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Breathlessness

ABSTRACT

may be defined as the conscious".<Narenes~of
...

respiratory muscle effort. As with any skeletal muscle it is to be.
expected, that the sense of

,
effort increases as the preSS\olre

generated by this muscle increases as well as .the velocity and

extent of shortening. The purpose of this study was; 1. to quantify

# the intensity .91 breathlessness du~~n~ exercise and respiratory

loadin~; 2. to isolate the contributions -of inspiratory muscle

pressure to breathlessness; '). -to see If extent of shortenin~,

velocity of shortening, frequency (fb), and duty cycle (Ti!Ttot)..
-contribute. to the intensity of breathlessness independently. The

pre?sure (Pes), the extent of shortening

of mouth pressure (Pm) as well as

i'ntensity

measurement

esophageal

of inspiratory muscle pre~sure was quantified by
(.

the estim~ed

by tidal vol~e

(Vt), and the velocity of shortening by inspi~atory flow (Vi). Six

normal subj ects underwent eight incremental (100 kpm!min!mi~)

exercise tests on a cycle ~rgometer to maximum capacity. The first

and last test were unloaded and the intervenin~ tests were performed

with external added resistances and elastances presented in random

order. The reustances and elastances were selected to provide' a
A '.

wide range inspi ratory pressu~es. ·tidal volumes, "lnd flows. The.
inspiratory resistive loads (33,57,73 em H20/lis) were used mainly

to vary the flow (functional velocity of shortenin~ of inspiratory

muscles).
~

T"t.e inspiratory elastic loads (21, 41, '52 em R2()/l) were

used mainly to vary the tidal volume (functional extent of

II



shortening) •
.

At rest a~d at the end of each min during exercise the

subjects estimated the intensity of breathlessness CY) by selectin~

.
a number" ranging frOtn 0-10 '(Borg psychophysical scale). 0 1ndicatin~

_..

"

no appreciable breathlessness and· 10 the maximum tolerable

s.ensatiOn-.

When the velocity was altered (resistive -loading study~

, .
breathlessness --was significantly. related to "inspiratorypres~re'

.. ,\"

(p(O .000 1) • peak insp! ratory flow (p(O ..0001). frequency of breathin~ •

(p(O .01) and duty cycle (p(O.O 1) • When the ex.tent of short~nin~' was ,. (,

altered (elastic load,ing studv) breathlessness wa~ si~nif1cantly

" •
related to inspiratory pressure (p(O.OO1). tidal volume (p<O .O()·l),...

and· 'frequency of breathing (p(0.001).

The results indicated that- the perceived ma~nitude of

breathlessness is closely relat~d to the ~ressur~ Ren~rated by the

inspiratory

reflected

muscles and tfie shortening pattern of these~cles 'as

in Vt. Vi. Fb. ~nd Tl/Ttot. The results a~o i~d;cated
that the contribution :o~ these factors to the' intensity of

breathlessness differs quantitatively between loaden and unloaded

breathing. Thus. in normal unloaded breathin~ the ~elocitv and

of shorteninll; are ' important factors contr1.blltin~ to
to •

breathlessness duritTg
,

exercise; with resistive
,i. .
l..oadin~ the

inspiratory
()

pressure. the velocity. and the duty cycle are

important; with elastic loadin~ the inspiratory pressure, the ext~nt

of shortening. and the frequency are important.
, 1

The major contributions of these studies were in quantify1.n~

the intensity of' breachlessness. and defining hoth the factors

contributing to breathlessness and the relacive importance of each.
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~- / -CHAPTER 1: BREAnn.ESSNES~

.. ,,:~.. 1.1 INTRODUCTION

Man experiences a va;iety of respiratory sensations under.\."
normal and pathologLcal conditions, parti~ularlv when the act of

,
breathing is me~han1cally hindered. either from internal, or external

tems

The tems

,"Ornephysiolo~ists;and

but othe~ consider that they deserioe

cliniciansby
...

int"ercha~eably •
......

used

factor~. or whenever the breathin~

"Dyspnea". "S~ortness of breath". or ~Breathles&ness... are variously

..
.

that differ in qualit~or quantity. In .this- thesis t]le use of the

terms./is p;overned by the. followin~ premises that dyspnea or

breathlessness is a ~ensation. so that the p;eneral principles of the
.......

·sensory neurophysiology apply; thIt the sensations are mo~mmonly

associated with increased activity or weakness of the respiratory

muscles; and that the sensation may vary in intensity and Quality;
I

but the intensity of breathlessness or dyspnea is independent of the ~

quality and d~pendent only on the intensity of r~spiratorv effort.

1.1.1 Dyspnea and Breathlessness

The sense' of respiratory distress is often divided into two

"d l.tems yspnea and "breathlessness". This division ascrihes to

"dyspnea" the awareness of difficulty in breathin~ such as occurs

with asthma. or when the breathin~ is mechanically hindered; and to

"breathlessness" the awareness that breathinp; 1s increa~ed. as in

heavy exercise.
--../"

However. in both conditions it is the respiratory

1

,



muscle& which ~carry the burden of breathinK.
~

Tpus durinK exercise,

2

when the rnetabd1ic demands iAcrease, t~e respiratory muscles have to

- ,
contract harder and faster to increase ventilatiorr to supply the body

\ Kas exchanKe demands, while in·patients with increased impedance of

the respiratory system the respiratory muscles have to Kener~te more
~

force to maintain the required ventilation. For this reason, in this

thesis
- ,

dyspnea or breatMlessness are used synonymously to describe the

subjective s~nsation of the effort exerted by the respiratory muscles •

)
1.1.2 . Ouality vs Quantity

• I

\

. .
. Is the sensation perceived durinK the mJfhanica~hindranceof

/

breathinK different in quality from that perceived ~t the limit of

exercise or it is a~tter of quantity? Breathlessness felt at the
~ .

limit of exercise is different from the laboured, difficult, and

uncomfortable sensation of hindered breathinK in the quality of the
r

sensation. However, the .maKnitude of respiratory muscle effort and

the intensity of breathlessness or dyspnea is comparable. lu~thermore,

hyperpnea, the awareness of increased vencilation, when it is not

\

acco~panied by distress is often unaccompanied by siKnificant

respiratory effort. This does not imply that there are not other

sensations which may be assoc~ed with the sense. of distress, such as

the sense of tightness!n the neck or chest, or air ~u~er. In this

thesis breathlessness is dealt with as any other sensory modality, in

which the sensation is a continuum with a threshold a~d sensory
. .

magnitude.

/



,

Bre~lessness and Subjective Sensory Physiology r
For any serlsory modality the ~inka~es between the phys1ca~

stimulus and the percepe19n consist of the followi~ el~ments (Fi~

1.1)- the recept~r which is activated by,the stimulus; the senso~v
",'

nerVes which transmit the stimuli to the central nervous system

3

where they are processed and become a sensory impression ~or

sensation. As a rule, the sensation is accompanied by an

interpretation with reference to what has been experienced and
~

learned, to result in a perception. The relation between the

intensity of ·the stimulus and the perception may be measured us1n~
.J;

psychophysical techniques.

I S~N$ORY
HTRANSDUCER L

STIMULI r

EXCITATION

SENSORY

NERVE
-

INTEGRAnON

CENTRAL

NERVOUS

SYSTEM

- SENSORY,

IMPRESSION

",

NEUROPHYSIOLOGY

ISENSORY IMPRESSION 1- PERCEPTIO~ ~ \ EVOKED SENSATION \

.I

BEHAVIOURAL PSYCHQLOGY

..

Fig 1.1 Schematic dia~ram of the series of sequential processes
followed in the generation of conscious sensation.

The relationship between. the factors contributin~ to



bt:eathlessness can be quantified using the psychophysical

4

techniques. This thesis will ~fine quantitatively the factors

contributing to the perceived sensation of breathlessness resulting

from exercise and loaded breathing. This information may be used to. "

isolate specific receptors and nervous pachways utilised in "the

~eneration of breathlessness.
i

1.2 The Development of the Concept of Breathlessness

'The understandln~ of breathlessness has reflected increasin~

understandln~ of respiratory and neural physiology. As each new

advance has become accepted. physiolo~ists a~d clinians have

examl~~d it to see what new li~ht may be shed on breathlessness. In

the -.last century. the understanding of breathlessness be~an from the
c

interpretion of clinical observations and evol~ed tbrough studies of
/'

the chemical. the reflex. the mechanical. and the psychophysical

factors that may contribute to the sensation.

1.2.1 Cliz!icai Observation Period ,
:

early of last dyspneaDurin~ the part the century was

considered as a symptom. Its causes were interpreted by the

observations made by the physicians mainly in pulmonary and cardiac

diseases. As an example William (lR40) described dyspnea as the
~

follow1n~ :" Dyspnea. difficult or disordered breathin~. is the most
.

important general symptom of disease of the chest. in as much as it

implies more or less interruption to~e due performance of some

part of the great function of the chest res?iration. Dysp~ea may be

cau~ed by circumstances affectin~ anyone or more of the several



5

: elem~nts concerned in the function of respiration : viz the blood in

the lu~gSt the ~irt the machinery of respiration by which these are

brought together, and the nervous system through which the

impressiot1 which - prompts the respira.tory act is conveyed from the

'lun~ to the medulla, and thence .to the muscles which move the

machinery" • }hUS even at that .time it was recognised that many

components might to the symptom. includin~ the

respiratory muscles.

)
1.2.2 The Chemical Theory

With advances in research on the control of breathin~ th~

chemical theory regarding the mechanism of dyspnea was developed.
~

Pfluger (1868) working on- ~ogs found 1n one series of animals

t'
breathin~.: nitro~en that arterial oxygen content fell from a control

value of 14 to lR volumes per cent to 1 or 2, with marked dyspnea

resul!fng •

conten\ of

In another series, breathin~ 307. C02 and 7117. 02 made C02

arterial blood inc,reased from 2S-2R to SO-flO1-, with

moderate dyspnea occurin~. Pfluger concluded'" that hoth C02 excess

and 02

far the

cause of

lack stimulate breathing. Sut he considered oxy~en tack by

/
stronger and quicke~ stimulus. He also concluded that the

dyspne~ must be ascribed to the lack of free oxy~en 1n the

tissues of the body and particularly 1n the medulla ohlon~ata.

Miescher-Rusch (188S) examined the effect of breathing different
"-

mixtures of C02 on human subjects. He stated that" a rather ~ross

dyspneic acceleration of breathing becomes ~ apparent when the CO2

content of air in the

percent" and concluded
\

(/>

lun~s is increased considerably less than 1
-v---.

thac '~t~concentrat1on Drob~ly normally
I

'~,)



-)

.' '.

8

changes less th~n 0.1 % as a result of such process as nourishme~ts

and metabolism. 'Haldane and Smith--t1893) showed in experiments

14%.

v

\

carried' out on subjects 'inside a close,d chamber that dyspnea ~

. appeared wherr ins~ C02 had risen to only 3% whe~~as ,when the CO2

was absorbed by soda lime, no effect was observed unti1.,.02' fell to

Winterstein (lQ10) introduced his theory that the arterial
J.

concentration of hydrogen ions was the common stimulus of

~resPirato~y<:ctivitY. Haldane and Smith (1935), Winterstein (1921)

~' and many other authors, found that the activity of the respiratory
"'...

c~ntre .is dependent almost entirely on, th~ hydro'gen ion

concentration of the arterial blood. This was followed by the
•

studies, of Gesell (1923 ) and r.esell and Hertzll1an (1926) which

demonstrated the importance of the blood flow throu~h the
.....

respirator~ centre in the regulation of the breathing. This led to

the general recognition of the fact that increased acidity per se or

increased C02 tension of either the arterial or the venous blood may

be responsible for greater ventilation.

In the first quarter of this century, because of the results

of these studies, the mechanism of dyspnea was related to the

~.

chemical factors that control breathin~. Meakins (1923) stated

that dyspnea is produced by two causes: (1) want of oxygen; (2)

carbon dioxide retention. absolute or relative. In his mono~raph on

the subject Means (1924) statea that acidosis is a direct producer

of hyperpnea and that hyperpnea wi~~ ~ive rise to dyspnea to a

varying degree dependin~ in part upon its intensity and in part upon

those factors which determine the available supply of pulmonary

. .

..
ventilation. Most of the causes of dyspnea in different diseases

)

. ~ .~~-,.. :"' '."










































































































































































































































































































































































































