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Assessment o f the Severity o f Primary 
Respiratory Muscle Failure
MAX KLEIN

SUMMARY
Respiratory muscle weakness results either 
from disorders of the respiratory motor unit 
(primary type) or from muscle fatigue due to 
severe underlying pulmonary disease (secon­
dary type). Blood gases reflect the effects of 
muscle fatigue but are too insensitive to be 
relied upon in primary muscle weakness. The 
reasons for this are discussed. It is emphasized 
that the ventilatory reserve should be monitored , 
in patients with primary respiratory muscle j 
weakness and that a decision to provide , 
assisted ventilation should be based upon it, , 
not on blood gas estimates.

History
The origin of m odern  critical care medicine can be 
traced to  Lassen’s 1953 description of the m anagem ent 
of patients w ith paralytic poliom yelitis during an epi­
demic in C openhagen the previous year. A t the sugges­
tion of an anaesthetist, D r. B. Ibsen, 315 patients with 
respiratory muscle paralysis were ventilated during a 
six-m onth period by means of in term itten t positive 
pressure breath ing (IPPB ) th rough  cuffed tracheostom y 
tubes. This reduced m ortality  to  40 per cent, from  the 
80 per cent o f previous years when only cuirass venti- 
ators (iron lungs) were used. N o IPPB  machines were 

available at th a t tim e and patients were ventilated 
m anually for periods as long as 3 m onths at a tim e by 
up to 200 m edical students each day, w orking in relays. 
R espiratory muscle failure rem ains an im portan t cause 
of respiratory insufficiency today and anaesthetists con­
tinue to  play a leading role in intensive care.

Classification
Prim ary  respirato ry  muscle failure is produced by 

neurom uscular disorders affecting the m otor unit. The 
Guillain-Barre syndrom e, m yasthenia gravis, snake bite,
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hypokalaem ia, peripheral neuropathy and acute myositis 
are im p o rtan t causes. Fortunate ly , paralytic poliom ye­
litis is now rare bu t o ther viral infections m ay produce 
sim ilar effects. Secondary  respirato ry  failure occurs 
from  muscle fatigue in response to  excessive w ork 
loads im posed by severe airw ay obstruction  or lung 
disease. Prim ai'y resp irato ry  muscle weakness is re la­
tively easy to  recognise bu t the assessment o f its severity 
is rendered difficult by the fact th a t blood gases are 
relatively insensitive to  its presence. It is difficult to 
detect secondary resp iratory  muscle weakness (muscle 
fatigue) bu t since its effects are reflected by the blood 
gases and since it will recover with the underlying 
cause, it is rarely essential to  m ake a specific diagnosis 
o f the condition.

Pathophysiology
The function  of the respiratory  system is to  secure 

gas exchange betw een b lood and air so th a t the arterial 
blood gas tensions are kept w ithin certain  limits. Respi­
ra to ry  failure has been defined as an arteria l blood 
P a 0 2 below 60 m m / Hg (8,0 kPa) o r a P a C 0 2 above 49 
m m / Hg (6,6 kP a). H owever, b lood gases are m ore 
affected by disease o f the low er airways and gas 
exchange units (acini) than  by ex trapulm onary  disorders 
such as upper airway obstruction , abnorm al central 
drive or weakness o f the respiratory  muscles. Since the 
lungs are norm al in these conditions and gas exchange 
is m inim ally affected until the disease has reached a 
very advanced stage, the severity of the respiratory  
im pedim ent can be seriously underestim ated if blood 
gases alone are relied upon.

An insight into the reasons for the relative insensitivity 
o f blood gas estim ations in respiratory  muscle weakness 
can be gained by exam ining the serial changes th a t 
occur in lung volum e in a patien t w ith progressive 
m uscular weakness (Figure 1). T o tal lung capacity, 
vital capacity  and inspiratory  and expiratory  reserve 
volumes fall steadily with progressive m uscular weakness 
(F igure IB). The tidal volum e is however m aintained at 
near norm al levels. Any decrease in tidal volum e is 
m ade up for by an increased respiratory  frequency so 
tha t m inute ventilation and alveolar ventilation (P a C 0 2) 
are m aintained until the respiratory weakness is extreme. 
In fact, patients with acute muscle weakness usually 
hyperventilate (low P a C 0 2) as a result o f reflexes th a t 
arise in the chest wall, even when very weak. In severe
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Fig. 1. Sequential lung volum e changes in progressive respiratory muscle paralysis.

weakness the inspiratory and expiratory reserve volumes 
have been lost, no ventilatory  reserve rem ains and the 
patient uses his entire vital capacity for each breath. It 
is only when the tidal volum e falls so low th a t it can no 
longer be com pensated fo r by an increased respiratory 
frequency tha t the P a C 0 2 will begin to rise. A norm al 
PaC o2 is thus an ominous sign in a patient with clinically 
obvious respiratory  muscle weakness, being indicative 
o f the loss o f the entire ventilatory reserve and any 
elevation in the P a C 0 2 is an indication for im medicate 
intervention.

The alveolar-arterial oxygen tension gradient (A- 
a D 0 2) is m ore sensitive than  either the P a C 0 2 or P a 0 2 
for dem onstrating  the presence of abnorm al gas ex­
change. U nfortunately it is seldom estim ated. The A- 
a D 0 2 remains norm al in patients with respiratory weak­
ness until (F igure 1C) the tidal volum e enters the 
closing volum e range. The closing volum e is a sub­
division of the expiratory  reserve volume and is so 
named because small airways begin to close off and 
im pair gas exchange when the expiratory reserve volume 
falls to  its level. The greater the fraction of the tidal 
volum e that falls in the closing volum e range, the 
greater will the A -a D 0 2 be. Closing volumes are related 
to  age. They are at their lowest, approxim ately  10 per 
cent o f vital capacity, between the ages of 12-24 years. 
They are highest in the new born and elderly. The lower 
the closing volume, the sm aller will be the effect of the 
declining expirato ry  reserve volum e on gas exchange 
and the less sensitive will the A -a D 0 2 be.

A rterial oxygen tension ( P a 0 2) can be quite mis­
leading. H yperventilation results in the arterial oxygen 
tension being m aintained within the norm al range des­
pite an increasing A -a D 0 2 gradient and the P a 0 2 will 
only fall appreciably when between 30-50 per cent of 
the tidal volum e occurs w ithin the closing volum e 
(Figure ID ).

The in terpre tation  o f blood gases in patients with 
respiratory muscle weakness is thus difficult and changes 
indicative o f overt respiratory  failure only occur with 
very advanced disease. I therefore discourage the use of 
b lood gases as a  criterion for in tervention  in these 
patients.

V entilatory reserve
It can be seen from  the above th a t p rim ary effect of 

respiratory muscle weakness is a  decrease of the patien t’s 
ventilatory reserve (inspiratory  plus expiratory  reserve 
volumes). W hen the loss of ventilatory reserve is so 
great th a t the ability to cough effectively is lost, the 
p a tien t’s life is in danger. The cough is a m ajor defence 
m echanism  of the respiratory  tract. Its suppression will 
inevitably be followed sooner or later by pneum onia 
with progression to  overt respiratory failure and death 
unless ventilatory assistance is given. Pneum onia is the 
m ajor cause o f m orbidity  and m ortality  in patients with 
prim ary respiratory muscle failure and it should be the 
objective o f therapy  to  identify patients who have lost 
their ventilatory reserve before this com plication super­
venes. This can be done either on the basis o f certain 
m easurem ents or by clinical observation.
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Criteria for ventilatory intervention
M easurem ents. A vital capacity below 12 m l/kg , a 

ventilatory dead space to  tidal volum e ratio  0,6 or 
greater, or inability to  generate inspiratory negative 
pressures less than  -20  cm of w ater (2 kPa) are given as 
criteria for intervention. Ideally one would like to  be 
able to base a decision to  intervene on num erical 
criteria, in practice ill patients cannot be relied upon to 
make the maximal efforts needed to enable vital capacity 
or m axim al inspiratory  force to  be determ ined with 
confidence. The m easurem ent o f dead space to  tidal 
volume ratio  (V D : VT) is non-invasive and needs no 
patient co-opeation  bu t it does require equipm ent to  
m easure end-tidal and mixed exhaled air th a t is not 
readily available. Peak expiratory flow rates (P E F ) are 
an extrem ely insensitive m easure of muscle weakness, 
are no substitute for vital capacity determ inations, and 
cannot be used as a criterion for intervention.

Clinical. In  practice, clinical criteria for intervention 
re used. Clinical signs can be as objective and reliable 
s the num erical values described above provided tha t 

specific signs are used and tha t one does not base the 
assessment on superficial im pressions o f the pa tien t’s 
well-being.

A cough is the best clinical test o f integrated  respira­
tory  muscle function . It requires a m axim al inspiration  
produced by the diaphragm , followed by transient glottic 
closure (bu lbar function) and then a forced expiration  
using the abdom inal muscles. The cry of a child carries 
the same significance. If the cough, cry or voice are 
weak the m echanism  should be sought for further 
clinical exam ination.

P oor inspiratory  effort causing a weak cough is 
alm ost invariably due to  d iaphragm atic paralysis. The 
expiratory  reserve volum e will be low and can be 
detected clinically by elevation of the upper border of 
the liver on percussion above the 5th intercostal space. 
Indraw ing of the abdom en during inspiration  (para­
doxical abdom inal m otion) establishes the diagnosis of 
d iaphragm atic paralysis. It can be confirmed by radio- 
graphic screening in cases of doubt. W hen unable to  
cough, such patients require ventilatory assistance even 
‘hough they may still appear to  be pink and com fort­
able. Sim ilarly, a  pneum onia in a patient with respira­
tory muscle weakness indicates that the ability to  protect 
the airway has been lost and indicates the need for 
ventilatory assistance.

A soft voice o r cry is seldom , in my experience, due 
solely to respirato ry  muscle weakness and usually 
implies concom itant vocal cord paresis, often associated 
with m alfunction of o ther bu lbar muscles. If good 
inspiratory and expiratory  efforts are present such 
patients will be able to  keep their lungs expanded and 
clean and need only to  be given nasogastric tube feeds 
to  avoid aspiration . In  o rder to  protect the airway, a 
tracheostom y should be perform ed if there is difficulty 
swallowing or associated pooling of-oral secretions.

U ncom m only, a poor cough is found to  be due to 
abdom inal muscle weakness alone with intact d iaphrag­
m atic and global function. In this instance, physio-

physiotherapy, May 1985, vol 41 no 2

The Critical Care 
Society of 

Southern Africa
There are many advantages to be gained from 
being a member of the Critical Care Society of 
Southern Africa. Not the least of these, is that 
your name will be added to the subscription list 
of their Journal, and every issue will be mailed to 
you direct on publication COMPLETELY FREE
—  the normal non-member cover price is R6,00 

per issue. Physiotherapists are very welcome.

53

If you are not already a member of the Society, 
please fill in this form and return to:

DR L. CLAUSEN 
DEPARTMENT OF ANAESTHETICS 

JOHANNESBURG HOSPITAL 
PRIVATE BAG X-39 

JOHANNESBURG 2000

APPLICATION FORM
NAME_______________________________________ -

ADDRESS

QUALIFICATIONS_____________________________

CONNECTION WITH OR INTEREST IN, CRITICAL 
CARE MEDICINE______________________________

MEMBERSHIP FEES AND APPLICATION SHOULD 
BE ENCLOSED

Medically qualified persons, nurses and paramedics R10.00

Affiliate membership (no voting r ig h ts ) ........................... R5.00

Application fee for m em bership........................................ R5,00

PLEASE MAKE ALL CHEQUES PAYABLE TO “ THE 
CRITICAL CARE SOCIETY”

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

13
.)



54 Fisioterapie, Mei 1985, deel 41, no 2
therapy with abdom inal pressure during expiration will, 
by mim icking a cough, enable one to  keep the lungs 
clean w ithout resorting to  in tubation  or tracheostom y.

Conclusion
Blood gases are an insensitive index o f the severity of 

prim ary respiratory muscle weakness. Affected patients 
who are unable to  cough effectively require assistance 
tha t should not be withheld because blood gases are 
still found to be in the norm al range.
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