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High altitude dives from 7000 to 14,200 feet
in the Himalayas

T. K. SAHNI, M. J. JOHN, A. DHALL, and A. K. CHATTERJEE

{2epaartorent o8 Medic e, Indian Navol Hospitad Asvini. Colube. Bowmbuy 30005 bndia

Sahni T, John MJ. Dhall A, Chatterjee AK. High vititude dives from 7000 10 14,200 feet in
the Himaluyas. Undersea Biomed Res (9911 18(43:303-316.—Indian Nuvy divers cirmed cut
no-decompression dives at aititudes of 7000 to 14.200 1 (2134-4328 m} in the Nilgiris and
Himalayas from May 1o July 1988. Seventy-cight dives on uir and 22 dives an oxygen were
carried out at various aliitudes. The final dives were at Lake Pangong Tso 14328 myin Ladakh,
Himalayas, to a maximum of 140 Teet of sea water (fsw) [42.6 meters of sea waler (msw)j
equivalent ocean depth in minimum water temperature of 2°C. Oxygen diving ar 14,200 f1
(4328 m) was not successful. Aspects considered were altitude adaptation, diminished uir
pressure diving, hypothermia. and remote area survival. Depths at altitude were convened
todepihs at sea level and were applied to the Royal Navy air tables. Altitude-reluted manifesta-
tons. hypoxia, hypothermia, suspected oxygen toxicity. and equipment failure ware
observed. [t is concluded that stress is due 1o effects of altitude and cold on man and
equipment. as wetl as chunges in diving procedures when diving at high aititudes. Equivalent
air depths when applied to Royal Navy tables could be considered a sule method for diving
at slutudes.

altitude drving acchmatization
equivalent depth decompression
hyponia hypothermia

equipment Yailure

The wim was to establish a record dive at 14200 {14328 myin Lake Pangong Tso
tn the Northern Tip of Ladakh state in the Himalavas. The task involved the prepura-
ton of men and equipment to move across the subcontinent from the Diving Training
Schaollocated ut Cochin in the southern tp of India to the remote areas of Ladakh.,
Hving in these areas, acclimatizing to high aititudes. and then to carry out diving with
cyuipment and procedures not tested at these heights. The onby route ta the lake i
a treacherous dirt track from beh. the capitad of Ladakh 80 mides (130 kmy away and
mvalves crossing a snowbourd pass al 7500 £t (3334 m1 Ay communication s
unreliable due 1o the cross currents in these mountains, overshadowed by clouds.
amd betng snowbound most of the vear. Food and shelter are sparse. temperatures
fow. and human etficicney reduced. A totad ol 32 preparitory dives wl 7000 112134 m
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at PyKara Dam in the Nilgiri Hills were carried out. Subsequently, 22 dives ut 7000
(2134 m}in Lake Manasbal. 16 dives at 11,000 ft (3353 m) in Leh. and finally 30 dives
at 14,200 ft (4328 m) in Lake Pangong Tso were carried out. Dives on alr were
with breathing apparatus self-contained compressed air (BASSCA) foliowing no-
decompression schedules, and with Oxyger 57 on 100% oxygen. At 14,200 fi (4328 mj
oxygen diving was attempted on two occusions but abundoned due 1o discomfort of
the divers.

METHODS

Aduptation to high altitude

To overcome the effects of high allitude the tollowing steps were taken. A high
standard of physical fitness was ensured by carrying out a 10-day physical work-up
including diving at Pykara Lake (2134 m) in southern India. This stay also proved
valuable in assessing requirements in terms of spares, slores, food. medical equip-
ment, ete. Planning was done in minute detail because the final dives would be in
areas where no support, supplies, or spares could be expecred. Stringent physicals
followed at Cochin which included stress ECG. chest x-ray, pulmonary function
tests. and exposure 1o a simulated altitude of 18,000 f1 (5486 m) on air in a hypoxic
aviation chamber for 30 min. Buseline peak expiratory flow rate tPEFR) using the
mintature Wright peak flow meter was recorded. This was repeated on ascending 10
higher altitudes and used as an index to severity of onset of acute mountain sickness
(AMS) (1. D) :

Acclimatization (o reduced partial pressure of oxygen at altitude was considered
the most important aspect Lo prevent hypoxia. Adaptability 1o severe hypoxia has
been demonstrated by Reinhold Messner and Peter Habler when they ascended
Mount Everest (8848 m} without OxyBen suppiements (3, 4). Despite acclimatization,
work capacity 1s greatly reduced with altitude (5). Increuse in meun reaction tmes at
altitudes has also been atiributed 1o hypoxia (6). On the busis of the experience of
other workers (1, it way decided that a 6-day acclimatizition each at Leh (1353 im)
and Pungong Tso {4328 m) would be sufficient Acclimatizauon would consist of strict
rest on the first day followed by gradually increasing exercise before actually diving.
Leh (3353 m) is in the Zanskar Range of mountains, in northern Indis. on the River
Indus. Acclimatization here lasted for 6 days as planned. However. a1 Pangong Tso
(4328 m}, it was reduced 1o 4 days due to onset of bad weather and the men fezling
sufficiently acclimatized. This acclimatization schedule would also adeguaiely zilow
the excess nitrogen accumulated in body tissues during ascent to reach 2quilitrium
with the reduced ambient pressure before diving 7).

Mild anoxia causes polyuria, and oliguria occurs with severe anoxiz. Victims of
AMS are known to become oliguric on arrival at altitude (1 Johence urinery outpyt was
monitored. In addition, adequate intuke of fuids was ensured to prevent dehydration,
hemoconcentration, and risk of thrombi. because 3—4 liters of water loss per da: can
oceurin the Himalayas (3). All members were tamiltarized with symptoms of AMS.
which are well documented. The mountaineering principle of “sleep low: work high"
wis followed. so that the duration of stuy at low OXYRED Pressures was restiicled 1o
the working period onty (work highi and higher oxygen pressures availehle duning

:
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hours of rest (sleep low ). Also the “buddy system™™ fanuliar 1o divers and mountain-
cers was followed. Lvacuation 1o Jower altitude twith higher POy causes a revernsal
of effects due to high altitude. Planning for such u requircment was also made,

The final team comprised 8§ divers. | technician, | diving medical assistant. and |
physician (specialist in diving medicine). Six and a half tons of equipment traveled
nearty 4500 km (2770 miles) across the most difficult terrain in the world to be
available for diving ot Pangong Tso in the Himalavas.

Diving at diminished atmospheric pressure

Decompression tables 1o & maximum height of 18.000 {1 (5486 m) were calculated
on the basis of cquations by Smith (7). Tables | and 2 are in feet and meters,
respectively. Modified decompression stops had been calculated foruse inemergency
since no decompression dives were planned.

The Royal Navy diving tables were used throughout since we had been using these
tables at Pyvkara (8). Also work at our institute and of other authors has confirmed
the British tables 1o be more conservative (9, [01. Maximum diving depth and time
at cach altitude would not cxceed an cquivalent occan depth of 45 msw (147.6 [xw)
for & min since this was the limit for no-decompression dives in the British air tables.
A decompression stop for 3 min could be added for additional sufety (11, Other
aspects that have 1o be considered while diving at altitude are change in buayancy.
equilibrium of tissue if air travel occurs before or after diving. und doubling of
puimonary gases in shallower depths (12). Table 3 isa calgulation of ascent rates and
pressure gradients at various altitudes. On surfacing, air starvation and breathing
difficulty can occur due to the change from high partial pressure of axygen during
diving to very low partial pressures in the atmosphere at high altitudes.

Air diving was carricd out at Lake Pykara (2134 mb, Manasbal (2134 m), Leh
(3353 m), and Pangong Tso (4328 m). Oxygen diving in pairs for 30 min was carried
out at all the above sites except Pungong Tso. where it was abandoned after two
attempts by two pairs of divers. Diving at Manasbal and {ch wus restricted 1o 40 and
30 fTw (feet of fresh water) 112.2 and 9.15 miw {meters of {resh water]), respectively.
because that was the maximum available depth. At Manasbal. divers had the addi-
tional risk of weeds that infested the whole lake. Equivalent air depth and ascent
rates were read off Tables I-3 and then superimposed on the British Navy diving
tables. A prophylactic stop at 2 mfw (6.5 ftw) tor 3 inin was not practiced due (o
additivnal risk of hvpothermia.

The diving scenario was as follows: 2 Gemini craft were in the waler at any given
time: one formed the diving platform and the other. medical support, Emergencies
would be placed in the Gemini and rushed to the shore. first aid being given en route
by the physician and the diving medical assistant. A portable recompression chamber
with facility for oxygen therapy und two stretchers prepared for hypothermia were
kept ready on the shore whenever diving was in progress. If required. hypothermic
divers while being warmed could be recompressed in the chamber. Diving wus
invariably carried out in the warmest part of the day and o exacl depths on a cable
anchored 1o the floor of the lake. This eliminated errors due to altered depth gauge
readings (7. 8. 121, A supervisor kept a strict waich on diving ime and logged 1. To
our knowledge. the cquipment we were using hud not been used at these altiiudes.,
hence functioning of the diving sets was checked § times, once in the morning, befare
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TABLE 3
AsUENT Ratts anh PrRESSURE GRADIENTS AT ALTIIUDLI

Actual Aseent Depth at Which

Alutude Kale Pressure Puoubies

Feet Meters Mwimin miw/nin Tw miw
1] U bi.b 18.7 RN HL3
1000 105 9.4 8.1 308 4.y
6.000 {829 494 15.0 272 8.3
7KK 20134 47.5 14.5 6.2 T8
8,000 2438 45,8 13y 253 7.7
Y AKX} 2743 40 13.4 43 7.4
HIRLE 3048 42.4 129 234 7.3
HRLLY 3383 0.7 124 73 6.3
1300 1962 77 1.5 20.8 6.3
14, (XX) 1,267 362 1.0 2.0 6.4
15 XD 4.5872 RS 10.6 19.2 38
16,000 4,877 4 10,1 18.4 5.6
L7000 5,182 1 R 17.8 S 4
18.000 3,486 30.8 Y4 17 52

gelting into the water. and again before the descent. Each diver dived only once on
a given day and always in pairs.

Hypothermia

Hypothermia duc to low surface temperature and immersion hypothermia ¢an
occur during diving at altitude. Surface lemperatures ranging from 16°-19°C 1o 1°=°C
and water temperatures of 3590 were known o occur in Pangong Tso. Sharp falls
in temperature with depth were autributed to the melting snow that fed the lake. After
trials of different suits in Lake Pykara (2134 m) the underwater swim suit (UWSS)
“dry suit’” with woolen inner garments was selected for dives at high altitude (13).
Adaptation to cold can occur with frequent immersion (14). Therefore. to ensure
adaptation to cold, surface swimming for 20~30 min (bare body or with é-mm n¢o-
prene wet suit) was carried out during the acclimatization to altitude, and this pre-
ceded days of actual diving. This adaptation was considered adequite becuuse 1o
decompression dives were planned. requiring the divers 1o be in the water for a
minimum time. In many ways, preparation for diving at this remote lake was similar
to that required for diving in Antarctica (I5).

To combat hypothermia we decided 1o use the same method we had been using for
years at Pykara, where water temperatures are in the range of 4° to 10°C. Two
stretchers with 6-8 blankets and 8-10 hot packs each were kept in readiness. Hypo-
thermic divers with their diving suits were placed within the biankets, und the hot
packs placed within the layer of blankets, avoiding direct contact with the diver, so
that gradual wurming took place. Special stress was laid on warming the head, axilla.
and groin with minimum manipulation of the diver. Warm [luids in sips were given
slowly to help core temperatures return (o normal. Subsequently, acidosis, hypogly-
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cemin. hypovelemin. and clectrolyte balance can be munaged. Hypothermia of 31°C
has been managed with this arrangement.

Survival in remote areas with sparse food and shelter

Loss of badyweight at high altitude has heen attributed 1o hypo-hydration, foss of
body fat. and/or a loss in lean tissue (16). Nausea and mental depression are also
known (5). which may lead to reduced appetite and loss of weight, To survive in
these areas sufficient quantitics of appetizing and wholesome food were carried. We
had Lo manage in locaily available shelters. but sufficient woollen clothing and sleeping
bags, etc.. were available,

Equipment

Equipment used during this series of dives included:

+ BASCCA diving sct made in England by Aquarius Submarine Products Limited.
Oxyger 57 underwaler breathing apparatus manufactured by Spirotechnique.
France.

+ 6-mm Neoprene wet diving suit.

UWSS with hood manufactured by Avon Rubber Company Limited. England.
« One-man portable recompression chamber. manufactured by Siebe Gornan and
Co. Ltd.. England, Japuary 1971

Supponive diving equipment such as Gemini crafts. compressors. life lines.
sinkers., el

« Medical resuscitation eguipment.

- Woollen ctothing and sleeping bags.

OBSERVATIONS

Acclimatization

Table 4 is a summary of disorders ohserved during the entire series of dives. No
difficuity was felt in acclimalization at Pykara (2134 ml. Srinagar (2073 mi. and
Manasbal (2134 m). Shortness of breath on strenuous exercise felt on the first day al
Pykara was adapted toin a few days. At Leh (3333 m). all members felt breathlessness
on mild exertion on Dav I, all except 2 had adapted by Day 3 and they 100 serded
down in a week. No treatment was given and there was no evidence of any pulmonary
abpormality.

During the entire stay at high altitude. feelings of reduced physicad efficiency and
poor appetite were universal. However. loss of appetite was significunt in 4 members
at Leh and 7 at Pangong Tso.

Headuche responding 1o aspinn was significant in 6 at Leh and in 1t Pungong
Tso. Altered sleep rhythm manifesting as insufficient period of sleep. waking up
breathless and restless. and unrefreshing slecp was noticed at Leh. Two members al
Pangong Tso also feit sieep abnormality. Diazepam {3 mg) at bed ume for 2-3 days
helped revert the sleep patiern to normal. Irritability and lack of concentration in
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TABLE 4
MAND ESIAHON O DISORDIK

Clirane Nuo ol Cises
TUHN) Tt 1L XX) fi (4,200 (1
(20134 m t3.353 m) (4.328 my
Nowof days bl ] 6 Munifestiion

Altitude retyred-

Cerebrul — b i headache
Pulmonur, — 2 - breathlessness
Gustromtesting) — 4 7 anorexia. vomiting
Puvchosomatic — 1 I altered sleep rhythm
Behavioral -— - 2 luck of concentration
Physical ¢fficiency — 11 1 reduced efficieney
Diving tlinevs?
Decompression sickness
Type | i 2 | skin rush/arthralgia
Type 1 — - —
Hypoxia — - 1 loss of contigusness
Hypothermiu
On surfuce — — 2
On immersion _— — i
Equipment malfunciion —_ — 4 T demand valve
Undiagnosed -— — ]
“Number of subyects, [ "no. ol subjects, 8.

tasks were evident in 2 members at Pangong Tso. Rest, diazepam, and a thiazide
diuretic on | day was sufficient 1o restore normaicy in 2 days time.

Diving illness

Table 51y 4 summary of detaily of diving carried our.

SKin rash on the forearm was reported by | diver 6 h after 1 30 ffw (9.15 miw)
actuai depth dive ut Leh. Intermittens VXygen on surface for 435 min, antthistamines,
and topical steroid oittment were administered. The rash disappeared in about 3
days. General malaise and arthralgia were reporied by | diver euch a ich and
Pangong Tso after dives 10 30 and 40 ffw (915 and 122 miw) and in the morning
after and the same evening, respectively. Clinically, no abnormality was detected.
Analgesics and rest were sufficient 1o restore normalcy.

Diver §S soon after commencing a 60-ffw (1.3 mfw) dive at Pangong Tso rushed
up from a depth of about 10-13 ff'w (3—4.5 mfw) in distress. On removal of the set he
was eyanosed and Jost censciousness while being puiled into the Gemuni, Body
temperature wus 36°C, there was no evidence of uny barotraum:i. ang exveen inhaju-
tion for a few minuies revived conscrousnesy. He complained ol “inability 1o breathe”
and buoyancy mismaich on descent, thus he decided 10 return to surtace, Whije
ascending he suddenly blacked out and could not recall the huppenings un regaining



4

DIVING IN THE HIMALAYAS

[ h1a
UIC Y I z b —

wiu Uiy [ s L 4y

W ¢ UL ¢ gy ) 4
unuAal vy unu g 1y Q 1)

unw Gty ve v 8

unyaL vy 1 oy b —
un O ui Iy g |
VUM SR unu gy \ W 4 -
Gz sy uny < 1y Yi
i fy 1 0 % —

uiw [y 3 L % R

Ui s uiur o 14 ¥ o b
(UNTR VRS ui g ¥ g —_— N

AN JO My amep vl Ut o g Uity UudTAN()

aung oy uorssaadwodd] MU WOLog e

SAAL] jO ON

el

b
Wt
R

ot

[

AN

9
$14]
sel
S0l
v

%

1318

0%

W f..w

yidacy iy tiaby

t el
|2 oY O
[ 07
LRt o
¢l o

v Yt

N1 Oy

s 9l
| or

s s
vy (K]
b 0¥
¢l m
i M)

yudagg oy

:/.,_
suodunr
(W ¥eet)
ERL I o

Y-y

LUy gy
HEXK !
__MLI.SC: .c
Wy Io)
HO

A
ey
1] {HK)L

Py

FAMNATY AV SHALCL LA A0 SAVTAEAY]
MEC L AAR




[
o

SAHND JOHN, DHALL, CHATTERIEE

consciousness. Recompression wis not indicated and he was given intermiitent
asyeen mhalation, advised o rest and kept under observation for 24 h. Hypoxia due
(o equipment maltuncuion was a possthitity  Examination of the set, however,
revealed the oviinders to be charged wnd the demand valve functional,

Diving on 1™ oxypen was carricd out at Pyvkaru, Manasbal, and Leh successfully
for 30 min. At Pangong Tso pairs of divers on two vecusions abundoned diving within
4 tew minutes, On both occasions the divers feit a combination ot difficulties in
correcting buoyaney, maintaining depth, and hyperventiation and headache,

Hypothermias

Surface and water temperaiures expericnced during the dive ure given ut Table 6.

All 3 cuses of hypothermia vecurred af Pungong Tso, 2 during work-up swimming
on surface for acclimatizing and | durmg diving. During surfuce swimming J5B8
showed inattention (o verbal commands. On being pulled into the boat. he was pale
and shivering and appeared confused. Core temperature was 35°C. While surface
swimming, HS suddenly reduced speed. appeared in distress. and did not respond to
commands. On being pulled into the bout he appearcd pale und exhausted, incoherent
in speech. and uncoordinated. Core temperature was 34°C, The third case vecurred
alter the dive 1o 80 tfw (24,4 miw) uctual depth when the diver spent 1.5 min in the
water. On removal of the set he appeared uncoordinated, was shivering severely,
and extremitics were pale and cyanosed. Core temperatare was 33°C. Rewarming
was done by the method described carlier. and the divers recovered rapidly and
resumed normal work atter 8-12 h. ’

Equipment

Malfunction of demand valves was experienced at Leh (3353 m) and ot Pangony
Tso (4328 m). On at least four occasions at Pangeng Tso inadequate fow was detected
in time. and in the diver who had suffered from hypoxia. malfunction of equipment
was thought 10 be the hikely cause.

TABLE 6
FEMPERATURE AV Variuus AUTITUDES

Surfuce Temperatures, =C

- Wiater Temperutures.

Maximum Minimum (
Pykara
(00 11, 2,134 m) 18-20 bH-8 4-10
Manashal
0, 203 o 1830 =11 i2-14
L.eh
CHELOR 11, 3,353 my fe-24 5-7 7-9

Pungong Tso
(14200 11 4328 m) 16— 19 - 2.5
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DISCUSSION

Possibly the carliest decempression tables for altitude were developed by Dr. Jon
Pegg in 1965 for use in Lake Tahoe. but were never published. The Cross tables are
widely referenced corrections for altitude and were presented by E. R. Cross.
although apparently developed by H. ). Smith, Jr. Bell and Borgwardt examined the
theorenical basis of the Cross tables and presented the Cross correction to the U.S.
Navy decompression tables (17-19). Tables developed for a muximum height of
3200 m (10,300 f1) were tested in Switzerland and published in 1976 (3). The Univer-
sity of California at Davis conducts research and diver training at 6200 £t (1890 m) in
Lake Tahoe. In Mexico City at 7500 ft (2286 m). diving tunneling operations have
been carried out (17). In India. diving training 1s routinelyv carried out at 7000 fi
(2134 m} in Lake Pvkara in the Nilgiris.

The most extreme example of high altitude diving is Jucques Cousteau’s underwaler
survey of Lake Titicaca in Bolivia in 1968 at altitudes of 12.500 f1 (3810 m) (17).
Diving at 14,200 ft (4238 m) in Luke Pangong Tso is the dive at the highest altitude
according to the literature.

Decompression tabies for diving at altitude are of two types: those that are specifi-
cally calculuted for altitude diving and those that use sea level tables after applying
a correction for alutude. Schedules computed by Bithlmann et al. (20). by Boni et al.
{11). and by Biihlmann (3} are specific calculations for altitude diving. They can also
be computed on the mode! suggested by Schreiner and Kelly (21). However. these
tables are of limited value because they have not been adequately tested 17). and
are only calculated for dives up to altitudes of 3200 m {10,500 1t).

The other practice is to use the tables for sea level after applying correction for
altitude on the basis of available tables such as the Cross. Cross correction, and those
presented by Smith (7, 17-19). Providing corrections ar¢ made for depth and ascent
rates. a dive at aliitude can be transformed o one at sea level for which theoretical
tissue responses are mathematically similar to the altitude dive. This transformation
fails if stops are required because the stop criterta do not obey the same rule of
transformation (17). The theoretical basis of these corrections has been controversiai.
with various rules of thumb recommended by which corrections can be made (8. 12.
17). However, it has been recommended that even for no-decompression dives at
altitude, a decompression stop 1s necessary for at least 3 min at 3 and 2 mfw (9.8 und
7.6 fiw) for the 0-700(0-2296 ft) and 7003200 m (2296-10.500 {} tables. respectively
{11). Attempts lo compute an ideal table for diving at altitude have been carried out
by many warkers such as Hall (22), Hennesy (233, Moass et al. (241, and Smith (7).
These authors have also described methods to calculate tables for different altitudes.

Effects of altitude are due to the reduced oxveen partial pressures in the almo-
sphere. Physiologic changes during acclimatizalion are in many ways different from
changes due 1o diving in cold waters. Hemoconcentration w altiude is mannly due
to secondary polycythemin. whereas during diving it is due (o diuresis and Jdecreuse
wn plasma volume. Erythropaiesis s stimulated ot altitude due 1o reduced pressure
afoxygen, whercas during diving i is depressed due to high partiad pressure of oxygen
12,1710 Despite acclimatization, work capacity is greatly reduced with altitude.
However, no reduction in work capacity of well-trained men has been demonstrated
up to 9000t (2743 m) (23). Acclimatization 1o hypoxia has been recommended for
work at altitudes above RO00 (112438 micf. 260, In our experience. effects of altitude
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were felt vnly after wocent by wir to FLOOO 1T (3353 m). Acule mountam siokness,
chromie mountain sickness, high altitude cerebral edemu. cerebral thrombosis. wnd
Agh altitede pulmonary edema are well-documented conplications of stays ol hugh
altitudes (1, 3,6, 26-28), Acclimatization for 12 hoy aiso recommended before diving.
even lor divers ascending 10 ow altitudes. This is 1o allow the nitrogen content of
the tissues (o reach equilibrium with the reduced ambient pressure. Alternatively .
the carrection tor repetitive dive group must be applied (7. 29). Qur plunned ueclimati-
zulion period adequately covered this and we made no corrections for these.

The clinical picture of immersion hypothermia after diving in cold water is well
recognized (120, Various wet and dry diving suits have been tested 1o find an ideal
insulistion for divers (13). This is based on the knowledye thut performance of divers
is known (o deteriorate in cold water (10, 295, Cold hus also been atiributed as a
contributing factor in decompression sickness {10).

The effect of low ambient pressure on equipment can cause a possible malfunclion
of the hydrostatic compensation valves. Cold is also known to affect the properties
of metals (12). Freczing of water vaporin valves of diving equipment or recompression
chambers cun cuuse malfunction. Freezing from increased flow is also produced with
hyperventilution and panic (12). Mulfunction wus e¢xperienced both at Leh and at
Pungong Tsa. Objectively it may be difficult to define the fuult. In the diver who had
hypoxic hypoxia. malfunction of equipment was a likely diagnosis; examination of
the set however revealed that the cylinders were charged und the valve functional,
Freezing of water vapor with hyperventilation and malfunction of the hydrostatic
compensation valves could have occurred. It is advised that demand valves not be
purged in very cold temperatures, Practically it is sound waching and reussunng
the diver to confirm that vaives are functionul before diving. However, purging at
high altitudes can cause malfunction. It is recommended that until special equipment
tested for altitudes s available, equipment be tested in a hypoxic chamber with
simulated heights and emperatures to realistically determine the limitations of the
equipment,

Contro! of buoyancy with rebreathing appuratus near the surface can be difficult
due 10 rapid changes in breathing bag volume with depth. This problem s exacerbated
at abtitude due to decreased pressure. especinily since adeguate ventitation muy be
difficult when w breathing bag has too much or oo little gus init, Strenuous work while
the diver is trying to descend when incorrectly buoyunt would lead to hyperventilation
contributing to headuches. 1Uis also hypothesized that after adaplation to fow partiz
pressures of oxygen on the surface. a changeover to 100% oxyeen under pressare
during diving may cause oxygen toxicity wt much shallow er depths. These could be
some of the causes for inability to carry out oxygen diving at 14,200 {1 {4328 m1.

Reports of actual diving w aititudes sbove 9000 fi (2743 mi are few, Limited
avalability of diving sites above these altitudes and inadeguate ingentives o dive w
these sites muy be umong the cuuses. In the event of requirements 1or striegic o
commercial gains, frequent diving would be carried out with valuuble experiency
ganed. Sport and adventure diving i these wltitedes will reman restricied.

Wewere carrying out adventure dives ut aliiiudes where no documented dives huu
been done before. Hence a conservative approuch was adopted. The Britsh wahles
are safe, and until safer tbles ure reported. these are recommended tor wse afler
caleulating equivalent air depths.

Diving in extreme altitudes in remote arcas hus (e fuscinution of adventure
addition 1o the thrill of diving 10 unknown waters. Diagnosis of problems cun be
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perplexing . and it nuay be difficult toatirtbute a particular Sign or symptom to alttude,
(e cold. to diving. or 10 equipment maltunction. In diving at Pangong Tso. the
challenge was not only to dive at 14.200 ft (4328 m) but 1o travel 4300 km (2800 miley)
N remote arcas of the Himalayas and (0 plan in advance (o meet the challenges thay
the terrain imposes on mes and cquipment,

CONCLUSION

Diving at high altitudes tabove 9000 fr. 2734 my s expenimental. and suificient
documented dives have nol been done to recommend procedures to be followed
Physiologic adaptation to altitudes and effeet of cold on men and cquipment, in
addition to changes in diving procedures. are significant. Equivalent air depths for
no-decompression dives when appiied 10 the Royal Navy air tables were found o me
safe procedures during this series of dives,

W thank Vice Adminal | Hamdas PVYSM L AVS, Veg VNML Flige Oftier Commanding i Chiet and sy
Admreal KL Fawa Command Medyend Officer, Southern Nuvad Command fus making this cvpedigon

Communder Pp Fegnant. 11 Commandes S Mukherwe, Clearance Maag Oficers,
SOUPCIaLm

Trenn Koar
ECFHIN
ARl OIS teamy meminers fop e

The viems opnns, s findsn

£h ventaned it cepart e hose of the anthors and shouled not pe Conisired gy an
alberal policy ar deciann — Aan

o
gt rccenied Novewidy e fup cpried Marc ey

REFERENCES

bosingh L Khanaa PR Srivastava MO Ll M. Rov SH, Subramanavam CSV. scy

¢ mouni.n
sickness, N Engl J Med 19649, 280: 175184,

L Wright BM. McKerrow CB Maximum forced expiratory How riie us o measure of ventilatery
wapacity with description of new portable instrument for Meusuring it Br Med J o4,
20411046,

3 Bihimann AA. Decompression. decompression sickness, Berlin:

Springer, Verlag, 19847 21,
h3-%2

4 West JB. A century of physioiogy of extreme aitiiude. Fed Proc 1987: 36031 Tys
- Guyten AC. Aviation, high wltitude and space physivlogy . In: Texthook of medics!
Tih ed. Philadelphin: W8 Suunders Co. JYKAISIK-532,
Muckintosh JH, Thomas DJ. Olive JE. Chesner IM, Knight RIJE. The ellect of wintude on 1ees
of reaction time and alertness. Avisl Space Environ Med 1988: 59023624
- Smith CL. Altitude procedures for the ocean diver, NAL] technicul publication no = Cobon
CA: Nanonal Association of Underwater Instruciors, 1976,
8 B.R.2¥06 Rova Navy diving manunl, {ondon: Her Ma
9. Gokufnath AR, Moghe VV. Compurison of air decompreasion schedules avaiiahie nothe fndian
Navy. Repart on Armed Forces Medicul Research Commitiee project ao. 8il
Naval Medicine, INHS ASVINI. Colabu. Bombay, 1977,
9. Bennetr PB. Ellot DH. The physiclogy and medicine of diving, 3rd ed. 8
Pubtishing Co. 1982:300-3 1%, 52382
Pho Ban M. Schibli R Nussberger P, RGhimann AA. Diving wt diminished dlmasphene presyg-e:
air decompression tabies for different alistidos. Undersen Biomed Res 1974- EAEE 2.E S}
. Edmonds C. Lowry C. Penefather Diving and subaquatic medicine, 2nd ed. Sun Pedro, CA:
Best Publishing Co. 19%4:20. B3, 2902949, 833.534.
13, Beckman EL. Thermal protective suit for underwuter swimmers, Mil Med 1967, |32 195-2
. Murdoch DM, Haymes B, Stanion G, Cold acclimation inu hyperbarie environment. Underw ;-
fer medicine. abstracts from the literiture 1986: 135129,
15 White M. The problems of diving in
Newsletrer, June 1987

.

PEY o degs

6.

~d

jestys Stationery Offiee, (9=
TR e ot

an Pedio OA: Bea

acold wnd hastibe environment, Underwirer Avsocianen



36 SAHND JOHN, DHALL CHATTERJEE

. Fuojvo SC. Cymerman A, Punental NA. Young Al Maher J¥. Anthropomeisic changes ut high
albiude. Avial Spuce Lpviron Med (985 220-224.

17 Bell RL. Borgwardt RE The theory of high-alitode correvtivg to the U5 Nuavy stapdard
Jecompression bles. The Cross corrections. Undersea Biomed Res (976 30123

1% Crass ER. Technifucts from i akster diver. Skin Diver 1967 16:64.

19, Cross ER. Techmfucts—high Aiitade decompression, Skin Diver 1970, 19:17

0. Buhlmann AA. Schibili R, Gehring H. Expenimenialle undersuchugen uber dig, decompression
nach wuchgagen in Hemseen bel vermindertem luftdruk, Sehwerz Med Wochenschr 1973
I3 378-353.

3 Schremer HR, Kelley PLA pragmatic vicw ol decompression. In: Lambertsen 1. ed. Under-
water physiology . Procecdings of the fourth symposium of underwater physiology. New Yurk:
Academic Pross 1971:205-214

22, Hall P, The mumature pig @ 2 model tor the study of decompression. Acronpuce Medical

Associalion annual scientiic meshng, Alewandria, VAT Acrospace Medical Axsovrsion. 1472

3. Hennessy TR. Converting stundurd decumpression tubles for no-stop diving from ultitude or

" hubitil. Undersea Biomed Res 1977, 4:39-53,

21 Mauzss )L et al. High altitude dives tables from Mevico. Proceedings of the lenth intermational
conference un underwuater educition. Colton, CA. National Assocition of Undersiter tn~trus-
tors, 1978:251-258.

25 Deuber HI, Domer H. High altitude hypoxia and physicul working capacity of well truined nien
Aviat Space Environ Med 1987 3%:483.

26. Singh 1. Kapila CC. Khanna PK. Nanda RB. Ruo BDE. High altitude puimonury edemu. Luncet
1965 1:226-234,

27, Song SY. Asuyt T. Tanzaki Y. Fujimuki T, Maswan M. Okeda R, Cerebral thrombosis ot
attitude: its pathogenests and the problems of prevention and treatment; Asid Spuce Environ
Med 198617176,

a5 Houston O8. Dickinson 1. Cerebral forms of high altitude iness. Lancet 1975: 121 758761

29 L8 Navy Diving Manoul, Washington. DC: Navy Department, 197388



