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MAN AND THE MOUNTAINS

The important geographical landmark of Nepal is the high mountains on its north
side. The mountains have always attracted the attention and the imagination of man. The
“Third Pole’ is what G. O. Dyhrenfurth has called the highest mountain in the world, To
climb the high peaks has always been th: dream and desire of many mountaincers Our
mountains in the porth not only stand as a challange to human ingenuity and cndurance, but
in the past have played important role in the commercial and political life and relation bet-
ween Nepal and Tibet. And consequently the problem of high aliitude and its effect 1o health
has always been with us though puorly undersiood and never properly studied. Kuti and
Kerung situated at the height of 14,000 feet (4,268 m) and 9,000 ft (2,743 m) respectively
were once very important trading posts at the Nepal-Tibet boarder. Except for Rasuwa and
Kodari (both at 6, 000 ft, 1, 829 m) all other trade routs to Tibet e, g. Nangpa La {19, 050 ft,
5, 807 m), Kang La (18, 515 fi, 5, 645 m) Tipta La 19,095 ft, 5, 821 m) Bangwa (19, 0S5 fi,
5,821 m) Larke (17, 105 ft, 5,672 m) Mustang (10, 200 ft, 3, 060 m) etc are at high aliitudes.
Even wars were faught between Nepal and Tibet at high altitude at Nangpa La (19, 050 fi,
5, B07 m) Neylam (12,000 fr, 3, 658 m) Bhairab Kund (12,000 fi, 3 658 m) Kerung
9,000 ft, (2,743 m) and Doju Gadhi (8,000 ft, 2,439 m) in 1789 and again in
1855. The problems of high altitude arc not only oi historical importance but equadly and
increasingly being pertinent to our present day life. We have permanent settlements at the
heights of 13, 000 ft (3, 975 m) at Chala a salt traders village at the North=West cerner of
Nepal; 12, 350 ft (3, 764 ‘m) at Manang. Perbaps Dolpa villages (16,000 ft, 4, 878 m) are the
settlements at the highest altitude in Nepal, Moreover, with increasing tourist inflow (o Nepal
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we have ever increasing numbsr of pzople climbing and trecking to the hights of 13 to Hi
thousand feet (3 to 4 thousand meter) within a few days of leaving the sea level. It is T\OE‘
uncommon for a visitor from America or Japan within a few days of arrival to Kathmandﬁ’
10 fly to Lukla (10, 000 ft, 3, 000 m) and treck up a couple of thousand ol feet above, q
The essential feature of visiting or residing at high altitude is the exposure to a ldwered?:

barometric pressure.,, and the hypoxia caused by the lowered pressure of the atmospheric]
oxygen,  The composition  of air at all akitede remains  the same. But wilvdy
increasing height the total barometric pressure falls progressively. The baromctric:
pressure at sea-levet is 760 mm Hg. which at 6, 000 ft (1, 800 m) becomes 610 m:ﬂ
Hg., at 14, 000 ft (4, 200 m) 450 mm Hg. and at the peak of the Mt. Sagarmatha(29, 028 ft, 8, %
847 m) it is only 225 mm Hg. The total barometric pressure is the combined pressure exerted i}
by 02, N2, CO2 and water vapour. As far the diffusion of oxygen into the body is concerned'
we are more interested with the pressure these gases cxect at the pulmonary alveoli, Carbonj
dioxide is excreted from the blood stream into alveoli and the partial pressure it exerts in the 3
alveoli remains practically constant at 40 mm Hg. Another gas which is always present is the ¥
water vapour. The pressure it exerts is the saturation pressure of water vapour
at body temperature. Since the body temperature remains constant the  partial
pressure of water vapour in the alveoli remains coustant at 47 mm Hg. Theso two gasses :
therefore exerts a combined pressure of approximately 90 mm Hg. The pressure of other gases
at sea-level in the lung is thus (760-90) =670 mm Hg. The pereentage of oxygen in atmos-
_ pheric air is unaffected by ultitude and remains constant at 21. Since some of the inspired
oxygen has been absorbed and metabolized the percentage of 02 in a dry and CO2 free alveo- |
lar gas sample is only 15%. So if air is breathed at the sea-level the PO2 in the alveolic is 15%
of (760-90) mm Hg=100 mm Hg, At 6,000 ft (1,800 m) PO2 in the alveoliis 15% of (610-90) i}
mm Hg=78 mm Hg. The ascents to high aititude however induces hyperventillation which &
lowers the PCO2 from 40 mm Hg. to even 25-30 mm Hg. The combined pressure exerted by ‘
CO2 and water vapour at the alvecli thus comes to about 70 mm Hg. The
alveolar FO2 at 14,000 ft (4,200 m) is about 57 mm Hg. And assuming only air is brea-
thed at the peak of Mt, Sagarmatha the FO2 is only 14 ram Hg. The PO2 of the venous blood i
is 40 mm Hg. So the pressure difference of the O2 in the alveoli and the venous blood is (100- b
40)=60 mm Hg, at the sca-level, which is redused to(57-40)=217 mm Hg at 14,000 Mt(4,200 m) &
and at 29,000 ft (8,857 m) is Jess than the FO2 of the venous blood. Because of the shape ol";
the Oxygen dissociation curve, the O2 saturation falls off very gradually as the alveolar £O2 3§
is reduced, and then more rapidly. The altitude of 5,000 ft (1,500 m) causcs no arterial 5
hypoxia and from 5 to 10 thousand feet (1, 500 to 3,000 in) there is slight hypoxia, but at i
higher altitude with successive increment in aldtude there is increasingly grealer hypoxzia. 1
Thus at 6,000 ft (1,829 m) the arterial oxygen saturation is 94.0 ", whercas at 14,000 ft (4, 3
268 m) itis £0%, at 13,000 ft (4,500 m) it bezomes 78.09% and at 29,028 ft (8,047) the :

beight of Sagarmatha only 22%. i

Man has climbed almost all the mountain peaks of the world but prolonged residence '
seems (o he limited to areas at 18,000 (t (5,500m) or below. Whether man is exposed
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to high altitude for a short period or for many years, the problem of acclimatization to the
high altitude is that of adjustment to a diminished atmospheric oxygen iension. Al the physio-
logical processes in acclimatization are ultimately directed 10 one end: to keep the body ade-
quately supplied with O2. Several mechanisms are involved in maintaining oxygen supply to
the cells of the body as one ascends to the bigh altitude. Some of the mechanism start imme-,
diately, while others take several days or weeks to achieve, -Most people acclimatize to high
altitude when they ascends gradually and when they undertake physical exertion during the
ascent. Gaining height too rapidly if at-:cor_npan‘icd by over exertion soon after the ascent how-
ever may lcad to acute mountajn sickﬁc':s within a few hours. . Thz first and the rapid phase of
acclimatization starts about 5000 ft (|500 ‘). The reduction of arterial PO2is first derected
by the chemoreceptars at the Carotid bodies.” It causes the respiratory cenire to be stimu--
lated and as a result the depth and frequency of breathing increases. This may be the first
thing a mountaineer notices. The re&u]ting fall in PCO2 produces 1espiratory alkalosis which
shifis O2 haemoglobin dissociation curve to the left, increasing the affinity of haemoglobin for
2. The O2 uptake of hagmoglobin in the lungs is'therefore increased. The decrease in H+
concentration due to fall ig arterial PCO2 is compensated by the excretion of.a less acid
urine and the blood PH is maintained ncar normal, Pérmanent residents at high altitude have
normal blood PH. The number of circulating red blood cells increases. This.compensation
takes some  time to develop. The successful Italian expedition to Mt. Sagarmatha noted the
hacmoglohm value of about 236% with the hematdcrite of 67 % to 70%, which ittook 30 days
to dcvelop Polycythcm:a increases the 02 content-of the blood. The other important-adapta-
tion mechanism is the increase in the cardiac output so that cach 100 ml of biood looses less -
O2. In the residents of the high altitude there is increase in number and diameter of the capi-
Itaries which makes possible a better uplal:c of lhc 02 at pulmonary level and an casier
diffusion to the tissues,

The effect of high altitude on the heart as distinct from the circulatory adjustment
have been studicd in the residents at 14,000 ft (4, 268 m) in the Andes. Cardiac output as
studied by cardiac cathetarization was found to be within normal limit (Penaloza et al, 1962),
In the acclimatized mountaineers on the Himalayan Scientific Expedition of 1960-61 the
cardiac output at 19,000 ft. (5, 800 m) were found normal at rest. The maximum output on
exercise was however 25% lower than at sea-level (Pugh, 1962). Rise in pulmonary arterialar
constriction cause by hypoxia at high altitude has been .demonstrated by cathetor studies in
the Andian and North American subjccts (Rotta, A 1961), This is thought to be the expla-
nation of the sometime quite severe right sidencss seen in ECG of the residents at high
altitude, and of the hypertrophy of right ventricle and pulmonary artery musculature found
at necropsy (Arias-Stella and Saldapa, 1963; Recavarren and Arias.Stella, 1964). The right
ventricular hypertrophy and the pulmonary hypertension are however not found below 11 000 '
ft (3,300 m) or below the level of O2 saturation of 87% (Rotta et al, .1959), )

Contrary to the Andun and Norlh Amencan findings the study done among the Hlm-
alayan population living between 12 to 13 thousand feet.(3,658 to 4, 016 m) in North Bhutan :
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in 196 5 however revealed no clinical evidence of pulmonary bypertensien and‘}ight"sidéaﬁgé
in ECG (Jakson, Turner, and Ward 1967). No catbetor study wasdone in this series. it

ECG changes at high altitude have been extensively studied, Jakson and Davies (’1966). i
described it in both European and Sherpa climbers of the British Sole Khumbu Expedition
6f 1959 The recordings of the ECG of 12 mountaineers at different altitude up to 19,.15.0}5,».
(5, 845 m ) showed right axis deviation, and lowering or inversion of T wave in right precor.i§
djal Jeads. Milledge (1963} in the study of serial ECG changes in the climbers during 196p- '
61 Himalayan Scientific and Mountaineering Expedition who spent approximately five mk?ﬂth.iil

at 19,000 ft (5,800 m? and later for shorter periods at higher altitude up to 214,000 ft (7,3l6m.)f ‘

on Makalu showed similar changes of right axis deviation and T wave inversion in the right)
prccordial leads, There was also decrease in the amplitude of QRS voltage which reversed on-‘;
oxygen breathing, ‘The interesting finding was that similar ECG changes to those in the Eure¥if)
pean climbers going from sea—level to the bigh altitude were seen to develop also in lh&,:f
Sherpas normal residents at 12,000 ft (3,658 m) who accompanied them to 19,000 ft (s,aooﬁ’ﬁ;

qénc of whom showed the commonly accepted changes of right ventricular hypertrophy gt

i
1
their tracing’. Tn all cases where the ECG was repecated after return to sea-level it had rcvcr;‘éa-i:
to pormal (Milledge, 1963). _ A g

<E
X

So far-the -physiological study at high altitude has been limited to the stady oft'h:;é;
effect of lowered 'PO2 caused by lowered barometric pressure and gross effect in the )i
circulatory hacmodynamics. Lowered barometric pressure may surely have some effect alié)
on the interestitial fluid and tissue tension. This so far has not been studied. It may have _s'on-.lc"“‘:,
bearing in the -development of the cerebral and pulmonary oedema in certain individual af]

high altitude.

HIGH ALTITUDE PULMONARY OEDEMA AND ACUTE MOUNTAIN SICKNESS |

4

High Altitude Pulmonary Ocdema (HOPAj and Acute Mountain Sickness (AMS) dév’:fr’._ .
probably clinical variants of the same disorder. These have long ‘been known as‘hazﬁfﬂ%&f
to.mountain climbers. Occurence of acute pulmonary oedema in healthy men exposed to hlgh‘ﬂ
wltitude was first described by Hurtado  in 1937, But the phenomena did not gain "'gch'd'r'\ill' &
recognization, mor did it evoke interest of the rescarch workers usntil the present ti‘rh"c':'."lnu_

recent - years the medical officers of the Indian Army have gathered much informations from §

thousands.of cases occuring among the troops transported from the plain to high altitade”

in the himalayan stations. Housten (1960) a distinguished American mountaineér wais"brd-"r
bably the first to demonstrate high altitude pulmonary oedemo by chest X-ray films, Phy- %
-siojogical.studies- of POHA" by_'.Fred'-e'd al -(1962), Hultgren et al (1964) and receritly .by '

Roy. et al (1969) ‘have contributed  much“to the understanding of the phenodiédai” -
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The discase occured in those often young healthy subjects.arriving at altitude .between
1'1',0'0'(') ft (3-.300 m) and 18,000 ft (5:509.- l?_)f_JgThcrc, was a definjte.time lag.of:. 6. to, 96 ‘hos
urs between the arrival at high altitude and the onsct of symptoms. During the time lag,
the predisposed individual suffered from an antidiuresis; whereas: the immune individual
passed urine freely. The incidence in large group of men arsiving “at high..altitude under.
:dentical circumstances varied. from 1,01 to 83.33 per thousand (Madan.Lal 1970).-An in~
dfiridual predisposed to AMS or POHA invariably suffered from the illngss on..every.sub«
sequent trip to high altitude after a stay at sea level. As a matter of fact the incidence of PO-
HA was higher among the people from the hills in comparisan to the plainsmen (Singi] et
al,1965). Among the 8 cases reported by Hultgren et al (_1962) 6 were. acclcmalizcd'-téi
high altitude by virtue ol their continious residence (Peruvian-Andes).: Pulnllo'néry oedema;
occured in them from 9 to 36 hours after returnig to an_ altitude of 12,250 fr (3,734 mz
from a stay at sea level which varied from 2 days to 2 months.-Among the 10] cases re:
perted by Meuon (19_5_,5)_, 65; were _tbosp w.}'m bad spent several months in high  altitude,
and ‘were then returning aftér a period of stay in the plain which varied from 12 to 16
ddys.

Acute Mountain Sickness

C(Hull et al, 1965; Harris i al 1906; Huligren and.  Lund:berg,,. ;1962
Ma‘danll_,al 1970): Headache was the commonest and . mqstwpgr;ist;:;m. Lisymptomey
Other common symptoms were inso}x_np‘ia,; vyomiting, __anq;_c;gia,_ giddiness,; desinclipation ..to:
work and "lack of _conceut_r:la_tipn."}’ atient . may be _apla'_t_h‘_étig,_,n ingorrhet in spneech, Hallucis,
nations and "hysterical outburst and other bebaviour disoder haye becn _reported. . especialy, ;
in thosc exposed to exercise ?t:ﬁgi—g}ltsi.at}évc 14,500 ft (4,420 .m). Blarring of vision,,
with engorgement of retinal vessels, frank papllocdema and ;vitriqus  hacmorrbage:; has:
been observed (Madan Lal, 1970). Twenty four cases reported by Madan  Lal (1970) . de-..
veloped increasing headache, failure of diurcsi;, inprcasfng_brcathlcssncss scvere. papilloedemat
stupor, seizure, and ultimately coma and paralysis. The predominant findings.. in; the . po-;
stmortum in thec three who died from _this complication were cercbral and pulmonary . e€<i
dema. Lumbar Puncture done in 34 cases .during the illoess .and_. after .recovery,.showed.s
increase it the CSF pressurc of 60 to 210 mm of water during.the illness. Cytology and
diochemistry of the CSF were normal. '

ey RV ol BEL

Pulmonary Oedema of High Altitude (POHA):' o .,:'

ThiR P

Pulmonary oedema often ) qg.:cm'_]} -“s:.ﬁ.A .pa:rlg_,‘gf_;; Acute . Mountaip ;Sick‘_ﬁ'e_s;s'.é.;
However, 1t may occur witl}c_;ui_-”_,_gny._‘_ ,\;pg')juq‘tain___; _sickness . a8, ,a. .prelude.,
Charecteristicall, POHA  beginy. with, progressive = coygh, ;and . dyspnea;, .. Gunott
sis may develope and rales arc heard on one or both sides,in the, interscapular greas; andsy
spread ﬁppcr zones. In the early stage the lung bases are usually spared,, Heart rate« and o
respiratory rate increase. During sleep breathing bad a tendency to beceme irregular - or
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frankly Cheyne-Stokes in type, and the patient affected wakes up suddenly with a fce]ing '

suffocation. In fulminating cases the patient feels chokkes, becomes moribund and haep,
trhegic pleural effusion may occur at one or both sides (Nandx, 1970).

Chest X.ray films pulmonary densities, usually first confined to middlc and upper 7%
nes, more predominant on right side. ECG may show evidence of right axis dcvialion,_d"'
ckwise rotation ‘and T inversion in precordial leads. . At necropsy the main finding bas t')ceif

the oedema of lungs. !
‘ i
. Haemodynamic study in patients with POHA showed the moderate increase of the puf
Imonary arterial systolic pressure (26 to 54 mm Hpg), with normal pulmonary after ?1
pressure and lelt atrial pressure (Roy etal, 1969; Bhatia et al, 1970: Hultgren et al, 196411
Fred et al, 1962). Morever the postmortum have shown no left artrial or left vcntriculn;
dilatation or other evidenee of lefi ventricular failure.

" The duration of the incapacitaing illness duc to AMS and POHA varies from 2‘to‘E
5 days. Complete recovery however may take long time 900 cases reported by Madap Lat;)
(1970) 439 became symptom free within 3 days, 26 % within 4 to 7 days, 139 in 8 to]
14 days. Some 100k fiom 4 weeks to 150 days for complete recovery, i

4 Wtdgé:f

The pathophysiological mechanism of FOHA and AMS «ill remains obscire, Arrias-:""‘_
Stella and Kfugcr (1963) and Roy et al (1965) have postulated that redistribution of blood’
volume with a shifi from the periphral to the pulmonary circulation in association with.
in creased pulmonary arterial s important for the occurance of pulmonary oehema  at pi-:
gh aliitude. It may be significant that 2,000 fi (2,743 m) isthe altitude at which hy.;
poxia begins to deminate the control of veniilation and at which arterial PCOZ'-'—bcg"i?:s{{g
to fall Beothby atal, 1954), A'low PCO2 causes constriction of periphral veins {wood and
Boy, 197() and tends to dilate ‘the Pulmonary artzrioles {Cross, 1965). Both these mcchani-f,!;
isms would lead to a shift of flyid to pulmonary capilaries. Periphral venoconstriction as 2’
result of exposure to cold may bea contributary factor. It has also been suggested t'l'x_at'ﬂ
hypoxic tissue damage to pulmonary alveoli may. -alro bea contributary factor. An in-
teresting feature of POHA is that when exposed to the hypoxic stimulus at high a'ltimde';
uoder similar circumstances only a small proportion of person  develops this  condition,
An individual rredisposed to AMS and-POHA invariably  suflered from' this illness on @
every subsequent trips to high altitude. And a significantly large number of cases occur- §
ing among persons who returned to the heigts after staying in the plain for sometime. Prof. :
Viswanathan (1970) assums thatitis due to constitutional factor, the nature of which lies
in tbe architecture of the pulmonary vasculature. He postulates that’ the development of 'q
POHA is an abnormal reaction of ¢ertain parts of pulmonary vasculature to low P02 at i
high altitude in susceptible individuals. where as sescepribility may ‘be determined genetically,
it becomes manifest in the form of greater pulmonary resistance at precapillary level, presuma-

bly as a result of an incfcascd amount of circular muscle fibres in the arterioles of certain
- areas within the lungs’. '
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Thus AMS and P OHA are caused by certain changes in the body caused by expossure
to hypoxia, hypobaric condition and hypocapnia which affect principally the lungs, the brain
and the kidneys, CNS symptoms are attributed to combination of increased cerebral
blood volume, incrcased CSF pressure and cerebral oedema (Anki 2and Robinson, 1970).

. Increased cerebral blood flow in men made acutcly hypoxic with 10% oxygen had been
observed (Kety and Schmidt, 1948). Similar increase in cerebrel bload fiow in the ‘indi-
viduals exposed to hypoxia at 12,000 ft {3,658 m) has been noted by Royet al (1970)
White ¢t al (1942) demonstrated actual brain swelling in annxic animal. Madan Lal (19-
70) and Singh et al [1959] have demonstrated histological evidence of c2rebral oedema in
patients dying of AMS. Increased cerebral blood flow and increased cerebral oedema may
account for the rise in CSF pressure.

Treatment:; Mild cases of headache may require only analgesics, Only those with
severe headache, vomiting, anorexia and breathlessness require active treatment. Induced di-
uresis is the main stay of treatment. Frusemide, morphine, and betmethasone has been used
with considerable benifit, It is generally agreed that the patient should be removed to lower
altitude as soon as possible, And if the qualified medical help is available morphine as well
as frusemide should be given parentrally, The benifical effect of morphine might partly be
due to the reduction of pulmon ary blood volume duc to redistribution of blood to the peri-
phry (Roy et al, 1965). Morphine also augument frusemide diuresis in HOPA (Singh et al,
1967). Betmethasone is administered to relive cerebral nedema. Otber measures include bed
rest, warmth and immediate administration of 100%,.0xygen. Complete clinical and radiolo
gical clearance of the lungs is attained within three days, When both pulmonary oedema
and acute mountain sickness are present together they were benifited more or. less simultas -
neously in each case [Singh, 1970]. Tt is suggested that the positive-pressure artificial venti-
lation, which among other thing will raise the pulmonary interstitial fluid pressure may be of
real help in severe cases (BMJ, 1972). Indian army has found that a single dose of Frusemide
BOmg. given immediately on arrival at high altitude and for two successive morning has a
preventive value in AMS and POHA. In a few individuals who pass too much urine after
using frusemide and develop weakness, giddiness and cramps the dose is reduced to 40mg.

The frusemide cover is not recommended at altitude below 11,000 ft. (3,360m). perhaps it is
unnecessary 10 suggest frusemide cover to all the people going to high altitude except in
condition of mass movement like army. Butit must be made clear that if one develops
symptomns of AMS or POHA the individual should take frusemide 80mg. four hounrly until
medical help is available. Simple education of the people visiting high meuntain as to the
‘dangers of ascending toe rapidly, of over exertion, of exposure to cold and of starting up the
mountain while suffering from cough and cold might go a long way in preventing this dis-
order, Knowledge of the symptoms of AMS and POHA and the value of frusemide therapy
and the need for the patients 1o be evacuated to lower altitude might save many lives.

Avaijlability of ‘emergency stretchers, oxygen and frusemide with clear instruction in their use
in huts at high altitude will allow effectual first aid to be carried out’ (BM]J, 1972).
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vcnt arm‘lcs where doctors especially those who come as medicul. officers to high almude}
trekking or mcuntainering greups will be able to study these disease. This perhaps WOuldA
bE:Sl be c!om: by Nepal M lical Association, Tt may also &ohect information and %llmulalb_
interest in hlgh allltude P1\V5I0|0°y ‘Recently we were plca.,cd to hdvc Prof. Paul Cerrcte]h, :--‘7

the succcssful [talian E\:pﬂditlon to Mt. Sagarmatha speak to-NMA on the sulject. T hopnl
this mutugliy benificial intercommunication Lciwccu NMA and thc doctors of the mouate. ;3
neering or trekking group will continue, . J

BS M, Sbrcs.tha.‘
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