on cancer and its m@tastatid lesions that
general temperature redustion was undertaken. The prime ob-
servation made was the relief from intractable pain that oscur-
réd with cessation of treatment. As study and new observations
have showﬁ, this form of therapy revealed that it may have fur-
ther possibilities. Through a study of the effects on the vare
ious systems of the body, an understanding of the mechenigm
may be gained, and, possibilities for further use may be invest-
igated.

Effect of Generalized Reduction of Body

Temperature on the Systems of the Body

l., Cardiovascular system.

The pulse rate, on induotion, shows a preliminary inoreass,
and then there wmiformly occurs a decréase, not in proportion to
the temperature, however. There may be an absence of peripheral
pulse with an apex beat of 60 to 100, TUsually the beat is reg-
ular and it is unusual if the temperatufe is lower thaﬁ 856 for
the pulse to go below 50, (54) Newman and Berris find the usual
pulse around 30 unless there occurs a sinusz-arrhythmia or auric=
ular fibrillation,

The blood pressure usually follows the same general curve.
Induction may give either an increase in both systolic and dia-
stolic or a decreass in the first and an increas¢ in the second.
In long exposure the blood pressure decreases and may be imp-
erceptible. Fay and MeCravey (45) state that with less geda-
tion with drugs both pulse and blood pressure oan be obtained.
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Newman and Berris (85) found that blood pressures could be ob=
tained in only 30% of the oases, with a systolic below 80 and
a diastolic rarely obtained. In one hundred cases of general-
ized redustion Smith (98) found four cases in which there was
a steady decrease in blood pressure until death. Three of
these had metastatic lesions in the adrenals.

There is a profound constriction of the peripheral vas-
cular tree during treatment, with no evidence yet found of
Raynauds Phenomenon., Fay and McCravey (46) say that no cyan-
osis should be present at levels or 80°F. rectally, or above,
and that in eighty inductions the body color remained good.
Both Smith (97 ) and Newman suggest the circulatory rate is
nearly doubled in the periphery, and at lenox Hill they find
the circulation time is slowed.

With a decrease in pulse, decreased blood pressure, general
vasoconstriction, and a decreased eirculation +ime, it would
seem that the cardiac output would be doubled, Kassman (54)
reports there is always present some abnormality in the T wave
in the E.K.Ge, in four instances below a temperature of 84°F.
the T wave was characterized by a summit immediately after the
QeReS., a return to the baseline, and a final summit smaller
than the first, while Kassmaen says “i't; is surmised that it may
be the first evidence obtained in man in support of the dipolar
nature of the regression process in cardiac muscle," With no
alteration of blood concentration of caleium or phosphorus, he
suggests that some pathologic process is responsible rather than

the simple effects of the cold. He found auriocular fibrillation
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chronic conditions of the pulmonic age, there is an inoreased
sﬁsceptibility. Dixon (54) in twenty-six patients with fifty-
six periods had five Bronschopneumonias of which four had pul-
monaryv metastases, In eighteen patients whose lungs were clear
only one got pneumonia, as the result of aspiration of vomitus
and mucous. Occasional cases of bronchopneumonia have been re-
ported by other observers, usually with the direct evidence of
pulmonary metastasis,
7 Digestive System

No food is given while treatmnt progresses; saline in dex-
trose into the stomach constituting the soles nourishment., Daily
evacuations have been noted bv Newman in one case. (85) Fay
mentias the lack of evacuation (45) That soms absorption must
take place is evidenced by the actim of drugs and the urinary
findings. Two postoperative fatalities are noted; (1) From
a mesenteric thrombosis and (2) from an acute hemorrhagic pan-
ocreatitis in a morphine addict. Smith mentions three fatalities
from pancreatitis in morphine addicts. (97) Morphinism supposed-
ly has some type of deleterious effect on the pancreas, which may
have predisposed it to injury.
8. DNervous Stystem

In the nervous system is found themechanism for the assoc-
iated responses of generalized redustion of body temperature,
although the exact mode is undetermined. Favy end Smith studied
the neurologieal responses in forty-two patients in eighty-three

periods of reduction, Hamilton in 1937 observed the effects of
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of hypothermic states in animals, He found there occurred a
progressive descending paralysis of the eentral nervous system,

The higher nerve centers of locomotion, voluntary movement, at-
titudes, equilibriation, learning and site are first lost. Then,
swallowing, biting, corneal and flexor reflexes, and finally the
medulary centers with respiratorv failure and death. The responses
lagt to disappear were the first to return. (57) In the study

of Fay and Smith (47) there were similar results found in man.
Cerebration was progressively delayed, with mental faculties
fairly well preserved until QSOF.,’retrograde amesia was usuelly
present while body remained below 92°F. Dysarthria began at 93°F.
with practically a cessation of response at 80°F. Thev discovered
that apnreciation of pain, heat, and cold was not lost during or
after ythe treatmnt, The deen reflexes were increased from 970

to 85 F,, but with no change in the abdominal reflex., The period
of hyperreflexia cq;responds to shivering stage, but as the temper-
ature approached 78 F, there ocourred the abolition of deep tendon,
abdominal, and gag reflexes, The punils remained equal}l, regular,
and normal in size, but the re sponse to light became progressively
more sluggish end was abolished at 78°F. Newman and Berris (85)
in temperatures from 85o to 88°F. found that the patients did not
remain unconscious, but slept from twelve to fifteen hours a day.
They could talk, and although their speech was slow and thick,
their thoughts appeared orderly. Difficulty in swallowing, reg-
ular micturation in both sixes, and amesia of events following

ragovary were constant findings by these men,

In 1941 Talbott and Tillotson (102) reported on the effects
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Although Smith admits(98) that only impressions can be givpn,he
found cheanges in tumor tissue when temperatures of 75 to S0 F
were maintained and 96 to 120 hours had elapsed,and,often 300
hours were needed. Then he foufid the same type of regression as
in local refrigeration: (1) Difference in staining,(2) hydropic
and granular changes in the oytoplasm,and,(3) karryorrhetio and
karyolytic changes in the nucleus,though there was a lack of
intensity of response that was seen with local refrigeration.
However Paltauf (54) found no regression of primary tumor or me=
tases and could not demonstrate any unusual cell alterations or
changes that shewed the effects of the lowered temperature. Smith
(98) foudd that in the majority of cases the size of the tumor
mass was decreased with at least a temporary c¢linical improvement;
Although no aotual destruction of mekastatio tumor tissue was
claimed,the author believes the method does lenthen the life e=-
speotancy of an individual., As a general observation at Lennéx
Hill;there was found no visible or palpable decrease in size or
any softening in the carcinomatous growths.However,in the 24cases
studied,they found results in two cases which contradicted gen-
eral findings. A nodule the size of a walnut in a ecancerous thy-
roid,with a traceotomy present,disappeared a week after treatment.
In a carcinoma of the transverse colon with metastases to the
liver which was sbony hard and palpable 4 fingers bdjowthe costal
margin,after a second induction there ocoured a softening and
recession of the liverso that it was barely palpable and a re-
lief from pain for 12 weeks after which time the pain reocurred

in the chest which was filled with metastatic lesions, This
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pain could not be relieved, Smith reports (98) remarkable re-
lief ofosymptoms in a woman with choked discs,cerebral metas-
tases,and severe pain, leukemias have shown transitory effects
of decreased ¢ell counts in response to therapy but no ¢laims -
of permanent benefits have been made,

The dangers of gemeraligzed hypothermia are well recogniz-
ed and seem to be correlated in a general way to an alsmeady
woakened system, Cardiovascular deaths and cerebral edema deaths
usually follow in patients who have had previously damaged hearts.
Pneumonias are found as a cause of death almost exclusively in
those with previously damaged lungs,either from metastases or
other pulmonic disease, Vaughn (104) considers the ppocedure too
hagardous for even hopeless cases of carcinoma although in 6 cases
of generaliged carcinomatosis he had 2 living at 7 and 8 months
respeotively,with freedom from pain for 3 months and neither us-
ing narcotios at the time of writing, Pancreatitis was found in
a small percentage of deaths in morphine addicts,which agains
lends lends cirocumstance to the hypothesis of systemic strain
on diseased systems. Nephritiec deaths are not reported although
in the blood studies of one patient whish Vaughn (104) discuss-
es as dying from cerebral edema the pretreatment levels were
N.P.N. 82,Creatinine 6,1,0rea and Urea nitrogen 583 after treat-
mont these levels were 24,0,and 10 respectively,but the time af-
ter treatment when these were token is not mentioned.This was
e case of Grade 3 Carcinoma of the Cervix with a generaliszed
carcinomatosds of 6 months duration.

The use of gemeral hypothermia in morphine addicts 1is
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oondoned despite the ocoassional mortality., There is found a
metnod whereby the addict is spared the withdrawal symptoms to

a large extent, The cessation of addiction has occurred for var-
iable periods of time and in some (85) there was a prompt resump-
tion of the habit, The use of the type of therapy is necessarily
an adjunct in support of the total therapy directed at the patient.
In schigophrenia Talbott and Tillotson (102) in a study of 10
cases,are enthulastic over the prospects of a new approach to
this problem. In patienys under 40 years of age and in the early
stage of the disease,definite improvement was noted. They state
that the results obtained warrant further investigation into

its application in sechizophrenia and that various phases and
types of the affective mental disorders or the manie depressive

psychoses could be investigated along similar lines,

Hypersensitiveness to Cold

In any therapeutiw use of cold there 1s present the possi-
bility that there might occur a reasction on the part ofthe pat-
ient to the cold, While this has never been reported in conjunc-
tion with any ef the recent applications of any type of hypo=-
thermia,it is a factor the investigator must recognize. There
hes been a total of 83 cases reported in medical literature (27),
22 of these patients have been studied at the Mayo Clinic in the
last 10 years,the age incidence ranging from 15 to 59 years. In
1865 Bourdon mentions the first record of urticaria due to cold
from localized cold to a part and in 1872 Blachez discussed
urticaria following the swallowing of iced food.
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The relation of the modern cold pressor test of Himes and
Brown (60) in which the reaction is based on the principle of
a hypersenstive sympathetiv nervous system to the cold is some-
what correlated to the response as seen in those who exhibit a
generalized hypersensitiveness to cold. There are three general
theories in the production of this reaction('(l) Allergiec immu-
nopathology,(2) Humeral,or,(3) Neurovascular, Brown and Barker
(27) stete that there is no single mechanism constantly present
but that a different one prevails in each instance. It 8eems con-
ceivable that combinations of the three theories may also be res-
ponsible in soms of the oases.

In the 83 cases of hypersensitivemness reported in the lit-
erature,29 had systemiw reactions,and of these,18 develéped syn-
ocopes 15 of those with syncope were swimming at the time of omn-
set and 4 of these had to be rescueds In the 22 cases studied at
the Mayo Clinio (60) 14 had systemic reactions,ll of these with
synocope ,9 after swimming,and 4 had to be rescued, It seems that
the study at Mayo's would be more exact than those of the pre-
vious century so more authority should be given theme All of the
cages reported by Brown and Barker had loocal symptoms en expos-
ure to wind,c0ld water,or to a cold environment,thus in hypother=
miv therapy e provecative test is available.Adsen and Allen hawe
such a test (43) that consits of immersion of the hands in cold
water at 609F for 5 minutes and then observing the local react-
ione Both local and general symptoms can be produced by the ine
Jection of histamine. These reactions are indistinguishable from

the cold response,both to the patient and the observer.
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Ewerhardt (43) states there are twosatisfactory methods
for desensitivation: (1) Immersion of the hands in cold water
for 1 or 2 minutes 3 times a day for 3 or 4 weeks,or,(2) the
subcutanecus injection of .lmgr. or less of histamine twice
a day for 3 weeks, The first of these methods,if they are e-
qually effieacious,would appear to be the more practical. His-
tamine or & histamine like substance is supposed,y the etiolog-
ical egent in the produstioh of both losal and systemis react-
ions although it has never been found present. Nevertheless,
resistancy to cold has been produced through its use. Thus,
through the use of tests for hypersensitiveness and the treat-
ment suggested,if such a condition is found,can hypothermie
therapu still be used in those sensitive to cold.



Pags 103

COMMENT

In this paper there has been an attempt made to study the
mechanism of cold, and its action on the human body in the preace
tice of medicine., Investigation first engendered a study of the
body's reaction to a moderate reduction of temperature, ex-
emnlified in the response to cold bathg. It was found that the
commonly beliéved stimulative effect of cold can be substantiatéd
by scientific observation. Then, with a further reduction of tem=
perature a new field was encountered. It has only been in the
last ten years that these new possibilities have been examined.
The work of Frederich Allen in New York and Tgnple Fay and lawrence
Smith at Philadelphia pioneered scientific research in respect to
these recent innovations in this new use of cold.

The therapeutic advantages of localized reduction of temper-
ature promise a more extensive utilization of this prineiple, part-
icularly in surgery of the extremities and for the reliefe of in-
tractable pain which is so commonly associated with terminal car-
cinomatous states. 1In surgerv, the use of reduced temperatures
offers ostensible, although as yet not fully investigated, advant-
ages, especiallv in traumetized and infected tissues and in those
conditions in which emputetions is indieated. Cancerous lesions
which are accessible have been found to be profoundly effected
by the applications of cold, with regression of cellular char-
acteristics and an unexplained relief from pain as the common
results.

Generalized reduction of body temperature does not seem to
offer the same possibilities as a mode of treatment because of its

difficulty of administration and the relative lack of encouraging
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results while a decreased body temperature relieves qntractable
pain and is thus applicable'to suffering in inaccessible oar-
cinoma, the effects in most eases are transitory. However, it
may be stated the repeated periods of general hypothermy have
been used with good results. That the potentialities of Fay's
work have not yet been realiged is attested by the encoufaging
reports of work Qone in schizophrenia and drug addietiam, so,
that perhaps at a later date this method of therapy will assume
established position in the field of therapeutics.

It should be noted that both general and localized hypo-
thermia are still experimental and while evidence is being
gathered slowly as to their efficaocy it will be only with fur-
ther research that the can assume their position in the relief

of pathologiocal eonditions of the human body.
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