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Valley of Gressoney.

CHAPTER 1
MUSCULAR FORCE STUDIED AT GREAT HEIGHTS

I.

SHALL always remember the account Joseph Maquignaz gave me of
I the construction of the first hut on the Matterhorn, We were sitting

together in the Théodule Hut, near the fire, awaiting the cessation of a
furious storm.

No work had ever before been continued for a whole week together at
such a height on the Alps, Maquignaz told me. The hut, situated at an
altitude of 4,114 metres was constructed, I believe, in 1867. All the guides
of Val Tournanche went up in relays and took about three weeks to finish it.
Maquignaz and his companions found work much more fatiguing at this
height ; while hewing the blocks of stone they had to stop to take breath every
time a few blows had been struck, a necessity unknown to them in the plain
even after a much greater exertion.

During the time they were at this altitude, exposed to wind and snow, and
sleeping on the rock at night, their appetite failed. Once, when Maquignaz
wished to force himself to finish part of the wall in haste, he was seized
with oppression on the chest and with such a difficulty in breathing that he
almost fainted.

Maquignaz was a modest man. During the whole of the day that we

I
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MUSCULAR FORCE STUDIED AT GREAT HEIGHTS 3

in the ice ; about a minute being necessary for him to regain his breath, It
was not strength which was lacking,” he said, * but breath.”

If one could believe everything the guides say, as one is inclined to do
when they soberly enunciate their opinions, looking at one the while in
their good-natured way, I might consider my subject as already exhausted and
turn to something else. But befare admitting that it is not the strength of
the muscles but the breath which fails us when we work at great hu-fht‘: I
must chronicle the experiments which I performed in connection with this
question. We shall see that the facts of the case are very complicated.

In order to register the mechanical work of the muscles, I constructed an
apparatus* to which I have given the name of ergograph. Fig. 1 shows the
registering part of the ergograph in its newest form. On a platform of
iron two forked upright supports sustain two cylindrical steel bars which con-
stitute the guides of the metal runner with the stylet which traces the
muscular contractions of the middle finger on a smoked eylinder not shown
in the figure. The clockwork which turns the cylinder, and which was used

nﬁn'
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Fic. 2—Curves written with -r.rm'rnph by Prof. Ugolino Mosso, A, Normal fatigue-curve
in Tunn.—e. Curve wrilten on Monie ]x--ka at a height of 4,560 metres.

for these and all the other ~rr=L[1h'L experiments, 1s given in Fig. 9. A little
cord passes through the aperture in the axis of the screw seen at the top of
the apparatus, 1th runs over a pulley and descends, drawn downwards by
the weight. The contractions of the middle fmg:r are executed Thj.Ehm:tdllx,
following the movements of a pendulum or of a metronome. In all the
experiments made on Monte Rosa the rhythm was marked by a metronome
which struck the seconds. Every two seconds a contraction was performed.
The part of the ergograph represented in Fig. 1 is constructed in such
a manner that it not only writes the height of every contraction of the
muscles, but also measures it in millimetres, and gives the sum of all the
contractions executed within a given time. A tape-measure is seen in Fig. 1
running over two pulleys below the cylindrical bars. At every contraction
of the middle finger a pair of nippers draws the tape on to a length corre-
sponding to the height to which the weight is lifted. When the runner
returns to its place, the nippers glide over the tape without moving it,

A Mosso, La Fafica, 1801, p. 180,  fhe Ermiidung, Leipzig, 1802, 5. 86,
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1T,

Some will say that the fatigue of the hand, of a single finger, indeed, as
studied by means of the ergograph, is too slight to admit of the above deduc-
tion. To meet this objection 1 had experiments performed before leaving
Turin in which a greater number of muscles were exercised at once, in order
to be able to establish a comparison in cases where a higher degree of fatigue
15 concerned.

In Fig. 3 we see one of these experiments, which used to be performed,
when the weather was fine, on the balcony of the Regina Margherita Hut.
The soldier Sarteur holds CRR B s ST S KL RS
in his hands two dumb- B8 ; S ] 2
bells, each weighing five 2
kilograms. A metronome
beats the seconds, and he
raises the dumb - bells
above his head every four
seconds.

Let us suppose that
the illustration shows the
starting position; after one
second the arms are bent
and thedumb-bellslowered
to the level of the thorax.
In the next second the
arms are stretched and
the dumb-bells fall till
parallel with the knees.
After the lapse of another
second the arms are again
bent and the bells carried
to the height of the thorax,
and then at the last beat,
the arms are extended
upwards, holding the
dumb - bells above the
head, thus returning to
the position indicated in
the figure. In this position
one second passes, then

the dumb-bells descend : 2 e I
SRR e and s Fi1G. 3—The soldier Sarteur performing dumb-bell
0 : € tHOUTHX, dnc !"D, on exercise on the balcony of the Regina Mar-
until the strength gives gherita Hut (alt., 4,560 metres).
out. One of us always
stood behind the persons exercising, in order to count how many times the
dumb-bells were raised by each, the results then being noted. The number
of times accomplished before strength fails varies certainly from one day
to another, and the extreme limit is never exactly reached, but in spite of
all sources of error there is a certain uniformity in the results.

We repeated these exercises at every encampment during our ascent ol
Monte Rosa, and to my surprise I found that at an altitude of 4,560 metres
much more work was accomplished than in Turin,
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Hotel at the Col d'0len (alt., 2,865 metres).

CHAPTER II
AN ASCENT OF MONTE ROSA IN WINTER (1885)

L.

Y studies having necessitated the experience of a great degree of
fatigue, and especially of that fatigue of the eyes which only the
perpetual dazzhing white of the Alpine snows can cause, this winter

ascent of Monte Rosa was undertaken, nor was it, I trust, utterly useless from
a physiological point of view.

Let me first speak of the surroundings amid which my investigations were
conducted, and devote a few words also to those mountain-climbers who first
began scientific researches in those regions.

The Italians had already conquered the difficulties of Monte Rosa, and
accurately mapped all its peaks before it was known on the north side where
this mountain was situated.

G. Studer, in his story of the Alps, wrote * that till 1830 Swiss topographers
and panorama-drawers confounded Monte Rosa with the MischabelhOrner.” ®
Now, any one who, from the Zermatt side or from the Regina Margherita
Hut (as seen in Chapter XVI.) contemplates the distance which separates the
summit of the Mischabelhdrner from the Monte Rosa group, can with
difficulty believe so recent this almost prehistoric epoch of mountaineering,
when the queen of the Alps was still unknown or confounded with the lower
mountains stretching away to the north.

' G. Studer, Deber Eir und Schuee, Bern, 1869, u., Abth, 5. 4.
1
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AN ASCENT OF MONTE ROSA IN WINTER (1883) 27

immediately opened. Four seconds later an assistant made a sign with the
hand for the subject to execute another inspiration, which is shown in the
second line, and so on regularly in foursecond intervals. In order to
economise space that part of the oscillations registered above the line of
repose is not shown in the figure. I need not remind the reader that quick-
silver, being a very heavy hquid, oscillates, in accordance with the law of
inertia, in the manometer tube, when its level is raised in one part, as in this
expeniment. We see the half of these subsequent oscillations at the top of
the curve at the base of each line by which the force of the inspiratory
movement 18 n_'E‘Jru_':s{:nL:rfl.

The lines gradually decrease in height, which proves that the respiratory
muscles are likewise subject to fatigue.

To the many alterations which fatigue causes in our organism we must
add one more—the diminution of the inspiratory force of the chest.

Frc. 8. riil::r:_:in Mondo, Curve |'|_'_|_:i-.‘.¢'!f.'l| :;:.' a manometer in communication with the

nose in order to show the fatigue of the thorax after a seres of deep respirations.

The curve, which 15 reproduced in its original size, gives us the measure
of the inspiratory force which would amount in this case to 114 mm. of
mercury. This is a useful datum which will be of use to us later in studying
the action of the wind on the breathing.

The so-called oppression on the chest complained of by mountain-
climbers suffering from mountain-sickness is perhaps the result of excessive
fatigue of the muscles of the thorax, together with the sensation of anxiety

which laboured breathing gives rise to.

Ev

The influence of fatigue on the acuteness of vision and the perception of
colours are two ir]||1.:;1-mlg||_ |.::.-'||]1:1 n []|L:..'_-.in]n_:_:|'|-,=| u|:.||i(-:~,' which have not yet
received that ample study which they demand. At the back of the eye there
15 a membrane on '-\'||i¢.'|| luminous [Il:.lil.'l'l"- Er."ll:ill;‘-.' |1|If3':"_;|i||5'|1-':- A red

Hlll:--:[:i.l'lt'l_'l dizcovered by Boll while in'nl'l_-wlnl in Rome, pives a |‘l||'['|"












Indra Camp (alt., 2,515 metres).

CHAPTER 111
RESPIRATION ON THE MOUNTAINS

I.

REATHING is that function of the organism which i1s most noticeably

| ; altered during ascents. It is generally believed that on the moun-

tains respiration is more rapid and more profound. Saussure, after

his first ascent of Mont Blanc, said : “ As the air at that height weighs little

more than half its usual weight it was nec essary to make up for the lack of

density by a greater frequency of inspirations.” = And this was repeated by all

down to Paul Bert who is a great authority in this branch of investigation.

This statement I have been unable to confirm by my studies of man on the
Alps.

I would fain invite the reader’s immediate attention to this fundamental
diversity of statements. We have here to do with facts, and when I have
shown that the breathing on the Alps does not increase either in depth or in
frequency, that both may even diminish, one step forward will thus be taken
towards the consideration of the |1h}rwmlumf of man on the Alps from a new
point of view. The above-mentioned error originated in the long duration of
the disturbing influence of an ascent, the observations being made on persons
who were not in a state of complete repose.

In order to exclude this complicating factor, I counted the rate of breath-

ing in my soldiers and in other persons who accompanied me on the ascent
31



32 LIFE OF MAN ON THE HIGH ALPS

of Monte Rosa every day for two months in succession, always at the same
hour ; in the morning before rising and in the evening before dinner.  As the
rate of our respiration is apt to alter when we know it is being observed, we
adopted the method of counting first the pulse, and then, sull holding the
fingers on the wrist as though continuing to feel the pulse, we determined the
rate of respiration unknown to the person under examination. The afternoon
observations were taken between three and five o'clock, the soldiers lying
down for about ten minutes in a horizontal position before the breathing was
counted ; the morning observations were made at six o'clock while the
soldiers were still in bed.

In the tables of the sixteenth chapter are indicated the observations made
on five persons first in Turin, then during the ascent of Monte Rosa and the
return. In the morning Dr. Abelli and I rose in turn to count the rate of
pulse and breathing and to take the temperature, the soldiers, as just men-
tioned, being still in bed. Only those observations made while the subjects

FiG. 9.—Apparatus with lever for the tracing ot the respiratory movements. The circle
beneath the lever represents theoretically the section of the thorax.

were in a state of complete repose are noted in the tables. The frequent
interruptions in these tables with regard to the time are explained by the
circumstance that for the service of the expedition certain of the soldiers had
to rise before us, or were detained at a distance from us. Other observations
made on Dr. Abelli, my brother, Bizzozero, and myself, I omit, as their
results are in accordance with those in the tables referred to. The results
lead us to conclude that on the summit of Monte Rosa the respiratory rate is
not altered when one is well rested, several of us even breathing at a
diminished rate. 1

Corporal Camozzi had, in the Regina l‘riqrglmr1ta Hut (alt,, 4, 5’{5‘0 metres},
a minimum breathing rate of nine respirations per minute; in Turin {'&:j‘ﬁ
metres above the sea level) his breathing had never been so slow. The
soldier, Sarteur, likewise showed a diminution of the rate of breathing, which
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on the summit of Monte Rosa fell as low as eight respirations in the minute.
The respiratory rate remained unaltered in Corporal Jachini and in the
soldiers Marta and Cento, being in the Regina Marghenta Hut the same as
in Turin.

A diminution of the rate of breathing was observable also in all the
soldiers who ascended rapidly from Ivrea to the Regina Margherita Hut.
(See Tables VII. and VIII. at the end of the book.)

I do not wish to interrupt the relation of facts by introducing here the
statistical lists from which these conclusions are drawn. The comparison of
respiration, pulse action, and temperature on high mountains will be facili-
tated by a reference to the appended tables

e

The fact that on high mountains the rate of breathing remains the same,
or is, in certain persons, diminished, awakens some surprise, We imme-

|‘|lnlm' |

| ,!,-, '.I'Illlllj |h|.'._'

Fic. 10.—Corporal Camozzi. Abdominal respiratory curve traced in Turin with the lever.

diately reflect, however, that if the inspirations are more profound the rare-
faction of the air will be compensated for.

The results which I obtained from the registration of the respiratory
movements may in part reply to this supposition. In order to measure with
precision the amplitude of these movements, I took with me up Monte Rosa

FiGg. 11. -t,,':;r|u||'r-,l Camozzi. Abdominal respiratory curve written with the zame lever in
the Regina Margherita 1Tut (alt., 4,560 metres).

the apparatus shown in Fig. 9. A slender metal bar, turning on a pivot,
rises and falls as it traces the rLc.]m'lmr'.' movements on a rotating cylinder.

Let us suppose that a man is lying at full length on a table, md that the
circle shown in the figure represents theoretically [hL, section of the abdomen
of this person. The metal bar is lowered so that the disc at the lower end of
the perpendicular rod rests on the abdomen, The respiratory movements
will raise the metal bar, the excursions of which will be traced on the smoked
cylinder.
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X ]L;_{ 10 shows a curve taken in this manner on Corporal Camozzi. Every
lift 15 twice the actual height, as the abdomen exercises its pressure on the
middle of the horizontal bar. At every inspiration the apparatus traces an
ascending line, at every expiration a descending line on the smoked paper
fastened .]'f}llll{! the vertically rotating cylinder. In Fig. g may be seen the
construction of the clockwork which effects the rotation of the cylinder on
which the lever writes the Fes] :-il';ilc]i'}' movements,

On July sth, in Turin, at 6 p.m., I took the above tracing, Corporal
Camozzi performing twenty respirations in the minute, and the rhythm of the
breathing remaining regular.

In the Regina Margherita Hut (alt., 4,560 metres) on August =th at
5 p-m., I obtained the respiratory curve shown in Fig. 11, the same apparatus

Fig. 1z.—Marta (soldier). Abdominal respiration written with the lever.
A, Taken in Turin. B. In the Regmina Margherita Flut.

having been made use of, and the position of the disc being as before. The
respiratory rate was only sixteen to the minute, and the inspirations were not
so deep.

The breathing shows periods of greater and lesser activity, so that the
line is undulating, not all the expirations being equally forcible. In Fig. 11
we see five or six undulations in the upper profile of the tracing which are
lacking in Fig. 10.

Here 1t appears evident that the amplitude and the rate of breathing are
both less on Monte Rosa than in Tunn.

In other persons I found that the number of respirations remained the
same on the mountains and in the plain, but the amplitude was diminished
in these cases also. On the soldier Marta, for instance, the upper curve in
Fig. 12 was obtained on July r1th in Turin at 3 p.m., the rate of breathing
being twenty-one to the minute. On Monte Rosa at a height of 4,560
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metres, on August 12th, he had the same respiratory rate, but the abdominal
excursions were less marked, as may be seen in the tracing,

These researches are valuable, inasmuch as I have never observed in
persons awake so weak a respiration as in these two men on Monte Rosa.
To give a convincing proof of this fact I measured the quantity of air which
each of my companions mspired 1n the plain and on the mountain.

III.

In Fig. 12 the curves are slightly inclined, a circumstance not observable
in Figs. 10 and 11. This calls for some explanation.

The vertebral column in man presents two very visible curves, one between
the shoulders rounded exteriorly (forming when of undue size that
deformity known as a bumpback), the other rounded interiorly in the lumbar
region. These curves change between morning and evening. When we rise
in thL mnmlng the back is h ss rounded, and the belly, too, is less prominent.
In the evening the ]:mtenm profile of our body forms an S more squat in
appearance, ’m{l it is owing to this that our stature is less than in the
morning. The more tired we are, the shorter do we become, because the
trunk is less erect, and its exterior and interior curves are trx.lgj.:t.r.ltt.:], I

FiG. 13.—The line A 8 shows the flattening or the lumbar curve, after an ascent.

have found, according to measurements taken, that after an ascent mountain-
climbers have lost on an average two or three centimetres of their stature
since the morning. In persons who had carried knapsacks on their
shoulders, and in some porters of our expedition who underwent extra-
ordinary exertions, I even found a decrease of four centimetres.

It is, I think, unnecessary to give the figures resulting from all the different
observations which I made. Any one who wishes to convince himself of the
rapidity with which the stature diminishes need not perform an ascent ; if he
take a dumb-bell weighing ten kilograms in each hand, and go up and down
the stairs of a house several times in succession, he will find that his stature
has diminished by about a centimetre.  After laborious exercise of an hour,
or an hour and a half, the stature may be decreased by two centimetres.

Rest, taken by lying down or otherwise, slowly restores the former stature.
The curves of back and loins open, and the trunk lengthens.

The same apparatus described in Fig. g, shightly modified, serves to trace
the change of the lumbar curve,

All know that when we lie down we can without difficulty pass the hand
under the loins. During repose this arch sinks gradually lower. 'I'I_h'.
change which takes place in fifteen minutes when one is tired may be seen in
Fig. 13. The beginning of the line A B was written a few minutes after the
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registering tympanum ; in this manner I was enabled to work without
difficulty during the night.

Fig. 14 shows the rl_'spir;l.tur:.' curve of the soldier Sarteur, taken in the
Regina Marghenta Hut on August 11, 1894, at 4 p.m. Sarteur was one of
the strongest youths of our party. Early in the morning he had left Gnifetti
Hut with Solferino and a guide, all three with twenty kilograms of pro-
visions on their shoulders. When the curve was taken he had been
resting for about four hours in the hut. Rate of breathing, 11. Pulse, 74.
Temperature, 37°1°

In Fig. 15 is shown the respiratory curve of the soldier Solferino, written
three hours and forty-five minutes after his arrival at the Regina Margherita
Hut with twenty kilograms of wood for fuel on his back. Rate of breathing,
21. Pulse, 76. Temperature, 36°g° The temperature of the room was 11°5°

These two persons of the same age, of about the same height, living on
the same food, and who had walked the same distance, show a remarkable
difference in the rate of breathing.

The most important phenomenon is the respiratory pause noticeable in

Fic. 14.—Sartenr (soldier). Thoraome r'."~|,'l'i!'il'.i:~'-:|. written with the
Marey pneumograph (Regina Margherita Hut).

both tracings. At the end of an expiration the thorax remains still, and the
stvlet writes an almost horizontal line in which three or four i““'flﬁlmmll:{
even six) cardiac pulsations are visible, which !H'i‘fiiil‘t-' an undulating line.
This form may be considered typical of the respiration at greal heights. :
:"r[ilr!'_'r' E]hj‘hiﬂ)]“\Lﬁ‘*[-‘i t_|{_'|1.:.' that there 1s a pause I}L:lnlu't_‘l! LIHI?::"LE:H”T d[.ﬁ{l.
inspiration. According to these the thorax 1S never motionless —as H*‘-'[ﬂ.” "'
the inspiration is finished the expiration begins, and wice versa. I % :
«consider these tracings we shall notice that in both there are, undeniably,
long intervals [;.1_-[“'._-4_-;1 each 1_-}-;pir.'L[in|| and the il].w[ﬂr.:hull_ Inllluv.'ln-‘_.{. Sy
This respiratory arrest is of importance to us because it shows that a’ .l T‘l.k
height there is in [-hu air a sufficient i;_u;_lr‘utft:-.' ol oxy gen to ]1-_".:1-I'_[I-;:-1 50 :--_:m.'.- 1
T:_'H-[Iir.'lt-lrlllnl- the -::-Tf._j.‘lr]i!-i:]] that the movements are in a m;lrl:'.n-r ..:.-:1.:1.:I-]:L1-|..rn:||.\::‘l.
from the other, there being a longer ‘nterval between them than 15 generadi
observable 1 » plain. o e R
This i.-‘”:::::]:th:]-r proof of the statement I have made, namely, thalt Wt
breathe less at great heights. : : te call him to dinner,
At 6 p.m. Sartenr was still in bed cll-x.lll;J,. I went to cal m i« |
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bt ]::_:rL_:II'L' ‘.'-'u]-;il_lg__f him 1 Eull_rm.'tl Ihi.'s rate :1f breathing. I counted eight
breaths in the minute several times in succession. This is the lowest rate
that I have ever observed in man; it is less than half the rate given in
physiological treatises as the average for his age. When I called him he
told me that he was not sleeping. He ate with appetite, and was quite
well.

As to the respiratory form, we see in Sarteur (Fig. 14) that the inspiration
lasts longer than the expiration. In Solferino (Fig. 15) we have the contrary
phenomenon. 1 shall not detain the reader with a discussion of this
difference, only remarking that the Sarteur type resembles the breathing
during sleep, the Solferino type the waking respiration. 7

T'wo important facts result from these observations. The first is, that at
great heights the respiratory organs tend to pause at the end of the expiration;;
the second, that the respiratory type may become, on the mountains, during
the waking condition, similar to the type characteristic of sleep. The
expiration lasts a shorter time than the inspiration, whereas in the plain, in
the waking condition, the opposite phenomenon takes place.

Fiz. 15.—Solfering (soldier).—Thoracic respiration written with the
Marey pneumograph (Regina Margherita Hut).

V.

In order to measure the volume of air which we breathe on the Alps, I
took with me two gas-meters similar to those used in houses for the measure-
ment of the consumption of highting gas. These meters, which are used n
physiological research, are, however, much more sensitive and graduated with
much greater accuracy than those which serve for gas lighting, marking as they
do the hundredth part of a itre. I was, perhaps, the first to use a gas-meter
as a means of studying the respiration in man. This circumstance,
otherwise of no importance, I mention merely as a species of introduction
to the following account of my first studies on this subject. In 1877, In
Milan, I made certain researches on the physiological action of compressed
air.* The air was compressed in an iron chamber by means of a steam-

A, Mosso, Sull’ asione fistolomicn dell’ aria compressa, Ra Accadenua delle scienze di
Toring, vol. xi1. E'ri'.1_-_:.'|-l. 1877,
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engine. The apparatus was constructed for clinical use, and guaranteed to
resist an internal pressure of only thirty or forty centimetres of mercury.

Wishing to experience the pressure of two atmospheres, I took the
precaution of strengthening the window panes to prevent them from breaking,
For several days I experimented together with the laboratory servant,
Agostino Caudana. By means of taps which were in the iron chamber, we
were able slowly to graduate the pressure until the mercurial manometer
marked seventy-six centimetres above the atmospheric pressure. The
pressure thus obtained would correspond to that at the bottom of a shaft
6,000 metres deep, for had we been able to descend towards the centre of
the earth, we should have experienced the same pressure at that distance
below sea-level.

Fi1G. 16.—Gas-meter, valves and gutta-percha mask for the measurement of the
amount of air inspired.

For the collection of the air which enters and issues from the nose iIn
breathing through the meter, I made use of a gutta-percha mask, modelled on
the face, with a tube corresponding to the position of the nostrils. Although
twenty years have passed since then, this gutta-percha m_ask snl_l seems to me
the best method for studying the breathing. I have tried various apparatus
used by physiologists for the collection of the air, the nose being closed by
nippers, but all occasioned such discomfort compared with the gutta-percha
mask, that I abandoned them again. , y

On the expedition up Monte Rosa I took with me six of these gutta-
percha masks. Of these one or more served for two or three persons 11::_
whom the conformation of the face was about the same. By _mcanl!;ﬂ ﬂt
putty softened with oil or vaseline, the mask 15 hermetically closed abou
the root of the nose, the cheeks, and under the chin.
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Valley of Alagna. V. Selfa.

CHAPTER IV
THE CIRCULATION OF THE BLOOD IN RAREFIED AIR

L

I' the beginning of the last century a youth, the celebrated Haller of
later days, returned to his native place, Berne, after completing his
medical studies in Germany, and solicited a position as physician at

the hospital. It was refused him, because he was too erudite, he was told.
He then tried for a position as professor of history in the gymnasium of
‘Berne. This was refused him because he was a physician. In despair he
began to write poetry, publishing in 1729 a short poem on the Alps. These
verses, which now seem rather Arcadian to us, met then with general admira-

tion, and exercised a decided influence on German literature
In his great treatise on physiology,* which embraces all that was known of
this science up till the middle of last century, Haller repeatedly speaks of the
influence of rarefied air, and says: “ Even though the air be reduced to half
its weight, it may still be breathed without difficulty, as I experienc ul on the
mountain ‘fugo el F wrca, and as others have experienced in the Caucasus.”
The exact altitude reached by Haller is unknown to me, but it certainly

" Alb. Haller, Elententa physiologice, tome iii. p. 139.

1
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[11.

The observations made with the Marey sphygmograph did not give me
complete satisfaction. In order to follow the circul: itory changes for a greater

5.

el

iy G

erita Hut [z

rIna

- Curve ol I-llll.'-.l.l 111

er).  Pulse

Cr (S04

Oberhoff

"lr:ll’_::;.

taken in .l'\:l':_

length of time, I took with me two
other instruments. In Fig. ;m
which shows my own pulse-curve
we see that the pulsations rise
gradually towards the end. This
15 a phenomenon of frequent occur-
rence in the tracings taken at great
heights. 1 obtained a more com-
plete picture of the movements
taking place in the blood-vessels by
making use of the hydro-sphygmo
graph h*. means of which the ]m]u
not merely of 1]u_* artery but of the
whole forearm is taken. The fore-
arm of the subject is introduced
into a glass cylinder, as is shown in
Fig. 26, and closed in by means of
an india-rubber cuff. * The appa-
ratus 1s then suspended to the
ething of the room, In order to
secure freedom of movement, and
the cylinder filled with tepid water

as high as the basis of its anterior
opening. At every contraction of

the heart a wave of blood pene-
trates the forearm, producing an
augmentation of wvolume which
raises the level of the water at the
basis of the opening. The air
therein contained is lightly com-
pressed and escapes by the caout
chouc tube, transmitting thus the
movement to a lever which traces
the pulsations.

Besides the pulse-beats, there
are registered in Fig. 27 the move
ments of contraction and relaxation
of the blood-vessels. When the
arm loses colour owing to the con-
traction of the little arteries, the
forearm decreases in volume and
the pen moves downwards i}|li:ﬂ
still describing the pulsations.
When there is a dilatation of the
vessels the pen in mounting marks

1 A, Mosso, Suffe parfasions focall dé
E. Accademin delle Scienze di
‘orino, xiii. 1877. Die Diagmost .

A
|
Hrfses, Leipmg, 1879,
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The curve in Fig. 28 was taken in the Regina Margherita Hut. From it
we see that at EVETY l't'.ﬁ]lil'cll:rl'_';' movement the volume of the forearm alters.
At the first inspiration (to the left of the figure) the pen sinks, whereas in ﬂh.
line below, which marks the volume and the pulse of the forearm, there is an
augmentation.

The lower festooned line which marks the pulse of the forearm with the
respiratory oscillations, forms an undulation which sinks in a manner similar
(8] []'I..I.[ of |:|:'Il:_' curve in tL_{ 27. There was, !][]'-u".'i_".'f,_']'1 o {f‘{j]’r{_'fs'_,]'l-f]|'|_{_.|_i“-'|
change in the respiratory movements. The duration of the inspiration j:
somewhat shorter than of the expiration, but this relation between the two is
the same as in the plain.

From these and numerous similar observations made on Monte Rosa I
conclude with 1:-:_T[.’iil1[_'g.' that the diminished barometric pressure at a ]1q_-ig|11_

FiG, 28.—A. Mosso. Pulse-curve of forearm registered at the same time as the respiratory
curve (Regmina Marghenta Hut, alt., 4,500 metres).

of 4,560 metres did not modify the physiological conditions of the blood-
vessels either in my companions or in myself,

Those physiologists who maintained that the state of the blood-vessels is
modified in rarefied air because the pressure of the atmosphere on the skin
is diminished had attributed great importance to the more pronounced
dicrotism of the pulse, to the undulation, that is, which appears in the
curve of every pulsation and which 1s visible 1n a very marked form in the
curves of Figs. 24 and 25 written with the Marey sphygmograph. In
Oberhoffer’s pulse-curve (Fig. 27) dicrotism 1s visible almost in every pulsa-
tion, but in other persons, Jachini, Marta, Sarteur, for instance, the pulse-
curve was quite normal, in no way differing from that registered in Turin.
This proves that the pulsatory oscillations of the walls of the blood-vessels do
not undergo any alteration when the diminution of the atmospheric pressure
on the surface of our body corresponds to a height of 4,000 metres. This
difference of pressure causes no variation in the form of the pulse, but fatigue
and the altered chemical conditions of the organism render the blood-vessels
more unstable, the heart weaker and the circulation less active.




I'HE CIRCULATION OF THE BLOOD IN RAREFIED AIR

L

T,
The movements of the blood-vessels which
preceding section have made us acquainted with
circulation of the blood : in order to form an id

we have considered in the
a local phenomenon of the
ea of the general pressure of

Fic

- 20, —Sphygmomanometer for the measurement of the pressure of the hlood in man

the blood I made use of the sphygmomanometer. Il'mf_-_'. 20), 1.'.'31”'1.1__15 the
reproduction of a photograph taken during an experiment on Dr. Kiesow,
shows the construction of this instrument, f _ \ ;
The apparatus is filled with water and the rtt:—-i_r]!c- :mr.l_ third fingers ._'.'f
both hands are introduced into the metal sheaths which are lined with ].”'Gl.l-\.l
rubber finger-stalls. The hands are then firmly fixed by means of two
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supports worked by screws, the arms being held close to the trunk. The
fingers being thus shut into the metal tubes, a pressure 1s effected on the
water contained in the cylinder by means of a little ]:nmc:ln (to the night of the
figure). This pressure is communicated to the surface of the 1II1,LLI'=~ and
thence to the mercurial manometer which indicates its height in millimetres,
This apparatus, to which I have given the name of sphygmomanometer,
registers at the same time pulse and pressure.®

Fig. 30 pgives the writer’s pulse-curve during the measurement of the
blood-pressure which fluctuates between eight and ten centimetres of mercury.

Fii. 30.—A. Mosso. Curve of blood-pressure (Regina Margherita Ilut, alt., 4,560 metres).

In this case also the pressure of the blood remained the same at a height of
4,560 metres on Monte Rosa as in Turin. In this curve three undulations
are observable similiar to those which till now had only been noticed in
animals when a manometer was introduced into an opened artery. The fact

A

11}

Fic. 31.—U. Mosso. A. Curve of blood-pressure. B, Respiratory curve taken at the
same time (Regina Marghenta Hut, alt., 4,560 metres).

that the pressure of the blood in the Regina Margherita Hut was normal
confirms what has been already stated, namely that the diminished barome IHﬁ
pressure does not cause a di ].l.h'[[lnn of the blood '.L*-'-'.]'-» at Eh_l. he I“| t of
4,560 metres. We shall presently consider the modifications of circulation
produced by fatigue and mou ntain-sickness.

' P ¥ { I R TIIr v
A Mosso, 54 :' CEGITANGNICERE POty IMEFHFEY i PPESSRON ik SAMNE CRES L Aom, L AT
italienne --:'x Biol s, xXxiil. p. 177 F. Kiesow, Ferswche mnd Mossos “-"-".', ane
iiber die durch porehische Ervegungen hervergerufencn Verduderungen aes Filnt

Afesschien. Wi 1|I|I- Philos. Studien. Bd, x1. s 41 i




THE CIRCULATION OF THE

The simultaneous re-
gistration of the pressure
of the blood and the re-
spiration acquainted me
with the fact that on the
Alps there is an intimate
relation between these
two phenomena, as may
be seen from Fig. 31.
When the breathing in-
creases in intensity the
pressure augments like-
wise, and decreases when
the respiration diminishes
n 'ill[{.'l!::«i.t':'. The syn
chronism of these two
phenomena is evident.
[ do not think, however,
that the one 1s the cause
of the other; probably
both are the effect of a
simultaneous change n
the centre of respiration
and in that of the vaso-
motor nerves.

In my brother, 1in
whom the respiratory
periods are more marked,
the undulations in the
blood-pressure are also
more pronounced. These
observations seem i[uj]ut’
tant to me, because until
now 1t was not known
to physiologists that such
a close relation existed
between the pressure of
the blood and the re
spiratory periods.

An equally new and
fundamental fact 15 esta
blished |Jj'.' these curves :
the periodic change in
the rate of the cardiac
pulsations. When the
breathing is more forcible
wWE e I|I,_{ 31) that
the heart-beats become
stronger and less fre-
quent. When the breath
ing slackens or ceases,
the pulsations of the

BLOOD IN RAREFIED
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Valley of Macugnaga.

CHAPTER V
FATIGUE OF THE HEART

I.
\;‘,\ THEN the heart performs excessive work it dilates and alters. Pro-

/ longed muscular action causes fatigue of the heart.

In 1870 an English physician (Chfford Albutt) drew the atten-
tion of his colleagues to this phenomenon. Pathological facts and symptoms
were collected and a definite acquaintance was made with the new disease
which has been called cardiac overstrain, cardiac irritability, sub-paralysis
of the heart, according to the various authors.

I shall here relate Albutt's first observation on himself and then the
investigations which I made on Monte Rosa in collaboration with Dr. Abelli,
and in Turin with Dr. Z. Treves, and which prove that the first traces of this
disease may appear in healthy men in consequence of an ascent.

o7
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tion already made with the sphygmomanometer, that the pulsations increase
in height to a certain limit in proportion as the external pressure is augmented,
is here verified. The little veins and lymphatic vessels give to the uncom-
pressed muscle an almost fluid consistency, so that the pulsations of the little
arteries are not seen, but when part of the muscle is compressed by means of
the myosphygmograph the resistance is increased and the transmission of the
pulsations of the little arteries through the skin to the registering tympanum
effected. On this account the pulsations are stronger when the arm is raised
as in Fig. 35.

The circulation of
the blood in the con-
tracting muscle has
already been studied
by Sadler® and Gas-
kell.z I shall not de-
tain the reader with a
criticism and compari-
son of the experiments
of these investigators,
as our object of learn-
ing the changes in the
circulation of the blood
in the working muscle
is sufficiently attained
by examining Fig. 36,
which shows a myo-
sphygmographic curve
obtained on Dr. Tun-
nicliffe, the instrument
being applied to the
calf of the leg. The
subject lay on a table
with his leg raised, the
foot resting on the
shoulderof an assistant.
The first part of the
curve as far as the sign
=« being written, a for-
cible contraction of the

posterior muscles of the

leg of one minute's

duration was executed. Fi1G. 35.—Myosphygmograph for the study of the
In the tracing written circulation of the blood.

during the contraction L

the pulse is not visible. This is owing to the hardening of the muscle which,
in contracting, swells and becomes shorter. According to this experiment,
there is not that dilatation of the blood-vessels during muscular contraction
which is now generally asserted. Rather are we inclined to maintain that the

* W, Sadler, Ueder den Blutstrom in dese rihenden, verdiirsten wnd ermildeten Muskeln.
Ludwig’s Arbeiten, 1869, p. 18q. .

’ 'I'E' H. Gaskﬂlg,agﬂtzﬁcr i’?': Aenderungen des Biutstroms in dcii Muskeln durch dic
Refzung threr Nerven.  Ludwig’s Arbeiten, 1876, p. 45.
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circulation in the muscles is less vigorous during their activity. This fact
may be a partial cause of the augmented pressure of the blood observed when
the muscles are at work.

-
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muscle, which s cleanse
work has l]rn.[l,u't-:'. within its hbres.

The lower curve of Fig. 36 was
taken as soon as the contraction had
ceased. We see that the profile of the
pulsations is altered. The second
dicrotic elevation has disappeared. The
pulsations are nearer to each other,
because the beating of the heart is
accelerated. The point of the pulsa-
tions is blunted and only after fifteen
or twenty of these have been registered
do we see the dicrotism slowly re-esta-
blish itself, but even after one minute
the form of the pulse is still different
from what 1t was before the contrac-
tion. These changes in the form of
the pulse prove that the blood-vessels
of the muscles dilate after a forcible
contraction, yielding more easily to the
wave of blood which passes through
them. This subsequent dilatation of
the vessels is probably due to the arrest
of circulation taking place in the
muscle during its contraction.

Analogy would lead us to suppose,
knowing as we do that working organs
are more abundantly supplied with
blood, that the blood-vessels of the
muscles would dilate during contrac-
tion. It may be, however, that since
the muscles have very brief periods of
activity, their vessels do not dilate
when they are contracted, their needs
being sufficiently supplied by the sub-
sequent dilatation of the vessels ob-
served by means of the myosphygmo
graph. The friction automatically
exercised by the muscle on its vessels
in the act of contracting suffices alone,
perhaps, in rapid and brief contractions,
to render the circulation more active
in its interior. However this may be,
we have ascertained that the circulation
becomes more \'ié;lillﬁllﬁ in the muscle
after the cessation of the contraction.
This is certainly of benefit to the

h is thus cleansed of the naxious substances and scorie which




























Shepherds’ cottapes on Monte Bosa.
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CHAPTER VI
ACCIDENTS CAUSED BY EXCESSIVE FATIGUE AND NERVOUS EXHAUSTION

L.

HERE is only one kind of fatigue—nervous fatigue. This is the sole
type, from which all forms of exhaustion derive, when the activity of
the organism passes the physiological limits,

I have already studied this luestion in my book La Falica, The subject
15 inexhaustible and wil] always lend itself to new researches. We must, first
of all, distinguish fatigue from lassitude. We all know what fatigue is. It is
& vague sensation which we cannot define, still less express its di fferent degrees
in words. To that minor feeling of fatigue, which lasts after we have rested,
we give the name of lassitude,

Lassitude seizes us sometimes without any preceding work of brain or
muscles, a phenomenon observable more especially in the hysterical and in
Persons of great nervous -;;x:::it:lhiliLy. Favourable and unfavourable moods,
good or bad temper, of which we so often speak, are not a caprice of the
organism, but arise, like good and bad weather, from natural cavses, and
trouble the atmosphere of the nervous system,

One of the probable causes of these changes taking place in us, I
believe to have found in studying the temperature of the brain in man, A
young girl called Delfing Parodi, had a wound in the temple at the left side

7
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Gressoney St Jean.

CHAPTER VII

ASCENTS—0OUR CAMPS—GNIFETTI AND REGINA MARGHERITA HUTS

I.

THT‘I establishment of the rules to observe during an ascent and the
acquirement of the technical knowledge necessary to overcome
difficulties and avoid dangers, are the results of long and successful
Alpine experience. The name of Giissfeldt® alone recalls a whole class
of distinguished Alpine writers.

But this 15 not the subject of which I wish at present to treat. After
having rapidly reviewed the more serious changes taking place in man on the
Alps from the effects of fatigue and rarefied air, I now propose an analytical
study of ascents.

I have already mentioned that during an ascent we are not always the
same, and that the organism responds to stimuli in various ways according
to the stage of fatigue at which we have arrived. My intention was to keep
those phenomena observable during the first part of an ascent distinct from
those due to fatigue which manifest themselves later and which are more
serious, almost morbid.

P Geiwssfeldt, Das HWandern fm ff.-_?{.-"i_g’.;.'ﬁ;',r:"_’.;.‘, _-"m]mnu 200. In den Hochalpen.
101
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The two Gnifetti Huts (alt., 3,620 metres).
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The little Gnifewti Flut which served as a laboratory (alt., 3,620 metres).
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View of Regina Margherita Hul from Col Gnifetti (alt., 4,560 metres).

CHAPTER VIII
ALIMENTATION AND PFASTING

1

N ascent of the Faulhorn accomplished by IMick and Wislicenus altered
the ideas of physiologists about the origin of muscular force and the
chemical value of alimnentation.

Justus von Liebig had divided foods into respiratory or heat-producing
foods, because, according to him, heat was developed by their combustion,
and plastic foods l:hllL.h. as albumen, caseine, and all other substances con-
taining nitrogen), which, in his opinion, built up the muscles and tissues.
This theory, which seemed the greatest triumph of chemistry applied to the
organism, was so simple that it was accepted by all. When we read the
chemical letters of Justus von Liebig® we are even now astonished at the
literary talent which enabled him to popularise his great discoveries.

Unfortunately the origin of the force and heat of our organism is not so
simple as Liebig thought.

' J1.L:i|'.ll5 Yo l.ichig, Chemische H.r':};,.".i:, O .-"I.llﬂ:l!.'l.‘, I 250,
Iy
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ALIMENTATION AND FASTING 121

in these persons a morbid excitement which manifests itself in the temporary
increase of vigour, This explains the resistance observed in many indivi
duals, who after having fasted for twenty-four hours have been astonished to
hnd themselves less ".'.L.I.L when "-'-.L]LLI!'T than they had thought w ould be

the case. Z =
Professor Aducco wrote with the ergograph the tracing A with the left

:_ i Ml "'|"|!‘- I’ll il
i Mm .

A I
Fig. 39.—Professor Aducco.—Ergopraphic tracings.
\. Normal fatigue-curve, k. Faligue-curve alter a fast of 26 hours
hand, raising a weight of three kilograms every two seconds (11g. 39). After

twenty-six hrunw of rigid fasting he wrote the second tracing B, the same weight
being raised. The form of th curve is not changed but the mechanical
-'-mk accomphlished is greater. About seven contractions more are per

T!Hh'

" h'-u-lj
||‘ !” Eh"”‘”_ f

'1 (T

Al ™

u“lh““l ||“.Ll |I.|.hl LI (A

Fi. 40— Lr, ["'”.I.---]':I';_:I-:,-:I:|||"|i|' CUrves.,
v. Normal fatigue-curve. B. Fatigue-curve after 41 hours’ fast.

T r| at l]u beginning of the second curve without : wny sign of m“l””m””

manifesting itself, whereas the normal fatigue-curve exhibits less vigour
lH. ( u‘h raised three kilograms with the middle finger on the left hand
every two seconds, tracing the normal curve Ao of Fig. 40. After fasting

lor torty-one hours, the curve B of the same figure was written. Here, too,
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Even when a wine-glassful of cognac is drunk I have seen the pressure
of the blood augment for a few minutes. The temporary feeling of well-
being which aleoholic liquors produce in some individuals would therefore
appear to be a reflex phenomenon, that is, a contraciion of the blood-vessels
which, in augmenting the pressure of the blood for a few minutes, makes us
feel better. “T'he use of aromatic vinegar or ammonia in cases of indisposi
tion or fainting has the same physiological reason.

The influence of food on the pulse I made the subject of one of my
earliest investigations.' I make mention of this because of the intimate
connection of those researches with the question at present under considera
tion. In studying the pulse of the forearm with the hydrosphygmograph, I

1. 41.—Professor Albertotti. A Mulse-curve during fastinge. 6. Pulse-ourve immediately

alter eating.

saw that the tracings alter lunch were quite different to those taken in the
morning before the subject had broken his last.

A B ] 0 1 = - 7 - .. . 12 |’ -3

I'he two subjoined trac ings (Fig. 41) show Professor Albertotti's pulse
at 11 a.m. before, and at 2 p.m. after lunch. The rate of the pulse which
was 68 to the minute while the subject was fasting, has risen in the second
curve to 5o.

I'his :~-|_|||i|';-- to show that even a light lunch exercises an influence on the
heart and tone of the blood-vessels.

' ;
IEE=CUIVE 1IN

Curve A of Fig. 42 is Professor Luigi Pagliani’s pulse-curve before lunch
B the pulse-curve after lunch. which was taken in company with others at
i -Iil'.'|"|| !"-.

the ldboralory, so as to exclude the possibility of the pulse bein
walking, :
The ok Ty LT R T e i i L
e - l}.:|r1!.t which lood produces in the form of the pulse is similar to
' Fi A ] ¥y 0 1 B i T a - e .
e caused by fatigue. This resemblance arouses surprise ; 1t seems at first
as though the effect should be the reverse.  If we compare the tracings

o ; e emin delle Scienze i I'or 1143,
LAnagnastin aes Prlsers, Leipzip, 1870,
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a weight of 4 kilograms, the curve given in Fig. 44 resulting. From it we
see that the strength of his hands does not surpass the average but that he
has a supernormal resistance to fatigue. ‘This reproduction of the curve is
smaller than the or '::m] by two-tenths.

Zurbriggen's ]H"'"]HL 15 somewhat irregular; I counted it for four minutes in

succession, the number of pulsations being different every time : 55, 6o, 63,

R

Fic. 44.—M. Zurbriggen. Ergopraphic-curve. A weight of 4 kiloprams is raised every
two seconds.

66. His heart 1'- normal. I took the respiratory curve with Marey’s double
]:|1 AW} ]‘||'|'='].,]]:||1 which was simultaneously .,][1|]| ied to thorax and abdomen. In
45, the upper curve shows the thoracic respiration, the lower that of the

IG. 45.—Aurbriggen. . Thoracic respiratory curve. A, Abdominal respiratory curve
written at the same time.

abdomen. Here, too, I I‘uunﬁl the usual rhythm and depth of breathing.
Further on I shall mention other observations which I made on Zurbriggen ;
at present [ need only add that he presents no peculiarities such as would
cad one to ¢ '~|uu lm remark: |||.a 'l"-i:‘él.n'c'x'
Some physiologists have attributed immunity from mountain-sickness to a
preponderating  ds ‘ll.]'!l'|!-11ll".ll of the thorax. Zurbriggen’s vital capacity 18
_';,.”'5::-.': cubic 1':'|‘:Ii|]5|'t|'|'-1, that ia, a little above the avi

rage, which for a man ol
his stature (1 m. 68) would amount to 3,500. A glance at his photo
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FiG. 46.—Field-bed set up. Another to the left is packed up ready for transport.

CHAPTER XI
TRAINING—VITAL CAPACITY—MOUNTAINEERING

I-

HE object of training is to increase the strength of the body. The

law in accordance with which the augmentation of strength through

exercise proceeds, becomes apparent during the performance of
ascenis, but a more satisfactory explanation of it can only be obtained by
means of simple experiments continued for a considerable length of time,
which furnish constant terms of comparison.

Dr. (i, Manca determined, in my laboratory, the manner in which the
strength of the arms increases through exercise. The dumb-bells which he
made use of for this investigation weighed five kilograms each, like those
which we used later on Monte Rosa. During the experiment, repeated
daily at the same hour, a metronome beat the seconds. The dumb-bells
were raised from the position of repose to the height of the thorax, then
ﬂh_@‘_-'l_' the head, lowered again to the height of the thorax, and then to the
orginal position. One second was allowed to elapse between each move-
ment, and this exercise was continued until, as I mentioned before in the first
chapter, the subject became tired. Dr. Manca continued this exercise for
seventy days in succession, Dr. Cao for thirty-five days.

Fig. 47 shows the results of training in Dr. Manca. The progressive
Augmentation of the quantity of work performed every day appears evident
rom the rapid ascent of the line which begins in the lower corner of the left
hand and finishes at the upper rnight-hand corner. The numbers below indi-

Cate the days of exercise, those in the margin to the right and left mark the
147
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CHAPTER XIV
OBSERVATIONS ON MOUNTAIN-SICKNESS

I.

OUNTAIN-SICKNESS as observed at the Gnifetti Hut (alt., 3,620

metres) is generally less serious than at the Grands Mulets on Mont

Blanc, although the former is 570 metres higher. The reason of

this difference is that on Monte Rosa we reach heights corresponding to those
on Mont Blanc with greater ease and less suffering from cold.

At the Col d’Olen, a few metres below the inn, lies a great rock. 1 once
asked why it was called the dezil's stone. 1 was told that people felt ill when
passing it. Probably by this the first symptoms of mountain-sickness are
meant, which begin to manifest themselves at a height of 2,800 metres. It
was a guide who gave me the information, to which he added the remark:
“You see, however, that that bit is the steepest part of the ascent.”

During my sojourn on Monte Rosa I took notes of those places where

mountain-sickness makes the most victims. In the visitors’ albums in the
I8
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A corner of the Alpine Laboratory.

CHAPTER XV
CHEMICAL ACTIVITY OF THE RESPIRATION ON THE ALPS

I

" AUSSURE says that the fire did not burn so well on Mont Blanc and that

It was necessary to blowcontinuallyon the ignited coals, as they otherwise

" immediatelydied out. Saussure’s partyconsisted of eighteen persons and
they remained about four hours on the summit. They melted snow in order
to obtain water to drnnk. Cold water was the only liquid which they
drank with pleasure ; wine and liquors were disagreeable to all. On Mont
Blanc water boiled at 84°3° Notwithstanding this, the vessel containing the
water took half an hour to come to the boiling-point. The same vessel, with
the same quantity of water and alcohol boiled in 12 minutes at the sea level.
Frankland and Tyndall had already found that on Mont Blanc stearine
candles are less rapidly consumed than in the plain. They attributed this
difference to the cold, but that is not the cause. Dr. A. Benedicenti, * assist
' A, Benedicenti, fa combrstione nell aria rarefatta.  Rendiconti Accademia dei Lineei,

17 Magpio, 1806.—This memoir also contains the bibliopraphy of the subject.
10l
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Hoar-frost on the Regina Margherita Hut afier the storm of August

13, 1504.

CHAPTER XVI1
ANALYSIS OF ASPHYXIA AND OF MOUNTAIN-SICKNESS

I.

AUL BERT was the successor of Claude Bernard in the chair of

physiology at the Sorbonne. His name is known in politics, in

literature and in science. It was Paul Bert with his mechanical talent,
his apparatus and his analyses of the blood who laid the foundations of a
physiology of man on the Alps. His voluminous work on barometric pres-
sure was published while he was fighting a memorable battle, rich in results,
in the field of politics, when, as he wrote in the preface, he “was often torn
from the laboratory by the severe call of civil duties.” His premature death
in Tonquin, where he fell a vietim to the climate ;1:1:1 a sacrifice to his
country, who had sent him to govern that colony at a critical moment,
endears still more his me maory.

The vastness of the scientific work began by Paul Bert exceeded his
strength, nor need our wonder be excited if others after him have rectified
the ruulh of some of his investigations. In studying the modification of the
gases in the blood in an animal ]:qu ed in rarefied air, Paul Bert found that a

fall of only 20 centimetres in the height of the barometer (observable for
200
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the chimney over the fire ; if they are closed, the smoke suffocates us. We
know that the blood circu
lates through the lungs and

- }il..'][l% in its [assage 1ts car-
; bonic acid to the air from
= which it draws its supply
z of oxygen. If the lungs
i remain closed, a moment
- soon comes in which the

blood lacks a sufficient
amount of oxygen, con-
taining instead too large a
quantity of carbonic acid.
From this moment the
blood which circulates in
the arteries begins to have
a certain resemblance to
the blood in the wveins.
This similarity goes on in-
creasing. The nervous
centre imperfectly fed with
oxygen remains excited.
The whole orgamism feels
the effect of this change
in the blood and the will
becomes incapable of hold
ing in the breath any
longer.

If mountain - sickness
were, as Paul Bert said,
a sort of asphyxia, one
ought to be stll less able
to keep the nose closed
on high mountains. The
above simple experiment
gives us an 1dea of the
rapidity with which internal

It.; 3,620 metres).
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Z chemical processes are ac
= complished, and of the
“ . supplies of oxygen which

we have stored up n the
blood and in the tissues.

[ communicate one of
these experiments made on
the soldier Cento, on the
1rth July, 1894, at 3 p.m.,

& the |'L:a|]i|‘.11cr':'}' curve of the
i thorax being taken with
=+ Marey's double pneumo

graph. The top line of
Fig. 49 shows the norma
tracing. Towards the




ANALYSES OF ASPHYXIA AND OF

middle of the second
line I closed his nose,
compressing the nostrils
with my fingers at the
end of an inspiration.
The line, which has be
come horizontal, shows
that the thorax is still
and the breathing sus-
pended. The slight un-
dulations are caused by
the beating of the heart.
After 45 seconds, not
being able to hold his
breath any longer, he
opened his mouth. Even
before this we see that
the thorax has become
restless and the line irre
gular, then a deep breath
1s drawn, followed by
other strong inspirations
of gradually decreasing
vehemence. Soon the
normal breathing re
turns. :

On the sth of August
[ repeated the same ex
periment in Gnifetti Hut.
The tracing obtained is
shown in line 3. We
see that the amplitude
of the ruﬁ[Jir;'lln::ry maove-
menits 15 somewhat
greater than in Turin
while their frequency 1s
diminished. As the
temperature of the air
was 27° when the pre
ceding tracing was taken
in Turin, and only 10°
in Gnifetti Hut, it may
be thought that this
difference 1n the breath
ing was due to the tem-
perature. Some small
influence it may possibly
have had, but there is
certainly an effect due
to the rarefaction of the
air

The most striking fact
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pale and rather anemic. Others with
a vital capacity below the average
also resisted for a long time.

I had hoped to find a greater re-
sistance to ."l*-.'|!l|'|.l\'.\CE;l in ;"1]|:-inif-,1=: who
do not suffer from mountain-sickness,
but I met with many exceptions.
Francioli and Quaretta, the two
keepers of the Regina Margherita
Hut, have only an average resistance
to respiratory suspension although
they are accustomed to live in rarefied
air. Dr. Benedicenti showed h:.' the
analysis of air that the duration of
the respiratory arrest is, within cer-
tain limits, independentof the quantity
of oxygen consumed.?

Having recognised by means of the
experiments contained in this section
that the nervous system exercises a
preponderating influence on the re-
sistance to asphyxia, it is now easier
to understand that the phenomena
of mountain-sickness depend also on
the greater or lesser resistance which
the nervous system opposes to the
deficiency of oxygen, to the hunger
for this element which 1s one of the
most indispensable to life.

IV.

When we see a duck dive 1n search
of food, we are HL'.T|:r'lEs-::f1 that it can
remain so long without breathing.
I have often measured this length of
time, and, in order to render the ex-
periment more exact, while one held
the duck over a large glass vessel,
another kept the head under water.
The duck holds out for six or seven
minutes and has not even convul-
sions. A dog or a man submersed
in this way would die in half that
time.

P. Bert's explanation of this pro-
longed resistance was that ducks must

' A. Benedicenti, Sull® arvesto ded vespave
nell womo e fe canse che ne modificane la
durafa, 1. Accademia medica di Torino,
1897,
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explanation may be, it
is strange that the
conditions of the re-
spiratory centre should
be such at an altitude
of 4,560 metres as to
produce a respiratory
pause never previously
observed. This trac
ing cannot be ex
plained by means of
Bert’s theory. This is
another fact, therefore,
which militates :'l:_,.';.lll[‘lf-i'.
prevailing 1deas, and
which transports us as
it were to the anti-
podes in the interpre-
tattion of the eflects
which rarefied air pro
duces in the organism.
From the above obser-
vations it appears evi-
dent that the medulla
oblongata, under these
conditions, no longer
acts normally, and in
the direction thus
suggested we must
pursue our investiga
t1omn.
VI

Let us first examine
what changes take
place in the organism
when one ascends at

the rate of about 1,000
metres per week, and

during a sojourn of

ten days at an altitude
of 4,500 metres. In
the followingtables are
registered the observa
tions which we made
on five soldiers in 2
state of complete re
pose, the rate of pulse
and breathing that is,
and the rectal tem
perature. I have
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CIRCULATION OF THE BLOOD IN THE HUMAN BRAIN 243

he had felt well. Suddenly at a pressure of 360 mm. he began to feel his
1.._1:]]}1u. -;UJTI]:JII:_‘-HLL! as with a band, an oppression in the epigastrium and
painful palpitation. Not only did his heart beat more forcibly than usual,
but this accelerated |1|.1]~11[m|1 was accompanied by actual pain. Then trem-
bling and dizziness seized him. It was then that he decided to ask for help.
The rate of the pulse had risen from 8o to g2 beats per minute when he
began to feel ill. The rate of breathing did not change. When the subject
came out of the bell the pulse only beat 73 times in the minute. He began
to walk up and down in the room, and remarked that the floor seemed less
hard to him, and that probably the sensibility of his legs was slightly
diminished. Immediately afterwards, however, this phenomenon dis-
appeared.

IV,

Cesare Lasagno, a blacksmith's apprentice fourteen years of age, fell from
the second storey while he was leaning on his stomach over the banisters, and
sliding down as boys do, and received a wound in the middle of the forehead

FiG. 58.—Cesare Lasagno.—Cerebral pulse.—A. Normal curve. B. Curve of cerebral pulse
taken when the rarefaction of the air corresponded to an altitude of 5,111 metres. .
Subsequent normal curve.

with a fracture of the skull. He was carried to the hospital and treated by
Professor Carle. When he came to my institute in October, two months ]mql
passed since the accident, and the wound had become a pulsating cicatrice.
[ applied a gutta-percha cap to his head, and took the curve of the cerebral
pulse which is shown in A of Fig. 58. In order to register the cerebral pulse
in rarefied air, I placed a large glass bell of the capacity of 6o litres on a
marble slab as is shown in Fig. 57; the nm of the bell was ground, so that
with the application of a little grease, a hermetic closure was effected between
it and the slab. Under the bell was a smoked cylinder of which the axis
could be made to turn from the outside. In Fig. 57 we see that the axis of
the cylinder 1s furnished at its base with a pulley of wood round which a cord
runs ; a similar pulley was placed in the axis of a clock-work apparatus, not
visible in the figure, which transmitted the rotatory movement to the cylinder.
A metal tube with an inner lining of greased tow effects the hermetic closure
of the bell in that part where the axis turns. These arrangements enabled
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under the gutta-percha mask made expressly to it the face of the boy Favre.
By means of putty the mask was made to close he rrll{'l]:.ll]} round the bones
of the nose, the cheeks, and the chin. A banday ge fastened at the back of
the neck kept the mask in its place, as nm;. be seen in Fig. 59. The expired
air issued through a thick india-rubber tube several metres in length, which is
seen on the table in the figure. In adopting this method I had been able to
do without the valves. A constant current of artificial air being kept up in
the tube which carried the air from the gas-meter to the m’u-k, and the
rapidity with which the air 1ssued from the gas-meter ]JL]J'IE.\ determined by
means of a bottle of lye, I was sure that only artificial air could enter the
lungs at every inspiration.

e —

EBTagy,

FiG. 59.—Emanuele Favre. Registration of the cerebral pulse during the respiration of
artificial air.

This apparatus had the advantage of acting under almost no pressure.
Every expenment lasted about half an hour.

The upper curve of Fig. 6o is that of the normal brain-pulse registered on
a rotating cylinder. Favre was breathing twelve times in the minute ; we had
told him to make a sign with the hand when he wished us to leave off, and we
should do so at once. The experiment which 1 here communicate was the
third and last. As the boy knew by this time what our purpose was, the
emotion of fear was almost entirely excluded. When he began to breathe
the artificial air there was a slight augmentation in the volume of the brain,
and after a few minutes a diminution. The second curve of Fig. 60 was
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traced during this period of de
1e volume of the brain

wortly before the respiration

Crease 'iI'I. L

|
and s
& of the artificial air ceased. We
g took the mask of Favre as soon

as this curve was :':‘;1i-1L'1'L'L]t he

then told us that he felt as though
2 he were drunk, that he could not
£ hear so well as before because of
2s  a singing in his ears, and that he
= had a headache.

In this experiment with arti
ficial air there was the same aug-
mentation in the rate of the cardiac

"-ll.'ll.'l:! {:_I.

2 movements, and the same decrease
o in the frequency of the respiratory
S . movements as in the experiments
~ & with rarefied air in the pneumatic

‘s chamber, in which the breathing,
;= consequent on the depression, first
L wi

becomes quicker and afterwards

8% slower. Favre’s normal rate of
2 & breathing was 12 to 13 per minute :
5 ¥ during the respiration of artificia
b

2 air the rate sank to 10 and 11

?  movements in the minute. This
2.5 seems at first sight a paradox,
= because, as the amount of oxygen
- breathed by this subject was re-
g duced by one-half, the frequency

of the respiratory movements
should have become doubled.
This, however, I did not find to
be the case, either in this experi
ment or on Monte Rosa, as 1
= have already mentioned in Chapter
g ITI. MNMeither must we think that
3 the respiratory movements are
more forcible ; I convinced myself

ir when the sul

1ncial al

¥
Li

il

5 of the CONLrary I_I:“-' «'J|_1-.c_-|'1'i..'1:_:’ the
i thorax, and the statement 1s fur-
a ther confirmed by an examination
2 of the curves in Fig. 6o endways.
In the upper part the pulsations
R form, as it were, a festoon which
i answers to the rhythm of the
g respiration. This influence, clearly

seen in the normal curve a, is lack
ing 1n the curve B owing to the
superficial character of the breath
ing. This 1s an important fact, as

H ] ’ 1 =B
it shows us that the air has a
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depressing effect when it contains less oxygen. The reduction of the oxygen
in the air we breathe by one-half has therefore not the effect of :inrn.-u.-;[ng
the activity of the respiratory centre, on the contrary this centre shows a
diminishec Jld'li\il_'- in rarefied air.

The upper curve of Fig, 60 has towards the middle a cerebral pulsation
which suddenly sinks while the pulsations following gradually return to the
original height. This was caused by a movement of deglutition on the part
of the subject, as is |11r:'.-::-Lu] in all of us by the saliva, otherwise the
pulsations are about equal. iJ'lIr’mlI the 1L‘~[!Ir ation of the artificial air we see
that four times a sort of wave is formed in which the puEﬂtmrn become
greater. The lower prr:r'u., of the curve » in Fig. 6o sinks and forms a
festoon. These variations are apparently due to .L:hmm:: in the me;.,n, of
the blood-vessels. In Fig. 27 we have already seen that t]u blood-vessels on
the summit of Monte Rosa were more unstable than in the ['.llalr: in the
present case we have a repetition of the same phenomenon in the blood-
vessels of the brain, The heart has become weaker and the pulsations of

Fig. 61. ‘.l 14l '.::|‘.i|l|'| -||. -:'|||_. |_':~,'|'-|_'|':|:'|:_';!', O |'..-.'||,'. . Brain- JaLE tlse immediatel 3 al Ler l'.'.-:,'
subject ceased to breathe the artificial air. D, Curve registered two minutes later.

the brain are lower during the respiration of the artificial air. The indications
of a paralysis of the vessels of the brain such as was observed in Lasagno at
a barometric depression little different are, however, lacking.

Fig. hi shows the cerebral pulsecurve in Favre immediately after the
mask had been taken off his face at a sign he had given us to leave off. The
respiration has become dee p. and in the twelve inspiratory movements executed
during the tracing of the upper curve we see that the volume of the brain
diminishes at every inspiration, and increases in the expiration following.
After about a minute the breathing has become normal again, the influence
of respiration on the pulsations of the brain disappears, and this organ, as may
be seen in the second curve of Fig. 61, rapidly augments in volume.

The greater height of the cerebral pulsations observable in this curve
shows that, during the action of the artificial air, there had been a disturbance
in the nutrition of the brain,

The more forcible pulsations, which we feel in a finger, for instance, on
‘I-'fhit'h we have received a blow, are due to the more active irrigation which is
immnediately set up in any part of the body which has been injured. A






Matterhorn. Dent Blanche.

[V, Sella.
Panoramic view laken from the Regina Margherita Hut.

CHAPTER XIX
SLEEFINESS DURING ASCENTS—EXFPERIMENTS ON MONKEYS AND MARMOTS

L

L SLEPT as I walked in spite of the efforts I made to keep myself
awake ; one of the two guides experienced the same effect.”* Such
was the condition of the physiologist Le Pileur in crossing the plateau

to the south of the Breithorn, about 3,6cc metres in height. Bravais and

Martins were seized by an invincible desire to sleep at an altitude of 3,800

metres on Mont Blanc. Lortet, too, mentions having slept while walking on

Mont Blanc. Prof. Forel of Lausanne suffered from sleepiness at an altitude

of 3,400 metres on the Col du Géant: when he was within a quarter of an

hour’s walk from the Col, he had to stop and sleep on the snow in spite of
the danger. I might give other instances taken as these are from the writings
of physiologists, but the above suffice for our purpose.

Once while descending from Monte Rosa, I met a party coming from

Zermatt, at the foot of Dufour Peak. I stopped to talk to the ng'L{h_’s and

learnt that one gentleman occasioned them great anxiety, owing to his

* Le Pileur, Memoire sur les phénomines physiologiques qu'on observe en Ffevant & wne
certaine hautewr,  Fans, 1845, p. 35.
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The Alp-hut Lavez in the Valley of Gressoney (alt., 2,445 metres).

CHAPTER XXI
CHANGES IN THE BLOOD ON THE ALPS

L.

&) HAT chmate on high mountains 15 the best which most effect-
vally restores health and by which a maximum activity in the
production of new blood is set up, with a minimum of discomfort

in the process of acclimatisation.”* These words, pronounced in the Congress

of Swiss physicians by the celebrated physiologist, Professor Miescher, of

Bale, in 18¢3, briefly express the opinion generally held by physicians

respecting the so-called treatment by altitude.

More than thirty years ago Jourdanet?® maintained the contrary and
affirmed that in America people who live at an altitude beyond 2,150 metres
are generally anemic. This conclusion was the result of a long senes of
observations which he had made during a number of years spent on the

' F. Miescher, [leder dic Bezichungen swischen Meereshohe und Beschafenficit des
Blites, f.'rlrn:.t-pf.uuh:|1;-'.hl:1tl: fir Schweizer Arzte, October, 1503.

* Jourdanet, D landmie der alfitudes, ef de Pandmie en mindral dans ses rapports avee
la pression de Patmosphire.—Inflnence de la pression de Pair sur la vie. Tome premier, p.
176, Paris, 1895.
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Gressoney la Trinita (alt., 1,627 metres).

CHAPTER XXII
EXPLANATION OF MOUNTAIN-SICKNESS—ACAPNIA

I.

Nﬂ[ OUNTAIN-SICKNESS has been thought a simple asphyxia due
to lack of oxygen, whereas, in reality, it 1s a very complex phe-
nomenon, as the arterial blood loses a considerable part of its

carbonic acid when the barometric pressure diminishes, and even before the

effects due to the lack of oxygen in the air appear the phenomena produced
by the diminution of carbonic acid in the blood have already manifested
themselves.

From the time when I stayed in the Regina Margherita Hut, and noticed
that the respiration there became slower J.ml weaker, I became convinced
that in air rarefied to less than half an atmosphere the preponderating cause
of mountain-sickness could not be lack of oxygen. In Regina \Idnﬁlwrzm
Hut I had with me Paul Bert'’s book on * Barometric J"'ruxuw" and on
looking at the diagram showing the diminution of oxygen and carbonic acid
in arterial blood when the barometric pressure decreases, I saw at once that
on high mountains there must be a greater lack of carbonic acid than oxygen
in the blood. Bert writes, indeed, that “les variations de l'acide carbonique
sont considérablement plus étendues que celles de l'oxygéne.” *

O et p. B44.
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EXPLANATION OF MOUNTAIN-SICKNESS—ACAPNIA 307
rules to be followed in mountaineering. If this book should be found to
meet the needs of those who, intending likewise to make observations on the
phenomena which human life presents on the Alps, wish to become ac-
quainted with the prev: ailing views on Alpine physiology I shall be fully satisfied.
I am convinced that this work will prove of use to a greater number
of readers the less the bulk of the volume and the less abstruse the matter. 1
therefore now draw it to a conclusion. 1 have made so many digressions
that I almost feel it my duty to ask the reader to pardon me. The interruption
of the account of our expedition was, however, unavoidable, in order to
elucidate the phenomena observed. The discovery of new facts is of little
use unless we succeed in explaining them ; the search for causes, which is the
noblest task set by science, is full of fascination for the student of nature.

Inscription burnt into a tablet of wood by H.M. the Queen of Italy, in Regina Margherita
Hiit.

“ All that is grand inspives Faith, which is grand in ilself. These nmrm{m:n.w
in their grandeur, these majestic j{."mru\ silence pitiable doubl, and Farth
rises, strong and wvigorous, lo God ! _ N

“-lrr;{ruf 18-19, 1893. “ Margherila.





































Ramella (soldier),

Corporal Camozzi, Arnmy-Surgeon Capt. V. Abelli. Marta (soldier). Corporal Jachini,

FIRST APPENDIX

AN ATTACK OF INFLAMMATION OF THE LUNGS WHICH DEVELOPED ON THE SUMMIT OF
MONTE ROSA

1.

HE above plmlngmph was the last which Heno Bizzozero took of onr expedition, at
I Gressoney, to commemorate the safe arrival of our rearguard, composed of the soldier
Ramella, who was recovering from an attack of inflammation of the lungs, of Dr. V.

Abelli, the two corporals, Camozzi and Jachini, and the soldier Marta.

While we were at Fempina Marpherita Flut, at a hu_-igh[ of 4,560 metres, Ramella was
seized by the above-mentioned malady. In publishing an account of this rare case of a
malady which developed and was cured at such a height, I may express the hope that if this
clinical study is not so complete as one might desire, its deficigncies may b |:|.'In|n;|'|1.'c| s
due to the cmmpq::l space and to the numerous difficulties which beset us dun 'm|_5 those days
of anxiety. :

Pietro Ramella, an inhabitant of Oropa,® is a mountaineer of 22 years of age ; he weighs

¥ This account was written by Dr. V. Abelli, and presented to the Accademia dei Lincei,
Rendiconlf seduta, 5 Luglio, 18¢6. In the original memoir there are three curves which, for the

gake of brevity, are here omitted.
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Orsia above Gressoney la Trinita., Houses at the foot of Monte Rosa, the
highest inhabited in winter (alt., 1,800 metres).

SECOND APPENDIX
METEOROLOGICAL OBSERVATIONS MADE IN REGINA MARGHERITA HUT !

HE direct observation of meteorological conditions at great heights above the level of
the sea 1s important to our general knowledge of the atmosphere, Every mountain-
climber provided with good instruments should collect accurate data and compare

them with the data obtained from the registering instruments which were used on Mont
Blanc in the Vallot Observatory # for about a month in the year 1887.

[ here communicate the results of the observations made by us during our sojourn in
Regina Margherita Hut, and those obtained by Alfonso Sella from the 22nd to the 26th of
August.

The period of observations extends from the 11th to the 26th August, with a break from
the 1gth to the zist, during which we came down from the hut and Dr, Alfonse Sella went
up, The observations were made, as a rule, every three hours from 6 a.m. to 9 p.m. We
used the Goldschmidt aneroid barometer to determine the atmospheric pressure, and a
thermometer exposed to the north and protected from the direct radiations of temperature.

I.
ATMOSPHERIC PRESSURE

The aneroid had been :::':r::l'u!l}* verified before use, its constants Iu.:ing{ilrcr;tl}' determined
for pressures not widely differing from the normal. The doubt remained, however, that for
pressures so low as that on Monte Rosa, these constants might alter, thus causing an instru-
mental error. A further determination was therefore made under conditions similar to those
of the high Alps. The observer entered the pneumatic chamber shown in Fig. 56 with the
aneroid barometer and a mercurial barometer. We then began to diminish the pressure,
ccmiimling until the aneroid marked the average pressure on Monte Rosa, the indications of
the mercurial barometer being observed at the same time. It is easy to understand how,
from the comparison of the two, the gradual correction necessary in the values marked by the
Goldschmidt anercid is determined.

In Italy, to obtain the average value of the atmospheric pressure of one day, we take the
average of the registrations at 9 a.m., 3 p.m. and g p.m., and it may be shown that in so
doing average values are obtained which differ only in an inappreciable degree from those
which would result were the average taken of the registrations of every hour in the day.

But from our observations it appears evident that the daily period of atmospheric pressure
on Monte Rosa, or rather the law according to which the pressure varies in one day at that
height, is different from that which regulates these variations near the level of the sea, and,
therefore, that the daily pressure can be better determined by taking the average of the
pressures observed at 6 a.m., 12 a.m, and g p.m. The values corresponding to these hours
and the averages drawn from them, are collected in the fullowing table :—

I Dr. G. B. Rizzo, assistant at the Astronomical Observatory of the University of Turin put in
order the meteorological observations which we had collected and wrote this appendix, for which
service | express grateful acknowledgment.

2 1. Vallot. Annales de 'Observatoire Météorologique du Mont Blane, 18g3.
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