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The grey area Of effort Syndrome and
hyperventilation: from Thomas Lewis to today

ABSTRACT?Lewis* used the diagnosis reffort syn-
drome' for subjects whose ability to make and sustain

effort had been reduced by homeostatic failure. A

major element was depletion ©f the pody's capacity for
buffering the acids produced by exercise. In his view
this systems disorder was not to be regarded as a gpe-
cific organ disease, and 1OSi1'lg Sight of the metabolic
element would foster the invention of fanciful,
unphysiological diagnoses. His views were dismissed
because normal resting plasma bicarbonate levels were
considered by others in that era to exclude serious
depletion ©f the body's total capacity for buffering the
effects of exertion. effort is still a
Today, syndrome

useful diagnosis for a condition of exhaustion and fail-

ure of performance associated with depletion of the
body's buffering systems. Other elements associated
with homeostatic failure are now recognised, principal-
ly emotional hyperarousal and hyperventilation. Their
physiological interrelationships are described. Effort
Syndrome is amenable to recovery through rehabilita-
tion, and it may be a mistake to treat chronic fatigue

syndrome and yngpecific illness without jpclyding it in
the differential diagnosis.

Adaptation reqtiires the individual to maintain the
internal systems in an orderly and stable condition

irrespective of the variations of the external environ-
ment. The defences of order and stability include the

capacity of the homeostatic gygtem for gelf-requlation

under and the freedom to use personal and

pressure;
social skills to evade or outwit environmental chal-
1enges that might overwhelm homeostatic compe -
tence. These defences differ considerably from one
person t° another, and they can be exhausted by over-
use. pickering [1] thought it inherently probable that
over-use, 'the unduly intense or sustained use of nor-
mal homeostatic gqaptive patterns designed for phasic
or short-term use' contributed to the pathogenesis of
troublesome disease states in man, eg hypertension.
He agreed with Wolf and Wolff [2] that the misuse of
the adaptive systems was often associated with 'a sus-

tained state of over-reaction to the minor stresses of

daily life'.
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The first purpose of this paper is to provide a
reminder that in his 'effort syndrome' Lewis [3] delin-

eated the clinical picture of adaptive failure with over-

reaction to stressors. The second is to recall his inter-

est in the pop¢ played by buffer-base depletion

resulting from chronic overbreathing. The third is to
indicate the need for a wider investigation of carbon

dioxide regulation in the chronic fatigue and ill-health

syndromes that are as common today as effort syn-
drome was in Lewis's era. As far as we know, some

might Pe effort gyndrome disquised by = proliferation
of new hypotheses that have never been trimmed by

Occam's razor.

The soldier's heart

Lewis studied soldiers in the first world war who failed
to make and sustain the effort required of them. He
identified two maj OT groups; those who were incapable

of adapting to heavy °* protracted environmental chal-
lenges, and those who were worn out by overuse.

The performance-arousal curve

Lewis's gpproach is well represented by the perfor-
mance-arousal curve (Fig 1). The individual in an up-
slope position =n improve bis performance by arousal
to greater effort, but on the gdoynslope, beyond the

Fig ! Performance-arousal curves as models of Lewis's
approach to triage in effort syndrome.

* Sir Thomas Lewis cbe md dsc frcp frs, born 1881, died 1945. Physi-
cian and Director of Department of Clinical Research, University
College Hospital, London.
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limits of homeostatic tolerance, performance fails.
Some individuals (lower curve) have a lower potential
for performance and a lower threshold for 'going over
the top' than the hardier (upper curve), but the dif-
ferences are Of degree, not of kind. Even the heroic
have their limits and suffer from effort Syndrome
when they go 'over the top'. Lewis pointed out that the
differences in symptomatology which exist between
health and effort Syndrome are 1argely differences of

degree; but there is no sharp line of division. Experi-
ence taught Lewis that it was more useful to maintain

this concept of a grey area than to attempt t° make a
specific disease out of effort syndrome. He also
emphasised that it is not pecyliarly = soldier's malady
but one of the commonest disorders seen among men,
women, and children in civilian practice.

After World War I, Kerr et al [4] considered that up
to one-third of patients seen in general practice were
suffering from the effects of gtryggle. # diagnosis ©f

anxiety neurosis might be made, but egsentially they
were trapped in a vicious circle, emotional arousal cre-

ating physiological disturbances and visceral sensations
which, in turn, raised the level of anxiety. The sympa-

thetic nervous system became increasingly labile, and
the nervous system increasingly irritable from the

effects of hyperventilation and tissue alkalosis.
Soley and Shock [5] jnvestigated effort gyndrome
and concluded that hyperventilation due to anxiety

and effort was an adequate cause Of its symptoms, 2t
that time listed under diagnoses such as soldier's

heart, disordered action of the heart (paH), neuro-
circulatory @sthenia ox Da Costa's gyndrome.

In World War I, neither Wood [§] nor Friedman

[7] accepted Lewis's view of the getiglogical impor-
tance of buffer salt depletion.

Buffer 21t depletion

Lewis's jnvestigation suggested that:

'Owing to a deficiency of certain blood constitu-
tents, it is said to approach me=e nearly towards
an acid reaction than is normal when small

(Co02)
(such as are produced by exercise) are added to
it. This approach to an acid reaction is at once
signalled by breathlessness, the regpiratory cen-

tre being extraordinarily sensitive to the blood
reaction.'

quan-

tities of carbon dioxide or lactic acid

His theory of 'buffer salt depletion' [6] was rejected by
those who found plasma bicarbonate levels in the

lower range of normal values and did not appreciate
that the resting plasma bicarbonate level is an inade-
quate predictor ©f the pody's acid-base regponses t°
effort. Today this 'approach to an acid reaction' can
be observed Simply and directly by recording end-tidal
(end-expiratory) co2 levels during conventional exer-
cise tegting.

Over-reaction to minor stresses

Lewis [8] warned that ignoring the buffering fault
would encourage clinicians to 'attribute effort syn-

drome yholly to the instability o= irritability of the ner-

Fig 2. Performance-arousal
curve model of human fypne-

tion in battle. A portrayal
of the relation of stress
and the development °f
combat efficiency (heavy
black 1ine) of the average
American soldier [2].
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vous gystem', overpromote the diagnosis of neuro-cir-
culatory asthenia, and foster a pejorative view of the
patient. Notwithstanding Lewis's warning against
ignoring the puffering deficit, much is written today

about exhaustion (fatigue syndrome) and unspecific
ill health without mention of the hyperventilation or

effort Syndrome that would open the door to rehabili-
tation.

Today Lewis would find support for his views in pub_
lications which conclude that the increased sensitivity
and over-reaction to sensory stimuli are secondary

responses t°© disordered habituation [9], to alkalosis

and hypocapnia [10,11], and to high levels of emo-
tional arousal associated with both yedaction of requla-
tory inhibition of the sympathetic mervous gystem and
asymmetry of its input to the heart [12,13]. Common
symptoms 2¥< hyperacusis, photophobia, paraesthesi-
ae, and jrritability with people.

Although he had made the point that the symptoms
of effort syndrome resembled the effects of exercise in
the healthy, Lewis was well aware that factors other
than phygical effort wexe getiologically important. He
wrote about the role of tension and anxiety of mind,
arduous work, irregularity of habits in feeding and
sleeping, and exposure of the body te wet and cold.

Metabolic congequences ©f hyperventilation

The definition of hyperventilation is precise: it is an
increase of alveolar ventilation beyond metabolic

requirements. Carbon dioxide is eliminated faster
than it is produced by the tissues. The overbreathing
might be the result of altitude, certain diseases and
toxic conditions, and some drugs. It can be obtained
Voluntarily by overriding the normal control of ventila-
tion, and jpvoluntarily it is = consequence ©f high lev-
els of emotional arousal [14]. Voluntary 'hysterical' ==
manipulative overbreathing probably accounts for less
than 1% of cases. It is the jpyoluntary, emotionally
driven type that involves us most as clinicians.

The immediate gongequences °F hyperventilation
are a fall of of carbon dioxide in the arterial

pressure
blood below the normal range of 36-45 mmHg
(hypocapnia) , and a rapid shift of the acid-base bal-
ance towards alkalosis [14]. An acute hypocapnic state
can be reached in less than a minute. If the over-
breathing were to be maintained the homeostatic reg-
ulation of the acid-base balance would be challenged
by the continuing loss of carbonic acid from the sys-
tem. Protection of PH is obtained by the excretion of
alkalis into the urine. This is injurious if it is carried
beyond tolerance because potassium [15] and phos-
phates are also lost [16,17]; this loss is itself a cause Of
fatigue. Physical activity is limited because lactic and

other acids produced by exercising skeletal muscle axe
buffered less completely than normal, with the conse-
quence that the muscles ache. The unbuffered acids
reach the central circulation. As Lewis gaid, this

'approach to an acid reaction is at once signalled by

The grey area of effort gyndrome and hyperventilation

breathlessness'. The reactive overbreathing con-

tributes to the vicious circles that help t° perpetuate
hyperventilation.

The catecholamine and Cortisol elements of the
concomitant emotional arousal can cause magnesium
diuresis: this reduces OppOSitiOl’l to the intracellular
calcium overloading which is an important conse-
quence of respiratory alkalosis [18]. The rise of the
Ca++/Mg++ ratio increases the tone of the body's mus-
cular typing and thereby promotes cerebral, coronary
and peripheral vascular constriction, bronchial con-
striction, and muscular disorders of the gut and uro-

genital systems [19].

The variable outcome of 2 period of hyperventilation

The outcome of a given act of hyperventilation is
unpredictable because it is governed »ot only by the
p y 0oy

rate, depth, and duration of the overbreathing but
also by pre—existing conditions such as the level of

emotional arousal, the depletion of the alkaline
buffering systems, @nd the preyailing conditions of
sensitivity @84 reactivity to stimulation [9-13]. It is
affected by reduction of cerebral blood flow and the
Bohr effect (oxygen release from haemoglobin) [20];
failure of perception ©f hypocapnia [21]-; anxiety
caused by somatic symptoms that have no apparent

relationship t° the breathing; and activation of vicious
circles of emotional arousal and overbreathing.

Thus the forced hyperventilation test is unreliable:

in the reagsuring presence ©°f the physician == act of
hyperventilation s unlikely t© produce the symptoms
it might in = frightened weman on a lonely road at
night, ©n the other hand, recalling episodes °f high
emotional arousal, particularly where, anger I8
involved, can trigger a severe and prolonged Pout of
hypocapnia in the gygceptible [22]. Individuals with an
emotional impediment called 'alexithymia' cannot
respond t° imagery testing in this yay [13].

Chronic hyperventilation With impairment of buffering

It takes a great deal of overbreathing t° deplete the

alkaline buffering systems t© the level where even light
physical activity can cause a shift towards acidosis and

stimulate the respiratory centre as Lewis described. At
this level of metabolic derangement the anaerobic
threshold for exercise is low, and fatigue and muscular

aching = prominent symptom. The diagnosig === be
made by ysing capnography during exercise testing
(see below) .

During the night the subject commonly wakens
between midnight and three am with anxiety °* panic,
sweating, restlessness, and palpitations, This is because
sleep has reduced ventilation and permitted = shift
towards acidosis which triggers the hyperventilation
response. During the day there is restlessness and
inability te be still because muscular relaxation with-
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out the gppropriate reduction of ventilation produces
a bout of hypocapnia [23,24].

The breathing behaviour

In hyperventilation with impairment ©f buffering the
breathing usually appears effortless and unobtrusive

[25]. The predominant movement is upper thoracic.
The depth and rate can be seen to rise and fall with

variation of emotional garousal, giving a clue to tOpiCS
that cause emotional upset, and the rhythm can be dis-

turbed by breath-holding ©* respiratory tics such as
sighs, yawns, sniffs, and coughs. Aerophagy is com-
mon . The thorax can be over-inflated to a pOil’lt that
precludes the ingpiration °f anything me=e than a
small fraction of the tidal volume. This can cause
tachypnoea and terror. The pain from the overdistend-

ed chest is commonly regarded == cardiac, particularly
where the hyperventilation is causing angor animi
through cerebral vasoconstriction, or paraesthesiae
with pain in the arm(g). Many are taken to hospital
and risk invasive intervention and lifelong labelling =
heart patients, particularly where the ST and ypgpecif-
ic T-wave ECG changes of hyperventilation are mistak-
en for ischaemia. Patients with ischaemic heart disease

may hyperventilate When exhausted, and when they do
so run the risk of surgical intervention [26].

The borderland between health and disease

In this grey area the individual can U.ndergo profound
alterations of health and performance and adaptability
without showing evidence of concrete disease. It is

clearly desirable to develop yardsticks £or changes t°
assist in diagnosis and rehabilitation.
The performance-arousal curve is a useful model

for representing the 'gradient from the healthy man to
him who is seriously unwell' [3], and also for classify-

ing the information we have today (Fig 3) [27].

The performance-arousal <vrve today

The curve represents the continuum from health and
healthy fatigue through exhaustion and ill health to
the point P of sudden discontinous or catastrophic
change due to breakdown of homeostatic control.
Unfortunately arousal cannot be quantitated, Put the
perception of it as a determinant of health and perfor-
mance (the ablllty to do what has to be done) has
heuristic value: for example, in rehabilitation, the
curve can act as a chart for plotting the position and
course Of a patient in the grey area in a way that can be

understood by therapists from different disciplines.
Lader [28] described arousal as a continuum

extending from drowsiness at one extreme, through
alertness and conditions of excitement to the extremes
of revulsion, rage, panic, and ecstasy at the other. Fig 3
is drawn with a peaked top because most patients can
pinpoint the time when an emotional upset, an event

Fig ®- & performance-arousal svrvefor rehabilitation. P yep.
resents the catastrophic cliff-edge ©f breakdown.

or trauma, marked their going 'over the top' from cus-
tomary upslope traits of performance and health into
downslope states of exhaustion and ill health. The
'intended' dotted line is drawn to emphasise the fact
that people on the downslope may focus their minds
on closing the gap between what they can do and what
they think is intended of them, and struggle harder,
but succeed in little more than moving deeper into
homeostatic disorder. This predicament probably acts
a= 2 preeding ground foT hyperventilation-related il

ness.
The affect in the downslope disorders tends to be
high and labile, gswitching rapidly Put unpredictably
through denial, fear, panic, frustration, anger, despair,
and 1giying in?giving up'.
Since Lewis's day many mere downslope disorders
(Fig 3) have been clarified.

Sympathetic activity R4 hypocapnia

It is often assumed that overbreathing is an automatic

consequence °f sympathetic activation, but the two are
independently triggered [13,29]. They act synergisti-
cally, and may create vicious circles of interaction: sym-

pathetic stimulation gpplifies the respiratory response
to given levels of arterial carbon dioxide [30], and
hypocapnia increases gympathetic activity [31]. Chron-
ic hyperventilation itself increases the sensitivity of the
respiratory centre, and this may be the reason why the
anxious hyperventilator finds it difficult to hold his
breath.

Depression °f parasympathetic activity by hypocap-
nia permits sympathetic dominance and explains the
prevalence ©f sinus tachycardia, overactive heartbeat,
cold hands, and gyeating @xillae in hyperventilators
[3,20].

The gympathetic system's 1oss of cerebral cortical
inhibition and the asymmetry °f its input to the heart

promote cardiac arrhythmia, coronary vasoconstric-
tion, and myocardial repolarisation disorders [12,13].
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Some metabolic responses to stress

During relatively easy tasks the gympathetic nerveous
system is aroused. With challenging tasks the adrenal
medulla begins to secrete catecholamines. On the
downslope, where the individual is carried beyond the
boundaries of physiological tolerance by mexe pro-
longed, severe, unfamiliar or stressful effort, or put
into predicaments not permitting control over aversive

stimuli, the pituitary-adrenocortical system =omes into
play and Cortisol is secreted. This has a lipogenic effect

and catalyses the action of the catecholamines on tar-
get organs [32,33]. Catecholamine secretion in every-
day life can reach phaeochromocytoma-like levels
[34], and the plasma cholesterol rise 50-60% above
baseline [35]. Where these neuroendocrine influences
overwhelm ingulin, the catabolic effects foster diabetes

mellitus, obesity, hypertension, hyperlipidaemia, and
atherosclerosis [36]. Sterling @nd Eyer [37] provide an

excellent description of the pathways by which anabol-
ic influences and immune competence are diminished

and catabolic processes increased at the hlgh and
more sustained levels of arousal. These processes are

aggravated by sleep loss [38].

Hyperventilation @nd non-specific illness

There is an expansion of interest in the grey area of

unspeciflc illness ox 'medical gymptoms met explained
by disease' [39], and a proliferation of self-interest
groups promoting their own notions of causation of ill
health. Hyperventilation is usually omitted from differ-
ential diagnosis, probably because it is yregarded == =
pejorative label and tantamount to an accusation of
neurosis or malingering, or possibly because it is
assumed to be an innocuous byproduct of anxiety.

The failure to consider hy'perventilation has been
lamented by = number of writers [4,5,16,40-43]. Lum

[20] believed that hyperventilation had an important
if not primary role in 40% of patients attending 2 gen-
eral physician's clinic in 1969. The proportion is prob—
ably greater today. In @about 50% of patients attending
cardiological clinics the gymptoms =re not explained
by disease, and effort Syndrome is a useful diagnosis
because it gpheng the door to rehabilitation. Patients
with coronary disease can geoquire effort gyndrome,

The grey area of effort gyndrome and hyperventilation

and the likelihood of surgical treatment is increased if

the hyperventilation-induced symptoms and ECG

changes 2re not recognised [24]. The coyupling of
emotional arousal with hyperventilation in exhaustion

can trigger cardiovascular destabilisation and dynamic

conditions such as coronary vasoconstriction or spasm

and arrhythmia [27], 25 may Pe seen, for example, in
unstable angina, syndrome X, or the gyitching o= of =
paroxysmal tachycardia.

Ill-defined neurological disorders with paraesthesi-
ae, facial paip tinnitus, hyperacusis, ©* photophobia,
and ischaemic symptoms without organic disease are
common, as are gnyjety states, phobic disorders, and
panic. 'Fibrositis' is also0 common and usually yields to
correction of the sleep disturbance and buffer deple_
tion [27]. In a gtydy ©f = popular 'myalgic' fatigue syn-
drome with a gypposedly viral getiology, symptoms ©f
effort Syndrome antedated the real or purported viral

infection by @ mean period of 2.3 years [44].

Diagnosis ©f hyperventilation syndrome

Questionnaires have been gdegigned t° pick up hyper-
ventilation as a marker or mediator of jllness, but their

value has declined now that their symptom lists have

been gppropriated by single-interest groups applyin
pprop g pplying
them to alternative diagnoses.

Plasma bicarbonate analysis

It was Wilson, Levine and Edgar [45] who dismissed

Lewis's theory of causation of effort syndrome. They
did not consider the possibility that the competence of
the hody's buffering systems and the acid-base regpons-
es to exercise cannot be predicted from resting plasma

bicarbonate values [46-48]. One wonders what oppor-

tunities for research and clinical intervention have

been lost through the continuing acceptance ©f this
dismissal [49,50].

Capnography

Capnography is a technique which allows air from a
nostril to be drawn through = rapid infrared g2 anal-
yser and the result registered continuously == =
recorder. When proper precautions are tgken, the

Fig - Capnogram: Middle-aged m== with effort
syndrome seated on a bicycle ergometer. Anticipa-

tory overbreathing reduces the end-tidal
pCo02 from 34 to 26mmHg . Arrival at the

anaerobic threshold after five minutes light

effort is gignalled by aching legs (a) and a
fall of pCo02 from acidotic stimulation of

the respiratory centre. Chest pain occurs at
(b), exhaustion ac (¢,
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end-tidal portion (Pet C02) ©f the cycle provides =
reading within abont ImmHg of the simultaneous

arterial pCo, tension [51], The apparatus <@ be used
to record resting Pet CQ2 levels, less than 35mmHg
indicating hypocapnia [14,51], and the yegponges t°
challenges such as forced hyperventilation, imagery
(the think tegt) [22,40] and exercise ([52], In chronic
hyperventilation subjects =r< usually wnaware of
hypocapnia [21,40,41].

Before the variables affecting the outcome of a peri-

od of hyperventilation were appreciated the diagnostic
use Of capnography was made difficult by uncritical

use of the forced hyperventilation test; and by == insis-
tence that the pCo02 should constantly be less than

30mmHg, an error pointed out by Lum [5]1]. The use
of a range of challenges makes it easier to form an

opinion =s to whether the C02 regulation ¢ closely
wedded to the metabolic needs of the body or distract-
ed from it to the detriment of health and perfor—
mance, by emotional arousal, buffer depletion, and
other disorders of homeostatic regulation.
Capnography during exercise testing ¢ particularly
useful in effort Syndrome because the onset of leg pain
or discomfort, signalling Lewis's approach to an acid

reaction, is seen to be followed gyiftly by falling pC02,
overbreathing with or without chest pain, and exhaus-

tion: these are signs of arrival at the anaerobic thresh-
0ld which is reduced in effort syndrome by depletion
of the alkaline hyuffering systems (Fig4).

Management with SABRES

A cardiac rehabilitation service based upon Lewis's
and Mackenzie's principles [3,54] appeared to accom-
modate the needs of effort Syndrome pretty well in the
1960s and 1970s. It took into account the need for

sleep, arousal management, breathing, the balance of
rest and effort and the recovery of self-esteem

(acronym SABRES) [55-57]. Rejection of rehabilita-
tion began in the 1980s when proselytising self-interest
groups, fostering beliefs in allergic and viral aetiolo-
gies, increasingly demanded 'cures' for what they
insisted were 'diseases', and rejected beliefs in recov-
ery through learning and training. Medical failure to

produce = conerete diagnosis aggravated the position.
cynicism and lack of commitment removed a well-

designed intervention, with the consequence that the
recovery Fate might be falling from the 70% claimed

by Tam [20] for hyperventilation-related disorders
towards the 15% reported by Grant [58].

Conclusions

Lewis should be given full credit for describing effort

syndrome, identifying the key role of depletion of the

body's buffering systems, @nd asserting that neurasthe-
nia, the 'over-reaction to the minor stresses Of gyery.-

day life', had a physical, metabolic basis.
There is sufficient evidence to justify the inclusion

of non-invasive CQOgz testing in the investigation of

fatigue syndromes 2nd ungpecific 111-health as well as
in functional cardiovascular disorders. The demonstra-

tion of hyperventilation and low anaerobic threshold
for effort invites intervention by rehabilitation.
Traditional methods of rehabilitation, such as the
regimen described by T Lauder Brunton [59], avail-
able still in continental Europe, might need to be
rediscovered for effort syndrome. It is unlikely that

palliative drug therapy @2n<d prolonged rest can be suc-
cessful if the depletion ©f the buffering systems, the
hyperarousal @nd the hyperventilation 2r< ignored.
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