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HEAT-STROKE. 

By M. S. PEMBREY, M.A., M.D. 

AN analysis of the reports of fifty recent cases of heat-stroke 
among British troops in India was undertaken beca.use the subject 
needs further investigation, not only on account of its practical im
portance, but also on account of the difference in opinion regarding 
its causation. The old view, supported by the clinical observations 
of many medical officers in the Services, and by the experiments of 
physiologists, is that "heat-stroke I, is due to a failure of the 
regulation on exposure to excessive heat and moisture. The recent 
view that the disorder is an infective disease was brought forward 
by Sambon [1 J and has been supported by Manson [2J. These 
two observers have taken up such a definite position against the 
old view that it is necessary to examine critically the evidence for 
and against both views. 

Heat-stroke has been most prevalent among men exposed to 
a high and moist temperature, and to the effects of muscular 
work under unsuitable conditions. It will be well, therefore, to 
consider the effects of the following possible factors: (1) Exposure 
to a high and moist temperature; (2) muscular work; and (3) 
conditions which render the effects of the previous factors more 
marked, such as unsuitable clothes, heavy loads, and debility due 
to alcohol or other causes. 

(1) There is now general agreement that the exposure of 
healthy men and animals to a warm atmosphere laden with 
moisture will cause a rise in the internal temperature by preventing 
the loss of heat which in a dry but hot atmosphere would be 
caused by the evaporation of water from the skin and respiratory 
tract. As long ago as 1775, Blagden and Fordyce [3J observed 
their temperatures after remaining in heated rooms and found 
that the effect varied according to the amount of moisture present 
in the air; thus, after they had remained for fifteen minutes in a 
damp room heated to 129'9° F. (54'4° C.) the temperature of the 
mouth and urine was 100° F. (37'8° C.), but a similar exposure in 
a dry room heated to 239'9° to 260 F. (115'5° to 126'7° C.), and 
so hot that beef-steaks were being cooked by the heat of the air, 
did not raise their temperature. Into this heated room two jars 
of water were brought, and a layer of oil was poured on the 
surface of the water in one, with the result that the water soon 
boiled owing to the absence of evaporation; the water in the 
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other jar did not reach a temperature higher than 172° F. (60° C.), 
evaporation taking place freely from the surface and thus cooling 
the water. In such hot atmospheres the loss of heat by radiation 
and conduction has ceased and the temperature of a man would 
rise if the evaporation of sweat did not cool the surface of his 
body. 'If the air be moist as well as hot the evaporation of sweat 
cannot proceed rapidly enough to prevent the temperature of the 
body from rising. 

It is unnecessary to give here an account of the numerous 
experiments [4J which have been made upon this subject since the 
time of Blagden and Fordyce; it will be sufficient if attention 
is drawn to the important observations of Haldane [5]. His results 
show that in very warm air it is the temperature indicated by the 
wet-bulb thermometer which determines the ill-effects produced 
in man. The limits of a man's power of accommodation are 
passed when the temperature of still air as shown by the wet-bulb 
exceeds 88° to 90° F. (31'1° to 32'2° C.), even if the man is 
stripped to the waist and is doing no work. In air moving at 2 
miles an hour the' critical wet-bulb temperature rose to about 
93° F. (33'9° C.). Under such conditions the temperature of the 
body rises steadily, the pulse becomes rapid, and there is profuse 
sweating, accompanied by dyspnma and exhaustion. When 
muscular work was performed the rise in the temperature of 
the body was much more rapid and began when the air was 
at a much lower wet-bulb temperature-about 80° F. (26'7° C.). 

Nothing demonstrates more clearly the function of the sweat 
than the effect of absence of sweating when· the heat of the body 
is increased. Zuntz [6] and' Tendlau made observations upon a 
man whose skin was devoid of sweat glands. His temperature 
rose to 102'2° F. (390 C.) when he was exposed to the heat of the 
sun in summer, or when he did muscular work for a short time. 
The blood-vessels of his skin were dilated in a normal manner, 
but radiation and conduction of heat were not sufficient to prevent 
his temperature from rising when he worked. He overcame this 
serious difficulty caused by the absence of sweat by frequently 
soaking his shirt in water; the evaporation of the water cooled 
his skin. 

The rise in the temperature of the body on exposure to a hot 
atmosphere laden with moisture is not due only to the hindrance 
to the loss of heat, for when the internal temperature rises the 
respiratory and nitrogenous exchanges [7] are increased. The body 
produces more heat and thus a so-called" vicious circle" is set up 
and will end in death unless the temperature be reduced. 
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(2) Muscular work is the next factor to consider, for many lives 
have been lost during forced marches when the air was hot, moist 
and stagnant. Numerous. observations upon the influence of 
muscular work upon the temperature of man have been made by 
different investigators, but the results have been discordant. The 
general opinion held by physiologists and physicians until a few 
years ago was that muscular work did not raise the temperature 
of the body; it was granted that more heat was produced, but it 
was maint.ained that the body was compensated, or even over-com
pensated by an increase in the loss of heat. This conclusion was 
based in nel1rly all cases upon the results obtained from observation 
of the temperature in the mouth. Such a determil1'l,tion of the 
temperature is unreliable owing to the cooling of the tissues which 
surround the buccal cavity; this is especially the case after muscular 
exercise, for there is then a greater loss of heat from the rapid 
breathing and from the evaporation of moisture. Data so obtained 
do not justify the conclusion that the heat of the body does not 
increase during muscular work. Anyone can answer the question 
for himself by making experiments, but the experiments must be 
exact; the temperature should be taken in the rectum. 

Muscular exercise does cause a rise in the temperature of the 
rectum and urine of healthy men. A certain increase in the heat 
of the body is an advantage for the efficient performance of muscular 
work. As the result of vigorous exercise the internal tempera
ture may rise as high as 101'3° F. (38'5° C.) or 1020 F. (38'9° C.), 
without causing distress or any pathological effects. The experi
mental data and a critical examination of previous work upon the 
subject have been given elsewhere [8J and it is only necessary here 
to give examples for soldiers on the march. During the experi
ments [9] made at Aldershot, 359 observations on thirty-four days 
were taken of the rectal temperature of twenty-one men after 
marching short distances: the maximum temperature was 102'4° F. 
(39'1° C.), the minimum 98'8° F. (37'1° C.), and the average of the 
mean afterthe march on each day 100'7° F. (38'2 C.). These figure& 
are certainly somewhat under-estimated, for it was not possible to 
take all the observations immediately after the march, and it is 
known that the temperature begins to fall directly the work is at an 
end. When the temperature of the air is high, both by the dry- and 
wet-bulb thermometers, the effects of exercise are more definite and 
the evaporation of sweat must be greatly increased in order to cool 
the body. This is shown by a comparison of the following results 
obtained when the same march of seven miles was performed by 
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the same men on hot and cold days with the same clothing, 
equipment and load. 

Increase in rectal Loss of moisture from Increase in weight External 
~Ol 

Increase in pulse temperature-}'. body in grammes of clothes from temperature 
.c" moisture in grammes F . 
sS ~ : .-------'------~ --'---.. .----'-------,,'.., Dry Wet zo Max. Min. Aver. Max. Min. Aver. Max. Min. Aver. Max. Min. Aver. bulb bulb 
4 84 52 62 2'30 0'60 1'40 2,390 1,140 1,816 640 60 320 790 67'50 

4 24 8 14 1'60 0'0' 0'80 555 300 419 40 0 27 450 380 

The effect of work in a hot, moist and still atmosphere is to 
increase the temperature, pulse and loss of moisture out of pro~ 
portion to the work done. Efficient work cannot be performed 
unless the temperature of the body is prevented from rising above 
a certain optimum. The temperature depends upon the production 
and the loss of heat; work increases the production and the passage 
of more blood through the vessels of the skin and the evaporation 
of sweat increase the loss. A hot, moist and stagnant atmosphere 
hinders the loss and taxes the power of accommodation. 

The exchange of material in the body is enormously increased 
by muscular work, and this involves far~reaching effectfl on all the 
systems, for the body works as a whole. In order to supply the 
requisite energy for the muscular work there is an increase in 
the ordinary destructive side of metabolism, and this is shown by 
the greater amount of oxygen absorbed and carbon dioxide dis
charged. The increased combustion is accompanied by an increase 
in the production of heat. The greater' activity of the lungs 
necessitates a more rapid supply of blood, and for this purpose the 
activity of the heart must be increased. For other reasons, also, 
this is necessary; the muscles require more blood, not only for the 
supply of material, but also for the removal of waste products; 
the nervous centres demand more arterial blood and, if the muscular 
work be prolopged, th~ sweat glands must be flushed wi~h blood 
so that they may copiously secrete sweat and thus assist in the 
discharge of any excess of heat. Increased activity of the heart 
is not the only requirement. An adjustment in the distribntion 
cif the blood must take place and this demands the co-ordinated 
activity of the vaso-motor centres. Stress is rightly laid upon this 
increased demand upon the vascular system during muscular work, 
for in many cases of heat-stroke marked cardiac disturbance has 
been observed, and it is recognized that men with weak hearts are 
very liable to heat-stroke.· ' . 

(3) The regulation of the temperature of the body involves the 
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adjustment of the chief systems of the body. It is to be expected, 
therefore, that even a healthy man may fail in this adjustment, 
if he be hampered by unfavourable external conditions. It has 
been shown already how a moisture-laden and hot atmosphere 
interferes with the loss of heat, and this effect becomes much 
greater if the air be stagnant. It has been proved also that 
muscular work raises the temperature of the body. Unsuitable 
clothes, equipment and heavy loads throw an extra tax upon the 
power of accommodation; this is not only known from daily 
experience, but has been proved by the experiments performed by 
Zuntz and Schumburg [10J and those carried out at Aldershot [11]. 

It is well known that alcohol produces a diminished efficiency 
in the regUlation of temperature. The normal reaction to heat or 
cold is blunted or even paralysed by large doses of alcohol. Some 
of the lowest temperatures recorded in man have been found in the 
case of drunkards exposed to cold; men with a rectal temperature as 
low as 75''20 F. ('240 C.) have recovered under careful treatment and 
nursing. On the other hand, the disordered regulation produced by 
frequent drinking may exhibit itself as a high temperature when the 
man is exposed to a hot, moist and stagnant atmosphere. 

Debility from any cause will diminish the efficiency of the 
nervous regulation of temperature, and this is a factor which must 
always be considered in cases of heat-stroke. 

After this brief consideration of the physiological aspects of the 
question, it is necessary to state in more detail the position main
tained by Sambon and Manson in support of the view that" heat
stroke is a well-defined and possibly specific fever, having a peculiar 
endemicity and assuming at times in the endemic area almost 
epidemic characters." Sambon and Manson draw a distinction 
between "heat exhaustion" and siriasis, the term they use to 
include cases of so-called sunstroke, heat-stroke, insolation, heat 
apoplexy, heat asphyxia and thermic fever. 

Sambon states that "siriasis is unknown in Enrope. Cases 
mentioned in England, France, Germany and Italy as 'sunstroke' 
are always mistaken cases of syncope, delirium tremens, cerebral 
hffimorrhage, tuberculous meningitis, or cerebrospinal fever." It is 
maintained that heat 'alone cannot account for the disorder, that 
" the symptoms of the disease, its relapses, its morbid anatomy, its 
peculiar geographical distribution, its epidemic outbursts, the con
ditions of climate and soil under which it prevails, the relative im
munity to its attacks afforded by acclimatization, all clearly point to 
the specific infectious nature of the disease." 
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A criticism of a theory advanced by experts in tropical diseases 
will be suspect if it comes from a physiologist; to minimize this 
objection the arguments will be based, not upon opinion, but upon 
experimental and clinical observations. The physicians of Europe 
must answer for all their mistaken diagnoses of I' sunstroke" in their 
countries. Cases exhibiting the characteristics of heat-stroke have 
been observed in England among men, sheep and horses; the same 
factors appear to operate in the causation of the disorder-a hot, 
moisture-laden and still atmosphere and muscular work. Similar 
treatment, the artificial reduction of temperature, produces satisfac
tory results in both man and animals. Experimentally a condition 
similar to heat-stroke can be produced in animals, and, at any rate 
for the early stages, has been produced in man, as the observations 
of Haldane, Sutton [12J and others have shown. 

On the other hand, the transmission of a specific fever, I' siriasis," 
has not been shown experimentally on animals or clinically on 
man. The hypothetical microbe has not been demonstrated. 
Further, it is not correct to maintain, as Sambon and Manson do, 
that the cases of heat-stroke occur mostly at night during the 
coolest part of the twenty-four hours and without any close relation
ship to heat waves. Rogers [13J has worked out the data for the 
temperature and moisture of the air at the time of the occurrence 
of 363 cases of heat-stroke in the British Army in India during three 
years; the results show that a very large majority of the cases occur 
during the hottest months of the year and the onset is generally 
during the hottest period of the day. The figures also indicate that 
moist heat is a more important factor than dry heat. 

It is important that further observations should be made to 
determine between the rival views, for it is obvious that if "heat
stroke" be a specific fever the methods to be adopted for its pre
vention and treatment must be based upon bacteriology. If, on the 
other hand, " heat-stroke" is a disordered condition of the regulation 
of temperature due to exposure to heat, the principles of physiology 
and general pathology must be the guide. 

The following analysis of fifty cases reported in the British Army 
in India between June, 1909, and September, 1910, was undertaken as 
a preliminary to further investigation, and nothing more is claimed 
for it. 

The clinical reports are not complete in some details, but the 
foHowing are. the points of chief interest :

Mortality.-Twenty per cent. 
Age.-The distribution is shown by the following table :-
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Age All eases Fatal cases 
20-21 years 6 1 
22-23 

" 
9 

24-25 
" 12 1 

26-27 
" S 1 

2S-29 4 2 
30-31 

" 3 1 
32-'33 

" 
2 2 

34-35 
" 2 1 

36-37 
" 2 

41 
" 1 1 

49 10 

Service in India.-The shortest service was seven months, the 
longest ten years and a half. The average service in eight fatal 
cases was four years and a half, with a range from two years to 
ten and a half years. 

District.-Thirty of the cases are reported for Multan. 
Temperature of the Air.-In 25 cases the temperature of the 

air by the wet-bulb thermometer was 80° F. (26 0 7° Co) or over; in 8 
cases 84° F. (280 9° C.) or over, and in 5 cases 85° Fo (29 0 4° Co) or over. 

The highest record by the dry-bulb thermometer was 112° F. 
(44'4° Co), with the wet-bulb at 82° F. (27 0 8° Co); the lowest 
record by the dry-bulb was 86° F. (30° C.), with the wet-bulb at 
76° F. (24 0 4° Co). 

The highest record by the wet-bulb thermometer was 86° F. 
(300 C.), with the dry-bulb at 108° F 0 (42 02° Co) ; the lowest record 
by the wet-bulb was 67'8° F. (19 0 9° C.) with the dry-bulb at 
94 0 8° F. (34 0 9° Co). 

MltScular Work as a Factoro-In 23 cases, muscular work in 
the sun was a possible factor, and in 12 of these the evidence is 
goodo 

Unwell before Attack.-In 18 cases the patient felt slightly 
unw~ll for a day or two before the attack. 

Attacks at Night Time.-In 4 cases it is noted that the patient 
was found during the night unconscious and breathing heavily. 

Temperature 
--------"--Dego Fo Dego Co 

101-102 (3S03-3S09) 
103-104 (39 04-4000) 
104-105 (40 00-4005) 
105-106 (4005-41 01) 
106-107 (41 01-4107) 
107-10S (41 07-4202) 
10S-109 (42°2-420S) 
109-110 (42'S-4303) 
110-111 (43 03-43 09) 

All cases 
2 
5 
7 
2 
6 

12 
6 
5 
4 

49 

Fatal cases 
1 

2 
1 
2 
4 

10 
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Internal Temperature.-In not all cases could the temperature 
be taken before the treatment began. 

The temperature of the fatal cases is given in more detail 
below:-

Deg. F. Deg. C. 
Case No. 7 109 (42'S) in rectum. 

S 110 (43'3) in axilla. 
12 110 (43'3) in rectum and axilla. 
17 107 (41'7) post mortem. 
18 109'6 (43'1). 
19 109'2 (42'9) in rectum; 1040 F. in axilla. 
21 111 (43'9)in rectum post mortem. 
25 108 (42'2) in rectum. 
3::! 101 (3S'3) cardiac disease, "heat exhaustion." 
41 110 (43'3) post mortem. 

Question of Malaria.-In 21 cases the blood was examined for 
the parasites of malaria; the result was negative in 19 cases and 
positive in 2. 

Question of A lcoho l.-From the reports the following table can 
be made:-

Drinker 
--'------

Total cases Fatal cases 
7 4 

Moderate drinker 
~-'----

Total cases Fatal cases 
7 2 . 

Non-drinker 
----"---

Total cases Fatal cases 
7 1 

Ques~ion of Sweating.-In several cases it 'is mentioned that 
there was a complete absence of sweating. 

Post-mortem Examination.-In one case definite evidence of 
heart disease was found, in another there were slight signs of 
cirrhOSIS of the liver. In 5 cases the cerebro-spinal fluid was 
examined and in one of these was found a bacillus which could 
not be identified. 

Treatment.-Cold ,water or iced water douche and iced water 
enemata gave excellent results. In several cases it is mentioned 
that antipyretic drugs were tried without success. 

As a preliminary account this article may be sufficient, but it 
is clear that other points require discussion, such as the question 
of the chemical action of the sun's rays, sweating, treatment, the 
after-effects, the loss of efficiency and the causes of death. These 
will be taken up in a subsequent paper. 

Great credit is due to the medical officers of the British Army 
for the valuable observations which have been made upon this 
subject during many years, for the introduction of the most 
practical and efficient treatment, and for a general recognition of 
external heat as the important factor. It is possible, however, 
that the enormous success of bacteriology in recent years may 
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lead to the acceptance on insufficient grounds of the view that 
" heat-stroke" is a specific fever. The time, therefore, has come 
for conclusive observations and experiments to decide between the 
rival theories and thus enable preventative measures and treat
ment to be based upon scientific evidence and to be strictly 
enforced to prevent the toll which as death, disease and ineffi
ciency is year by year exacted by " heat-stroke." 
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