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The influence of' climate on the rise of civilization in the Middle East 

would seem to have been profound. 1-1!U.le man has benefited from the sUIlllll9r's 

sun and winter's rain of the region, the seasonal hot weather. intolerable in 

certain areas, has retarded his activities and endangered his health. Heat 

diseases are major health problems in Saudi Arabia, especially .during the 

great human congregation of the annual pilgrimage, in Iraq, Kuwait, Bahrein, 

Qatar, Aden, the Gulf Sheikhdoms and .East Pakistan. The crews of ships 

sailing in the Red Sea, Gulf of Aden and Persian Gulf have never been exempt 

from illnesses due to the effects of heat. Cases of heat illness aboard 

vessels in these ar>i.l. neigpbouring waters have been cEscribed in . recent years. 

One of the most imp.ortant natural factors ihich detennine life on .earth 

is. temperature. Man is less resistant to heat than to coJd if one considers 

the normal rectal tel1lJewture as a base-line. The tropical !lone imposes 

special high requirenents on heat regulation. 

tropics vary as follows: 

The climati.c qUalities of the 

1. Tropical, moist - hot coastal lowland climate in lilich heat exchange 

is rendered difficult. 

2. Hot dry steppes or desert climate with extreme daily temperatUre 

variations. 

3. Equatorial, moist - hot highland climate above 2,000 metres with 

minor annual and daily moisture and temperature variations. 

The most important bioclimatic factor in the tropics is heat. The 

summer temperature in the north temperate zone, during short strenuous 

periods, is frequently higher -than in the hot moist tropiCS. Certain 

industrial centres in northern countries exist where the hot and moist 

climate presents a problem in connexion with working efficiency. 

In the Eastern Mediterranean Region the chief features are the high 

temperature in summer, and the wide range, both annual and diurnal.. Clear 

skies are the main factor in developing intense heat; and it is useful to 

note the contrast with regions nearer to the Equator, where summer rainfall 

restricts direct insoJa tion owing to the prevalence of cloud. 
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A marked simplicity of rhythm prevails throughout the }!iddle East. 

With a few exceptions, July is the hottest month inland, but on the coast 

the max:ilIIum is delayed until August because of slower absorption of heat by 

the sea. Egypt is a good example of this tendency, with a July ma:ximum in the 

Nile Valley and an August ma.x!.lnUm on the Mediterranean and Red Sea coasts. 

Twards the extreme south, in Upper Egypt and Arabia, the maxil!l1.llll tends to 

occur in J1Jl)e under the influence ot the more direct solar heating at the 

solstice. The mCillth ot Januaxy is the coldest everywhere, but any consi

derable rise in temperature doeS not occur until the end of Feburary or in 

early March. Once begun, however, it is very rapid. 

low temperat.ures occur in Asia Minor, Armenia and North 

In winter, extremely 

of Iran. 

The Middle East shows considerable local variatim in humidity - perhaps 

the widest ot any region in the world. An average estimate for the area as 

a whole would show ,0 to 70 per cent relative humidity - a figure much below 

the average for Europe. On the coast, however, sane unusually high humidity 

can occur. Fisher quotes(l) de Gawry as writing: lIJidda is hot and damp 

almost beyond belief for sane three hundred days of the year... Newspapers 

nap into rags, matches refuse to strike. and keys rust in the pockets." 

In some places (e.g. Beirut and Oman), humidity is actually at its highest 

for the year during summer months, in spite of a canplete absence of rainfall. 

It may be mentioned, however, that nowadays, with the modern air ... 

conditioned buildings and the shaded markets, considerable illIprovement has 

been effected. 

This is a brief statement on the climatic conditions in the region, but 

the reader may obtain more detailed information from the references listed 

at the end of this paper. For the convenience of the reader, a map of the 

Eastern Mediterranean Region illustrating the average maximal and minimal 

temperatures in each country is annexed. 

II THE EXTENT OF EXPOSURE TO HEAT EF:FECTS IN THE EAS'lERN MEDITERRANEAN 
REGION 

The extent of exposure to heat effects in the Eastern Mediterranean 

Region can rightly be described as considerable. During the }!ecca Pilgrimage, 

which in. certain years nUllibers up to one million individualS, casualties due 

to heat hyperpyrexia may become appreciable in magnitude. This Pilgrimage 

occurs in the hot six months of the year for seventeen consecutive years and 
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for an equal period in the cooler season. The morbidity rate per 1,000 

pilgrims has been calculated as 1.1 and the case mortality rate as 17.1%. (2) 

In one single day during -the Mecca Pilgrimage, it has been stated that 500 

individuals have died fran heat stroke. In 1916, among the British troops 

in Mesopotamia, 280 cases of heat stroke were reported. In 1917. of the 

353 cases hospitalized, 43 died. In Iraq and Persia 6,212 heat illness cases 

among the English troOps and 896 among Indian troops. (3) Further in 1920-21, 

among English troops in Basra, during several heat waves with maximum 510 to 

53 0 C. 55 cases occurred, (3) 1n 1942, among the British troops in the Persian 

Galf, 168 cases were reported with 32 mortalities. In 1943 in Iraq, 265 

cases among British troops, 157 cases among American soldiers in Mesopotamia. 

In 1953 in Kuwait, 36 cases, af wham 16 died, In 1956 in the Sudan, 281 

cases in one barrack during one single nigj:J.t, of wham 194 died, (3) The humi4 
Basra is more subjected to heat hyperpyre:xia (and less to heat cramps and hea'" 

exhaustion) than Baghdad. (3) In the North African desert heat hyperpyre:xia 

is rare. Heat hyperpyrexia is not confined to the tropics; perhaps it is 

as frequent ill the tropics as in New York during a heat wave. 

Today 230 - 240 tankers (and 14,000 or so sailors) call each month at 

Kuwait's Mina-el-Ahmadi to load oil for world markets. In ..rune, Ju~, 

August and September of each year, this operation is carried out in environ

mental shade temperatures of 95
0 

- 120~. (35
0 

- 490C.) dry-bulb and 60 0 to 

90~. (150 
- 320 C.) wet-bulb. Mid-sUlJlJler sun temperatures may exceed 160°F. 

(71°C.). In such circumstances, the occurrence of heat casualties is not 

surprising, The crews of ships sailing in the Rod Sea, Gulf of Aden and 

Persian Gulf are never exempt from the effects of heat. (4) 

III l-mRKING EFFICIENCY UNIER VERY HOT CONDITIONS 

In hot environments or working installations with extreme temperatures, 

some of the working capacity of the active individual. will be wasted at the 

e:xpense of production. Therefore the provision of technical means to ilIIprove 

the climate in order to normalize the working efficiency is justifiable, 

Quantitative work on heat tolerance did not begin until -the last war when 

personnel research was carried out in great detail in both the United States 

and the United Kingdom. Attention was almost exclusively devoted to men 

e:xposed for short or long periods each day to severe conditions in hat roans. 

There were, however, ilIIportant field investigations by Adolph(5) and his 

associates from Rochester in the Arizone Desert. Adolph writes: "Nowhere 
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in the world do atmospheric conditions prevail that most resting men cannot 

endure." Acclimatization improves effici~cy of men working in hot climates. 

By this term is meant those physiological changes which result in an improve

ment in performance with successive exposure to or residence in hot environ

ments. The unacclimatized man behaves as an unfit man. Acclimatization 

to heat is automatically obtained by repeated ,or continuous exposure to it; 

the effects begin to be noted within a few hours and consist of a dminished 

pulse rate under stress, lower rectal te1lIp3rature, and ability to work faster 

with comfort. A feeling of heat oppression gives way to a feeling of well

being. Usually three to five days are necessary to attain this end. A 

man may sweat one litre an hour during daylight. In twenty-four hours, he 

may have used up to 10 litres in sweating only. Evaporation of water con

tained in the body is made through the respiratory tract and through the 

skin, as visible and invisible sweat. Sweating rate as a term is used to 

indicate the rate of evaporative loss. The sweat glands serving the average 
2 man have been estimated at about 2,500,000 glands in 17,OOOcm in the case 

of the average 70 kg. man. In acclimatization sweat starts at a lower rectal 

temperature. The objective and subjective improvements occur rapidly in the 

first few days; then the rate of physiological improvement is very slight, 

but still detectable up to twenty-three days. (6) 

Breakdown in the heat is often complex: 1. fatigue; 2. headache; 

3. dizziness; 4. abdominal cramps. 

secondary to overdrinking. 

The nausea and vomiting maybe 

The intensity of the various physiological reactions have been used to 

assess the severity of thermal environment. Robinson (6) devised a scale 

of physiological equivalence on these lines - for each of a series of 

different climates ranging from the temperate to extreme desert heat 

(50 oC., 86% ReH.) - he calculated the various different physiological effects 

on his subjects according to the formula: 

100 ( ° -B ) 
M -B 

where E " effect and B, M and 0, the basal ma:x:iJnum tolerated, and actual 

observed values of the parameter being considered respectively. E values 

were calculated separately for heat rate, skin temperatures, rectal tempe

ratv.re and sweat rate, and the index of physiological effect was given by 

the sum of these. Lines drawn between climates on the Psychrometer chart, 
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with equal indices, gave "contours" or equal errect; in mild and moderate 

heat these "rollowed rairly closely the errective temperature lines"; and 

in severe climates they were nearly parallel with the wet-bulb temperature 

lines. The British workers considered that the sweat rate alone might be 

a sufficient index or physiological eHect. This scale predicts the mean 

sweat losses or hyper-acclimatized men over a rour hour period ror di:frerent 

condi tions or work, rest and clothing. The statistical examination or it 

has shown that with certain exceptions, it has little advantage over the 

errective temperature scale. (7) Haldane (1905) noted that the rectaltem

perature or men begins to rise when tIle wet-bulb reaches 310C., and he 

suggested that climates should be assessed by their wet-bulb temperatures 

alone - Adolph (8) has also suggested that the best single index is probably 

the wet.-bulb temperature. The same single index is not however userul ror 

all climates; 

climate it is 

in a "jungle" climate the wet-bulb is important, in a desert 

the dry-bulb. For further in:formation on this subject, the 

rollowing papers should be consulted: 

The Influence or Environment in Arid Regions on the Biology or Man 
(9) by 1-1.8.8. Lade 11. 

Assessment or PhysiolOgical Severity or Hot Climates 
(10) 

by A.R. Lind and R.F. Hellew. 

Ecological Factors AUecting Efficiency and Health in l-1arships 

by F.P. Ellis. (11) 

Die Buc'.eutlUlg des Raumklimas rur den arbeitenden }!enschen 

by H.R. Sei:fert. (12) 

Tolerance. Tolerance is not aUected by the suddenness with which 

subjects may be exposed, except in the case or 2. SUdden transfer rrom a cold 

to a hot environment, as on passing rrom an air-conditioned room to a hot 

exterior which gives a person the advantage or a cold skin, and helps to 

"mop up" the heat load and especially to protect against relation of high 

intensity. 1vi th a sudden transfer rrom comfortable to hot conditions, 

various cardiovascular adjustments occu~' very rapidly, the systolic and 

diastolic blood pressure rall wi thin the rirst five roinutes; later the 

systolic returns. This is important from the viewpoint of hospital design 

where it is not possible to air-condition throughout. 
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IV HEAT EXCHANGlSS, SVJEAT FORMATION AND 'iJAmR TURNOVER 

The heat resulting fran the body at rest a.'TIOtmts to almost 80 calories 

(kilo-calorie) per hour. This amount. of heat would be nearly enough to 

bring one quart of ice water to boil. There are mainly four ways of dis

sipating body heat: 1. radiation; 2. convection; 3. conduction; 

4. evaporation. 

The heat or energy lost from a given quantity of water evaporated is 

0.58 calories for every cubic centimetre of water. Therefore if we are at 

an air temperature equal to skin temperature (which is not gaining or losing 

heat by convection or radiation), and by slowly walking, we are producing 

136 calories of heat every hour, then we would have to lose by evaporation 

exactly one cup of water in order to diEpose of these 136 calDries; other

wise the body temperature would rise. Hhen travelling by night on foot, 

man can plan on getting along with one gallon of water every 20 miles; then 

he can travel in the severest desert weather. Sweat is necessary in a hot 

environment for keeping cool, so it would be impractical to stop a man fran 

sweating. To a small extent, man can anticipate a period of water privation 

by priming the body with extra water. This water is retained over a consi

derable period of time, since the elimination of the excessive water by ex

cretion of more urine, requires two or three hcurs. 

If a man were to retain the heat he produces by combustion in one hour 

at rest, his body temperature would tise more than two degrees F. The 

rates of loss depend on the diffei"Bnce of te~erature between mean body sur

face and mean object surface. Each gramme of water that vaporizes absorbs 

0.58 calories of heat, so that if one produces 100 calories of heat in one 

hour all of it may be lost through the evaporation of 173 grammes of body. 

water. If in addition one gains 100 calories of heat from the suniri the 

same hour, some 346 grammes of water must be lost wi thin the hour, if the 

temperature of the body is not to increase. 

Thirst sensations exhibit a characteristic tiLe lag which is responsible 

for accumulation of the deficits of water in the body, and which are removed 

by periodic drinking resulting in a large fluctuation in body weight - during 

the course of a typical day in a hot desert climate. The loss is more 

rapid in the wanner hours, and fastest during the afternoon; actual rates 

vary from 150 to 700 grammes per hour. In the desert, nearly all the fluid 

intake is utilized to fonn sweat. 
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Further details are given by Adolph in "Physiology of Man in the 

Desert," (5) 

V BWOD CHANGES IN IEHYDRATION 

Men who lose one to eleven percent of their weight by rapid Slreating 

show a loss of volume of circulating plasma. The decrease of plasma volume 

is equalled by the increase in total serum concentration. Hence, in all 

dehydrations, the blood plasma loses mac'S than its share of water. The loss 

of water contained in the body is therefore a greater embarassment for the 

circulation than it otherwise might be. 

Proportionate changes are found also in serum chloride concentration, 

blood non-protein nitrogen concentration and haematocrit ratio of blood.. 

Increase in concentration of chloride, urea or nitrogen during rapid dehydra

tion are no greater than is to be expected from the depletion of Hater. Sugar 

concentration increases more than would be expected from the loss of water 

in the blood.. 

The serum concentration is :re stored to its original value after the 

drinking of water, to the extent that the deficit in the water contained in 

the body is renewed. The redistribution of water is therefore as rapid 

as its absorption from the alimenta:--y tract. 

VI EIECTROLYTE IMBALANCE 

Large amounts of salt are lost frOLl the body in sweat. In general, the 

intake of common salt is apparently greater in hot climates and in the desert, 

thus fairly well compensating for its greater output in sweat and leaving 

almost the ordinar.1 amount of excretion in the urine. The concentration of 

chloride in urine is a rough test of adequacy of body salt content. 

The rate of chloride excretion in the desert was found by AdoJph (5) not 

to be significantly less than in other climates (6 to 8 grammes sodium 

chloride per 24 hours). In a hot roam, the rate of chloride excretion 

was measured in hourly periods, in a large series of tests in which four 

men· underwent dehydration at various tempera1llres. Usually the rate of 

chloride excretion was proportionate to the rate of water excretion; it 

decreased with time rather than with water deficit as such. In other words, 

the ccncentration of chloride is nearly constant: the water output is obli-

gatory, being required for the excre"tion 01" the salt. The chief expenditure 
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of salt is in the sweat. A fe,,' individuals accunmlate considerable crusts 

of salt upon the skin during a single day's exp osure. Within an hour' or 

two, both water and salt can ~:e Gained OJ: lost in considerable amounts and 

in diverse directions. The avera::,e human body contains 165 gramrnes of 

sod:ium chloride (96 milliequivalent per litre of venous serum), so that 10 

to 15% of the contents is turned over uith 24 hours in the desert, uhile 

6 - 8 gramnes of sodium chloride are e:':c:ceted in urine in an average desert 

day. It is known that less salt is spent in sweat after acclimatization to 

the hot climate. Sweat, like urine, therefore responds to the call for con

servation of salt. This fact does not diminish the physiological importance 

of adequate salt intake and the ever present possibility of its inadequacy. 

Salt deficiency may become serious in heat hyperpyrexia and heat exhaus

tion. HypothaL'1lie and suprarenal affections have been suspected. As is 

well known, the adrenal cortices produce two types of honnonal cOlll9ounds, 

respectively denominated glucocorticoids and mineralocorticoids. The justi

fication for this nomenclature is that "'hen introduced exogenously, the two 

groups of corticoids produce distinctive types of major metabolic influence: 

the glucocorticoids affecting predominently carbohydrate and protein meta

bolism, and the mineralocorticoic.s predominently water and electrolyte meta-

bolism. Desoxycorticosterone acetate (DOCA) is knm-m as a mineralocorticoid 

because its activity is limited to an -\xlfluence on the metabolism of sodi1ll1l, 

potassium and water. It reverses the disturbance in electrolyte metabolism 

in adrenocortical insufficiency through readjustment of anbular reabsorption 

of sodium and excretion of potassium. Sodium chloride retention is increased, 

its concentration in sweat is decreased, and plasma and extracellular fluid 

volumes are increased. 

Aldosterone. There is I1IUch accumulated evidence that too recently 

discovered steroid (aldosterone), is really the naturally occurring hon"one 

which is responsible for the mineralcorticoid activity hitherto attributed 

to desoxycorticosterone. 

Adrenal Cortical Extract (Eschatin, Lipo-Adrenal Cortex, Cortalex, etc.) 

is a mixture of endocrine principles obtained fran the adrenal cortices of 

food source mammals. Actually the drug is used for the combined glucocorti

coid and mineralocorticoid activitiy; it can lead to desoxycorticosterone 

administration in too crisis of Addison's disease. This drug has been used 

in the tropics and hot climates for patients suffering from tropical exhaus

tion. 
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VII BLOOD CIRCULATIOfI AND TE}PZRA'J'URE OF }lEN JJE:HYDRATIllG n~ THE IEAT 

The outstanding feature of dehydration is the loss of fluid from the 

blood. The heat causes peripheral vasodilation which is balanced to an 

unknown extent by constriction in other areas. A man dehydrated by 6% when 

compared to himself during simple days of heat of equivalent length, shows 

the following: an increase in rectal temperature of 1-2oC., a 40 percent 

increase in pulse rate and a 40 percent decrease in stroke volume, along 

with marked restlessness and other subjective feelings which will be des

cribed in the chapter on dehydration exhaustion. 

VIII RELATIVE INFLUENCE OF HEAT, HORK.AND DEHYDRATION ON BLOOD CIRCULATION 

It was shown by A.H. Brown and E.J. Towbin(13) that pulse rates and 

rectal temperature correlate with body dehydration, both in the field and 

in the laboratory, and that these indices of physiological state are useful 

criteria of the circulating strain induced by the stress of body dehydration. 

An increase of 10 ~. in air temperature increases man I s circulatory strain 

as an energy expendi iure of 29 calories per square metre per hour. A de-

hydration of 1 percent of body weight increases circulatory strain as much 

as an energy expenditure of 24 calories per square metre per hour. 

An average man in good physical condition, worldng inte:rmi ttently, can 

e:xpend energy at a rate of 30 calories loer square metre per hour. If we 

set the condition that the individual endures no greater circulatory strain 

than is equivalent to this rate of wolk in a cool environment, then e:xposure 

to an air temperature of no of. neces si tates a 25 percent reduction in his 

working rate. A body water deficit of 2.5 percent (1.8 litres) requires 

the same reduction of workoutput by the average man... If both stresses 

are simultaneously e:xperienced, his productivity would be reduced by 50 per

cent. 

IX HEAT STROKE 

1. Pathology 

A body temperature of 46°c. in the rectum may be lethal. This is, 

however, not pathogenic of heat stroke. Rigor mortis develops early, and 

the blood shows diminished coagulability. There is always general hyper

aemia associated with haemorrhages in brain sections, serous membranes and 

internal organs. Almost regularly, according to the intensity of the attack, 
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a congestion of the nervous system manifests itself, R1parentlyon account of 

its sensitivity and especially the susceptibility of its blood circulation 

to stress. In the first place changes occur in the cerebellum, cortex and 

basal-glia, the intensity of which depends on, or goes parallel with the con

dition of life or the activity of -the patient after he is attacked by hyper

pyrexia. Almost always there are congestive hyperaemia and brain oedema. 

Petechae and also diffuse bleeding in the pia mater and sub-dural echymosis 

are not infrequent. Multiple flea-bite like bleeding in both hemispheres 

may also occur. 

Pu!!,uric bleeding, mostly sub-cortical in the third ventricle but also 

in the aqueduct of the fourth ventricle, in the brain-stem and in the cere

bellum were found in 52% of 125 post-lJIortems. (14) Haemorrhages in the pons 

do occur. The histological findings confirm that this is due to the dis-

function of the vascular bed, as exhibited by the congesti VB hyperaemia and 

peri-vascular oedema in the cortex of the cerebellum and cerebrum. The peri

vascular glia-proliferation appears especially if the patient lives for some 

days after the attack has started. Dissecting-aneurys of the extra-cerebral 

arteries and disseminated whi te and haemorrhagic softenings ,16re found. 

It was observed that in 125 cases ex"eensive ganglion cell necrosis with 

secondary gleal proliferation occurred particularly early in the cortex of 

the cerebellum of which the PurJdnje cells were particularly sensitive to 

hyperaemia. (14) 

Extensive disappearance of Purldnje cells and granular cella took place 

in cases with cerebellarsymptomsS15,16) O.ften conplete degeneration mani

.fested i tsel.f in Purkinje cells and"their corresponainggliosis • 

.Among the 125 post-mortems there were in the marrow only proliferation 

o.f the glial cells without evident demylenation and in the hypothalamus no 

pathological changes. On the other hand, in a few cases pathological foms 

o.f ganglion cells in nucleii in the grey matter of the central cavi tory area 

were described. (17) In the so-called insolation meningitis there is increased 

serous .fluid in the liquor-cavities associated with round cell infiltration. 

The exudative changes have been described as serous inflammation and also as 

calorific encephalitis haemorrhagica. (18,19,20,21) 
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As regards the other organs, in 125 post-mortems referred to above, the 

follOlnnglesions were found: bleedinG in the heart and lungs in 6Q percent, 

herd-like myocardial de gene ra tion in 40 percent, nephrosis in 15 percent, 

central liver necrosis in ·10 percent, only in 1 percent were changes in the 

supra-renalsfound. The extent of the bleeding was proporticnate to the 

length of the survival period of the patient after the beginning of the 

attack, but there was no correlation between the haemorrhages and the bluod 

pressure. The haemorrhages affected in the first place the lungs, the peri-

cardium, the endocardium, the peritoneum, the gas to-intestinal tract, the 

pleura, the skin and the heart muscle. Also the parenchy.mal cell degenera

tion was found mostly in "ersons who li ved twenty-four hours after the 

attack. (14) The heart· was found drawn in systole, the left ventricle con

tracted and hard, the right often dilated with intensive lung congestion. 

Somet:imesthere was haemorrhagic pulmonary oedema similar to early states 

of pho~gene* poisoning. (22) Interstitial pneUmonia was deSCribed(14) . 

Extensive sub-endocardial bleeding in the inter-ventricular septum often 

occurred. This was s:i.milartO findings in cases where death was due to 

strong electric current. Also petechia in perica=dium and sub-pericardial 

bleeding al'e pOSSible, and interstitial heart-muscle oedema together with 

acute tubular nephritis were recorded. (23) The liver spaces become filled 

with albuminous material combined wi th swelling, vacuolation and degeneration 

of the cells and occasional necrosis. (19) The stomach mucosa is often con

gested similar to acute gastro-enteritis. (24) The suprarenal changes have 

been rarely described. As to the aetiology of the mo:rphological changes the 

following shotildbe considered,(14) 

a. Direct heart damage thrcugh hyperthennia which is the primary 

dominant factor giving rise to the central nervous system changes. 

b. An oligaemic anoxi.il .which is ::>articularly responsible for the 

parenchymal lesions of the internal organs. 

2. Pathogenesis 

The pathological anatomy and the clinical and laboratory results 

indicate that the main features of heat stroke are due to hyperthermia and 

failure of circulation. Animal experiments and clinical observations point 

to the existence of ganglia in the anterior part of the hypothillamus uhich 

* Phosgene gas = Carbon oXychloride 
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become stimulated by impulses arising fram the thermo-receptors of the skin 

as a result of the rising blood temperature. The central receptor is con-

nected with autonomous centres of "\he circulation and respiration in the 

reticular substance by means of centrifugal tracts. It coordinates the 

parasympathetic nervous supply which is resT)onsible for the cooling of the 

circulation, respiration and the water of the body. Although such cerebral 

receptor has not been proved histologically up till now(25) there have been 

several investigations which seem to indicate a subordinate role of the skin 

receptor. A rise of temperature of up to four degrees centigrade could be 

produced by means of strenuous respiration resulting in increased blood cir

culation in the skin, associated at the same time with vaso-constriction in 

the splanchnic area. This, however, would be counter-balanced by means of 

increased sweat and perhaps' metabolism. Damages to the hypothalamus through 

tumours, infections or haemorrhages may render adaptation to the increasing 

external temperature impossible. As a result of excessive stimu1a.tion, 

advanced failure of the hypothalamic centres would be expected, either through 

biochEmical or biophysical factors or morphological changes. As an expres-

sion of the instability of the central receptors there is the hectic rise of 

the body temperature, as manifested in patients suffering fran heat stroke, 

after their temperature has been brought down to subnormal as a result of 

cold-therapy. Similarly there is the characteristic gradual decrease in 

sweat secretion which is considered by some authors as a primary pathogenic 

phenomenon. This occurred experimentally in acclimatized workers under heat 

conditions when no water was taken, and in very hot surroundings it was as 

much as 80 percent during six hours. (26) It should not be attributed to 

exhaustion of the peripheral sweat glands nor to the deficiency of water nor 

to anoxic cell-damage, because clinicallY as well as experimentally(27,28,29) 

in cool surroupdings with declining body temperature, this condition is very 

quickly reversible independently from water or salt-replacement and takes 

place quite readily when anoxic cerebrB.ldamage is hardly present. Apparently 

these above mentioned changes are connected with the vasomoto r centre and_ 

lead to shock. Decrease in active blood quantity may give rise to collapse, 

but it is not a determining factor in complicated hyperthermia. The chemical 

changes which are met with, seem to be of secondary nature. The circulation 

collapse seems _to-be of peripheral rather than central origin, perhaps due to 

localized collection of metabolic products leading to the dilatation of the compen

satory contracted vessels(30 ) in the splanchnic region. Di-stu:roance of heart 
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functions, as manifested in heat-h}'pexpyrexia and occasionally in the fom 

of tachycardia and temporary irregularities in rhythm and heart potential 

oscillations as :;UO"Wll in ECG, point to toxic or morohological damage to the 

myocardium. An accompanying dehydration and salt deficiency may lead to 

hyperkaliaemia which may be associated uith failure of the cardiac 

dynamics. (31) 

The way in which heat damages the cell is still debatable. It is not 

likely that the only factor is that hoat, acts in the cell by coagulating the 

albumin or disturbing its enzymes, because plant and animal cells which are 

killed by certain temperatures did not exhibit this change as the only factor, 

and moreover, patients are known to have died of heat-strokes Hi thout their 

temperatures rising above 39-400 C. According to Heilbrunn(32) there are in 

the cell wall certain lipoids that have a lay melting point and which are 

dissolved through the rising heat. In the absence of this lipoid barrier, 

an excess of calcium enters these cells and agglutinates the protoplasm. As 

fat-solvents act in the same way, alcohol can have this effect and augment 

the action of heat. 

3. The Clinical Picture 

The clinical picture may be acute without predromata, but possibly with 

early delirium and coma. More often, however, there is an early stage of 

from 1 - 2 hours up to several days (33) which precedes the unexpected sudden 

collapse. According to frequency of occurrence the order of the predromal 

symptoms are: wealmess, headache, loss of appetite, faintness, instability 

of gait, giddiness, anorexia and vomiting. Frequent micturition has already 

been described over a hundred yt'lars ago as a warning symptom by .Rogers. (34) 

The disappearance of sweat for several days before the appearance of the 

attack is a phenomenon which has often attracted the attention of the 

patients. The skin aIDears red, dry and burning, which signifies the 

"red or irritation stage" as in contrast to the "grey stage" which indicates 

the failure of circulation. The pupils are at the start contracted. The 

pulse is quick although still of good quality. The blood pressure remains 

unchanged. 

The patient 

The respiratory rate is i11Cl"eased, vital capacity decreased, 

is often constipated. Sanetimes watery diarrhoea or projectile 

vomiting occur, but seldom cholera-like attacks. The amount and constitu-

tion of urine vary according to water and salt balance. In the ini tia 1 
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stage there is negative water balance which means excretion of large quanti

ties of dilute urine although the intake of water and salt is low. Exten

sive thirst leads through drinki.ng large quantities of water to polyuria. 

Although the uripe becomes diluted, the excretion of electrolytes remain 

normal. Often there is a small quantity of albuminuria, a few erythrocytes 

and 1eucocytes as well as granular or hyalipe casts. Important are the 

early and pressing dysuria, suprapubic pain and urinary retention, which may 

lead to the wreng diagnosis of cystitis or urinary stricture. Measurements 

of the bladder capacity is recommended because of the frequent occurrence of 

inactivity atrophy of the bladder in the tropics. 

It is a conmon o')servation that the higher the temperature, the severer 

are the cerebral symptoms. Prior to collapse, certain psychological dis

turbances are observed. One finds all grades of disturbance of the cons-

ciousness up to coma. In addition one lOOets with patients suffering fran 

confusion Which passes on. to a delirium-syndrome associated with illusionary 

misidentification of the surroundings, hallucin&tions, persecution ideas, 

fear agitations and physical unrest, ~mich eventually may lead to stupor. 

Twilight state with exercise of force and tendency towards suicide, !ihich 

are later loet out of the memory, may appear. These phenomena have been 

observed among the patients in the Mena Hospital during the Pilgrimage in 

1961. PSYChopathic reactions were observed in 9.5% of 568 heat stroke 

cases in the German Army.()5) This stage remains often undiscovered lIDti1 

it enters into tIE second stage with more pronolIDcedmanifestations leading 

into hysterical hyper-agitation which culminates in mania. Consequently, 

patients may be seen in this terminal stage which may have occurred without 

foregoing warning. This is why the workers in the "randmiIlfls" may suddenly 

become restless and delirious; hence the term "rand mad". (36) 

The tennina1 stage begins with a strang and sudden elevation of the 

body temperature, which may reach 47. 6°c. The quick rise of the blood 

temperature stimulates the circulatioi1 to such a degree that one might say 

that it has sprung over the collapse stage of heat exhaustion. If the 
o 

rectal temperature exceeds 41-L2 C. c= supervenes. 

In this stage the pulse is lOll, soft, thr!3ady, the blood pressure is 

falling, the respiration hurried, L'regularand hissing and may be of Cheyne-

Stoke character, indicating central daroage. :Focal Jacksonian fits and 
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general tonic-clonic (epileptoid) convulsions are not rare, .in ccctradistinction 

to a picture of tetany-like condition associated with carpo-pedal spasm and 

positive Trousseau sign. As to the causation of the latter syndrome, it 

has been shown experimentally and clinically that it is due to hyperventila-

tion which leads to tissue alkalosis. The serum-calcium of cases examined 

was nomal, while the alkali-reserve in 60 percent of the cases was dimi

nished. (3) Further disturbances have been observed in individual cerebral 

nerves, such as trismus, swallowing and speech disturbances and tics. 

Meningismus may also occur, associated with characteristic neurolog;ical 

signs and the cerebrospinal fluid, although clear, is under high pressure 

and its albumin content is moderately raised and often exhibiting lJmpho

cytosis and pleocytosis. Sanguinous or xanthochrom colouration of the 

fluid points to diapedetic subarachnoid bleeding. 

4. The Blood Picture 

Under the influence of heat, the erythrocytes are increased on account 

of haemo-concentration dUe to dehydration. The leucocytes are slightly 

increased. The blood platelets were decreased in all cases.tn) Pro

thrombin time is normal or increased, apparently following hepatic· damage. (38) 

5. Biochemical ChangeS 

It has been held that capillary penneabili ty together with hepatogenic 

prothromin deficiency have given rise to haemorrhaees. The results of exa

minations dealing with blood sugar levels vary. The non-protein nitrogen 

may be increased. A rise in urea exceeding 20 mg. % has been found in 

29 out of 61 patients, out of which 9 died. (38) The levels of serum elec

trolytes are unchanged as long as the kidzley function remains no mal. In 

a group of patients sodium (124-171 m Eq I), chloride (90-138 m Eq I) and 

the alkali reserve (11-34 mva I) proved to exhibit wide variations. Na and 

01 were increased in 20 percent of the cases, the majority of which were 

suffering fran azotaemia and lowered alkali-reserve. The potassium is in 

general terms ratbar lowered but in four lethal cases it was increased. 

Prete:nninal fulminating hyperkaliaemia (hyperpotassiaemia) developed in 

three cases. (39) Intracellular potassium may have found its way into the 

extracellular state as a result of intravasal haemolysis or as a result of 

renal insufficiency. 
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6. Complications 

Circulatory failure is the moet commcn. It occurs (perhaps subsequent 

to energetic treatment) during or after the appearance of the pyrexia and 

irreversible changes in. the brain, liver and kidneys. The dilninution of 

the active blood volmne leads eventually, through inefficient heat transport, 

to lowering of body temperainre, which is the reason why hyperpyrerla has 

not been found in all cases ending fatally. The skin, especially of the 

extremi ties and of the face, appears cold, cyanotic and clammy, covered with 

cold sweat. The respiration is hurried, superficial and irregular. On 

account of the small volmne of the blood, the blood pressure sinkB, and the 

pulse becomes snall, soft and frequent. Liver c'-:1ate manifests itself 

through the appearance of icterus. Liver enlargement and. insufficiency 

manifest themselves as also shown by liver tests. Bronchopneumonia is liot 

rare. Incontinence is frequent. In shock, rG::1al anoxia leads to tubuhr 

insufficiency with at first polyuria and later oliguria and finally uraemia. 

The dehydration is often associated with constipation. If on the other 

hand, diarrhoea and profUSe vomiting- appear, deprivation of water anef salt 

takes place. In addition to the loss of the elasticity of the skin; there 

is an oliguria. Absence of urinary chlorides and muscle cramp s may also 

occur. The salt deficiency manifestations are nevertheless o:fonly secon

dary pathogenic importance. 

7. Sequelae 

Lasting dannge is rare, The sequelae related to the central nervous 

system d.i.sappears gradually, but may prove ~"Elsistant to therapy. Loss of 

energy, tiredness, inability to work, :fainting and headaches may last several 

months, a,picture reminiscent of post-encephalitic conditicns. Residue of 

focal lesions changes in ECG even after three months, epilepsy and hydro-

cephalus have been observed. Mono- or hemiplegia reElpond slowly. Speech 

distuIbances such as dysarthrous, anarthrous, bulbar speech and aphasia as 

well as ananr,yostatic syndro:.:e may possibly occur. Cerebellar symptoms, 

such as .ataxia, nystagmus and intention tremor are COlllTlon and m~ remain 

for ysars. They may occur together with pyramidal signs, so much so that 

a picture similar to multiple sclerosis maybe simulated. A man±fold 

picture aweared in a case who remained fi ve days unconscious, in the form 

of :functional manifestations such as hemianopSia, smell and taste loss, 



EM/RCl2/Tech.Disc./2 
page 17 

analgesia and focal signs, such as epileptic fits and spastic heniiparesis. 

Still several months later there were persisting hyper-reflexia, ataxia, 

athetosiS, sca.ll:'1ing Dnd nystagmus, and after eighteen months the cerebellar 

manifestations such as coordination distu:mances.(40 ) During cOllvalescence 

the patient's orientation improves gradl",,,lly, so does his memory. In the 

psychological field harm may be dene to the memory, leading to pronounced 

weakness, and also loss of interest, childiSh behaviour and excitability. 

8. Predisposing Causes 

ll. Alcohol. This acts by stimulating the sweating mechanism 

thus increasing the burden on the heat regulating centre. 

b. Anomalies of i'unCtiOll, number and size of sweat glands. A 

hereditary ectodermal dysplasia is rare, but it was observed among Japanese 

patients that there are individual variations in number and size of the sweat 

glands. SCIIOO persons who have been victims of heat have stated that they 

either sweated rarely or not at all. 

c. Chronic degenerative diseases. Same chronic degenerative 

diseases may affect the temperature regulating meachanism. It was found in 

13 pa-&ients, above 50 years of age and victims of heat, and who were suffering 

during life from chronic arterio-sclerosis, syphilis or chroni.c:.alcoholism, 

that the number of cells in the anterior nucleus group of the hypothalamus 

was diminished. These cells stand in relation to the mechanism of the tem

perature turnover. This points out that the damage done by the chronic 

degenerative disease which precedes the exposure to heat excess augments the 

conservation of heat. In contrast to this, the cells in the posterior 

nucleus which are connected lilth heat formation, and their number are normal, 

in spite of the acute pathological changes. (41) 

Dehydration condition. In the acute water depri va tion in 

experimental persons, the sweating occurs later than in the nonual dehydrated 

persons. The sweat amount is smaller and the rectal temperature is higher. (42) 

e. Obesity prevents the turnover of heat due to insolation and the 

unfavourable ratio of body surface to body weight. This cendition is further 

aggravllted by the . cardiac stress. The death rate due to hyperthermia in the 

obese is three-and-a-half times higher for persons with an overweight of 18 kg 

than for persons wtth an overweight of 4.J/2 kg. (4:3) 
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t. Weak constitution. 

g. Increased endothermic tne.taboliSlll such as thyroto;cicosis lower 

the circulation efficiency in the case of muscular excercise at high·tempera-

tures. 

h. Infectious fevers (such as malaria, typhoid, dengue, three-

day fever), endo and myocarditis, hypertension and pUlmonary lesions (tuber

culosis adhesions, emphysema). 

9. Differential Diagnosis 

In diagnosis, the differentiation between heat stroke and other condi

tions should be carefully considered. High rectal temperature, hot dry skin 

and coma are prominent features which. distinguish heat stroke from heat 

exhaustion. In many moderate cases, however, the hyperthermia is associated 

with Circulatory failure in such a way that differentiation is rendered 

difficult. Enlargement of the spleen indicates malaria, which can be 

proven by examination of the blood. However, one must remember that 

malaria infection, meningitis, pneumonia and typhoid may be associated 

conditions. Unconsciousness maialso be due to hepatic coma, uraem:i.a, 

diabetic coma and hypochloraemia, apople:x;v, epilepsy, alcohol and opiUlll. 

10. Progno.sis 

The prognosis depends on early and efficient treatment and on shock 

rather than on the height of the hyperpyrexia. Of 27 patients whose systolic 

pressure was under 1.OO mm Hg. 9 died. (3 8) 

The prognosis becomes unfavourable through alcoholism, hypertenSion, 

febrile as well as cardiac, pulmonary and renal diseases. Among 1.00 

patients who were in great danger, the mortality among those suffering also 

frClTl hyperkaliaemia was 100%, hypertension 33%, azotaemia 31%, cana 22%, and 

among those with a rectal temperature above 41 °e. 2l%~ According to Austin, 

1956, (38) and other authors(3) the variatian in mortality-records between 

8% and 80% depends on the promptness of treatment, because energetic 

measures can reduce mortality enormously. 

takes place within 24 hours.(44) However, 

In the majority of cases death 

lire may extend to 13 days.(45) 

EarlY death is mostly due to hyperpyrexia, whereas late death is mostly 

following shock. The. primary causes of ooath are direct action of heat, 

acute left cardiac failure, uraemia and respiratory failure. The mortality 
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rises almost parallel to the increase of 

29.2% at 41° - 43°C., 69.2% at 43°C. (46) 

rectal temperature: 8.3% at 41°C., 

° As higj:J. a temperature as 44 C. may 

be survived if the duration is. short. Patients ,rho remain unconscious less 

than 1 J/ 2 hours alW2.YS recover even if their temperature reaches 43 0. But 

even if the temperature were Imrer, unconsciousness lasting more than three 

hours alHays le d to death accor ding to Rogers. 

patients who remained up to 30 hours 1l11consc:louS1.n th 

temperatures were completely resuscitated. (47) 

ll. Sun Stroke 

In recent times 

° ° 42 - 43 C. rectal 

It was fonnerly believed that the sun I s rays could produce a specific 

effect by means of the ultraviolet rays, on the central nervous system, 

particularly the back of the head and the neck which are usually exposed. 

However, ultraviolet rays, although responsible for skin inflammation, are 

absorbed in the upper two millimetres of iIle skin in contrast to the mrudmal 

penetrating waves of lengths varying from 700 to 1500 m u. (48) In India at 

heights of 1500 metres(49) no heat strokes occur, inspite of high intensity 

of ultraviolet rays. Sun stroke in the acute stage is identical with heat 

stroke, but may be classified by itself on account of the direct acting sun 

radiation on the brain. It has been sho,m by experimental heating that the 

temperature rises under the skull by 1.50 
- 20C. The best protection for 

the head is a panama hat or, if possible, a double layered aluminium tropical 

helJnet. 

X HEAT CRAMPS 

Heat cramps are painful tonic-colonic convulsions of the voluntary 

muscles, occurring in persons undertaking heavy physical work in hot climates. 

They are attributed to deficiency in salt and extracellular dehydration. The 

diminishing level of the chlorides of the serum of values 2% to 10% goes 

parallel with the severe symptoms of cranrps. The loss of chlorides can reach 

high levels through sweating in hot climates. Through heavy ,JOrk 0.35 to 

1.5 litres of sweat per hour are lost. Heavy work in the subtropics gives rise 

to !l. loss of 9 gror:unes of saX\; in Slroat and 14 graJlIues in urine daily. On 

oil tanJrers in the Arabian-Persian Gulf a loss of six litres of sweat and 12 

to 16 grmmoes of salt· in four hours has been recorded among engine workers. 

In the Arabian desert the loss may amount to 14.7 - 22.4 g=es in 24 hours 

(Ladell, quoted by Shattuck, (.74) 
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The cramps are augmented by increasing secretion of salt through 

vomiting and diarrhoea and insufficient salt intake. They can be induced 

in ordina:r;oy life by means of a salt-free diet. The whole content of salt 

in the boC\r has been estimated at 120-140 grammes. There is in the blood 

about 600 me% sodium. The chloride is present chiefly in the extracellular 

fluid (ECF). The chloride value of sertL'll is on the average 102.9 m Eq = 

365 mg %. (75) This Cl quantity lies nearer the high borderline of the physio

logically tolerated variation which is normally lowered by the sweat which 

contains salt in a solution of 0.1 to 0.3%. The recorded critical plasma 

Cl values differ considerably: 10 m Eq, 90 m Eq, 78 m Eq~3) They va:r;oy 

according to individual heat lability, 

period. The sodium constitutes about 

degree of acclimatization and prodromal 

1.1/2 of the entire oasis and thus 

shares greatly in the loss. Bound with Cl it possesses hydrogenic affinity. 

It is the malll carrier of the osmotic pressure of the ECF. The loss of chlor 

alone does not lead to an apIZ' eciable extracellular water loss. It has been 

shown recently that·ohlor plays minor rOle also in the processes of trans

portation to the kidney. The loss o£ salt (1l-34 g) produced by work in 

heat, gives rise to heat cramps. If this salt loss in not replaced, water 

Sllifts from the ECF to t he intracellular spaces. On account of this compen-

sato:r;oy water movement there arises, according to Darrow-Jannet's principle, 

an equilibrium due to the loss of extracellular electrolytes and the high 

intracellular·osmotic pressure. Thus the old hypothesis of water-poisoning 

as a cause of cramps appears again in a different light. Cramps occur, 

therefore, not because of a general but because of M intracellular over

hydration which is associated with an abSOlute or relative Cl deficiency. 

The salt loss dominates, because in experL'l1ental salt deprivation, immediately 

after salt intake no more heat cramps occur that is during the time prior to 

the water shift. On the other hand, an experi-1Tlental hypochloraemia is not 

always associated with cramps. (63) Persons greatly deprived of salt who 

exhibit no heat cramps simulate heal thy persons who took large qrantities of 

desoxycorticosterone acetate. (76) This hormone reduced the Cl loss in 

sweat. although a negative salt balance remained. Besides this, increase 

of body weight and plasma .volume should be a.ssUllled because of the canpensa

to:r;oy water l'Cwntion due to the excess of ;retained salt. ')f speCial int~rest 

is the ooservati(m that in experiroontal salt deprivation,cl'amps have ceased 

after the aaninistration of desoxycorticosterone acetate. According to 
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Lilling(77) in animals subjected to water poisoninG, the cramps have been 

warded off by nOCA. On the other hand it has been observed by others that 

in an.:i.mals in whom the suprarenals are extirpated, the temperature has under-

gone a rapid fall~3) Permanent removal of the medulla of the suprarenals 

does notaffect the temperature regulation. (78) The suprarenals have been 

found contracted in size among those who have died of heat stroke. (79,80) 

As is well !mown, the suprarenal glands regulate: 

1. The glomerular filtration, and tlnls the osmotic pressure and the 

ECF are selectively adjusted. 

2. The reabsorption (in the distal tubules) of sodium (in exchange 

for potassium) as well as 01 retention. 

In case of adrenal insufficiency an increase of sodium and lowering 

of potassium excretion arises. In acute heat stress the adrenal insufficiency 

as well as salt deficiency can IX' oduce, through limitation of glomerular 

filtration, diminution in sodium excretion in man and animals. The glomerular 

filtration in adrenalectomised dogs can be normally maintained by means of 

cortisone and hydrocortisone. An excessive Na excretion stands in relation 

to desocycorticosterona, and the doGS can be kept alive on a HaCl - rich 

and K _ poor diet. 

If the thirst sensation in the tropicsis purposely subdued by means of 

taking a salt poor diet, Addison-like manifestations are experienced. It 

is !mown that in Addison I s disease the absorption of sodium is re-est2.blished 

by the action of nOCA, which protects salt-deficient subjects from cramps. 

The absence of cramps in individuals subject to negative salt balance has 

been attributed to the increase of the i'unction of the suprarenals, which is 

saving the salt content of the body. (63) Moreover, Ladell assumes that 

nOCA slows down the transport of ECF to ICF (extracellular fluid into intra

cellular fluid). li.einberg (81) found that nOCA slows down the entry of 

K42 into the inside of the cells. The disturbances of electrolyte water 

metabolism are determined by the cLc.mage done to the cell membrane. Although 

earlier the action of the "adrenal cortex-ACTH" system on the minerals in the 

body was debatable, it is accepted at ;oresent that the mineralocorticoids 

influence on the permeability of the cell membrane and consequently on the 

Na, Cl and K which regulate the osmotic pressure, takes place extra-renally. 
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By means of acclimatization, i.e. training to work in heat during several 

days, the Na and Cl excretions in the sweat diminish. This excretion is 

smaller in West-African workers tha."l in Europeans. It runs parall.el wi th 

the rectal temperature. While the salt concentration in the sweat of non

acclimatized individuals is 2-5 g per litre, it can drop to 0.5 g per 

litre in those accustomed to heat. 

The injection of noCA helps persons in hot-rooms to tolerate the heat. 

Heat stress will give rise to excessive secretion of the salt-retaining 

hormone produced by the suprarenal cortex, and therefore a high-temperature 

environment has been shown experimentally to lead to high excretion values 

of aldosterone in urine. The absence of increased cortisone and cortisol 

excretion speaks against ACTH taking part in the process, and it seems that 

the aldosterone production is not the result of stimulation of the hypophysis. 

In the process of sparing the salt content of the body while at the Slll11e time 

introducing water, a decrease of the ECF should be taken into consideration, 

as it is increased by means of aldosterone secretion. 

The disease is ushered in gradually. During one or several days' 

exposure, prodamata occur such as headaches, vomiting, giddiness, anorexia 

and lancing pains in the extremities. Muscular fibrillation , similar to 

those occurring in defatigued muscles and Addison's disease, precedes muscular 

cramps. During, or a few hours after work, the cramps manifest themselves 

gradually in the extremities. The muscles most frequently affected are the 

flexors of the forearm and the leg, as well as the muscles which are parti-

cularly engaged in work. The additional muscles may also be affected, but 

never the involuntary muscles. The heat cramps occur symetrically, are 

frequently very painful and produce hardness in the affected muscles, due to 

the intensive spastic contractions. If left without treatment, they last for 

hours. They tend to recur at intervals increasing in intensity. By means 

of Faradic current stimulation, cramps may be produced. There is often 

moderate tachycadia. Impeding of respiration through intercostal or 

diaphrawn muscular cramps has been observed. The rectal temperature does 

not generally exceed 380 C. Harked changes in the temperature of the body, 

pulse-rate, respiration or reflex reactions do not occur normally. Absence 

of a sensation of thirst is characteristic. All serum electrolytes may be 

affected. Sodium and chloride excretions in urine, are reduced and, 
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eventually, achloruria takes pL".Ce. Treatment consists of a rest in bed, 

in a cool place, for 1-2 days. The drug of choice in such cases is table

salt (sodium chloride) in a s01ution of 0-1 to 1;, .. 'ith "lenty of fluid, Such 

tablets prodnce exacerbation to tho sto;nach, vomiting and diarrhoea. There-

fore in severe cases, one should a&ninister 600-1000 ml of a solution of 5,8% 
preferably to be repeated after four hours as 0,9% saline solution, It Has 

thought earlier that lactic acid accum~lation is a faotor in the production 

of the cramps and accordingly, sodium-:Jicamonate and glucose were recommende.d, 

but this is no more tenable today. In severe cases, by means of llI'rdnal or , 
scopolamine, the conditions may be ameliorated. 

Man has discovered emnirically his needs of salt in hot climates, There 

is a desire to eat pickles and salted foodstuffs. It is therefore advisable 

for persons carrying out heavy or prolonged work in hot climates, to take salt. 

The best form would be 0.1 to 0.2% Hall-solution, \lhich, if taken cold, does 

not affect the taste of the person. Stronger solutions. increase thirst. 

The Food Nutrition Board (National Resoarch Council of USA) recommends 

10-15 grammes daily, and for each litre of water a person drinks, more than 

4 litres daily, one granune of salt should be p:ovided. The loss of salt is 

difficult to estimate because it is variable. 

into consideration the following: 

Therefore one should 1nke 

1. The rates betlreen Cl-u'Jtake ccnd excretion. 

2. The Cl-concentration is serQ~ and the parallel process, that is: 

3. Cl-excretion in urine, the qU2..'lti ty of which should not fall below 

3.0 grC'lTlIlle$ per litre in thetHenty-four hour urine quantity, 

As it is not possible to est.imat.e t.he quantity of chlorides in the body, 

one can often observe the deficiency whioh manifests itself functionally as 

decreased ability to perform \lork. 

XI HEAT EXHAUSTION FRrn{ SALT DEFICIENCY 

1. Definition 

Heat exhaustion may be called "A condition of failure of circulatory 

regulation which occurs particularly frequently as a result of physical \lork 

in hot environments with high moisture. In addition to the poripheral 

circulatory failure, there is a char~cte·ristic distumance in salt-and-water 

metabolism. The temperature of the body increases Slightly, if it ever does, 

The secretion of the swe~.t is lL'1dist-"rbod. 1I 



EMVRCl2/Tech.Disc./2 
page 24 

2. Occurence 

If canpared to heat hyperpyrexia, heat exhaustion from salt deficinecy 

occurs nine times more frequently, but its mortality is low. It can occur 

anywhere where air temperature is high. It is more frequent where hyper

pyrexia is endemic, and in the tropics where humidity is high. Its highest 

occurrence is in the second half of summer parallel to the maximum temperature, 

and among Sailors and merchants who visit the Gulf and Iraq. 

3. Farthogenesis 

Under the influence of heat, the veasels of the skin dilate and the blood 

increases in the peripheral bed without increase in its vo11llll\l. This decrease 

in blood volume is augmented by sweating. The blood pressure sinks and the 

heat rate increases. The circulatory insufficiency becanes .evident on 

physical activity. At 400 C rectal temperature tendency to collapse becomes 

evident. At 4loC rectal temperature and 140/minutes pulse, the circulation 

maximum limit of working capacity is reached. 

transport augments the pyrexia. 

The affected convective. heat 

The fluid-distribution described above stimulates the kidney as much as 

possible to .retain the excess quantity of water and salt, until the ECF and 

plasma volume rise and normal distribution is attained. The rise of blood 

volume through the displacement of plasma from tissue to the ci~tion 

gains, after fifteen minutes, an increase of 13% and attains after one week 

a maximum of 20 to 30%. (;p,Sl) After two weeks, the plasma vOlume, the 

circulating protein and the whole blood volume, fall to the nOll.'lUll ~ 

The circulation of the hUllUlIl being is severely stressed by the heat. 

The minute-volume rises, due to heat alone, by about one to two litres. At 

rest, raising the temperature from 200 C to 4SoC, the volume rises by 1.3 

litres, i.e., 20-25%. If work is performed at the same time, a rise of the 

minute-volume of 15 litres has taken place. 

During the process of acclimatization, in addition to the increase in 

volume, copious sweat-secletion takes place even earlier. 'l'helonger one 

stays in the tropics, the more one becomes accustomed to ~ating less. 

The rise in blood volume and sweat secretion in people working :in the heat 

leads to a less marked rise of heart rate. and body temperature, and to a 

lessening of the fall in blood pressure. 

efficiency. 

This means an increase in work 
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In temperate olimates, man requires 10-15 grammes of table salt in his 

daily diet. In developing salt deficiency through excessive sweating, salt 

is reabsorbed through the tubules of the kidney. If this does not suffice 

the Cl-conoentration falls from a normal level of four to one gramme per litre 

of sweat. If this salt-saving mechanism does not endure for example during 

a short sojourn in the tropics, the Na-concentration falls in the plasma, 

and in the erythrocytes~52) whioh is even more important. A negative salt 

equilibrium gives rise to a deoline in the osmotic pressure, whioh is oanpen

sated for by the exoretion of water by the kidney. 

4. Predisposing Causes 

Aooainpanying infeotion wh:i,oh acts in a vioious oirole, so that fever and 

anorexia diminish water and salt intake; gastro-intestinaldisturbance through 

vomiting and diarrhoea inoJ;ease the salt and wte:r:loss. Further pr'edisposing 

factors are heavy musoular work in hot, moist envirorunents such as deep mines, 

ineff1c:lJmt aoclimatization, ohronio vasoular diseases, alcohol or rioh diet. 

The asthenio type is susceptible. In the tropics, the European settlers 

possess less stable orthostatic regulation mechanism than Africans. (53) 

5. Clinioal Pioture 

The olinioal findings simulate those occurring under normal olimatio 

conditions, due to hypochloroemia. The onset may be aoute, also oocurring 

at night. The attaokedlabourers often state that they have beoome suddenly 

giddy, have large quantities of water, vcimit immediately afterwards and feel 

oramps in the extremities. Usually there is aprodranal stage of 1-5 days 

duration. The entire skin becomes red and sweats profusely. The headaohe 

inoreases in intensity. The patient suffers from tiredness, giddiness, 

ocoasionally sight and auditory disturbanoes, rapid pulse as well as rapid 

and superficial respiration. Hyperventilation tetany as well as alkaline 

tetany through repeated vcmiting appear to be rare. Among 205 patients, 

8% of the light attaoks exhibited carpo-opedal spasm. (54) Severe muscular 

oramps, also in the abdominal nmsoles, are frequent (ill 58% of 437 cases 

reported by Collings). (55) Frequently, loss of appetite, anorexia and 

vomiting caused perhaps through pylorio spasm and atony of the stomach as 

a result of bad absorption of the consumed fluids. Tiredness, aohe in the 

forehead and giddiness on slight exertion or change of posture point to 

oirculatory oollapse. The oligaemic shock occuring in association with 
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consistent vomiting, general paleness and severe cloudiness of consciousness, 

simulates the shock due to burns and haemorrhages. The patien.t is coiupletely 

exhausted and apathetic) pn rare occasions, fearful, confused, restless, 

irritable, subconscious or comatose. An adequate feeling of thirst is often 

absent; An associated miliaria rubra has been met with in 12 out of 59 

cases~52) Sometimes there is anhidrosis. Of 59 cases, 15 have shown signs 

of dehydration such as skin turgor, dry tongue, the characteristic face, and 

the biochemistry of salt-deficiency, i.e. low serum chloride, the consequent 

ECF and plasma volumes, the increase in haemoglobin, plasma-protein and 

blood area up to 500, decrease in urinary quantity of about 500ml per 24 

hours, (44)with lowering of Cl and Na and eventuallyaclIl:orur:ts:---and anuria. 

The body temperature is normal or subnormal. There is on record slight 

increase of rectal temperature up to 38 to 39°C. Tn the Arabian desert the 

temperature was abQut 37.8°C in 8)% of 45 cases)56 ) Under shock, the 

patient is unconscious, the skin is . pale and covered with cold sweat, the 

pulse rises up to 170/min. and more, the respiration becomes deep and 

sonorous and the blood pressure sinks below 100 111m Hg. The diastolic 

pressure remains relatively high during the vaso-cOlllltriction phase and 

gives rise to low pulse amplitude. In the desert of Southern Iraq, the 

orthostatic disfunction constitutes 73%, vomiting andcraxiips 70%, dehydration 

50%, oliguria and deficient urinary -Cl 73%, and low pulse am.plitude in 30% 

of all cases.(56) In the humid KUWait, _the frequency is as followsl 

exhaustion· 100%, giddiness in 80%, loss of appetite, anorexia, vomiting and 

cramps in 60%, constipation in 40%, headache in 40%, diarrhoea in 30% and 

fainting in 10% of the patients. (52) 

6. Progn'osis 

The prognosis is favourable if the condition is not complicated with 

kidney trouble. The uncomplicated cases recover quickly. The increase 

in the urine voltune is an early sign of· recovery. The duration is six 

days, and headache 7 to 10 days. Also shock responds to treatment. 

Relapses are rare and the change in climate is not necessary. 

7. Diagnosis 

Heat and work are the characteristic starting stresses associated with 

low urinary chloride. Heat exhaustion is differentiated from moderate 

pyrexia by salt-deficiency and from hyperthemia by the absence of high 
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temperature. Persistent exposure to heat may lead, however, to hyperpyrexia. 

The dif'ferential diagnosis has to be established especially in the case of 

food and chemical intoxication (diarrhoea)J ileus, apopl~, epilepsy, acute 

alcoholic into",ication, opium, typhus, and especially the temperature lability 

inchildr~n, which in hot summer manifests itself by slight rise of body 

temperature and often gives rise to enteritis, although the picture of a 

severe dise,ase is absent. Malaria is differentiated by the presence of 

parasites and the absence of chloride-deficiency, but may occur as a compli-

cation. The occasionally diagnosed psychoneuroris in the tropics may be in 

reality heat-exhaustion through salt deficiency. 

8. Treatment 

Rest is essential. The patient shouJ.d lie horizontally on a bed with 
o 

the head raised. The room temperature should be about 24 G. No laxative 

shouJ.d be given for, fear of dehydration. Light cases should drink 0.1 to 

1% salt solution, i.e., 2.5 litres of fluid and 25 to 40 gralTlllles salt during 

the first day. In the 

saline is administered. 

case of shock, vomiting and anorexia, parenteral 

,For shock 500 cc of plasma is given in the first 

half-an-hour, ,in severe dehydration 500 cc isotonic saline in each of the 

two first half-hours, and every four hours thereafter, or r,elativaly,2.2 

litres 0.9% saline, half of it to be given in the first hour or hour-and-a-

half. It is necessary to keep the balance between fluid and electrolytes 

because excessive introduction of salt without improvement manifestations 

will lead to excess of sodium in the blood (hypernatriaemia) resulting in 

intracellular dehydration. 

The additional salt to be administered should be calculated in relation 

to the diet taken. The values of the serum electrolytes do not suffice for 

planning salt therapy. The sodium loss leads to lesseniI,lg of the ECS, so 

that the serum level :does not correspond to the salt loss. Therefore, in 

the marked decrease of body water" in spite of Na-deficiency, there can be 

an almost normal plasma-Nalevel. (52) This is the reason why the whole 

blood Na is a better guide regarding duration and severity than the plasma. 

The rise of haernatocrit, l1aemoglobin, erythrocytes, urea and plasma protein 

point to a combination of water and salt deficiency. 

Not more than three litres of fluid should be administered in the first 

24 hours. 

Jg/litre, 

The urinary salt should be replaced until 

which readily takes place after 5-7 days. 

the urinary Cl exceeds 

Three patients 
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required 25, 43 and 52g salt consecutively.(52) Preceding determination 

of the requirement of salt in clinical practice is not usually necessary 

and an top of that it is of questionable value because the electrolytes 

of fua plasma vary through the reduction of ECF and absorption. C~e should 

be taken to replacafiuids lost in order to reinstitute body weight. Rectal 

temperature shou:).d be taken every two hours in order to watch in case hyper-

pyrexia develops. Blood-letting and morphia are contra-indicated. 

9. Prevention 

Dehyration is fue most frequent complication of all severe medical and 

surgical cases in the tropics. Often it is mistaken for toxaemia. It has 

been observed that in certain individuals more Cl is found in sweat in the 

second half of summer than in the first half, a finding 'which indicates 

breakdown of the heat-defence mechanism. Persons who exhibit weight loss 

and highly concentrated urine which is' Cl deficient should be watched and 

given additional salt. It is recommended for patients who are severely ill 

to have their urine examined every eight, hours for quantity and Cl. The 

urine shruld be examined according to Fantus method: in a test tube, ten 

drops of urine are placed and one drop of 1% potassium chromate. Silver 

nitrate (AgN0
3

) 2.9% solution drop-wise is added while'shaking the tube 

until the canarian-yellow colour is changed into red brown. Each drop used 

of the silver nitrate solution,corresponds to one gramme of chloride' in one 

litre of urine (lg Cl/L urine). Although urates, bicarbonates, ammonium

ions, PH under 6.5 and long standing urine, increase the Fantus values (so 

much so that the values do not correspond to those of the blood) yet a 

finding of more than 3g/Litre reliably excludes salt deficiency.(51,58). 

In manifest salt deficiency, the values are less than 3g/Litre. 

In the case of physical work, it is recommended that the healthy 

individual should drink liberally 0.25 to 1% NaCl in water, so that he 

would get 28g NaCl and nine litres of fluid. On ships, in tropical waters 

20 grammes of salt are recommended for the deck-workers and 30 grammes for 

the machine personnel. As the normal daily diet contains only 10 grammes 

(in the meat portion),the addition of salt is needed. Salt tablets are 

sui table for prophylaxis because they diss alve slowly but not for emergency 

therapy. 
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XII DEHYDRATION EXHAUSTION Ai) A Rl!8ULT OF WATER DEPRIVATION 

Heat collapse may also arise a~ a result of· diminished blood volume 

due to dehydration. In a temperate cl:!Juate, the daily loss is two to three 

litres, half of Which is excreted in urine. In the Californian desert, 

with a temperature similar to that of the North African Desert, the loss 

reaches eleven litres, 90% of which is excreted as sweat. The sweat volume 

is a good measure for heat stress, acclimatization and water deficit. If 

the water deficit is 5 to 10%, the circulation symptoms arerecoverab1e, 

but over 12%, as shown in animal experiments, the body temperature rises 

explosively • 

1. Clinical P:i,cture 

Apart from severe thirst, the other symptoms indicate threatening 

circulatory failurel discomfort, reddening of the skin, feeling of oppression 

and exhaustion, sleepiness cr restlesness, anorexia, giddiness, increasing 

IIlUscular twtichings. A particularly. characteristic symptom, sometimes 

occuring terminalJ,y, is the rise of pulse and rectal temperature. There is 

often cyanosis and dyspnoea. At times, there is parasthesia of the extremi-

ties as an expression of acapnia. Hyperventilation seems to accompany 

severe dehydration. The cause may perhaps be local anosia of the chemo

receptors to which the cyanosis seems to point. The foregoing symptoms 

occur as a result of dehydration causing 10% loss of body weight, and they 

disapper following adequate water intake wi thin one hour and do not endanger 

life. If the water deficit is larger, extreme unrest and delirium occur, 

aJ.so swelling of the tmgue, insensibility of tne mucous membranes of the 

mouth. A deficit of 12% leads to inability to swallow, rendering reccvery 

wi thoutmedical aid impossible. The. skin becClll8s shrivelled and the eyeS 

sunken, seeing and hearing deteriorate: dysuria and finally anuria occur. 

Death follows this irreversible stage When the deficit reaches 15 to 25%. 

The pulse rate.1s the most sensitive quantitative measurement for 

dehydration especiaJ.ly on standing, which caus es, further, the blood 

volume to diminish. The rectal temperature rises 20
0

C with 6% deficit. 

Hyperventilation takes place When 4 to 8% deficit is reached, the aJ.veolar 

CO
2 

pressure decreases 

until spitting becomes 

c arTesp ondingly. Secretion of saliva diminishes 

impossible. The urine excretion becomes near the 
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low border line of the normal, but continues constantly and therefore shruld 

not be taken as a measure of dehydration. 

not occur before the terminal stage. 

Deterioration of the kidneys does 

In contradistinction to salt deficiency conditions, there is an intensive 

thirst sensation, while vomiting and cramps are absent, and no electrolytes 

reduction in urine nor in plasma. 

2. Proteotion 

In order to economize on the water store of the body, the following 

should be taken into considerations 

(a) Limiting the body activity as much as possible. 

(b) Avoiding direct exposure to the sun. 

(0) Remaining dressed. 

as vaporisation is possible. 

The kind and material play no role as long 

o 
By observing these ru1es, one can save, at a temper\1tureof 38 C a. 

quarter of the quantity of the volume of sweat. Of som!lwhat1~s importance 

i.s the regu1ation of the diet which shou1d be poor in protein in order to 

avoid excessive urea formation. 

In contradistinction to heat acclimatization to wat~, deficiency does 

not take place. Water shou1d be drunk very frequently, aJ.inost hourly. 

In the Iraquian desert at 44-46°C the fluid requirement is 7.5 litres 

during the 24 hours. 

XIII HEAT EXHAUSTION THROUGH ANHYDRDSIS SYNONYSMS 

Anhydrotic heat exhaustionj(59) tropical deshydrotic astheniaJ(44) 

tropical anhydroticastheniaj (60) anhydrotic heat asthenia; (61) thermo

genic anYdrosisj(62) heat exhaustion type 11.(56) 

1. Definition 

Anhydrotic heat exhaustion is a condition occurring in the tropical 

climates which is characterized by disturbance of heat regulation following 

miliaria, through diminished sweat secretion and physical :andmentaJ. 

exhaustion. 
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This condition became known during the war among the troops in 1944. 

It haS beenreoorded in several tropical regions. In the Eastern Mediterranean 

Region, ··i t . has been recorded in Iraq (55 cases), (56) in the Persian GuJ.f, (4) 

and in Karachi (62 cases) (64) It occurs generally in localities where the 

minimum temperature is high, irrespective of the ma:rimal temperature, together 

with high rate of humidity. In Karachi 58 cases were recorded in a climate 
o of 29-31 C dry thermometer and 80% relative humidity. 

3. Pathogenesis 

It is not known whether or how far a central or peripheral damage is the 

underl,ying cause. The following are discussed: 

(a) Failure of the nervous sweat regulation. There is no. knowledge 

regarding relaticnship between brain lesions and sweat secretion. However, 

it is known that in cases of central hyperpyrexia and hyperpyrexia due to 

operations on hypothalamic twnours, there occurs a temporary anhydrosis 

which is generalized. On the other hand, in anhydrotic exhaustion,· the 

face and'back of the neck are not affected. Experimental work indicates 

that the central nervous impulses to the sweat glands are intact. 

(b) Glands exhaustion through heat has been postuJ.ated as the cause 

of this condition, as it has been shown that sweating decreases by 20% during 

the seccnd hour of exposure to the sun. However, gradual acclimatization, 

by means of· which sweat increases and its salt contents diminish, should be 

taken into consideration. On the other hand it was shown that Cl increases 

in the sweat in the case of anhydrosis, which points to exhaustion of the 

glands. It has been observed,however, that high Cl values do not occur as 

a rule in heat exhaustion due to anhydrosis. On the other hand an increase 

occurs in healthy individuals, heat hyperpyrexia, and salt deficiency heat 

exhaustion. 

(c) The dominant role of the suprarenal cortex in heat acclimatization 

has been widel,y discussed in literature. It is not certain if the disturbance 

of the suprarenal cortex has an influence on the sweat quantity. Addison's 

disease has been shown to give rise to snh.Ydrosis and also SilIlmond's disease 

to hypohidrosis. In hot-roan experiments, desOJeYcorticosterone acetate has 
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given rise t.o an increase in the sweat secretion • In favour .of an influence 

.of the suprarenal c.ortex in the pr.oducti.on .of anhydr.osis heat exhaustion, is 

the ass.ociated p.olyuria and c.osm.ophilia, hyp.oglyceomia and heat int.olerance. 

P.ossibly miliaria rubra augments an already f.ormed heat stress (thr.ough 

tr.opical climate). The heat stress w.ould then be acc.ording to selye(65) 
a "disease of adaptation ". 

(d) Path.ological changes of the sweat glands; 

In addition t.o the rarely .occurring hereditary dysplasia and the acquired 

atrophy as a result of skin diseases, there is the interference ... with the 

ducts by skin-oedema, urticaria, erysepalas and blockage. 

The miliaria as a variety of the sweating congestion syndro~e precedes 

in its acute form, almost a;Lways, the anhydrotic heat exhaustion.. By means 

of its f.ollowing phase, i.e. miliaria profunda, it renders the, greater part 

.of the body surface, without sweating, thus, leading t.o anhydrosis exhaustion. 

While the dislodgement of the pares has been experimentally proved, yet, up 

till now, it could not be.shown that this finding answers all the p.oints in 

connexion. with the c::hangeswhich occur in anhydr.otic heat exhaustion. 

Certain general symptoms and manifestations arise in connexion with 

anhydrosis. Exacerbation occur after application .of measures which narmally 

induce sweating such as exposure t.o sun or a hot room, or drinking hot tea 

or administration .of drugs such as pil.ocarpin, carbach.ol, metachol:j.n, aspirin. 

Such exacerbati.on of symptoms disappears .on the return of sweating. 

is in the tr.opics where heat less takes place as a result of sweating, 

anhydrotic heat exhaustion gives rise" although to a minor degree, to 

As it 

accumulation of heat. It seems, however, wholly overlooking .the compen-

satory hypersE!cretion .of the undil)turbed glands doubtful, wh.ether the minor 

degree of pyrexia is responsible for directly and in great measure for the 

cardinal symptoms manifested as severe illness sensation. This illness may 

also occur without pyrexia. (66) The histological findings .of O-Brien, 

quoted by H.E. Kutz (3) p.oint to the fact that in severe anhydrotic heat 

exhaustion large quantities .of excreted sweat are reabsorbed through the 

carium and finally reach the blo.od stream. In the case of considerable 

diminution of sweat quantity, sec.ondary disturbances in salt and fluid of 

the body may ensue. On the .other hand, these salt and water quantities 
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which cannot be secreted by the skin, will be excreted by the kidney. Also, 

additionsl sslt which is given in this c'ondition is immediately lost again 

in the urine. (56) There is no evidence of sslt or water deficiency; the 

primary failure is the skin which 'can excrete such substances. 

The deep accelerated respiration, the occasionally occurring light 

parasthesia, as well as fainting, weakness, giddiness and irritability, leads 

one to suspect the condition known as hyperventilation tetany. (67) ~owever, 
changes in the acid base equilibrium of the blood could not be detected.;5

6
) 

Whether a hyperventilation for heat turnover, especislly in ho.t humid .. climate 

is of significance, is questionable (Robinson as quoted by Kutz).(3) This 

can slso be said in the case of heat-trauma without anhyaros~s. 

Against the induction of tachycardia and dyspurea by the' periphersl 

circulatory failure, speaks the absence of the <rthostatic regulatory 

disturbances. 

4. Clinical Picture 

Anhydrotic heat exhaustion occurs usually after seversl months SOj9Ul'n 

in a moist, hot cliDJate, with an average of 8.1/2 months in thee tropics. 

A few weeks before the general manifestations begin, a severe attack of 

miliaria rubra becomes evident. On the average, eight weeks (sometimes 

immediately, and in other instances after 24 weeks) after the clinicsl 

appearance, the patient who previously used to sweat profusely, observes 

that sweating ceases more or less completely, and leaves behind prickly heat. 

This !Ulhydrosis precedes by a few days to two weeks the exhaustion manifesta-

tions. During this time prodr-omata appear, such as weakness, fainting, loss 

of appetite, sometimes headache, giddiness and insomnia. In cool surroundings 

and absence of physicsl strain, these subjective manif,estations are very vague. 

Through physicsl over-straining ,in the heat of the sun, the symptoms become 

aggravated and consequently all sorts of exacerbations take place, lllanifested 

as sensation of exhuastion, dyspnoea, heart oppression, cramps, sometimes 

anorexia and vomiting, restlessness, irritability and eventusl collapse. 

Frequently there is a sensation of intensive heat and skin tensiO\l which 

is changed considerably thrrugh the itching due to miliaria rubra. The 

physicsl examination of the individuslrevesls tachycardia and accelerated 

deepened respiration. 
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The body temperature is usually slightly raised, generally not. over 

The resting pulse is normal. The pulse on standing is not 

significantly raised. Blood pressure in uncomplicated cases is unchanged, 

The skin manifestations are pathognomonic. On the covered parts of the 

body there are scattered lesions of miliaria rubra. The affected skin 

looks dry and hot. Some parts of the skin, especially the uncovered 

parts, are free. Profuse sweating occurs from the face and forehead, 

which becames conspicuous on exertion. It is apparently compensatOI'y in 

nature, and is present in the fully blown anhydrosis and is often considered 

characteris tic. The palms and soles sweat normally, sometimes the axilla 

and inguinal regions. On the legs are often found the miliaria erupts as 

ichthyosis - if the eruptions are widespread, the inguinal and axillary 

lyInph glands are moderately enlarged. 

5. Crurse 

Rest in the shade or in a cool place cause the general symptoms to 

disappear and the skin manifestations within 1/2 to 3 hours. The time 

estimated from the. beginning of the first symptan up tot-he recurrence of 

normal sweat secretion would be on an average of 33 days. The duration of 

the anhydrosis 2 to 12, on the average 6 weeks. The earUer the disease 

occurs during summer, the ·longer lasts the reconvalescence. Relapses maY" 

occur. 

6. COmplications 

As. associated diseases and complications, acne-like eruptions have been 

observed and ichthyosis-like changes on the lower extremities, impetigo 

brullosa and pyogenic skin affections. 

The diagnosis rests on the followingl 

(n) ~ydrosis and exhaustion; both become aggravated and reproducible 

on exertion. 

(b) PreCeding miliaria rubra or associated miliaria profunda. 

(c) llyperhidrosis fran forehead and face while palms and hands and 

soles of feet sweat normally. 

Cd) Tachycardia ana tachypnoea although the body temperature is 

hardly raised. 
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(a) In typical casell, there is absence of dehydration, salt deficiency, 

cramps, vomiting and coma. 

The association cof miliaria profunda and anhydrosis alone do not permit 

sure diagnosis. 

nv MODERN TREATMENT OF HEAT EXHAUSTION AND HEAT STROKE 

The treatment is based onl 

1.. Rest 

2. Rapid reduction of temperature 

3. Fluid replacement 

4. Stimulation of the c;:ardiovascular circulation 

5. !boli tion of cramps. 

The patient should immediately be brought to the nearest cool place, 

his clothes should be removed and he should be laid horizontally. The best 

treatment resultB are obtained in air-conditioned roams 18°C and minimal 

humidity) like those of the Anglo-Iranian Oil Co.' in South Iran, (68,41) 

and in the British AI'II\Y during the second World War in Iraq. (22) Medicaments 

are to be avoided as far as possible, as for example nor-adr<malin by means 

of vasoconstriction would impede heat loss. Hydrotherapy would act ,as the 

optimal measure for reduction of heat. In young, healthy patients suffering 

from moderate hyperpyrexia the following method is sufficient~ After a 

short cOld shower which causes by ref'J.ex action the respiration and pulse to fall, 

the patient is wrapped in moist (not very wet) sheets which should be sprayed 

constantly with ice-cold water, while the patient is placed in a cool and 

adequately dry room, well ventilated by means of fans.(45,68,61,46) In 

addition the extremities should be massaged upwards towards the heart in 

order to activate, the blood circulation in the region of contracted vessels. 

Ice-water enema is unfavourable because it imposes heavy stress and 

interferes with exact measurement of rectal temperature. 

One gramme evaporative water gets rid of heat equal to 0.59 cal., as 

against 0.08 cal. by means of melting ice. (69) Although the ice-cold water 

bath is unfavOUrable'because it gives rise to constriction of vessels, yet it 

acts m9re rapidly in lowering the temperature than the previously described 

method. Therefore, the ice-cold bath is the method of choice when there is 

very high air-moisture or in cases of very severe hyperpyrexia, in: order to 
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avo;LC1 the irreversible changes in th3 ganglion cells. Daily and Harrison(30) 

compared evaporative cooling and ice-bath treatment in exper:iJnentally induced 

heat stroke in mice. They found more survivors in the ice-bath treated 

group. In 25 cases of heat stroke, Ferrins et 81(70) were able to effect a 

temperature reduction to 102~ (38.80C)in 9 to 40 minutes by means of an 

ice bath. 

The clinical picture may undergo dramatic changes in the ice-bath. The 

blood pressure reaches its nonnal level without intravenous infusion; and the 

patient who has been flaccid and limp becomes restless and delirious, eXhi

biting a typical picture of decerbration rigidity~47) The body tempereture 

falls generally very quickly, but it also often takes some time after the 

initiation of the therapy. In order to avoid occurrence of subnormal 

conditions and collapse, the temperature and the blood pressure should be 

measured every 10 to 15 minutes and the cold-treatment stopp:! d when the 

temperature goes down to 38-390C, or when the temperature falls from 43 0 

to hOoC, or from 410 
to 39

0
C. The j)atient should then be placed in bed to 

lie under a light dry cover. 

which is a good sign. 

Usually the sweat secretion sets in again, 

Vascular failure can be caused by dehydration. The fluid requirenents 

can be determined according 'to haematocri t urine quantity and blood pressure. 

Intravenous application is indicated, in addition to cases with inability 

to swallow and sever dehydration, also in shock when the blood pressure has 

fallen below 100 rnm Hg. An alkaline salt solution (12 g sodium chloride, 

0.5 g. calcium chloride and 21 g sodium bicarnonate in one litre water at 

16°c lowers the temperat;ure, improves the circulation and 'counteracts salt 

deficiency and dehydration. The amounts allowed are two to nine litres of 

0.9 per cent sodium chloride slowly intravenously. Precautions should be 

taken when, after the a<ininistration of about four litres, the blood pressure 

has not risen yet. This is because of pulmonary oedema which has been 

shown in animal experinents to be. produced through massive infusions. There

fore, it is not advisable to f!P beyond three litres daily in man. 

As long as drinking is possible, portions of water or lemonade should 

be given frequently with an addition of one gramme NaCl per litre. In case 

of cramps, hypertOniC s.alt solution (15 g NaGl per litre) is given intra

venously or orally. As long as the patient is comatose frequent sucking 

seems necessary. The balance between water gain and water loss is to be 
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established" The daily loss through sweat is at l.eaat 3.5 li tres. The 

chloride concentration urine should not fall below 3 grammes per litre in 

24 hours. In the case of C1 deficiency 60 g of sodium chloride should be 

given in the first twenty-four hollI's. Inpatients suffering from shock with 

cerebral involVerrBnt the first choice has been given to plasma (Pruce, in 

Kutz) ~3) 

Hyperkali aemia - In patients exhibiting increasing hyperkaliaemia, 

the artificial kidney is indicated. In cases of pulmonary oedema and other 

signs of left cardiac failure, especially in old people, strophanthin may 

prove useful; also digitalis has been recollll1J3nded. Oxygen inhalation 

heightens the pressure in the alveolar air and by this means eases the disturbed 

diffusion. Several authors recommend in cases of cyanosis and neck vein 

congestion. venesection to be carried out amounting to 300-500 mJ. in order 

to make the fluid go back into the blood circulation. In severe cases of 

vasomotor collapse warning up of the patient, massage, nor-adrenalin and 

eventually plasma transfusion :may appear indicated. Canphor, coram:!n, or 

caffein are required in moderate doses. Strychnin, although earlier 

frequently mentioned as a circulatory .stimulant, is probably without action 

and may produce cramps. Agitation and cramps should be treated symptanatically 

with chloxpromaziIlG~chloralhydrate, luminal,scopolamine or bromides. Moxp\line 

is con~dicated. 

* As is well known hypothennia can be accomplished through the administratian 

of drugs in what is known as the lytic cocktail. This method employs three 

drugs, chloxpromazine (Thorazine), pranathazine(Phenergan) and maperidine 

(Dewerol). The attempt is made with these agents to block the antonomic nervous 

system because the body1s defensive mechanisms against alterations in the 

internal environment are largely mediated through thissystm and its hypothalamic 

connexions with the C8X'9b:nxm. It is now the ccncensus that the active consti

tuent is chloxpromazine, that meperidine decreases shivering somewhat while 

contributing very little to the fall in temperature and that promethazire 

practically does not enter into action. The chief hazard in hypothernin is 

the occurrence of ventricular fibrillation. Chloxpromazine is also bi.~ 

effective in conibiiting nausea and vomiting of most diverse oausatiall., and 

hiccough. The phenokriazine derivatives aild the deratives of the Rauwolfia 

plant have been used in the treatment of severe psychoses. 
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In cases of coma and cerebral excitability, lowering of the pressure 

of the cerebrospinal fluid may become desirable, but lumbar-puncture should 

never be used as a routine. In cases of very severe, treatment-resistant, 

obstinate headaches, Rawling(71) claimed success followingsubtemporal 

trephining for relief. Drastic purgation should be avoided on account of 

dehydration and salt loss which will be aggravated. (In view of the danger 

of relapse the patient should remain under careful observation for three 

weeks at least). 

The efficacy of adrenal cortical hormones in control of hyperpyrexia 

has not been definitely demonl1trated. Adrenal hormones do have an antipyretic 

effect and have been used therapeutically to reduce the pyrexia of various 

infectious diseases. It has been suggested that adrenal cortical hormone act 

centrally through the hypothalamus. Furthermore, adrenalcortical damage can 

occur in heat stroke. Ingraham, et al (72) were able to prevent post

operative hyperpyrexia in six patients by the administration of cortisorie 

after surgery for camiopharyngioma. Hypophalamic damage often occurs during 

this type of surgery. Waugh(73)found that orally administered cortisone in 

one case and parenteral cortifJone in another were without effect on either the 

hyperpyrexia or anhydrosis of heat stroke. Austin and Berry(38) gave cortisone 

to six severe cases but were unable to cane to any definite· eonclusions. 

Schillhammer ~ (47) have reported good and even life-saving results in three 

patients by the use of cortisone and hydrocortisone infusion and cortisone 

acetate. 

In severe cases, patients should not be allowed to be transported before 

the lapse of three weeks and then under good care. Excitation or straining 

should be strictly avoided for several weeks. As soon as the patient 

becomes capable of travelling he should be sent to a cool place. 

X!{ ACCLIMATIZATION IN HOT .COUNTRIES AND PREVENTIOn OF HEAT EFJ!ECTS 

1. Heat Sensitivity and Acclimatization 

The physiological acclink,tization affects the circulation earlier than 

the body temperature in the first few days in the moist tropics. The fluid 

intake and kidney functions playa great role in the sweat secretion. This 

is particularly evident in the case of desert climate. Peopls, in particular 

the elderly, who haVe been living in moderate and temperate climates should, 

on arrival in the tropiCS, avoid any additional bodily exertion, and phjsical 

activity should be avoided during the hottest time of the day. Examination 
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for heat exposure in the first days after arrival is indicated, because heat 

hyperpyrexia appears suddenly and without warning. Prodromata are sweat 

reduction and micturition derangements, headaches, gi.ddiness and unrest. 

In ·recent years it has been the practice of the United States army 

authorities to .undertake 1IUl!J3rous physical measures in the training place of 

troops, for instance wet-bull> reading, effective temperature, (82) corrected 

effective temperature, (83) predicted four hour sweat rate, (84) physiological 

effect index, (6) Belding heat stress index, (85) heat stress indices, 

acclimatization time for newcomers. Accordingly the heat damages have 

decreased markedly, i.e. fran 12.4 per 10,000 in 1955 to 4,67 per 10.000 in 

1956. (86,87,88) Acclimatization, which means development of ability to work 

in hot strenuous conditions, would be achieved by means of two hours daily 

work in a hot work rom for one to three weeks. (89,90,91) A one week. 

acclimatization increases tolerance up to five degrees. cE)ntigrade (wet-

bulb reading). ".::x:posure to . heat without. doing any work at the same time 

produced acclimatization to a small degree among the labourers of the 

Witwatersrald Goldmines. Acclimatization has been achieved by reducing 

the frequency of heat stress and heat damages by means of classifying the 

newly recirui ted workers according to the h6t-rOOll1 test and then acclimatizing 

them by giving them light work and increasing it gradually. Better results 

are obtained by means of alternating six days of work in cold rooms with six 

days of work in hot rooms. (92) This type of acclimatiZation is lost when 

the worker goes on holidays or becomes hospitalized. 

becomes necessary. 

Then reacclimatization 

2. Housing 

Housing in hot climates should as far as possible be of a type which 

absorbs the minimwn possible heat. A certain amount of protection is 

achieved in houses covered with straw and houses with straw roofs. Massive 

double walls with well ventilated space in between and surrounded by 

verandahs contribute to the comfort. 

required for bedroms and Sick rooms. 

3. Food and Drinks 

Good conditioning is esp3 cially 

Due to the disturbances caused in the blood circulation of the 

digestive tract through heat, small frequent meals, easily absorbable, are 

advisable and carbohydrates should be preferred, as they cause the digestive 
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canaJ. the least stress. The required amount of protein is better taken 

once in the evening. Water and salt should be increased in hot climates, 

It is recommended that from 11.5 to 15.5 litres of water should be drunk 

per day. It has aJ.so been shown that, in order to avoid. diuresis, one 

should take the fluid in small quanti ties, but frequently. 

Loss of weight is due in general to the inadequacy of water retained. 

The requirement of table salt is about 10-20 grammes in hot climates. In 

Iraq it has been shown that for acclimatized individuals 21 grammes were 

needed, while 28 grammes were needed far the non-acclimatized. In order to 

determine the requirement of salt, a urine examination for chlorides is 

needed. Salt loss due to profuse sweating or work in the heat should be can

pemtllted far by taking per day an additional two teaspoons of saJ.t. Taking 

cold salt solution containing 1.3 to 3.7 grammes per litre sodium chloride 

or 12 grammes per litre of a mixture containing three parts afsodium 

chloride has been recommended by several authorities. However, potassium 

in the usual. doses has proVed to be a diuretic. Tablets of saJ.t may not 

be tolerated by the stomach. 

Warning should be given against belladonna medication because pyrexia 

may take place on account of sweating suppression. The same can be said 

against thyroid preparation, whichincreall8s the metabolism, and also of 

opium preparation, because they paralyze the respiratory centre. 
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METEOROLOGICAL INFOR11.ATION FOR COUNT~:IES OF 
THE EAS'lERN NEDITERRAlEAN REGION 

The attached skBt.ch map gives some recorded boservations on temperature 

and. humidity from a few sel.ected meteorological. stations in the Region. 

The :in£onnation . has been obtained fran "Tabl.es of Temperature, Relative 

Humidity and Precipitat1.on for the· World" issued by the Air Ministry of the 

United Kingdom and published by Her Majesty's Stationery Ottice, London, 

1958. 

For each of the stations selected, two lines of figures are inserted 

en the sketch. The fir~ line relates to the menthof January and the 

second line to the month· of July. The f:!.r~ of the figures of each line 

gi"lleS the abso lute maximum temperature, the second the absolute m1n;lI\UIIl 

temperature in centigrade and the last figure indicates the relative 

humidity in percent as average of observations 'at about seven o'clock in 

the mOming. 
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