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Why do older patients die in a heatwave?
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Introduction

More than 11000 people were registered as dying
in France during the first two weeks of August,
2003." This confirmed a significant increase in
mortality compared with a similar period in recent
years. The majority of excess mortality appears to
have occurred in older, frail individuals who were
thought to have tolerated poorly the extremes of
heat experienced in France at that time.” Some
potential mechanisms underlying this increase in
death rate are discussed in this article.

Risk factors in the elderly

A diagnosis of heat stroke requires a core body
temperature of >40°C and central nervous system
dysfunction to be present. Symptoms of altered
consciousness and disseminated intravascular
coagulopathy are frequently profound in the setting
of hyperthermia. Subsequent multi-organ dysfunc-
tion and failure contributes to mortality in heat
stroke.?

However, many of the physiological changes in
renal function and water and electrolyte homeo-
stasis which occur with increasing age could
be pertinent to the excess mortality noted in older
patients in extremely hot weather. Older subjects
have a lower threshold for the development of
renal failure, and diminished renal tubular conser-
vation of sodium and water during periods of
dehydration. This occurs for a number of reasons.
Firstly, the exponential fall in sodium excretion
that occurs in younger subjects who are placed
on a low sodium diet or deprived of sodium, is

both delayed and prolonged in older subjects.”
Moreover, an age-related decline in plasma renin
and aldosterone levels predisposes to natriuresis,
diuresis and salt depletion in older patients, even
when they are water- and salt-deprived.”™ There
is also a linear decline in glomerular filtration
rate (GFR) at an average rate of 8 ml/min/1.73 m%/
decade in most patients without renal disease,
starting at the age of 40 years.'”'" Total body
water decreases with increasing age, and this is
associated with an increase in fat and a decrease
in lean body mass.

A further contributor to risk in hot weather occurs
when older subjects are unable to obtain sufficient
volumes of water for themselves, due to infirmity
or impaired thirst during such periods of excessive
insensible loss of fluid. Older patients are prone
to hypernatraemia in these circumstances. In this
situation, hypernatraemia is associated with hyper-
viscosity, and increased risk of coronary and
cerebral thrombosis'? and central nervous system
dysfunction."?

Older people are also at increased risk of hyper-
kalaemia, even in the absence of renal disease.'*
There are many factors that contribute to this,
including the aforementioned age-related decline
in plasma renin and aldosterone levels,°> and
the reduction in GFR with increasing age.''!
Moreover, there is a decline in the aldosterone
response of older subjects to an experimental rise
in serum potassium levels.'> The ability of the
ageing kidney to correct an acid load is blunted, and
therefore hyperkalaemia is more common in older
patients with acidosis."'®
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Hyperkalaemia can have serious consequences
in older patients. A reduction in the resting
membrane potential will lead, if uncorrected, to
life-threatening cardiac rhythm disturbances. Hyper-
kalaemia is very likely to occur in the context of
pre-renal failure due to diminished fluid intake in
dehydrated, frail older individuals.

Indeed, all of the above age-related physiol-
ogical changes may be exacerbated by concomitant
cardiorenal disease and/or various commonly used
medications, such as diuretics, angiotensin con-
verting enzyme inhibitors, digoxin, beta-blockers
and other antihypertensives. Moreover, patients
taking anticholinergic drugs and phenothiazines,
as well as those with peripheral neuropathy, are
at increased risk of heat-related morbidity due to
inability to sweat and/or altered reflex regulation of
body temperature.

Thus, we postulate that many of the older
patients who succumbed in the recent heatwave
were dehydrated, hypernatraemic and hyperkal-
aemic, with evidence of renal failure. Resultant
thrombo-embolic disease and malignant cardiac
arrhythmias, as well as the consequences of heat-
induced sepsis-like shock, would be the most
probable causes of death in this scenario. This
heat-related mortality may continue to rise signifi-
cantly in the future as a result of global warming."”

Prevention

What can be done to reduce such mortality?
Simple measures which could be implemented in
the homes of frail, at-risk older people are likely
to be effective. These include the maintenance of
adequate fluid intake, accompanied by a focus on
reduction of insensible fluid loss by tepid sponging,
antipyretics (where indicated), and moving the
individual to a cooler environment during periods
of intense heat, where feasible. Adjustment of
dosages of medications such as diuretics may help
maintain reasonable fluid balance. Monitoring
of serum electrolytes, urea and creatinine would
complement regular clinical assessment and help
identify electrolyte abnormalities and renal failure
at an early stage. Intercurrent illnesses such as
infections should be treated promptly, and when
deterioration is accompanied by diminished fluid
intake, early transfer of such individuals to an
acute care facility for enteral or parenteral fluid
replacement would reduce the likelihood of
progression to established renal failure and/or life
threatening electrolyte derangement. A responsive
and well-resourced primary care service alert to
the dangers of extremes of heat to vulnerable

older people could minimize the likelihood of
such serious consequences.

Adequate social programmes are a further impor-
tant consideration. In previous heatwaves, while
mortality among the poor was disproportionate to
that of the rich, groups who would meet in public
places were at less risk than those who remained
indoors for fear of crime or other reasons.?? Primary
care services and regional heat plans that would
alert older patients to impending heatwaves and
thus anticipate and correct fluid and electrolyte
imbalances, should in turn lead to a reduction in
morbidity and mortality.

In a recent BMJ editorial, Keatinge emphasized
the importance of simple preventative measures
such as the above, but he also highlighted the need
to institute them in an anticipatory fashion.'® Some
debate exists regarding the potential benefits of
measures such as opening windows'*?° and the use
of fans,?*?' and any benefits depend on factors
such as heat production and air humidity.*?

In summary, identification and targeting of at-risk
individuals should be achieved by heightened
awareness of the physiological pitfalls of older
people. The combined efforts of general practi-
tioners, health visitors, relatives, neighbours and
carers (formal and informal) and many simple
preventive measures as outlined above may help
reduce mortality and morbidity.

References

1. Johnson J. Two week toll put at 11,435. Financial Times
2003; Aug 30:2.

2. Vanhems P, Gambotti L, Fabry J. Excess Rate of In-Hospital
Death in Lyons, France, during the August 2003 Heat Wave.
N Engl ] Med 2003; 349:2077-8.

3. Bouchama A, Knochel J. Heat Stroke. N Engl ] Med 2002;
346:1978-88.

4. Epstein M, Hollenberg NK. Age as a determinant of renal
sodium conservation in normal man. J Lab Clin Med 1976;
87:411-17.

5. Crane MG, Harris JJ, Johns VJ. Hyporeninaemic Hyper-
tension. Am ) Med 1972; 52:457-66.

6. Crane MG, Harris J). Effect of aging on renin activity and
aldosterone excretion. J Lab Clin Med 1976; 87:949-59.

7. Noth RH, Lassman MN, Tan SYM, et al. Age and the renin-
aldosterone system. Arch Intern Med 1977; 137:1414-17.

8. Weidmann P, Berett-Piccoli C, Ziegler WH, et al. Age
versus urinary sodium for judging renin, aldosterone and
catecholamine levels-studies in normal subjects and in
patients with essential hypertension. Kidney Int 1978;
14:619-28.

9. Weidmann P, De Myttenaere-Bursztein S, Maxwell MH,
de Lima J. Effect of aging on plasma renin and aldosterone
in normal man. Kidney Int 1975; 8:325-33.

202 I4dy 60 U0 1sonb Aq Z£88EG /. 2Z/c/86/21o1Me/pawlb/woo dnoolwspede//:sdiy woly pspeojumoq



10.

11.

12.

13.

14.

15.

Heatwaves and the elderly 229

Lindeman RD, Tobin JD, Shock NW. Longitudinal studies
on the rate of decline of renal function with age. /| Am
Geriatr Soc 1985; 33:278-85.

Shannon RP, Minaker KL, Rowe JW.Ageing and water
balance in humans. Semin Nephrol 1984; 4:346-53.

Keatinge WR, Coleshaw SRK, Easton JC, Cotter F,
Mattock MB, Chelliah R. Increased platelet and red cell
count, blood viscosity, and plasma cholesterol levels
during heat stress, and mortality from coronary and cerebral
thrombosis. Am | Med 1986; 81:795-800.

Kumar S, Berl T. Electrolyte Quintet-Sodium. Lancet 1998;
352:220-8.

Biswas K,Mulkerrin EC. Potassium homeostasis in the
elderly. Q J Med 1997; 90:487-92.

Mulkerrin EC, Epstein FH, Clark BA. Aldosterone response
to hyperkalaemia in healthy elderly humans. /| Am Soc
Nephrol 1995; 6:1459-62.

16.

17.

18.

19.
20.

21.
22.

Alder S, Lindeman RD, Yiengst M), et al. Effect of acute
acid loading in primary acid secretion by the ageing
human kidney. J Lab Clin Med 1968; 72:278-89.

Kalkstein LS, Greene JS. An evaluation of climate/mortality
relationships in large US cities and the possible impacts
of a climate change. Environ Health Perspect 1997; 105:
84-93.

Keatinge WR. Death in heat waves. Br Med | 2003;
327:512-513.

Wolfe RM. Death in heat waves. Br Med J 2003; 327:1228.

Keatinge WR. Authors reply to letters on death in heat
waves. Br Med | 2004; 328:50.

Pauleau A. Death in heat waves. Br Med J 2003; 327:229.
Centers for Disease Control and Prevention. Heat-related
mortality—Chicago, July 1995. MMWR Morb Mort Wkly
Rep 1995; 44:577-9.

202 I4dy 60 U0 1sonb Aq Z£88EG /. 2Z/c/86/21o1Me/pawlb/woo dnoolwspede//:sdiy woly pspeojumoq



