
SCIENCE 

L i f e  i n  the  Andes and Chronic Mountain Sickness: 

DR. CARLOS MONGE......................................................................... 79 

Low Teniperature Physics i n  the U S S R :  PROFESSOR 
C. T. LANE..................................................................................... 84 


T h e  hTational Roster of Scientific and Specialized Per- 
sonnel: DR. LEONARD ........................................86CARMICHAEL 

Obitu,ary: 
Elsie Clews Parsons: PROFESSORFRANZ BOAS. 
Deaths and Xemorials  ..................................................................89 

Scientific Events  : 
A d j u s t n ~ e n t s  i n  t h e  Edz~cational P r o g r a n ~  a t  the  
Massacliusetts Inst i tute  o f  Tec;lLnoloau: T h e  Binlau 
Instztztfe of the Americas; T h e  G>&ttcs Society 
of America; T h e  Wes tern  Society of Naturalists; 
T h e  Period of Internships i n  Yezu Y o r k  Czty; 
Award of the Copley Medal of the Boyal Soczety 90 

Scientific Notes and News ..................................................... 93 


Discnssion : 
Nature of Group Theory:  PROFESSORG. A. XILLER. 
The Status of Experimental Psychology Among the 
Laboratorv Sciences: DR. JOHNE. TVINTER. A 
Pliocene gater- ole in V e s t e r n  Kansas:  GEORGE 
F. XTERNBERG and DR. GEORGE T h ehf. ROBERTSON. 
Case o f  Dr. S .  Levine:  P ~ o r ~ s s o ~  96E. F .  BURTON 

Scientific Books : 
Medical Genetics: DR. CHAS. B. DAVENPORT 99......... 


Reports : 
Annual Review o f  Activities at  the Pield Museuni 
for  1941: CLIPFOEDC. GREGG ......................................100 

Special Articles : 
"Pepsitensin"-A H?lpertensinlike Substance Pro- 
du,ced b y  Peptic Digestion of Proteins: PROFESSOR 
H. CROXATTO I n  V i t ro  Cul- and DR. R.. CROXATTO. 

tivation of the  Street  V irus  of Rabies:  LIEUTENANT 

COLONELHARRY PLOTZ and REGINALDREAGAN. 

Uechanism of P-An~inobenzoic Acid Action and t h e  

Parallel Effects of E thy l  Carbamafe (Ure thane)  : 

PROFESSOR H. JOHNSOW 101FRANK ........................................ 


Sczentific Apparatus and Laboratory Methods:  
A Head Holder for Intracranzal Operations on t h e  
X o n k e y :  DR. LIFDSAY E. BEATONand DR. M.V. 
Aia~ouzr. Sodium Diphenylhydantoinate and Ex-
perimental Epilepsy:  DR. H.  MOUSSATCHC 105 

Science News  .................................................................................................. 8 


SCIEKCE: A Weekly Journa l  devoted to  the Advance- 
ment of Science, edited by J. MCEEEN CATTELL and pub- 
lished every F r i d a y  b y  

T H E  SCIENCE PRESS 

Lancaster, P a .  Garrison, N. Y. 


New York City: Grand Central Terminal 


Annual Subscription, $6.00 Single Copies, 15 Cts. 
SCIEKCE is the official organ of the American Associa- 

tion for the Adx-ancement of science. Information regard- 
ing lnernbership in the Association may be secured from 
the office of the permanent secretary in the Smithsonian 
Institution Building, Washington, D. C. 

L I F E  I N  T H E  ANDES AND CHRONIC 

MOUNTAIN SICKNESS 


By Dr. CARLOS MONGE 

UFIVERSITY OF S A F  I IARCOS,  LI:\IA, PERU 


SINCEprehistoric times congenital or acquired ac-
climatization has made life possible upon the high 
plateaus of the Andes, where the altitude varies from 
10,000 to 16,000 feet. A t  the present time twelve mil- 
lion people are  living on these plateaus under normal 
conditions, a t  a n  oxygen pressure of about 85 nlm 
instead of 150 mm as a t  sea-level. I n  considering the 
steady biological changes produced by ancestral accli- 
matization to chronic oxygen insufficiency we must 
assume that d~vellers in  these highlands belong to a 
cli~natophysiological variety of the human race, which, 
as  observation shows, may even be responsible f o r  

their individual attitudes and sociological behavior. 
Bnthropological morphology does not suffice to ex-
plain life in the Andes-the fundamental basis must 
be found in the physiological dynamics of altitude 
homeostasis. If we go back to Galen we mill remem- 
ber that ('the organism is a whole with an environ-
ment and it  can not be considered apart  from that 
environment" (Hutchins), a fact not yet established 
in the natural history of men in the Andes. 

The claim to acclimatization acquired after a few 
days or weeks, "a fallacy of misplaced concreteness," 
nlisinterprets the nature of the problem and has pro- 
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duced much confusion. Acclimatization connotes a 
balanced state of the internal milien; therefore, a t  
high altitucles body and mind mnst attain the same 
equilibrium that man has a t  sea-level. To arrive a t  
this, to overcome the otherwise impairecl condition 
caused by chronic oxygen insufficiency, the organism 
calls forth its emergency adaptative devices and builds 
u p  a new chain of biological processes to stabilize its 
internal environment. Thus i t  first has to be adapted. 
Adaptation is in  itself a malady, slow in course, gen- 
erally follo~ving an acute stage-the so-called acnte 
mountain sickness-which may be without clinical 
syn~ptoms or with only mild symptoms or with the 
outstancling synlptomatology of chronic mountain 
sickness. Whether the adaptative period lasts months 
or years, nobody knows. Probably it  depends on the 
ability of the individual to compensate the damage 
caused by the permanent effects of the lack of oxygen. 
This is a personal equation. There are Inen and ani- 
mals with remarkable powers of acclimatization; there 
are  others, on the contrary, who never achieve that 
goal. 

When the adaptation malady is over, acclimatiza- 
tion supervenes : so-called chronic mountain sickness 
has been cured. 

T h e  Nat ive  A ~ z d e a ~ za d  tibe Adrcpted Illan. I t  
wonld obvionsly be pretentious to t ry to cliscnss all 
the biological characteristics of the Andean man, 
whose study is only just beginning. I n  both the 
native Andean and the adapted man yon will find an 
increase in  the number of red bloocl cells and in hemo- 
globin capacity; in size of the erythrocytes (Hurtado, 
Talhot) ; in  the viscosity of the blood; in  resistance to 
hen~olysis; of hematocrit ; of serum proteins (Monge- 
Salas) ; of pH,  but ~ ~ i t h i n  normal limits; in the ven- 
tilation of the lungs; and in hypertonns of the vege- 
tative nervous system (JIonge, Pesce, Aste, Salazar). 
There will be a decrease in arterial oxygen saturation, 
in  carbon dioxide alveolar pressure and in alkaline 
reserve. 

And no1I- let us consider seine of these character- 
istics which mag differentiate the adapted from the 
acclimatized dweller of the highlands. Talbot empha- 
sizes the fact that the maximum oxygen capacity of 
some of the adapted Inen of the International Expedi- 
tion of 1935 never reached the lower limit of dl?-ellers 
acclimatized a t  5.3 k ~ n  altitude. Keys, Hall and 
GnzmBn-Barr6n stated that hemoglobin has less affin- 
i t 1  for  oxygen in newcomers to the highlands than in 
residents, that this probably accounts f o r  the shift to 
the right of the oxygen dissociation cnrre a t  high alti- 
tnde, and that it  may be an intermediate stage in  final 
adaptation. I n  regard to the alkaline reserve, Dill, 
Talbot and Consolazio stated that the adapted man 
never reaches the lower values of the acclimatized per- 
son. 

Hurtado in 1932 found an increase in  the mid-
capacity of the lungs, a trne physiological emphysema 
and augmented vital capacity. On the basis of animal 
experimentation, he believes that the dilated pulmon- 
a ry  capillary affords a larger contact surface for  the 
diffusion of gases. Ilori-Chavez and I, in 1934, dem- 
onstrated in  gninea pigs that the hyperplasia of the 
capillary bed ancl diminished connective arteriolar 
strnctnre are  conditions of a n  acclimatized lnng. 

Besides the biological features, some peculiar physi- 
ological characteristics are to be observed in the 
Andean man. According to Rotta (1933) the carcliac 
index is nloderately increased, the work of the heart 
is 20 per cent. higher, and the voltme of blood is 
augmented. The transverse and longitudinal diaine- 
ters of the heart are somewhat greater than that of 
the sea-level heart. The venous pressure is slightly 
increased. RTe reportecl in 1930-1935 that 1 3  per 
cent. of the men tested showed a heart rate of less 
than 50 pulsations per nlinnte, and 41 per cent. a rate 
of less than 60 pnlsations. Bnt  between work and 
heart rate there is no linear relation. After double 
the amount of work-1,400 kilogrammeters-the pulse 
is slower than for  a basic work of 700 kilogrammeters. 
Of 300 normal and selected men, 27 per cent, showed 
practically no tachycardia after 700 kilogramtneters 
work, enduring the test without fatigue. Torres estab- 
lished the fact that arterial tension is lower a t  altitnde 
than a t  sea-level. Thus there seem to be all the con- 
ditions of a n  athletic heart. Chronic oxygen insuffi- 
ciency is a permanent stimulus to improve heart effi- 
ciency. 

Clinical efficiency tests (Master test) show that half 
of the Andean Inen (300) are  stronger than men a t  
sea-level. The acclimatized man on the high plateans 
climbs a monntain straight withont difficulty. Adapted 
persons can never do that. F o r  a moderate alnount 
of physical work, a sea-level athlete in the highlands 
is in the same position as the untrained inan at  sea- 
level. 

Grolllnan and Christensen have demonstrated that 
cardiac output dnring inac t iv i t~  increases in the first 
fell- days of adaptation and then returns to normal. 
I t  is unfortunate that there is not available Inore in- 
fornlation on accliinatized man. I n  the case of an 
adapted snbject a t  work, Christensen found that the 
carcliac output and the capacity for  oxygen transport 
were diminished. Theoretically, the cardiac ontput of 
the Andean shoulcl be considerable becnnse of his slow 
heart beat and his capacity to carry on strenuous 
exercises. 

I n  50 per cent. of efficiency tests-115th or withont 
a brief tachycardia-the pulse becomes slower and 
then accelerates, reaching the initial normal rate. 
This paradoxical post-effort bradycardia, a fact 
never found in the physiology of the sea-level man, 
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has been electrocardiographically recorded (Monge-
SBenz). I n  addition, brief periods of inverted P 
wave and shortness of PR,  varying activity of the 
pacemaker, inconstant partial block and deviation of 
ST have been found, during which test the subject 
felt no fatigue. This differs from what Greene and 
Gilbert (1921) fonnd in aviators during extreme oxy- 
gen want. W e  can assume that during the brady- 
cardia period the heart fibers stretch to the utmost 
in an unaccustotned way. Heart  dilatation and sud- 
den death solnetimes ensue in  mountain sickness. 

On the other hand, in 8 per cent, of the accli~natized 
subjects we found tachycardias, which started sud-
denly without any clinical distress, alternating with 
slower rates. Eficiency tests during this phase do not 
interfere with the initial acceleration. The pulse goes 
u p  and down keeping to the basic tachycardia, but 
a t  any motnent the rate  may return to bradycardia. 
Probably there is a sudden change in the pace-maker, 
but electrocardiographic records appear normal. 

There is hypertonus of the vegetative nervous sys- 
tem, as proven by oculo-cardiac, Danielopoulo atro- 
pine and solar reflex tests (Nonge, Pesce, -4ste), dur- 
ing which the Andeans do not feel any distress a t  all, 
but the adapted men, on the contrary, frequently 
collapse. This explains the heart features we have 
just described. The increased vagal tonus, due to 
anoxemia, as  Greene and Gilbert proved in 1921, in  
animal experimentation, seems to cause the brady- 
cardia, xvhich may be considered a feature of the 
altitude heart. I n  adaptation, after a time the slower 
rate probably becomes an intrinsic function of the 
heart muscle. The parallel activity of the sympa- 
thetic adrenal system contributes to the same result. 
This may explain the tachycardia of sinus origin, 
~vllich constitutes another paradox of the heart rate 
at  high altitudes. This hypertonus of the vagal-sym- 
pathetic system tnust have soine connection with 
stability of the vasomotor center and reflex nervous 
system. Gebhorn's findings on man (1937) give a n  
interpretation to the collapsing form of mountain 
sickness. 

I n  discussing acclitnatization the buffer capacity of 
the body has not been stressed sufficiently. The 
adapted and the acclitnatized man have practically a 
similar alkaline blood reserve, but their behavior is 
quite different. W e  observed in 1928-1935 that the 
shift of the p H  after work of about 700 kilogratn- 
meters a t  high altitude either equals or is less than 
the values attained a t  sea-level. On the other hand, 
in adapted persons the difference in  ionic concentra- 
tion is three times higher. This gives a n  idea of the 
stability of the internal environment already outlined. 
TVe have established the fact of loss of alkali in men 
daring ascent (1928). There is a reciprocal relation 

between the blood alkaline ~vave and the elimination 
of bases throngh the nrine, measured by pH,  the am- 
monia and the titration aciclity (Xonge). This p H  
correlation between blood and urine has just been 
found by Brassfield and Behrnlann in animal experi- 
mentation. The condition is reversed on returning to 
sea-level (Blonge). This change nus st be compensated 
to attain a normal buffer capacity. 

Tery  little is known about the biological processes 
of tissue oxygen fixation and of restoring the buffer 
systems. I t  is generally conceded that there is a n  
interplay of chemical reactions between blood and tis- 
sues to keep the fixity of the internal milieu. At  high 
altitude internal respiration tnust be conditioned by 
its capacity to fix oxygen and its power to buffer and 
to release carbon dioxide. Guzmkn-Barrhn, Dill, Ed-  
wards and Hurtado have suggested that there is a dis- 
turbance of the oxydation-reduction system. Hurtado 
found increased tnyoglobin. W e  pointed out in 1928 
higher venous oxygen saturation in adapted than in 
acclimatized subjects. It appeared as though the 
tissues had not taken it frotn the blood. Aste-Salazar 
recently found facts to support this. High venous 
saturation may also be interpreted as an effort to 
maintain the capillary oxygen pressure. So we sug- 
gested, "Altitude changes the capacity of the tissues 
to fix ogyen. W e  can assume there are  some unknown 
tissue reactions which bring about acclimatization" 
(1928). But  this entire acclitnatization hypothesis 
tnust also consider the production, buffer, transport 
and release of carbon dioxide. 

N a y  I suggest that the native or accliinatized high- 
land dweller possesses some of the biological charac- 
teristics needed in an aviator, and that perhaps a 
better knowledge of the physiology of a man born 
at  an altitude of 16,000 feet tnight contribute to a n  
understanding of conditions of fitness required f o r  
high altitude flying? 

Physiology of Repvoduction.  Solneti~nes th( 
adapted person's body and mind seem to be i n  excel- 
lent condition, but, surprisingly, he may proye com- 
pletely sterile. a study of the fertility of rams 
brought from sea-level revealed that only 60 per cent. 
are able to produce offspring the first year; after two 
or three years the highest reproductive average reaches 
only 70 per cent. Thus 30 per cent, sterility seems 
to result. Rams acclinlatized since Colonial times, on 
the contrary, reproduce 100 per cent. Eggs brought 
u p  from sea-level do not always hatch in  high alti- 
tudes. 

Sterility in  rabbits, cats, horses and cattle has also 
been found. W e  produced aspernlatogenesis in  rab- 
bits and cats. The pathological picture resetnbles that 
of cryptorchidisni. San Nart in  has found that some 
dilutors for  artificial insemination do not work in high 
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altitudes, and this elucidates another altitude problem. 
I f  nTe consider these facts from an industrial point 
of view we can realize their importance because they 
affect the food supply and the econoniy of South 
American high plateaus. Sirnilar disturbances some- 
times occur in men who, though fertile a t  lower levels, 
prove sterile i n  the higher altitudes. History supports 
this observation. Father Calancha's writings (1639) 
describe the Spanish conquerors going to Potosi 
(14,000 feet) and having no offspring until fifty years 
after the city was founded. The mechanism, then, 
n~hich enabled thein to beconle acclinlatizecl established 
itself slo~vly indeed. On the other hand, the average 
reproduction of the natives was 100 per cent. I n  
1639 the capital of Peru was transferred from J a u j a  
(13,000 feet altitude) to Lima a t  sea-level because 
horses, fowl and pigs did not produce ofkpring at  
the higher altitude. Tirile does not permit me to give 
more examples. 

But I do not want to create a wrong impression. 
The acclimatized population is alv-ays increasing. 
The average birth rate a t  15,000 feet equals that of 
sea-level. 5Te are convinced that there are  both ani- 
inals and plants with the superacclimatization power 
necessary to live on the high plateaus. 

Sociological Belzr~cior. The biological charactey- 
istics of men of the high plateaus rneiltioned are  dif- 
ferent from those of Inen a t  sea-level. That is ~ v h y  
the men of the Andes may be consideretl as  belonging 
to a climatophysiologica1 variety of the human race. 
I n  fact, they are  closely related to their geographical 
surroundings-altitude, radiation, humidity, ioniza-
tion, and so on. The sociological behavior of such 
nlen and the telluric environment appear  as  one bio- 
logical system ~ ~ h i c h  can not be divided, as a climato- 
physiological unit. So men must adapt  themselves 
hen they come down to the coast; they can not always 

stand the meteorological conditions of the lower lands ; 
they become predisposed to disease of the lungs, as 
we have reported (1934). But  the struggle fo r  ex- 
istence forces thein to come dov-n. Erery  year about 
one hundred thousand men coine down to sea-level for  
agricultural work and then follows something rvorth 
noting: after about three months they go back to the 
altitudes; they n w e r  stay on the coast, no matter what 
it offers them. The reverse is  t rue:  if men go u p  to 
the mines, they soon return to sea-level. These pecu- 
liar annual migrations of high plateau societies are a 
wel l -kno~~n These per- fact  of biological significance. 
sons are like inigratoiy birdi ;  they hare the urge to 
return hoine. Thus, the Andean man has the same 
problems of acclirrlatization to face when going dam 
to a land not always suited to his physiological equip- 
ment. I do not v a n t  to convey a wrong impression. 
Usually acclimatization on the coast is easier than in 

the highlands. But  there are facts, the study of which 
is of the utmost importance to kno~vledge of the 
Andean population: these hare to do with labor, as- 
surance, migrations, army and health. With respect 
to these facts history is conclusive. 

During the Inca period men of the high plateaus 
were allowed t o  colonize lands of the same climates 
only. X h e n  the highland peoples had to fight on the 
coast during the wars, they had two armies which 
they used alternatively, thus avoiding the climatic 
trauma of the lover lands (Garcilazo de la Yega, 
Padre Cobo). The Inca's sanitary legislation as well 
as that of the Colonial times recognized these facts 
and tried to codify them. The Republic is unamarr 
of the problem, and that is why in a recent war 
(Bolivia-Paraguay) the cliinate of the tropical low- 
lands of central South America killed more people 
than the enemy's bullets. The lessons of history have 
been forgotten. The day will come when those vital 
matters xvill receive dne consideration for the benefit 
of the hunlan beings living in high altitudes. To this 
end tve need education and research. 

From our point of view chronic mountain sickness 
means non-acclimatization, that is, impaired adapta- 
tion, and also loss of acclinlatization. It may pass 
through a severe stage, so-called acute mountain sick- 
ness. To be born a t  high altitude dofs not confer im- 
munity. Some of the features of this disease have 
already been outlined. TTe shall consider the severe 
forms of chronic inountain sickness only. 

I n  regard to its syinptomatology there is a per-
fectly characterized type which 'E have called ery-
thremia of high altitude because i t  exactly resembles 
polycythemia t e r a .  W e  must insist upon the fact 
that this disease is n clinical syndronie and not a 
hematological pattern. TVe can summarize it  as fol- 
lon-s : 

At  rest the patient appears reddish or  blue, and he 
turns purple at  the least effort. I n  cases of most 
se.i ere involvement the sclerns are intensely colored by 
the dislended capillaries, the eyes being hidden behind 
edematons and bluish eyelids. The face is blue-violet, 
almost black, reseinbling that of a n  asphyxiated per- 
son. The inucous meinbranes are reddish. The tongue 
appears larger than normal and full of blood. All 
the superficial blood vessels appear  dilated. T-arices 
are common. Epistaxis is frequent; aphonia is 
usually noted. The hands show clubbing of the 
fingers. The nails becorne thick and appear  to be 
inserted like watch glasses. The person resembles an 
old emphysematous, plethoric p ~ t i e n t ,  walking slowly 
and heavily. I Ie  feels estreinely weak and has a 
marked tendency to sleep. A state of drowsiness is 
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found frequently. Spells of dizziness and fainting 
occur commonly. Nausea and vomiting a t  the least 
effort are noted occasionally; there a re  spells of 
diarrhea. Blurring of vision and temporary blind- 
ness are frequently observed. Transitory deafness 
occurs. Sometimes the patient sutldenly falls into a 
kind of asphyxia1 coma for  two or three hours, to 
return later to his pitiful condition. Aphonia, cough- 
ing and repeated bronchitis are  present. Also recur- 
ring are congestive processes in the lungs accompanied 
with hemoptysis. 

As the disease progresses, cardiac insufficiency 
ensues. I n  some cases symptolns of angina pectoris 
appear after exertion. Collapse occurs often. Hyper-
tension happens rarely. I n  only two out of seventeen 
cases was the size of the spleen moderately increased. 

Patients complain of a variety of algesias. Some 
of them have excruciating pains in the lower extremi- 
ties; others have constant pain in  the lumbar region 
or  in  the joints, particularly in  the tendon attachments 
a t  joint cavities. These pains niay subside spon-
taneously or inay cease if the patient descends to 2 

lower altitude. There inay be violent cephalagia, sub- 
siding after lumbar puncture or bleeding. Bleeding 
improves the condition iinlnediately in such cases. 
Paresthesias are varied in type and in localization. 
Some patients colnplain of unpleasant sensations of 
heat in the face; others, of violent sensations of cold. 
One said he felt as if warm water were being thrown 
on his back. One had the sensation of the loss of one 
hand;  another colnplained of '(bandaged legs." For-
mication and sensations of being pricked by pins are 
frequent. Those syinptorns are silnilnr to aeroernbo- 
lism, as described by Armstrong. 

Some persons are rather predisposed to congestive 
cerebral syndrome (Xonge, 1936). This appears as  
a spasm of painful headache, sensation of fullness of 
the head, of hot flushes on the face, photophobia, in- 
jection of ocular mucosa and blurring of vision, 
scotoina, lacrimation, vertigo, dizziness, pain in the 
abdomen, general sweating and vomiting. The pulse 
beco~nes slower. Cyanosis is intense. These crises 
may last some rninutes or several hours. V h e n  this 
occurs, the patient sinks into drowsiness which passes 
into unconsciousness. Frequently, an epistaxis re-
leases the stuporous condition and the patient im-
proves. The spinal fluid pressure is remarkably 
increased. I n  a recent case, Arellano found that the 
spinal fluid pressure surpassed the highest mark of 
the Claude manometer. Repeated lurilbar puncture 
relieves the patient. This syndrome may be inter- 
preted by considering the recent findings of Arm-
strong, M'ichelsen, Thompson and hfaurer, who ob-
served an increase of spinal fluid pressure in animals 
exposed to anoxia. nTalsh and Boothby, in a low-

pressure chamber, have seen bubbles appear in man 
and have noted increased spinal fluid accumulation. 
Arellano's case and our findings (1938) probably have 
the same explanation. Herniplegia is not uncommon. 
After a sojourn of several years a t  4.6 km one patient 
developed the symptomatology of moderated erythre- 
mia. Suddenly one day he developed a Inoderate 
degree of palsy of the right arm and aphasia. After 
a fev* minutes the disturbance disappeared. Every 
morning thereafter the trouble returned and the 
patient was obliged to corne do~vn  to the capital. H e  
showed sorne ilnpaired mental and physical condition, 
but after a few days appeared normal. Two months 
later he returned to the mountains, but after three 
weeks the trouble reappeared. The last time he r e n t  
u p  he developed deep psychic disturbances, a confused 
inental state and syinptoms of acute soroche. H e  was 
brought to the coast against his 117ill. A few days later 
he was entirely recovered, but he could not remember 
what had happened. I Ie  was obliged to give u p  his 
work in high altitudes. 

I n  a recent case, after several years of erythrelnio 
sylnptoins the patient found himself unable to v o r k  
and he had a fear  of trareling. H e  worried much 
about this. H e  said it  was ''a silly idea" but he could 
not help it. H e  sax. everything w o n g ;  he mas afraid 
of meeting his einplogees a t  the saw-mill. Sometirnes 
he got u p  a t  night and went to work; he realized that 
there was nothing to do, but he went there just the 
same. Finally he felt like a "criminal" or a ((mur-
derer" and he conceived the idea of connnitting sui- 
cide. Then he came down to sea-level and was im-
mediately relieved; the mental disturbances disap-
peared. When he returned to the highlands the idea 
of suicide persisted. Under the circumstances, n7e 
kept him in Lima, where he was completely normal. 
I n  cases of severe involveinent there nlay be inarked 
disturbances in the behavior and memory of the 
patients. An engineer had attacks of mental confu- 
sion during which he ~vould make gross mistakes in 
arithmetic and drawing. Even with knowledge that 
descending to sea-level would effect a cure, he could 
not take the initiative to make the trip. 

Nervous exhaustion is very common. The patients 
complain frequently of sexual frigidity. T e  have 
seen albunlinuria vanish when patients were brought 
to sea-level and return as soon as they went back to 
high altitudes. W e  have found persons with a syn-
drome of recurrent collapse, hyperventilation and at- 
tacks of tetany, who entirely recovered when brought 
to a lower region. Similar condition has been found 
by Hinshan and Boothby in aviators. Marked poly- . 
cythemia is the characteristic feature in these patients, 
the red blood cells being as a rule between 7,000,000 
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to 9,000,000 in number and of larger size than a t  sea- 
level. The number of reticulocytes is increased also. 
There is a slight leukocytosis and essinophilia. There 
is  a predominance of monocytes. Alterations i n  the 
process of clotting are  observed. One patient had 
bleeding of the gums, but this disappeared as he went 
down to a lower level. I n  another case the patient 
bad convulsive attacks accompanied by pupura and 
the presence of blood in the cerebrospinal fluid, all 
of which disappeared when he was brought down to 
sea-leveI. The bilirubin is highly increased. The p H  
of the serum diminishes during asphyxial attacks, 
while af ter  the crisis has passed, it  goes up  to 7.50-
7.70 (Aste-Salazarl). The alkaline reserve of the 
plasma is greater than that of a person who is aoclima- 
tized to high altitude. The concentration of hemo- 
globin in  the blood is considerably increased, in  one 
case reaching 179 per  cent. (taking 100 as  the value 
found a t  sea-level). The viscosity of the blood is 
increased. There is high blood volume (Hurtado) 
and diminished plasma volume. The oxygen satura- 
tion of the arterial blood is considerably decreased. 
Hurtado found 57 per  cent. in  one case, and Aste 
from 70 to 80 per cent. High venous blood saturation 
reaches normal levels when the patients improve a t  
sea-level. High basal metabolism is found i n  severe 
cases. 

Evolzctiolz of the Disease, A s  a rule the patients 
oonsult a physician only after the illness has been 
present fo r  some time, and i t  can last usually from 
two t o  twenty years. Sometimes a patient becomes 
temporarily well even while staying a t  a high altitude. 

Usually, after a stay a t  sea-level a patient returns to 
a high altitude and lives there f o r  some time without 
great discomfort. As time goes on, however, the cure 
a t  sea-level is less and less enduring, and asphyxia1 
disorders may occur as soon as  the patient reaches a 
high altitude. These disorders may sometimes cause 
death. 

From this condensed description it  is seen that the 
fundamental characteristic of high altitude disease, the 
characteristic yhich has made us group i t  as  a nosog- 
raphio entity, is the fact that all the sympton~s subside 
or disappear as  soon as the patient is brought down 
to sea-level. This feature is undoubtedly due to a 
comnlon cause, anoxeinia. The predominance of any 
synlptom must be due to the fact that the particular 
organ involved has suffered great damage from the 
prolonged effects of lack of oxygen. 

Besides these severe forms of chronic mountain sick- 
ness there are cases of subacute evolution, with slight 
impairment of physical and psychical conditions and 
a mild erythremic symptomatology. 

At  times one can find some individualized forms: 
pulmonary, cardiac, renal, digestive, etc. But  a skil- 
fnl  clinician can always differentiate a n  erythremic 
complex. Silicosis, however, frequently displays an 
exaggerated symptomatology of chronic mountain 
sickness. 

I n  conclusion i t  may be said that we have found a 
climatophysiologioal variety of human being and a 
cli~~latopathologicalvariety of human disease. But  
our work represents only a tentative effort i n  fields 
of education and research that are  still unexplored. 

LOW TEMPERATURE PHYSICS IN T H E  USSR 
By Professor C.T.LANE 

YALE UNIVERSITY 

THE extraordinary performance of the Russians on 
the Eastern Front  has been a surprise to many people 
i n  this country. We had supposed that most Soviet 
industry was badly managed and Russian technicians, 
as  a whole, inept. Those of us, however, whose in- 
terest in  certain scientific fields had compelled us to  
pay some attention to Russian research were, I think, 
agreed t h a t  much of this work was of a high order 
and conlparable in  quality with the best American and 
British effort. Generally speaking, any nation with 
a healthy interest in  pure research is likely to have a 
vigorous industry, and vice versa. 

I n  the special field of low te~nperature physics 
Russian contributions both in  the pure and applied 
domain merit special attention, A t  least two excel- 
lently equipped laboratories fo r  such studies have 

1Unpublisl~edwork. 

been built in the past ten years. The best known of 
these is the Institute for  Physical Problems a t  Moscow 
under the direction of P. L. Kapitza, but excellent 
work has also been done a t  the Phgsico-technical In-
stitute a t  ICharkov under W. Schubnikov. I t  is prob- 
ably a fair  statement of fact to say that Kapitza is 
the most distinguished of all present-day Soviet physi- 
cists. H e  first appeared in England during the twen- 
ties a t  Cambridge, and, ~ i t hRutherford's backing, 
had very soon perfected a n  apparatus for  the pro- 
duction of inagnetic fields some ten times more intense 
than anything previously attained. During the period 
1926-1930 a considerable number of fundamental 
papers on the properties of metals in  high fields ap- 
peared from Cambridge. About 1929 Kapitza's in-
terest appears to have shifted to low temperature 
work, probably because he recognized that such studies 


