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Abstract

How frequently in clinical practice do we have to treat the patient in respiratory distress? How frequently do
we have to administer oxygen, and on what criteria do we do so? How frequently do such patients die, and how
frequently do we claim their death as being inevitable?

Woolmer (1956) states that respiratory inadequacy exists “when the gas exchange between the lungs and
blood falls below that between the tissues and the blood : when external respiration cannot keep place with
internal respiration ” . (17) Melville Arnott (1960) is more direct, stating that respiratory inadequacy is the
preliminary stage of respiratory failure, namely, “that condition in which the amount of oxygen and carbon
dioxide in the blood stream is altered by an abnormality of the respiratory system” . (23) Comroe et al. state
specifically as the basic facts of respiratory inadequacy, hypoxaemia, CO2 retention, and respiratory acidosis.

Previously the concept of respiratory inadequacy has had comparatively little attention in the numerous
conditions involving the lungs, other than in the case of acute laryngeal obstruction. To quote Melville Arnott, “
too much emphasis has perhaps been placed on the effect of these conditions on cardiac function, and the
resulting varied symptoms have been regarded as cardiovascular rather than respiratory ” .
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RESPIRATORY INADEQUACY

its study, diagnosis, and treatment

By CHARLES HOPE

Extracts from a Dissertation read before the Royal Medical
Society on Friday, 24th November, 1961.

Mow frequently in clinical practice do we have to treat the patient in respir-
atory distress ? How frequently do we have to administer oxygen, and on what
criteria do we do so ? How frequently do such patients die, and how frequently
do we claim their death as being inevitable?

Woolmer (1956) states that respiratory inadequacy exists “ when the gas
exchange between the lungs and blood falls below that between the tissues
and the blood : when external respiration cannot keep place with internal
respiration ”. (1I7) Melville Arnott (1960) is more direct, stating that respiratory
inadequacy is the preliminary stage of respiratory failure, namely, * that
condition in which the amount of oxygen and carbon dioxide in the blood
stream is altered by an abnormality of the respiratory system ”.(B) Comroe
et al. state specifically as the basic facts of respiratory inadequacy, hypox-
aemia, CO2 retention, and respiratory acidosis.(1l)

Previously the concept of respiratory inadequacy has had comparatively
little attention in the numerous conditions involving the lungs, other than in
the case of acute laryngeal obstruction. To guote Melville Arnott, “ {00 MUC
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AETIOLOGY OF RESPIRATORY INADEQUACY

Respiratory inadequacy occurs as a result of hypoventilation, that is, de-
creased alveolar ventilation, and is due to any process interfering with the
normal function of the bellows mechanism, either in its moving parts or in its
central and/or peripheral control mechanisms. These processes may be class-
ified under several headings (Table 1.)

These aetiological factors may act either singly or in combination. At the
time of commencement of therapy there may be little or no indication
of the exact cause of the respiratory failure.(ll. 23. 24)

CLINICALPICTURE OF RESPIRATORY FAILURE

The clinical signs and symptoms in respiratory inadequacy can be many and
varied. The distressed patient, dyspnoeic, cold, clammy, apprehensive, exhibit-
ing purposeless movements; the paradoxical respiration, cyanosis, and perhaps
coma of the major road casualty; the surgical risk, grossly obese, post-
opcratively in poor condition, with slightly lowered blood pressure and aver-
age, thready or full pulse : these and many others are the clinical syndromes
which the house physician or surgeon, or the general practitioner may be
required to assess and treat.

Dyspnoea can be the result of an obstructed airway caused by inflammation
or secretion, the result of emphysema or of gross obesity with its concomitant
mechanical embarrassment. It is the result of COZ retention and hypoxia.
Cyanosis may be present in severe cases, provided there is enough circulating
haemoglobin'. This is due to arterial desaturation, and if this has been of long
standing, there may be a compensatory polycythaemia. The symptoms of
hypoxia are many and varied — increased ventilation, increased pulse rate,
incoordinated movements and decreased muscular efficiency; progressing to
further increase in pulse and respiration, Cheyne-Stokes breathing, cyanosis,
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TABLE I
_ ~Aetiology of Respiratory Inadequacy
Depression of Respiratory Centre;

eneral anaesthesia, . cr?ased intracranial pressure
x0ﬁss mMOrpnine or b(%glturates e(i rocu |%n .

|g concentrations ro %na%e _Nypoxia or cerebral
erebral trauma Ischaemia

Interference with.neural cond&lction or with neuromuscular transmission
10 the resplrator?/ muscles ;

r umatif sgina cord lesions  Neuromuscular block Hue.to: _ .
olloinye "[I . chrare, decamethonium su%cm}/l
eripheral neuritis choling;, nerve goasea, myasthenfa
ﬂ]rgws, botulinus or nicotine poison
Diseases of the Respiratory Muscles Actfe myositis
Limitatiop of Thoracic Movement:
rﬂwtls - cIerod%rm§
phoscoliosis iqos§o ?FI ).
Pﬁgr\%sema . st wa IJUFM :
~ Ankylosing spondylitis raumatic'and surgical)
Limita ||on of P;[ijonary Movement: .
eural erfusion Thickened pleura
neumothorax

Pulmonary Diseases ;

Decr 5 in functioning lung tissue: mpl?ﬁ/sema
e L
Decr ageg.distensibility of lung tissue: :
IDrosis, . Congestion
Obstructive Jesions: .
it TEdN et B3 ospas
Obstruction due “to au?ty endotracheal tube.

Primary Hypoventilation Syndrome

vomiting, asthenia, and fatigue. Further hypoxia leads to severe cyanosis,
excitement, fall in blood pressure, syncope, and coma, with respirations initially
deep, becoming shallow and frequent with inspiratory spasm, and ultimate
death.(2)

Carbon dioxide retention is not separated clearly from hypoxia with regard
to its clinical effects. There is mental confusion, drowsiness, coarse irregular
muscular twitching, warm extremities, raised blood pressure and full pulse.
There may be tachycardia, arrhythmias, accentuation of vagal stimulation,
ventricular fibrillation, cardiac arrest and bronchoconstriction. Acute co?l
excess produces a peripheral vasodilatation with a full bounding pulse. Central
effects produce vasoconstriction with a raised blood pressure which is main-
tained until further excessive retention depresses the vasomotor centre to
produce a sudden and dramatic fall in the blood pressure. The effects are
similar to an excess of circulating adrenaline, and there is such a release in
this condition.(17)

CO2 retention produces a respiratory acidosis and decreased blood pH. The
kidneys compensate by increasing the reabsorption of Na+ and HCOZ2 and
increasing the excretion of H+ and NH4+.(32) There may be oliguria with all
its grave complications. Experiment in animals can produce oliguria in diffu-
sion respiration, but it does not occur until CO2 accumulates. Perhaps this is
the cause—it has not been proven.(17)

Clinically, when the onset is relatively gradual and observation is possible,
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there may be evidence of CO2 retention in that there is a slow rise in the
pulse and blood pressure, followed later by a fall. (24. 11. 23)

TREATMENT OF RESPIRATORY INADEQUACY

The general principles of therapy are early energetic treatment, with a clear
airway, and an adequate effective ventilation. To some extent the exact
method of treatment will be indicated by the factors predisposing to
inadequacy, and in certain cases the method of treatment will be instrumental
in treating the cause. Treatment will be discussed under the headings—
oxygen therapy, artificial respiration, drug therapy and tracheostomy.

OXYGEN THERAPY

It is necessary to administer oxygen to patients in respiratory failure. It is
traditional to do this by the use of intermittent oxygen, and various schedules
have been recommended— ()

(a) oxygen given for 20 minutes per half-hour.

(b) oxygen given for half an hour in every hour.
(c) oxygen glven for 40 minutes in every hour.
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It should be remembered that in some cases the only stimulus or mechan-
ism maintaining respiration is the decreased pOZ-stimqus to the chemo-
receptors, the respiratory centre being completely depressed by the high pCOZ.
Oxygen therapy may then produce apnoea which may prove fatal, e.g. Cor
Pulmonale.

By these and many other arguments the requirements for giving oxygen in
respiratory failure can be deduced.(7) In summary they are that oxygen must
be given continuously, that the oxygen concentration should be controlled to
prevent it rising high enough to produce respiratory depression, or falling low
and permitting recurrence or increase of the hypoxia. The results of various
exhaustive trials suggest that these requirements demand control of the
inspired oxygen concentration with an accuracy of + 1% (7 mm. Hg.
pOZ) in the range 24 - 35%. The dead space must be reduced as much as
possible to prevent CO2retention ®

To achieve these requirements, conventional methods have proved to be
rather inadequate. In oxygen tents the concentration of oxygen cannot be
controlled with sufficient accuracy and at the low flow rates required there is
CO2 retention. The nursing and physiotherapy problems arc also intensified.



28 RES MEDICA

W ith nasal and pharyngeal catheters the dead space is greatly reduced, but the
oxygen concentration produced is extremely variable as a result of the degree
of patency of the nasal passages, whether or not the mouth is open or closed,
and whether inspiration is deep or shallow. Masks arc the best method to use
when high concentrations are required, the high flow rate flushing the dead
space and preventing reinspiration of expired air, but at low flow rates, the
mean inspired oxygen concentration is extremely variable. The required con-
trol of inspired oxygen is thus difficult and the difficulty is increased with
lack of knowledge of the minute volume and with leaks in the system. The
dead space of masks is too large to be acceptable when the gas flow rate is
below 5-6 litres per minute. One should also note that if respiratory depres-
sion occurs when a patient is given oxygen by conventional methods' at low
flow rates, the concentration of inspired oxygen is thus automatically
increased. Hypoxia may therefore not return to S Imulate ventilation.

As a result of these difficulties attempts were made to devise systems using
air at high flow- rate with controlled oxygen enrichment. This was obtained
by a loose-fitting mask, with air supply from a cylinder or pump at a flow
rate of 30 - 50 litres per minute, and with additional oxygen at a controlled
rate to produce an accurate control of the inspired oxygen concentration. With
this method, rebreathing is negligible because of the flushing ; there is no dead
space, and the flow rate is very much greater than the inspiratory peak flow
rate. The many considerable practical disadvantages were a contraindication to
its use until the Venturi principle was adopted. The present design has a jet
set to deliver 1.5 - 2 litres of oxygen per minute. This produces sufficient
negative pressure to entrain 50 litres of air per minute, and give a basic flow
rate of 50 litres of air containing 24% oxygen per minute. Additional oxygen
is then added at low pressure through a second tube to produce any desired
oxygen concentration. Air sampling has shown that the concentrations pro-
duced are + 0.5% of the predicted concentration, and that the concen-
tration of CO 2is less than 0.5%. This is simple to use, economical of oxygen,
and requires no humidification as atmospheric air is used. However additional
further humidification is possible. Campbell (1960) suggests a very sensible
routine for the treatment of respiratory inadequacy or failure.(®

1. Decide if ventilatory failure is present or not by clinical or clinico-
physiological methods and biochemistry. In the absence of failure one should
give oxygen in the conventional way with high flow rates.

2. If ventilatory failure is present or suspected, 24% oxygen is given by the
Venturi principle. The oxygen concentration is then increased by 2% steps
(14 mm. Hg.) at 3-4 hourly intervals Provided there IS no co2 retention.
When 35% oxygen is being tolerated, the conventional methods may be
brought into use.

3. If there is COZretention, continue at the highest rate which can be toler-

ated (approx. 25 - 26% 0 2) This will relieve the hypoxia without further co?
retention.

4. Unsatisfactory progress will require Intermittent Positive Pressure
Respiration with possible tracheostomy.

ARTIFICIAL RESPIRATION

Methods of artificial respiration have been in use for many years. There are
three main groups (17" 18)
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1. Methods utilising the pressure changes on the chest well, abdomen, or
diaphragm.
a) Manual methods.
b) Eve rocking bed or stretcher.
¢] Cuirass or jacket respirator.
d) Iron lung or cabinet respirator.

All of these may be of use in the treatment of inadequacy as an emergency
measure, but they have several obvious limitations. They can be used with
safety and effectiveness only in the normally healthy patient who has no
thoracic cage fixity or osseous fragility, or any decrease in pulmonary move-
ment or decreased distensibility of lung tissue. They require a clear airway.

2. Methods utilising pressure changes through the airway.(13)
a) Mouth to mouth respiration. _ o
b) Manual compression of the reservoir bag or other device ; ie. the
anaesthetic machine. o
(c) Intermittent Positive Pressure Respiration.

() According to Cox, Woolmer, and Thomas(13), mouth to mouth, or
mouth to airway expired air resuscitation offers an effective method of
respiration, and should replace the standard methods of emergency artificial
respiration. In expired air resuscitation, tidal volumes in excess of one litre
can be moved with each breath. Certain investigators have shown that
standard manual methods without an artificial airway do not move a tidal
volume greater than the victim’s dead space in 25 - 80% of eases. Aesthetic
objections are overcome by the use of an airway such as the Brook airway.
Gastric distension is of apparently little importance except in the infant, and
lung rupture is unlikely unless there is gross disease or if the victim is an
infant. Infection is possible, but can be prevented by the use of a bacterial
filter. Such risk is unimportant, however, in a case of emergency. CO2 levels
are found to be satisfactory in subjects and tolerable in donors, and the poss-
ible circulatory effects will occur in most other methods of artificial respiration
also. However, this may be a difficult method for use with the conscious
patient. A clear airway is also necessary and can be maintained by the usual
manual methods (15- 22- 9

(b) The anaesthetic machine may be used effectively in the treatment of
respiratory inadequacy. The most effective combination is one including a
soda lime cannister for the absorption of CO2. The principles of the mechanism
are similar to I.P.P.R. machines, with the exception that the pumping is done
by hand.

(c) INTERMITTENT POSITIVE PRESSURE VENTILATORS are of three types—

a) Pressure cycled ventilators, o
Volume cycled ventilators (pressure_limited).
¢) Time cycled ventilators (pressure limited).

Pressure cycled ventilators have as a cycling mechanism a pressure sensitive
valve which is actuated by changes in the patient’s lungs at a pressure set
by the anaesthetist. Volume cycled machines deliver a pre-set volume to the
lungs irrespective of the pressure produced. They must be fitted with a
pressure limiting device. Time cycled ventilators have the length of the
inspiratory and expiratory phases determined by the anaesthetist. The valves
open and close under electronic control, the absolute cycling times determin-
ing the number of cycles per minute. The pressure or air-flow is then varied
to produce the required tidal volume.

It should be noted that triggers and humidifiers are available for employ-
ment in the ventilator circuit (17" 18, 25)



30 RES MEDICA

Controlled respiration has a definite effect on the circulation. The low
pressure pulmonary vascular system has an average pressure of 10 mm. Hg.
with a range of 7 - 15 mm. Hg. I.P.P.R. transfers a similar pressure to the
alveolar wall, and if the alveolar pressure is high, there is ‘ milking out’ of
blood from the lungs and a transient slight increase in cardiac output from
the left heart, a damming back of blood to the right heart, and a decreased
filling gradient of the right heart from the great veins thus leading to decreased
cardiac output. A significant fall in cardiac output will not occur if the positive
pressure is limited to a short portion of the respiratory cycle, if the expiratory
phase at ambient air pressure is made as long as possible, and if no severe
blood loss or other cause of hypovolacmia exists. Therefore a high instantan-
eous air flow, the positive pressure inspiratory phase, will produce an adequate
tidal air. This is followed by a rapid passive deflation to zero pressure. Addition
of a negative phase (not greater than - 10 cms. HZO) when the airflow- has
stopped at the end of the expiratory phase will reduce the mean pressure and
improve the cardiac output.(l7)

3. Methods using electrical stimulation.
(@) Electrophrenic respirators.

These have practical disadvantages which limit their use considerably. In
the past they have been used almost exclusively in the resuscitation of the
newborn infant.
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TRACHEOSTOMY

Tracheostomy is indicated in all cases of respiratory inadequacy in which
the dead space must be reduced either as a preventive or ancillary measure
in the treatment. It is necessary for adequate bronchial toilet, in cases in
which assisted respiration will be required for a considerable time, and in
cases in which there is relatively acute or acute on chronic upper respiratory
tract obstruction. With tracheostomy, strict aseptic technique is essential and
humidification may be necessary to prevent tracheal crusting with its com-
plications. Adequate toilet must be carried out to remove secretions and
daily bronchoscopy may be necessary. Prevention of tracheal pressure necrosis
must be ensured, and naso-gastric feeding will be essential as feeding diffi-
culties arise with cuffed tubes and 1.P.P.R.(17, 16)
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GENERAL MANAGEMENT AND GENERAL NURSING CARE

It is possible to mention but the headings of the many duties which must
be performed routinely while the patient is in the dangerous state of inadequacy
or failure. The management is described for the patient on I.P.P.R. with
tracheostomy.

- This ?an sg?'iladl "0 ensut fiire st tfactt kr§/rI arnud rre%corde e, %Oe eln5forrr“n(lite
l]S eraeboavesn caw
h%ﬁe must selg or (preferably an anaesthetist)
an

—

0
?%mal |(%r rse an do
¢ presence o N D, day.
. OH tracheostomy anageme mus be carried out. This includes daily
, bro choscopy. dlini

. Daly chest x I ical e amlnauon musé be carried ouf ensuTe
3 alﬁ oyrax Or somé such complication. Equipent shoulq e easily
el on unteeu 8 adralnagel necessary—e.y. water-seal drainag

rax
u e and mtravenous .opjates or barlturates are
Indicated. r&]‘urarlsatlop pLﬁ St

6I E];L‘nanlcg%ucﬁgr&es&?ngugt e eﬁgssg}nclé%ﬂy Obse gwellmg %bs ol t%e er. H

1. Bg)chemlc |nvest§ |0ns uylncefde BUN Serum e)}ectru%tes

|n|n DOWer, as, a mjinjmum P?
2 readl reater vaIue bu esen adminls
cuI €S ake IS |m oss

& Mesvsstl'D uuoa&fpd%'”% {%e Sl a%qﬂ]ou a”%%'Pu 1 e”eéﬁ]j‘! nutition. of

J3 & 0SS ible complication asapara ftic Tlets- oceasiona OWS racheos

y
" cc"i‘rrree% L e, Guco 8" TR i e e R AR T

10. Hae tolagy, ShoUld he dope outm ecaytionary measure. Thi

shou (g mclﬂde BE e | cp ite cellycoun N Haemogtobin Tevel is 0
secondary Importaricé to 4 tse above estimations,

E Antlblotlcs ust b ven ||I

sioth must be enﬁ dj ?tem t to prevent deep venous throm-
0 1S,.aNn '[0 fv)reven 0Ints ¥om Stl enl 5‘
H septic, dressin tde |que of the tracFeo om¥ wound.

. General nUI’%JH uti rev nt|0n OF pressu f sores, bed-baths. change of

COt es, efc N good or the patlents morale

This formidable list is essential in every detail for the treatment of such
cases. As the position improves, the intensity of management can be reduced,
but only under the direction of the specialist in charge, and the patient can
be weaned from the ventilator, and ultimately weaned from the tracheostomy,
to commence a period of rehabilitation.

CONCLUSION

In conclusion | would emphasise that some knowledge of the condition of
respiratory inadequacy should be essential for all medical attendants. | trust
too that | have emphasised sufficiently what | consider the only permissible
and rational approach to oxygen therapy. May | ask once more—How
frequently do such patients die, and how frequently do we claim their death

as being inevitable ?
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