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Preface to second edition

During the last five years the term 'evidence
based medicine' has had an increasing profile in
medicine and 'purchasers’ of physiotherapy
services are asking for outcomes and evidence
that physiotherapy is of benefit in specific
patients with specific problems.

We cannot answer all these questions but the
database of clinical trialsisgrowing. In assessing
the evidence it is important to remember the
definition of Sackett et al (1996): 'Evidencebased
medicine involves integrating individual clinical
expertiseand the best external evidence available
from systematic research'.

In this book we have referenced statements
where possible, but there are still many areas of
practice which are anecdotal. We must not lose
the skills and techniques in these areas if there
are indications of patient benefit

The second edition includes separate and new
chapters on surgery and intensive care, and
new chapters on non-invasive ventilation and
pulmonary rehabilitation. Other chapters have
been expanded with sections written by physio-
therapy specialistsin thefield — manual therapy
and acupuncture. All the chapters have been
updated and new references included.

No text can meet every reader's need but we
hope that the material here will lead the reader
on to other sources and contacts, and by open
exchange of information and ideas we should
beable to take the profession forward to benefit
our patients.
London 1997 JA.P
B.A.W



Preface to first edition

Thisbook isintended for physiotherapy students/
new graduates and postgraduate physiothera-
pists with an interest in patients with respiratory
and cardiac problems.

Assessment of the patient should reveal the
patient's problems. If some or all of these prob-
lems can be influenced by physica means,
physiotherapy isindicated. Physiotherapy is also
indicated when potential problems have been
identified and preventative measures should be
taken. The role of the physiotherapist as an
educator in both the prevention and treatment
of problems is another i mportant aspect.

Diagnoses will continue to provide useful
medical categories, but treatment can become
prescriptive and inappropriate or ineffective if
given in response to a diagnosis alone. The
pathology behind the problem provides the key
as to whether it is a physiotherapy problem or a
medical problem.

It is by accurate assessment of the patient
that short- and long-term patient goals can be
identified and agreed, and an effective treatment
plan outlined. Continuous reassessment of the
patient and the treatment outcomes will identify
the need for continuation or modification of
treatment

This book begins with assessment of the
patient and the interpretation of medical investi-
gations. Thisisfollowed by a section on mechan-
ical support and cardiopulmonary resuscitation.

An important part of our role is communica-
tion, counselling and health education. The skills
available to the cardiorespiratory physiothera-

pist are many and varied. Practical skills have
been outlined and referenced where possible. All
skills are not yet supported by rigorous clinical
studies, but it is important that we continue to
use them if outcome measures support their
place in clinical practice. In the future measure-
ment tools could validate their use. Research
should be an integral part of the practice of
physiotherapy.

Patients' problems and their management are
outlined in the context of differing pathologies.
One pathological process may present as several
patient problems. Pneumothorax, for example,
appears under the problems of both pain and
breathlessness. The characteristic problems of
some patient groups and diagnostic categories
are then discussed detailing the pathology, medi-
cal management physiotherapy and evaluation
of treatment.

This book should be read in conjunction with
specialized texts on anatomy, physiology and
pathology. Further reading is indicated within
each chapter. Throughout the text, for simplicity,
the patient is referred to as he/him and the
physiotherapist as she/her, but it isnot intended
to imply that all patients are male or that all
physiotherapists are female.

Itishoped that the problem orientated approach
to physiotherapy practice will facilitate the
learning process for the physiotherapist and
improve the quality of the care we provide.

B.A.W.
J.A.P.

London 1993
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1

Assessment
Sally Middleton Peter G. Middleton

INTRODUCTION

The aim of assessment is to define the patient's
problems accurately. It is based on both a sub-
jective and an obj ective assessment of the patient.
Without an accurate assessment it is impossible
to develop an appropriate plan of treatment.
Equally, a sound theoretical knowledge is re-
quired to develop an appropriate treatment plan
for those problems which may be improved by
physiotherapy. Once treatment has commenced
itisimportant to assessits effectiveness regularly
in relation to both the problems and goals.

The system of patient management used in this
book is based on the problem oriented medical
system (POMS) first described by Weed in 1968.
This system has three components:

¢ Problem oriented medical records (POMR)
e Audit
e Educational programme.

The POMR is now widely used as the method
of recording the assessment, management and
progress of a patient. It is divided into five
sections, asshown in Figure 1.1 and summarized
below.

e Database. Here personal details, medical
history, relevant social history, results of investi-
gations and tests, together with the physio-
therapist's assessment of the patient are recorded.

* Problem list. This is a concise list of the
patient's problems, compiled after the assess-
ment is complete. Problems are not always
written in order of priority. The list includes
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problems both related and unrelated to physio-
therapy. The resolution of problems and the
appearance of new ones are noted appropriately.

* |nitial plan and goals, A treatment plan is for-
mulated to address the physiotherapy-related
problems, keeping in mind the patient's other

Initial] 1
data
from Database
notas
4
Subjective
assessment
Objective
assessment
| Apalysis
2
Froblem Problem
list list
3
intual
plans
Treatment
plan
lTreatrnent
Assess 4
outcome of
treatment Frogreas
I notles
No
ls current
poal met?
Yas
Yos
Any further
goais to
agdress ?
Neo
L
Discharge Discharge
summary

Fig. 1.1 The process of problem oriented medical records.

problems. Long- and short-term goals are then
formulated. Long-term goals are what the patient
and the physiotherapist want to finally achieve
and should relate to the problems. Short-term
goals arethe stages by which thelong-term goals
should be achieved.

¢ Progress notes. Thesearewrittento document
the patient's progress, especially highlighting
any changes. The notes are written in the 'sub-
jective, objective, analysis, plan' (SOAP) format
for each problem, and provide an up-to-date
summary of the patient's progress.

¢ Discharge summary. Thisiswritten when the
patient is discharged from treatment or trans-
ferred to another institution. It includes pre-
senting problems, treatment given, outcomes of
treatment together with any home programme
or follow-up instructions.

DATABASE

The database contains a concise summary of
the relevant information about the patient taken
from the medical notes, together with the sub-
jective and objective assessment made by the
physiotherapist. The format may differ from
hospital to hospital, but will contain the same
information.

The first part contains the patient's personal
details including name, date of birth, address,
hospital number, and referring doctor. It may
also contain the diagnosis and reason for referral.
The second part summarizes the history from the
medical notes and the physiotherapy assessment.
Thisisoftendivided into several sections:

History of presenting condition (HPC) summarizes
the patient's current problems, including rele-
vant information from the medical notes.

Previous medical history (PMH) summarizes the
entire list of medical and surgical problems
that the patient has had in the past. It may be
written in disease-specific groupings or as a
chronological account.

Drug history (OH) isalist of the patient's current
medications (including dosage) taken from the
medication charts. Drug allergies should also
be noted.

Family history (FH) includes a list of any major



diseases suffered by members of the immediate
family.

Social history (SH) provides a picture of the
patient's social situation. It isimportant to spe-
cifically question the patient about the level of
support available at home, and to gain an idea of
the patient's expected contribution to household
duties. The layout of the patient's home should
also be ascertained with particular emphasis
on stairs. Occupation and hobbies, both past
and present, give further information about the
patient'slifestyle. Finally, history of smoking and
alcohol use should be noted.

Patient examination includes all information
collected in the physiotherapist's subjective and
objective assessment of the patient.

Test results contain any significant findings
as they become available. These may include
arterial blood gases, spirometry, blood tests,
sputum analysis, chest radiographs, computerized
tomography (CT) and any other relevant tests
(e.g. hepatitisB positive).

Subjective assessment

Subjective assessment is based on an interview
with the patient. It should generally start with
open-ended questions - What is the main
problem? What troubles you most? - allowing
the patient to discuss the problems that are
most important to him at that time. Indeed, by
asking such questions, previously unmentioned
problems may surface. As the interview pro-
gresses, questioning may become more focused
on those important features that need clarifi-
cation. There are five main symptoms of respi-
ratory disease:

¢ Breathlessness(dyspnoea)
e Cough

e Sputum and haemoptysis
¢ Wheeze

e Chest pain.

With each of these symptoms,
should be made concerning:

enquiries

e Duration - both the absolute time since first
recognition of the symptom (months, years)
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and the duration of the present symptoms
(days, weeks)

e Severity - in absolute terms and relative to the
recent and distant past

e Pattern - seasonal or daily variations

« Associated factors - including précipitants,
relieving factors, and associated symptoms,
if any.

Breathlessness

Breathlessness is the subjective awareness of an
increased work of breathing. It is the predom-
inant symptom of both cardiac and respiratory
disease. It aso occurs in anaemia where the
oxygen-carrying capacity of the blood isreduced,
in neuromuscular disorders where the respira-
tory muscles are affected, and in metabolic dis-
orders where there is a change in the acid-base
equilibrium (see Ch. 3) or metabolic rate (e.g.
hyperthyroid disorders). Breathlessness is also
found in hyperventilation syndrome where itis
dueto psychological factors (e.g. anxiety).

The pathophysiological mechanisms causing
breathlessness are still the subject of intensive
investigation. Many factors are involved, includ-
ing respiratory muscle. length-tension relation-
ships, respiratory muscle fatigue, stimulation
of pulmonary stretch receptors, and alterations
in central respiratory drive.

The duration and severity of breathlessness
is most easily assessed through enquiries about
the level of functioning in the recent and distant
past. For example, a patient may say that 3 years
ago he could walk up five flights of stairs without
stopping, but now cannot even manage one
flight. Some patients may deny breathlessness
as they have (unconsciously) decreased their
activity levels so mat they do not get breathless*
They may only acknowledge breathlessness
when it interferes with important activities,
e.g. bathing. The physiotherapist should always
relate breathlessness to the level of function
that the patient can achieve.

Comparison of the severity of breathlessness
between patients is difficult because of differ-
ences in perception and expectations. To over-
come these difficulties, numerous tradings have
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Table 1.1 The New York Heart Association classification of
breathlessness

Class| No symptomswith ordinary activity, breathlessness
only occurring with sever e exertion, e.g. running
up hills, fast bicycling, cr oss-country skiing

Classll Symptomswith ordinary activity, e.g. walking up

stairs, making beds, carrying large amounts of
shopping

Classlll Symptomswith mild exertion, e.g. bathing,
showering, dressing

Class IV Symptomsat rest

been proposed, The New York Heart Asso-
ciation grading (1964) shown in Table 1.1, was
developed for patients with cardiac disease,
but is also applicable to respiratory patients.
No scale is universal and it is important that ail
staff within one institution use the same scale.
Breathlessnessis usually worse during exer-
cise and better with rest The one exception is
hyperventilation syndrome where breathl essness
may improve with exercise. Two patterns of
breathlessness have been given specific names:

e Orthopnoea is breathlessness when lying flat.

o Paroxysmal nocturnal dyspnoea (PND) is
breathlessness that wakes the patient at night
In the cardiac patient, lying flat increases venous
return from the legs so that blood pools in
the lungs, causing breathlessness. A similar
pattern may be described in patients with severe
asthma, but here the breathlessness is caused
by nocturnal bronchoconstriction.

Further insight into a patient's breathlessness
may be gained by enquiring about precipitating
and relieving factors. Breathlessness associated
with exposure to allergens and relieved by
brunchodilators istypically found in asthma-

Cough

Coughing is a protective reflex which rids the
airways of secretions or foreign bodies. Any
stimulation of receptors located in the pharynx,
larynx, trachea, or bronchi may induce cough.
Cough is a difficult symptom to clarify as most
people cough normally every day, yet a repe-
titive persistent cough is both troublesome and

distressing. Smokers may discount their early
morning cough as being 'normal’ when in fact it
signifieschronic bronchitis.

Important .features concerning cough are its
effectiveness, and whether it is productive or
dry. The severity of cough may range from
an occasional disturbance to a continual.trouble.
A loud, barking cough, which is often termed
‘bovine', may signify laryngeal or tracheal dis-
ease. Recurrent coughing after eating or drinking
isan important symptom of aspiration. A chronic
productive cough every day is a fundamental
feature of chronic bronchitis and bronchiectasis.
Interstitial lung disease is characterized by a
persistent dry cough. Nocturnal cough is an
important symptom of asthma, in children, and

young adults, but in older patients—it is
more commonly due to. cardiac failure. Drugs,
especially beta-blockers and some other anti-
hypertensive agents, can cause a chronic cough.
Chronic cough may cause fractured ribs (cough
fractures) and hernias. Stress incontinence is
a common complication of chronic cough, espe-
cially in women. As this subject is often em-
barrassing to the patient, specific questioning
may be required (see page 8).

Postoperatively, the strength and effectiveness
of cough is important for the physiotherapist
to assess.

Sputum

In a normal adult, approximately 100 ml of
tracheobronchial secretions are produced daily
and cleared subconsciously. Sputumisthe excess
tracheobronchial secretions that is cleared from
the airways by coughing or huffing. It may
contain mucus, cellular debris, microorganisms,
blood and foreign particles. Questioning should
determinethe col our, consistency and quantity of
sputum produced each day. This may clarify the
diagnosis and the severity of disease (Table 1.2).
A number of grading systems for mucoid—
mucopurulent-purulent sputum have been pro-
posed. For example. Miller (1963) suggested:

M|  mucoid with no suspicion of pus
M2 predominantly mucoid, suspicion of pus



Table 1.2 Sputum analysis

Description
Saliva Clear watery fluid
Mucoid Opalescent or white

Mucopurulent Slightly discoloured, but not frank pus

Purulent Thick, viscous:
Yellow
Dark green/brown

Rusty

Red currant jelly

Frothy Pink or white

Ranging from Wood specks to frank blood,
old blood (dark brown)

Haemoptysis

Black Black specks in mucoid secretions

PI 1/3 purulent, 2/3 mucoid
P2  2/3purulent 1/3 mucoid
P3 >2/3purulent

However, in clinical practice sputum is often
classified as mucoid, mucopurulent or purulent,
together with an estimation of the volume
(1 teaspoon, 1 eggcup, V4 cup, 1 cup).

Sputum 'plugs' are hard rubbery casts in
the shape of the bronchia tree which may be
produced in asthma, allergic bronchopulmo-
nary aspergillosis (ABPA) and occasionally in
bronchiectasis.

Haemoptysis is the presence of blood in the
sputum It may range from slight streaking of
the sputum to frank blood. Frank haemoptysis
can be life threatening, requiring bronchial
artery embolization or surgery. Isolated haemo-
ptysis may be the first sign of bronchogenic
carcinoma, even when the chest radiograph is
normal. Patients with chronic infective lung
disease often suffer from recurrent haemoptyses.

Odour emanating from sputum signifies in-
fection. In general, particularly offensive odours
suggest infection with anaerobic organisms (e.g.
aspiration pneumonia, lung abscess).

WheezB

Wheeze is a whjstiing or musical sound pro-
duced by turbulent airflow through narrowed

ASSESSMENT 7

Causes

Chronic bronchitis without infection, asthma

Bronchiectasis, cystic fibrosis, pneumonia

Haemophilus

Pseudomonas
Pneurnococcus. mycoplasma
Klebsiella

Pulmonary oedema

Infection (tuberculosis, bronchiectasis), infarction,
carcinoma, vasculitis, trauma, also coagulation
disorders, cardiac disease

Smoke inhalation (fires, tobacco, heroin), coal dust

airways. These sounds are generally noted by
patients when audible at the mouth. Stridor,
the sound olLan upper airway obstruction. $
often mistakenly called 'wheeze." tEy P djgtfs
Heart failure may also cause wheezing in those
patients with significant mucosal oedema. For
afull discussion of wheeze see page 18.

Chest pain

Chest pain in respiratory patients usually origi-
nates from musculoskeletal, pleural or tracheal
inflammation, as the lung parenchyma and small
airways contain no pain fibres.

Pleuritic chest pain is caused by inflammation
of the parietal pleura, and is usually described
as.a severe, shgcp, stabbing pain whichis worse
oninspirajtion. It is not reproduced by pal pation.

Tracheitis generally causesaconstant burning
pain in the centre of the chest aggravated by
breathing.

Musculoskeletal (chest wall) pain may originate
from the muscles, bones, joints or nerves of
ihe thoracic cage. Itisusually well localized and
exacerbated by chest and/or arm movement.
Pal pation will usually reproduce the pain.

Angina pectoris is amajor symptom of cardiac
disease. Myocardial ischaemia characteristically
causes a dull central retrosternal gripping or
band-like sensation which may radiate to either
arm, neck or jaw.
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Pericarditis may cause pain similar to angina
or pleurisy.

A differential diagnosis of chest pain is given
in Table 1.3.

Incontinence

Incontinence is a problem which is often aggra-
vated by chronic cough. Coughing and huffing
increase intra-abdominal pressure which may
precipitate urine leakage. Fear of this may in-

fluence compliance with physiotherapy. Thus
identification and treatment of incontinence is
important. Questions may need to be specific to
elicit this symptom: 'When you cough, do you find
that you leak some urine?' 'Does this interfere with
your physiotherapy?*.

Other symptoms

Of the other symptoms a patient may report, a
number have particular importance.

Table 1.3 Syndromes of chest pain

Condition

Description

Causes

Pulmonary
Pleurisy

Pulmonary embolus

Pneumothorax

Tumours

Sharp, stabbing, rapid onset, limits inspiration,
well localized, often 'catches' at a certain lung
volume, not tender on palpation

Usually has pleuritic pain, with or without severe
central pain

Severe central chest discomfort, with or without
pleuritic component, severity depends on extent
of mediastinal shift

May mimic any form of chest pain, depending
on site and structures involved

Pfeuraf infection or inflammation of the pleura,
trauma (haemothorax), malignancy

Pulmonary infarction

Trauma, spontaneous, lung diseases (e.g., cystic
fibrosis, AIDS)

Primary or secondary carcinoma, mesothelioma

Rib fracture

Muscular

Costochondritis
(Tietze's syndrome)

Neuralgia

Localized point tenderness, often sudden onset,
increases with inspiration

Superficial, increases on inspiration and some
body movements, with or without palpable
muscle spasm

Localized to one or more costochondral joints,
with or without generalized, non-specific chest pain

Pain or paraesthesia in a dermatomal distribution

Trauma, tumour, cough fractures (e.g. in chronic
lung diseases, osteoporosis)

Trauma, unaccustomed exercise (excessive
coughing during exacerbations of lung disease),
accessory muscles may be affected

Viral infection

Thoracic spine dysfunction, tumour, trauma,
herpes zoster (shingles)

Cardiac
Ischaemic heart
disease

(angina or infarct)

Pericarditis

Dull, central, retrosternal discomfort like a weight
or band with or without radiation to the jaw and/or
either arm, may be associated with palpitations,
nausea, or vomiting

Often retrosternal, exacerbated by respiration,
may mimic cardiac ischaemia or pleurisy, often
relieved by sitting

Myocardial ischaemia, onset at rest is more
suggestive of infarction

Infection, inflammation, trauma, tumour

Mediastinum
Dissecting aortic
aneurysm

Oesophageal

Mediastinal shift

Sudden onset, severe, poorly localized central
chest pain

Retrosternal burning discomfort, but can mimic
all other pains, worse lying flat or bending forward

Severe, poorly localized central discomfort

Trauma, atherosclerosis, Marian's syndrome
Oesophageal reflux, trauma, tumour

Pneumothorax, rapid drainage of a large pleural
effusion




Fever (pyrexia) is one of the common features
of infection, but low-grade fevers can also occur
with malignancy and connective tissue dis-
orders. Equally, infection may occur without
fever, especially in immunosuppressed (e.g.
chemotherapy) patients or those on cortico-
steroids. High fevers occurring at night, with
associated sweating (night sweats), may be the
first indicator of pulmonary tuberculosis.

Headache is an uncommon feature of respira-
tory disease. Morning headaches in patients
with severe respiratory failure may signify noc-
turnal carbon dioxide retention. Early morning
arterial blood gases or nocturnal transcutaneous
carbon dioxide monitoring are required for
confirmation.

Peripheral oedema in the respiratory patient
suggests right heart failure which may be due to
cor pulmonale (right ventricular failure second-
ary to hypoxic pulmonary vasoconstriction).
Peripheral oedema may also occur in patients
taking high-dose corticosteroids, as a result of
salt and water retention.

Functional ability

It is important to assess the patient as a whole,
enquiring about his daily activities. If the patient
is employed, what does his job actually entail?
For example, asurveyor may sitbehind adesk all
day, or he may be climbing 25-storey buildings.
The home situation should also be documented,
in particular the number of stairs to the front
door and within the house. With whom does
the patient live? What roles does the patient
perform in the home (shopping, housework,
cooking)? Finally, questions concerning activities
and recreation often reveal areas where signifi-
cantimprovementsin quality of life can be made.

Disease awareness

During the interview it isimportant to ascertain
the patient's knowledge of his disease and treat-
ment. The level of compliance with treatment,
often difficult to assess initially, may become
evident as rapport develops. These issues will
influence the goal s of treatment.
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Objective assessment

Objective assessment isbased on examination of
the patient, together with the use of tests such
as spirometry, arterial blood gases and chest
radiographs. Although a full examination of the
patient should be available from the medical
notes, it is worthwhile to make a thorough
examination at all times asthe patient's condition
may have changed since the last examination,
and the physiotherapist may need greater detail
of certain aspects than is available from the
notes. A good examination will provide an objec-
tive baseline for the future measurement of
the patient's progress. By developing a standard
method of examination, the findings are quickly
assimilated, and the physiotherapist remains
confident that nothing has been omitted.

General observation

Examination starts by observing the patient
from the end of the bed. Is the patient short of
breath, sitting on the edge of the bed, distressed?
Is he obviously cyanosed? | s he on supplemental
oxygen? If so, how much? What is his speech
pattern - long fluent paragraphs without dis-
cernible pauses for breath, quick sentences, just
a few words, or is he too breathless to speak?
When he moves around or undresses, does he
become distressed? With a little practice, these
observations should become second nature and
can be noted whilst introducing yourself to the
patient.

In theintensive care patient there are anumber
of further features to be observed. The level of
ventilatory support must be ascertained. This
includes both themode of ventilation (e.g. supple-
mental oxygen, continuous positive airway pres-
sure, intermittent positive pressure ventilation)
and the route of ventilation (mask, endotracheal
tube, tracheostomy). The level of cardiovascular
support should also be noted, including drugs
to control blood pressure and cardiac output,
pacemakers and other mechanical devices. The
patient's level of consciousness should also be
noted. Any patient with a decreased level of
consciousness is at risk of aspiration and reten-
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Table 1.4 Coma Scale

Spontaneous
To speech
To pain
None

Oriented

Confused speech
Inappropriate words
Incomprehensible sounds
None

Eye opening

Best verbal ronponse

Obeys commands
Localizes to pain
Withdraws (generalized)
Flexion

Extension

No response

Best motor response

PNWAUO® RPONWAA RNW D

Maximum total scoreis 15; minimum total score is 3.

Hon of pulmonary secretions. In those patients
who are not pharmacol ogically sedated, thelevel
of consciousness is often measured using the
Glasgow Coma Scale (Table 1.4). Thisgives the
patient a score (from 3 to 15) based on his best
motor, verbal and eye responses.

The patient's chart should then be examined
for recordings of temperature, pulse, blood
pressure and respiratory rate. These measure-
ments are usually performed by the nursing
staff immediately on admission of the patient
and regularly thereafter.

For details of the assessment of the infant
and child see page 332.

Body temperature. Body temperature can be
measured in a number of ways. Oral tempera-
tures are the most convenient method in adults
but should not be performed for at least 15
minutes after smoking or consuming hot or
cold food or drink. Aural, axillary and rectal
temperature may also be measured.

Body temperature is maintained within the
range 36.5-37.5°C. It is lowest in the early
morning and highest in the afternoon.

Fever (pyrexia) is the elevation of the body
temperature above 37.5°C, and isassociated with
anincreased metabolicrate. For every 0.6°C (1°F)
rise in body temperature, there is an approxi-
mately 10% increase in oxygen consumption
and carbon dioxide production. This places extra
demand on the cardiorespiratory system which

causes a compensatory increase in heart rate
and respiratory rate.

Heart rate. Heart rate is most accurately
measured by auscultation at the cardiac apex.
The pulse rate is measured by palpating a
peripheral artery (radial, femoral or carotid). In
most situations, the heart rate and pulse rate
are identical; a difference between the two is
called the 'pul se deficit'. Thisindicates that some
heart beats have not caused sufficient blood flow
to reach the periphery and is commonly found
inatrial fibrillation and some other arrhythmias.

Thenormal adult heart rate is 60-100 beats per
minute.

Tachycardia is defined as a heart rate greater
than 100 beats/min at rest. It is found with
anxiety, exercise, fever, anaemia and hypoxia.
It is also common in patients with cardiac
disorders. Medications such as bronchodilators
and some cardiac drugs may also increase heart
rate.

Bradycardia is defined as a heart rate less
than 60 beats/min. It may be a normal finding in
athletes and may al so be caused by some cardiac
drugs (especially beta-blockers).

Blood pressure (BP). With every contraction
of the heart (systole) the arterial pressure in-
creases, with the peak called the 'systolic' pres-
sure. During the relaxation phase of the heart
(diastole), the arterial pressure drops, with the
minimum called the 'diastolic' pressure. Blood
pressure is usually measured non-invasively
by placing a sphygmomanometer cuff around
the upper arm, and listening over the brachial
artery with a stethoscope. The cuff width should
be approximately one-half to two-thirds of the
length of the upper arm, otherwise readings may
be inaccurate. Cuff inflation to above systolic
pressure collapsestheartery, blocking flow. With
release of the air, the cuff pressure gradually
falls to a point just below systolic. At this point,
the peak pressure within the artery is greater
than the pressure outside the artery, so flow
recommences. This turbulent flow is audible
through the stethoscope. As the cuff is further
deflated the noise continues. When the cuff pres-
sure drops to just below diastolic, the pressure
within the artery is greater than that of the



cuff throughout the cardiac cycle, so turbulence
abates and the noise ceases.

Blood pressure is recorded as systolic/
diastolic pressure. Normal adult blood pressure
is between 95/60 and 140/90 mmHg.

Hypertension is defined as a blood pressure
of greater than 145/95 mmHg, usually due to
changes in vascular tone and/or aortic valve
disease.

Hypotension is defined as a blood pressure
of less than 90/60 mmHg. It is often a normal
finding during sleep. Daytime hypotension may
be due to heart failure, blood loss or decreased
vascular tone.

Postural hypotensionisadropinbloodpressure
of more than 5 mmHg between lying and sitting
or standing, and may be due to decreased circu-
lating blood volume, or loss of vascular tone.

Pulsus paradoxus is die exaggeration of the
drop in blood pressure that occurs with inspi-
ration. Normally, during inspiration the negative
intrathoracic pressure reduces venous return
and drops cardiac output slightly. Exaggeration
of mis normal response where blood pressure
drops by more man 10 mmHg is seen in situa-
tions where the intrathoracic pressure swings are
greater, asoccursin severe airway obstruction.

Respiratory rate. Respiratory rate should be
measured with the patient seated comfortably.
The normal adult respiratory rate is approxi-
mately 12-16 breaths/min.

Tachypnoea is defined as a respiratory rate
greater than 20 breaths /min, and can be seen in
any form of lung disease. It may also occur with
metabolic acidosis and anxiety.

Bradypnoea isdefined as arespiratory rate of
less than 10 breaths/min. It is an uncommon
finding, and is usually due to central nervous
system depression by narcotics or trauma.

Body weight Weight is often recorded on
the observation chart. Respiratory function can
be compromised by both obesity and severe mal-
nourishment. As ideal body weight has a large
normal range, the body mass index (BMI) has
been proposed as an alternative. This is calcu-
lated by dividing the weight in kilograms by
the square of the height in metres (kg/m?);
the normal range is 20-25 kg/m*. Patients with
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values below 20 are underweight, those with
values of 25-30 are overweight, and those
with valuesover 30 are classified as obese.

Malnourished patients often exhibit depres-
sion of their immune system with increased risk
of infection. They also have weaker respiratory
muscleswhicharemorelikely to fatigue. Obesity
causes an increase in residual volume (RV) and
a decrease in functional residual capacity (FRC)
(Rubinstein et al 1990). Thus tidal breathing
occurs close to closing volumes. Thisis parti-
cularly important postoperatively, where the
obese are more prone to subsegmental lung
collapse.

An accurate daily weight givesagood estimate
of fluid volume changes, asany change in weight
of more than 250 g/day is usually due to fluid
accumulation or loss. Daily weights are com-
monly used in intensive care, renal and cardiac
patientsto assess fluid balance.

Other measures. In the intensive care patient
there is a plethora of monitoring that can be
performed. As well as the parameters listed
above, measures of central venous pressure
(CVP), pulmonary artery pressure (PAP), and
intracranial pressure (ICP) will need to be re-
viewed as part of the physiotherapy assessment.
Some intensive care units now record this infor-
mation on bedside computer terminals. Further
details of intensive care monitoring can be found
in Chapters 4 and 5.

Apparatus. At this point the lines and tubes
going into and coming out of the patient should
be noted. Venous lines provide constant direct
access to the bloodstream, and vary widely
in site, complexity and function. The simplest
cannulain asmall peripheral vein, usually in the
forearm, is called a 'drip'. It is used for the
administration of intravenous (1V) fluids and
most |V drugs. At the other end of the spectrum
are the multi-lumen lines placed in the sub-
clavian, internal jugular or femoral veins, ending
in the venae cavae close to the heart. These
central lines allow simultaneous administration
of multiple drugs and can be used for central
venous pressure monitoring. Central lines can
be potentially dangerous, as disconnection of
the line can quickly suck air into the central
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veins, causing an air embolus which may be
fatal.

Some patients, especially those in intensive
care, may have an arterial line for continuous
recording of blood pressure and for repeated
sampling of arterial blood. These lines are
usually inserted in the radial or brachial artery.
If accidentally disconnected, rapid blood losswill
occur.

After cardiac surgery, most patients have
cardiac pacing wires which exit through the
skin overlying the heart. In most cases these
wires arenot required and are removed routinely
before discharge. In the event of clinically signi-
ficant cardiac arrhythmias, these wires are
connected to a pacing box that electrically stimu-
lates the heart. In medical patients, pacemaker
wires are Introduced through one of the central
veins and rest in the apex of the right ventricle.
Care must be taken with all pacing wires as
dislodgement may be life threatening.

Intercostal drains are placed between two ribs
into the pleural space to remove air, fluid or
pus which has accumulated. They are also used
routinely after cardiothoracic surgery. In general,
the tube is attached to a bottle partially filled
with sterile water, called an 'underwater seal
drain'. The bottle should be positioned at least
0.5 metres below the patient's chest (usually on
the floor). Bubbling indicates that air is entering
the tube from the pleural space at that time.
Frequent observations must be made of the fluid
level within the tube which should oscillate
or 'swing' with every breath. If the fluid does
not swing, the tube is not patent and requires
medical attention. In certain situations the bottle
may be connected to continuous suction which
will dampen the fluid 'swing'. Those patients
who are producing large volumes of fluid or
pus may be connected to a double bottle system,
wherethefirst bottle acts as a reservoir to collect
the fluid and the second provides the underwater
seal. More recently, fully enclosed disposable
plastic systems have been devised. Any patient
with a chest drain should have a pair of large
forceps available at all times to clamp the tube
if any connection becomesloosened.

Postoperatively, drains may be placed at any

operation site (e.g. abdomen) to prevent the
collection of fluid or blood. These are generally
connected to sterile bags. Nasogastric tubes are
placed for two reasons: soft fine-bore tubes are
used to facilitate feeding, whilst firm, wider-bore
tubes allow aspiration of gastric contents.

The hands. The hands provide a wealth of
information. A fine tremor will often be seen
in association with high-dose bronchodilators.
Warm and sweaty hands with an irregular
flapping tremor may be due to acute carbon
dioxide retention. Weakness and wasting of the
small muscles in the hands may be an early sign
of an upper lobe tumour involving the brachial
plexus (Pancoast's tumour). Examination of
the fingers may show nicotine staining from
smoking.

Clubbing is the term used to describe the
changes in the fingers and toes as shown in
Figure 1.2. The first sign of clubbing is the loss
of the angle between the nail bed and the nail
itself. Later, the finger pad becomes enlarged.
The nail bed may also become 'spongy’, but
this is a difficult sign to elicit. A summary of
the diseases associated with clubbing is given
in Table 1.5. The exact cause of clubbing is
unknown. It is interesting to note that clubbing
in cystic fibrosis patients disappears after heart
and lung or lung transplant.

The eyes. The eyes should be examined for
pallor (anaemia), plethora (high haemoglobin)
or Jaundice (yellow colour due to liver or blood
disturbances). Drooping of one eyelid with
enlargement of that pupil suggests Horner's
syndrome where there is a disturbance in
the sympathetic nerve supply to that side of the
head (sometimes seen in cancer of thelung).

Cyanosio. Thisisabluish discolouration of the
skin and mucous membranes. Central cyanosis,
seen on examination of the tongue and mouth,
is caused by hypoxaemia where there is an
increase in the amount of haemoglobin not
bound to oxygen. The degree of blueness is
related to the quantity of unbound haemoglobin.
Thus a greater degree of hypoxia is necessary
to produce cyanosis in an anaemic patient
(low haemoglobin), whilst a patient with poly*
cythaemia (increased haemoglobin) may appear
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Fig. 1.2 Clubbing: a normal; b early clubbing; e advanced
clubbing.

Table 1.5 Causes of clubbing

Lung disease Infective (bronchiectasis, lung abscess,
empyema)

Fibretic

Malignant (bronchogenic cancer,

mesothelioma)

Cardiac disease Congenital cyanotic heart disease

Bacterial endocarditis

Other Familial
Cirrhosis
Gastrointestinal disease (Crohn's
disease, ulcerative colitis, coeliac

disease)

cyanosed with only a small drop in oxygen
levels. Peripheral cyanosis, affecting the toes,
fingers and earlobes may also be due to poor
peripheral circulation, especially in cold weather.

Jugular venous pressure. On the side of the
neck the jugular venous pressure (JVP) is seen
as a flickering impulse in the jugular vein. It is
normally seen at the base of the neck when the
patient is lying back at 45°. The JVP is usualy
measured in relation to the sternal angle as this
point is relatively fixed in relation to the right
atrium. A normal JVP at the base of the neck
corresponds to a vertical height approximately
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3-4cm above the sternal angle. The JVP is
generally expressed as the vertical height (in
centimetres) above norms]. The JVP provides a
quick assessment of the volume of blood in the
great vessels entering the heart. Most commonly
it is elevated in right heart failure. This may
occur in patients with chronic lung disease
complicated by cor pulmonale. In contrast de-
hydrated patients may only have a visible JVP
when lying flat.

Peripheral oedema. This is an important
sign of cardiac failure, but may also be found
in patients with a low albumin level, impaired
venous or lymphatic function, or those on high-
dose steroids. When mild it may only affect
the ankles, with increasing severity it may pro-
gress up the body. In bedbound patients, it is
important to check the sacrum.

Observation of the chest

When examining the chest fit is important to
remember the surface landmarks of the thoracic
contents(Fig. 1.3).

Some important points are:

e The oblique fissure, dividing the upper and
middle lobes from the lower lobes, runs under-
neath a line drawn from the spinous process
of T2 around the chest to the 6th costochondral
junction anteriorly.

e Thehorizontal fissure on the right dividing
the upper lobe from the middle lobe, runs
from the 4th intercostal space at the right sternal
edge horizontally to the midaxillary line, where
it joinsthe oblique fissure.

e The diaphragm sits at approximately the
6th rib anteriorly, the 8th rib in the midaxillary
line, and the 10th rib posteriorly.

e Thetracheabifurcatesjust below thelevel of
die manubriosternal junction.

e The apical segment of both upper lobes
extends 2.5 cm above the clavicles.

Chest shape. The chest should be symmetrical
with, the ribs, in adults, descending at approxi-
mately 45° from the spine. The transverse dia-
meter should be greater than the anteroposterior
(AP) diameter. The thoracic spine should have
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Anterior

Posterior

Pig. 1.3 Surface markings of (he lungs: H, horizontal fissure; O. oblique Fissures; RUL, right upper lobe; LUL, left upper lobe;

RML, rightmiddle lobe; 111,, left lower lobe; RLL, right lower lobe.

a slight kyphosis. Important common abnor-
malitiesinclude:

Kyphosis, where the normal flexion of the
thoracic spineisincreased.

Kyphoscoliosis, which comprisesboth lateral
curvature of the spine with vertebral rotation
(scoliosis) and an element of kyphosis. This
causes a restrictive lung defect which, when
severe, may cause respiratory failure«L **t

Pectus excavatum,or 'funnel’ chest, iswherepart
of the sternum is depressed inwards. This rarely
causes significant changes in lung function but
may be corrected surgically for cosmetic reasons.

Pectus carinatum, or 'pigeon chest, iswherethe
sternum protrudes anteriorly This may be pres-
ent in children with severe asthma and rarely
causes significant lung function abnormalities.

Hyperinflation, wheretheribslosetheir normal
45° angle with the thoracic spine and become
almost horizontal. The anteroposterior diameter
of the chest increases to almost equal the trans-

verse diameter. Thisis commonly seen in severe
emphysema.

Breathing pattern. Observation of the breathing
pattern gives further information concerning the
type and severity of respiratory disease.

Normal.breathing should be regular with a rate
of 12-16 breaths /min, as mentioned previously.
Inspiration is active and expiration passive. The
approximate ratio of inspiratory to expiratory
time(l: Eratio)isl1l:1.5t01:2.

Prolonged expiration may be seen in patients
with obstructive lung disease, where expiratory
airflow is severely limited by dynamic closure
of the smaller airways. In severe obstruction the
I: £ ratio may increaseto 1:3 or 1:4.

Pursed-lip breathing is often seen in patients
with severe airways disease. By opposing the
lips during expiration the airway pressure inside
the chest is maintained, preventing the floppy
airways from collapsing. Thus overall airflow is
increased.



Apnoea is the absence of breathing for more
than 15 seconds.

Hypopnoea is diminished breathing with in-
adequate ventilation. It may be seen during sleep
in patients with lung disease*

Kussmaul's respiration israpid, deep breathing

with a high minute ventilation. It is usually seen
in patients with metabolic acidosis.

Cheyne Stokes respiration refers to irregular
breathing with cycles consisting of afew relatively
deep breaths, progressively shallower breaths
(sometimes to the point of apnoea), and then
slowly increasing depth of breaths. Thisisusually
associated with heart failure, severe neurological
disturbances, or drugs (e.g. narcotics).

Ataxic breathing consists of haphazard, unco-
ordinated deep and shallow breams. This may be
found in patients with cerebellar disease.

Apneustic breathing is characterized by pro-
longed inspiration, and is usually the result of
brain damage.

Chest movement During normal inspiration,
there are symmetrical increases in the antero-
posterior, transverse and vertical diameters of
the chest. The increase in vertical diameter
is achieved by contraction of the diaphragm,
causing the abdominal contents to descend.
Sternal and rib movements are responsible for
the increases in anteroposterior and transverse
diameters of the chest. These movements can
be divided into two components (Fig. 1.4). When
elevated, the anterior ends of the ribs move
forward and upwards with anterior movement
of the sternum. This increase in anteroposterior
diameter is likened to the movement of an old
fashioned 'pump handle'. At the same time,
rotation of the ribs causes an increase in the
transverse diameter, likened to the movement
of a 'bucket handle'.

During normal quiet breathing, the diaphragm
is the main inspiratory muscle increasing the
vertical diameter. There is also an increase in
the lower thoracic transverse diameter due to
external intercostal muscle contraction. Expira-
tion is passive, caused by the elastic recoil of
the lung and chest wall. When breathing is in-
creased, all the accessory inspiratory muscles
(sternomastoid, scalenes, trapezii) contract to
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Pump handle

Bucket handle

Fig. 1.4 Chest wall movement.

increase the anteroposterior and transverse
diameters, and the diaphragm activity increases,
thus further increasing the vertical dimensions.
Expiration may become active with contraction of
the abdominal and internal intercostal muscles.

Intercostal indrawing occurs where the skin
between the ribs is drawn inwards during
inspiration. It may be seen in patients with severe
inspiratory airflow resistance. Larger negative
pressures during inspiration suck the soft tissues
inwards. Thisis an important sign of respiratory
distress in children, but is less often seen in
adults.

Palpation of the chest

Trachea. Firstly, the trachea is palpated to
assess its position in relation to the sternal notch.
Tracheal deviation indicates underlying media-
stinal shift The trachea may be pulled towards a
collapsed or fibrosed upper lobe, or pushed away
from a pneumothorax or large pleural effusion.

Chest expansion. This can be assessed by
observation, but palpation is more accurate. The
patient is instructed to expire slowly to residual
volume. At residual volume the examiner's
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hands are placed spanning the posterolateral
segments of both bases, with the thumbs touch-
ingin the midline posteriorly, as shown in Figure
1.5. In obese patients, it helps if the skin of
the anterior chest wall is slightly retracted by
the fingertips. The patient is then instructed to
inspire slowly and the movement of both thumbs
is observed. Both sides should move equally,
with 3-5 cm being the normal displacement.

A similar technique may be used anteriorly,
again to measure basal movements. Measure-
ment of apical movement is more difficult. By
placing the hand over the upper chest anteriorly,
a qualitative comparison of the two sides can
be made. In al cases, diminished movement is
abnormal.

Paradoxical breathing is where some or al of
the chest wall moves inwards on inspiration and
outwards on expiration. It can involve anything
from a localized area to the entire chest wall.
Localized paradox occurs when the integrity of
the chest wall is disrupted. Fractures of multiple
ribs with two or more breaks in each rib will
result in the central section losing the support

Fig. 1.5 Palpation of thoracic expansion.

usually provided by the rest of the thoracic cage.
Thus, during inspiration, this loose segment
(often called a 'flail segment’) is drawn inwards
as the rest of the chest wall moves out. In
expiration the reverse occurs.

Paradoxical movement of one hemithorax may
be remarkably difficult to observe. It may be
caused by unilateral diaphragm paralysis. Para-
dox of the entire chest wall occurs in bilateral
diaphragm weakness or paralysis. It is most
apparent when the patient is supine.

Paradoxical movement of the lower chest can
occur in patients with severe chronic airflow
limitation who are extremely hyperinflated. As
the dome of the diaphragm cannot descend any
further, diaphragm contraction during inspi-
ration pulls the lower ribsinwards. Thisis called
'Hoover's sign'.

Surgical emphysema. Air in the subcutaneous
tissues of the chest, neck or face should also
be noted. On palpation there is a characteristic
crackling in the skin. This occurs when a
pneumomediastinum (air in the mediastinum)
has tracked outwards. A chest radiograph must



be performed immediately, as a pneumo-
mediastinum may be associated with a
pneumothorax.

Vocal fremitus. Vocal fremitus is the measure
of speech vibrations transmitted through the
chest wall to theexaminer'shands. It ismeasured
by asking the patient to repeatedly say '99',
whilst the examiner's hands are placed flat on
both sides of the chest. The hands are moved
from apices to bases, anteriorly and posteriorly,
comparing the vibration felt. Vocal fremitus
is increased when the lung underneath is rela-
tively solid (consolidated), as this transmits
sound better. Assound transmission is decreased
through any interface between lung and air or
fluid, vocal fremitus is decreased in patients
with a pneumothorax or a pleural effusion.

Percussion

Percussion of the chest provides further infor-
mation that can help in the assessment and local -
ization of lung disease. It isperformed by placing
the left hand firmly on the chest wall so that
the fingers have good contact with the skin. The
middle finger of the left hand is struck over
the distal interphalangeal joint with the middle
finger of the right hand. The right wrist should
be relaxed so that the weight of the entire right
hand is transmitted through the middle finger.
Both sides of the chest from top to bottom should
be percussed alternately, paying particular atten-
tion to the comparison between sides.

Resonance is generated by the chest wall
vibrating over the underlying tissues. Normal
resonance is heard over aerated lung, whilst
consolidated lung sounds dull, and a pleural
effusion sounds'stony dull'. Increased resonance
is heard when the chest wall is free to vibrate
over an air-filled space, such as a pneumothorax
or bulla. In situations where the chest wall
is unable to move freely, as may occur in obese
patients, the percussion note may sound dull,
even if the underlying lung is normal.

Auscultation

Chest auscultation is the process of listening to
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and interpreting the sounds produced within
the thorax. A stethoscope simplifies auscultation
and facilitates localization of any abnormalities.
It consists of a diaphragm and bell connected
by tubing to two ear-pieces. The diaphragm is
generally used for listening to bream sounds,
whilst the bell isbest for thevery low frequencies
generated by the heart (especially the third and
fourth heart sounds). The diaphragm and bell
must be intact for a sound to be heard properly,
and the tubing relatively short to minimize
absorption of the sound. T he ear-pieces, made of
plastic or rubber, should fit snugly within the
ears, pointing slightly forward in order to maxi-
mize sound transmission into the auditory canal.

A teaching stethoscope (Fig. 1.6) is a useful
tool to allow both the experienced and inexperi-
enced physiotherapist to hear the same sounds
simultaneously (Ellis 1985).

Chest auscultation should ideally be performed
in a quiet room, with the chest exposed. The
patient isinstructed to take deep breaths through
an open mouth, as turbulence within the nose
can interfere with the breath sounds. There is a
wide variation in the intensity of breath sounds
depending on chest wall thickness. The terms
used are described below.

Breath sounds.

Normal breath sounds are generated by turbulent
airflow in the trachea and large airways. These
sounds, which can be heard directly over the
trachea, comprise high, medium and low fre-
quencies. The higher frequencies are attenuated
by normal lung tissue so that breath sounds
heard over the periphery are softer and lower
pitched. Originally it was thought that the
higher-pitched sounds were generated by the
bronchi (bronchial breath sounds) and the lower
ones by airflow into the alveoli (vesicular breath
sounds). It is now known that normal breath
sounds (previously called 'vesicular') simply rep-
resent filtering of the 'bronchial’ breath sounds
generated in the large airways. Although techni-
cally incorrect, normal breath sounds are still
sometimes referred to as'vesicular' or 'broncho-
vesicular'. Normal breath sounds are heard all
over the rhest wall throughout inspiration and
for a short period during expiration.
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Fig. 1.6 A Littmann teaching stethoscope.

Bronchial breath sounds.are the normal tracheal
and large airway sounds, transmitted through
airless lung which does not attenuate the higher
frequencies. Thus, the sounds heard over an area
of consolidated lung are similar to those heard
over the trachea itself. Bronchial breath sounds
are loud and high pitched, with a harsh quality.
They are heard equally throughout inspiration
and expiration, with a short pause between
the two. Thus in all three respects, bronchial
bream sounds differ from normal breath sounds
which are faint, lower pitched and absent during
the latter half of expiration.

If the bronchus supplying an area of consoli-
dated lung is obstructed (e.g. carcinoma, large
sputum plug) bronchial breath sounds may
not be heard as the obstruction blocks sound
transmission.

Diminished sounds occur when there is a reduc-
tion intheinitial generation of the sound or when
there is an increase in sound attenuation. As
the breath sounds are generated by flow-related
turbulence, reduced flow causesless sound. Thus
patientswho will not (e.g. dueto pain), or cannot
(e.g. due to muscle weakness) breathe deeply,
will have globally diminished breath sounds.
Similarly, diminished breath sounds are heard

in some patients with emphysema where the
combination of parenchymal destruction and
hyperinflation cause greater attenuation of the
normal breath sounds.

Locally diminished breath sounds may repre-
sent obstruction of a bronchus by tumour or
large sputum plugs. Localized accumulation of
air or fluid in the pleural space will block sound
transmission so that breath sounds are absent.

Added sounds.

Wheezes, previously called ‘rhonchi'. are
musical tones produced by airflow vibrating a
narrowed or compressed airway. A fixed, mono-
phonic wheeze is caused by a single obstructed
airway, while polyphonic wheezes are due to
widespread disease. Any cause of narrowing,
for example, bronchospasm. mucosal oedema,
sputum or foreign bodies, may cause wheezes.
As the airways are normally compressed during
expiration, wheezes are first heard at this time.
When airway narrowingismore severe, wheezes
may also be heard during inspiration. The pitch
of the wheeze is directly related to the degree
of narrowing, with high-pitched wheezes indi-
cating near total obstruction. However, the
volume of the wheeze may be misleading as
the moderate asthmatic may have loud wheezes



while the very severe asthmatic may have a
'‘quiet chest' because he is not generating
sufficient airflow to cause wheezes.

Low-pitched, localized wheezes are caused
by sputum retention and can change or clear after
coughing.

Crackles, previously called 'crepitations' or
‘rales', are clicking sounds heard during inspi-
ration. They are caused by the opening of pre-
viously closed alveoli and small airways during
inspiration. Crackles are described as 'early' or
'late’, 'fine' or 'coarse’, and 'localized' or 'wide-
spread’. Coarse, early inspiratory crackles occur
when bronchioles open (often heard in bron-
chiectasis and bronchitis), whilst fine, late
inspiratory crackles occur when alveoli and
respiratory bronchioles open (often heard in
pulmonary oedema and pulmonary fibrosis).
When severe, the late inspiratory crackles of
pulmonary oedema and pulmonary fibrosis
may become coarser and commence earlier in
inspiration.

Localized crackles may occur in dependent
alveoli which are gradually closed by com-
pression from the lung above. This early feature
of subsegmental lung collapse resolves when the
patient breathes deeply or coughs. The crackles
of pulmonary oedema are also more marked
basally, but only clear transiently after coughing.
The differentiation between subsegmental lung
collapse and pulmonary oedema may be diffi-
cult, and sometimes auscultation will not clarify
the situation. Elevation of the jugular venous
pressure and peripheral oedema suggest pulmo-
nary oedema, whereas ineffective cough, recent
anaesthesia and pyrexia suggest sputum reten-
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tion which could lead to subsegmental lung
collapse (Table 1.6). Postoperative and intensive
care patients may have a combination of both
pulmonary oedema and sputum retention.

Pleural rub is the creaking or rubbing sound
which occurs with each breath when the
pleural surfaces are roughened by inflammation,
infection or neoplasm. Normally the visceral
and parietal pleura slide silently. Pleural rubs
range from being localized and soft to being
loud and generalized, sometimes even pal pable.
In certain instances, they may be difficult to
differentiate from crackles. An important distin-
guishing feature is that pleural rubs are heard
equally during inspiration and expiration, with
the sounds often recurring in reverse order
during expiration.

Vocal resonance. Vocal resonance is the trans-
mission of voice through the airways and
lung tissue to the chest wall where it is heard
through a stethoscope. It is usually tested by
instructing the patient to say '99' repeatedly (like
vocal fremitus which is felt with the hands).
As mentioned previously, normal lung atten-
uates the higher frequencies so that the lower
frequencies dominate. Thus, speech normally
becomes a low-pitched mumble. Consolidated
lung transmits all sounds better, especially the
high frequencies, so the transmitted sound
is louder and higher pitched. In this situation
speech can actually be understood. Whispered
speech lacks the lower frequencies and is nor-
mally not transmitted to the chest wall. However,
over areas of consolidation the whisper is dearly
heard and intelligible - thisis called 'whispering
pectoriloquy".

Table 1.6 Differentiation between pulmonary oedema and sputum retention

Chest sign Pulmonary oedema

Sputum retention

Auscultation Fine crackles, especially at bases, with or

without wheezes

Sputum Frothy white or pink

Elevated JVP

Peripheral oedema

Increased weight, positive fluid balance
History of previous cardiac disease

Other signs

Scattered or localized crackles, with or without
wheezes, may move with coughing

Thicker, more viscid, any colour

Pyrexia
History of intercurrent chest disease, recent
anaesthetic, aspiration, respiratory muscle Weakness
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Table 1.7 Summary of Chest examination in selected chest problems

Disease Breath sounds PN VF VR
Consolidation:
With open airway Bronchial Dull
With blocked airway Dull
Pneumothorax or absent Hyperresonant or absent or absent
Pleural effusion or absent Stony dull or absent or absent
, increased; ;decreased

PN, percussion note; VF, vocal fremitus; VR, vocal resonance;

As with auscultation of breath sounds, vocal
resonance is decreased when the transmission
of sound through the lung or from the lung
to chest wall is impeded. This occurs with
emphysema, pneumothorax, pleural thickening
or pleural effusion.

A summary of the chest examination of se-
lected chest problemsisgiven in Table 1.7.

Heart sounds. The norma heart sounds
represent the closure of the four heart valves.
The first heart sound is caused by closure of the
mitral and tricuspid valves, while the second
heart sound is due to closure of the aortic
and pulmonary valves. A third heart sound
indicates cardiac failure in adults, but may be
normal in children. It is attributed to vibration
of the ventricular walls caused by rapid filling
in early diastole. The fourth heart sound is
caused by vibration of the ventricular walls in
late diastole as the atria contract. 1t may be heard
in heart failure, hypertension and aortic valve

disease.

A murmur is the sound generated by turbulent
flow through a valve. The murmur of valvular
incompetence is caused by back flow across the
valve, whilst stenotic valves generate murmurs
by turbulent forward flow.

Sputum

At the end of the respiratory examination, it
is often worthwhile to instruct the patient to huff
to a low lung volume to assess the presence
of retained secretions. Any sputum produced
should be examined for colour, consistency, and
quantity as described on page6.

Physiotherapy techniques

In those patients who have previously been
taught physiotherapy, it isimportant to ascertain
which techniques are used, how well they are
performed, and their effectiveness. For example,
patients who use huffing to clear retained secre-
tions should have its effectiveness assessed.
Suboptimal techniques need to be identified and
their correction incorporated in the treatment

plan.

Exercise capacity

For a complete assessment of the respiratory
system, exercise capacity should also be meas-
ured. Depending on the situation, this may vary
from afull exercise test for measuring maximum
oxygen uptake, to a simple assessment of breath-
lessness during normal activities. An exercise
test provides the best measure of functional
limitation, which may differ from that suggested
by a patient's lung function. Two of the most
common methods used to assess patients with
respiratory disease are the 6-minute walking test
and the shuttle walking test (for further details,
see Ch. 3).

Testresults

The final stage of assessment of a respiratory
patient involves the use of tests, in particular
Spirometry, arterial blood gases, and chest
radiography. The following is a brief summary
of the application of these tests. A full discussion
isgivenin Chapters 2 and 3.



Spirometry

Theforced expiratory volumein 1 second (FEV ),
the forced vital capacity (FVC) and peak expira-
tory flow (PEF) are important measures of
ventilatory function. Normal values, based on
population studies, depend on age, height, sex
and race. Weight is not an important determinant
of lung function, except in the markedly obese
or mal nourished.

Although often expressed as absolute values,
lung function should always be compared with
the predicted values and with the previous
recordings for that patient. For example a 21-
year-old, 6-foot-tall male asthmatic changing
his spirometry (FEV,/FVC) from 4.0/5.0 litres
to 1.5/3.0 litres should cause concern, while a
normal 81-year-old, 5-foot female may never
manage to blow more than 1.3/1.8 litres!

Arterial blood gases

Arterial blood gases (ABGS) provide an accurate
measure of oxygen uptake and carbon dioxide
removal by the respiratory system as a whole.
The arterial blood is usually sampled from the
radial artery at the wrist Rarely, arterialized
capillary samples may be taken from the earlobe.
Arterial blood gases are best used as a measure
of steady state gas exchange; thus it is impera-
tive that the patient is resting quietly with a
constant inspired oxygen level (Fi0,) and mode
of ventilation for at least 30 minutes prior to
sampling. When analysing the results, consider-
ation must be given to all these factors.
Normal values for arterial blood gases are:

pH 7.35-7.45
Pao, 10.7-13.3 kPa (80-100 mmHg)

PaCoO, 4.7-6.0 kPa (35-45 mmHg)
HCO,- 22-26 mmol/1
Baseexcess -2 to +2

Chestradiographs

Chest radiographs are an important aid to physi-
cal examination as they provide a clear picture
of the extent and severity of disease at that time.
In some instances, chest radiographs may show
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more extensive disease than expected, whilst in
others they may underestimate the pathology
present. Comparison with previous radiographs
provides an excellent measure of improvement
or deterioration over time, and an objective
assessment of the response to treatment How-
ever, the chest radiograph may sometimes lag
1-2 daysbehind the clinical findings.

PROBLEM LIST

The second part of the problem oriented medical
record (POMR) isthe problem list (see Fig. 1.1).
The information in the database, together with
the subjective and objective assessment are then
analysed as a whole, and integrated with the
physiotherapist's knowledge of disease processes.

The problem list is men compiled. It consists
of a simple, functional and specific list of the
patient's problems at that time, not aways
listed in order of priority. Each problem is
numbered and dated at the time of assessment
The problem list should not only include those
problems that may improve with physiotherapy
(e.g. breathlessness on exertion), but should also
include other relevant problems that may have
abearing on the treatment chosen (e.g. anaemia).
The problem list should not be a list of signs
and symptoms, as thiswould provide the wrong
emphasis for treatment. In the past, disease-
based treatment tended to result in standardized
treatment, ignoring the patient's individual prob-
lems. This meant that all chronic airflow limita-
tion patients were given treatment for increased
sputum production. All intubated patients also
received standard treatment, irrespective of the
presence or absence of excess secretions and the
patient's ability to clear them. The best system
is one that isindividualized to each patient

Problems once resolved should be signed off
and dated. Any subsequent problems are added
and dated appropriately.

INITIAL PLANS

For each of the problems listed, long- and
short-term goals are formulated. These should
be specific, measurable, achievable, realistic and
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timed (SMART). A treatment plan is then de-
vised for each of these goals. This process must
be performed, where possible, in consultation
with the patient The importance of involving
the patient himself cannot be overstressed, as
cooperation is fundamental to nearly all physio-
therapy treatment.

Long-term goals are generally directed at re-
turning the patient to his maximum functional
capacity. Specifically, goals may be simplified
to functions that are important to the patient
e.g. to be able to walk home from the shops
carrying one bag of shopping. When setting goals
for an inpatient, consideration must be given
to his discharge. If the home situation includes
two flights of stairs to the bedroom then the goal
of exercise ability should reflect this. If physio-
therapy isto be continued at home after discharge,
one of the goals must be to teach the patient or a
relative how to perform the treatment effectively.

Short'term goals arethestepstakento achieve
the long-term goals. In general these are small,
simple activities that are more easily achieved.
All goals, both short- and long-term, should
state expected outcomes and time frames. The
goals, especially the short-term goals, should
be reviewed regularly as some patients may
improve faster than others. If goals are not met
within the agreed time frame, then revision
is necessary. The time frame may have been too
short, the goal inappropriate, or other problems
need attention before thisgoal can be met

The treatment plan includes the specifics of
treatment, together with its frequency and equip-
ment requirements. Patient education must not
be omitted from the treatment plan as it is an
important component of physiotherapy.

A summary, as a reminder of the key points
of assessment, isgivenin Box 1.1.

PROGRESS NOTES

These are written on a daily basisusing the 'sub-
jective, objective, analysis, plan' (SOAP) format

e Subjective - what the patient, doctors or
nurses report
« Objective - any change in physical

Box 1.1 Key points of assessment

Database
* Medical records

Subjective assessment

» Breathlessness, cough, sputum, wheeze, chest pain
« Duration, severity, pattern, associations

» Functional ability, disease awareness

Objective assessment

« General observation from end of bed

« Chest - observation, palpation, percussion,
auscultation

* Sputum

* Physiotherapy techniques, exercise capacity

Tost results

* Spirometry

» Arterial blood gases
* Chest radiographs

Problem list -»Treatment plan

examination or test, e.g. auscultation, chest
radiograph

e Analysis - the physiotherapist's professional
opinion of the subjective and objective
findings

e Plan - including changes in treatment and
any further action.

Entries are made for each problem, signed and
dated. If there have been no changes, nothing
further needs to be written.

Progress notes may also include a graph or
flow chart. Graphs are particularly useful in
displaying the change in a parameter with time,
for example an asthmatic's peak expiratory flow
rates. Flow chart displays are useful if multiple
factors are changing over a period of time, as
may occur in the intensive care patient

Outcomes. The short- and long-term goals
provide a basis for evaluating the effectiveness
of treatment in relation to the various prob-
lems. One of the best indicators of outcome is the
change in objective findings after treatment
Although changes that occur immediately after
a single treatment are related to physiotherapy
intervention alone, changes over longer periods
of time reflect treatment by the entire health
team. Chest auscultation before and after a
treatment may provide a simple indication of
the effectiveness of that treatment. Similarly,



the chest radiograph can demonstrate the effec-
tiveness of physiotherapy treatment by showing
diminution in the area of collapsed/consolidated
lung. On a long-term basis, changes in lung
function or exercise tolerance provide the most
valuable measures of treatment outcome.

The analysis of outcome is then compared
with that expected (i.e. the goals). If there are
discrepancies between the actual and expected
outcomesthen the plan (P) documentsthe changes
to the goals and/or treatment, as required.

DISCHARGE SUMMARY

Upon discharge or transfer elsewhere, a sum-
mary should be written of the patient's initial
problems, treatment and outcomes. Instruction
for home programmes and any other relevant
information should also be included. Discharge
summaries are helpful to other physiotherapists
who may treat the patient in the future. The
summary should always contain adequate infor-
mation for future audit and studies of patient
care.

AUDIT

'Audit* refers to the systematic and critical
analysis of the quality of care. There are three
main forms of audit: structure, process and
outcome.

1. Structural audit examines the organization
of resources within a certain area. This may
address the availability of human andlot equip-
ment resources, e.g. a hospital's requirements
for transcutaneous electrical nerve stimulation
(TENS) machines, batteriesand el ectrodes.
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2. Process audit investigates the system of
delivery of care, e.g. studying the methods of
patient referral .

3. Outcome audit is the most clinically based
audit It examines the results of physiotherapy
care, e.g. assessing whether the goals of treat-
ment have been met within the stated time
frames.

Theaudit processiscyclical. Firstly, astandard
of care is defined. The actual practice is
then audited in comparison with the agreed
standard. Discrepancies provoke further discus-
sion. Changes are then made to eliminate these
discrepancies. After an appropriate length of
timethecycle beginsagain.

EDUCATIONAL PROGRAMME

By using astructured system of problem oriented
medical records and audit, the problem oriented
medical system allows identification of areas
where goals are not being met within an appro-
priate time frame. Audit may also reveal situa-
tions where the agreed standards are not met
In both instances staff education programmes
will improve patient care.

CONCLUSION

Accurate assessment should reveal the exact
nature of the patient's problems and delineate
those that physiotherapy can improve. Only
then can the best treatment be chosen for mat
patient Subsequent reassessment is essential
to ensure that treatment is specific, effective
and efficient. This process ensures high-quality
patient care.
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CHEST RADIOGRAPHY AND OTHER
TECHNIQUES

Different types of chest radiograph

Chest radiographs have been used as the main
radiological investigation of the chest ever since
the discovery of X-rays by Rontgen in 1895
and they comprise 25-40% of all radiological
investigations. Chest radiographs are indicated
in almost any condition in which a pulmonary
abnormality is suspected.

The majority of chest radiographs are obtained
in the main radiology department. The radio-
graph is obtained with the patient standing erect.
Patients who are immobile or too ill to come
to the main department have a chest radiograph
performed using a mobile machine (portable
film); the resulting chest radiograph differs from
a departmental film in terms of projection, posi-
tioning, exposure and film used, and is therefore
not strictly comparable with a conventional
posteroanterior (PA) film. Other types of chest
radiograph are the lateral, lordotic, apical and
decubitus views; these are generally taken in the
main department.

Departmental films are referred to as 'postero-
anterior' (or PA) chest radiographs and describe
the direction in which the X-ray beam traverses
the patient. The patient is positioned with his
anterior chest wall against the film cassette and
hisback to the X-ray tube. The arms are abducted
to rotate the scapulae away from the posterior
chest and the radiograph is taken during full
inspiration. The tube is centred at the spinous

25
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process of the fourth thoracic vertebra. For port-
able films which are taken in an anteroposterior
(AP) projection, the patient's back is against the
film cassette and the X-ray tube is positioned at
a variable distance from the patient. As the heart
is anteriorly placed within the chest it is further
from the cassette, and is therefore magnified in
an AP radiograph. The degree of magnification
depends on the distance between the patient and
the X-ray tube.

For a lateral radiograph the patient is turned
90° and the side of interest placed against thefilm
cassette. The arms are extended forwards and
theradiograph is again taken in full inspiration.

Lateral decubitus views are sometimes useful
for the demonstration of small pleural effusions.
For this projection the patient lies horizontally
with the side in question placed downwards.
The film cassette is positioned at the back of the
patient and the X-ray beam is horizontal centred
at midsternum. This provides a sensitive means
of detecting small quantities of pleural fluid
(50-100ml) which cannot be identified on a
frontal chest radiograph. However, ultrasono-
graphy is increasingly being used as a reliable
means of confirming the presence of small
pleural effusions.

Lordotic films are sometimes used to confirm
middle lobe collapse and for demonstrating a
questionable apical opacity otherwise obscured
by the clavicle and ribs. For this AP projection
the patient arches back so that the shoulders
are touching the cassette with the centring
point remaining the same. Linear tomography
is another technique designed to reveal lesions
otherwise hidden by the skeleton by blurring
out everything over and under the lesion in
question. This is achieved by having the X-ray
tube and film cassette move at the same time
but in opposite directions. These two techniques
are less frequently used with the advent of

computed tomography (CT).

Factors influencing the quality of a
chest radiograph

The quality and thus diagnostic usefulness of
a chest radiograph depends critically on the

conditions under which it is obtained. Of parti-
cular importance are the radiographic exposure,
the projection, the orientation of the patient
relative to the film cassette, the X-ray tubeto film
distance, the depth of inspiration of the patient
and the type of film-screen combination used.

The ideal chest radiograph provides an image
of structures within the chest whilst exposing
the patient to the lowest possible dose of radia-
tion. Most radiology departments have a policy
of obtaining either high kilovoltage (kVp) or
low kilovoltage chest radiographs. Radiographs
performed at high kilovoltage (e.g. 140 kVp)
have much to recommend them. Even at total
lung capacity with the patient erect, nearly a
third of the lungs is partially obscured by
the mediastinal structures, diaphragm and ribs.
With the low kilovoltage technique (80 kVp or
less) these areas are often poorly visualized. This
problem is partially overcome by using films
exposed at 140 kV p. Thenormal vessel markings
and subtle differences in soft tissue densities
are better demonstrated and a further advantage
is the better penetration of the mediastinum
which improves visualization of the trachea
and main bronchi. The disadvantage of high
kilovoltage radiographs is the relatively poor
demonstration of calcified structures so that
rib fractures and calcified pulmonary nodules
or pleural plagues are |l ess conspicuous.

During exposure the X-ray beam is modified
according to the structures through which it
passes. The photons that have passed through
the patient carry the information which then
must be converted into a visual form. Some of
the photons emerging from the patient are
aligned in avirtually parallel direction and other
photons are scattered. These scattered photons
degrade the final image but can be absorbed
by using lead strips embedded in an aluminium
sheet positioned in front of the cassette. This
device is known as a grid. Photons that are
travelling in parallel pass through the grid to
form the image on the film.

The sensitivity of film to direct X-ray exposure
is very low, and if used alone as the image
receptor would result in a prohibitively large
X-ray dose to the patient. Intensifying screens



made of phosphorescent material are positioned
on the inside of the cassettes and they convert
the incident X-ray photons into visible light and
it is this light which is recorded by the adjacent
film. These phosphor screens are composed of
either calcium tungstate or a rare earth con-
taining compound. Rare earth phosphors emit
more light in response to X-ray photons and,
therefore, less radiation is necessary, compared
with calcium tungstate screens, to produce the
image. Similarly, improvements in the quality
of X-ray film have also occurred over the years.
Standard film emulsions tend to lack detail in
the relatively under- or overexposed areas of
the radiograph and newer emulsions have been
developed so that detail is similar in all areas
of the chest radiograph. The choice of film-
screen combination has a crucial influence on
the quality and 'look' of the radiograph pro-
duced. Further variations may result from film
processing problems.

Over the years much effort has been expended
on producing radiographswhich are less affected
by these factors so that differences present in
serial radiographs on the same patient represent
real differences and not technical variations.
Newer devices designed to expose accurately
the various parts of the chest using automatic
exposure devices are now being installed. One
of these, the advanced multiple beam equal-
ization radiography (AMBER) system, produces
chest radiographs which greatly improve the
demonstration of mediastinal abnormalities and
pulmonary nodules which would otherwise be
obscured by the overlying heart or diaphragm
(Fig. 2.1).

In the intensive care setting, portable chest
radiographs are often taken in less than ideal
conditions. Multiple tubes, lines and dressings
in conjunction with an immobile, supine patient
and the use of a mobile low-kilovoltage machine
often result in suboptimal radiographs. One
approach to this is the development of phosphor
plate technology which is ultimately expected
to replace conventional film-screen radiography.
The phosphor plate is placed inside a conven-
tional cassette and stores some of the energy
of the incident X-ray photons as a latent image
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Fig. 2.1  Triangular opacity of left lower lobe collapse seen
through the heart shadow on this AMBER chest radiograph.

(the image produced on a film or phosphor
plate prior to development). Theplateis scanned
with a laser beam and the light emitted from
the 'excited' latent image is detected by a photo-
multiplier. Thereafter this signal is processed in
digital form. This digital image may be viewed
either on a television monitor or on film (on
which it has been laser printed). The great
advantage of thissystem isthat it can retrieve an
image of diagnostic quality from a suboptimal
exposure. Similar gross over- or underexposure
would result in a non-diagnostic conventional
radiograph. Manipulation of the digital image,
particularly 'edge enhancement’, aids the detec-
tion of linear structures such as the edge of
a pneumothorax. However, conventional film
radiography retains two important advantages.
It has an extremely high spatial resolution (ability
to resolve small objects) and the necessary
equipmentisreliable and relatively inexpensive.

Other techniques
Fluoroscopy

The patient is positioned, either standing or
lying, in a screening unit which allows imme-
diate radiographic visualization of the area in
question on a television monitor. The patient can
be turned in any direction and this technique
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am help to distinguish pulmonary from extra-
pulmonary opacities. One of the main uses
of fluoroscopy is to 'screen’ the diaphragm to
demonstrate paralysis or abnormal movement
It is also useful in needle placement during

biopsy of lung masses.

Ultrasonography

High-frequency sound waves do not traverse
air and the use of this technique is therefore
limited in the chest. It is mainly used for car-
diac work (echocardiography) and has become
an essential technique in the investigation of
patients with valvular and ventricular function
problems. Outside the heart, ultrasonography
is very useful in distinguishing between fluid
above the diaphragm (pleural effusion; Fig. 2.2),
fluid below the diaphragm (subphrenic collec-
tion), and pleural thickening. Chest radiography
often cannot differentiate between pleural fluid
and thickening with any certainty. Ultrasound
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can also be used to guide the placement of a
drain into a pleural effusion.

Computed tomography

Computed tomography (CT) scanning depends
on the same basic physical principle as conven-
tional radiography, namely the absorption of
X-rays by tissues of different densities. The
basic components of a CT machine are a table
on which the patient lies and a gantry through
which the table slides. An X-ray tube and a
series of detectors are housed within the gantry.
The X-ray rube and detectors rotate around the
patient. A computer is used to reconstruct the
signals received by the detectors into an image.
The images acquired are transverse (axial) cross-
sections of the patient. In orienting the patient's
right and left sides, it is the convention to view
all CT imagesasif from the patient'sfeet.

Because of the cross-sectional nature of CT it
can accurately localize lesions seen on only one

F19.22 Ultrasound of lower right hemithorax/upper abdomen demonstrating a right basal
effusion with fluid interposed between collapsed right lower lobe (open arrow) and

diaphragm (closed arrow).



view on plain chest radiographs. The superior
contrast resolution of CT allows superb demon-
stration of mediastinal anatomy (e.g. lymph
nodes and individual vessels) as well as calci-
fication within a pulmonary nodule. Its ability
to produce highly detailed thin sections of the
lung parenchyma allows the complex morphol-
ogy of many interstitial lung diseases to be
defined more clearly. Its disadvantages are its
relatively high cost and increased radiation
exposure to the patient compared with chest
radiography.

A relatively recent development has been the
introduction of helical (spiral) CT scanning.
Whereas conventional CT scanning involves
aternating patient translation and exposure,
helical CT involves simultaneous patient trans-
lation and X-ray exposure. The advantages are
the elimination of respiratory misregistration
artefacts, minimization of motion artefacts and
production of overlapping images without
additional radiation exposure. The technique is
so named because the X-ray can be thought of
as tracing a helix or spiral curve on the patient's
surface.

Common indications for CT of the chest

1. CT scanning is used to further evaluate
hilar or mediastinal masses seen or suspected on
a chest radiograph.

2. Within the lungs it can be used to further
define the nature of a mass or cavitating lesion
not clearly seen on the plain film.

3. In patients with normal chest radiographs
but abnormal pulmonary function tests, thin
section high-resolution CT sections of the lung
may provide the first radiological evidence
of parenchymal disease. This type of scanning
is also very useful for assessing patients with
suspected bronchiectasis.

4. CT is useful in patients with neoplasms,
both in assessing their operability and their
response to treatment

Magnetic resonance imaging

The physical principles of magnetic resonance
imaging (MRI) are more complex and very
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different from those governing CT scanning. The
equipment consists of a gliding table on which
the patient lies within the bore of alarge magnet.
A combination of the intense magnetic field
and a series of radiofrequency waves produces
an alteration in the alignment of protons (mostly
in water) resulting in the emission of different
signals which are detected and subsequently
analysed for their intensity and position by a
computer. The magjor advantages of MRI are that
images may be obtained in any plane without
the use of ionizing radiation. The disadvantages
are its cost, limited availability and, in the chest
the images suffer from motion artefact due
to breathing. As a result its application to chest
imaging is asyet limited.

Interventional procedures
Percutaneous needle biopsy

Percutaneous needle biopsy of a pulmonary
or mediastinal mass, to provide a histological
specimen, is usualy performed in patients
in whom a bronchoscopic biopsy has failed or a
thoracotomy is inappropriate. Different types
of needle are used and the complication rate
(pneumothorax and haemoptysis) bears some
relation to the size of the needle. Contraindica-
tions to the procedure include any patient with
poor respiratory reserve unable to withstand a
pneumothorax, pulmonary arterial hypertension,
and a previous contralateral pneumonectomy.

Pulmonary and bronchial arteriography: superior
venacavography

Pulmonary arteriography. This is usually
undertaken in the investigation of suspected
pulmonary embolism and pulmonary arterio-
venous malformations. It requires puncture
of either the femoral vein in the groin or the
antecubital vein in the elbow and the guiding of
a catheter through the right side of the heart
under fluoroscopy. The tip of the catheter is
positioned in the man pulmonary artery or
selectively placed in a smaller pulmonary artery.
Contrast is then injected. Arteriography remains



30 INVESTIGATIONS. PATIENTS' PROBLEMS AND MANAGEMENT

the most specific method of identifying pulmo-
nary emboli; these are shown as rilling defects
which cause non-filling of branches of the arterial
tree. It is also the best and most appropriate
technique for the demonstration of pulmonary
arteriovenous malformations, these can be treated
at the time of the arteriogram by the injection
of occlusivematerials(embolization).

Bronchial arteriography. Demonstration of the
bronchial arteries requires catheterization of the
femoral artery and passage of a catheter into
the mid thoracic aorta from where the bronchial
arteries are selectively cathe ten zed. The major
indication for this procedure is recurrent or
life-threatening haemoptysis in patients with
a chronic inflammatory disease, usually bron-
chiectasis. Accurate placement of the catheter
not only allows demonstration of the bleeding
vessel but also allows embolization to be
performed simultaneously.

Superior vena cavography. This is performed
for the evaluation of superior vena cava (SVC)
obstruction and the investigation of anatomical
variants. Morerecently, patients with SV C com-
pression due to tumour have been palliated

es-*-

by the insertion of an expandable metallic mesh
wire stent at the site of the SV C narrowing, thus
restoring flow and relieving symptoms.

THE NORMAL CHEST
Anatomy

On the normal posteroanterior radiograph
(Fig. 23) thefollowing structures can beidentified:

¢ Outline of the mediastinum and heart
e Thehila
¢ Pulmonary vessels and main bronchi

e Diaphragm
» Soft tissues and bones of the thoracic cage.

The heart and mediastinum

The mediastinum consists of the organs and
soft tissues in the central part of the chest.
These comprise the trachea, aortic arch and great
vessels, superior vena cava and oesophagus.
In children the thymus gland is a prominent
component. On the two-dimensional chest radio-

* e+ Normal PA chest radiograph, b Normal structures visible on a PA chest radiograph: 1, right atrium;

2. left ventricle; 3. right ventricle; 4, light pulmonary artery: 5, left pulmonary artery, 6, air within trachea; 7, clavicle;
8, first nb; 9, lateral border of hemithorax: 10. breast shadow; 11. right hemidiaphragm: 12, costophrenic angle:

13. gastnc aJr bubble.



graph these structures are superimposed and
cannot be clearly distinguished from each other.
The mediastinum is conventionally divided
into superior, anterior, middle and posterior
compartments. Whilst the boundaries of the
latter three are arbitrary, it is usual to divide
them into equal thirds. The superior media-
stinum is that portion lying above the aortic arch
and below the root of the neck.

The mediastinal border on the right is formed
superiorly by the right brachiocephalic vein
and superior vena cava. The mediastinal shadow
to the left of the trachea above the aortic arch
comprises the left carotid and left subclavian
arteries together with the left brachiocephalic
and jugular veins. On a correctly exposed chest
radiograph, air in the trachea can be seen
throughout its length as it descends downwards
deviating slightly to the right above the carina
where it is displaced by the aortic arch.

The heart lies eccentrically in the chest, with
one-third of the cardiac shadow to the right of
the spine and two-thirds to the left. The density
of the cardiac shadow on the left and right of
the spine should be identical. The right cardiac
border on a chest radiograph is formed by the
right atrium. The left cardiac border is composed
of the apex of the left ventricle and superiorly
the left atrial appendage. The outline of the
right ventricle, which is superimposed on the
left ventricle, cannot be identified on a frontal
radiograph. The maximum transverse diameter
of the heart should be less than half the maxi-
mum transverse diameter of the thorax, as
measured from the inside border of theribs (the
so-called 'cardiothoracic ratio').

7r?ehila

Hilar shadows are a complex summation of
the pulmonary arteries and veins with minor
contributions from other components (the main
bronchi and lymph nodes). In general, the hi la
are of equal density and are approximately
the same size. Adjacent to theleft hilum, the main
pulmonary artery forms a localized bulge just
above the left atrial appendage and just below
the aortic arch. The area between the aortic
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arch and the main pulmonary artery is known as
the' aortopulmonary window'.

The superior pulmonary veins run vertically
and converge on the upper and midhilum
on both sides. It Is not possible to distinguish
arteries from veins in the outer two-thirds of
the lungs. The inferior pulmonary veins run
obliquely in a near horizontal plane below the
lower lobe arteries to enter the left atrium
beneath the carina (the division of the trachea
into the right and left main stem bronchi). The
hilar point is where the superior pulmonary
vein on each side crosses the basal artery. This
is more easily assessed on the right than on the
left. Using this as an index point, the left hilum
is normaly 0.5-1.5cm higher than the right
one.

Abnormalities of the hilar shadowsin the form
of increased density or abnormal configuration
are usually the result of lymph node or pulmo-
nary artery enlargement. The detection of subtle
hilar abnormalitiesis difficult and requires expe-
rience and knowledge of the many outlines
that the hi la may assume innormal individuals.

Fissures, vessels and segmental bronchi within
thelungs

Each lung is divided into lobes surrounded by
visceral pleura. There are two lobes on the left
(the upper and lower, separated by the major
(oblique) fissure) and three on the right (the
upper, middle and lower lobes which are sepa-
rated by the major (oblique) and minor (hori-
zontal or transverse) fissures). In the majority
of normal subjects some or al of the minor
fissure is seen on afrontal radiograph. The major
fissures are only identifiable on lateral projection.
Each lobe of the lung contains a number of seg-
ments which have their own segmental bronchi.
The walls of the segmental bronchi are invisible
on the chest radiograph, except when seen end-
on as ring shadows measuring up to 7 mm in
diameter.

The pulmonary blood vessels are responsible
for the branching and linear structures within
the lungs. The diameter of the blood vessels
beyond the hilum varies with the position of
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the patient and with haemodynamic factors. In
the erect position there is a gradual increase
in the diameter of the vessels, travelling from
apex to base. Thisincreaseinsizeisseeninboth
the arteries and veins and is abolished if the
patient lies supine.

The diaphragm

The interface between the lung and diaphragm
should be sharp and, in general, the diaphragm is
dome shaped with its highest point medial to
the midclavicular line. The margin of the right
hemidiaphragm at its highest point lies between
the anterior ends of the fifth and seventh ribs.
The right hemidiaphragm is higher than the left
by up to 2 cm in the erect position. Laterally,
the diaphragm dips downwards forming a sharp
angle with the chest wall known as the 'costo-
phrenic angl€'. Fillingin or blunting of these angles
reflects pleural disease, either fluid or thickening.

Thoracic cage

On a high kilovoltage chest radiograph it should
be possible to identify the edges of the vertebral
bodies of the dorsal spine through the heart
shadow. However, a high kilovoltage radiograph
may 'burn out' the ribs, particularly the posterior
portions. Because of this the chest radiograph
may be an insensitive means of demonstrating
rib abnormalities, particularly fractures.

Common anatomical variants

The trachea lies centrally, but in the elderly may
deviate markedly to theright initslower portion
due to unfolding and dilatation of the aortic
arch. A small ovoid soft tissue shadow just above
the originof the right main bronchus represents
the azygos vein. Thismay be enlarged as a result
of posture (supine position) or haemodynamic
factors. It may be indistinguishable from an
azygos lymph node.

Occasionally, extra fissures are seen in the
lungs. The commonest of these is the azygos
lobe fissure; this is seen as a fine white line
running obliquely from the apex of the right lung

to the azygos vein. Other accessory fissures are
the superior and inferior accessory fissures, both
of which are in the right lower lobe.

The surfaces of the two lungs abut each other
anteriorly and posteriorly and give rise to two
white lines projected over the vertebral column
known as the 'anterior and posterior junction
lines', respectively. Both of these may be seen
overlying the trachea - the anterior line extend-
ing from the clavicles to the left main bronchus
and the posterior line lying more medially
and extending above the clavicles. The azygo-
oesophageal recess lineisa curved line projected
over the vertebral column and extending from
the azygos vein to the diaphragm. It represents
the interface between the right lung and right
oesophageal wall.

A small 'nipple’ may occasionally be seen
projecting laterally from the aortic knuckle due
to the left superior intercostal vein. The term
'paraspinal line' refers to the line that parallels
the left and right margin of the thoracic spine.
The left is thicker than the right because of the
adjacent aorta.

7770 lateral view

Itisconventional toread the lateral film (Fig. 2.4)
with the heart to the viewer's left and the dorsal
spine to the right, irrespective of whether the
film is labelled 'right' or 'left’. The chamber of
the heart that touches the sternum is the right
ventricle. Behind and above the heart lies lung,
the density of which should be the same both
behind the heart and behind the sternum. As
the eye travels down the spine, the vertebral
column should appear increasingly transradial
(Fig. 2.4a); the loss of this phenomenon suggests
the presence of disease in the posterobasal
segments of the lower lobes. In the middle of
the lateral film lie the hilar structures with the
main pulmonary artery anteriorly. The aortic
arch should be easily identified, but only a vari-
able proportion of the great vessels is visible
depending on the degree of aortic unfolding.
The brachiocephalic artery is most frequently
identified arising anterior to the tracheal air
column. The left and right brachiocephalic veins
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Fig. 2.4 a Normal lateral chest radiograph, b Normal structures visible on a lateral chest radiograph: 1, breast
shadow; 2, sternum; 3, position of right ventricle: 4, right oblique fissure; 5, left oblique fissure; 6. hemidiaphragm-
7, descending aorta; 8, infenor angle of scapula; 9, dorsal vertebrae; 10. horizontal fissure; 11, aortic arch; 12,

trachea; 13, pulmonary artery.

form an extrapleural bulge behind the upper
sternum in about a third of individuals.

The course of the trachea is straight with a
slight posterior angulation, but no visible inden-
tation from adjacent vessels. The carina is not
seen on the lateral view. The posterior wall of
the trachea isalways visible and is known as the
'posterior tracheal stripe'.

The oblique fissures are seen as fine diagonal
lines running from the upper dorsal spine to the
diaphragm anteriorly. The left is more vertically
oriented and is visible just behind the right.
The minor fissure extends forwards horizontally
from the mid-right oblique fissure. Care must
be taken not to confuse rib margins with fissure
lines. As the fissures undulate, two distinct fis-
sure lines may be generated by a single fissure.
The fissures should be of no more than hairline
width.

The scapulae are invariably seen in the lateral
view and since they are incompletely visualized,
lines formed by the edge of the scapula can
easily be confused with intrathoracic structures.
The arms are held outstretched in front of the

patient on a lateral view and these give rise to
soft tissue shadows projected over the anterior
and superior mediastinum. A band-like opacity
simulating pleural disease is often seen along
the lower half of the anterior chest wall imme-
diately behind the sternum. The left lung does
not contact the most anterior portion of the
left thoracic cavity at these levels because the
heart occupies the space. This band-like opacity
is known asthe 'retrosternal line'.

Useful points In Interpreting a chest radiograph

Documentary Information. The name of the
patient, and the time and date on which the
radiograph was taken, particularly in relation
to other films in a series, should all be noted.
Often the film is annotated with the patient's
date of birth. Of particular importance is the
presence of the side markers (‘right' or 'left*).
The radiograph should also be marked 'AP* if
the anteroposterior projection was used; depart-
mental posteroanterior (PA) films are generally
not marked as such.
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Radiographic projection. A judgement as to
whether a radiograph is AP or PA can be made
from the following evidence:

1. The position of the label (this varies from
department to department and is open to error).

2. Therelationship of the scapulae to the lung
margins (in the PA projection the scapulae are
projected clear of the lungs and in AP projection
they overlie the lungs).

3. The appearance of the vertebral bodies in
the cervicodorsal region. Thevertebral end plates
are seen more clearly in the AP projection and
the laminae are more clearly seen in the PA
projection.

Supine versus prone position. It is important
to know whether a chest radiograph was taken
in the erect or supine position. In the supine
position, blood flow is more evenly distributed
throughout the lungs, making the upper zone
vessels equal in size to those in the lower zones.
This has implications in assessing the chest
radiograph of a patient suspected of being in
cardiac failure. In addition, fluid is distributed
throughout the dependent part of the pleural
space and any air-fluid levels that might be
present on an erect film are impossible to detect.
The position and contours of the heart, media-
stinum and diaphragm are also different com-
pared with an erect film. In the absence of
any indication on the radiograph, one clue is
the position of the gastric air bubble: if it is
just under the left hemidiaphragm it is in the
fundus and the patient is erect, whereas in the
supine position air collects in the antrum of
the stomach which lies centrally or slightly to
the right of the vertebral column, well below the
diaphragm.

Patient rotation. The patient may be rotated
around one of three axes. Axial rotation is
the commonest cause of unilateral transradiancy
(one lung appearing darker than the other). It
also distorts the mediastinal outline. The degree
of rotation can be assessed by relating the medial
ends of the clavicles to the spinous process of
the vertebral body at the same level - they should
be equidistant from the spinous processes.

Rotation about the horizontal coronal axis

results in a more kyphotic or lordotic projection
than normal. The main pulmonary artery and
subclavian vessels may appear unduly promi-
nent. Rotation around the horizontal sagittal
axis usually leads to obvious tilt of the chest
in relation to the edge of the radiograph which
is assumed to be upright.

Physical attributes of the patient, such as a
kyphoscoliosis or a depressed sternum (pectus
excavatum), may also distort the appearance
of the thoracic cage and its contents.

State of inspiration or expiration. The degree
of inspiration is an important consideration for
the correct interpretation of a chest radiograph.
A poor inspiratory effort does not necessarily
imply lack of patient cooperation and may as
often be related to a pathological process. At
full inspiration the midpoint of the right hemi-
diaphragm lies between the anterior end of ribs
5-7. A shallow inspiration affects the contour
of the heart and mediastinum and may mimic the
appearances of pulmonary congestion because
the upper zone vessels will have the same
diameter as the lower zone vessels.

Films taken deliberately with the patient in
full expiration are invaluable in the investiga-
tion of air trapping. They are mandatory in any
patient suspected of having inhaled a foreign
body with consequent obstruction of a lobar
bronchus. An expiratory film is also useful in
accentuating a small pneumothorax.

Review areas. Several areas are difficult to
assess on a frontal radiograph and should be
scrutinized carefully. Thesereview areas are:

e Apices

e Behind the heart

e Hilar regions

* Bones

e Lung periphery just inside the chest wall.

Detection and description of radiographic

" abnormalities should then be undertaken and

a differential diagnosis listed based on the
abnormalities detected. With experience the
structured search gives way to the rapid iden-
tification of abnormalities and a search for
confirmatory radiological signs and associated
abnormalities.



COMMON RADIOLOGICAL SIGNS
Consolidation

'‘Consolidation’ isthe term used to describe lung
in which the air-filled spaces are replaced by
the products of disease, e.g. water, pus or blood.
The two most important radiological signs of
consolidation are (a) an air bronchogram, and (b)
the silhouette sign. The causes of widespread
consolidation may be divided into four cate-
gories (Table2.1).

An air bronchogram is present when the
airways contain air and appear as radiolucent
(black) branching structures against a now white
background of airless lung. The silhouette sign
is present when the border of a structure is lost
because the normally air-filled lung outlining
the border is replaced by radio-opaque fluid
or tissue. Recognition of this sign can help
localize the affected area of abnormality within
the chest. Thus, loss of a clear right heart border
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Table 2.1 Causes of widespread pulmonary consolidation

Fluid transudation  pulmonary oedema due to cardiac

failure, renal failure, hepatic failure

Exudation Infection, e.g. lobar pneumonia and
bronchopneumonia, tuberculosis
Adult respiratory distress syndrome
(ARDS)
Pulmonary haemorrhage due to
contusion
Pulmonary eosinophilia

Inhalation Gastric contents
Toxic fumes
Oxygen toxicity

Infiltration Lymphoma

Alveolar cell carcinoma

is due to right middle lobe consolidation or
collapse.

Localized areas of consolidation are usually
due to infection. In some cases the borders of
the consolidation are clearly demarcated. This
usually corresponds to a fissure and the consoli-

da-*-° "'9"'middle lobe consolidation, a The right heart border Is not seen clearly owing to adjacent consolidation.
Note that the right hemidiaphragm is clearly visible as far as the vertebral column, b The lateral view confirms the
presence of consolidation in the right middle lobe with the posterior aspect well demarcated by the oblique fissure
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defddn is confined to one lobe (lobar pneumonia)
(Fig. 2.5). If consolidation is slow to clear with
treatment, it may be secondary to partial ob-
struction of a lobar bronchus, such as carcinoma
of the bronchus. Consolidation may also be wide-
spread and affect both lungs (Figs 2.6 and 2.7).

Hg. 2.6 Widespread airspace consolidation in a patient
with adult respiratory distress syndrome (ARDS). There are
multiple chest drains for bilateral pneumothoraces.

Fig. 2.7 Diffuse consolidation within apical segments of
both lower lobes. Note prominent bilateral air bronchograms
within consolidated lung. Infection due to Pneumocystis
carinii and cytomegalovirus in an immunocompromised

patient

Collapse (atelectasis)

'‘Collapse’ (‘atelectasis’) is the radiological term
used when thereis loss of aeration and, therefore,
expansion in part or al of a lung. Collapse of
a lobe or an entire lung is most frequently due
to an endobronchial tumour, an inhaled foreign
body, or a mucus plug.

Although collapse is most often thought of as
occurring at a lobar level, focal areas of pulmo-
nary collapse at a subsegmental level occur very
commonly in postoperative patients. There are
many signs of lobar collapse, but it isimportant
to realize mat not all these signs occur together.
In addition, some non-specific signs may be
present which indirectly point to the diagnosis
and alert the observer to look for the more
specific signs.

The most reliable and frequently present
finding in lobar collapse is shift of the fissures,
which invariably occurs to some extent. If air
stays in the collapsed |obe, the contained blood
vessels remain visible and appear crowded. If
there is marked volume loss the density of the
collapsed and airlesslobeincreases. The hilamay
show two types of change consisting either of
gross displacement upwards or downwards or
of rearrangement of individual hilar components
(i.e. vessels and airways) leading to changes in
shape and prominence. Elevation of the hemi-
diaphragm, reflecting volume loss, is most
marked in collapse of a lower lobe. 'Peaking' of
the mid-portion of the hemidiaphragm occurs
in upper lobe collapse due to displacement of
the oblique fissure. The signs associated with
collapse are listed in Box 2.1.

Box 2.1  Signs associated with a collapsed lobe

Increased density of the collapsed lobe
SNA of fissures

Silhouette sign

Hilar shift and distortion

Crowding of vessels and airways
Mediastinal shift

Crowding of the ribs

Elevation of hemidiaphragm



Collapse of individual lobes
Right upper lobe

On the posteroanterior (PA) radiograph there
is elevation of the transverse fissure and of the
right hilum. If the collapse is complete the non-
aerated lobeis seen as an increased density along-
side the superior mediastinum adjacent to the
trachea (Fig. 2.8). On the lateral view the minor
fissure moves upwards and the major fissure
moves forwards. The retrosternal area becomes
progressively more opaque and the anterior
margin of the ascending aorta becomes effaced.

Right middle lobe

On the PA radiograph the lateral part of the
minor fissure moves down and there is blurring
of the normally sharp right heart border. This
may be a subtle abnormality which is easily
overlooked. On the lateral view the minor fissure
moves downwards and the lower half of the

Fig. 2.8 Right upper lobe collapse. There is increased
density medial to the elevated horizontal fissure. The cause
was a large central tumour obstructing the right upper lobe
bronchus.
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major fissure moves forwards, giving rise to
a triangular shadow visible behind the lower

sternum (Fig. 2.9).

Fig. 2.9 Right middle lobe collapse, a Loss of the right
heart border is the only definite radiographic evidence of
right middle lobe collapse, b The lateral view shows the
typical triangular opacity overlying the cardiac shadow.
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Rightlower lobe

On the PA view there is an increase in density
overlying the media portion of the right hemi-
diaphragm and the right hilum is displaced
interiorly. The right heart border usually remains
sharply defined since this is in contact with the
aerated right middle lobe. On the lateral view
the oblique fissure moves backwards, and with
increasing collapse there is loss of definition of
the right hemidiaphragm as well as increased
density overlying the lower dorsal vertebrae
(Fig. 2.10).

Left upperlobe

The main finding on the PA radiograph is of
a veil-like increase in density, without a sharp
margin, spreading outwards and upwards from

the left hilum which is elevated. The aortic
knuckle, left hilum and left heart border may
have ill-defined outlines. As volume loss in-
creases, the collapsed lobe moves closer to the
midline and the lung apex may become lucent
due to hyperinflation of the apical segment of
the left lower lobe. A sharp border may also
return to the aortic arch. On the lateral view
the oblique fissure moves upwards and for-
wards, remaining relatively straight and roughly
parallel to the anterior chest wall. With marked
collapse there is herniation of the right lung
across the midline giving an anterior band
lucency to the retrosternal region and making
the ascending aorta and arch sharp once again
(Fig. 2.11). On the PA projection collapse (or
consolidation) of the lingular segment of the
left upper lobe should be suspected when the
left cardiac border isill-defined.

Fig. 2.10 Right lower lobe collapse, a The PA film showsloss of the outline of the medial portion of theright hemidiaphragm
and thereisincreased densty behind theright sde of the heart, b On thelateral fim the right hemidiaphragm is obscur

pogeriorly.
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Fig. 2.11 Left upper lobe collapse, a There is a veil-like density In the left upper zone due to upper lobe collapse (the right
hemidiaphragm is elevated due to previous trauma), b The lateral radiograph shows increased density anterior to the oblique

fissure.

Left lower lobe

Thisis most commonly seen in patients follow-
ing cardiac surgery and a thoracotomy due to
the retention of secretions in the left lower lobe
bronchus. On the PA view there is a triangular
density behind the heart with loss of the medial
portion of the left hemidiaphragm; if the PA
radiograph is underexposed, it may be impos-
sible to see this triangular opacity. On the lateral
view there is displacement backwards of
the oblique fissure and with increasing collapse
there is increased density over the lower dorsal
vertebrae. As non-aerated lung lies against the
posterior hemidiaphragm this is now invisible
(see Fig. 2.1).

Pneumothorax

When air is introduced into the pleural space,
the resulting pneumothorax can be recognized
radiographically. There are numerous causes of
a pneumothorax, but the commonest include

penetrating injuries (e.g. stab wound, placement
of asubclavian line) and breeches of the visceral
pleura (e.g. spontaneous rupture of a subpleural
bulla or mechanical ventilation with high pres-
sures) (see Fig. 2.6). The cardinal radiographic
sign is the visceral pleural edge: lateral to
mis edge no vascular shadows are visible and
medial to this the collapsed lung is of higher
density than the contralateral lung (Fig. 2.12). It
is important to remember that in the supine
position, the air of a small pneumothorax will
collect anteriorly in the pleural space; thus on
a portable supine chest radiograph, the pneumo-
thorax will be visible as an area of relative
translucency without a visceral pleural edge
necessarily beingidentifiable.

If air enters the pleural space during inspira-
tion but cannot leave on expiration (usually
because of a check-valve effect of the torn flap
of the visceral pleura), pressureincreases rapidly
and this results in a life-threatening tension
pneumothorax. This can be recognized by a shift
of the mediastinum to the opposite side and
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Fig.2.12 Spontaneous pneumothorax: the visceral pleural
edge is visible. There are no vascular shadows lateral to
this edge and the partially collapsed left lung is of greater
density than the right lung.

straightening of the ips lateral diaphragm

(Fig. 2.13).

Theopague hemithorax

If one-half of a chest is completely opaque
(awhite-out) ftis due either to collapse of alung
or a large pleura effusion. If there is a shift of
the mediastinum to the affected side it implies
that volume loss in the lung (i.e. collapse) on
that side must have occurred. Where there is
no shift of the mediastinum, or it is shifted
slightly to the side of the white-out, this is
usually due to constricting pleural disease (in-
cluding pleural tumour). A pleural effusion
which is large enough to cause complete
opacification of a hemithorax will displace the
mediastinum away from the side of the white-
out. Whilst penetrated posteroanterior and
lateral films may help, it is sometimes sur-
prisingly difficult to differentiate between the
causes of an opague hemithorax. Ultrasound and
computed tomography allow the distinction

Fig. 2.13 Tension pneumothorax: this patient with cystic
fibrosis has a left-sided tension pneumothorax. Note the
shift of the mediastinum and straightening of the left dome
of the diaphragm.

to be made with confidence, and the latter may
give further information about the underlying
disease.

Decreased density off hemithorax

The conditions outlined so far have all focused
on increased density of the lungs on plain radio-
graphs. However, there are a number of causes
where one lung appears less dense than the
other side. When a chest radiograph demon-
strates greater radiolucency of one lung com-
pared with the other, it is necessary first to
determine whether this appearance is due to a
pulmonary abnormality; the radiograph should
be checked for patient rotation and for soft
tissue asymmetry e.g. a mastectomy.

The pulmonary vessels are a helpful pointer
to abnormalities causing a true decrease in den-
sity. In compensatory hyperinflation they are
splayed apart. A search should also be made
for acollapsed lobe. The vesselsare considerably



diminished or truncated in emphysema. Further
radiological examination should include an ex-
piration film if a pneumothorax is suspected.
This will also demonstrate air trapping that
occurs with bronchia obstruction. Computed
tomography may also be useful in elucidating
the cause of a hyperlucent lung. The lungs can
be seen on computed tomography without the
problem of overlying tissues, and any decrease
in density is more readily apparent.

Elevation of the diaphragm

The right or left dome of the diaphragm may
be elevated because it is paralysed, pushed up,
or pulled up. However, there are a number of
circumstances in which the diaphragm appears
to be elevated without actually being so.

The radiographic evaluation of an apparently
elevated diaphragm should begin with an assess-
ment of the plain film, in particular evidence
of prior surgery. Old radiographs are essen-
tial to determine whether the diaphragmatic
elevation is long-standing. A decubitus film
is particularly useful in ruling out a suspected
subpulmonary effusion; in this instance the
pleural effusion is confined to the space between
the lung base and the superior surface of
the diaphragm. The radiograph will show what
appears to be an elevated hemidiaphragm.
Ultrasound will assist in determining if fluid is
present above and/or below the diaphragm.
If the hemidiaphragm is paralysed, fluoroscopic
examination is useful as it may demonstrate
paradoxical movement on vigorous sniffing
(instead of the diaphragm moving down it
moves up). An important proviso is that a
few normal individuals show this paradoxical
movement of the diaphragm on sniffing. In
congenital eventration part or all of the hemi-
diaphragm muscle is made up of a thin layer
of fibrous tissue and it may be difficult to
distinguish from paralysis even on fluoroscopy.

Pleural disease

Because the chest radiograph is a two-dimen-
sional image, abnormalities of the pleura and
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chest wall are often difficult to assess. Gross
pleural abnormalities are usually obvious on a
chest radiograph, but even when there is ex-
tensive pleural pathology it may be difficult to
distinguish between pleural fluid, pleural thick-
ening (e.g. secondary to a previous inflamma-
tory process) and a neoplasm of the pleura. In
such cases a lateral decubitus film or ultra-
sound scan is useful in identifying the presence
of fluid. Computed tomography can readily
identify the encasing and constricting nature
of a mesothelioma. Ultrasound is often better
than computed tomography in distinguishing
between pleural fluid and pleural thickening.

The pulmonary mass

Most pulmonary nodules or masses are dis-
covered by plain chest radiography. It isimpor-
tant that previous films are obtained if at al
possible. If the mass was present on the previous
films and has not changed over a number
of years, it can be assumed that the lesion is
benign and no further action needs to be taken.
However, if the nodule was not previously
present or has increased in size, then further
investigation is warranted.

Computed tomography (Fig. 2.14) will detect

Fig. 2.14 Large necrotic (low attenuation area) tumour
mass within right lower lobe.
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or exclude the presence of other lesions within
the lungs. The presence of calcification within
the nodule, although often thought to be an
indicator of benignity, will not exclude malig-
nancy with complete certainty. In addition,
computed tomography can be used to determine
the presence of hilar or mediastinal lymph node
enlargement as well as direct invasion of the
adjacent mediastinum or chest wall. In patients
in whom surgical resection of the pulmonary
massisnot indicated, acytological or histological
specimen by percutaneous needle biopsy may
be taken. This is usually reserved for small
peripheral lesions that are not accessible by
bronchoscopy. It can be performed under com-
puted tomography guidance or fluoroscopy,
but carries the complication of a pneumothorax
(20%) or pulmonary haemorrhage (see other
interventional techniques).

Pulmonary nodules

A large number of conditions, are characterized
by multiple pulmonary nodules (Fig.2.15a).
Combining the clinical information with an accu-
rate description of the size and distribution of
the nodules narrows down the list of differential
diagnoses.

M etastatic deposits are by far the commonest
cause of multiple pulmonary nodules of varying
sizes in adult patients in the United Kingdom
(Fig. 2.16), but this is not the case world-wide.
In some parts of the United States of America,
histoplasmosis is endemic and multiple lesions
due to this condition may be more common than
those due to malignancy. Making this important
distinction may be difficult, and biopsy of one
lesion may be the only reliable means of distin-
guishing a benign from a malignant cause for
the multiple nodules.

Nodules are described as 'miliary’ when they
are less than 5mm in diameter and are so
numerousthat drey cannot be counted (Fig. 2.15b).
The crucial diagnosis to consider, even if the
patient is not particularly unwell, is miliary
tuberculosis, since this life-threatening disease
can be readily treated. If the patient is asymp-
tomatic the differential diagnosisis more likely

Fig. 2.15 a Multiple pulmonary nodules. The majority of
these are greater than 5 mm in diameter. There is
elevation of both hila secondary to fibrosis and volume
lose in both upper lobes. The cause in this instance was
sarcoidosis, b Multiple miliary nodules: these nodules are
all less than 5 mm in diameter. The diagnosis was miliary
tuberculosis.

to lie between sarcoidosis, metastatic disease or
a coal worker's pneumoconiosis. As ever, pre-
vious radiographs showing the rate of growth
of the nodules may give valuable clues to the
likely nature of the disease.



Fig. 216 Nodules within right and left upper lobes
consistent with metastatic deposits. A left-sided
pneumothorax is also present. (Primary tumour site -
osteosarcoma of tibia.)

Cavitating pulmonary lesions

The radiological definition of cavitation is a
lucency representing air within a mass or an
area of consolidation. The cavity may or may
not contain a fluid level, and is surrounded by a
wall of variablethickness(Fig. 2.17).

Fig. 2.17 Lung abscess. thereisathick-walled cavity
containing aflud levd in the et lower lobe.
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The two most likely diagnoses in an adult
presenting with a cavitating pulmonary lesion
on a chest radiograph are a cancer or a lung
abscess. In children, infection is the commonest
cause. Cavitation secondary to necrosis is well
recognized in a variety of bacterial pneumonias,
particularly those associated with tuberculosis.
Staphylococcus aureus, anaerobes and Klebsiella.
Diagnosis is usually by plain chest radiograph
in the first instance, but computed tomography
is also useful for localizing the abscess and
sometimes to enable percutaneous aspiration to
be undertaken. It also allows assessment of the
relationship of the abscess to adjacent airways
so that appropriate postural drainage can be
planned.

In al age groups it is important to consider
tuberculosis, especially if the cavitating lesions
are in the lung apices. Linear or computed
tomography may be necessary if the presence
of cavitation is questionable; in addition com-
puted tomography may show other features
which help to narrow the differential diagnosis
(e.g. pulmonary calcifications in tuberculosis,
mediastinal lymph node enlargement in meta-
static disease). In general, radiology alone cannot
distinguish one cause of a cavitating mass from
another.

SPECIFIC CONDITIONS

The postoperative and critically ill
patient

In the context of intensive care medicine, the
portable radiograph is one of the main means
of monitoring critically ill patients. However, it
is a far from perfect technique as the degree
of inspiration is usually poor and may vary
widely on serial radiographs. In addition, evalu-
ation of cardiac size and the lung bases is, at
best, difficult Thisis often compounded by the
rapidly changing haemodynamic state of the
patient

To some extent the advent of phosphor plate
radiography has enabled more accurate assess-
ments to be made because variations in exposure
are not such a problem. Use of decubitus radio-
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graphs can be useful to evaluate the dependent
side for fluid and the non-dependent side for
small, but clinically important, pneumothoraces.
For convenience it is useful to consider the
various disease processes in the categories
described bel ow.

Supportand monitoring apparatus

Careful radiographic monitoring of the position
of various tubes and catheters used in the post-
operative and critically ill patient is essential
to decrease complications. Before eval uating the
heart and lungs it is good practice to check each
of these lines for proper positioning. The ideally
placed central venous line ends in the superior
venacava(Fig. 2.18). Cathetersterminatinginthe
right atrium or ventricle may cause arrhythmias
or perforation. Swan-Ganz catheters used to
monitor pulmonary capillary wedge pressure
are ideally sited in a main or lobar pulmonary
artery. Drugs inadvertently injected directly into
the wedged catheter may cause lobar pulmo-
nary oedema or necrosis. Both catheters (central
venous pressure line and Swan-Ganz) are
inserted percutaneously and, therefore, share
certain complications. The most frequent is a
pneumothorax due to puncture of the lung at
the time of subclavian vein insertion. If the
catheter is inserted into the mediastinum or
perforatesavein or artery, mere may be dramatic
widening of the superior mediastinum due to
haematoma. If the catheter enters the pleural
space, infused fluid rapidly fills the pleural
space. Catheter perforation of the right atrium or
ventricle may lead to cardiac tamponade which
may be manifested as progressive enlargement
of the heart shadow on serial radiographs.

The intra-aortic balloon pump is usually
inserted via the femoral artery and is used in
patients with intractable heart failure or in
weaning the patient from cardiopulmonary
bypass. On the frontal radiograph the tip of the
catheter should be seen lying in the aortic arch.

A cardiac pacemaker wire is usually inserted
via the external jugular, the cephalic or femoral
vein and passed under fluoroscopic control into
the apex of the right ventricle. Kinks or coils

Fig. 2.18 Portable computed radiograph. This digital
radiograph taken in an intensive care unit demonstrates
the correct position of the tips of the two central venous
lines and endotracheal tube. The upper image resembles
a conventional radiograph and is used to examine the
lungs; the lower image (the same radiograph) has been
manipulated to make identification of lines easier.

of wire are undesirable and the wire should be
examined carefully along its entire length.

The tip of a correctly positioned endotracheal
tube (Fig. 2.18) lies in the mid trachea, approxi-
mately 5-7 cm above the carina. This distance
is needed to ensure that it does not descend into
the right main stem bronchus with flexion of
the head and neck or ascend into the pharynx
when the head and neck are extended. If the
endotracheal tube is inadvertently passed into
the right main stem bronchus (the more vertical



of the two main bronchi), the left lung may
collapse with a shift of the mediastinum to the
left and hyperinflation of the right lung. If
the endotracheal tube is positioned just below
the vocal cords, the tube may retract into the
pharynx, airway protection is lost and aspiration
may occur. If the tube remains high in the
trachea, inflation of the cuff may cause vocal cord
damage. Delayed complications include focal
tracheal necrosisleading ultimately toalocalized
stricture. It is worth noting that, even with
correct positioning and cuff inflation, an endotra-
cheal tube is not an absolute guarantee against
aspiration of stomach contents into the airways.

Tracheostomy for long-term support has its
own complications. A correctly placed trache-
ostomy tube should be parallel to the long axis
of the trachea, approximately one-half to two-
thirds the diameter of the trachea and end at | east
5 cm from the carina. Marked subcutaneous or
mediastinal emphysema may be due to tracheal
injury or a large leak around the stoma. After
prolonged intubation some tracheal scarring is
inevitable. Symptomatic tracheal stenosis or
collapse of a short length of the trachea is less
common now owing to use of low-pressure
occlusion cuffs on the endotracheal tubes. When
positive end expiratory pressure (PEEP) is
added, the patient's tidal volume and functional
residual capacity increase. This is reflected in
the radiograph asincreased lung aeration. PEEP
may open up areas of collapse and cause radio-
graphic clearing. However, this may be spurious
as any densities present will be less obvious
owing to the increased lung volume. Similarly,
when weaned off PEEP, the lung volume drops
and the lungs may appear to be dramatically
worse. Pulmonary barotrauma (air leakage due
to elevated pressure) complicates approximately
10% of patients on positive pressure ventilation.
If air continues to leak due to continued venti-
lation, a tension pneumothorax may develop.
The chest radiograph isoften the first indicator of
this potentially fatal complication.

Collapse

Following laparotomy, at least half of all patients
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develop some postoperative pulmonary collapse.
Volume loss is most often attributed to hypo-
ventilation and retained secretions and it is
most frequent in patients with chronicbronchitis,
emphysema, obesity, prolonged anaesthesia or
unusually heavy analgesia. The commonest
radiographic manifestation is of linear densities
which appear in the lower lung fields soon
after surgery. Patchy, segmental or complete
lobar consolidation is less common. When due
to hypoventilation or large airway secretions,
marked volume loss rather than dense consoli-
dation is the usual appearance. Careful atten-
tion should be paid to unilateral elevation of
the diaphragm and shifts of the minor fissure or
hilar vessels. When collapse is due to multiple
peripheral mucus plugs, the radiographic picture
may be of pulmonary consolidation rather than
volume loss. Areas of collapse tend to change
rapidly and often clear with suction or physio-
therapy. Postoperative collapse is not usually an
infectious process, but if not treated promptly
areas of collapse will usually become secondarily
infected.

Aspiration pneumonia

Another frequent postoperative complication is
the aspiration of gastric contents. A depressed
state of consciousness and the presence of a
nasogastric tube which disables the protective
©esophagogastric sphincter are the most frequent
predisposing factors. An endotracheal or trache-
ostomy tube does not always protect the patient
from aspiration. The radiographic appearance
of patchy, often bilateral, consolidation appears
any time within the first 24 hours of aspiration
and then progresses rapidly. In an uncompli-
cated case there is usually evidence of stability
or regression by 72 hours, with complete clearing
within 1-2 weeks. The infiltrates are usually
patchy and diffuse and are most often seen at
the lung bases, more commonly on the right.
Complications include progression to adult
respiratory distress syndrome (ARDS). Any
worsening of the radiograph on the third day
or thereafter should suggest the diagnosis of
secondary infection.



Adultrespiratory distress syndrome

Adult respiratory distress syndrome (ARDS)
consists of progressive respiratory insufficiency
following a major bodily insult and can be due
to a large number of factors. Over the years it
has been known as 'shock lung', 'stiff lung syn-
drome' and 'adult hyaline membrane disease'.
At the pathophysiological level thereisincreased
permeability of the pulmonary capillaries and
the formation of platelet and fibrin microemboli.
This resultsin alveolar oedema and haemorrhage
which can affect the entire lung. After several
days, hyaline membranes form within the distal
air spaces. As a genera rule, symptoms occur
on the second day after insult or injury, but the
radiograph remains normal during the initial
hours of clinical distress. Interstitial oedema is
the first radiographic abnormality, which may
be of a faint hazy ground-glass appearance (see
Fig. 2.6), and this is followed rapidly by patchy
air-space oedema. By 36-72 hours after insult,
diffuse global air-space consolidation is evident.
It is the timing of the radiographic changes
relative to the insult and the onset of symptoms,
rather than the radiological appearance alone,
that suggest the diagnosis of ARDS. The radio-
graphic pattern of established ARDS is identical
to that of pulmonary oedema, i.e. bilateral ex-
tensive consolidation. The radiology of patients
with ARDS rarely allows certain diagnosis of
the underlying cause or supervening complica-
tions (e.g. aspiration or developing infections)
to be made.

Pneumonia

Pulmonary infection may occur several days
after surgery. Pneumonia may complicate col-
lapse, but may result from aspiration or inhala-
tion of infected secretions from the pharynx.
The features of consolidation have already been
covered, but the critically ill or postoperative
patient frequently does not exhibit the expected
features. Numerous factors, such as prior anti-
biotic therapy and coexistent heart or lung
disease, conspire to modify the radiographic
features. The radiographic appearance varies

from a few ill-defined or discrete opacities to a
pattern of coalescence and widespread patchy
consolidation. Cavity or pneumatocele (a thin-
walled air-filled space) formation is not infrequent.

Extrapulmonary air

The diagnosis of a pneumothorax is made by
the identification of the thin line of the visceral
pleura. Free air may also be found in the pulmo-
nary interstitium, the mediastinum, the peri-
cardial space and the subcutaneous tissues. In
the intensive care setting, extrapulmonary air is
most often due to barotrauma from mechanical
ventilation or secondary to surgery or other
iatrogenic procedures. Pulmonary interstitial
emphysema is difficult to recognize radio-
graphically and is invariably due to ventilator-
induced barotrauma. Unlike air bronchograms,
the interstitial air is seen as black lines and
streaks radiating from the hila; they do not
branch or taper towards the periphery. Inter-
stitial emphysema usually culminates in a
pneumomediastinum, and this is shown on a
frontal radiograph as a radiolucent band against
the mediastinum bordered by the reflected
mediastinal pleura. Air may outline specific
structures such as the aortic arch, the descending
aorta or the thymus.

Cardiac failure

The radiographic diagnosis of early left ventri-
cular failure is largely dependent on changes
in the calibre of the pulmonary vessels in the
erect patient. As the left atrial pressure rises,
blood is shunted to the upper zones. This is
the first and most important radiographic sign
of elevated left ventricular pressure (Fig. 2.19);
it is important to remember that, because of re-
distribution of blood flow in the supine position,
a supine radiograph does not allow this criterion
to be used.

Interstitial pulmonary oedema then follows;
this is manifested by blurring of the vessel
margins, a perihilar haze and a vague increased
density over the lower zones. When fluid fills
and distends the interlobular septa, Kerley B



Fig. 2.19 Cardiac failure: the heart is enlarged with upper
lobe blood diversion (prominent upper lobe vessels) and
there are small basal pleural effusions.

lines (septal lines) may be visible. These are
best visualized in the costophrenic angles as thin
white lines arising from the lateral pleural
surface. Asthe left ventricular pressure continues
to rise, multiple small, ill-defined opacities occur
in the lower half of the lungs. These represent
alveoli filling with fluid. Alveolar oedema may
also appear as poorly defined bilateral 'butterfly’
perihilar opacification. Increasing cardiac size
usually accompanies cardiac failure but, if it
occurs following acute myocardial infarction
or an acute arrhythmia, cardiac failure may
be present without an increase in cardiac size.
Bilateral pleural effusions often accompany
cardiac failure.

Pulmonary embolism

The postoperative or critically ill patient has
numerous risk factors for the development of
deep venous thrombosis and thus pulmonary
embolism. In this group, where respiratory dis-
tress is often multifactorial, the diagnosis of
pulmonary embolism is extremely difficult.
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Conventional radiographic findings are non-
specific and include elevation of the diaphragm,
collapse or segmental consolidation. A small
pleural effusion may appear during the first 2
days following the embolus. It is important
to recognize that a norma chest radiograph
does not exclude a maor pulmonary embolus;
indeed a normal radiograph in a patient with
acute respiratory distress is suggestive of the
diagnosis. A radionuclide perfusion scan is of
use because if it is normal a pulmonary embolus
can be excluded; however, thisis not a practical
test for a patient in an intensive care unit and
the decision to treat with anticoagulants is often
madeclinically.

The success of helical CT in the diagnosis
of pulmonary embolism relates to its rapid
scan time, volumetric data acquisition and high
degree of vascular enhancement.

Kyphoscoliosis

Kyphoscoliosis makes assessment of the chest
radiograph difficult and it is useful to reduce
the distortion of thoracic contents due to the
kyphoscoliosis by obtaining an oblique radio-
graph, positioning the patient in such a way
that the spine appears at its straightest. Severe
kyphoscoliosis may cause pulmonary arterial
hypertension and cor pulmonale. Some con-
genital chest anomalies such as pulmonary
agenesis (absence of a lung) and neurofibro-
matosis are associated with dorsal spine abnor-
malities. Because of the problems associated
with getting a true posteroanterior and lateral
view, computed tomography scanning is often
the most satisfactory method of visualizing the
lungs.

Bronchiectasis

Thisisachronic condition characterized by local,
irreversible dilatation of the bronchi, usually
associated with inflammation. On a chest radio-
graph (Fig. 2.20a) the findings include: (a) the
bronchial wall visible either as single thin lines
or as parallel 'tram-lines’; (b) ring and curvilinear
opacities which represent thickened airway walls
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Fig. 2.20 a Cystic fibrosis: the lungs are over-inflated and there is widespread increased
shadowing due to barely perceptible bronchial wall thickening and peribronchial
consolidation. The proximal pulmonary arteries are enlarged due to a degree of pulmonary
arterial hypertension, b Thin section computed tomography through the mid-zones showing
widespread severe bronchiectasis with mucus plugging of many of the dilated airways.



seen end-on. These tend to range in size from
8 to 20mm, have thin (hairline) walls, and
may contain air-fluid levels; (c) dilated airways
filled with secretions giving rise to broad band
shadows some 5-10 mm wide and several centi-
metres long (seen end-on, these dilated fluid-
filled airways produce rounded or oval nodular
opacities); (d) overinflation throughout both
lungs (particularly in cystic fibrosis); (e) volume
loss where bronchiectasis is localized (this
may give rise to crowding of bronchi or collapse
due to mucus plugging that can be severe and
result in complete collapse of alobe); and (f) less
specific signs include infective consolidation,
scarring and pleural thickening.

Thedefinitive diagnosis of bronchiectasis used
to be made by bronchography (injection of
contrast into the bronchial airway), but this
is an invasive and unpleasant procedure and a
viable alternative is high-resolution computed
tomography (Fig. 2.20b). With this technique,
thin slices are taken throughout both lungs
and the findings are similar to those on the
plain film (thickened bronchial walls, bronchial
dilatation, ring opacities containing air-fluid
levels). Comparing the diameter of the bronchial
wall with the adjacent vessel is helpful, as
both should be approximately the same size.
Computed tomography may also be helpful in
determining the optimum position for postural
drainage. Upper lobe predominance is present in
early cystic fibrosis, and after tubercle infection
and allergic bronchopulmonary aspergillosis.
The remainder affect predominantly the middle
and lower |obes.

Chronic airflow limitation

This comprises three conditions which are
present simultaneously in a given patient to
a greater or lesser degree: chronic bronchitis,
asthma and emphysema. The first is diagnosed
by the patient's history and, strictly speaking,
does not have any characteristic radiological
features. In asthma the chest radiograph is
normal in the mgjority of patients between
attacks, but as many as 40% reveal evidence of
hyperinflation during an acute severe episode.
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In asthmatic children with recurrent infection,
bronchial wall thickening occurs. Collapse of
a lobe or an entire lung because of mucus
plugging is another feature and may be recurrent
affecting different lobes. Complications include
a pneumomediastinum which arises second-
arily to pulmonary interstitial emphysema and
pneumothorax due to rupture of a subpleural
bulla. Expiratory radiographs will aid detection
of this as well as demonstrating any air trapping
secondary to bronchial occlusion.

Emphysema is a condition characterized by
an increase in air spaces beyond the terminal
bronchiole owing to destruction of alveolar walls.
Whilst it is strictly a pathological diagnosis,
certain radiographic appearances are character-
istic in more advanced cases. These include
overinflation of the lungs, an alteration in the
appearance of the pulmonary vessels, and
the presence of bullae (Fig. 2.21). Overinflation
results in flattening of the diaphragmatic dome
and this results in an apparently small heart
and a decreased cardiothoradc ratio. On the
lateral chest radiograph the large retrosternal
translucency caused by the hyperinflated lungs
is particularly striking (Fig. 2.21b). The pulmo-
nary vessels are abnormal: the smooth gradation
in size of vessels from the hilum outwards is
lost, with the hilar vessels being larger than
normal and tapering abruptly, so-called ‘pruning’
of the vessels. However, the lungs are usually
unevenly involved and this is mirrored by
the uneven distribution of pulmonary vessels.
When emphysema is predominantly basal in
distribution, there is prominent upper lobe blood
diversion which should not be mistaken for
evidence of left-heart failure. Bullae are recog-
nized by their translucency, their hairline walls
and a distortion of adjacent pulmonary vessels.
They vary greatly in size and areoccasionally big
enough to occupy an entire hemithorax. When
large they are an important cause of respiratory
distress. Complications of bullae formation are
infection and haemorrhage, which are usually
manifested as the presence of an air-fluid level.
Pneumothorax is another complication and can
on occasions be difficult to distinguish from
alarge bulla.
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Fig. 2.21 Emphysema, a Both lungs are hyperinflated. There is dilatation of the proximal pulmonary arteries with pruning
of the peripheral vasculature, b The retrosternal and retrocardiac areas are strikingly transradiant.
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Cardiopulmonary
function testing

Michael D. L. Morgan Sally J. Singh

INTRODUCTION

In health the human cardiorespiratory system
has enormous reserve capacity to cope with
the demands of exercise or illness. We are not
normally aware of breathlessness or fatigue as
a feature of resting activity. Furthermore, unless
we harbour athletic ambitions we are unlikely
to explore the boundaries of our physiological
limitations, and assure ourselves that spare capa-
city would be present if it ever became necessary.
The measurement of physiological capacity in
health is, therefore, a matter of relevance only
to the curious or the serious competitor who
wishes to improve his performance. In patients
with heart or lung disease the erosion of physio-
logical reserve eventually imposes limitations
upon the activities of daily life. Under these
circumstances the measurement of cardiopulmo-
nary function allows the accurate assessment of
disability and of the effect of therapeutic inter-
vention. This chapter examines the scientific
basis of clinical measurement and its relevance
to physiotherapy. In the current climate of
clinical audit, physiotherapists must understand
the need for objective demonstration of the
effectiveness of their treatment

The human body is an infinitely complex
structure, the secrets of which are gradually
being exposed by scientific investigation. Cer-
tain aspects of cardiopulmonary function can be
assessed with some accuracy, but it must be
remembered that such measurements are only a
snapshot of a component of an organism which
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is constantly changing and may be influenced by
the making of the measurement. It is therefore
important to understand exactly what measure-
ment is being made and under what circum-
stancesitisvalid before assessing itsimportance.
Given this limitation, carefully made measure-
ments are avaluable addition to clinical practice.

The cellular basis of respiration depends
primarily on the production of energy and func-
tion from the aerobic metabolism of food. The
requirements of an individual cell are simply
the regular provision of oxygen and nutrients
and the disposal of the acidic waste products
of carbon dioxide and water. In a unicellular
organism these requirements need only an
environment for diffusion. By contrast man
requires a complex collection, distribution and
disposal system to service the needs of the
body. This system itself requires energy to
function, and its capacity imposes a limit on the
function of the whole organism. In man oxygen
is extracted from the atmosphere by the lungs
and delivered to the tissues via the blood.
Cardiac function ensures the internal cellular
delivery of oxygen and the remova of carbon
dioxide back to the lungs for exhalation. The
examination of the components of this system
can be seen to be somewhat artificial in view of
the interdependence of the activities. However,
itisreasonable and conventional to consider the
process in terms of three compartments. Firstly
the lungs themselves, secondly the effectiveness
of the integrated activity of gas exchange and
acid-base balance, and finally the capacity of
the circulatory system to deliver.

LUNG FUNCTION

The apparently simple function of the lung is
to deliver oxygen to the gas-exchanging surface
and exhaust carbon dioxide to the atmosphere.
To achieve this, air is drawn by conductive
flow into the alveoli and presented to the gas-
exchanging surface where diffusion effects the
process of exchange. The carriage of air through
the airways depends on the patency of the
tubes as well as on the consistency of the lung
and the power of therespiratory muscles. These

aspects of pulmonary function are commonly
measured in lung function laboratories.

General principles of measurement

Lung function measurements may be made for
several reasons. They are useful in describing the
lung for diagnostic purposes and subsequently
in monitoring change. Accuracy and consistency
are therefore very important, and conventions
exist for the procedures of measurement and
expression of results. In general, a measurement
will only be accepted after multiple attempts have
been scrutinized and expressed under standard
conditions. These are usually body temperature
and atmospheric pressure (8TPS). To guarantee
accuracy, laboratory practice should include
regular physical and biological calibration of
the equipment Standards for good laboratory
conduct have been described (British Thoracic
Society/Association of Respiratory Technolo-
gists and Physiologists 1994). In health there are
several factors which influence the magnitude
of lung function. These include height, sex and
age, and to a lesser degree weight and ethnic
origin (Anthonisen 1986, Cotes 1993). As a
result, assessment of normality can only be made
by comparison with reference values. The latter
are obtained from the study of large numbers
of normal people from the relevant population
(European Community for Coal and Steel 1983).
Once obtained, results can be expressed as
percentage predicted or, more correctly, by
comparison with the 95% confidence interval for

that value.

Airway function

For the purposes of measurement the lung has
only one portal of entry and exit, i.e. through
the mouth, and airway function is assessed by
quantification of gas flow or volume. The calibre
of the airways reduces through their generations
and the major resistance to gas flow is nor-
mally in the upper airway. The larger airways
are supported by cartilage, while the smaller
airways are held patent by the radial traction
of the surrounding lung so that their calibre



increases with the volume of the lung. The
diameter of these airways is also controlled
by neural tone which is predominantly para-
sympathetic. The disruption of airway function
can occur through physical or rigid obstruction
to a large airway by, for example, a tracheal
tumour. It may also occur because of more wide-
spread disease in asthma, when large numbers
of smaller airways are affected by episodic
alteration of their calibre by smooth muscle
contraction, mucosal oedema and intraluminal
secretions. In chronic bronchitis, obstruction
occurs by mucosal thickening and mucous
secretion, but in emphysema the mechanism is
different Though seldom occurring in isola-
tion from other forms of airway obstruction, the
result of parenchymal emphysema is to weaken
the elastic structure which maintains radial
traction on the airways and allows them to
close too early in expiration. Tests of airway
function measure airway calibre and are now
well established in clinical practice. Most tests
of airway patency examine expiratory function.
There are three common methods:

e Spirometry (FEV,andFV C)
e Flow-volume curves
» Peak expiratory flow (PEF).

Production of the spirogram from a maximal
forced expiration following a full inspiration
is reliable and provides the forced expiratory
volume in 1 second (FEV,) and the forced vital
capacity (FVC) (Fig.3.1). The measurement is
usually made using a spirometer which mea-
sures volume, or derived from a flow signal
obtained from a pneumotachograph or turbine.
M ost commonly, theFEV, and FV Caremeasured
during the same manoeuvre, but a greater
vital capacity may be obtained in patients with
airway disease if it is performed slowly. Reduc-
tion in FEV, with relative preservation of FVC
orvital capacity (V C)isknown asan 'obstructive'
pattern, which indicates and grades airway
obstruction: FEV,/FVC <75%isgraded asmild,
< 60% as moderate, and < 40% as severeimpair-
ment (American Thoracic Society 1986). Simul-
taneous reduction in both FEV, and FVC with
an increase in the FEV,/FVC ratio is called a
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'restrictive’ defect and is usually associated with
areduction in lung volume. Abnormal valuesare
defined as those recognized to be outside the
normal range of two standard deviations for
sex, height and age. This usually requires a re*
duction of about 15% from predicted values.
Thus simple spirometry can detect and quantify
airway obstruction, but gives no indication of
the cause.

Measurement of die flow-volume curve is
now commonplace and can provide information
about the nature of airway obstruction. In this

1 2 3 4 5 8
C Tint (»)

Fig. 3.1 a Inthe normal spirogram the major part of the
vital capacity (FVC) is expelled in 1 s (FEV,). b in patients
with airway obstruction the FEV, Is reduced to a greater
degree than the FVC. This pattern is known as 'obstructive’,
¢ When the lungs are small and empty quickly the pattern is
known as 'restrictive'.
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test, the gas flow from a full maximum expiration
is plotted against the expired volume as the
lung empties (Fig. 3.2). The flow of gas from
the lung reaches a peak expiratory flow (PEF)
after about 100 milliseconds and then declines
linearly as the lung empties. If the measurement
is continued into the subsequent full inspiration,
a flow-volume 'loop' is produced and inspira-
tory flow rates can be measured. The shape
of the expiratory and inspiratory portions are
different, since in expiration the active expulsion
is assisted by the elastic recoil of the lung
while inspiratory flow rates are a reflection of
airway calibre and inspiratory muscle strength
only. Something of the nature of the airway
obstruction can be learnt from consideration
of the actual and relative values of PEF, peak
inspiratory flow (P 1 F) and the values of expira-
tory flow at 50% and 75% vital capacity (M EF»
and MEFTJ). Simple inspection of the loop isoften
sufficient to distinguish between rigid upper

Fig. 3.2 a The normal flow-volume loop
has a characteristic shape, b Airway
obstruction from asthma or chronic
bronchitis appears as a concave expiratory
limb and reduced inspiratory flows, ¢ In
emphysema the expiratory flows are
suddenly attenuated, but the inspiratory
flows are relatively well preserved, d A rigid
obstruction to a major airway can produce
an oval loop, e Inspiratory flows are reduced
in diaphragm weakness or extra thoracic
tracheal obstruction.

*

airway obstruction, intraluminal obstruction in
chronic bronchitisand asthma, and the 'pressure-
dependent/ collapse seen in pure emphysema
with relative preservation of inspiratory flow
rates.

The PEF is one component of the flow-volume
manoeuvre which has been used with increasing
popularity. This has been encouraged by the
availability of simple devices for its measure-
ment. Provided that the patient does not have
weak respiratory muscles and has made a maxi-
mum effort the PEF will reflect airway calibre.
The absolute values obtai ned are not particularly
helpful unless they are extremely low, but the
easily repeated measurements can be used to
obtain valuable insight into the mechanisms
of variable airway obstruction in asthma. There
is a normal diurnal variation in airway calibre
of about 501/min which is exaggerated in
patients with poorly controlled asthma (Fig. 3.3)
(Benson 1983). Wider variation will be seen
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Fig. 3.3 A reconstruction of a peak flow chart from an asthmatic patient. As an attack
develops, the normal diurnal variation increases and the mean values drop until
treatment reverses the pattern In recovery. The decline and recovery may take several

days.

approaching or recovering from an attack and
following exposure to trigger factors. The rea
value of the PEF lies in its repeatability and
its portability. The issue of meters to patients
with asthmaallows domiciliary and occupational
investigation of asthma. It also provides a tool
for patients to use to monitor their asthma ob-
jectively as part of a self-management plan. In
past years, the PEF chart has been used during
hospital admissions to record the progress and
predict the discharge of patients with airway
disease. Although this is valuable in asthma
where the airway obstruction is variable, it can
show no change at all in patients with chronic
airflow limitation in spite of a clinical improve-
ment. In this case the twice-weekly measurement
of FEV,and FV Cismorelikely tomirror progress
than will the slavish recording of the PEF chart
(Gibson 1995).

The physical properties of the lung

The two lungs contain millions of alveoli within
a fibroelastic matrix. They do not have a very
rigid structure and are held in contact with the
rib cage by surface-tension forces at the appo-
sition of the two pleural surfaces. The resting
volume of the lung (the functional residual
capacity (FRC)) is thus determined by the

outward spring of the rib cage and the inward
elastic recoil of the lung matrix. Expansion and
contraction of the lung therefore involves the
controlled stretching or relaxation of the lung by
the respiratory muscles away from FRC. The
position of FRC can be influenced if the lung
is stirrer than usual (as in interstitial disease), or
if it is more compliant (as when damaged by
emphysema). The measurement of the lung's
volume can therefore give some insight into
these conditions.

The actual volume of the lung must be mea-
sured indirectly in lire since the lungs obviously
cannot be removed for the measurement. There
are several techniques which measure slightly
different aspects of volume. The most familiar
method is helium dilution, which involves
rebreathing through a closed circuit a mixture
of gases containing a known concentration of
helium whichisnot absorbed into the circulation.
The measurement of the final concentration of
helium is used to calculate the gas dilution, or
the 'accessible’ volume, of the lung. An alter-
native method uses the Boyle's law principle -
gas in the chest is compressed and the change
in pressure is used to calculate the volume of
gaswithin the chest Thismethod requiresalarge
airtight box or plethysxnograph. In both methods
the actual volume that is estimated is the
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FRC and total lung capacity (TLC) and residual
volume (RV) are obtained from an additional
Spirometrie trace. A further method involves
the calculation of the total volume of the lung
from the dimensions of a chest radiograph.
This volume includes the total volume of gas,
tissue and blood. Since the techniques do mea-
sure different aspects of volume, consistency in
sequential measurementsisimportant. In normal
lungs the results are very similar, but where
there is airway obstruction the values may be
disparate. Such disparity can be used to advan-
tage, e.g. in calculating the degree of trapped gas
as the difference between the Plethysmographie
and helium dilution lung volumes.

The chest wall and the respiratory
muscles

To maintain their shape the lungs depend on
the support of the rib cage and the patency of
the airways and alveoli. The expansion of the
rib cage by therespiratory musclesis responsible
for the tidal flow of gas into and out of the lungs.
Over the past few years there has been increasing
awareness of the importance of dysfunction of
the respiratory muscles and the bony rib cage
in contributing to respiratory failure. Such condi-
tions include myopathies and polio as well as
skeletal malformations such as scoliosis which
decrease rib cage compliance and reduce the
effectiveness of the musculature. The respiratory
muscles include the diaphragm as the major
muscle of inspiration and the intercostal muscles
and scalenes. The latter together with the sterno-
mastoids are known as the 'accessory muscles',
but actually have a stabilizing role in tidal
breathing. The combination of the respiratory
muscles and the bony rib cageis called the 'chest
wall' and conceptually is considered as the
organ which inflates the lungs. Weakness of the
respiratory muscles will eventually lead to venti-
latory failure which may first become apparent
during the night as an exaggeration of the
normal nocturnal hypoventilation (Shneerson
1988) (Fig. 3.4).

The function of the respiratory muscles is
difficult to study directly since the muscles have

complex origins and insertions. Furthermore,
their product, which is the pressure generated
Within the thoracic cavity, depends on the co-
ordinated action of many muscles the individual
functions of which may be difficult to distinguish
in lire. It is possible to make some assessment
of both the strength and endurance of the
muscles and also to separate the diaphragm
from the other muscles. The simple strength
that the inspiratory and expiratory muscles can
generate as pressure is easy to measure. The
maximum inspiratory pressure (PiMax) and
expiratory pressure (PeMax) are easy to measure
with a manometer or electronic gauge. The
normal values of approximately -100cmH,0
and + 120 cmH,0 (Black & Hyatt 1971) are well
in excess of that needed to inflate the lungs
(5-10cmH,0) and, therefore, provide a sensitive
measure of developing muscle weakness. These
measurements do have a learning requirement
and are not suitable for monitoring of patients
with rapidly developing muscle weakness
such asin Guillain-Barré syndrome. Under these
circumstances the sequential measurement of
the vital capacity is much more reliable, since
a failure to maintain it will predict ventilatory
failure.

The strength of the diaphragm can be sepa-
rated from the other muscles by measuring the
pressure gradient across it. This is achieved by
using balloons attached to pressure transducers
to estimate the pressure in the oesophagus
and the stomach. The gradient across the
diaphragm during a maximum inspiration or
sniff is an indirect measure of the strength of the
diaphragm. Normal values for sniff pressures
have now been published (Uldry & Fitting 1995).
If required, a value free of volition can be
obtained by electrical stimulation of the phrenic
nerve in the neck, or even by magnetic stimu-
lation of the cerebral cortex. Fortunately, mea-
surements of separate diaphragm strength are
seldom required in clinical practice. A simple
guide to diaphragm function can be obtained
by observation of the change in vital capacity
with posture. When supine, the vital capacity
normally falls by 8-10%, but when diaphragm
weaknessis present it may fall by more than 30%.
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Fig. 3.4 A sleep study from a patient with kyphoscoliosis demonstrates periodic
falls in Sa0, associated with rapid eye movement (REM) sleep. The lower panel
shows the simultaneous rises in transcutaneous carbon dioxide (PTcCO0,)
associated with the episodes of hypoventilation.

The measurement of the supine vital capacity is,
therefore, a good screening test of diaphragm
function (Green & Laroche 1990). More recently
the measurement of sniff pressures at the mouth
or nose has become recognized as a reflection
of pure diaphragmatic activity.

The respiratory muscles are duty bound to
contract regularly through life to sustain it.
Consequently, the prediction of fatigue or the
measurement of endurance capacity would have
more relevance to clinical practice. The identifi-
cation of fatigue is not very reliable and there
is no simple test that can be applied at the
bedside. Thereare, however, several waysof esti-
mating respiratory muscle endurance capacity.
The simplest is the maximum voluntary ven-
tilation (MW), while other methods include
breathing through resistances. One of the more
interesting examples of the latter is incremental
threshold loading, where increasing resistances
are added until they can no longer be sustained.
This makes a test for the respiratory muscles

which is similar to the exercise tests used for
thesystemic musculature (Martynet al 1987).

Gas exchange and oxygen delivery

The requirements of the average cell for oxygen
are quite modest, and a mitochondrion may need
aPo,of aslittleas 1 kPa (7.5 m m Hg) to function
effectively. At sea level the atmospheric PO, is
20 kPa (150mmHg) (FiO, 0.21) and in the
process of delivering oxygen to the cell there
is a loss along this gradient. This is illustrated
in Figure 3.5. The first step is the dilution of
inspired air with expired air within the alveolus.
Each tidal breath (V,) contains a portion of gas
which will remain within the airways and not
comeinto contact with the alveoli. Thisisknown
as the 'dead space ventilation' (V*,) and must be
achieved before any effective alveolar ventilation
(v,) can takeplace:
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Rg. 3.5 A gradient of from the air to the tissuesis
determinedby losses inthe Initid ventilation of the lungs,
circulation in the blood and transfer across the Interstitial
fluid. Fortunately, the mitochondrial oxygen requirements are

very small.

Alveolar gas therefore contains a mixture of
fresh gas and some expired CO.. and the alveolar
PO, is reduced to about 16kPa (120 mmHQ)
before gas exchange begins.

At the alveolar level, gas exchange involves
the transfer across the alveolar-capillary mem-
brane of oxygen molecules to the blood and
the reverse transfer of carbon dioxide. This is
achieved by simple diffusion, which is amplified
in the case of oxygen by the affinity of haemo-
globin. It normally takes mixed venous blood
about 300 milliseconds (ms) to traverse a capil-
lary; and complete equilibrium usually occurs
in about 100 ms. This aspect of oxygen transfer
from the lung to the blood can be tested using
carbon monoxide. Carbon monoxide has a very
strong affinity for haemoglobin, follows the
same path into the blood and can be measured
easily. This principle forms the basis of the
carbon monoxide transfer test which measures
the amount of carbon monoxide which can be
transferred to the blood in the course of a single
breath (TLCO). This gives a rough indication
of the gas-transferring ability of the lung as a

whole and is reduced in conditions like fibros-
ing alveolitis, emphysema and pneumonectomy
where the quality or quantity of the gas-
exchanging surface is reduced. If the tota
TLCO is corrected for lung volume then the
subsequent value is known as the 'coefficient
of gas transfer' (KCO) and describes the gas-
exchanging quality of the lung that is avail-
able for ventilation. For example, a very large

normal man and small child should have differ-
ent TLCOs but their KCO values should be
identical.

The carbon monoxide transfer test can give
some information about the ability of the lung
to transfer gas, but there is not a direct relation-
ship between the TLCO and arterial oxygenation.
The lung contains millions of alveolar capillary
units, and adequate oxygenation depends on the
coordinated, satisfactory function of the whole
unit. The pulmonary causes of arterial hypox-
aemia have four major origins:

e Hypoventilation

* Interference with pulmonary diffusion
e Ventilation/perfusion imbalance

e True shunt.

Hypoventilation is fairly easy to recognize
because the fall in arterial PO, is associated with
arisein arterial PCO,. Thisoccursin ventilatory
failure associated with airway obstruction, chest
wall disease and drug intoxication. Interference
with pulmonary diffusion is quite rare because
the processisvery efficient. However, the system
may be stretched at altitude or in the presence
of disease such as fibrosing alveolitis. Even in
this disease the hypoxia is related to increased
pulmonary capillary transit time rather than to
diffusion failure. The most common contribution
to hypoxaemia in many diseases is ventilation/
perfusion (V/Q) imbalance. Since effective lung
function depends on the coordination of equi-
valent ventilation and perfusion to all units, itis
not surprising that failure of the local matching
mechanismscan cause trouble. Themost extreme
example would be a pulmonary embolus where
ventilation continues in an area with no circu-
lation. In other conditions such as asthma, the
patchy distribution of airway obstruction will
have similar but less dramatic effects. Some
blood passes through the lung without corning
into contact with the gas-exchanging surface.
Normally this is a very small quantity (< 5%),
but effective shunts can be considerable in pneu-
monia and other conditions where the alveoli
are blocked by inflammatory exudate although
the circulation continues through the ineffective
portion of the lung. This results in extreme



hypoxia which cannot easily be corrected by
additional oxygen.

Oxygen carriage and arterial blood
gases

Oxygen and carbon dioxide are carried in the
blood in different ways. Oxygen is immediately
bound to haemoglobin and released in the tissues
under conditions of low oxygen tension or
acidosis. Very little oxygen is carried in solution
in the blood under conditions of normal pres-
sure, although this can be increased in a hyper-
baric chamber. By contrast carbon dioxide is
carried in the blood entirely in solution, mostly
as bicarbonate. The difference between the two
forms of carriage of the metabolic gases is funda-
mental to the interpretation of the measurement
of arterial blood gases. The individua cell re-
quires oxygen to survive, but the carriage of
oxygen in the blood will have no effect on the
body other than the delivery. By contrast, the
chemistry involved in the carriage of carbon
dioxide controls the short-term add-base state
of the body. When considering blood gas mea-
surements, it is best to examine these functions
separately.

The normal atmospheric PO, is approximately
20 kPa (150 mmHg) falling to 16 kPa (120 mmHQ)
within the alveolus. The arterial PO, (Pa0,) is
usually about 14 kPa (105 mmHg) in a healthy
subject. Although we are used to these values
they are only true at sea level and really only
have relevance because the partial pressure is
easy to measure. What matters to the individual
cell is the quantity of oxygen that it receives,
not the partial pressure. Oxygen delivery to the
tissues depends on other factors which include
the amount of haemoglobin, the degree of satura-
tion of haemoglobin with oxygen and the rate at
which oxygenated bjood is delivered to the
tissues. Assuming that the haemoglobin and the
cardiac output are normal, then the measurement
of oxygen saturation of haemoglobin is more
relevant to oxygen delivery than is the PaO.,.
The PaO, is related to oxygen saturation in a
complex manner determined by the properties
of haemoglobin and known as the ‘oxygen
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Fig. 3.6 The oxygen dissociation curve relates oxygen
saturation to ambient PO.. In lung disease it is important to
recognize that oxygen delivery is assured if PaO2is In
excess of 8 kPa

dissociation curve (Fig.3.6). This relationship
demonstrates that, under most conditions, once
Pa0, reaches 8 kPa (60 mmHg), haemoglobin
is fully saturated and cannot carry more oxygen.
Thus an arterial PO, above that value is only
an insurance measure. The availability of pulse
oximeters has made the non-invasive measure-
ment of oxygen saturation (Sa0,) commonplace.
Pulse oximeters work by transcutaneous exami-
nation of the colour spectrum of haemoglobin
which changes with its degree of saturation.
These instruments are reasonably accurate over
the top range of saturation, but become un-
reliable below about 50% (Tremper & Barker
1989). The measurement of Sa0, is an extremely
valuable tool for monitoring patients safety.
There are, however, some important aspects
of interpretation of its use which may be poten-
tially hazardous. Oximetry provides information
about oxygen saturation and this will relate
to ventilation only if the inspired oxygen level
is normal. Monitoring oxygen saturation will
not detect underventilation and a rising PaCo,.
In patients who are breathing additional oxygen,
a false sense of security can be given by a
normal SaO, even though the PaCaOo, is rising.
Furthermore, accurate recording of SaCK re-
quires a good peripheral circulation which may
often be compromised in patients who are
hypovolemic.

The assessment of acid-base status requires
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the measurement of arterial blood gas tensions.
The average blood gas analyser measures PO,,
PCO, and pH. It subsequently calculates from
the Henderson-Hasselbalch equation the values
of bicarbonate, standard bicarbonate and base
excess. The appreciation of the acid-base state
requires examination of PaCO0, and pH. Abnor-
malities are usually described in terms of their
generation (Fig. 3.7). For example, a respiratory
acidosis resulting from underventilation will
display a low pH and an elevated PaCOoO,. If
this has been present for any length of time the
serum bicarbonate will have become elevated
and acid is excreted by the kidneys to compen-
sate. In cases of nocturnal hypoventilation the
daytime Pa0, may be normal, but the elevation
of the base excess gives a clue to the ventilatory
history. If an alkalosis (high pH) is associated
with a low PaCO0,, then this could be due
to voluntary hyperventilation and is termed
a 'respiratory alkalosis. The build-up of acid
products in diabetes or renal failure will result
in a low pH and bicarbonate together with a
low PaCQj in an attempt to compensate for a
metabolic acidosis. Finally, the loss of acid from
the stomach in prolonged vomiting can produce
a metabolic alkalosis which is characterized by

Fig. 3.7 Acid-base relationships.

high pH, high bicarbonate and normal PaCo,.
These sketches of blood gas disturbance are
superficial interpretations, but they provide a
useful framework for clinical management under
most circumstances.

Respiratory failure

Respiratory failure is defined as inadequate
oxygen delivery. As we have seen, this can be
due to a variety of circumstances and may or
may not be accompanied by a disturbance of
the CO, level. The critical PaO, level is about
8 kPa (60 mmHg), since a lower pressure than
this will prejudice oxygen saturation and deli-
very. Therefore, respiratory failure is defined by
convention as PaO, < 7.3 kPa (54.8 mmHg). If the
PaCO, is elevated above 6.5 kPa (48.8 mmHQ),
this is termed 'ventilatory failure' and is asso-
ciated with chronic airflow limitation or other
forms of hypoventilation. The understanding of
respiratory failure has changed in recent years
with the recognition mat it is seldom due to a
single malfunction of the respiratory system
(Fig. 3.8). For example, therisein PaCO, and
hyperinflation associated with worsening airway
obstruction may adversely affect the respiratory
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Fig. 3.8 Respiratory failure results from damage to the lung or inability to
ventilate it. However, most situations have contributions from several

mechanisms which result in a fall In PaO2.

muscles and introduce a chest wall contribution
to failure. Conversely, the loss of lung volume
associated with muscle weakness may lead to
atelectasis and decreased pulmonary compliance,
which will in turn put a greater load on the lung.
Understanding of the complexities of chronic
respiratory failure has helped to improve the
outlook for some groups of patients, e.g. patients
with ventilatory failure due to chest wall disease
or obstructive sleep apnoea. In these conditions
there are abnormalities of breathing during
sleep, which may result in nocturnal hypoventi-
lation or transient apnoea, mat produce periods
of oxygen desaturation which may spill over
to the daytime. Recognition of this by oximetry
and other more detailed somnography may
result in effective treatment by nocturnal nasal
intermittent positive pressure ventilation or con-
tinuous positive airway pressure (CPAF) (see
Ch. 6). By extension these techniques may also
have a role in the acute management of selected
patients with COPD who have diminished
respiratory drive (Wedzicha 1996).

Posture and thoracic surgery

A knowledge of the effect of posture and thoracic
surgery on pulmonary function is obviously very
important to the physiotherapist. The circum-

stances of treatment make this knowledge of
practical benefit. Lung function measurements
are usually made sitting or standing, but the
major postural effect occurs due to gravity in
the supine position. There is asmall fal in vital
capacity (VC) (8%) and areduction in functional
residual capacity (FRC) while lying down which
results from repositioning of the diaphragm
and pooling of blood in the chest This change
can be used to advantage to identify patients
with covert diaphragm weakness where the
VC may drop by more than 30%. Gravity also
produces a change in the distribution of ven-
tilation and perfusion within the lungs. In
the supine posture ventilation and perfusion is
preferentially directed to the dependent zones
(Kaneko et al 1966). Thisis important in adults
if the lung disease is unilateral since oxygenation
will be better if the good lung is dependent
Physiotherapists are often involved in the
assessment of patients for cardiothoradc sur-
gery and their subsequent management. Some
thoracic surgery such as bullectomy or decor-
tication improves lung function, but most pro-
cedures impair the lung. The mechanisms of
impairment include the anaesthetic, the thora-
cotomy and pulmonary resection. Following
anaesthesia there is an immediate loss of FRC
and subsequently V C which reaches a trough of



62 INVESTIGATIONS, PATIENTS' PROBLEMS AND MANAGEMENT

about 40% at 24 hours and may take up to
2 weeks to recover (Jenkins et al 1988). This
immediate loss of volume is associated with a
widened gradient across the lung (A-aDO,) and
potential hypoxiawhich isworsened by obesity,
age and smoking. Thoracotomy itself, without
pulmonary surgery, will reduce the VC by ap-
proximately 10%, which recoversover a period
of 3 months. There are no strong arguments
for the benefit of median sternotomy over
thoracotomy as far as recovery of long-term
lung function is concerned. In the short term
the physiotherapist should be cautious during
treatment when gas exchange will be impaired
if the patient is lying on the thoracotomy side.

The surgical removal of lung tissue does not
necessarily have the predictable effects on func-
tion that might be imagined. Following pneumo-
nectomy the functional state of the patient is
remarkably stable, and in the long term the VC
and total lung capacity (TLC) become slightly
larger than expected for one lung. The TLCO
eventually settles to 80% predicted and the
KCO may be high since the whole pulmonary
blood flow now travels through one lung.
The changes after lobectomy are surprisingly
different. Thelong-term effects may be small but
in the postoperative phase the disruption may
be unexpectedly large. The contusion of lung
adjacent to the lobectomy sets up V/Q distur-
bances which may in the short term be as
significant as removal of the whole lung.

The physiological assessment of patients for
thoracic surgery is not really very straight-
forward (Zibrak et al 1990, Olsen 1992). There
is no single test which allows a distinction to
be made between success and failure. It is
important to consider the nature of the operation
and the preoperative function as well as general
health, weight and smoking habit. If there is
any doubt about the suitability of a candidate
from his spirometry and history (particularly
cough, sputum and breathlessness) then some
assessment of exercisecapacity isadvisable.

Lung volume reduction surgery

There has been a recent resurgence of interest

in this technique which can potentially make a
dramatic improvement to the function of patients
with more diffuse pulmonary emphysema. The
technique is a devel opment of bullectomy which
removes approximately 30% of the substance
of the lung which results in deflation of the chest
wall. Surprisingly this operation can produce
improvementsin FEV, and elastic recoil pressure
while reducing hyperinflation. Although the
techniques have not yet been adequately assessed,
they appear promising in selected patients
with more heterogeneous emphysema who have
marked symptomatic hyperinflation (Cooper
etal 1995, American Thoracic Society 1996).

The effect of growth and ageing on
lung function

The respiratory system reaches its peak in the
third decade of life. Development of the lung
continues from birth until the end of adolescence
and starts to deteriorate after the age of 25 years.
Fortunately, in the absence of disease there
is sufficient reserve capacity to see out old age
without discomfort!

The actual measurement of pulmonary func-
tion in childhood is problematic because of the
obvious lack of cooperation. It is possible to
measure lung volume and partial flow-volume
curves in infancy by using an adapted plethys-
mograph. This is possible in the sedated child
by producing a pneumatic 'hug' as an alterna-
tive to active expiration. In older children it is
difficult to obtain cooperation for measurements
until they are about 8 years old. After this age
lung function can be measured easily, but there
are difficulties in interpretation and production
of reference values. The inconsistency of the
timing of puberty and rapid growth spurts
make comparisons difficult, but normal ranges
have been produced for these age groups (Polgar
& Promadhat 1971).

The most obvious differences between children
and adults lie in the development of airway
function. The airways develop faster than the
alveoli which may not reach maturity until about
the seventh year. As the lung matrix develops,
the airway walls remain strong and relatively



patent. Asaresult expiratory flow rates, although
lower than in adulthood, are relatively high.
For example, the FEV,/FV C ratio may be greater
than 90% and the expiratory flow-volume curve
may have a flat or convex appearance. In addi-
tion to airway patency there are also develop-
ments in the behaviour of the chest wall with
growth. In childhood the musculoskeletal struc-
tures are immature and flexible. Rib cage dis-
tortion is often seen in childhood during illness,
but disappears with growth and musculariza-
tion. The combination of airway patency and
plasticity of the chest wall allows an interesting
experiment. In childhood the residual volume
(RV) is not determined by airway closure but
by the strength of the expiratory muscles. Thus
if children or young adults are hugged at the end
of a forced expiration more air can be expelled.
After the age of 25 years, RV is determined by
premature airway closure and the lungs cannot
be emptied further.

Life after 25 years is al downhill for the
respiratory system. As with general ageing, the
tissues become less elastic and the lung elastic
recoil diminishes. TL C tends to remain static but
RV risesasthe FEV, and FV C fall with age. Arte-
rial PO2and A-aDO0, worsen but do not reach
critically low val ues. Exercise capacity, asjudged
by oxygen consumption, shows a decline with
age but it can be retarded by regular activity. As
general levels of activity reduce with age, these
effects are not usually important, but the changes
may be accelerated by smoking or disease.

Interpretation of lung function tests

The value of lung function tests lies in the de-
scription of pathophysiology which may give
a guide to diagnosis. Once a baseline has been
established, changes in function can be used to
assess progress with natural history or treat-
ment. Although there may be some investiga-
tions which are specific to various diseases it is
seldom possible to rely on a single investigation
for the purpose. The usual description of disease
requires the combination of spirometry, lung
volume and gas transfer measurement. The
addition of bronchodilator response, a flow-
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volume loop and blood gases would provide
further information, while additional specific
tests are requested as indicated. The additional
tests may include an exercise study or respiratory
muscle function test to examine the relevant
aspect. Interpretation of the tests involves the
comparison of the values to the reference popu-
lation and a description of the pattern of abnor-
mality if present. A helpful report will also give
some guidance on the accuracy of the clinical
diagnosis and suggest confirmatory investiga-
tions if the diagnosis is unclear. Some examples
of clinical cases and the patterns of abnormal
lung function aregivenin Table 3.1.

The measurement of disability and
exercise testing

Static lung function tests can describe the physi-
cal properties of the lungs, but do not always
reflect the performance of the cardiopulmo-
nary system in action. The relationship between
disability and, tor example, spirometry is only
a general one and individual predictions about
exercise performance cannot be made. To assess
disability it must generally be measured by some
form of exercise test or inferred from question-
ing the patient. Exercise tests are valuable
in making an objective assessment of disability
and in observing the physiological response to
exercise in order to assist diagnosis. Tests of
exercise performance can either be performed in
a complex manner in the laboratory or simply
by observation of walking achievement down a
hospital corridor. The former generally examine
the detailed physiological response while walking
tests can give a useful and reproducible assess-
ment of disability. A further value of exercise
testing isto use the stimulusto provokebroncho-
constriction where exercise-induced asthma is
suspected. In this use the exercise should be
performed in an environment as dose as possible
to that which produces the symptoms.

Questionnaires

One of the difficulties in assessing lung dis-
ease through interview is the problem of silent
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Table 3.1 Conclusions from pulmonary function tests are
best derived from trie examination of several measurements,
a A 66-year-old man with chronic airflow limitation. There is
an increase in lung volumes, or hyperinflation of TLC and
RV. The spirometry is obstructive but there is good
bronchodilator reversibility, especially in the vital capacity.
TLCO is slightly reduced but not as low as would be found in
severe emphysema. The picture is one of smoking-related
airflow obstruction, with the potential for some improvement,
b A 49-year-old man with cryptogenic fibrosing alveolitis.
There is a 'restrictive' defect with loss of lung volumes.
Spirometry is not restrictive because of coexisting
smoking-related airway obstruction. After treatment with
prednisolone (10 March 1992) all values improved,

¢ A 40-year-old woman with severe muscle weakness.
There is a 'restrictive' picture, but the KCO is elevated
because gas exchange is relatively normal. Respiratory
muscle strength is reduced,

a

Predicted Observed Post-
bronchodilator

FEV, (I) 2.86 115 130
FVC (I) 411 2.80 3.55
FEV,/IFVC (%) 70 41 37
TLC (1) 6.96 747
RV (1) 254 424
TLCO
(mmol-min-1-kPa-?) 8.80 6.72
KCO
(mmol-min-1kPa-1)-1) 1.33 1.06
VA(l) 6.33
b
Predicted 23 April 10 March
1991 1992
FEV, () 3.75 170 2.45
FVC (I) 4.94 240 3.30
FEVIFVC (%) 75 71 74
TLC () 7.59 4.34 5.55
RV (I) 241 167 2.10
TLCO
(mmol-min-'-kPa*) 10.07 5.82 7.36
KCO
(mrrwl'mirr-kPa™'r') 157 138 177
VAfl) 4.06 4.20
C
Predicted Observed
FEV, () 2.27 08
FVC (@ 2.83 110
FEV/IFVC (%) 7 73
TLC () 4.25 1.89
RV (1) 122 0.85
TLCO (mmd-min~-kPa™) 7.49 3.84
- - 179 244
\I§(A)((I)) (mmol-min-'-kPa-'"-r) 415 158
PeMax (cmH,0) 59-127 50
29-117 40

PIMax (cmHjO)

deterioration. As disease affects the lung its
impact on daily life may go unnoticed until there
has been considerable loss of physiological
capacity. Most people simply do not ordinarily
stress the lungs to the extent of disclosure.
Furthermore, patients with exercise limitation
adopt a restricted lifestyle which may hide their
disability. Sometimes simple questions can iden-
tify the disruption of normal activity. The more
useful questions include inquiry about exercise
tolerance in terms of walking distance on the
flat before stopping for a rest, and ability to cope
with hills and stairs. A more subtle approach is
to ask whether patients can keep up with their
spouse or continue a conversation while walking.

Human performance and quality of life are
heavily influenced by mood and other psycho-
logical influences. An overall picture of dis
ability can bejudged by application of a detailed
questionnaire designed to cover either general
features of disability or those which relate
to specific examples. There are disease-specific
questionnaires avail able for chronic lung disease.
The Chronic Respiratory Disease Questionnaire
(CRDQ) and St George's Questionnaire have
been validated for patients with COPD and
asthma, respectively (Guyatt et al 1987, Jones
1991). These questionnaires are quite good at
distinguishing change after an intervention but
not so good at comparisons between patients or
absolute assessment. This is particularly true of
the CRDQ which uses individualized questions
to obtain sensitivity. The Breathing Problems
Questionnaire is another self-administered,
disease-specific instrument which can provide
a good comparative description of disability
(Hyland et al 1994).

Laboratory estimation of exercise capacity

Observation of the physiological response to
exercise in the laboratory is the gold standard
measurement of disability. This is usually per-
formed during a progressive maximal test which
is completed when the subject is unable to
continue. Sometimes, more detailed information
about endurance or the pathophysiology can be
obtained from a steady-state performance at



a fixed workload. The vehicle for exercise is
usually a treadmill or a cycle ergometer. The
latter provides a stable platform and more accu-
rate assessment of workload, while the walking
action on the treadmill will be more familiar
to most patients. The choice of platform is often
determined by local circumstances but some
care must be taken in the comparison. In health
a greater VO, is achieved on the treadmill,
but this is not necessarily the case in severe
COPD where the cycle may be a greater exercise
stimulus. Under these circumstances the context
should be taken into account and retest com-
parisons made on the same platform (Mathur
et al 1995).

While the exercise is progressing the basic
physiological responseis observed by measuring
ventilation, heart rate and oxygen uptake and
carbon dioxide production. Other measurements
such as oxygen saturation or cardiac output can
be made if necessary. The test is conducted in
such a fashion as to obtain a symptom-limited
duration of about 10 minutes with the increments
of workload increased every minute by about
50 watts (W) for healthy subjects (10 W or less
for patients with COPD). During this period
the heart rate will rise linearly with workload.
Ventilation also rises linearly until about 60%
of maximum workload when it increases dis-
proportionately. Oxygen uptake ($0,) will also
rise linearly until the same point above which
the rate of uptake slows and eventually reaches
a plateau at the maximum oxygen uptake
(V0O,max) (Fig. 3.9). TheV 0,max isdetermined
in health by the cardiovascular delivery of oxy-
gen to the muscles and is a crude estimate
of capacity and cardiopulmonary fitness. The
point of inflection of pulmonary ventilation
on the V.versusvO, slope, is known as the
anaerobic threshold. It is usually measured by
the gas exchange method (V 0,vV CO,plot). The
concept of anaerobic threshold is in dispute but
is thought to identify the spare potential capa-
city that could be improved by physical training.
It can also help to distinguish cardiac from
lung disease. In unfit people the VO,max can
be improved with training, but this soon reaches
a ceiling and further fitness is achieved by im-
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Fig. 3.9 The relationship between work and oxygen uptake
during progressive exercise.

provement of anaerobic threshold or endurance
capacity (Astrand & Rodahl 1986).

In patients with lung disease the limits to
maximal exercise may be different For example,
maximal performance may be limited by low
muscle mass, ventilation, respiratory muscle
impairment and gas exchange. For this reason
patients with COPD do not demonstrate a true
VO,max because performance is terminated
prematurely by the ventilatory limit imposed by
airway obstruction. Fatigue from limb muscle
weakness may also be asignificant factor inthese
patients.

The value of exercise testing in lung disease
lies in the measurement of the degree of func-
tional impairment by assessment of the maxi-
mal workload and VO,max in comparison with
reference values. If a patient fails to achieve
his predicted performance the mode of failure
can help to identify the mechanism. For exampl e,
in patients with lung disease the early rise of
/g may be characteristically in excess of expected
but reach a premature limit imposed by the
physical constraints of damaged lungs. Concur-
rently the heart rate response may be attenuated,
in contrast to patients with cardiac disease where
the test may have to be terminated because of
early attainment of maximum predicted heart
rate or chest pain. It is always important to
determine why the subject stops at the end of
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atest. Thisis best achieved by the visual presen-
tation of a scale of breathlessness or fatigue at
regular intervals. In health, maximum perfor-
mance is limited by oxygen uptake or motiva-
tion, while in lung disease the limit may be
ventilatory and in cardiac disease it may be
due to inadequate cardiac output. Usually these
mechanisms can be distinguished, although it
must be remembered that patients with cardiac
or pulmonary disease become inactive and
unfit.
Thevalue of exercise testing:

« Differential diagnosis of dyspnoea

¢ Objective assessment of disability

» Assessment of therapeuticintervention
 ldentification of exercise-induced asthma.

Field exercise tests

Laboratory tests of performance are the most
accurate but are not always available and re-
quire expensive equipment As an alternative,
several field tests have been developed which
can measure performance, and theresults of such
tests relate quite well to laboratory estimates.
Such tests are popular with physiotherapists,
athletic coaches and the military since they can
be applied easily to large numbers of subjects
and do not need dedicated equipment or train-
ing. There are two main categories of field test -
those which are unpaced and those where the
speed of activity isimposed.

One of the first unpaced tests was the 12-
minute running test which was developed to
assess the fitness of military personnel. This
concept was adapted to the needs of the respi-
ratory patient by downgrading the activity to
awalk along a hospital corridor. Later, a reduc-
tion of the time to 6 minutes appeared to have
no disadvantages. The 12- and 6-minute walks
have become familiar forms of assessment for
respiratory patients (McGavinetal 1976, Butland
etal 1982). The test procedure is extremely sim-
ple, with a course marked out along the corridor
and the patient given the simple instruction to
cover as much ground as possible in the time
permitted. These tests have proven value but

also have some limitations. There is quite a
large learning effect and the reproducibility only
becomes acceptable after two or more attempts
(Mungall & Hainsworth 1979, Knox et al 1988).
In addition, no two patients will attack the test
in the same way and the relative stresses may
not allow direct comparison. Lastly, the lack
of pace constraint makes the test performance
vulnerable to mood and encouragement Never-
theless, these simple tests require no equipment
and, within their limitations, provide valuable
information about general exercise capacity and
major therapeutic changes.

The second type of field exercise test imposes
a pace on the patient which reduces the effect
of motivation and encouragement An endurance
walking test instructs the patient to walk at a
constant fast pace for an unlimited distance
and measures the time and distance travelled.
Another form of constrained exercise is the
step test where the subject steps up and down a
couple of steps in time to a metronome signal.
Inability to continue, signals the end of the test
and could be due to fatigue or breathlessness.
This test has the capacity for incremental
progression by increasing the pacing rate, but is
arather unnatural form of exercise.

An attempt to combine the comprehensive
nature of incremental laboratory tests and the
flexibility of the 6-minute walk has been made
in the shuttle walk test. This is an adaptation
of the 20 m shuttle running test where a subject
runs between two cones 20 m apart with the
pace determined by a series of audio signals
(Leger & Lambert 1982). At intervals the pace
increases until the subject can continue no longer.
For patients with lung disease the shuttle dis-
tanceisreduced to 10 m and the pace increments
atered to provide a comfortable start and
reasonable range (Fig. 3.10) (Singh et al 1992).
Under these circumstances the test provides
a similar physiological stimulus and can be
combined with measurements of heart rate and
breathlessness to obtain almost as much infor-
mation as provided by the laboratory standard.
These functional walking tests are very useful
in the context of pulmonary rehabilitation where
mass laboratory testing is impractical; they pro-
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Level Shuttles/level  Speed (mph)
1 3 1.12
2 4 1.50
3 5 1.88
4 6 2.26
5 7 2.64
6 6 3.02
7 9 3.40
8 10 3.78
9 11 4.16

10 12 4.54

11 13 4.92

12 14 5.30

Fig. 3.10 aThe shuttle walk testinvolves the
perambulation of an oval 10 m course. The walking
speeds are increased every minute and thereby increase
the number of shuttles per level, b The subject turns
around the cone in the shuttle walk in time with an audio
signal. This subject is wearing a heart rate telemeter on
his wrist.
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vide a baseline measure of disability and have
been shown to be sensitive to change (Lagasse
et a 1996).

CARDIAC FUNCTION

In many respects the heart is a more simple
organ than the lung and much of its function
is accessible to measurement. It is, however, a
less forgiving organ and minor abnormalities
of coronary artery or cardiac muscle function
may have dramatic effects. The maor compo-
nents of the heart include the myocardial muscle
pump, the electrical conduction pathways, the
internal valvular system and the coronary vascu-
lature which supplies the muscle. Apart from
congenital defects in the structure of the heart,
disease can affect any of these components.
Like the lung, the heart has a relatively limited
symptomatic response to injury, and disease will
present as chest pain, breathlessness, disturbance
of heart rhythm or overt peripheral oedema.
Cardiac failure occurs when the heart is unable
to supply the expected demand of cardiac
output. This may occur naturally at extremes
of vigorous exercise when the cardiovascular
delivery of oxygen cannot be maintained. When
cardiac function cannot be maintained on
moderate exercise or at rest then cardiacfailureis
present

Although the two sides of the heart must be
in overall balance, the pattern of failure will
depend on the site of pathology. Left ventricular
failure occurs when that ventricle cannot empty
effectively and the resulting pulmonary venous
hypertension may lead to pulmonary oedema.
By contrast, the relative failure of the right
ventricle leads to engorgement of the systemic
venous system, resulting in peripheral oedema,
ascitesand el evated neck veins. The combination
of left and right ventricular disorder is known
as 'biventricular' or 'congestive' cardiac failure.
Investigation of cardiac function includes exami-
nation of its structural, electrical and haemo-
dynamic aspects. As for the lung, these features
can be examined at rest or during exercise in
order to uncover cardiac reserve.
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Cardiac imaging

In recent years there have been advances in
the technology available for the functional study
of the heart. Apart from conventional radiology
the heart is accessible to imaging by ultrasound,
and by radionuclide and magnetic resonance
techniques which complement each other. The
simple chest radiograph can still provide valu-
able functional information about the presence
of failure and is probably the most useful clinical
tool for monitoring its progress (Fig.3.11).
Enlargement of the heart on a radiograph either
represents increased muscle bulk or, more com-
monly, dilatation resulting from increased fibre
length in failure. Pulmonary venous pooling
will fill the upper lobe vessels as the first sign
of trouble, followed by definition of the inter-
lobular lymphatics which become visible as
Kerley B lines. If the pulmonary venous pressure
rises above about 25 mmHg there is a risk of
interstitial oedema. This is first visible as loss
of definition of the hilum, but subsequently may
produce widespread shadowing. If congestive

failure is present the picture may be compli-
cated by pleural effusions. The radiograph can
therefore provide a useful picture of dysfunction.

Ultrasound examination of the heart has
become an invaluable asset to cardiac investi-
gation and has superseded many invasive tech-
niques. Standard echocardiography provides a
sound image of the structure of the heart, while
Doppler echo is able to identify flow patterns
and pressure gradients within the chambers. The
conventional echocardiogram is performed in
M mode ('Motion' mode) and two-dimensional
imaging. The original M mode technique uses
a narrow single beam of sound to image a por-
tion of the heart. It remains valuable in the
examination of mitral and aortic valve function
where the rapid movements of the leaflets can
be scanned. Indirect estimates of function can
be obtained by measurement of valve closure
rates and patterns. In a significant proportion
of patients, particularly those with coexistent
lung disease, it is impossible to obtain a satis-
factory picture. Two-dimensional or cross-
sectional echocardiography uses a fan array of

Fig. 3.11 The chest radiograph in congestive cardiac failure.



transducers to obtain a cross-sectional image
of the heart. This provides much clearer pictures
of the relationships between the heart's struc-
tures. It can also use the dimensional changes
through the cardiac cycle to calculate the gjec-
tion fraction and estimate the cardiac output.
Such measurements are not extremely accurate
because they are based on stable geometric
assumptions, but they can be useful. It may be
difficult to guarantee images in some patients,
but the recent development of transoesophageal
probes has improved the scope of cross-sectional
imaging. Doppler echocardiography has added
a new dimension to functional imaging. The
Doppler principle uses the flow of blood through
the heart to calculate its velocity. It is able
to detect turbulent flow and use its presence
to estimate the pressure gradient across the
valves. Sometimes it is also possible to measure
pulmonary artery pressure. As confidence is
growing with this technique the requirement for
direct invasive measurement of cardiac function
islesscommon.

Imaging of the heart and its circulation by
using nuclear isotopes is also a well-developed
technique. Two main techniques are in regular
use. Injection of thallium-201 into the blood-
stream leads to rapid distribution of the isotope
through the tissues in proportion to the local
blood flow. The coronary circulation is no differ-
ent and the isotope is distributed within the
heart. If the isotope is injected during exercise,
areas of underperfusion relating to coronary
artery disease are highlighted. This technique
is more sensitive than exercise cardiography,
but cannot be specific about the site of arterial
disease. Another use of nuclear isotopes in the
assessment of cardiac function involves the
labelling of the red blood cell with technetium-
99m. The radioactivity contained within the cir-
culation allows examination of passage through
the heart and calculation of the ejection fractions
of both ventricles. The images are obtained with
a conventional gamma camera, but the tuning
of the capture is determined by gating to the
electrocardiogram (ECG). This technique is
called a 'MUGA scan' (multigated acquisition
scan) and is one of the most accurate, non-
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invasive methods of measuring gjection fraction.
An alternative radionuclide method of obtaining
giection fraction depends on a more complex
capture of first passisotope, but thisisnot widely
used.

Magnetic resonance imaging (MRI) is a
developing field which holds promise for the
functional exploration of the heart. The images
of the heart and great blood vessels are often
striking in their clarity. The magnetic properties
of oxygen in blood promise the possibility of
detailed, non-invasive measurement of function.
At present the techniqueisstill held back fromits
potential by the necessity for long scan times
and ECG gating, but advances in this field are

rapid.

The electrical function of the heart

The electrocardiogram (ECG) is the most estab-
lished of the modern cardiol ogical investigations.
In fact, it has become so familiar that it could
be considered as an extension of the clinical
examination. The ECG can provide information
about the function of the intracardiac conducting
tissue and reflects the presence of cardiac
disease through its electrical properties. Some
conditions produce characteristic patterns of
ECG abnormality. Examplesinclude myocardial
infarction and ischaemia, pericarditis and pul-
monary embolism. In diseases which affect the
conducting tissue the arrhythmias that they
produce can be identified. The presence of heart
failure cannot be determined from the ECG
alone. However, inferences can be made from the
presence of large complexes due to ventricular
hypertrophy or very small complexes in peri-
cardial effusion.

The standard ECG is not always helpful in
patients with palpitations, particularly if it does
not capture the arrhythmia. In these circum-
stances the provision of 24- or 48-hour recording
may be helpful. If the problemislikely to occur
with even less frequency, the ECG can be
recorded at home during an event and ‘phoned
in'.

The exercise ECG has developed an impor-
tance of its own in the assessment of ischaemic
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heart disease. In this investigation the ECG
is recorded during a progressive exercise test.
This is usually a treadmill test, but cycle and
step tests have been used. In the UK the most
popular treadmill protocol is the Bruce (p. 394)
variety where both the speed and the gradient
of the treadmill are increased every 3 minutes.
Other protocols such as the Balke or Naughton
(Jones 1988) are just as acceptable for producing
the stimulus. There is a difference here in the
protocols compared with those used for the
study of metabolic gas exchange in lung disease.
Cardiac protocols are deliberately provocative
whereas maximal performance is best coaxed
from the subject with a more gentle increment
towards the end of the test. The indications for
exercise electrocardiography include the investi-
gation of angina and post-myocardial infarction
assessment as well as the postoperative exami-
nation of bypass surgery. The most common
abnormalities associated with ischaemic heart
disease on exercise are ST segment changes.
False positive changes are quite common, but the
exercise ECG hasbecome quite a sensitive guide
to the presence of ischaemic heart disease and
a good predictor of prognosis after myocardial
infarction.

Haemodynamic function

Access to the chambers and blood vessels of
the heart is available through cardiac catheteri-
zation. This technique was originally developed
as a research tool to examine the physiology of
the circulation by measuring intracardiac pres-
sures. The passage of catheters into the heart is
now commonplace in cardiological investigation
and on intensive care units. Its value no longer
lies solely in the measurement of function but
it can also provide avehicle for therapeutic inter-
vention in the form of balloon valvuloplasty or
angioplasty.

The assessment of function during cardiac
catheterization employs the measurement of
pressure, the injection of contrast media or the
sampling of blood. These objectives are achieved
by insertion of the catheter into the left or right
heart via a femoral or brachial blood vessel.

A right heart catheter is passed into the right
ventricle from a peripheral vein and can be
guided further into the pulmonary artery.
The left ventricle is accessible from the femoral
artery by crossing the aortic valve. Both coro-
nary arteries are also entered by this route. The
pressure in the left atrium may be difficult to
obtain directly unless there is a perforation in
the atrial septum. An approximation to the left
atrial pressure can be obtained by wedging
the right heart catheter in a small pulmonary
artery. A specia flow-directed catheter, the
Swan-Ganz catheter, with a balloon attached
to the tip has been developed to facilitate the
passage into the pulmonary circulation.

Knowledge of the pressures within the heart
isuseful to assess the need for surgery in patients
with valvular disease. The demonstration of a
significant gradient across the mitral or aortic
valve will confirm the clinical or ultrasound im-
pression. The pulmonary artery wedge pressure
(PAWP) is a guide to the left atrial pressure and
can predict the likelihood of pulmonary oedema
or guide complex fluid replacement in intensive
care units or operating theatres.

Injection of radiological contrast can either
outline the coronary blood vessels (angiogram)
or the cavity of the ventricle. The former is
the standard assessment in ischaemic heart
disease, while the latter is the most informative
method for describing the motion of the heart
and for calculating the gjection fraction. In
general, angiography is more descriptive of the
structure rather than the function of the heart.

The estimation of cardiac output can be
made non-invasively by a variety of, sometimes
inventive, methods. However, to be of value
the estimate should be accurate and is obtained
by catheterization. The classical method iscalled
the Tick principle’ where the result is com-
puted from the total oxygen uptake and the
arteriovenous oxygen difference. Although this
method is accurate it is unacceptably invasive.
The most popular method now uses a modified
pulmonary artery catheter to measure output
by thermodilution. In this case a known bolus
of cold saline is injected into the superior vena
cava and the temperature drop is recorded in



the pulmonary artery. The cardiac output is
calculated by using a bedside computer. Knowl-
edge of the cardiac output and its changes can
be a very powerful clinical tool. It is especially
useful in the management of very sick patients
where the manipulation of cardiac output bv
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Monitoring and
interpreting medical
Investigations

John S Turner

MONITORING
Introduction

There has been an explosion of computer and
video technology in recent years, and patient
monitoring has benefited from this in no small
way. The ability to detect and rapidly react to
changes in physiology is now possible, and it
is this that has become the essence of modem
intensivecare.

The ideal monitoring systemisnotyet areality
(although several major manufacturers would
deny this), but it is coming closer all the time.
This system would need to be accurate, precise,
and reliable. It would be sensitive to small
changes in the parameters it monitors, yet able
to distinguish and eliminate artefacts. It would
preferably be non-invasive for the sake of safety.
It would function on a real-time rather than
an intermittent basis. It would have a memory
for previous data and would be able to show
trends. Its memory module would be moveable
to allow it to capture data in the ward, in trans-
port, and in another environment such as an
operating theatre. It would also almost certainly
be extremely expensive!

Conventional observations

Back to reality. Nursing observations have for
many years included the taking of the patient's
temperature, pulse, respiratory rate, and blood
pressure. These are performed manually and
carefully charted at intervals varying from

73



74 INVESTIGATIONS,

quarter-hourly to 6-hourly lo daily, being per-
formed more frequently in high-care areas. These
practices are quite adequate for genera] ward
situations where patientsarenot critically ill, and
are even useful in intensive care units (ICUs),
both for making physical contact with the patient
and for "checking the invasively monitored
observations.

The magjor limitation of intermittently per-
formed observations is that they may only estab-
lish the presence of an abnormality some time
after it has developed. Thus the ability to react
immediately to the development of an abnor-
mality islost More frequently performed obser-
vationsare obviously superior in this regard, but
real-time continuous monitoring is the ultimate

goal of monitoring.

Non-invasive monitoring

Non-invasive monitoring of a variety of para-
metersis now routinely practised in many areas,
especially 1CUs and operating theatres. Com-
monly monitored parameters indude tempera-
ture, heart rate, blood pressure and oxygen
saturation. Respiratory rate may be measured
by some monitoring systems, and in certain
circumstances end-tidal C0, and transcutaneous
PO, andPCO2 monitoring may be performed.
These may all be displayed on a single monitor
screen. Technical problems and artefacts can
occur with the display of any of these para-
meters, so the patient's clinical status must
be checked before acting on a monitor display

abnormality.

Temperature

Temperatureis continuously monitored by means
of an oesophageal or rectal probe. This deter-
mines core temperature, which is usually at least
1°C higher than axillary temperature and may
be more in shock. Problems are rarely encoun-
tered with this method. The oesophageal tem-
perature may belower if the gasesfor respiratory
support are unwarmed and the rectal probe
may occasionally fall out without being noticed,
leading to an erroneously low temperature being

PATIENTS' PROBLEMS AND MANAGEMENT

displayed. A rectum full of faeces may also lead
to a lower temperature being recorded.

Heart rate

Heart rate is measured from the electrocardio-
gram (ECG) trace. Artefacts are common. Inter-
ference (usually from patient movement or a
warming blanket) may confuse the monitor
into showing the presence of a tachycardia or
arrhythmia, while small complexes may be
interpreted as asystole. Physiotherapy may also
cause movement artefacts. On the ECG trace,
large T waves (and occasionally P waves or a
pacemaker spike) may be interpreted as QRS
complexes, leading to the displayed heart rate
being double the actual rate. Detached or
dried-out electrodes will lead to asystole being
displayed. Snus tachycardia, sinus bradycardia,
and atrial fibrillation are described below.

Respiratory rate

Respiratory rate may be measured by making
use of the changing impedance across the chest
wall as it moves with respiration. In systems
which offer this parameter, the sensors are
built into the ECG leads. The heart rate and other
movements of the chest can cause overreading
of respiratory rate, while electrodes placed too
far apart may not give areading at all.

Appropriate physiotherapy treatment (e.g. for
lobar lung collapse) may reduce a rapid res-
piratory rate, but it must be emphasized that
an aready tachypnoeic patient should not be
allowed to become exhausted during treatment
as he may rapidly decompensate. This may even
necessitate emergency intubation. Close con-
tact with the medical and nursing staff should
therefore be maintained in such cases.

Blood pressure

Blood pressure is monitored with a pressure
cuff around the upper arm. An oscillometric
method is used to measure blood pressure, with
automatic cuff inflation and deflation. The accu-
racy of such systems is generally good, but the
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cuff needs to be applied correctly and be of the
appropriate size for the arm. The system also
needsto be calibrated correctly against amercury
column. Non-invasive blood pressure monitor-
ing is performed intermittently, but the interval
between readings may be as short as 1 minute.

Physiotherapy treatment may cause a patient
to become hypertensive, especially if the treat-
ment causes pain or anxiety. The hypotensive
patient may occasionally become more unstable,
and here the risks and benefits of treatment need
to be carefully balanced.

Oxygen saturation

Oxygen saturation (Clark et al 1992) is continu-
ously measured by a pulse oximeter with a probe
on a finger or ear lobe. There are two methods:
the functional method which measures the
difference between oxyhaemoglobin and deoxy-
haemoglobin, and the fractional method which
measures all types of haemoglobin over a wide
spectrum of light absorption. The former method
may record erroneously high saturations if
there is a high concentration of carboxyhaemo-
globin (the combination of carbon monoxide
and haemoglobin) in the blood, while the latter
method will be inaccurate if a light-emitting
diode (LED) or ultraviolet light (including sun-
light) is close to the probe. Saturations are
generally accurate between 100% and 80%, but
may be inaccurate at lower levels. The saturation
trace must be observed to correspond with the
heart rate; if this is not so the reading may be
erroneous. Low saturations with either method
may be due to poor peripheral perfusion, painted
or nicotine-stained fingernails, pierced ears,
intravenous contrast medium, or injected dyes.

Hypoxaemia has been shown to occur both
during and after chest physiotherapy (Tyler 1982);
awareness and careful monitoring are therefore
important. A patient on a ventilator and on
high inspired oxygen concentrations or positive
end-expiratory pressure may become danger-
ously hypoxaemic during tracheal suctioning.
Strategies to limit this risk include preoxygena-
tion and use of a sealed suction port (as used for
fibreoptic bronchoscopy).

End-tidal CO,

End-tidal CO, (ETCO,) may be measured on an
intubated patient. The method works by the
principle of absorption of infrared light. A probe
from the monitor is inserted into the ventilator
circuit close to the end of the endotracheal
tube. ETCO, correlateswell with PCO, in normal
lungs, but less well in diseased lungs (Clark et al
1992). It is used widely in anaesthesia and for
the ventilation of head-injured patients, but its
use in other contextsis lesswell defined.

In paediatric (especially neonatal) patients,
transcutaneous PO, and PCO0, measurements are
practised in many centres. The transcutaneous
electrode is fixed to the skin which it heats and
makes permeable to gas transport. Local hyper-
aemia arterializes the capillary blood. Good
correlation between transcutaneous and arterial
measurements has been shown. However, trans-
cutaneous measu rements have been shown to
be sensitive but not specific indicators of blood
gas status as they may be influenced not only
by the partial pressure of the gas but also by a
reduction in cardiac output or local blood flow.
They have not gained acceptance in adult critical
carepractice.

Invasive monitoring

This requires the use of an invasive catheter,
which is inserted into an artery, a central vein,
the pulmonary artery or, in some neurosurgical
centres, the extradural space (for intracranial
pressure (ICP) monitoring). The catheter is con-
nected to a transducer which isin turn connected
to a pressure monitor (Fig. 4.1). The monitor
displays pressure wave-forms and values on
a real-time basis (Fig. 4.2). We have become
accustomed to seeing these displays (often in a
variety of bright colours), and usually blindly
accept that each component of the system is
working correctly and accurately; this is un-
happily not always the case and we may belulled
into a false and dangerous sense of security.
Inaccuracies may (and commonly do) occur from
any one (or acombination) of the following:

e The catheter may be incorrectly positioned.
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Fig. 4.1 Invasive monitoring of arterial blood pressure.

e The catheter may be partially blocked or
kinked.

< The connecting tubing may be partially
blocked or kinked, or it may allow too much
resonance in the systemleading to
exaggerated pressure wave forms (under-
damping).

e The transducer may be faulty or incompatible
with the other equipment

e The monitor may be incorrectly calibrated.

« The pressure bag (which pressurizes the
system for flushing and to prevent backflow)
may not be properly inflated.

All these aspects of invasive pressure moni-
toring need to be checked regularly, especially
if the readings do not correlate with the clinical
appearance of the patient. In many cases, poten-
tially harmful treatment has been instituted on
the basis of totally incorrect information.

Common invasively monitored parameters in-
clude arterial blood pressure and central venous
pressure (CVP). Arterial cannulation allows con-
tinuous monitoring of blood pressure as well
as easy access for blood gas analysis. The radial
artery on the non-dominant side is the most
common site of insertion; other sites include
brachial, dorsalis pedis, and femoral arteries.
The femoral artery is especially useful in states
of shock, when peripheral pulses may be im-
palpable. The catheter is usually inserted percu-
taneously, but may be introduced by surgical
cut-down. Complications of arterial cannulation
are uncommon and include infection and, rarely,
thrombosis. Disconnection of the catheter from
the line can easily occur with movement of
the patient; vigorous bleeding will follow and
exsanguination is a rea risk. These lines
should always therefore remain visible and care
should be taken when moving the patient.
Should disconnection occur, reconnection should
be quickly performed; should displacement
occur, firm pressure should be applied to the
bleeding site*

CVP measurement involves placement of a
catheter into a central vein (generally the su-
perior vena cava), usually via the subclavian
or internal jugular vein. The basilic, external
jugular, and femora] veins may also be used for
access; the advantage of these sites is mat there
is no risk of pneumothorax and that bleeding is
easier to control. Disadvantages of these routes
include difficulty with accurate placement and
ahigher incidence of thrombosis. TheCV Prepre-
sents the state of filling of the vasculature and
heart, more specifically the right side of the
heart. If correctly interpreted, it can yield valu-
able diagnostic information and guide fluid
therapy. The complications associated with all
central venous catheters are not insubstantial:
they include vascular erosion, air embolism,
bleeding, thrombosis, and infection. Again, dis-
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Fig.4.2 Display of pressure wave forms and ECG trace on monitor screen: HR, heartrate;ARR, arrhythmiamonitoring; REG. regular; Al

connection can occur with movement. Bleeding
will occur if the end of the catheter is below
the level of the heart while air may be sucked
into the system and air embolism may result
if the end of the catheter is above that level. Air
embolism is a very serious event and can result
in immediate collapse and death.

With a pulmonary artery catheter, pulmonary
capillary wedge pressure (PCWP) may be moni-
tored and cardiac output (CO) may be measured
by means of the thermodilution technique.
Systemic vascular resistance (SVR), pulmonary
vascular resistance (PVR), oxygen delivery, and
oxygen consumption may also be calculated.

The pulmonary artery catheter is inserted via
a central vein through the right side of the
heart into the pulmonary artery. At its tip it has
a balloon which is inflated when the catheter is
in the heart and this allows the catheter to be
carried through the heart chambers by the flow
of blood (Fig.4.3). When the inflated balloon
occludes the pulmonary artery, the catheter no
longer measures pulmonary artery pressure but
PCWP. By a series of extrapolations, left atrial

pressure and, therefore, left ventricular preload
can be gauged (Fig.4.4). This gives valuable
information over and above CVP measurement
when the left and right sides of the heart are
not functioning equally. The left heart alone may
fail in anterior myocardial infarction and the
right heart alone may fail in pulmonary embo-
lism, cor pulmonale, pericardial constriction, and
right ventricular infarction* In all these settings,
measurement of CVP alone may give totally
misleading information about left ventricular
filling. The interpretation of the PCWP is not
always straightforward and has many pitfalls
for the unwary (Raper & Sibbald 1986).

Measurement of cardiac output is an integral
part of pulmonary artery catheterization. The
resultant calculations of SVR, oxygen delivery,
and oxygen consumption give an enormous
amount of information about the state of the
heart and circulation. Manipulation of these
variables by vasoactive drugs is useful in a
variety of disease states, including sepsis,
pulmonary oedema, adult respiratory distress
syndrome, and cardiogenic shock.
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Fig. 4.3 Pressure traces as the pulmonary artery catheter passes through the right side of the heart, a Right atrium, b Right ventricle. cPulmonary artery.

Fig. 4.4 In diastole, with the mitral valve open, pulmonary capillary wedge pressure
corresponds to left atrial pressure.
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Left atrial pressure may be measured directly
by means ot a catheter inserted into the left
atrium at the time of cardiac surgery. The
catheter is brought out through the chest wall
and monitoring takes place in the conventional
way. All the above mentioned complications
may occur; in addition, displacement may occa-
sionally result in pericardial tamponade.

Intracranial pressure monitoring may be per-
formed in patients with head injuries, brain
surgery, intracranial and subarachnoid haemor-
rhage, and cerebral oedema from other causes.
However, the frequency of use of this technique
depends on the enthusiasm of individual units.
Such monitoring may give an indication of a
rise in ICP before it becomes clinically evident,
thus allowing therapeutic manoeuvres (hyper-
ventilation, mannitol, surgery) to be initiated
beforecerebral damage occurs. Theimportance of
ICP measurement is that it provides an estimate
of cerebral perfusion pressure (cerebral perfusion
pressure = mean arterial pressure — ICP) which

Fig. 4.5

in turn relates to cerebral blood flow €25
Raised ICP causes reduced CBF which leads
to tissue hypoxia and acidosis, raised PCO,
cerebral vasodilatation, and oedema, all of which
cause afurther risein ICP.

ICP may be measured by means of an extra-
dural or subarachnoid bolt, an intraventicular
catheter (inserted through the skull ino the
lateral ventricle), or an epidural catheter. The
former methods are the most widely used
(Fig. 4.5). The intraventricular catheter his the
additional advantage of being able to drain
cerebrospinal fluid, thereby relieving raised
ICP. All these methods are invasive ani the
potential complications are not insignificant,
the most serious being infection.

ECG monitoring

It is beyond the scope of this chapter to cover
arrhythmia recognition and management, but
the more common arrhythmias are discussal and

Intracerebral pressure monitoring, a Extradural or subarachnoid

bolt b Intraventricular catheter with cerebrospinal fluid drainage bag.
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Fig. 4.6 ECG

examples of ECG trace
therapy procedures may
(Hammon et al 1992) and may worsen those
already present. Great awareness and care is
needed, especially in those patients at risk of
developing arrhythmias.

1. Sinus bradycardia is a sinus rhythm below
60 beats /min. The common causes are drugs

_____..siting Sign that the latter is occurring
and, as such, should be taken very seriously.
Vagal stimuli from tracheal suctioning may
also be implicated. Care with suctioning and
generous preoxygenation may be necessary;
occasionally it is reassuring to have atropine
drawn up and ready to inject.

2. Snus tachycardia is a sinus rhythm above
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100 beats/min. Pain and anxiety are common
causes, but occasionally it may be precipitated by
haemodynam ic instability or respiratory distress.
Procedures should be carefully explained to
the patient, and adequate analgesia should be
given before physiotherapy begins.

3. Atrial fibrillation is a common arrhythmia
in critically ill patients. It is a totally irregular
rhythm that may reach a ventricular rate of up
to 200 beats/min and cause haemodynamic
instability. It may be paroxysmal. The cause is
usually multifactorial, but common precipitating
factors include hypokalaemia, hypoxaemia, de-
hydration or overhydration, ischaemic heart
disease, and cardiac surgery.

Patients at risk of developing arrhythmias
often have ischaemic heart disease or a history
of arrhythmias. However, critically ill patients
may suddenly develop a rhythm disturbance,
the cause of which is usualy multifactorial.
A patient may have recently had an arrhythmia
(often of short duration) so it is vital to check
the charts and to communicate with the doctors
and nurses looking after the patient.

The present state of development is that most
good monitoring systems today have memory
capacity and can display past values on a minute-
to-minute basis. Trends can be graphically
displayed and analysed. A printer link may
allow ECG or pressure traces to be printed and
retained. Already in use in some centres are
systems that utilize a specialized software pack-
age which enables the rapid recording, storage,
display and reporting of a wide range of clinical
data. Data are either downloaded directly from
the patient monitors or entered manually. Hard
copies of relevant data are produced using a
printer. This system totally replaces nursing
charts and is an extremely attractive option in
terms of labour saving, accuracy, convenience
and immediacy.

INTERPRETING MEDICAL
INVESTIGATIONS

A number of blood and microbiological tests
are regularly performed on patients in hospital,
leading to an enormous amount of data which

need to be responsibly interpreted (even when
it is sometimes irresponsibly requested!). It is
clearly vital to know the normal values for
these tests, which abnormalities are important
and which are not, and how to respond to
any abnormalities which need treatment. The
more commonly performed haematol ogical, bio-
chemical, and microbiological testsare discussed
with these issuesin mind. Normal values depend
on the test technique, the units in which the
result is given, and the local reference values.

Haematology
Fullblood count

Thisisusually performed in an automated blood
analyser which produces a printout of results.
Included in most analysers are the following
(the abbreviations given are commonly used).
Haemoglobin (Hb). Haemoglobin is the red
oxygen-carrying pigment in red blood cells
(RBCs). Its primary function is the transport
of oxygen. Hb is easy to measure (it can be
measured in the ward with a Spencer haemo-
globinometer) and is an indirect measure of the
number of RBCsin the circulation and, therefore,
of the total red cell mass. In states of dehydration
or overhydration Hb may be falsely raised or
lowered.
A reduced red cell mass is referred to as
anaemia’, while an increased red cell mass is
known as 'polycythaemia or ‘erythrocytosis'.
There are many causes of anaemia, but those
most commonly seen are acute or chronic blood
loss, iron deficiency, and chronic illness or
inflammation. Polycythaemia may be primary
(from a disorder of the bone marrow) or second-
ary (owing to chronic hypoxaemic lung disease
or cyanotic heart disease, renal carcinoma, cere-
bellar haemangioblastoma, or uterine fibroids).
Mean corpuscular volume (MCV). This is a
measure of the size of the RBCs. A low MCV
(small RBCs) isreferred to as 'microcytosis': the
most common cause is iron deficiency. A high
MCV isreferredto as'macrocy tosis, and ismost
often caused by vitamin B12 or folate deficiency.
The MCV is useful in narrowing down the
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differential diagnosis of anaemia and other
blood disorders.

Mean corpuscular haemoglobin (MCH). This is
calculated by dividing the Hb by the total
red cell count It reflects the amount of Hb in
the RBCs.

White cell count (wcc). The white blood cells,
or leukocytes, perform a variety of functions
in the body. Their major role is to defend the
body against infection, and their interaction in
achieving this goal is remarkable. The neutro-
phils (the predominant type of leukocyte)
perform the immediate response to infection by
phagocytosing offending organisms. Lympho-
cytesareinvolved in the production of antibodies,
and play a pivotal role in both cell-mediated and
humoral immunity. The monocyte-macrophage
cell lineisalso involved in immunity, primarily
by processing antigens and presenting them to
immunocompetent lymphocytes. They also have
an important phagocytosing and scavenging
function, and incidentally play a role in the
regulation of haematopoiesis.

The functions of eosinophils and basophils
are poorly understood, but eosinophils seem
to be important in the defence against parasitic
infections and in allergic disorders.

Platelet count (Pit). Platelets circulate in the
bloodstream as tiny discs less than half the size
of RBCsand are an essential component in blood
clotting. They are part of the first-line reaction
to a breach in the vascular endothelium. A
reduction in the platelet count is known as
'‘thrombocytopenia’ while an increase is called
' thrombocytosis. There are many causes for
thrombocytopenia, but the common ones seen in
critically ill patientsinclude sepsis, disseminated
intravascular coagulopathy (see below), drug-
related causes, and consumption by dialysis

machines or other extracorporeal circuits.

Differential count

This looks primarily at the white cells in the
blood, but at the same time the morphology
of the red blood cells and the platelets may be
commented upon. A drop of blood is smeared
smoothly across a glass slide; thisis then stained

and examined under a microscope. The different
cells are counted in a high power field and the
numbers are given as a percentage. Absolute
numbers of cells will thus depend upon the
total white cell count. The differential count may
be useful in diagnosis of specific infections
or infiltrations, allergic or parasitic disorders,
and assessing immune status.

Clotting profile

This is generally performed in a patient who is
either bleeding or is at high risk of developing
a bleeding problem. Indices measured include
prothrombin time, partial thromboplastin time
(PTT), platelets, fibrinogen, and fibrin degrada-
tion products (FDPs). There is awide variety of
bleeding disorders with an even wider variety
of causes; patients may be at risk for spontaneous
haemorrhage or haemorrhage caused by minor
trauma (and this may include physiotherapy
procedures).

Prothrombin time and partia thromboplastin
time measure the integrity of different limbs
of the dotting cascade. The prothrombin time is
now usually given as the ratio of measured time
over control time, with international standard-
ization of the reagents used: it is thus referred
to as the 'international normalized ratio' (INR).

In acutely ill patients, there are two commonly
found disorders of coagulation. Firstly, a dilu-
tional coagulopathy may occur from massive
blood transfusions without the addition of
clotting factors. The INR and PTT are pro-
longed, and platelets and fibrinogen are reduced.
Secondly, disseminated intravascular coagulo-
pathy (DIC) may be caused by awide variety of
precipitating events, including sepsis, trauma,
and incompatible blood transfusions (Bick 1988).
Clotting factors are consumed by inappropriate
intravascular coagulation, and there is thus
a deficiency of them which leads to bleeding.
Again INR and PTT are prolonged, platelets
and fibrinogen are low (they may be extremely
low), and FDPs are present in large amounts,
representing the fibrinolysis (clot breakdown)
that is taking place intravascularly.

Patients with a DIC or thrombocytopenia
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(especially when the platelet count is less than
20) may be at risk of pulmonary haemorrhage.
Great care should be taken during suctioning
and physiotherapy, and the potential benefits
should be weighed against this risk.

Biochemistry
Arterial blood gases

These not only give an indication of oxygenation
and carbon dioxide clearance, but also of acid-
base status. M ost automated blood gas machines
measure only pH, PO, and PCO,, and extrapolate
from these values the bicarbonate and oxygen
saturation. These extrapolations are accurate
under most circumstances, but oxygen saturation
may be fallacious in the presence of carboxy-
haemoglobin. Hypoxaemia (PaO, of less than
8 kPa or 60 mmHg at sea level) and hypercarbia
(PaCo0, of more than 6 kPaor 45 mmHg) are easy
to recognize and their causes are not discussed
here. The metabolic and respiratory causes of
acidosis and alkalosis are a little more complex
and may cause confusion.

In simple terms, in acidosis the pH is always
low (normal pH is 7.36-7.44) and in alkalosis
the pH is always high (remember that pH is an
inverse and logarithmic expression of hydrogen
ion concentration). Metabolic causes of acidosis
and alkalosis involve a primary change of
the bicarbonate concentration, and respiratory
causes involve a change of PaCO,. The different
disorders are discussed further below, a syste-
matic approach to blood gasesfollows, and some
rather simplistic examplesare givenin Table 4.1.

Metabolic acidosis. This is probably the most
serious acid-base disorder. It may be caused
by either an excess of acid (lactate, ketoacids,
metabolites, or poisons) or a loss of bicarbonate
by the small intestine or the kidneys. Lactate
accumulatesin states of inadequate oxygen deliv-
ery to the tissues; this is usually seen in shock
of any cause. Ketoacids accumulate in diabetic
ketoacidosis which is always associated with a
raised blood glucose. Bom lactate and ketoacids
may be measured in the laboratory. In rena
failure, tubular dysfunction reduces bicarbonate
generation; in addition, there are unmeasured
acidic anions m the blood, and glomerular dys-
function leads to a reduction in the amount of
sodium available for exchange with hydrogen
ions. Poisons or drugsin overdose may be acidic,
e.g. ethylene glycol and aspirin.

Compensation for the acidosis occurs by
hyperventilation with a resultant fall in PaCOo,.
This accounts for the deep sighing respiration
(Kussmaul breathing) often seen in metabolic
acidosis.

Treatment of metabolic acidosis is contro-
versial. For many years bicarbonate was the
mainstay of treatment, but evidence is now
accumulating that its effects are mainly cosmetic
and may be harmful (Cooper et al 1990). These
include shifting the oxygen dissociation curve
thereby inhibiting the release of oxygen, causing
hypematraernia and hyperosmolar!ty, and pro-
voking anintracellular acidosis (Ritter et al 1990).
It would seem that treatment of the cause of the
acidosis should be the primary objective.

Respiratory acidosis. The primary problem
is araised PaCO,. This is the result of alveolar

Table 4.1 Examples of acid-base disturbances and the compensatory mechanisms
Disorder pH PaCo, Bicarbonate Compensation
Metabolic acidosis 7.2 5 18 coO,
Compensation 7.4 3 18

Respiratory acidosis 7.2 8 26 Bicarbonate
Compensation 7.4 8 36

Metabolic alkalosis 7.5 5 34 co,
Compensation 7.4 7 34

Respiratory alkalosis 75 3 26 Bicarbonate
Compensation 7.4 3 20
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hypoventilation, the cause of which may be in-
adequate minute volume (as m a weak or tired
patient) or increased dead space (as in severe
chronic obstructive airways disease). Often these
occur in combination. Compensation occurs
by an increase in plasma bicarbonate; this is
done mainly by the kidneys, which increase
bicarbonate reabsorption in the tubules.

The plasma bicarbonate level may be useful
in differentiating acute from chronic respiratory
acidosis. In the acute state bicarbonate is normal,
whilein the chronic stateitisraised owing to the
af orementioned compensatory mechanisms. This
distinction may have important clinical conse-
quences, for example in differentiating severe
asthma from chronic lung disease.

Metabolic alkalosis. This may be caused by
an excess of bicarbonate (always iatrogenic) or a
loss of acid (either from the stomach or the
kidneys). Acid may be lost from the stomach in
cases' of upper gastrointestinal tract obstruction
or ileus; litres of fluid may be lost daily. The
most common cause of acid lossby the kidneysis
hypokalemia. Here there is an inadequate
amount of potassium ions available for exchange
with sodium ions; hydrogen ions are sacrificed
in their place.

Respiratory alkal osis. Here the primary prob-
lem is a low PaCO, which is always a result
of hyperventilation. This may occur in a spon-
taneously breathing person who is anxious, in
pain, or has a respiratory disorder (causes in-
clude asthma, pneumonia, pulmonary embolus,
and adult respiratory distress syndrome). Rarely,
neurological disorders (affecting the respiratory
centre) will cause hyperventilation. It may also
be seen in a mechanically ventilated patient
who is being given too large a minute volume
or who is tachypnoeic for any of the reasons
mentioned above.

A systematic approach to blood gases follows.
First look at the PaO2. Determine whether it is
normal or whether the patient is hypoxaemic
The PaO2 is essentially independent of the other
variables. Next ook at the pH. Establish acidosis,
alkalosis, or normal. If abnormal, check if the
problem relates to thePaCO2 or the bicarbonate.
It is sometimes said to be confusing as to which

of these is the problem and which is the com-
pensatory effect. It really is very easy. The one
that correlates with the pH (i.e. acidosis, low
bicarbonate) has to be the cause; the other is
therefore the compensation (see examples in

Table 4.1).

Electrolytes

Sodium and potassium are often measured as
part of an automated biochemistry run, although
many ICUs will have a separate electrolyte
analyser that works on the principle of ion-
selective electrodes. These analysers may be
more accurate for potassium measurements
than for sodium. Their advantage is obviously
their immediacy.

Hyponatremia has a variety of causes, but
is more commonly caused by relative excess of
water than deficiency of sodium. This is often
iatrogenic, following excessive administration of
hypotonic fluids. Another common cause is the
syndrome of inappropriate antidiuretic hormone
(ADH) secretion, in which ADH is secreted
despite hypotonicity of the serum. The result
is water retention and, thereby, hyponatremia.
The causes of this syndrome are numerous and
include malignancies, pulmonary disorders, and
disturbances of central nervous system function.
The treatment of hyponatremia has been well
described (Swales 1991).

Hypernatremia is most often caused by water
depletion. A true sodium excess is uncommon
and is always iatrogenic. Both hyponatremia
and hypernatraemia may cause neurological
signs ranging from confusion to coma.

Hypokalaemia, on the other hand, is poten-
tially far more dangerous. It may predispose to
cardiac arrhythmias, especially if combined with
hypoxaemia. Hyperkalemia may predispose to
ventricular tachycardia and fibrillation. Physio-
therapy treatment may have to be postponed
until these abnormalities have been corrected.

Glucose

This needs to be regularly monitored in diabetics
and in all critically ill patients. Blood glucose
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can easily be measured in the ward by means of
reagent strips. A very high blood glucose level
is almost always caused by diabetes mellitus
or an intravenous infusion of high glucose
content while a slightly raised value may be
caused by stress. The causes of a low blood
glucose include starvation, liver failure (failure
to produce glucose), insulin therapy, or an
insulin-secreting tumour.

Renal function tests

These include urea and creatinine. Urea is
formed mainly from protein breakdown and
creatinine mainly from muscle breakdown; there
are obligatory amounts of both of these that
need to be handled by the kidneys daily. If for-
mation increases or excretion decreases, serum
levels will rise. Renal failure causes both urea
and creatinine to rise, though often at different
rates. In hypovolemic or low cardiac output
states, urea rises more than creatinine, whilst in
rhabdomyolysis (breakdown of skeletal muscle)
creatinine rises faster than urea.

Liver function tests

Very few so-called 'liver function tests' actually
measure liver function. Instead they simply
represent the result of liver damage: raised
enzymes reflect damage to cells and raised
bilirubin may reflect a variety of abnormalities,
not all of which actually occur in the liver.

Enzymes such as lactate dehydrogenase (L DH)
and aspartate aminotransferase (AST) are not
specific to liver tissue, and even when they are
produced by damaged liver cells give little clue
to the underlying pathology. Gamma glutamyl
transferase (GGT) and alanine aminotransferase
(ALT) are found in few other tissues, but again
do not reflect causation. Alkaline phosphatase
(ALP) is also not specific to liver cells, but that
fraction which comes from the liver is concen-
trated in bile ducts and, as such, gives a clue
to biliary disease or obstruction.

Bilirubin is a pigment that is produced from
the breakdown of haem (from the haemoglobin
in red blood cells). The liver takes up circulating

bilirubin, conjugates it and excretes it in bile
via the biliary tract. The clinical manifestation
of a raised plasma bilirubin level is jaundice.
In most hepatic disorders, both the conjugated
and unconjugated fractions of bilirubin are
raised. However, a predominantly unconjugated
hyperbilirubinaemia (raised levels of unconju-
gated bilirubin in the blood) is often due to
massive breakdown of red blood cells as in
haemolysis or haematoma. Conjugated hyper-
bilirubinaemia is commonly seen in hepatitis or
biliary tract obstruction; in thelatter the classical
clinical triad of dark urine, pale stools, and
pruritus is seen

In critical illness, two distinct syndromes of
liver dysfunction have been described (Hawker
1991). These are ischaemic hepatitis, occurring
early and characterized by a massiverisein AST
and ALT with only a slight risein bilirubin, and
ICU jaundice, which develops later, is part of
the syndrome of multiple organ failure, and is
characterized by a progressive rise in bilirubin
with only a slight enzyme rise.

Tests that reflect the synthetic capacity of
the liver are more useful in determining actual
liver function. Protein synthesis is one of the
major functions of the liver; these proteins
include clotting factors, albumin, and globulins.
Thus, measuring the INR (see above) and serum
albumin can give a good idea of the synthetic
function of the liver, provided there are no other
reasons for these tests to be abnormal.

Cardiac enzymes

Enzymes are released by all damaged muscle
cells. Cardiac enzyme estimations are there-
fore performed to confirm myocardial damage,
usually caused by a myocardial infarct but
occasionally caused by chest trauma. There is
a characteristic pattern of enzyme rise, with
creatinekinase (CK) risingfirst, followed by AST
and then LDH. For more specificity, isoenzymes
(specific fractions of the enzymes) of CK and
LDH may be measured. CK is also present in
skeletal muscle, so the myocardial fraction (MB
fraction) is measured to exclude skeletal muscle
damage (from surgery, trauma, or intramuscular
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injections) as a source. LDH is present in many
other tissues, including skeletal muscle, red
blood cells, liver, and lung. The LD1 and LD2
fractions are specific for cardiac muscle or red
blood cells (the distinction is easily made
clinically).

Electrical cardioversion has been said to cause
CK (and specifically the MB fraction) to rise.
This may be important in determining whether
a patient has had a myocardial infarct. The
evidence is that measurable myocardial damage
rarely follows cardioversion, and that when
CK MB israised, the elevation is small (Ehsani

et a 1976).

Microbiology
Introduction

Infection control is becoming more and more
important as more nasty and often antibiotic-
resistant organisms are seen in hospitals, espe-
cially in ICUs. The importance of hand-washing
between going from one patient to another
cannot be overemphasized. This is the simplest
and still the most effective method of preventing
cross-infection. Organisms such as methicillin-
resistant Staphylococcus aureus (MRSA) and more
recently vancomycin-resistant enterococcus (VRE)
are becoming major problems in hospitals and
have even caused closure of specialized units.
In ICUs, Gram-negative organisms such as
pseudomonas and acinetobacter have become
particular problems, becoming impossible to

eradicate.

Blood cultures

These are usually taken when the patient is
pyrexial, in an attempt to isolate microorganisms
which may be present in the bloodstream. The
blood is drawn (usually from a forearm vein)
in strictly aseptic conditions, placed in a special
culture medium, incubated at 37°C, and then
cultured in the laboratory. A positive result is
almost always of serious consequence, although
contaminants may occur, usually from poor
aseptic technique. A positive blood culture does

not identify the site of sepsis, although the
type of organism cultured may give a clue. The
source of the sepsis needs to be found and dealt
with in its own right.

Sputum/tracheal aspirate

Sputum is produced when a n on-in tu bated
patient coughs up pulmonary secretions, while
a tracheal aspirate is a suctioned specimen from
an endotracheal tube or tracheostomy. There
is always a risk that a sputum specimen may
contain mainly saliva, and that it may be contam-
inated by oral organisms. Tracheal aspirates,
on the other hand, represent the microflora of
the lower airways, and are much less likely to
be contaminated, although after prolonged
mechanical ventilation the tracheobronchial tree
is often colonized by oral organisms. Physio-
therapists are often requested to obtain these
specimens, upon which future treatment may
be based, and great care should be taken to get
adequate and representative samples.

Newer methods of obtaining unconfaminated
specimens which accurately reflect the micro-
biology of a specific lung segment include
protected specimen brushing with quantitative
colony counts and bronchoalveolar lavage
(Chastreetal 1995).

A sputum or tracheal aspirate specimen is
stained with Gram's stain, examined under a
microscope, and cultured. Antibiotic sensitivities
are performed on apositive culture. One must be
aware that the presence of organisms on tracheal
aspirate may not be indicative of pulmonary
infection, but may simply represent colonization.
To make the diagnosis of pulmonary infection
(and, therefore, to start antibiotics) one needs
to have most of the following criteria: purulent
secretions, white blood cells on Gram's stain
of tracheal aspirate, organisms on culture of
tracheal aspirate, fever, raised white blood cell
count, infiltrates on the chest radiograph, and
a reduction in PaO,.

Community-acquired pneumonia has been
well studied in many countries and the or-
ganisms accounting for most cases have been
established. Streptococcus pneumoniae is the
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commonest organism by far, followed by Myco-
plasma pneumoniae (in epidemics) and influenza
virus. The logical antibiotic management of
community-acquired pneumonia has been de-
scribed (American Thoradc .Society 1993).
Diagnosis of pneumonia in a patient already
on a ventilator is often much more difficult,
although some of the newer diagnostic methods
mentioned above are useful (Meduri 1995).
Clinical judgement may still be necessary to
differentiate colonization from infection

Swabs and specimens from other sites

These may be taken from superficial wounds
or from deep sites. Positive superficial cultures
may represent skin colonization, so it is impor-
tant to look for local (redness, pus) and systemic
(pyrexia, raised white blood cell count) evidence
of sepsis before starting antibiotic therapy. Local
therapy with frequent cleaning and dressings
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RESPIRATORY SUPPORT

Respiratory failure is usually defined as the
inability to maintain a PaO, of more than 8 kPa
(60 mmHg) or a PaCO, of less than 6kPa
(45 mmHg). The causes are numerous and some
of the more common ones are listed below in
the section on indications for mechanical ven-
tilation. Respiratory support aims to correct
these biochemical abnormalities. This can be
performed in a number of ways.

89



90 INVESTIGATIONS, PATIENTS PROBLEMS AND MANAGEMENT

Oxygen therapy

Oxygen is delivered by means of face mask or
nasal cannulae. Oxygen therapy will correct the
majority of less severe cases of hypoxia, but
obviously cannot correct hypercarbia.

Continuous positive airway pressure

In the technique of continuous positive airway
pressure (CPAP), oxygen is delivered by a
system that maintains a positive pressure in
the circuitry and airways throughout inspiration
and expiration. CPAP is useful in cases where
lung volumes are reduced, in particular the
functional residual capacity (Fig.5.1). Examples
of thisinclude subsegmental lung collapse, pneu-
monia, and adult respiratory distress syndrome.
Again hypercarbia cannot be corrected and may
be worsened as dead-space ventilation may be
increased. CPAP usually improves ventilation-
perfusion (V/Q) mismatch and, by improving
lung compliance, it may reduce the work of
breathing.

There are two basic methods of provid-
ing CPAP: continuous-flow or demand-flow.
Continuous-flow systems have gas flowing
through the circuit throughout the respiratory
cycle. A high gas flow (50-100 I/min) is neces-
sary to maintain this flow during theinitial phase
of inspiration. Thereisno demand valveto open,
but the system is noisy and uses large volumes

Fig, 5.1 Continuous positive airway pressure (CPAP)
increases a reduced functional residual capacity (FRC).

Fig. 5.2 Pressure-time curves of various modes of
ventilation.

of oxygen and air. On the other hand, demand-
flow systems (including the CPAP mode on
ventilators) allow gas to flow only when in-
spiration is initiated and a demand valve is
thereby opened. This is a quieter system and
uses less gas, but a certain amount of work is
required of the patient in order to open the
demand valve. Some systems are worse than
othersinthisregard (Bersten etal 1989), although
a modification of the demand-flow system
known as 'flow-by' seems to present the patient
with little additional work. This system is
becoming more widely available. When CPAP
is combined with positive pressure ventilation, it
is generally known as 'positive end-expiratory
pressure’ (PEEP) (Fig. 5.2).

Conventional mechanical ventilation

Mechanical ventilation has evolved from nega-
tive pressure ventilators used in the polio epi-
demic of the 1950s. Positive pressure ventilators
that followed are now controlled by sophisticated
microprocessor technology. The physiology,
principles and practice of mechanical ventilation
have been reviewed in detail (Hubmayr et al
1990, Schuster 1990).

The basic principles of how a ventilator works
remain unchanged. Very simply, inspiration may
be generated by application of either a constant
pressure or a constant flow of gas to the lungs,
and expiration may be allowed when either a
set pressure has been reached, a set volume has
been delivered, or a set time has passed. Modern



ventilators have a variety of ventilation modes
which alow for comfortable patient-ventilator
interaction. Ventilation modes commonly em-
ployed and available on most modern ventilators
include the following:

1. Controlled  mandatory  ventilation  (CMV) -
here the patient has no control over ventilation.
Breaths are delivered at a rate and volume
that are determined by adjusting the ventilator
controls, regardless of the patient's attempts to
breathe. If the patient is not unconscious or
paralysed, CMV may be extremely uncomfortable.

2. Intermittent mandatory ventilation (IMV) -
here respiratory rate and tidal volume are set
as above, but the patient may breathe sponta-
neously between the mandatory breaths, which
still are delivered at the preset regular intervals.

3. Synchronized intermittent mandatory venti-
lation (SMV) - the mandatory breaths are de-
livered in synchrony with the patient's breathing.
Again the patient may breathe on his own,
but the mandatory breaths will be delivered at
atime in the ventilatory cycle that is convenient
for the patient (a breath will therefore not be
delivered while the patient is breaming out).
Patient comfort is improved.

4. Inspiratory pressure support (IPS) - this is a
relatively new ventilatory technique, introduced
in 1981. Its use and application have not yet
been fully evaluated, and remain controversial
(Kacmarek 1989). It is a pressure-limited form
of ventilation, with each breath being triggered
by the patient. Once a breath is triggered, a
flow of gas enters the circuit, with the pressure
rapidly reaching the preset level. This pressure
is maintained until the flow decreases to a ven-
tilator-specific level, at which time expiration
is allowed. The patient has full control over the
respiratory rate. I1PS can deliver the same level
of ventilation (as assessed by gas exchange) as
SIMV, often with lower peak airway pressures,
aslong as the patient has an adequate respiratory
drive. Alone or in combination with SIMV, it
can make ventilation more comfortable for the
patient. Theoretically, by allowing some degree
of muscle training without permitting fatigue,
IPS would be helpful in weaning patients from
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mechanical ventilation. To date, clinical trias
addressing this issue have shown conflicting
results.

5. Inverse ratio ventilation - this is ventilation
where the inspiratory phase is longer than the
expiratory phase. It may be volume or pres-
sure regulated, the latter (pressure-controlled
inverse ratio ventilation or PCIRV) being the
most widely used. The technique has been well
described (Tharratt et al 1988) but mere are no
clinical trials comparing it with other forms of
ventilation. It is now widely used but requires
expertise and careful monitoring of haemo-
dynamic and respiratory parameters.

Non-invasive ventilation

Non-invasive ventilation (ventilation without
an endotracheal tube or tracheostomy) can be
delivered by negative or positive pressure tech-
niques. Negative pressure ventilation is epito-
mized in the large and frightening 'iron lung',
used in the 1950s for the ventilation of patients
with poliomyelitis. Newer and much more com-
pact and comfortable negative pressure venti-
lators are now available (Shneerson 1991), and
domiciliary ventilation with them is feasible.
A review by Branthwaite (1991) coversthe prac-
tical aspects of this form of ventilation. Non-
invasive ventilation is considered further in
Chapters.

Indications for mechanical ventilation

The indications for ventilation vary for different
disorders and are rarely absolute. In practical
(and somewhat simplistic) terms they include
the following:

Adult respiratory distress syndrome. A patient
who has a PaO2 of less than 8 kPa (60 mmHQ)
onoxygenand CPA P.

Pneumonia. A patient who is unable to clear
secretions or who has aPaO2 of less than 8 kPa
(60 mmHg) on oxygen and CPAP.

Asthma. A patient who isbecoming exhausted
or confused, usually witharising PaCO..

Chronic obstructive airways disease. Similar to
asthma, but a higher PaCO, may be normal
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for the patient. Non-invasive ventilation may be
an option in these patients (Elliott et al 1990) in
Selected circumstances and with the necessary
expertise.

Respiratory muscle weakness. A patient who is
unable to dear secretions, who has lost bulbar
function, or who cannot produce a vital capacity
of more than 15 ml/kg.

Blunt chest trauma. A patient who, despite
adequate analgesia, cannot produce a vital
capacity of more than 15 ml/kg, or is unable to
clear secretions, or who has aPaO2 of less than
8 kPa (60 mmHg) on oxygen and CPAP.

Pulmonary oedema. This is largely a clinical
decision, as pulmonary oedema tends to im-
prove very quickly with appropriate medical
treatment Patients who are moribund or not
responding to treatment will need ventilation, as
will patients who have had a large myocardial
infarct

Other system involvement. Patients may be
ventilated simply to support the respiratory
system when they have a life-threatening dis-
order of another system, eg. multiple trauma
or septic shock.

Elective postoperative ventilation. Some patients
may be electively ventilated postoperatively,
either because of the magnitude of the surgery or
because they have impaired pulmonary function.

Aims and complications of
respiratory support

The first and most important aim of respiratory
support is to oxygenate the patient. This is
initially done by increasing the inspired oxygen
concentration. Oxygen concentrations of above
50% are toxic to the lungs if used for any length
of time, with toxicity increasing exponentially
as the concentration rises further. Positive end-
expiratory pressure (PEEP) may be added to
improve oxygenation. Once levels of PEEP above
10 cmH,0 are used, a pulmonary artery catheter
may be needed to measure oxygen delivery.
PEEP may depress cardiac output more than
it improves oxygenation, and oxygen delivery
may therefore be compromised. Increasing the
inspiratory time to allow for higher mean airway

pressures but lower peak inspiratory pressure
(PIP) may improve oxygenation. Sedation and
occasionally muscle relaxants may be necessary
to ventilate a critically ill patient.

Barotrauma, which is related to PIP, needs to
be avoided. There is no pressure which is abso-
lutely safe, but barotrauma occurs with signi-
ficant frequency once the PI P exceeds 50 cmH,0,
and increases exponentially as pressures rise
above this level. Manoeuvres to lower PIP in-
clude reducing the tidal volume, reducing PEEP,
and allowing a longer inspiratory time (even
to inverse ratio ventilation).

The importance of carbon dioxide removal has
decreased recently. Patients with severe res-
piratory failure have been ventilated in a way
that allows the PaCO, to rise to up to 8 kPa
(60 mmHg) or more (Hickling et al 1990). This
concept of 'permissive hypercapnia has been
used in a variety of situations and generally
allows a smaller tidal volume and minute
volume to be used, reducing the incidence of
barotrauma and oxygen toxicity.

Patient comfort and acceptability can be
achieved by carefully matching patient and ven-
tilator. Tidal volume, rate, and inspiratory time
can be manipulated to make the patient com-
fortable. This is an art, and demands patience
and understanding. Occasionally, sedation is
needed, but this should be a last resort.

Respiratory support is not without compli-
cations, some of which are minor and some
of which may be lethal. The more commonly
occurring complications include barotrauma,
haemodynamic disturbances, nosocomial infec-
tions, alteration in gastrointestinal motility, and
apositive fluid balance (Pingleton 1988).

Weaning from respiratory support

Criteria for weaning from mechanical ventilation
were first described in the 1970s. They are
adequate in most cases, but their relatively
high failure rate has led investigators to look at
other predictors of a successful wean. These
include work of breathing (Fiasrro et al 1988),
and more recently the 'CROP index' and rapid
shallow breathing index (Yang & Tobin 1991).



The latter is simple to perform and is by far
the most practically useful of the above. It is
calculated by allowing the patient to breathe
room air through a spirometer for 1 minute while
the respiratory rate is counted. The minute
volume (measured on the spirometer) is divided
by the respiratory rate to give an average tida
volume. The index is calculated by dividing the
respiratory rate by the tidal volume (in litres).
Weaning is unlikely with an index above 100,
and likely with an index below 100.
Conventional weaning criteriainvolveclinical,
mechanical, and biochemical parameters:

Clinical

e Theclinical condition of the patientis
improving.

e The patient is cooperative and alert and able
to clear secretions.

e Thereisno abdominal distension,
cardiovascular instability, or likelihood of
prolonged immobility.

e Therespiratory rateisless than
30 breaths/min.

Mechanical

e Vital capacity ismore than 15 ml/kg.

e Maximal inspiratory mouth pressure is more
than 20 cmH,0.

e Minutevolumeislessthan 10 1/min.

Biochemical

« Norma pH and PaCo,.
e Pa0O2 more than 8 kPa (60 mmHg) on no more
than 40% oxygen and 5 cm PEEP.

Once the above criteria are satisfied, weaning
may be started. Before and during the weaning
period, meticulous attention needs to be paid to
nutrition, electrolyte status, control of infection
and bronchospasm, and mobilization of the
patient. The last factor is probably the most
important, and the physio therapist will be very
involved in sitting and then standing and
walking the patient. Even patients with many
lines, tubes, and catheters can be mobilized with
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a little ingenuity. Weaning can be per formed
in two different ways. Eimer the proportion
of breathing performed by the ventilator can be
gradually reduced, letting the patient perform
a greater and greater amount of breathing until
he is independent of the ventilator (IMV was
the first ventilatory mode to allow this), or the
patient can be allowed to breathe spontaneously
for progressively longer periods with full ven-
tilation between them (the so-called 'T-piece
method’). Both methods have their proponents,
although there is probably little to choose
between them. The latter method is commonly
used in difficult weans.

Common problems which may cause diffi-
cultieswith weaning (Branthwaite 1988) include
the following:

e Impaired ventilatory drive

* Upper and lower airway incompetence,
obstruction, or secretions

¢ Lung parenchymal fluid or infection

e Pleural effusion or pneumothorax

e Chest wall abnormality, instability, or
respiratory muscleweakness

e Electrolyte or nutritional problems

e Cardiovascular insufficiency.

Unconventional respiratory support

Less conventional modes of respiratory support
include extracorporeal membrane oxygenation
(ECMO), extracorporeal carbon dioxideremoval
(ECCO,R), intravenacaval oxygenation (IVOX)
and high-frequency jet ventilation (HFJV). These
modes are only available in major centres,
are costly and extremely labour intensive, and
have not yet been shown in controlled studies
to hold any advantage over conventional venti-
lation (Evans & Keogh 1991). They have their
enthusiasts, however, and in their hands the
results are impressive.

Extracorporeal membrane oxygenation

This is a well-established and useful technique
in neonatal respiratory distress syndrome, but
has not shown advantages over conventional
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ventilation in controlled trials in adults. How-
ever, it may still be a useful technique for
short periods, especially as a bridge to trans
plantation, an indication for which it has been
used successfully. Thetechniqueinvolvesahigh-
flow extracorporeal circuit from the inferior vena
cava to the aorta using cannulae in the femoral
vein and artery. A membrane oxygenator is
used in the circuit to provide oxygenation and
carbon dioxide removal. The extracorporeal
blood flow is up to 80% of the cardiac output
and vital organs may be poorly perfused with
non-pulsatile blood flow.

Extracorporeal carbon dioxide removal

An uncontrolled trial has shown startling results
with the ECCOjR technique (Gattinoni et al
1966), with a survival rate of 47% in 55 patients
with adult respiratory distress syndrome in
whom the mortality was predicted to be more
than 90%. A low flow venovenous circuit is used
with a membrane oxygenator and the patient
is ventilated at a slow rate with very small
tidal volumes. Complications are less common
than with ECMO. A controlled trial compar-
ing ECCO,R with conventional ventilation has
shown the newer mode to be no better (Morris
et al 1994). Enthusiasts are still getting excellent
results however.

Complications of extracorporeal gas exchange
(ECMO and ECCO,R) include haemorrhage,
thrombosis and thromboembolism, sepsis, and
multiple organ failure, although the latter com-
plication may merely reflect the organ failure
associated with the respiratory failure for which
the techniqueis used.

Intravenacaval oxygenation

Intravenacaval oxygenation (TVOX) has been re-
cently developed (Conrad et al 1993) and clinical
trials have shown it to be a useful adjunctive
therapy. A catheter with multiple fine tubes
within it is placed in the inferior vena cava.
Oxygen is passed through these at subatmos-
pheric pressure and gas exchange takes place
by passive diffusion.

High-frequency jet ventilation

In high-frequency jet ventilation (HFJV), small
pulses of gas at a rate of 60-600 per minute
are delivered from a jet nozzle at the proximal
end of the endotracheal tube, with humidified
warmed air being entrained from a bias gas
source. Lung volume is maintained with a
higher mean airway pressure, thereby improving
oxygenation. Thereare several theoriesasto how
gas exchange can occur with such an unphysio-
logical method of ventilation. Diffusion of gas
and regional convective currents seem to play
a magjor role. Although a controlled clinical tria
has shown no advantage over conventional
ventilation (Carlon et a 1983), the technique has
been shown to be safe, and newer computer-
controlled prototypes are showing promise.

Nitric oxide administration

Administration of this gas via the ventilator
was recently shown to reduce pulmonary artery
pressures and improve arterial oxygenation in
patients with severe respiratory failure (Rossaint
et al 1993). It appears that ventUation-perfusion
matching is improved without systemic vaso-
dilatation. Data about outcome are not yet
available but a number of clinical trials are
currently being performed.

CARDIAC SUPPORT

Even before heart transplantation was pioneered
in 1967, the need for an artificial heart had been
identified. This could be used for short-term
support of the heart while waiting for it to
recover from an acute insult (such as myocardial
infarction or cardiac surgery) or for a donor
heart to become available for transplantation,
or for long-term cardiac support There are
modalities available which provide partial to
complete support, but they are expensive and
may have significant side-effects.

Intra-aortic balloon pump

The intra-aortic balloon pump (IABP) comprises
a sausage-shaped balloon (15mm x 280 mm



Fig. 5.3 Placement of the intra-aortic balloon pump.

and inflated by 40 ml of gas) mounted on a
dual-lumen catheter. The balloon is introduced
via the femoral artery, either percutaneously or
by surgical dissection and direct vision, to the
thoracic aorta (Fig. 5.3). Correct positioning of
the catheter is confirmed by fluoroscopy or
chest radiography. The catheter is attached to a
console with a helium gas source for balloon
inflation. The IABP is triggered by the electro-
cardiogram (ECG) to deflate during ventricular
systole and to inflate during diastole. By so
doing it improves cardiac performance (the left
ventricle gects into an 'empty’' aorta) and im-
proves myocardial perfusion (which occurs
during diastole and is enhanced by the blood not
running off into the aorta).

Indications for the use of the IABP include
cardiogenic shock (after myocardial infarction),
unstable angina, weaning from cardiopulmonary
bypass, and stabilization of patients with acute
mitral regurgitation or ventricular septal defect
following myocardial infarction. In these cases
it is used as a bridge to definitive surgery,
although the mortality for these defects remains
in the region of 50%. The |ABP cannot generate
a cardiac output independent of the heart, and a
minimum cardiac output of about 1.5 1/min is
needed for it to be effective.

The IABP is clearly a major invasive device,
and complications may be serious. They include
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aortic dissection, arterial perforation, limb is-
chaemia, thrombocytopenia, and dislodgement
of atherosclerotic emboli. Air embolism may
occur if the balloon bursts. Major bleeding may
occur following removal of the | ABP.

Ventricular assist device

A ventricular assist device (VAD) is simply a
pump that functions in parallel with the heart.
Blood is withdrawn from the venous side of
the circulation and returned to the arterial side,
usually with a catheter in the left atrium and
the left ventricle (left ventricular assist device
or LVAD). Occasionally, both sides of the heart
need support and this is achieved with a bi-
ventricular assist device (BIVAD). The VAD
can provide most of the cardiac output, but the
flow it delivers is not pulsatile, which may
adversely affect vital organs such as the kidneys.
Indications for its use include failure to wean
from cardiopulmonary bypass (Adamson et al
1989) and bridging to heart transplantation
(Hill 1989). It isnot without significant complica-
tions, with haemorrhage, thromboembolism, and
septicaemia being the most common.

RENAL SUPPORT

Before the advent of dialysis and transplantation,
chronic renal failure (CRF) was invariably fatal
and acute renal failure (ARF) usually fatal.
Today, although ARF still carries a high mor-
tality rate, especially when part of the complex
of multiple organ failure, CRF can be effectively
managed in dialysis and renal transplantation
programmes.

The aims of renal support are very simple.
They include control of fluid, electrolytes, and
acid-base status, and elimination of uraemic
toxins and drugs. These aims can be carried out
in a number of ways which are detailed bel ow.

General principles of dialysis

All forms of dialysis involve diffusion of solute
across a semipermeable membrane and down
a concentration gradient. In peritoneal dialysis
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the membrane is the peritoneum and the blood
flow is provided by the capillaries supplying it.
In all forms of haemodialysis, the membrane is
composed of cellophane or cuprophane and blood
flow is provided by an extracorporeal circuit

Conventional haemodialysis

Haemodialysis (HD) was first described in 1960
and is now the most commonly used dialysis
therapy for both ARF and CRF. Blood is pumped
through an extracorporeal system which in-
cludes afilter with a semipermeable membrane,
and dialysate (usually water mixed with pre-
determined concentrations of electrolytes and
buffer) flows in a countercurrent direction
through the filter, on the other side of the mem-
brane. A gradient is thuscreated for electrolytes
and metabolic waste products to diffuse across
the membrane, and fluid is driven across by
hydrostatic pressure.

Vascular access is obtained by intravenous
catheters or by the surgical creation of arterio-
venous fistulae or shunts. HD is generally
performed for 4-6 hours at a time, either daily
or on alternate days. Although HD allows rapid
correction of fluid and electrolyte abnormalities,
it may not be well tolerated in critically ill,
haemodynamically unstable patients. Hypoten-
sion may develop and cause further ischaemic
insult to the kidney. Hypoxaemia almost in-
variably occurs; itis caused by neutrophil aggre-
gation in the lungs and complement activation
in thefilter membrane.

Continuous forms of renal support

Conventional haemodialysisis not well tolerated
in critically ill patients asit may produce rapid
changes inintravascular volume, blood pressure,
PaOj, and pH. Slower but continuous forms
of haemodialysis were developed to address this
problem. Outcome data are impressive when
compared with historical controls (Bellomo &
Boyce 1993). Theterminology isconfusing; terms
such as CAVH, CAVHD, CWH, and CWHD
(see below) perplex the uninitiated. The treat-
ment choices differ in several ways (Schetz et al

Fig. 5.4 Continuous renal support: the concepts of filtration
and dialysis, a Haemofiltration alone, b Haemofiltration with

dialysis.

1989). Access to the circulation may be by both
arterial and venous cannulae (arteriovenous) or
by venous cannulae (venovenous). The blood
flow through the circuit may be pumped by an
external pump or by the patient's own arterial
pressure as in arteriovenous systems. Pure
haemofiltration may be performed, or may be
combined with dialysis (Fig. 5.4). Whatever the
method, the extracorporeal circuit needs to be
anticoagulated to prevent the blood from clotting.

Continuous haemofiltration

In continuous haemofiltration (Paradiso 1989),
blood flow in the extracorporeal circuit may be
driven by a pump with vascular access provided
by venous catheters (continuous venovenous
haemofiltration or CWH) or may be driven
by the patient's own arterial pressure with
an arterial and a venous catheter (continuous
arteriovenous haemofiltration or CAVH). The
hydrostatic pressure created in either system



drives filtrate through the semipermeable mem-
brane. This filtrate is essentially plasma water,
but as it moves across the membrane it drags
solutes with it by the process of convection.
Large amounts of filtrate may be removed (up
to 1 1/hour), and this fluid (the ultrafiltrate)
is replaced with a fluid that has an electrolyte
composition similar to plasma.

Continuous haemofiltration with dialysis

The terminology for continuous haemofiltration
with dialysis (Miller et al 1990) issimilar to the
above, with the variants being continuous veno-
venous haemofiltration with dialysis (CVVHD)
and continuous arteriovenous haemofiltration
with dialysis (CAVHD). Here dialysis fluid is
pumped through the filter in a countercurrent
direction to the blood flow (similar to HD
outlined above). Greater solute clearance can be
achieved, and as the hydrostatic pressure does
not need to be as high asin CWH, less ultra-
filtrate is formed and less replacement fluid is
needed. As CAVHD does not involve actively
pumping blood into the extracorporeal circuit, it
can be used in haemodynamically very unstable
patients and is probably the technique of choice
in that situation.

Peritonedl dialysis

The peritoneum is an excellent semipermeable
membrane and is used as such in peritoneal
dialysis (PD). A catheter is inserted percuta-
neously into the peritoneal cavity and dialysate
(usually 1-2 1) is allowed to run in, remain in
the peritoneal cavity for a period of time, and
then run out. Dialysate comes in premixed bags
and its composition allows for the removal of
electrolytes and uraemic waste products. Solute
clearance is determined by dialysate flow rate,
peritoneal permeability, peritoneal vascularity,
and blood flow. Dialysate with a high glucose
concentration allows large amounts of fluid to
be removed by osmosis.

The most common complication of PD is
abdominal discomfort caused by raised intra-
abdominal pressure and splinting of the dia-
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phragm; this may result in basal subsegmental
lung collapse and hypoxaemia. Peritonitis is a
more serious problem, and usually relates to
contamination of the dialysate at the time of
bag changes. Prompt recognition and the instil-
lation of intraperitoneal antibiotics are the main-
stays of treatment Other complications include
bowel perforation (usually at the time of catheter
insertion) and hyperglycaemia.

The main advantage of PD is mat correction
of fluid and metabolic abnormalities is gradual
and there is minimal haemodynamic disturbance
(although ventilation may be compromised by
the intra-abdominal fluid). However, clearance
of uraemic toxinsis generally less efficient, man
with HD, and this may be a problem in critically
ill hypermetabolic patients. In addition, PD can-
not be used in patients with acute mtra-abdominal
pathology or recent abdominal surgery.

Indicationsfor rena support
Acute renal failure

The indications for renal support in acute renal
failure are generally based on clinical parameters
rather than on biochemistry alone. They include
the speed of deterioration of renal function, the
general clinical scenario, and the likely rapidity
of recovery. Absolute indications for urgent
renal support are fluid overload, hyperkal emia,
or acidosis unresponsive to conventional treat-
ment. The urea and creatinine values are useful
as a guide to starting renal support, but abso-
lute values are controversial. As a rough rule,
dialysisis often started when ureais greater than
40 mmol/1, creatinineisgreater than 500 umol /1,
or when potassium is greater than 6 mmol /1.

Chronicrenal failure

The decision to initiate renal support in a patient
with chronic renal failure is usually made by
the renal unit in a major hospital. It is almost
always coupled with entering the patient onto
a waiting list for renal transplantation, using
renal support as a bridge until a live related
or cadaver transplant can be performed. Patients
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are fully assessed for their suitability to enter
such a programme by a team that generally
includes physicians, nurses, a social worker, and

a psychiatrist.

Potential hazards for physiotherapists

Mechanical problems

These include kinking of support lines, dis-
connection of different parts of the circuit and,
worst of ail, displacement of catheters from
artery or vein. The former will cause the system
to stop functioning or to function less well, but
the latter can cause spectacular haemorrhage
which may be fatal if not noticed immediately.
Disconnection may also cause air embolism.
Great care should therefore be taken when

moving patientson dialysis.
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Non-invasive ventilation
Amanda J. Piper  Elizabeth R. Ellis

INTRODUCTION

The application of non-invasive ventilatory sup-
port to improve ventilation is not a new idea.
The tank ventilator or 'iron lung', which pro-
vides negative pressure to the chest wall, was
first developed in the 19th century (Woollam
1976). Further developments and modifications
occurred, but it was not until the poliomyelitis
outbreaks of the 1940s and 1950s that such
devices became widely used. Continuous posi-
tive airway pressure through a face mask for
patients with pulmonary oedema and other
forms of acuterespiratory failurewasextensively
described in the 1930s (Poulton & Oxon 1936,
Barach et a 1938). However, with the develop-
ment of positive pressure ventilators and the
introduction of the endotracheal tube in the
1960s, use of non-invasive forms of ventilatory
support for acute respiratory failure declined.
Negative pressure devices continued to be
used in patients with severe respiratory muscle
impairment following poliomyelitist and in
other patient groups presenting with chronic
respiratory failure where long-term ventilatory
support in the home was required (Weirs et al
1977, Garay et a 1981). Since the mid-1980s,
interest in non-invasive ventilatory support has
again flourished, specifically the use of positive
airway pressure devices and face mask inter-
faces. Although thisinterest had its genesisin the
area of sleep disordered breathing and chronic
respiratory failure, clinicianshaverapidly recog-
nized the value of this therapy in acute medical
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and surgical conditions where respiratory failure
develops, in weaning from conventional venti-
latory support and as an adjunct to established
respiratory care programmes. In this chapter we
will outline the mechanisms by which abnormal
sleep-breathing contributes to the develop-
ment of awake respiratory failure and the role
nocturnal ventilatory support plays in reversing
this. Wewill alsolook at the potential application
of this techniquein abroadening range of clinical
conditions.

BREATHING, SLEEP AND
RESPIRATORY FAILURE

It has been recognized for many years that signi-
ficant changes in breathing and ventilation can
occur during sleep (Gastaut et al 1966). However,
it has only been in the past 15 years or so that
the contribution abnormal breathing during
sleep can play in the development of awake
hypercapnia has been more hilly appreciated.
Our understanding of what happens to breathing
during sleep has been greatly enhanced by three
major developments in technology. The first is
the routine use of accurate oximeters (Trask
& (Tree 1962, Saunders et al 1976) which have
allowed the continuous monitoring of arterial
oxygenation over prolonged periods of time.
Secondly, the development of a comfortable and
acceptable nasal mask interface (Sullivan et al
1981) has provided a simple but effective means
by which abnormalities of nocturnal breathing
can be reversed. The last is the relatively recent
development of portable ventilatory support
systemsfor home use. These devel opments made
it possible to continuously monitor changes
in breathing associated with sleep state, and to
provide patients with a treatment intervention
which was both effective and acceptable on a
long-term basis.

Changes in breathing during sleep

Sleep is associated with a number of normal
physiological events which have little effect on
individuals with normal respiratory drive and
mechanics. However, in patients with a range

of respiratory abnormalities, sleep can lead to
worsening respiratory function and gas exchange.

The awake state itself is associated with an
additional stimulus to breathe, over and above
that determined by the metabolic control system.
This is known as the wakefulness drive to
breathe and is lost with the onset of sleep.
General postural muscle tone is also reduced
at sleep onset, resulting in increases in upper
airway resistance and reductions in ventilatory
drive. At the same time, ventilatory responses
to both hypoxia and hypercapnia are reduced
so that thereis an attenuated response to changes
in gas exchange compared to wakefulness. As
a result, a small rail in ventilation occurs with
sleep in the range of 10-15% (Douglas et al 1982).

Although reduced, ventilation during non-
rapid eye movement (NREM) sleep is steady,
particularly during periods of slow wave sleep.
However, even in normal subjects there is
substantial variation in breathing during rapid
eye movement (REM) sleep, most pronounced
during periods of phasic eye movements. During
these episodes, alveolar ventilation may fall by
as much as40% (Douglas et al 1982, Gould et al
1988). REM sleep is also associated with alter-
ationsin respiratory control, caused by descend-
ing inhibition of apha and gamma motor
neurons. This produces hypotonia of postural
muscles, including the intercostal and accessory
respiratory muscles, and a reduction in the
rib cage contribution to ventilation. As a result
ventilation during REM sleep becomes heavily
reliant on diaphragmatic activity.

In patients with severely compromised lung
function or significant inspiratory muscle weak-
ness, recruitment of other inspiratory and acces-
sory muscles, including the abdominals, may
occur to augment breathing. By this compen-
satory mechanism, individuals are usually able
to maintain adequate ventilation during wake-
fulness and NREM sleep for prolonged periods.
In those with significant lung disease, recruit-
ment of the intercostal muscles occurs not only
to augment ventilation but to maintain end-
expiratory lung volume, thereby preventing
small airway closure. With the transition into
REM sleep, this postural muscle activity will be



lost, resulting in a reduction in minute venti-
lation, worsening ventilation-perfusion relation-
ships and a deterioration in gas exchange. Falls
in saturation will be more severe in those patients
with awake saturation values already near the
steep portion of the oxyhaemoglobin dissociation
curve. The degree of abnormal breathing which
then occurs will depend upon the patient's
arousal response. Arousal causes a change in
state from sleep to transient wakefulness, per-
mitting the re-emergence of accessory muscle
activity and restoration of ventilation, albeit
briefly. In this way, arousal acts as a defensive
mechanism, limiting the degree of gas exchange
abnormality which is permitted to occur. How-
ever, this response also leads to sleep fragmen-
tation, which in itself can alter respiratory drive
and arousal thresholds, so that eventually more
extreme blood gas derangement must occur
before the arousal responseis activated.

The role of sleep in the development
]gf_ Iawake hypercapnic respiratory
ailure

It is now well recognized that decompensated
breathing first becomes apparent in REM sleep
(Bye et a 1990). However, as REM sleep takes
up only a relatively small proportion of total
sleep time, patients with REM hypoventilation,
even if severe, may remain clinically stable for
months or even years before significant daytime
hypercapnia becomes apparent. Initially, venti-
lation and sleep between periods of REM hypo-
ventilation are usually normal, often through
the recruitment of accessory respiratory muscles.
In addition, the arousal mechanism operates
to defend ventilation by limiting the amount
of time spent in REM sleep, and therefore the
degree of abnormal gas exchange which occurs.
Characteristically, awake blood gases remain
normal during thisinitia] stage.

Progression of abnormal breathing into NREM
sleep heralds the second stage in the evolution
of sleep-induced respiratory failure (Piper &
Sullivan 1994a). Mechanismsresponsiblefor this
progression include not only a deterioration of
the underlying disease itself, but the appearance
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of other factors which may load breathing such
as ageing, weight gain, upper airway dysfunc-
tion or the development of an intercurrent illness
such as a chest infection. Sleep fragmentation
from abnormal breathing events has the capacity
to further alter respiratory control and depress
arousal. These factors allow more severe sleep
disordered breathing to occur, with less arousal
between events. This begins a vicious cycle
whereby resetting the sensitivity of the venti-
latory control system occurs so that higher levels
of carbon dioxide and lower levels of oxygen
are tolerated without stimulating a change in
respiration, not only asleep but during wakeful-
ness as well. During this stage, daytime CO
retention becomes apparent (Fig. 6.1).

The final stage in the development of sleep-
induced hypercapnia is characterized by un-
stable respiratory failure both awake and asleep.
During this stage, changesin blood gases during
sleep are extreme, and sleep architecture may be
profoundly disturbed. By this stage, the clinical
condition of the patient may deteriorate consid-
erably, which can be mistaken for a progression
of the underlying disease process. However, by
supporting breathing during sleep, significant
improvements in awake blood gases, reduction
in hospital admissions, improved exercise
tolerance and improved quality of life can be
achieved.

INDICATIONS FOR NON-INVASIVE
VENTILATION

Chronic respiratory failure

From the above analysisit isdear that sleep dis-
ordered breathing causing unstable respiratory
failure and severe daytime symptoms is an
obvious indication for non-invasive ventilatory
support There are a number of disorders where
nocturnal respiratory failure otcurs, producing
awake hypercapnia (Table 6.1). The following
features are indicators that sleep hypoventila-
tion may be occurring and where nocturnal
ventilatory support should be considered:

e Daytime hypercapnia PaCO. > 6 kPa
(45 mmHg)
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Fig. 6.1 Serial recordings of oxygen saturation (Sa0,) and
transcutaneous carbon dioxide (TcCO0,) from a patient with
Duchenne muscular dystrophy showing the progressive
nocturnal respiratory failure. Panel (A) illustrates mild sleep
disordered breathing, with modest falls in Sa0,. Eight
months later (B), mora substantial oxygen desaturation was
apparent during REM sleep, with rises in carbon dioxide. By
panel (C), severe REM desaturation was occurring, with
failure of SaO0, to return to baseline values between periods
of abnormal breathing. This was accompanied by large rises
in COj. Over the same period, awake CO, had risen from 40
to 46 mmHg (5.3 to 6.0 kPa), with no change in inspiratory
muscle pressures.

* Severe nocturnal hypoxaemia
« Excessive daytime sleepiness
e Severe early morning headaches.

However, for many patients the onset of noctur-
nal respiratory failure occurs over an extended
period of time, in some cases even years. With
such an insidious onset, the signs and symptoms
of chronic hypoventilation may be overlooked,

Table 6.1 Conditions where nocturnal hypercapnic
respiratory failure is likely to occur

Myopathies
Duchenne muscular dystrophy
Acid maltase deficiency
Neuropathies
Poliomyelitis
Motor neurone disease
Bilateral phrenic nerve palsy

Neuromuscular

Kyphoscoliosis
Thoracoplasty

Chest wall

Obesity hypoventilation syndrome
Brain stem injury
Primary alveolar hypoventilation

Impaired ventilatory
control

Airway obstruction Severe obstructive sleep apnoea

Chronic obstructive pulmonary disease
Cystic fibrosis
Bronchiectasis

Lung disease

or incorrectly attributed to the ongoing progres-
sion of the primary disease process.

More difficult questions arise in patients with
milder conditions, and there are specific issues
that affect individuals with particular diseases
or syndromes. In all cases the feasibility of
non-invasive ventilation depends on whether
the presentation is acute or chronic. The capacity
of an individual to maintain adequate ventilation
during sleep depends on a balance between
the respiratory load placed on the respiratory
muscles and the ability of the respiratory muscles
to sustain that load. Chronic adaptations (as
described earlier) which occur in response to
the failure to maintain adequate ventilation can
complicate thisbal ance*

The kinds of loads that are placed on the
respiratory muscles include those that occur
during sleep, such as upper airway resistance,
which may be considerable, and the relative in-
efficiency of the rib cage when the intercostal
musclesareinhibited during REM . These changes
may occur on a background of high work of
breathing from increased airways resistance,
from decreased respiratory compliance from
chest wall deformities or lung disease, or from
the relative inefficiency of muscle contraction
from hyperinflation.

On the other hand, the respiratory muscles
may be unable to sustain the work of breathing



because of inherent problems of their own.
Respiratory muscle performance can be adverse-
ly affected by hypoxaemia, hypercapnia, mal-
nutrition, biomechanical alterations, trauma or
disease.

Factors affecting muscle performance and
respiratory load can present differently in each
patient. Therefore, it is important to analvse
each case as it helps to predict how effective
different types of intervention are likely to be.
For example, a patient may have a normal work
of breathing but very weak muscles as occurs
in neuromuscular disease. The condition of
these patients is often complicated by lung and
chest wall stiffness as a chronic adaptation to
low lung volumes. Alternatively, a patient may
have normal muscles but a very high work
of breathing. This high work of breathing may
be generalized throughout the respiratory
system, as in restrictive lung disease, or it may
be localized, as in upper airway obstruction.
In other instances, the patient may have
'‘weak' muscles with an increase in the work of
breathing, such as in obstructive lung disease
with significant hyperinflation, hypoxaemia and
mal nutrition.

Assessment of chronic hypoventilation

Although a number of investigators have tried
to use daytime pulmonary function tests as a
predictor of the degree of abnormal breathing
occurring during sleep, no strong correlation has
been found (Bye et al 1990). However, we do
know that a low vital capacity, a significant fall
in vital capacity from erect to supine or a maxi-
mum inspiratory pressure of lessthan 30 cmH .0
are all indicators mat sleep disordered breathing
and hypoventilation may be present (Bye et al
1990). Each of thesetestscan beeasily carried out
at the bedside as part of the overall assessment
of a patient presenting in respiratory failure.
Strong use of the accessory respiratory muscles
at rest, including the sternornastoid and the
abdominal muscles should raise the possibility
that respiratory function during sleep may
worsen.

In general, if thereis awake hypercapnia then
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there will be substantial sleep-linked worsening
of respiratory failure (Piper & Sullivan 1994a),
although the converse does not necessarilv hold
true. Many subjects with awake CO> within the
normal range will have significant sleep-linked
respiratory failure.

The limitations of daytime indices as pre-
dictors of nocturnal hypoventilation mean that
detailed sleep studies are required in order to
accurately assess the severity and nature of the
disorder. Sleep studies should include measure-
ment of the standard sleep parameters such as
electroencephalogram (EEG), el ectroocuiogram
(EOG) and submental electromyogram (EMG).
Theextent and quality of sleepisessential infor-
mation for gauging the likely impact that the
disordered breathing may have on cognitive
and other functions. In addition, comprehensive
cardiac and respiratory monitoring should be
carried out, including electrocardiogram j ECG),
oximetry, airflow, diaphragm EMG, rib cage
and abdominal movement, and transcutaneous
CQ;.

Types of ventilators

There are currently two types of ventilator
systems available for mask ventilation: volume
preset and pressure preset devices. Each type
of device hasits own advantages and limitations.
A successful outcome using mask ventilation
will depend upon the clinician's understanding
of the underlying pathological processes which
have contributed to the patient's respiratory
deterioration, and choosing a machine and mode
of ventilatory support which best meets the
respiratory needs of the patient Criteria :or
choosing a ventilator are discussed later.

Kyphoscoliosis

The final stages of severe kyphoscoliosis have
been characterized by progressive respiratory
failure associated with severe nocturnal hypo-
ventilation (Ellis et al 1988). The REM hypoven-
tilation is probably caused by a combination of
a very high work of breathing for a diaphragm
that is at a significant mechanical disadvantage.



106 NVESTIG ATIONS. PATIENTS' PROBLEMS AND MANAGEMENT

Table 6.2 Comparison of volume and pressure preset home ventilators (Adapted, with

permission, from Respir Care 1994: 39(5): 504)

Volume preset

Pressure preset

Tidal volume Constant Variable

Pressure Variable Constant

Leak compensation No (need to increase TV) Yes (if mild to moderate)
Constant EEP No Yes

Internal battery Usually No

Portability . of-f

Comfort o f

Alarms Usually No

In some patients sleep disordered breathing is
also complicated by upper airway obstruction.
Nose mask ventilation is particularly suitable
for these patients as other methods of assisted
ventilation are very difficult Tracheostomy can
bedifficult because of theloss of theextrathoracic
trachea and the fitting of a cuirass is made ex-
ceptionally difficult by the chest wall deformity.
Non-invasive ventilation can be readily achieved
with a nose mask in this group despite the stiff-
ness of the chest wall and the additiona re-
quirement of positive expiratory pressures (Ellis
etall98S).

Cystic fibrosis

The beneficial effects of nocturnal non-invasive
ventilation for patients with end-stage cystic
fibrosis (CP) are only beginning to berecognized.
Non-invasive ventilation has been shown to be
of value during periods of acute deterioration,
where marked pulmonary deterioration occurs
despite maximum conventional therapy (Piper
et al 1992). Use of nasal ventilatory support
in this setting can correct hypoxaemia without
inducing additional CO. retention.

This technique may be used to stabilize the
patient in the short-term while donor organs
become available (Hodson et al 1991), or on a
longer-term basis, allowing the patient to return
home (Piper et al 1992). Although in initial re-
ports volume preset machines were used, bi level
pressure devices also have a role, but are prob-
ably more effective at an earlier stage of lung

deterioration.
Some patients report unproved sputum clear-

ance after initiation of nasal ventilatory support,
possibly related to better tolerance of longer
chest physiotherapy sessions (Piper et al 1992).
Improved lung expansion and chest wall excur-
sion while on the machine may also play arole.

Duchenne muscular dystrophy

Ventilatory support isoften reluctantly prescribed
for patients with progressive neuromuscular
disease, owing to a perceived lack of quality of
life for these patients. However, quality of life
isoften underestimated in such patients. The use
of long-term non-invasive ventilation has been
shown to stabilize pulmonary function and
prolong life expectancy in patientswith Duchenne
muscular dystrophy (DMD) and awake hyper-
capnia (Vianello et al 1994). In contrast Raphael
and co-workers (1994) trialled non-invasive
ventilation as a preventive measure in DMD
patients free of daytime respiratory failure. They
found no benefit from early intervention with
mis technique, with the treated group showing
asimilar rate of deterioration in blood gases and
pulmonary function as a control group. Further,
there was a higher death rate in the treated
group, although the reasons for this were not

entirely clear.

Chronic obstructive pulmonary disease

Nocturnal nasal ventilation has been used effec-
tively in selected patients with stable chronic
obstructive pulmonary disease (COPD). How-
ever, thisform of therapy isnot tolerated as well
asinother diagnostic groups (Strumpf et al 1991),



and longer-term outcomes are not as favourable
as in patients with neuromuscular and chest
wall disorders (Simonds & Elliott 1995). Those
patients most likely to benefit from nocturnal
ventilatory support appear to be those with
significant daytime hypercapnia, who have
symptomatic sleep problems and in whom
nocturnal hypercapniacan be successfully reduced
by overnight ventilation. Recently, Meecham
Jones et al (1995) reported a randomized cross-
over study of nasal pressure support ventilation
plus oxygen therapy compared with domiciliary
oxygen therapy alonein 18 hypercapnic patients
with COPD. Improvements in daytime arterial
blood gas tensions, overnight TcCCX, total sleep
time and sleep efficiency were seen during non-
invasive ventilation and oxygen therapy com-
pared with oxygen therapy alone, suggesting
that control of hypoventilationwith non-invasive
ventilation can be achieved. These authors found
that those who showed the greatest reduction in
nocturnal hypercapniawithventilation werelikely
to gain the greatest benefit from the treatment

Acute respiratory failure

In order to reduce the problems associated
with endotracheal intubation and ventilation,
an increasing number of centres are now using
non-invasive ventilation as a treatment alterna-
tive for patients with acute respiratory failure.
It avoids the complications of endotracheal
intubation, is more comfortable for the patient
allowing speech and swallowing and avoids the
need for sedation and immobilization. Treatment
does not have to be instituted in the intensive
care or emergency department environment and
is increasingly commenced on general medical
or surgical wards (Bott et al 1993, Servera et al
1995, Piper & Willson 1996).

Appropriate patient selection is essential for
a successful treatment outcome. Non-invasive
ventilation should be seen as atherapy to prevent
the need for intubation rather man an alter*
native to it. Therefore, when undertaking this
therapy it isimportant to be ableto identify those
patients who are unlikely to respond well, in
order that a delay in mandatory intubation does
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Box 6.1 Characteristicsof patientswith acute
respiratory failureunlikey to dowell on non-invasive
ventilation (Vitacca et al 1993. Soo Hoo et al 1994,
Brochard et al 1995. Kramer et al 1995)

Agitation, encephalopathy, uncooper ative

Sever eillness, including extreme acidosis (pH <7.2)
Presence of excessive secretionsor pneumonia
Multiple organ failure

Haemodynamic ingability

Inability to maintain a lip seal

Inability to protect the airway

Overt respiratory failurerequiring immediate
intubation

not occur (Box 6.1). Theideal patient should be
cooperative enough to tolerate a mask and to
follow simpleinstructions. A successful outcome
depends to alarge degree on the ability to rapidly
correct acidosis, decrease CO. and reduce res-
piratory rate (Soo Hooetal 1994). Thisinturnwill
be influenced by the ability of the patient and the
therapist to minimize mouth leaks and to coordi-
nate breathing with the ventilator. If hypercapnia
and acidosis fail to improve within the first few
hours of treatment longer term success is un-
likely (Soo Hoo et al 1994, Ambrosino et al 1995).

In patients who are hypoxaemic but retain
carbon dioxide, the use of non-invasive venti-
lation permits higher levels of inspired oxygen
to be introduced without unduly worsening
hypercapnia. Under these circumstances, the
use of non-invasive ventilation supports patients
until their acute deterioration can be reversed
(Conway et al 1993).

The magjority of studies reported to date
have involved patients with chronic obstructive
pulmonary disease (COPD) during an acute
exacerbation. It appears that the type of venti-
lator (volume preset or bilevel pressure support)
or the type of interface chosen (nose or full face
mask) is not pivotal in determining the success
of treatment However, resultswill beinfluenced
by the patient's tolerance and adaptation to
the machine, and some patients may find the
bilevel pressure support devices easier to adapt
to (Vitacca et a 1993). Very dyspnoeic patients
tend to be mourn breathers, and where it is not
possible for the patient to maintain Up closure,
a full face mask needs to be used to ensure
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machine-patient synchronization and that an
effectivetidal volumeisdelivered.

Use of non-invasive ventilatory support in
COPD patients during acute respiratory failure
has shown very encouraging outcomes. In a
large study by Brochard and colleagues (1995),
only 26% of the non-invasive ventilation group
required intubation compared to 74% of the
standard treatment group. Further, hospital stay
was significantly longer, and the mortality and
complication rate higher in the group receiving
standard treatment. However, an important
caveat exists when interpreting these data. Only
31% of all patients with COPD admitted during
the study period were considered suitable for
enrolment, emphasizing that success with mis
form of therapy relies heavily on appropriate
patient selection. Several recent studies have
also provided data which suggest that the early
administration of non-invasive ventilatory sup-
port during episodes of acute respiratory failure
may improve the long-term outcome in patients
with COPD. Improved 12-month survival and
a reduction in the number of further ICU or
hospital admissions hasbeen reported in patients
treated with mask ventilation compared to
those undergoing either conventional therapy
(Confalonieri et al 1996) or intubation and
ventilation (Vitacca et al 1996).

Although patients with acute respiratory
failure from causes other than COPD may also
be successfully ventilated with non-invasive
ventilation (Pennock et al 1994), more recent
prospective randomized studies have not been
so positive (Kramer et a 1995). Where acute
respiratory deterioration is on the basis of
pneumonia or congestive heart failure, out-
comes using mask ventilation have not been as
favourable (Ambrosino et al 1995, Wysocki et al
1995, Meduri et al 1996). Although the reasons
for this are unclear, it may relate to problems
with clearing secretions, poor lung compliance
requiring high pressure or the inhomogeneity of
gas exchange in some disorders. Those patients
presenting with acute respiratory failure and
hypercapnia respond better to non-invasive
ventilatory support than those with hypoxaemia
alone (Wysocki et al 1995).

We are increasingly seeing patients who de-
velop postoperative respiratory failure following
major surgery. Many of these patients are over-
weight, and probably have pre-existing sleep
disordered breathing. The affects of anaesthesia
and analgesia may worsen an already compro-
mised upper airway, producing apnoea and its
sequel ae such as hypoxaemia and blood pressure
fluctuations. In addition, diaphragm inhibition
after upper abdominal surgery can exacerbate
REM hypoventilation. These patients generally
respond well and rapidly to bilevel pressure
support, primarily used during sleep.

Another group who respond very rapidly
and positively to non-invasive ventilation are
those patientswith obesity hypoventilation. This
syndrome is characterized by obesity, a long
history of snoring, excessive daytime sleepiness
and severe derangement of awake blood gases.
These patients frequently present grossly de-
compensated with right heart failure, lower limb
oedema and hypercapnia. Use of non-invasive
ventilatory support in these patients results
in improved awake blood gases and clinical
condition within days of commencing therapy,
without the need for intubation and its associated
complications. In most patients, transfer to more
simple devices such as CPAP can be achieved
for long-term domiciliary use (Piper & Sullivan
1994b).

Although some investigators have described
nasal ventilation in the acute phase as a time-
consuming procedure (Chevrolet et al 1991),
more recent experience suggests that this is not
necessarily the case (Bott et al 1993, Kramer et al
1995). It has also been shown that the use of
this technique can be transferred to the general
ward environment without a reduction in effi-
cacy (Pennock et al 1994). However, training
of staff regarding the management of patients
undergoing this therapy is essential. This in-
cludes the need for continuous monitoring, not
only to check the efficacy of the technique, but
to ensure the safety of the patient. Sudden death
may occur if an accidental disconnection from
the ventilator occurs (Kramer et al 1995).

Non-invasive ventilation is usually continued
until blood gases have stabilized for several



hours, then trial periods off the mask are com-
menced. The patient's response to spontaneous
ventilation is monitored, and mask ventilatory
support reinstituted if breathing deteriorates.
In some cases, almost continuous use of the mask
during the first day or two may be necessary.
There is then a gradual withdrawal of awake
ventilatory support to nocturnal use only. Prior
to hospital discharge, investigation into the need
for domiciliary therapy and the type of therapy
required will be needed.

Weaning

Although most patients are able to be weaned
from mechanical ventilation without incident, a
small number will require a prolonged weaning
period. In many cases, a history of underlying
lung, chest wall or neuromuscular disease
will be found. Although a number of weaning
strategies have been developed to facilitate the
resumption of spontaneous breathing, some
patients will not tolerate removal of ventilatory
support without developing unacceptably high
levels of carbon dioxide retention. Non-invasive
ventilatory support can be a useful tool in the
weaning of such patients from conventional
mechanical ventilation (Udwadia et al 1992).
Nasal mask ventilation has also been used in the
immediate post-extubation period in patients
thought likely to have weaning difficulties
(Restrick et al 1993), or who develop acute res-
piratory failure shortly after extubation (Wysocki
et a 1995).

In patients already tracheostornized and on
partial ventilatory support, nasal mask venti-
lation can be substituted for tracheal support
(Restrick et al 1993). Thisis usually commenced
on a continuous basis, with the patient removing
the mask for short periods for eating, speaking
and coughing. Periods of spontaneous breathing
are then interspersed with periods on the nasal
mask, the balance being determined by patient
tolerance and clinical response. Once nasal venti-
latory support has been shown to be accept-
able and to effectively support ventilation, the
tracheostomy tube is removed. Non-invasive
ventilation is then continued nocturnallv and

NON-INVASIVE VENTILATION 109

for any rest/sleep period during the day as re-
quired. Although some patienls m+ be weaned
entirely from the mask, most patients have an
underlying process which features sleep dis-
ordered breathing, and so dischaage home on
nocturnal ventilatory support is neccesary.

PRACTICAL ISSUES IN THE
APPLICATION OF NON-INVASIVE
VENTILATION

Criteria for choosing a ventiator

A number of factors need to be consdered when

choosing a machine and mode o ventilatory

support. These include the clinical xmdition of

the patient on presentation, the diagnosis, the
patient's respiratory drive, the compliance of the
lungs and chest wall, the degree of synchro-
nization that can be achieved between the patient
and the device, and the familiarity of the staff

with the equipment. Sleep study data are useful

in patients requiring long-term ventilation in
identifying any degree of upper airway dysfunc-
tion which may be present aswell as determining
the patient's respiratory drive coring sleep.
Understanding the features and limitations of

the various machines available ad the modes
of ventilatory support in which the' can operate
will assist in selecting the appropiate system
to meet the patient's needs. In some centres,
the choice of device will also be influenced by
cost. However, the final decision should come
downto how effectivethedeviceisin supporting
ventilation and maintaining gas exchange in
the individual.

Type of ventilator

Ventilator systems available for non-invasive
positive pressure support fall into two categories.
Volume preset machines such as he PLV 100
(Lifecare, Lafayette, Colorado, USA. the PV 501
(Breas, Sweden) or the Bromptonpac (PneuPAC
Ltd., Luton, Beds, UK) operate as time cycled
flow generators, and deliver a fixed tidd volume
irrespective of the airway pressure generated,
as long as leaks from the system are minimized.
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Pressure preset systems include bitevel posi-
tive pressure devices, the most widely recog-
nized being the BiPAP machine (Respironics,
Murrysville, Pennsylvania, USA). Other pressure
preset devices include the NI PPY (Thomas Res-
piratory Systems, England), the DP90 (Taema,
France) and the VPAP Il (ResMed, Australia).
With these devices, tidal volume will vary
according to the inspiratory pressure set, the
inspiratory-expiratory pressure difference, and
the chest wall /lung compliance of the patient.

In studies comparing the efficacy of these two
systems, little difference has been found either
in acute (Vitacca et al 1993) or chronic respira-
tory failure (Meecham Jones & Wedzicha 1993).
However, there may be differences in patient
acceptance, particularly during acute respiratory
failure (Vitacca et a 1993), with many patients
finding the bilevel pressure support devices
easi er to tolerate. Poor toleranceto volume preset
devices may berelated to increased airway resis-
tance causing elevated inspiratory pressure in
the mask that will be uncomfortable or cause
leaks that limit the effectiveness of ventilation
(Soo Hoo et al 1994). On the other hand, in
patients with low chest wall compliance higher
airway pressures may be needed to maintain
optimal ventilation, particularly during REM
sleep. In these patients, volume preset ventilators
can prove more reliable and effective in de-
livering a stable tidal volume despite changing
chest wall mechanics. A change to a volume
preset device should always be considered if
hypoventilation persists on bilevel ventilatory
support.

Bilevel devices are said to compensate better
for mild to moderate leaks from the mask and
mouth than volume preset devices. Clinical expe-
rience has shown that mourn leaks are common
during mask ventilation, particularly during
sleep, and that these leaks may adversely affect
the quality of ventilation even with bilevel posi-
tive pressuredevices(Meecham Jonesetal 1994;
Piper & Willson 1996).

Settings

M achines may be used in assist/control (volume

preset) or spontaneous modes (bilevel devices),
where the machine cycles into inspiration in
response to the patient's spontaneous inspira-
tory effort. However, the volume preset and a
number of the bilevel devicessuch astheBiPAP,
can also be set to deliver a preset respiratory
rate should the patient fail to trigger the device.
Titration of inspiratory pressures for patients
on a bilevel device or tidal volume for a patient
using volume preset is made on the basis of
patient tolerance and the effect such a pressure
has on ventilation and gas exchange. However,
when setting pressures or volumes it should be
borne in mind that excessively high inspiratory
pressures will promote leakage of air from
the mouth, reducing the effectiveness of venti-
latory support. Excessive hyperventilation can
also occur, which may induce upper airway
obstruction, and the appearance of central
apnoea. More recent evidence suggests that the
timed mode of ventilation using bilevel devices
is less predictable and less stable than nasal
ventilation with volume preset devices and may
produce periodic breathing during both wakeful-
ness and sleep, related to glottic closure (Parreira
et a 1996).

The use of end-expiratory pressures (EPAP)
may be advantageous in a number of clinical
conditions, including controlling upper airway
closure, recruiting collapsed alveoli or to over-
come intrinsic end-expiratory pressure. Bilevel
positive pressure devices are more reliable
in maintaining end-expiratory pressure than
volume preset machines. However, setting of the
EPAP reduces the differential pressure between
inspiration and expiration, which may affect
the degree to which minute ventilation is aug-
mented. Elliott & Simonds (1995) found that
the addition of 5cmH 0 of EPAP in patients
with neuromuscular disease reduced the severity
of gas exchange abnormalities during sleep, but
had no effect in patients with COPD. Further,
they found the use of EPAP had deleterious
effects on sleep quality in some patients. Simi-
larly, the use of expiratory pressure in patients
with COPD during acute exacerbations did not
confer any additional benefit and was found to
be poorly tolerated (Meecham Joneset al 1994).



In some cases the bilevel device may fail
to adequately reduce CO, despite increasing
minute ventilation and decreasing respiratory
effort. This has been explained by CO. re-
breathing in patients with exhaled flow rates that
exceed the leak rate of the exhalation port at the
set expiratory pressure (Ferguson & Gilmartin
1995). This is most likely to occur in patients
with high respiratory rates where the duration
of expiration is short. Although this can be
eliminated by using EPAP pressures of 8cm or
more (Ferguson & Gilmartin 1995), the majority
of patients are unlikely to need or tolerate these
pressures. Further, IPAP pressure would need
to beincreased to maintain the | PAP-EPAP pres-
sure difference, which may not produce greater
ventilatory support because of increased mouth
leaks (Fernandez et al 1993). There are now a
number of different types of expiratory valves
available such as the Plateau exhalation device
or the non-rebreathing valve (Respironics, USA)
which are effective in minimizing CO, re-
breathing (Ferguson & Gilmartin 1995).

These considerations regarding ventilator
settings highlight the need for monitoring of
the patient during initial trials of non-invasive
ventilation in order to determine response to
therapy. In this way a change in the mode or
type of ventilator can be made if ventilation is
not being adequately supported. Although some
centres have based machine settings on venti-
lation achieved during wakefulness (Strumpf
et al 1991), such settings may not be adequate
during sleep. This may relate to changes in
the behaviour of the glottis, mouth leaks, alter-
ation in respiratory drive or compliance of the
respiratory system associated with changes in
sleep state. It is recommended that ventilator
parameters are based on patient tolerance and
gas exchange while awake, and then nocturnal
monitoring is used to ensure that such settings
are also appropriate to maintain adequate sleep
ventilation (see I nitiating therapy, p. 112).

Humidification and oxygen therapy

In some patients, the high flows of cold dry
air across the nasal passages can cause distress-
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ing nasal symptoms which may affect com-
pliance with therapy, or increase nasal resistance
(Richards et al 19%) which will affect the
amount of ventilation delivered. Patients may
report sneezing, nasal stuffiness or rhinorrhoea,
and erroneously believe they are developing a
head cold. The use of an in-line humidifier such
as an HC-100 (Fisher-Paykel, New Zealand),
which can both warm and moisten the air, will
largely improve these symptoms. However, as
nasal symptoms frequently point to the pres-
ence of significant mourn leaks, this should be
attended to, asleaks may reduce the effectiveness
of ventilation. In patients with bronchial hyper-
secretion, such as CF or bronchiectasis, the
addition of in-line humidification whilst using
nasal ventilatory support may be useful in
ensuring secretions are well hydrated. Patients
with acute respiratory failure may become de-
hydrated, and can also benefit from additional
humidification of the airways.

In patients who require ventilatory support
on acontinuousbasis, nebulized bronchodilators
and normal saline can be given during mask
ventilatory support, either via a mouthpiece
whilst the nasal mask is in place, or added in-
lineto the system close to the nasal mask. Bilevel
ventilatory support devices have been used to
deliver aerosolized p,-agonists in the emergency
department for patients with bronchospasm,
and have been shown to be associated with a
greater increase in the peak expiratory flow rates
compared to aerosols delivered by small volume
nebulizers alone (Pollack et al 1995).

Generally, supplemental oxygen is not re-
quired in those patients with chronic respiratory
failure from neuromuscular or chest wall dis-
orders. However, in patients with parenchymal
disease or those with acute respiratory failure,
additional oxygen is likely to be needed, and
can be added either into the ventilator tubing or
into a port on the mask itself. The flow rate
needed will be determined by the oxygen satu-
ration achieved.

Interfaces
Either nasal or full face masks may be used
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to deliver ventilatory support (Figs 6.2 and 6.3).
It is recommended that a nasal mask be tried
initially, transferring to a full face mask if mouth
leaks cannot be controlled adequately with a

Fig. 6.2 Examples of commercially available nasal
mask systems: a the Series 2 Bubble Mask (ResMed,
Australia); b the Gel Mask (Respironics, USA).

chin strap (Figs6.4 & 6.5). A review of the avail-
able literature suggests that successful outcomes
in acute respiratory failure can be achieved with
both types of interface (Bott et al 1993, Soo Hoo
et al 1994), although the full face mask has been
preferred by some groups in the acute setting
to better control mouth leaks (Brochard et al
1990, Fernandez et al 1993). Nasal masks tend
to be more comfortable, have alower dead space
and alow easier access for secretion removal
and speech. Individually moulded masks can be
constructed for those patients difficult to fit with
standard commercial masks, or those using mask
ventilation on along-term basis. However, ahigh
degree of skill and experienceisneeded to ensure
comfort and fit, and frequent refitting may be

necessary.

Initiating therapy

At present mere is no consensus as to when
non-invasive ventilatory support should be com-
menced in patients with documented nocturnal
hypoventilation. The decision is not a difficult
one if a patient presents with awake hypercapnia
or has overt symptoms of sleep disordered
breathing. However, theidentification of isolated
REM desaturation may be a more difficult one.
Intervening too early may result in the patient
rejecting therapy.

Patients may need time to adapt to the idea of
assisted ventilation as it may signal to them the
beginning of the 'end'. The difficulty is that
in some patients who are deteriorating rapidly
this may be the case. With most, however, it
should signal a new beginning. There are many
reasons for rejecting the idea of the ventilator.
Some patients do not believe in altering the
natural course of events. Some may find it
beyond their resources and capabilities to ac-
quire and manage the technology. Some find the
thought of sleeping with a machine totally
foreign or too disruptive to their circumstances.
Some believe that they will become ventilator
dependent or that it will weaken their muscles.

Each of these beliefs needs to be explored
and discussed without judgement. They can be
resolved in a number of ways. Patients need to
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Fig. 6.3 Two types of full face mask suitable for non-invasive ventilatory support. The nose-mouth
nask (ResMed, Australia) on the left, and the Spectrum Face Mask (Respironics. USA) on the right.

Fig. 6.4 Nasal mask and headgear system (ResMed,
Australia).

be allowed to make their own choice and when
the symptoms of respiratory failure or sleep
deprivation become severe enough they may
then seek relief. Alternatively patients can be
counselled, often with the help of other patients.

that the benefits outweigh any real or perceived
detriments. Patients have to be willing for trials
to be successful and it is helpful if a member
of the family or someone in the household
can manage the equipment. For most patients,
compliance is usually dependent on relief of
symptoms. Paulus & Willig (1993) surveyed 34
patients with neuromuscular disorders venti-
lated nasally. Over half the patients considered
nocturnal ventilation to be constraining, but felt
that these constraints were more than acceptable
if thebenefits outweighed any inconveniences.
Kramer et al (1995) reported that approxi-
mately 18% of patients are intolerant of non-
invasive therapy during acute respiratory failure,
although compliance appears to be dlightly
better with bilevel pressure support devices than
volume preset (Vitaccaet al 1993). Failure rates
in patients with chronic respiratory failure have
been reported between 19 and 36% (Gay et al
1991, Strumpf et al 1991). However, acceptance
of therapy may differ depending on the under-
lying pathology, the patient'sresponse to therapy



and reitet' of symptoms. Initial experience with
mask ventilation may also influence outcome.
A number of groups commence ventilation on
an inpatient basis to provide the patient with
maximum support whilst minimizing problems
(Meecham Jones et al 1995, Piper & Willson
1996). This permitsintensive coaching of patients
to enable them to synchronize with the venti-
lator, and to adjust the ventilator settings so
there is better matching with the patient's own
breathing pattern. It also provides the oppor-
tunity to determine any problems that are
arising which could affect patient response to
therapy, and adversely affect their acceptance

of treatment.

After acclimatizing the patient to the mask
and flow from the ventilator, the ventilator is
men adjusted to match the patient's own res-
piratory pattern and timing. Further adjustments
are then made to ensure blood gases are main-
tained or improved. Where inspiratory time or
flow can be set, thiswill be based on the patient's
own respiratory pattern, taking into account
the effect short inspiratory times can have on gas
exchange. In patients where the compliance
of the alveoli is heterogeneous, much of the
delivered tidal volume will be directed towards
those alveoli with short filling times, producing
an overdistension of already inflated units, and
not contributing to improved gas exchange. Pro-
longing the inspiratory time allows the recruit-
ment of alveoli with slower filling times, so that
increased ventilation can contributeto improved

gasexchange.

Adverse effects

There are many complicationsor adverse effects
which can arise during attempts to establish pa-
tients on non-invasive ventilation. Mouth leaks
during the inspiratory phase of the ventilator
cycle are probably the most common problem
and probably occur in all patients at some time
but remain a significant problem in approxi-
mately 60% of patients. This leak can reduce
effective ventilation and may only be obvious
during certain sleep stages. Leaks may be seen
in the presence of upper airway obstruction.
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if asynchrony between the patient and the
ventilator develops or if the lips and palate fail
to provide a seal. If the leak is significant it can
usually be remedied by the use of a chin strap
which should cradle the chin and hold the
lower jaw up. The chin strap is designed to have
elastic sections on the sides so that patients
can still move their jaw comfortably and call out
and breathe should their nose become blocked,
or the ventilator fails. Other solutions for this
problem include, repositioning of the neck,
taping the lips, mouth guards and full face
masks. Full face masks are usually preferred
once the patient's confidence has been estab-
lished. The presence of leaks will not only reduce
the degree of effective ventilation reaching the
lungs, but may also cause sleep fragmentation.

Upper airway obstruction can occur parti-
cularly if the cycling pressureis allowed to drop
below the closing pressure of the upper airway.
It is very difficult to establish effective ventila-
tion when this occurs, although it can, in some
very mild cases, be reduced by positioning
the patient's head so that the neck is slightly
more extended. Sometimes a chin strap alone is
effective in lifting thejaw and thereby opening
the upper airway. Anincrease in end-expiratory
pressure usually ensures adequate ventilation.
For some patients, the added expiratory pres-
sures are only required in the first few days of
assisted ventilation until there is some restora-
tion of upper airway tone.

Mask leaks commonly occur on either side of
the bridge of the nose and can cause significant
irritation to the eyes. If the leak is small it can
be compensated for by the machine and this is
preferable to pulling the mask too tightly onto
the face. Patients usually leam to eliminate the
leaks by repositioning the mask or by adjusting
the strap alignment. Elastic straps of the head
harnesses usually need regular replacement to
ensure effective mask pressures. Other solutions
include custom-built masks and a change in
sleeping posture.

Mask pressure can cause pressure sores or
pressure marks on the bridge of the nose or
across the top lip in particular. These are best
prevented by careful selection of mask for size



and skin sensitivity. The areas respond well to
standard pressure care including gentle massage,
being left clean, dry and open and getting a
regular amount of sunshine. The bridge of the
nose often becomes thick and tough with time,
athough some people have recurring problems.
For these patients the bridge of the nose can
be protected with special pressure-absorbing
materials that are commonly used with pros-
theses. The mask can be adapted to reduce pres-
sure by inserting a spacer on the top bar of the
mask. Alternatively the patient may need to usea
mouthpiece or nasal plugs (e.g. Puritan Bennett,
Lenexa, KS, USA) which fit securely into the
nares without pressure on the nasal bridge,
permitting pressure areas to heal. Head harness
or strap pressure can cause abrasions over the
back of the neck or over the ears. This can be
simply relieved by redesigning the head harness
torealign the straps or to include cotton wadding
or a pad over the tender parts.

Abdominal distension can be caused by air
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in the stomach particularly when high cycling
pressures are required for effective ventilation.
This problem is morelikely to be seen in volume
cycled ventilators. It appears that air can track
through the stomach to the bowel and cause
considerable discomfort. Every effort should be
made to lower the cycling pressure without
compromising effective ventilation. Some pa
tients find relief from lying on their left side at
night, some from having an empty stomach and
some resort to medications including charcoal
tablets and acidophilus tablets.

Monitoring

When commencing mask ventilation in the
acute situation, careful monitoring is mandatory
in order to gauge the effectiveness of ventilatory
support. Oximetry and transcutaneous carbon
dioxide should be used to monitor trends in gas
exchange continuously (Fig. 6.5). Direct measure-
ments of arterial blood gases should be taken

Fig. 6.5 Nasal mask set up. Oximeter and transcutaneouscar bon dioxide monitorsin the
background ar e used to measur e the physiological responseto nasal ventilatory support. An
active humidifier hasbeen placed in thecircuit between the bilevel ventilator and the patient

(bottom left-hand corner).
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prior to commencing ventilation, then again
at 1 hour, 6 hours, 24 hours and as needed
depending on the patient's clinical condition.
In addition, heart rate, respiratory rate and the
fraction of inspired oxygen should be recorded
hourly for the first few hours until the patient is
stable. Blood pressure measurements may also
be necessary, particularly if there isany question
of the patient's haemodynamic stability.

These monitored trials are the only way of
differentially diagnosing problems and resolving
mem promptly. In patientswith chronic respira-
tory failure, acclimatization to the mask and
machine can be carried out during the day, with
monitoring of oxygen saturation and preferably
CO0,, either end-tidal or transcutaneous. Fre-
quently the patient will fell asleep during these
initial trials, and problems such as mouth leaks
or the development of upper airway obstruction
may be identified at this time. Once the patient
is able to sleep for a number of hours on the
machine, asleep study, if possible, is performed
to gauge the degree to which the patient and
machine are synchronized, the stability in gas
exchange, any technical problems which may
occur and the effect of therapy on sleep. During
these studies, a number of respiratory variables
will be monitored in addition to the signals
needed for sleep staging. Various centres will
measure mask pressure, chest wall motion,
diaphragmatic and other respiratory muscle
electromyograms, or inspiratory/expiratory tidal
volumes to provide information about the
efficacy of ventilatory support.

Ideally, the initial trials should have full poly-
somnography, respiratory monitoring and an
expert therapist in attendance. After this the
degree of monitoring can be reduced and the
patients encouraged to manage the equipment
themselves and solve any problems mat may
arise. Patients should be independent and con-
fident in managing the equipment and their
own care throughout the night prior to discharge
from hospital. Alternatively, if individuals re-
main dependent on some assistance the home
carers should be brought in for at least part of
the night to develop skills in setting up and
trouble shooting.

Home management

Most ventilator users adapt well to ongoing ven-
tilatory support in the home, and would choose
ventilation again if required to do so (Goldstein
et al 1995). However, it is important to provide
full information to patients and families at the
time of considering ongoing ventilation to ensure
that an informed choice is made, especially in
patients with progressive disorders. Family and
community support is extremely valuable for a
patient on nocturnal ventilatory support. Family
acceptance of the therapy is important for
ongoing compliance and for adequate main-
tenance of the equipment. Many patients report
mat they feel very isolated because there are
so few people within the community with the
same problem. This can manifest itself in at least
two ways. Firstly, they feel that no one in their
peer group really understands what they are
experiencing and secondly they fedl that health
care providers in their local community do not
understand their condition or their needs.

While patients are able to travel and stay
with family and friends, they are often reluctant
to do so because of the extra demands in terms
of noise and setting up the ventilator. This can
be particularly difficult for young people who
wish to stay with friends and yet dread the
consequences of being different. The noise of
the equipment can be dampened with a sound-
proof casing which should be designed to still
allow adequate air into the inlet port and prevent
overheating.

Care and maintenance of equipment

While patients are not ventilator dependent,
many express considerable anxiety about the
risk of being without the ventilator even for
one night. They are anxious about the symptoms
of sleep deprivation and hypercapnia. Those
who are geographically isolated or live alone
are particularly vulnerable to equipment fail-
ure. Back-up systems and emergency plans are
valuable and need to be worked out with each
individual. Patients should be encouraged to
enter into a regular maintenance agreement with



the companies or hospitals supplying the equip-
ment. All relevant instructions for cleaning and
maintenance should be provided in writing and
in their preferred language.

PHYSIOTHERAPY INTERVENTION
DURING NON-INVASIVE
VENTILATION

Physiotherapists have been involved in the
application of non-invasive ventilation since the
polio epidemics of the 1950s. Through until the
mid-1970s physiotherapists routinely adminis-
tered respiratory medications by intermittent
positive pressure breathing (IPPB) through a
mask or mouthpiece. This mode of treatment
was also used by physiotherapists to improve
ventilation or reduce dyspnoea associated with
ahigh work of breathing. A considerable amount
of research has been done and reviewed by
physiotherapists which contributed to rational-
izing the use of thistechnique (Bennett et al 1976,
Berend etal 1978).

By the late 1970s and through the 1980s |PPB
was being used predominantly to increase venti-
lation in patients with severe pain or with poor
ventilatory control. It was also an excellent tool
to provide hyperoxygenation and hyperinflation
prior to and after nasopharyngeal or orophar-
yngeal suctioning. It has also been effective
for sputum removal and for improving venti-
lation in specific groups (Starke et al 1979) parti-
cularly « those who do not have sufficient
conscious control of ventilation to increase their
tidal volume independently. CPAP and bilevel
positive pressure devices have replaced |1PPB
in many centres, being used on both medical and
surgical wards as part of an overall strategy to
increaseventilation, clear secretionsandimprove
gas exchange.

By the mid- to late 1980s the potential advan-
tages of non-invasive ventilation in the manage-
ment of chronic respiratory failure began to be
realized (Grunstein et al 1991). Since that time
physiotherapists have been closely involved in
the application of this technique and investi-
gation into its role in a wide range of clinical
situations (Ellisetal 1987,1988, Piper etal 1992,
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Bott et al 1993, Conway et al 1993, Keilty et
1994, Piper & Sullivan 1994b, Piper & Willson
1996).

Physiotherapists may become involved with
the application of this technique at a number
of different levels (Box 6.2). Their skills and
knowledge base regarding respiratory disease
and its management place them in a good posi-
tion to be key members in any non-invasive
ventilation service. Physiotherapists are expe-
rienced in assessing breathing patterns, and
coaching patients to alter breathing in order to
improve ventilation. When implementing non-
invasive ventilatory support, training of the
patient to accept the mask and flow from the
deviceisessential for eventual acceptance. There
is also the need for close bedside monitoring
of the patient, with ongoing ventilator adjust-
ments to optimize ventilatory support and maxi-
mize patient comfort. Such adjustments require

Box 6.2 Role of the physiotherapist

Assessment of thepaMant

« Identification of symptoms of sleep disordered
breathing

« Bedside pulmonary function testing Including
respiratory muscle strength

« Exercise tolerance (e.g. 6-minute walking test,
shuttle walking test)

» Level of dyspnoea during daily activities

Initiating therapy

* Choice of device and setting

» Acclimatizing patient to mask and machine

« Education of patient and family regarding therapy
* Monitoring response to therapy

Planningaconcurrentrehabilitation programme

» Need for oxygen and the level required during
activities

» Upper limb and whole body training

 Lifestyle modification

« Use of ventilatory support as part of secretion
clearance

Dischargeplanning

» Training patient and/or care givers in the care and
operation of the equipment

* Home exercise programme

« Ongoing appointments and emergency plans

Follow-up

* Pulmonary function testing

« Exercise tolerance

¢ Trouble shooting problems: technical problems
versus changes in clinical condition



118 INVESTIGATIONS, PATIENTS' PROBLEMS AND MANAGEMENT

a solid understanding of respiratory physiology
as well US good clinical skills in assessing the
response of the patient to therapy.

The use of non-invasive ventilation should
be seen as an adjunct to other physiotherapeutic
techniques as part of an overall rehabilitation
programme. Use of this modality has been
reported to improve secretion clearance and
increase tolerance to other physiotherapy proce-
dures (Piper et a 1992). It permits patients
to adopt positions for postural drainage that
they would otherwise not be able to adopt due
to breathlessness. I n patients with severe muscle
weakness and poor cough, mask ventilation may
be used to assi st deep breaming and mobilization
of secretions. Anecdotal ly, patients report being
able to tolerate longer physiotherapy sessions
when using ventilatory support, which is im-
portant in patients who tire easily but who have
retained or copious secretions. The tidal volume
or inspiratory pressure of the device may be
increased during physiotherapy sessions to aid
chest wall expansion and assist the mobilization
of secretions. The use of mask ventilation in mis
situation should be seen as an integral part of
the patient's respiratory care regimen, and used
in conjunction with other physiotherapeutic
techniques.

By the time patients with chronic respiratory
failure present for nocturnal ventilatory support
they are usually severely debilitated. Their pres-

REFERENCES

Axnbrosino N, Fogiio K, Rubirti F, CJini E, Nava S, Vitacca M
1995 Noninvasive mechanical ventilation in acute
respiratory failure due to chronic obstructive pulmonary
disease: correlates for success. Thorax 50:755-757

Barach A L, MartinJ, Eckman M1938 Positive-pressure
respiration and its application to the treatment of acute
pulmonary edema. Annals of Internal Medicine
12:754-795

Bennett L, Heath J, Mitchell R1976 An inpatient observation
and comparison of the Bennett's IPPB and aerosol
methods of administering salbutamoL Australian Journal
of Physiotherapy 23:111-113

Berend N, Webster J, Merlin IE E1978 Salbutamol by
pressure-packed aerosol and by intermittent positive
pressure ventilation in chronic obstructive bronchitis.
British Journal of Diseases of the Chest 72:122-124

BottJ, Carroll M P. Conway J H, Keilty S E /, Ward E M.
Brown A M, Paul E A et al 1993 Randomised controlled

entation is usually characterized by severe
shortness of breath on exertion, excessive day-
time sleepiness, fatigue, prolonged illness and
regular hospitalization. Because of all of these
factorsitisvery likely that significant peripheral
deconditioning has occurred which limits their
tolerance to daily activities and exercise perfor-
mance. After a period of nocturnal ventilatory
support, patients are able to perform a great deal
more work without fatigue and are capable of
a reconditioning programme which should
improve their quality of life further.

The beneficial effects of positive pressure
during exercise in patients with severe lung
disease have been reported (Keilty et al 1994).
Benefits include reduced breathlessness, in-
creased exercise time and improved oxygen
saturation. However, the benefits of routine
application of this technique during exercise
training remain unclear and await further

investigation.

SUMMARY

Non-invasive ventilation is a technique which
can improve gas exchange and reduce the work
of breathing and is becoming increasingly used
to manage both chronic and acute respiratory
failure. Physiotherapists will continue to have
a significant role in the effective management

of these patients.

trial of nasal ventilation in acute ventilatory failure due to
chronic obstructive airways disease. Lancet 341:1555-1557

Brochard L, Isabey D, Piquet J1990 Reversal of acute
exacerbations of chronic obstructive lung disease by
inspiratory assistance with a face mask New England
Journal of Medicine 323:1523-1530

Brochard L, Mancebo J, Wysocki M, Lofaso F, Conti G, Rauss
A, Simonneau G et al 1995 Noninvasive ventilation for
acute exacerbations of chronic obstructive pulmonary
disease. New England Journal of Medicine 333:817-822

Bye PT P, Ellis E R, Issa EjG, Donnelly P D, SullivanCE
1990 The role of sleep in the development of respiratory
failure in patients with neuromuscular disease. Thorax
45: 241-247

Chevrolet J C, Jolliet P, Abo jo B, Toussi A, Louis M1991
Nasal positive pressure ventilation in patients with acute
respiratory failure. Difficultand time-consuming
procedure for nurses. Chest 100:775-782



Con fa lonien M, Parigi P, Scartabellati A, Aiolfi S, Scorsetti S,
Nava S, Gandola L 19% Noninvasive mechanical
ventilation improves the immediate and long-term
outcome of COPD patients with acute respiratory failure.
European Respiratory journal 9:422-430

Conway J H. Hitchcock R A, Godfrey R C, Carroll M P1993
Nasal intermittent positive pressure ventilation in acute
exacerbations of chronic obstructive pulmonary disease -
a preliminary study. Respiratory Medicine 87:387-394

Douglas N J, White D P, Pickett C K, Weil J V, Zwillich CW
1982 Respiration during sleep in normal man. Thorax
37:840-844

Elliott M W, Mulvey D A, Moxham J, Green M, Branthwaite
M A 1991 Domiciliary nocturnal nasal intermittent
positive pressure ventilation in COPD: mechanisms
underlying changes in blood gas tensions. European
Respiratory Journal 4:1044-1052

Elliott M W, Simonds A K1995 Nocturnal assisted
ventilation using positive airway pressure: the effect of
expiratory positive airway pressure. European Respiratory
Journal 8:436-440

Ellis E R, Bye PTP, Bruderer JW, Sullivan C E1987
Treatment of respiratory failure in patients with
neuromuscular disease. American Review of Respi ra ton-
Disease 135:148-152

Ellis E R, GrunsteinR R, ChanC S, Bye PTP, Sullivan CE
1988. Treatment of nocturnal respiratory failure in
kyphoscoliosis. Chest 94:811-815

Fernandez R, Blanch U Valles J. Baigorri F, Artigas A 1993
Pressure support ventilation viarace mask in acute
respiratory failure in hypercapnic COPD patients.
Intensive Care Medicine 19:456-461

Ferguson G T, Gilmartin M1995 CO] rebreathing during
BIPAP ventilatory assistance. American Journal of
Respiratory and Critical Care Medicine 151:1126-1135

Garay S M, Turino G M, Goldring R M1981 Sustained
reversal of chronic hypercapnia in patients with alveolar
hypoventilation syndromes: long-term maintenance with
noninvasive mechanical ventilation. American Journal of
Medicine 70:269-274

Gastaut H, Tassinari C A, Duron B 1966 Pol y graphic study
of the episodic diurnal and nocturnal manifestations of the
Pickwick syndrome. Brain Research 1:167-186

Gay P C, Pate! A M, Viggiano R W, Hubmayr R D 1991
Nocturnal nasal ventilation for treatment of patients with
hypercapnic respiratory failure. Mayo Clinical
Proceedings 66:695-703

Goldstein R S, PsekJ A, Gort EH1995 Home mechanical
ventilation. Demographics and user perspectives. Chest
108:1581-1586

Oould G A, Gugger M, Molloy J, Tsara V, Shapiro C M.
Douglas N J1988 Breathing pattern and eye movement
density during REM sleep in humans. American Review
of Respiratory Disease 138:874-877

Grunstein R R, Ellis E R. Hillman D, McEvoy R D, Robertson
C F, Saunders N A 1991 Treatment of sleep disordered
breathing. The Medical Journal of Australia 154:355-359

Hodson M E, Madden B P, Steven M H, Tsang V T, Yacoub
M H1991 Non-invasive mechanical ventilation for cystic
fibrosis patients - a potential bridge to transplantation.
European Respiratory Journal 4:524-527

Keilty SE J, Ponte J, Fleming T A, Moxham J1994 Effect of
inspiratory pressure support on exercise tolerance and
breathlessness in patients with severe stable chronic

NON-INVASIVE VENTILATION 119

obstructive pulmonary disease. Thorax 49:990-994
Kramer N, Meyer T J, Mehang J, Cece R D, Hill N S 1995
Randomized, prospective trial of noninvasive positive
pressure ventilation in acute respiratory failure. American
journal of Respiratory and Critical Care Medicine 151:
1799-1806
Meduri G U, Turner R E, Abou-Shala N. Wunderink R,
Tolley E 1996 Non-invasive positive-pressure ventilation
via face mask: first-line intervention in patients with acute
hypercapnic and hypoxemic respiratory failure. Chest
109:179-193
Meecham Jones D J, Wedzicha J A1993 Comparison of
pressure and volume preset nasal ventilator systems in
stable chronic respiratory failure. European Respiratory
Journal 6:1060-1064
Meecham Jones D J, Paul E A, Grahame-Clarke C, Wedzicha
J A1994 Nasal ventilation in acute exacerbations of
chronic obstructive pulmonary disease: effect of
ventilation mode on arterial blood gas tensions. Thorax
49:1222-1224
Meecham Jones D J, Paul E A. Jones P W, Wedzicha J A1995
Nasal pressure supportventilation plus oxygen compared
with oxygen therapy alone in hypercapnic COPD.
American Journal of Respiratory and Critical Care
Medicine 152:538-544
Parreira V F, Jounieaux V, Aubert G, Duty M. Delguste P E.
Rodenstein D 01996 Nasal two-level positive-pressure
ventilation in normal subjects. Effects on the glottis and
ventilation. American Journal of Respiratory and Critical
Care Medicine 153:1616-1623
Paulus J, Willig T N 1993 Nasal ventilation in neuromuscular
disorders: respiratory management and patient's
experience. European Respiratory Review 3:245-249
Pennock B E, Crawshaw L, Kaplan P D1994 Noninvasive
nasal mask ventilation for acute respiratory failure.
Institution of a new therapeutic technology for routine
use. Chest 105:441-444
Piper A J, Sullivan C E 1994a Sleep breathing in
neuromuscular disease. In: Saunders N, Sullivan C E (eds)
Sleep and breathing, 2nd edn. Marcel Dekker, New York,
pp 761-821
Piper A J, Sullivan C E 1994b Effects of short-term NIPPV in
the treatment of patients with severe obstructive sleep
apnea and hypercapnia. Chest 105:434-440
Piper A J, Willson G1996 Nocturnal nasal ventilatory
support in the management of daytime hypercapnic
« respiratory failure. Australian Journal of Physiotherapy
42(1): 17-29
Piper AJ, Parker S, Torzillo P J, Sullivan C E, Bye P TP 1992
Nocturnal nasal IPPV stabilizes patients with cystic
fibrosis and hypercapnic respiratory failure. Chest
102:846-850
Pollack C V, Fleisch K B, Dowsey K1995 Treatment of acute
bronchospasm with beta-adrenergic agonist aerosols
delivered by a nasal bilevel positive airway pressure
circuit. Annals of Emergency Medicine 26:552-557
Pouiton E P, Oxon D M1936 Left-sided heart failure with
pulmonary edema - its treatment with the 'pulmonary
plus pressure machine'. Lancet 231:981-983
Raphael J C. Chevret S. Chastang C Bouvet F 1994
Randomised trial of preventive nasal ventilationin
Duchenne muscular dystrophy. Lancet 343:1600-1603
Restrick L J, Scott A D, Ward E M. Peneck R O, Corn well
W E, Wedzicha J A 1993 Nasal intermittent positive-



120 INVESTIGATIONS, PATIENTS PROBLEMS AND MANAGEMENT

pressure ventilation in weaning intubated patients with
chronic respiratory failure from assisted intermittent;
positive-pressure ventilation. Respiratory Medicine
87: 199-204

Richards G N, Gstulli P A. Ungar G. Berthon-Jonus M
Sullivan C E 1996 Mouth leak with nasal continuous
positive airway pressure increases nasal airway resistance.
American Journal of Respiratory and Critical Care

Medicine 154:182-186
Saunders N A, Powles ACT, Rebuck A S1976 Ear oximetry:

accuracy and practicability in assessment of arterial
oxygenation. American Review of Respiratory Disease
113: 745-749

Servers E, Perez M, Marin j, Vergara P, CastanoR 1995
Noninvasive nasal mask ventilation beyond the ICU for an
exacerbation of chronic respiratory insufficiency. Chest
108: 1572-1576

Simonds A K, Elliott M W1995 Outcome of domiciliary
nasal intermittent positive pressure ventilation in
restrictive and obstructive disorders. Thorax 50: 604-609

Soo HooGW, Santiago S. Williams A J1994 Nasal
mechanical ventilation for hypercapnic respiratory failure
in chronic obstructive pulmonary disease: Determinants of
success and failure. Critical Care Medicine 22:1253-1261

Starke | D, Webber B A, Branthwaife M A 1979IPPB and
hvpercapnia in respiratory failure. Anaesthesia
34: 283-287

Strumpf D A, Millman R I', Carlisle C C Graftan L M. Ryan
S M, Erickson A D, Hill N S 1991 Nocturnal positive-
pressure ventilation via nasal mask in patients with severe
chronic obstructive pulmonary disease. American Review
of Respiratorv Disease 144:1234-1239

Sullivan CE, Berthon-Jones M, Issa F G, Eves L 1981

FURTHER READING

Meduri G U1996 Noninvasive positive pressure ventilation
in patients with acute respiratory failure. Clinics in Chest

Medicine 17:513-553

Reversal of obstructive sleep apnea by continuous
positive airway pressure applied through the nose. Lancet
1:862-865

Trask C H, Cree E M 1962 Oximeter studies on patients with
chronic obstructive emphysema, awake and during sleep.
New England Journal of Medicine 266:639-642

Udwadia Z F, Santis G K, Steven M H, Simonds A K 1992
Nasal ventilation to facilitate weaning in patients with
chronic respiratory insufficiency. Thorax 47:715-718

Vianello A, Bevilacqua M, Salvador V, Cardaioli C, Vincenti
E1994 Long-term nasal intermittent positive pressure
ventilation in advanced Duchenne's muscular dystrophy.
Chest 105:445-448

VTtacca M, Rubini F, Foglio K, Sealvini S, Nava S, Ambrosino
N 1993 Noninvasive modalities of positive pressure
ventilation improve the outcome of acute exacerbations in
COLD patients. Intensive Care Medicine 19:450-455

Vitacca M. Clini E, Rubini F, Nava S, Foglio K, Ambrosino N
1996 Non-htvasive mechanical ventilation in severe
chronic obstructive lung disease and acute respiratory
failure: short- and long-term prognosis. Intensive Care
Medicine 22: 94-100

Weirs P W |, LeCoultre R, Dallinga O T, Van Dijl W, Meinesz
A F, Sluitcr HJ1977 Cuirass respirator treatment of
chronic respiratory failure in scoliotic patients. Thorax
32:221-228

Woollam C H M 1976 The developmentofapparatus for
intermittent negative pressure respiration (1) 1832-1918.
Anaesthesia 31:537-547

Wysodd M, Trie L, WolffM A, Millet H, Herman B 1995
Noninvasive pressure support ventilation in patients with
acute respiratory failure. A randomized comparison with

conventional therapy. Chest 107:761-768

Simonds A K 1996 Non”invaave respiratory support.

Chapman & Hall, London



CHAPTER CONTENTS
Introduction 121

Conceptual framework for clinical decision
making 122
Theoxygen transport pathway 122
Factor s contributing to cardiopulmonary
dysfunction 122

Therapeutic effects of positioning and
mobilization 124
To improve oxygen transport in acute cardio-
pulmonary dysfunction 124
To improveoxygen transport in post-acute
and chronic cardiopulmonary
dysfunction 131

To prevent thenegativeeffectsof restricted
mobility 132

Summary and conclusion 133
References 134

Further reading 135

v

The effects of
positioning and
mobilization on oxygen
transport

Elizabeth Dean

INTRODUCTION

The purpose of this chapter isto provide a frame-
work for clinical decision making with respect
to positioning and mobilizing patients with
cardiopulmonary dysfunction. 'Cardiopulmonary
dysfunction' refers to impairment of one or more
steps in the oxygen transport pathway. First,
the oxygen transport pathway and the factors
that contribute to impairment of oxygen trans-
port are described. Second, threeclinically signi-
ficant effects of positioning and mobilization

.are distinguished:

1. To improve oxygen transport in acute
cardiopulmonary dysfunction

2. Toimprove oxygen transport in the post-
acute and chronic stages of cardiopulmonary
dysfunction

3. To prevent the negative effects of restricted
mobility, particularly those that adversely
affect oxygen transport.

In addition, the physiologica and scientific
rationale for use of positioning and mobilization
for each of the above effects is described.
Conceptualizing cardiopulmonary dysfunction
as impairment of the steps in the oxygen
transport pathway and exploiting positioning
and mobilization as primary interventions
in remediating this impairment will maximize
physiotherapy efficacy.

The following terms (Ross & Dean 1989) have
been adopted in this chapter:

1. Body positioning refers to the application of
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positioning to optimize oxygen transport, pri-
marily by manipulating the effect of gravity on
cardiopulmonary and cardiovascular function.

2. Mobilization and exercise refer to the appli-
cation of progressive exercise to €licit cardio-
pulmonary and cardiovascular responses to
enhance oxygen transport. In the context of
cardiopulmonary physiotherapy, 'mobilization'
refers to low-intensity exercise for typically
acutely ill patients or those with severely com-
promised functional work capacity.

3. Optimizing oxygen transport is the goa of
positioning and mobilization. The 'adaptation’ or
'training-sensitive' zone defines the upper and
lower limits of the various indices of oxygen
transport needed to elicit the optimal adaptation
of the steps in the oxygen transport pathway.
This zone is based on an analysis of the factors
that contribute to cardiopulmonary dysfunction,
and thus is specific for each patient.

CONCEPTUAL FRAMEWORK FOR
CUNICAL DECISON MAKING

The oxygen transport pathway

Optimal cardiopulmonary function and gas ex-
change reflect the optimal matching of oxygen
demand and supply (Dantzker 1983, Weber et al
1983). The efficiency with which oxygen is
transported from the atmosphere along the
steps of the oxygen transport pathway to the
tissues determines the efficiency of oxygen
transport overall (Fig.7.1). The steps in the
oxygen transport pathway include ventilation
of the alveoli, diffusion of oxygen across the
alveolar capillary membrane, perfusion of the
lungs, biochemical reaction of oxygen with the
blood, affinity of oxygen with haemoglobin,
cardiac output, integrity of the peripheral circu-
lation, and oxygen extraction at the tissue level
(Johnson 1973). At rest, the demand for oxygen
reflects basal metabolic requirements. Metabolic
demand normally changes in response to gravi-
tational (positional), exercise, and psychological
stressors. When one or more steps in the oxygen
transport pathway is impaired secondary to
cardiopulmonary dysfunction, oxygen demand

at rest and in response to stressors can be
increased significantly. Impairment of one step
in the pathway may be compensated by other
steps, thereby maintaining normal gas exchange
and arterial oxygenation. However, with more
severe impairment involving several steps,
arterial oxygenation may bereduced, the work of
theheart and lungs increased, tissue oxygenation
impaired and, in the most extreme situation,
multisystem organ failure may ensue.

While the oxygen transport pathway ensures
that an adequate supply of oxygen meets the
demands of the working tissues, the carbon
dioxide pathway ensures that carbon dioxide, a
primary by-product of metabolism, iseliminated.
This pathway is basically the reverse of the
oxygen transport pathway in that carbon dioxide
is transported from the tissues via the circulation
to the lungs for elimination. Carbon dioxide is
a highly diffusible gas and is readily eliminated
from the body. However, carbon dioxide reten-
tion is a hallmark of diseases in which the ven-
tilatory muscle pump isoperating inefficiently or
the normal elastic recoil of the lung parenchyma
islost.

Factors contributingto
cardiopulmonary dysfunction

Cardiopulmonary dysfunction, in which oxygen
transport is threatened or impaired, results from
four principal factors, namely, the underlying
disease pathophysiology, bed rest/recumbency
and restricted mobility, extrinsic factorsimposed
by the patient's medical care, andintrinsic factors
relating to the patient (Box 7.1) (Dean 1993a,
Dean & Ross 1992a). An analysisof those factors
that contribute to cardiopulmonary dysfunction
provides the basis for positioning and mobiliza-
tion to enhance oxygen transport for a given
patient The treatment is then directed at the
specific underlying contributing factors. In some
cases, e.g. low haemoglobin, the underlying im-
pairment of oxygen transport cannot be affected
by physical intervention. However, because such
factors influence treatment outcome, they need
to be considered when planning, modifying and
progressing treatment.



Pig. 7.1 A scheme of the components of ventilatory-cardiovascular-metabolic coupling underlying oxygen transport. Modified from Wasserman
elal (1987). C N S, central nervous system; A N S, autonomic nervous system; DPQ. diphosphoglycerate; R B C, red blood cell; Hct, haematocrit;
Hb, haemoglobin.
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Box 7.1 Factors contributing to cardiopulmonary
dysfunction, i.e. factors that compromise or threaten
oxygen transport (adapted from Dean 1993a, Dean &
Ross 1992a and Ross & Dean 1992)

¢ Cardiopulmonary pathophysiology
Acute
Chronic - primary
secondary

Acute and chronic

* Bad rest/recumbency and restricted mobility

* Extrinsic factors
Reduced arousal
Surgical procedures
Incisions
Dressings and bindings
Casts/splinting devices/traction
Invasive lines/catheters
Monitoring equipment
Medications
Intubation
Mechanical ventilation
Suctioning
Pain
Anxiety
Hospital admission

* Intrinsic factors
Age
Gender
Ethnicity
Congenital abnormalities
Smoking history
Occupation
Air quality
Obesity
Nutritional deficits
Deformity
Fluid and electrolyte balance
Conditioning level
Impaired immunity
Anaemia/polycythaemia
Thyroid abnormalities
Multisystem complications
Previous medical and surgical history

Multisystem organ dysfunction and failure
may lead to or result from cardiopulmonary
dysfunction; thus they are associated with signi-
ficant mortality and morbidity. In these condi-
tions, multiple factors impair multiple steps
in the oxygen transport pathway; hence, iden-
tifying which steps are affected and amenable
to physiotherapy interventions is tantamount to
optimal treatment outcome (Dean & Frownfelter

19%).

THERAPEUTIC EFFECTS OF
POSITIONING AND MOBILIZATION

To improve oxygen transport in acute
cardiopulmonary dysfunction

Positioning and mobilization have profound
acute effects on cardiopulmonary and cardio-
vascular function, and hence on oxygen transport
(Table7.1). Theseeffects translateinto improved
gas exchange overall: reduction in the fraction
of inspired oxygen, pharmacological and venti-
latory support (Svanberg 1957, Burns & Jones
1975, Dean 1985). Such effects need to be
exploited in the management of acute cardio-
pulmonary dysfunction with the use of posi-
tioning and mobilization as primary treatment
interventions to enhance oxygen transport and as
between-treatment interventions (Dean & Ross
1992b, Ross & Dean 1992).

Positioning

Physiological and scientific rationale. The dis-
tributions of ventilation ( V',), perfusion (Q), and
ventilation and perfusion matching in the lungs
are primarily influenced by gravity, hence, body
position (Clauss et al 1968, West 1962, 1977).
The intrapleural pressure becomes less negative
down the upright lung. Thus, the apices have a
greater initial volume and reduced compliance
than do the bases. Because the bases are more
compliant in this position, they exhibit greater
volume changes during ventilation. In addition
to these gravity-dependent interregional differ-
ences in lung volume, ventilation is influenced
by intraregional differences which are dependent
on regional mechanical differences in the com-
pliance of the lung parenchyma and the resis-
tance to airflow in the airways. Perfusion
increases down the upright lung such that the
$./Q ratio in the apices is disproportionately
high compared with that in the bases. Ventilation
and perfusion matching is optimal in the mid-
lung region. Manipulating body position, how-
ever, alters both interregional and intraregional
determinants of ventilation and perfusion and
their matching. When considering specific posi-
tions to enhance arterial oxygenation for a given
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Table 7.1 Acute effects of upright positioning and mobilization an oxygen transport (adapted from Dean A B#k « M QQO»\
v owHEa) ar

Imle & Klemic (1989))

>0

Systemic response

Stimulus

Positioning (supine to upright)

Mobilization

Cardiopulmonary T Total lung capacity

T Tidal volume

T Vital capacity

T Functioning residual capacity
T Residual volume

T Expiratory reserve volume
T Forced expiratory volumes
T Forced expiratory flows

T Lung compliance

1 Airway resistance

1 Airway closure

TPaoO,

T AP diameter of chest

T Alveolar ventilation

1 Tidal volume

T Breathing frequency

T A-aOj gradient

i Pulmonary arteriovenous shunt

7 vO matching

T Distension and recruitment of
lung units with low ventilation
and low perfusion

T Mobilization of secretions

1 Pulmonary lymphatic drainage

t Surfactant production and distribution

4 Lateral diameter of rib cage and abdomen
Altered pulmonary blood flow distribution

| Work of breathing
T Diaphragmatic excursion
T Mobilization of secretions

Cardiovascular T Total blood volume
1 Central blood volume

| Central venous pressure

4 Pulmonary vascular congestion

T Lymphatic drainage
i Work of the heart

T Cardiac output

T Stroke volume and heart rate

T Oxygen binding in blood

T Oxygendissociation and
extraction at the tissue level

AP, anteroposterior, 1, increases; X, decreases.

patient, one needs to consider the underlying
pathophysiology impairing cardiopulmonary
function, the effects of bed rest/ recumbency and
restricted mobility, aspects of the patient's care
and unique aspects of the patient

Although the negative effects of the supine
position have been well documented for several
decades (Dripps & Waters 1941, Dean & Ross
1992b), supine or recumbent positions are fre-
quently assumed by patients in hospital. These
positions are non-physiologic and are associated
with significant reductions in lung volumes
and flow rates, and increased work of breathing
(Craig et a 1971, Hsu & Hickey 1976). The
decrease in functional residual capacity (FRC)
contributes to closure of the dependent airways
and reduced arterial oxygenation (Ray et al
1974). Thiseffect is accentuated in older persons
(Leblanc et al 1970), patients with cardiopulmo-
nary disease (Fowler 1949), patients with abdo-
minal pathology, smokers and obese individuals.

The haemodynamic consequences of the
supine position are also remarkable. The gravity-
dependent increase in central blood volume
may precipitate vascular congestion, reduced
compliance and pulmonary oedema (Sjostrand
1951, Blomgvist & Stone 1983). The commen-
surate increase in stroke volume increases the
work of the heart (Levine & Lown 1952). Within
6 hours, a compensatory diuresis can lead to a
loss of circulating blood volume and orthostatic
intolerance, i.e. haemodynamic intolerance to
the upright position. Bed rest deconditioning has
been attributed to this reduction in blood volume
and the impairment of the volume-regulating
mechanisms rather than physical deconditioning
per se (Hahn-Winslow 1985). Thus, the upright
position is essential to maximize lung volumes
and flow rates, and this position is the only
means of optimizing fluid shifts such that the
circulating blood volume and the volume-
regulating mechanisms are maintained. The
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upright position coupled with movement is
necessary to promote normal fluid regulation
and balance (Lamb et al 1964).

Side-to-side positioning is frequently used in
the clinical setting. If applied in response to
assessment rather than routinely (Chuley et al
1982), the benefits derived from such positioning
can be enhanced. Adult patients with unilateral
lung disease may derive greater benefit when the
affected lung is uppermost (Remolinaetal 1981).
Arterial oxygen tension is increased secondary
to improved ventilation of the unaffected lung
when this lung is dependent. Patients with
uniformly distributed bilateral lung disease may
derive greater benefit when the right lung is
lowermost (Zack et al 1974). Inthiscase, arterial
oxygen tension is increased secondary to im-
proved ventilation of the right lung, which may
reflect the increased size of the right lung
compared with the left and that, in this position,
the heart and adjacent lung tissue are subjected
to less compression. Although various studies
have shown beneficial effects of side lying,
positioning should be based on multiple con-
siderations including the distribution of disease
if optimal results are to be obtained.

The prone position has considerable physio-
logical justification in patients with cardio-
pulmonary compromise (Douglas et al 1977).
The beneficial effects of the prone position on
arterial oxygenation may reflect improved lung
compliance, tidal ventilation, diaphragmatic
excursion and FRC, and reduced airway closure
(Dean 1985). A variant of the prone position,
prone abdomen free, has shown additional
benefits over prone abdomen restricted. In the
prone abdomen free position, the patient is
positioned such that the movement of the
abdomen is unencumbered by the bed. This
can be achieved either by raising the patient's
body in relation to the bed so that the abdomen
falls free, or by using a*bed with a hole cut out
at the level of the abdomen. Despite compelling
evidence to support the prone position, this
position may be poorly tolerated in some
patients, or may be contraindicated in haemody-
namically unstable patients. In these situations,
intermediate positions approximating prone

may produce many of the beneficial effects and
minimize any potential hazard.

Positioning for drainage of pulmonary secre-
tions may beindicated in some patients (Kirilloff
et al 1985). Historically, these positions have
been based on the anatomical arrangement of
the bronchopulmonary segments to facilitate
drainage of a particular segment. The bronchiole
to the segment of interest is positioned per-
pendicular to facilitate drainage with the use
of gravity. The efficacy of postural drainage
compared with deep breathing and coughing
induced with mobilization/exercise and reposi-
tioning of the patient has not been established.
However, the fact that mobilization impacts
on more steps in the oxygen transport pathway
including the airways, to effect secretion clear-
ance, supports the exploitation of mobilization
coupled with deep breathing manoeuvres and
coughing asaprimary treatment i ntervention.

Assessment and treatment planning. Body
positioning, i.e. the specific positions selected,
the duration of time spent in each position,
and the frequency the position is assumed, is
based on a consideration of the factors that
contribute to cardiopulmonary dysfunction and
treatment response. Understanding of the
physiology of cardiopulmonary and cardio-
vascular function and the effects of disease,
highlight certain positions that are theoretically
ideal. However, these positions need to be
modified or may be contraindicated for a given
patient, based on other considerations (Box 7.1).
For example, if extreme positional changes
are contraindicated, small degrees of positional
rotation performed frequently can have signi-
ficant benefit on gas exchange and arterial oxy-
genation. A three-quarters prone position may
produce favourable results when the full prone
position is contraindicated or is not feasible.
This modification may simulate the prone
abdomen free position which has been shown
to augment the effect of the traditional prone
abdomenrestricted position (Douglaset al 1977).
Furthermore, a three-quarters prone position
may be particularly beneficial in patients with
obese or swollen abdomens who may not tolerate
other variations of the prone position. With
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Fig. 7.2 Postioningacritically ill patient may require sever al people and continual
monitoring of the patient'sresponse. Even though a position (particularly an upright
position) may only be tolerated for a short period of time, the physiological benefitsare

considerable.

attention to the patient's condition, invasive lines
and leads, and appropriate monitoring, a patient
can beaggressively positioned (Fig. 7.2).

The time which a patient spends in a position
and the frequency with which that position is
assumed over a period of time are based on
the indications for the position and treatment
outcome. Objective measures of the various
steps that are compromised in the oxygen
transport pathway as well as indices of oxygen
transport overall, are used in making these
decisions. Subjectiveevaluation based on clinical
judgement also has a place. A specific position
can be justified, provided there is objective and
subjective evidence of improvement. Signs and
symptoms of deterioration need to be monitored
so that deleterious positions can be avoided and
deterioration secondary to excessive time in any
one position can be detected. Prolonged duration
in any single position will inevitably lead to
compromise of the function of dependent lung
zones.

The ratio of treatment to between-treatment
time is low. Typically, between-treatment time

consists of some combination of positioning
and mobilization. Positioning and mobilizing
patients between treatments may be incor-
porated as an extension of treatment. Patients
require monitoring and observation during
these periods, as well as treatments. Between*
treatment time may incorporate the use of maxi-
mally restful positions that do not compromise
oxygen transport. Lastly, patients are positioned
and mobilized between treatments to prevent
the negative effects of restricted mobility and
recumbency.

Special consideration (e.g. with respect to
specific positioning and the use of supports)
needs to be given to positioning patients who
are comatose or paralysed in that their joints and
muscles are relatively unprotected and prone
to trauma.

Progression. Progression of positioning in-
volves decision making to incorporate new posi-
tions or modify previous positions, to modify
the duration spent in each position and the
frequency with which each position is assumed
over a period of time. These decisions are
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also based on the factors that contribute to
cardiopulmonary dysfunction and objective and
subjective indices of change in the patient's
cardiopulmonary status. With improvement in
cardiopulmonary status, the patient spends
more time in erect positions and is mobilized
more frequently and independently.

Physiologic 'stir-up' is an objective of posi-
tioning (Dean 1996a). The purpose is to effect
the normal gravitational stress on cardiopulmo-
nary and cardiovascular function that is experi-
enced inhealth. Thisisbest simulated if patients
are positioned from one extreme position to
another, e.g. supine to prone or upright, rather
than from half to full side lying which is
associated with a lesser 'stir-up' effect. Haemo-
dynamically unstable patients, however, require
greater monitoring during extreme position
changes, and may not tolerate some position
changeswell.

Mobilization

Physiological and scientific rationale. The
acute response to mobilization/exercise reflects
a commensurate increase in oxygen transport
to provide oxygen to the working muscles.
The increase is dependent on the intensity of
the mobilization/exercise stimulus. The demand
for oxygen and oxygen consumption (V O ) in-
creases as exercise continues, with commen-
surate increases in minute ventilation (Vg), i.e
the amount of air inhaled per minute, cardiac
output, and oxygen extraction at the tissue level.
Relatively low intensities of mobilization can
have a direct and profound effect on oxygen
transport in patients with acute cardiopulmo-
nary dysfunction (Lewis 1980, Dull & Dull 1983,
Dean & Ross 1992a) and need to be instituted
early after the initial pathological insult (Orlava
1959, Wenger 1982). Theresulting exercise hyper-
pnoeg, i.e. the increase in KV, is effected by an
increase in tidal volume and breathing fre-
quency. In addition, ventilation and perfusion
matching is augmented by the distension and
recruitment of lung zones with low ventilation
and low perfusion. Spontaneous exercise-induced
deep breaths are associated with improved flow

rates, and mobilization of pulmonary secretions
(Wolff et a 1977). In clinical populations, these
effects elicit spontaneous coughing. When mo-
bilization is performed in the upright position,
the anteroposterior diameter of the chest wall
assumes a normal configuration compared with
the recumbent position in which the antero-
posterior diameter is reduced and the transverse
diameter isincreased. In addition, diaphragmatic
excursion is favoured, flow rates augmented
and coughing is mechanically facilitated. The
work of breathing may be reduced with caudal
displacement of the diaphragm and the work
of the heart is minimized by the displacement
of fluid away from the central circulation to the
legs.

With respect to cardiovascular effects, acute
mobilization/exercise increases cardiac output
(CO) by increasing stroke volume and heart rate.
This is associated with increased blood pressure
and increased coronary and peripheral muscle
perfusion.

Passive movement of the limbs may augment
deep breams and heart function. There is little
scientific evidence, however, to support any
additional benefit from various facilitation
techniques (Bethune 1975). Thus, time allocated
to the use of passive manoeuvres may compete
with time for positioning and mobilization,
i.e. interventions with demonstrated clinical
efficacy. Although passive movements have a
relatively small effect on cardiopulmonary func-
tion, they have several important benefits for
neuromuscular and musculoskeletal function
which support their use provided they do not
replace active movement

ASSESSMENT AND TREATMENT
practical and ethical considerations, the mobili-
zation plan for the patient with acute cardio-
pulmonary dysfunction cannot be based on a
standardized exercise test, as is the case for
patients with chronic conditions. However,
response to amobilization /exercise stimulus can
be assessed during a patient's routine activities,
such as turning or moving in bed, activities
of daily living or responding to routine nursing
and medical procedures (Dean 1996b). Com-
parable to prescribing exercise FOR the patient

PLANNING. For
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with chronic cardiopulmonary dysfunction, the
parameters are specifically defined so that the
stimulus is optimally therapeutic. The optimal
stimulus is that which stresses the oxygen
transport capacity of the patient and effects
the greatest adaptation without deterioration
or excessive distress.

To promote adaptation of the steps in the
oxygen transport pathway to the stimulation
of acute mobilization, the stimulus is adminis-
tered in a comparable manner to that in an
exercise programme prescribed for chronic
Cardiopulmonary dysfunction. The components
include a p re-exercise period, awarm-up period,
a steady-state period, a cool-down period and a
recovery period (Blair et al 1988). These com-
ponents optimize the response to exercise by
preparing the cardiopulmonary and cardio-
vascular systemsfor steady-state exercise, and by
permitting these systems to re-establish resting
conditions following exercise. The cool-down
period, in conjunction with the recovery period,
ensures that exercise does not stop abruptly
and allows for biochemical degradation and
removal of the by-products of metabolism. Mo-
bilization consists of discrete warm-up, steady-
state and cool-down periods; the components
need to be identified, even in the patient with
a very low functional capacity, i.e. a critically
ill patient who may be only able to sit up over
the edge of the bed. In such cases, preparing to
sit up constitutes a warm-up period for the
patient; the stimulus of sitting unsupported
for several minutes while being aroused and
encouraged to talk, constitutes a steady-state
period. Returning to bed constitutes the cool-
down period. In the recovery period, the patient
continues to be observed to ensure that mobili-
zation is tolerated well and that the indices
of oxygen transport return to resting levels.
This information is then used as the basis for
mobilization in the next treatment

Valid and reliable monitoring practices pro-
vide the basis for the parameters of mobilization,
assessing the need for progression, and defining
the adaptation or training-sensitive zone. Moni-
toring is also essential given that subjecting
patients to mobilization/exercise stimulation is

inherently risky, particularly for patients with
cardiopulmonary dysfunction. Indices of overall
oxygen transport in addition to indices of the
function of the individual steps in the oxygen
transport pathway provide a detailed profile of
the patient/s cardiopulmonary status. In critical
care settings, the physiotherapist has access to
awide range of measures to assess gas exchange.
Minimally, inthe general ward setting measures
of breathing frequency, arterial blood gases,
arterial saturation, heart rate, blood pressure
and clinical observation provide the basis for
ongoing assessment, mobilization /exercise, and
progression. With appropriate attention to the
patient's condition, invasive lines and leads,
and appropriate monitoring, a patient can be
aggressively mobilized and ambulated (Fig. 7.3).

A fundamental requirement in defining the
parameters for mobilization is that the patient's
oxygen transport system is capable of increasing
the oxygen supply to meet an increasing meta-
bolic demand. If not, mobilization is absolutely
contraindica ted and the treatment of choice to
optimize oxygen transport is body positioning.
However, in the case of a patient being severely
haemodynamically unstable, even the stress of
positioning may be excessive. Thus, although
critically ill patients may betreated aggressively,
every patient has to be considered individually,
otherwise the patient may deteriorate or be
seriously endangered.

Progression. Progression and modification of
the mobilization stimulus occur more frequently
in the management of the patient with acute
cardiopulmonary dysfunction compared with
the progression of the exercise stimulus for the
patient with chronicillness. The status of acutely
ill patients can vary considerably within minutes
or hours. Whether the mobilization stimulus
is increased or decreased in intensity depends
on the patient's status and altered responses
to mobilization. The mobilization stimulus is
adjusted such that it remains optimal despite
the patient's changing metabolic needs. Capi-
talizing on narrow windows of opportunity
for therapeutic intervention must be exploited
24 hours a day with respect to the type of
mobilization stimulus, its intensity, duration



Fig- 7.3 Example of mobilizing a patient to a self-supported upright sitting position.
Mobilizing a critically ill patient needs to be a priority wherever possible. Short frequent
sessions to the erect position (sitting or standing if possible) with continual monitoring
of the patient's response should be the goal. As the patient progresses, sessions
increase in intensity and duration, and reduce in frequency.

and frequency, particularly in the critically ill
patient.

The 'Immovable’ patient Given the well-
documented negative effects of restricted mobil-
ity, the 'immovable' patient deserves special
consideration. Although bed rest is ordered for
patients frequently without reservation, the
risks need to be weighed against the benefits.
Restricted mobility coupled with recumbency
constitutes a death knell for many severely com-
promised patients. Thus, an order for bed rest
needs to be evaluated and challenged to ensure
that this order is physiologically justified.

Kinetic beds and chairs. Advances in furniture
technology to facilitate positioning and mobi-
lizing patients have lagged behind advances in
clinical medicine, particularly in the critical care
area. Conventional hospital beds are designed
to be stationary, and their widths and heights
are often non-adjustable, making them difficult
for the patient to get in and out of bed. Kinetic
beds and chairs have become increasingly
available over the past decade; however, they
are not widely used clinically. These devices

were originally designed to facilitate positioning
and moving heavy and comatose patients. Some
beds are designed to rotate on their long axis
from side to side over several minutes. Other
beds simulate a side to side movement with
inflation and deflation of the two sides of an
air-filled mattress. Although these beds have
potential cardiopulmonary benefit (Glavis et al
1985, Kyle et a 1992), they do not replace active
positioning and movement. Mechanically adjust-
able bedside chairs constitute an important
advance. These chairs adjust to a flat horizontal
surface that can be adjusted to bed height and
positioned beneath the patient lying on the
bed. The device with the patient on top is
then wheeled parallel to the bed where it can be
adjusted back into a chair, and thus the patient
assumes a seated position. The degree of re-
cline can be adjusted to meet the patient's
needs and for comfort. This chair also facilitates
returning the patient to bed. The disadvantages
of kinetic beds and chairs include the expense
and the potential for overreliance on them.
Without these devices, a heavy patient may
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require several people and several minutes to
position in a chair which may be only tolerated
for a few minutes. However, the cardiopulmo-
nary benefits of the stimulation of preparing to
be moved, the reflex attempts of the patient to
assist and adjust to changing position, as well
as actually sitting upright in a chair, are not
reproduced by bed positioning alone or by a
kinetic bed. Research is needed to determine
the indications and potential benefits of kinetic
beds and chairs so mat they can be judiciously
used in the clinical setting as an integral thera-
peutic intervention.

To improve oxygen transport in post-
acute and chronic cardiopulmonary
dysfunction

In post-acute and chronic cardiopulmonary
dysfunction, a primary consequence of impaired
oxygen transport is reduced functional work
capacity (Wasserman & Whipp 1975, Belman &
Wasserman 1981). Work capacity can be im-
proved with long-term exercise which improves
the efficiency of the stepsin the oxygen transport
pathway, and promotes compensation within
the pathway as well as by other mechanisms.
To optimize the patient's response, exercise can
be carried out in judicious body positions in
which oxygen transport is favoured.

Exerciseisthe treatment of choice for patients
whose impaired oxygen transport has resulted
from chronic cardiopulmonary dysfunction. Body
positioning, however, may have some role in
severe patients in optimizing oxygen transport
at rest. Barach & Beck (1954), for example,
reported that emphysematous patients were
less breathless, had reduced accessory muscle
activity and had a significant reduction in
ventilation when positioned in a 16° head-
down position. Some patients exhibited greater
symptomatic improvement than in the upright
positionwith supplemental oxygen. Classicrel ax-
ation positions, e.g. leaning forward with the
forearms supported, can also be supported
physiologically. Coupling such physiologically
justifiable positions with mobilization / exercise
will augment the benefits of exercise.

physiological and scientific rationale. Although
the physiological responses to long-term exer-
cise in patients with chronic cardiopulmonary
disease may differ from those in healthy persons,
patients can significantly improve their func-
tional work capacity (Table 7.2). In healthy
persons, an improvement in aerobic capacity
reflects improved efficiency of the steps in the
oxygen transport pathway to adapt to increased
oxygen demands imposed by exercise stress.
This adaptation is effected by both central
(cardiopulmonary) and peripheral (at the tissue
level) changes (Wasserman & Whipp 1975, Dean
& Ross 1992a). Such aerobic conditioning is
characterized by a training-induced bradycardia
secondary to an increased stroke volume and
increased oxygen extraction capacity of the
working muscle. These adaptation or training
responses result in an increased maximal oxygen
uptake and maximal voluntary ventilation, and
reduced submaximal v\, cardiac output, heart
rate, blood pressure and perceived exertion.
Patients with chronic lung disease, however,
are often unable to exercise at the intensity
required to elicit an aerobic training response.
Their functional work capacity is improved by

Table 7.2 Chronic effects of mobilization/exercise on
oxygen transport

Systemic response

Cardiopulmonary T Capacity for gas exchange

T Cardiopulmonary efficiency

4 Submaximal minute ventilation
4 Work of breathing

Cardiovascular Exercise-induced bradycardia

T Maximum VD,
4 Submaximal heart rate, blood
pressure, myocardial oxygen

demand, stroke volume, cardiac
output

4 Work of the heart
4 Perceived exertion

Eaﬁ@%&“ﬁy"é’é‘%@oephy
T Vascularity of the myocardium

Tissue level T Vascularity of working muscle
t Myoglobin content and oxidative
enzymes in muscle

T Oxygen extraction capacity

T, increases; 4, decreases.
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other mechanisms, e.g. desensitization to breath-
lessness, improved motivation, improved biome-
chanical efficiency, increased ventilatory muscle
strength and endurance or some combination
(Belman & Wasserman 1981, Loke et al 1984).
Patients with chronic heart disease such as
patientswith intarcted left ventriclesmay be able
to train aerobically; however, training adapta-
tion primarily results from peripheral rather
than central factors (Bydgman & Wahren 1974,
Hossack 1987, Ward et al 1987).

Planning an exercise programme. The exercise
programmeisbased on the principle that oxygen
delivery and uptake is enhanced in response
to an exercise stimuluswhichisprecisely defined
for an individual in terms of the type of exercise,
its intensity, duration, frequency and the course
of the training programme. These parameters
are based on an exercise test in conjunction with
assessment findings. Exercise tests are performed
on a cycle ergometer, treadmill or with a walk
test. The general procedures and protocols
are standardized to maximize the validity and
reliability of the results (Blair et al 1988, Dean
et al 1989). The principles of and guidelines
for exercise testing and training patients with
chronic lung and heart disease have been well
documented (Dean 1993b). T hetraining-sensitive
zone is defined by objective and subjective
measures of oxygen transport determined from
the exercise test. The components of each exer-
cise training session include baseline, warm-up,
steady-state portion, cool-down and recovery
period (Blair et al 1988, Dean 1993b). The cardio-
pulmonary and cardiovascular systems are
gradually primed for sustaining a given level
of exercise stress, whilst in addition the muscul o-
skeletal system adapts correspondingly. Follow-
ing the steady-state portion of the training
session, the cool-down period permits a return
to the resting physiological state. Cool-down
and recovery periods are essential for the bio-
chemical degradation and elimination of the
metabolic by-products of exercise.

Progression. Progression of the exercise pro-
gramme is based on a repeated exercise test.
This is indicated when the exercise prescrip-
tion no longer elicits the desired physiological

responses - specifically, when the steady-state
work rate consistently elicits responses at the
low end or below the lower limit of the training-
sensitive zone for the given indices of oxygen
transport This reflects that maximal adaptation
of the steps in the oxygen transport pathway
to the given exercise stimulus has occurred. The
degree of conditioning achieved is precisely
matched to the demands of the exercise stimulus
imposed.

To prevent the negative effects of
restricted mobility

Although physiologically distinct, the effects
of immobility are frequently confounded by
the effects of recumbency in the hospitalized
patient Restricted mobility and the concomitant
reduction in exercise stress affect virtually every
organ system in the body with profound effects
on the cardiovascular and neuromuscular sys-
tems. Recumbency and the elimination of the
vertical gravitational stress exerts its effects
primarily on the cardiovascular and cardio-
pulmonary systems (Dock 1944, Harrison 1944,
Blomqvist & Stone 1983). The most serious conse-
quences of restricted mobility and recumbency
are those resulting from the effects on the
cardiopulmonary and cardiovascular systems,
and hence on oxygen transport. Although other
consequences of restricted mobility, e.g. increased
risk of infection, skin breakdown, and deformity,
may not constitute the same immediate threat
to oxygen transport and tissue oxygenation,
they can have significant implications with
respect to morbidity and mortality (Rubin 1988).
Thus, restricted mobility and recumbency need
to be minimized, and mobility and the upright
position maximized to avert the negative conse-
quences of restricted mobility, the risk of mor-
bidity associated with these effects, and the
direct and indirect cardiopulmonary and cardio-
vascular effects. These negative consequences
are preventable with frequent repositioning and
mobilizing of the patient (Table 7.3). The pre-
vention of these effects is a primary goal of
positioning and mobilizing patients between

treatments.



Table 7.3 Effects of positioning and mobilization that prevent the negative effects of restricted mobility and recumbency*

Systemic response

Cardiopulmonary T Alveolar ventilation

X Airway closure

Alters thé distributions of ventilation, perfusion and ventilation and perfusion matching

Alters pulmonary blood volume

Alters distending forces on uppermost lung fields

i Secretion pooling

Secretion mobilization and redistribution
Alters chest wall configuration and pulmonary mechanics

Varies work of breathing
Cardiovascular

Alters cardiac compression (positioning), wall tensions, filling pressures

Alters preload, afterload. and myocardial contraction

Alters lymphatic drainage
Varies work of the heart
Promotes fluid shifts

Stimulates pressure- and volume-regulating mechanisms of the circulation

Stimulates vasomotor activity

Maintains normal fluid balance and distribution

Tissue level

Afters hydrostatic pressure and tissue perfusion

Maintains oxygen extraction capacity (mobilization)

'Some of the preventive effects of body positioning and mobilization are comparable; however, the magnitude of these effects
in response to mobilization tends to be greater than with body positioning.

SUMMARY AND CONCLUSION

Cardiopulmonary dysfunction refers to impair-
ment of one or more steps in the oxygen trans-
port pathway which can impair oxygen transport
overall. Factors that can impair the transport
of oxygen from the atmosphere to the tissues
include cardiopulmonary pathology, bed rest,
recumbency, and restricted mobility, extrinsic
factors related to the patient's medical care,
intrinsic factors related to the patient or some
combination of these factors. Positioning and
mobilization are two interventions that have
potent and direct effects on several of the
steps in the oxygen transport pathway. These
interventions have a primary role in improving
oxygen transport in acute and chronic cardio-
pulmonary dysfunction, and in averting the
negative effects of restricted mobility and re-
cumbency particularly those related to cardio-
pulmonary and cardiovascular function.

The principal goal of physiotherapy in the
management of cardiopulmonary dysfunction
is to optimize oxygen transport. A systematic
approach to achieving thisgoal consistsok

1. Distinguishing the specific steps in the

oxygen transport pathway which are impaired
or threatened.

2. Establishing which factors contribute to
this impairment.

3. Distinguishing which factors are (a) amen-
able to positioning and mobilization and (b) not
directly amenable to positioning and mobili-
zation, as these factors will modify treatment.

4. Specifying the parameters for positioning
and mobilization so mat they directly address
the factors responsible for the cardiopulmonary
dysfunction wherever possible, i.e. to elicit the
acute effects of these interventions to enhance
oxygen transport, or to elicit the long-term effects
on oxygen transport, i-e. training responses and
improved functional work capacity.

5. Avoiding the multisystem consequences of
restricted mobility and recumbency, particularly
those thatimpair or threaten oxygen transport

6. Recognizing when positioning or mobiliz-
ing a patient needs to be modified to avoid a
del eterious outcome.

Conceptualizing cardiopulmonary dysfunc-
tion as deficits in the steps in the oxygen
transport pathway, and identifying the factors
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responsible for each impaired step provides a
systematic approach to clinical decision making
in cardiopulmonary physiotherapy. Positioning
and mobilization can then be specifically directed
at the mechanisms underlying cardiopulmo-
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BREATHING CONTROL

Breathing techniques can be divided into normal
breathing, known as 'breathing control’, where
minimal effort is expended, and breathing exer-
cises where either inspiration is emphasized as
in thoracic expansion exercises or expiration is
emphasized asin the huff of theforced expiration
technique.

Breathing control is normal tidal breathing
using the lower chest with relaxation of the
upper chest and shoulders. This used to be
known as ‘diaphragmatic breathing’, but this
term is a misnomer as during normal tidal
breathing there is activity not only in the
diaphragm but also in the internal and external
intercostal muscles, the abdominal and scalene
muscles (Green & Moxham 1985).

To be taught breathing control, the patient
should be in a comfortable well-supported
position either sitting (Fig. 8.1) or in high side
lying (Fig.8.2). The patient is encouraged to
relax his upper chest shoulders and arms while
using the lower chest. One hand, which may
be either the patient's or the physiotherapist's,
or one hand of each, can be positioned lightly
on the upper abdomen. As the patient breathes
in, the hand should be felt to rise up and out;
as the patient breathes out, the hand sinks
down and in. Inspiration is the active phase,
expiration should be relaxed and passive and

Jennifer A. Pryor

*Reprinted w Uh per mission from Bethune1991in Pryor JA
(ed) Respiratory care. Churchill Livingstone. Edinburgh.
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Fig. 8.1 Breathing control In sitting.

both inspiration and expiration should be barely
audible. Inspiration through the nose allows
the air to be warmed, humidified and filtered
before it reaches the upper airways. If the nose
is blocked, breathing through the mouth will
reduce the resistance to the flow of air and will
reduce the work of breathing. If the patient is
very breathless breathing through the mouth
will reduce the anatomical dead space.

Some patients reflexly use pursed-lip breathing.
Breathing through pursed lips has the effect
of generating a small positive pressure during
expiration which may reduce to some extent the
collapse of unstable airways, for example in
emphysema (see Ch. 14, p. 382). Thistechnique
increases the work of breathing, particularly if
it has become a forced noisy manoeuvre, and
many patients no longer need to use pursed-lip
breathing when they have relearned breathing
control (normal breathing), which minimizes the
work of breathing.

There are positions which optimize the length
tension status of the diaphragm (Sharp et al
1980, O'Neill & McCarthy 1983, Dean 1985). By
sitting or standing leaning forward, the abdo-
minal contents raise the anterior part of the
diaphragm, possibly facilitating its contraction
during inspiration. A similar effect can be seen

in the side lying and high side lying positions
where the curvature of the dependent part of
the diaphragm is increased. This effect com-
bined with relaxation of the head, neck and
shoulders promotes the pattern of breathing
control.

Any breathless patient, for example patients
with emphysema, asthma, pulmonary fibrosis or
lung cancer, will benefit from using breathing
control in positions which encourage relaxation
of the upper chest and shoulders and alow
movement of the lower chest and abdomen. One
of the most useful positions is high side lying
(Fig. 8.2). For maximal relaxation of the head,
neck and upper chest, the neck should be slightly
flexed and the top pillow should be above the
shoulder, supporting only the head and neck.
Other useful positions are:

» Relaxed sitting (Fig. 8.3)

e Forward lean standing (Fig. 8.4)

« Relaxed standing (Fig. 8.5)

e Forward lean sitting (Fig. 8.6)

e Breathless children may prefer a kneeling
position (Fig. 8.7).
These positions discourage the tendency of

breathless patients to push down or grip with
their hands, which causes elevation of the
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Fig. 8.2 Breathing control in high side lying.

shoulders and overuse of the accessory muscles
of breathing. Figure 8.3b shows a position that is
often preferred by patients who are overweight.
Breathing control is also used to improve
exercise tolerance in breathless patients when

walking up slopes, hills and stairs (Fig. 8.8).
Breathless patients tend to hold their breath on
exertion and rush, for example up a flight of
stairs, arriving at the top extremely breathless
and unable to speak. The simple technique of
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Fig. 8.3 Relaxed sitting.

relaxing the arms and shoulders, reducing the
walking speed a little and using the pattern
of breathing in on climbing one step and
breathing out on climbing the next step can lead
to a marked reduction in breathlessness and
the ability to converse on arrival at the top of
the flight of stairs (Webber 1991). When this
technique has been mastered, some patients, on
days when they are less breathless, may find
breathing m for one step and out for two steps
more comfortable.

The severely breathless patient may find the
combination of breathing control with walking
also helpful when walking on level ground. A
respiratory walking frame (Fig.8.9) with or
without portable oxygen can be used to assist
ambulation in the severely breathl ess patient

Breathing control is an integral part of the
active cycle of breathing techniques and is also
used to control a bout or paroxysm of coughing.

AIRWAY CLEARANCE TECHNIQUES

The active cycle of breathing
techniques

Theactive cycle of breathing techniques (ACBT)
is used to mobilize and clear excess bronchial
secretions. It hasbeen shown to be effectivein the
clearance of bronchial secretions (Pryor et al 1979,
Wilson et al 1995) and to improve lung function
(Webber et al 1986). It neither causesor increases
hypoxaemia (Pryor et al 1990), nor increases
airflow obstruction (Thompson & Thompson
1968, Pryor & Webber 1979, Pryor et al 1994).

In the management of children with cystic
fibrosis in the Ukraine, the physiotherapy
techniques used had been very uncomfortable.
The introduction of the ACBT during a 6-month
period led to subjective improvements and
significant improvements in oxygen saturation
(Phillips et a 1996).



Fig. 8.4 Forward lean standing.

The ACBT is a flexible method of treatment
which can be adapted for use in any patient,
young or old, medical or surgical, where there
is a problem of excess bronchial secretions. It
can be used with or without an assistant.

It is a cycle of breathing control, thoracic
expansion exercises and the forced expiration
technique (FET). The original studies on 'the
forced expiration technique' (Pryor et al 1979,
Webber et al 1986, HofmeyT et al 1986) used this
cycle of techniques, but people began to use
a regimen of huffing alone or other variations
on the FET (Falk et al 1984, Reisman et al 1988)
and the literature became confusing. In order
to emphasize the use of thoracic expansion
exercises and the periods of breathing control,
in addition to the FET, the whole regimen
was renamed the active cycle of breathing tech-
niques (ACBT) (Webber 1990). The regimen did
not change in practice and the early studies on
the FET were randomized controlled trials of the
ACBT.
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Thoracic expansion exercises

Thoracic expansion exercises are deep breathing
exercises emphasizing inspiration. Inspiration
is active and may be combined with a 3-second
hold before the passive relaxed expiration. The
postoperative manoeuvre of a 3-second hold at
full inspiration has been said to decrease collapse
of lung tissue (Ward et al 1966). This'hold' may
also be of value in some patients with medical
chest conditions, but it is probably inappropriate
in the very breathless patient.

In the normal lung the resistance to airflow
via the collateral ventilatory system is high, but
with increasing lung volume and in the presence
of lung pathology the resistance decreases,
allowing air to flow via the collateral channels -
the pores of Kohn, channels of Lambert and
channels of Martin (Menkes & Traystman 1977)
(Fig. 8.10). Air behind secretions may assist in
mobilizing them

The effectiveness of thoracic expansion exer-
cises in re-expanding lung tissue and in mobiliz-
ing and clearing excess bronchia secretions can
also be explained by the phenomenon of inter-
dependence (Mead et al 1970). Thisis the effect of
the expanding forces exerted between adjacent
alveoli. At high lung volumes the expanding
forces between aveoli are greater than at tidal
volume and assist in re-expansion of lung tissue.

Three or four expansion exercises are usually
appropriate before pausing for a few seconds
tor a period of breathing control. Any more
deep breaths could produce the effects of hyper-
ventilation or could tire the patient.

Thoracic expansi on exercises can be encouraged
with proprioceptive stimulation by placing a
hand, either the patient's or the physiother-
apist's, over the part of the chest wall where
movement of the chest isto be encouraged. There
is no evidence to support an increase in ven-
tilation to the lung underlying the hand (Martin
et al 1976), but thereis an increase in chest wall
movement and an increase in lung volume.

Sometimes an additional increase in lung
volume can be achieved by using a 'sniff mano-
euvre at the end of a deep inspiration. This
manoeuvre may not be appropriate in patients
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Fig. 8.5 Relaxed standing.

Fig. 8.6 Forward lean sitting.
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Fig. 8.7 Forward kneeling.

Fig. 8.9 Respiratory walking frame in use.
Fig. 8.8 Breathing control while stair climbing.
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fnterbronchiolar
channels of Martin

Bronchicle-alveolar
channels of Lambert

Alveolar pores of Kohn

Fig. 8.10 Collateral ventilation pathways.

who are hyperinflated, but for surgical patients
who need further motivation to increase their
lung volume it can be a useful technique.

Thoracic expansion exercises may be combined
with chest shaking, vibrations, and/or chest
clapping. These techniques may further assist
in the clearance of secretions (pp. 147-151).

T H E forced expiration technique (FET)

The forced expiration technique is a combination
of one or two forced expirations (huffs) and
periods of breathing control. Huffing to low
lung volumes will move the more peripherally
situated secretions and when secretions have
reached the larger more proximal upper airways
a huff or cough from a high lung volume can be
used to clear them.

With any forced expiratory manoeuvre there
is dynamic compression and collapse of the
airways downstream (towards the mouth) of
the equal pressure point (West 1992). This is
an important part of the clearance mechanism of
either a huff or a cough.

As lung volume decreases during a forced
expiratory manoeuvre the equal pressure points
move more peripherally, and below functional
residual capacity they move towards the alveoli.
At lung volumes above functional residual
capacity the equal pressure points are located
in lobar or segmental bronchi (Macklem 1974).
A series of coughs without intervening inspira-
tions was advocated by Mead et al (1967) to

clear bronchial secretions, but clinically a single
continuous huff down to the same lung volume
is as effective and less exhausting. Hasarri et al
(1994) comparing cough and the FET concluded
that both were equally effective in clearing lung
secretions, but that the FET required less effort
from the patients.

The mean transpulmonary pressure during
voluntary coughing is greater than during a
forced expiration. This results in greater com-
pression and narrowing of the airways which
limits airflow and reduces the efficiency of
bronchial clearance (Langlands 1967). In 1989,
Freitag et a demonstrated an oscillatory move-
ment, 'hidden' vibrations, of the airway walls
in addition to the squeezing action produced by
the forced expiratory manoeuvre.

The viscosity of mucus is shear dependent
(Lopez-Vidriero & Reid 1978) and the shear
forces generated during a huff should reduce
mucusviscosity. Thistogether with the high flow
of a forced expiratory manoeuvre would also be
expected to aid mucus clearance and the expec-
toration of sputum.

When mobilizing and clearing peripheral
secretions it is an unnecessary expenditure of
energy to start the huff from a high lung volume.
A huff from mid-lung volume is more efficient
and probably more effective. To huff from mid-
lung volume a medium-sized breath should be
taken in, and with the mouth and glottis open,
the air is squeezed out using the chest wall and
abdominal muscles. It should be long enough
to loosen secretions from the more peripherally
situated airways and should not just beaclearing
noise in the back of the throat. However, if
the huff is continued for too long it may lead to
unnecessary paroxysmal coughing. Too short
a huff may be ineffective (Partridge et al 1989),
but when the secretions have reached the upper
airways, a shorter huff or a cough from a high
lung volume is used to clearHhem.

The huff isa forced but not violent manoeuvre.
To be maximally effective the length of the huff
and force of contraction of the expiratory muscles
should be altered to maximize airflow from the
periphery and to minimize airway collapse.

A peak flow mouthpiece, or similar piece



Fig. 8.11 Huffing games.

of tubing, may improve the effectiveness of the
huff as it helps to keep the glottis open. Some
people find that huffing through a tube at a tissue
or cotton-wool ball is helpful in perfecting the
technique.

The huff can be introduced to children as
blowing games (Thompson 1978) and from about
the age of 2 years they are usually able to copy
othershuffing (Fig. 8.11).

An essential part of the forced expiration
technique is the pause for breathing control after
one or two huffs which prevents any increase
in airflow obstruction. The length of the pause
will vary from patient to patient In a patient
with bronchospasm or unstable airways, or in
one who is debilitated and fatigues easily, longer
pauses (perhaps 10-20 seconds) may be appro-
priate. In patients with no bronchospasm the
periods of breathing control may be considerably
shorter (perhaps two or three breaths or 5-10
seconds).

In the tetraplegic patient clearance of secre-
tions from the upper airways is difficult because
maximum lung volume cannot be achieved and
the equal pressure points will therefore never
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reach the largest airways (Morgan et al 1986).
Secretions can be cleared from the smaller
airways, but accumulate in the larger upper
airways.

Application of the active cycle of
breathing techniques

The cycle of breathing control, thoracic ex-
pansion exercises and the forced expiration
technique is adapted for each patient (Fig. 8.12).
Sometimes one set of thoracic expansion exer-
cises will be followed by the forced expiration
technique (Fig. 8.12a and b), but if secretions
loosen slowly it may be more appropriate to
use two sets of thoracic expansion exercises
(Fig. 8.12c). The surgical patient will probably
benefit from the 3-second hold with the thoracic
expansion exercises (Fig. 8.13), but thereis prob-
ably no indication for the use of chest clapping,
and wound support may be more suitable than
chest compression during huffing and coughing
(Fig. 8.14).

In many patients the active cycle of breathing
techniques will effectively clear secretions in the
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Flg. 8.12 Examples to demonstrate the flexibility of the
active cycle of breathing techniques: BC, breathing control;
TEE, thoracic expansion exercises; FET, forced expiration
technique.

Fig. 8.13 Thoracic expansion
exercises.

sitting position, but in others gravity-assisted
positionswill be required.

For patients with a moderate amount of bron-
chial secretions, for example with bronchiectasis
or cystic fibrosis, a minimum of 10 minutes in
any productive position is usually necessary. For
patients with minimal secretions, for example
some asthmatics, some chronic bronchitics or
following surgery, less time is required. The
‘end-point* of a treatment session can be rec-
ognized, either by the physiotherapist or the
patient treating himself, when an effective huff
to low lung volume in two consecutive cycles
has been dry sounding and non-productive.
The sicker patient may not reach this end-point
before tiring and should stop when fatigue is
recognized.

It isimportant to introduce the concept of self-
treatment at an early stage. Patients in hospital
should beencouraged to take someresponsibility
for their treatment (Fig. 8.15). Surgical patients
should continue their breathing exercises in
between the treatment sessions with the physio-
therapist. Medical patients can perhaps start by
doing their own evening treatment. If the patient
takes responsibility for his treatment before
discharge home, both the patient and physio-
therapist will have the confidence that treatment
will be continued effectively. It is, however,



Fig. 8.14 Hurting with wound support.

Fig. 8.15 Self-treatment - thoracic expansion exercises.

important to negotiate rather than prescribe a

physiotherapy home programme to increase

compliancewith treatment (Carr et al 1996).
Revision of techniques at appropriateintervals
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is necessary to assess the effectiveness of the
treatment regimen, and to correct and update
techniques as necessary. Currie et al (1986)
recognized the importance of reassessment in
maintai ning patient compliance.

Chest clapping

Chest clapping is performed using a cupped
hand with a rhythmical flexion and extension
action of the wrist The technique is often done
with two hands (Fig. 8.16) but, depending on
the area of the chest it may be more appropriate
to use one hand. For the infant chest clapping
is performed using two or three fingers of one
hand. Single-handed chest clapping is probably
thetechnique of choicefor self-chest clapping.
Chest clapping should never be uncomfortable
and should be done over a layer of doming to
avoid sensory stimulation of the skin. It should
not be necessary to use extra layers of clothing
or towelling as the force of the chest clapping
should be adapted to suit the individual.
Mechanical percussion has been shown to
increaseintrathoracic pressure (Flower et al 1979)
and chest clapping may have a similar effect
but this change in intrathoracic pressure has not
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Fig. 8.16 Chest clapping.

been correlated with an increase in the clearance
of bronchial secretions. Andersen (personal com-
munication 1987) hypothesized that the air-filled
alveoli would buffer increases in intrathoracic
pressure and markedly reduce the mechanical
effect of chest clapping.

Some studies (Campbell et al 1975, Wollmer
et al 1985) have demonstrated an increase in
airflow obstruction when chest clapping is in-
cluded in the regimen, but other studies (Pryor
& Webber 1979, Gallon 1991) have shown no
increase in airflow obstruction with chest clapping.

In infants and small children not yet old
enough to do voluntary breathing techniques,
and in patients with neuromuscular weakness
or paralysis, and the intellectually impaired,
chest dapping is a useful technique to stimulate
coughing probably by the mobilization of
secretions.

Chest clapping has been shown to cause
an increase in hypoxaemia (Falk et a 1984,
McDonnell et al 1986), but when short periods
of chest clapping (less than 30 seconds) have
been combined with three to four thoradc ex-
pansion exercises no fall was seen in oxygen
saturation (Pryor et al 1990).

In a group of clinically stable patients with
cystic fibrosis no advantage was shown when
self-chest dapping was used in addition to
thoracic expansion exercises (Webber et al 1985),
but this cannot be extrapolated to either all
medical chest conditions or to acute chest prob-
lems. Single-handed chest dapping (Fig. 8.17) is
advocated in self-treatment as it is difficult to
coordinate two-handed clapping at the same
time as using thoradc expansion exercises.

If a patient feels that self-chest clapping is
beneficial, but the physiotherapist thinks that it
is tiring and may be causing hypoxaemia, the
patient could be monitored using an oximeter.
If oxygen desaturation of clinical significance
occurs during the self-chest clapping the patient
should be encouraged to omit the clapping, but
to continue with the thoradc expansion exerdses.
Patients studied by Carr et a (1995) fdt that
self-chest clapping was useful when they were
clinically stable, but more particularly when
they were unwell. The benefits of chest clapping
remain uncertain, but if chest clapping is con-
sidered to be clinically beneficial for an indivi-
dual it should be continued, provided there are
no adverse effects.

There is probably no indication for chest dap-
ping in postoperative patients and in patients
following chest injury. Severe osteoporosis
and frank haemoptysis are contraindications,
although chest clapping is unlikely to increase
bleeding when bronchial secretions are lightly
streaked with blood.

Vigorous and rapid chest clapping may lead
to breath holding and may induce bronchospasm
in a patient with hyperreactive airways. There
is no evidence that alteration in the rate of chest
clapping increases or decreases the mobilization
of bronchial secretions. A rhythmical comfort-
able rate for both patient and physiotherapist
is probably the most appropriate.



Fig. 8.17 Self-chest clapping.

Chest shaking, vibrations and compression

The hands are placed on the chest wall and,
during expiration, a vibratory action in the
direction of the normal movement of the ribs
is transmitted through the chest using body
weight. This action augments the expiratory
flow and may help to mobilize secretions. It is
unknown whether airway closure will be in-
creased if the vibratory action is continued into
the expiratory reserve volume, but the tech-
niques are frequently combined with thoracic
expansion exercises which would counteract
any resulting airway closure.

The vibratory action may be either a coarse
movement (chest shaking) or a fine movement
(chest vibrations). Little work has been done
on the effects of either coarse or fine vibrations
and physiotherapists have tended to adopt
the techniques that they find the most helpful
clinically.

In infants, vibrations are performed using two
fingers in contact with the chest wall. Chest
vibrations and shaking should never be un-
comfortable and should be adapted to suit the
individual patient. Some patients doing their
own chest physiotherapy find self-chest vibra-
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tions helpful. One hand is placed on top of the
other on the appropriate part of the chest wall
and vibrations or shaking are carried out during
expiration. With the hands in a similar posi-
tion chest compression throughout expiration is
often helpful (Fig. 8.18) to augment the forced
expiratory manoeuvre of the huff. When in side
lying self-compression can be given over the
side of the chest with the upper arm and elbow
and the hand of the other arm (Fig. 8.19).

The physiotherapist or other carer may give
compression during huffing or coughing. Some
patients find this helpful, but others prefer to
be unsupported. Postoperative patients usually
find that supporting the wound facilitates both
huffing and coughing. With fractured ribs and
other chest injuries shaking of the chest wall
would be inappropriate, but compressive sup-
port may assist the clearance of secretions.

in the paralysed patient the technique of rib
springing may be used where compression of
the chest wall is continued throughout expira-
tion and overpressure is applied at the end of
the breath out. By releasing the hands quickly
inspiration is encouraged. This technique is
inappropriate in the non-paralysed patient and
may be harmful as compression against a refiexly
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Flg. 8.18 Self-chest compression.

Flg. 8.19 Self-chest compression.

splinted chest wall may produce rib fractures. son similar to, but less vigorous than, rib
Assisted coughing for the paralysed patient is  springing may stimulate a deeper inspiration.
described in Chapter 17. Chest shaking or chest vibrations can also be

In the drowsy, semicomatose patient (for used during the expiratory phase of a manual
example, the chronic bronchitic in respiratory hyperinflation treatment (Ch. 11, p. 285) to assist
failure with sputum retention), chest compres-  the clearance of secretions.



Care must be taken when using the tech-
niques of chest shaking, vibrations and com-
pression if there are signs of osteoporosis or
metastatic deposits affecting the ribs or vertebral
column.

Gravity-assisted positions

Gravity can be used to assist the clearance of
bronchial secretions (Sutton et ai 1983, Hofmeyr
et a 1986). Nelson (1934) described the use of
positioning for draining secretions, based on the
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anatomy of the bronchial tree. The recognized
positions (Thoracic Society 1950) (Fig. 8.20) are
shown in Figures 8.21 to 831 and described in
Table 8.1.

Some patients cannot tolerate the recognized
positions and for others they may be contra-
indicated. Modified positions such as high side
lying (Fig. 8.32) or side lying (Fig.8.15) may
be more appropriate. At school, college, work
or when on holiday modified positions may be
easier, more convenient and likely to encourage
patient compliance (Figs 8.15 and 8.33).

Fig. 8.20 Diagram illugrating the bronchopulmonary nomenclature approved by the Thoracic Society
(1950) (reproduced by permission of the Editor of Thorax).
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Fig. 8.21 Apical segments upper lobes.

Fig. 8.22 Posterior segment right upper lobe.

Individual assessment will indicate whether
gravity-assisted drainage positions are of clinical
benefit. In some patients with very tenacious
secretions gravity is unlikely to help and a com-

Flg. 8.23 Posterior segment left upper lobe.

Fig. 8.24 Anterior segments upper lobes.

Fig. 8.25 Ungula.

fortable position in which effective breathing
techniques can be carried out is likely to be the
most beneficial.

It is inappropriate to use the downward chest
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Fig. 8.26 Right middle lobe. Fig. 8.29 Anterior basal segments.
Fig. 8.27 Apical segments lower lobes. Fig. 8.30 Lateral basal segment right lower lobe.
Fig. 8.28 Right medial basal and left lateral basal Fig. 8.31 Posterior basal segments lower lobes.

segments lower lobes.



154 INVESTIGATIONS, PATIENTS PROBLEMS AND MANAGEMENT

Tablea 1

-' _Gravity-assisted drainage positions (numbers refer to Fig. 8.20 and patient position is shown in Figs 8.21 to 8.31

Lobe Position
Upper lobe 1 Apical bronchus 1 Sitting upright
2 Posterior bronchus
(a) Right 2a Lying on the left side horizontally turned 45° on to the face, resting
against a pillow, with another supporting the head
(b)Left 2b Lying on the right side turned 45° on to the face, with three pillows
p
arranged to lift the shoulders 30 cm (12 in) from the horizontal
3 Anterior bronchus 3 Lying supine with the knees flexed
Ungula 4 Superior bronchus 4& 5 Lying supine with the body a quarter turned to the right maintained by
5 Inferior bronchus a pillow under the left side from shoulder to hip. The chest is tilted
downwards to an angle of 15°
Middle lobe 4 Lateral bronchus 4&5  Lying supine with the body a quarter turned to the left maintained by a
5 Medial bronchus pillow under the right side from shoulder to hip. The chest is tilted
downwards to an angle of 15°
Loiwr tobe 6 Apical bronchus 6 Lying prone with a pillow under the abdomen
7 Medial basal 7 Lying on the right side with the chest tilted downwards to an angle of
(cardiac) bronchus 20°
g Anterior basal 8 Lying supine with the knees flexed and the chest tilted downwards to
bronchus an angle of 20°
g Lateral basal 9 Lying on the opposite side with the chest tilted downwards to an angle
bronchus of 20°
10 Posterior basal 10 Lying prone with a pillow under the hips and the chest tilted
bronchus downwards to an angle of 20°

tilted positions immediately following meals
and in the following conditions: cardiac failure,
severe hypertension, cerebra oedema, aortic
and cerebral aneurysms, severe haemoptysis,

Fig. 8.32 Assisted treatment in high side lying.

abdominal distension, gastro-oesophageal reflux

(infants may be an exception, p. 336), and after

recent surgery or trauma to the head or neck.
Ventilation/perfuson. When positioning a



Fig. 8.33 Self-treatment while at work.

patient for drainage of secretions, it is also
important to remember the effect of gravity on
ventilation and perfusion (see Ch. 7). In the
adult, both ventilation and perfusion are prefer-
entially distributed to the dependent parts of
the lung (West 1992) whereas in children this
differs (p. 332). In adults with unilateral lung
disease gas exchange may be improved by using
the side lying position with the unaffected lung
dependent (Zack et al 1974). Postoperatively the
easiest method of increasing functional residual
capacity (FRC) and preventing lung collapse is
appropriate positioning and early ambulation
(Jenkins et al 1988). Most patients can sit out
of bed the day after surgery (Fig. 8.34a). If they
cannot sit in a chair, they should be encouraged
to either sit upright in bed or adopt a side lying
position, but they should not be in a slumped
sitting position (Fig. 8.34b).
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Fig. 8.34 Positioning: a sitting upright; b slumped sitting.

Autogenic drainage

Autogenic drainage (AD) aims to maximize
airflow within the airways to improve the clear-
ance of mucus and ventilation (David 1991).
Chevaillier developed this concept in Belgiumin
the late 1960s, but little was published until 1979
(Dab & Alexander 1979). Autogenic drainage
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is breathing at different lung volumes and an
active expiration is used to mobilise the mucus.

Chevaillier described three phrases: 'unstick’,
‘collect’ and 'evacuate’ (Schdni 1989). Breathing
at low lung volumes is said to mobilize periph-
eral mucus. This is the first or 'unstick' phase.
Itisfollowed by aperiod of tidal breathing which
is said to ‘collect’ mucus in the middle airways.
Then, by breathing at higher lung volumes,
the 'evacuate' phase, expectoration of secretions
from the central airways is promoted. A huff
from high lung volume is now encouraged to
clear the secretions from the trachea (Chevaillier
1995). Coughing is discouraged.

AD hasbeen atered in Germany (David 1991)
and is not split into the three phases as the
patients were found to be uncomfortable breath-
ing at low lung volumes. This technique is
known as modified autogenic drainage (M AD)
(Kieselmann 1995). The patient breathes around
tidal volumewhile breath holding for 2-3 seconds
at the end of each inspiration. Coughing is used
to clear mucusfrom the larynx (Kieselmann 1995).

The flom—volume curve is frequently used to
support an increase in airflow with the unforced
expiratory manoeuvre of autogenic drainage
(Schdni 1989). However, it must be remembered
that it is only possible to go outside the flow-
volume curve if pressure-dependent collapse
exists.

Autogenic drainage isusually practised in the
sitting position. It takes 10-20 hoursto teach the
main principles and sessions of 30-45 minutes
twiceaday are necessary (David 1991). Children
under the age of about 8 years would find it
difficult to concentrate for any length of time
on the different levels of breathing involved.

In a long-term study of patients with cystic
fibrosis AD was compared with 'conventional’
percussion and postural drainage. AD was found
to be at least as effective as the conventional
treatment and the patients had a marked prefer-
ence for AD (Davidson et a 1992).

Positive expiratory pressure

The positive expiratory pressure (PEP) mask
was described by Falk et al (1984) who found

an increase in sputum yield and an improvement
in transcutaneous oxygen tension when com-
pared with postural drainage, percussion and
breathing exercises. It was suggested that the
increase in sputum yield was produced by the
effect of PEP on peripheral airwaysand collateral
channels.

The PEP apparatus consists of a face mask
and a one-way valve to which expiratory resis-
tances can be attached. A manometer is inserted
into the system between the valve and resistance
to monitor the pressure which should be between
10 and 20 cmH,0 during mid-expiration (Falk
& Andersen 1991).

The patient sits leaning forward with his
elbows supported on a table and holding the
mask firmly over the nose and mouth (Fig. 8.35).
A mouthpiece and nose clip can be used in
place of the mask if thisis preferred. The patient
breathes at tidal volume with a slightly active
expiration for about six to ten breaths and the
lung volume should be kept up by avoiding
complete expiration. This is followed by the
forced expiration technique to clear the secre-
tions mat have been mobilized. The duration
and frequency of treatment are adapted to each
individual, but treatment is usually performed
for 15 minutes twice a day in patients with

Fig. 8.35 Using the PEP mask.



stable chest disease with excess bronchial secre-
tions (Falk & Andersen 1991). In postoperative
patients short periods of PEP used every hour
as a prophylactic treatment have been described
by Ricksten et a (1986).

The study by Falk et a (1984) in patients
with cystic fibrosis compared an assisted 'con-
ventional' postural drainage treatment with an
unassisted PEP mask regimen and found that
the PEP mask regimen was more effective and
the one preferred by the patients. In order to re-
duce the variables studied, Hofmeyr et al (1986)
compared the unassisted treatment of PEP
combined with the forced expiration technique,
with thoraci c expansion exercises combined with
the forced expiration technique (the active cycle
of breathing techniques). This study could not
show any advantage in using the PEP mask,
more sputum being produced when the active
cycle of breathing techniques was used.

Falk & Andersen (1991) suggest that with the
PEP treatment the increase in lung volume may
alow air to get behind secretionsblocking small
airways and assist in mobilizing them. This effect
may also be achieved by the thoracic expansion
exercises.

van der Schans et al (1991) studied mucus
clearance with PEP using a radio-aerosol tech-
nique in patients with cystic fibrosis. They
showed that PEP temporarily increased lung
volume, but did not lead to an improvement
in mucus transport.

High-pressure PEP isamodified form of PEP
mask treatment described for the treatment of
patients with cystic fibrosis by Oberwaldner
et a (1986). By using high pressures of PEP
(50-120 cmH.0), secretions may be mobilized
more easily in patients with unstable airways.
While sitting upright the patient holds the mask
firmly against the face. Six to ten rhythmical
breaths at tidal volume are followed by an
inspiration to total lung capacity and men a
forced expiratory manoeuvre against the resis-
tance to low lung volume which usually results
in the expectoration of sputum (Oberwaldner
etall991).

An individual optimum expiratory resistance
is carefully determined by spirometry. It is the
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resistance that allows the patient to expire to a
volume greater than his usual forced vital capa-
city. The technique isonly recommended for use
where full lung function equipment is available
for regular reassessment of the appropriate ex-
piratory resistancefor each individual. M eticulous
care must be taken as an incorrect resistance can
lead to a deterioration in lung function.

Flutter

The Flutter is a small, simple portable device
(Fig.8.36) used to assist the clearance of
bronchial secretions. It is pipe-shaped with a
single opening at the mouthpiece and a series
of small outlet holes at the top of the bowl.
The bowl! contains a high-density stainless steel
bail-bearing enclosed in a small cone. During
expiration the movement of the ball along the
surface of the cone creates a positive expiratory
pressure (PEP) and an oscillatory vibration of
the air within the airways. The device is held
horizontally and tilted slightly downwards until
a maximal oscillatory effect can be felt. The
Flutter combines the techniques of oral high-
frequency oscillation (OHFO) and PEP. It can
be used in the sitting position or in the position
of supine lying.

Hg. 8.36 Usg the Ruttar.
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The Hutter is placed in the mouth and inspi-
ration is either through the nose or through
the mouth by breathing around the Flutter (it
isnot possibleto breathe in through the Flutter).
A dow deep breath in with a breath hold of
3-5 secondsis followed by abreath out, through
the Flutter, at a faster rate than normal After
four to eight of these breaths many patients
use huffing either through the Flutter or without
the Flutter. This may precipitate expectoration
and should be followed by a pause for breathing
control -

Originally the recommended technique for
the Flutter was a gentle exhalation through the
device. Treatment was continued for a period
of 10 minutes. Secretions were expectorated by
spontaneous coughing. It was this regimen that
was shown by Pryor et a (1994) to be less
effective than the acs . The inclusion of huffing,
as described in the regimen above, is likely to
increasethe effectiveness of airway clearance.

Konstan et al (1994) compared threeregimens:
theFlutter, voluntary coughing and a regimen of
postural drainage which included up to 10 posi-
tions. Each session lasted 15 minutes. The Flutter
regimen was the most effective as measured by
theweight of sputum expectorated, but PEP (Falk
et al 1984) had been shown to be more effective
than a similar postural drainage regimen. In a
subsequent study the ACBT was shown to be
more effective than PEP (Hofmeyr et al 1986).

When autogenic drainage was compared with
the Flutter it was concluded that bom regimens
were equally effective, but the Flutter was easier
to teach (Lindemann 1992). A clinical trial was
undertaken using the Futter in patients follow-
ing thoracotomy, but no advantage could be
foundinitsinclusion (Chathamet a 1993).

The use of the Flutter in airway clearance may
improve compliance in some patients, especially
children. Care must be taken to wash and dry
the parts of the device after use to minimize t, e
risk of infection.

Mechanica percussion, vibration,
oscillation and compression

Mechanical percussors have been shown to
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increase intrathoracic pressure (Rower et al
1979), but Pryor et a (1981) could not demon-
strate any increase in sputum clearance or
improvement in lung function with mechanical
percussion

Goodwin (1994) has undertaken a review of
mechanical percussion, vibration, high-frequency
oscillation and chest wall compression in airway
clearance. He concluded that mechanical vibra-
tion may increase mucociliary clearance and that
high-frequency chest wall compression (Arens
et al 1994, Hansen et al 1994) was more promising
than oral high-frequency oscillation (Georgeet &
1985, Pryor atal 1989, van Hengstum et al 1990).
Further work needs to be undertaken on the
frequency of the vibration and it may be patient
dependent

In some parts of the world, for example North
America, high-frequency chest compression
may be considered a cost-effective alternative to
chest physiotherapy (Hansen et al 1994). In other
parts of the world where patients are already
using independent airway clearance treatments
it is unlikely that the expensive and cumber-
some alternative of a mechanical device will be
seriously considered.

| ncentive spirometry

Incentive spirometers are mechanical devices
introduced in an attempt to reduce postoperative
pulmonary complications. The patient takes a
slow deep breath in, with hislips sealed around
the mouthpiece (Fig. 8.37) and is motivated by
visual feedback, for example a ball rising to a
preset marker. The patient aims to generate
a predetermined flow or to achieve a preset
volume and he is encouraged to hold his breath
for 2-3 seconds at full inspiration. A short
sharp inspiration can activate the flow-generated
incentive spirometry devices with little increase
in tidal volume, but with a volume-dependent
device an increase in tidal volume must be
achieved before the preset level can be reached.

The pattern of breathing while using an incen-
tive spirometer is important Expansion of the
lower chest should be emphasized rather man
the use of the accessory muscles of respiration



Fig. 8.37 Use of the 'Coach* incentive spirometer.

which would encourage expansion of the upper
chest

Diaphragmatic movement (Chuter et a 1990)
is thought to be an important factor in the
prevention of postoperative pulmonary com-
plications. Incentive spirometry has been shown
to increase abdominal movement in normal
subjects, but not in subjects following abdominal
surgery (Chuter et al 1989). Postoperatively, an
increase in diaphragmatic movement has been
observed by encouraging an increase in lung
volume while using the pattern of breathing
control without the resistive loading of an
incentive spirometer (Chuter et al 1990). This
may help to reduce postoperative pulmonary
complications by increasing ventilation to the
dependent parts of the lungs.

Incentive spirometry has been compared
with intermittent positive pressure breathing
(Oikkonen et a 1991), continuous positive air-
way pressure (Stock et al 1985) and chest physio-
therapy (Hall et al 1991, Gosselink et a 1997)
in patients following surgery. Few differences
between the regimens have been reported.

There may be a place for the use of incentive
spirometry in children and in some adolescents
to provide motivation to increase lung volume
following surgery, but the use of breathing con-
trol and thoracic expansion exercises with an
inspiratory hold should be encouraged, and com-
bined with ambulation may be more effective
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in the prevention of postoperative pulmonary
complications ;

Glossopharyngeal breathing

Glossopharyngeal breathing (GPB) is atechnique
useful in patients with a reduced vital capacity
owing to respiratory muscle paralysis, for exam-
ple following poliomyelitis or in tetraplegics. It
is a trick movement that was first described
by Dail (1951) when patients with poliomyelitis
were observed to be gulping air into their lungs.
It was this gulping action that gave the technique
the name 'frog breathing'.

GPB is a form of positive pressure ventilation
produced by the patient's voluntary muscles
where boluses of air are forced into the lungs.
Paralysed patients dependent on a mechanical
ventilator may be able to use GPB continuoudly,
other than during sleep, to substitute the mech-
anical ventilation. The most common use of GPB
is in patients who are able to breathe sponta-
neously but whose power to cough and clear
secretions is inadequate. The technique may
enabl e these patients to shout to attract attention
and it may help to maintain or improve lung
and chest wall compliance (Dail et al 1955).

To breathe in, a series of pumping strokes
is produced by action of the lips, tongue, soft
palate, pharynx and larynx. Air is held in the
chest by the larynx which acts as a valve as
the mouth is opened for the next gulp.

Before starting to teach a patient GPB it is
helpful for him to inflate his chest using an
intermittent positive pressure ventilator with a
mouthpiece. He can practise holding the breath
while removing the mouthpiece and avoiding
escape of air through the larynx or nose. The
most important step in learning GPB is the up
and down movement of the cricoid cartilage
while keeping thejaw still. The patient can prac-
tise by watching the movement in a mirror and
feeling the cartilagewith his fingers.

When this movement has been achieved a
cycleof three stepsis practised:

1. The mouth and pharynx arefilled with air by
depressing the cricoid cartilage and tongue

(Fig. 8.389).
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" st ages of glossopharyngeal breathing

2. While maintaining this position the lips are
closed, trapping theair (Fig. 8.38b).

3. Thefloor of the mouth and cricoid cartilage
areallowed torise to their normal position
whileair is pumped through the larynx into
the trachea (Fig. 838c).

This sequence should be practised slowly at
first and then gradually speeded up until the
movement flows. A leak of air may occur
through the nose and, until it is prevented by
the soft palate, a nose dip may be required.

The next stage is to take a maximum breath in
and, while holding this breath, to add several
glossopharyngeal gulps, to augment the vital
capacity. When correct, the patient will feel his
chest filling with air, and the physiotherapist
can test the 'GPB vital capacity' by putting a
mouthpiece attached to the expiratory limb of
a Wright's respirometer in the patient's mouth
beforeheexhales.

The respirometer can be used to measure
the volume per gulp; the patientwill require less
effort and reach his maximum capacity more
quickly if he devel ops a bigger volume per gulp.
A study by Kelleher & Parida (1957) reported
a group of patientsin whom the average volume
per gulp varied from 25-120 ml, and when
teaching GPB an attempt should be made to
achieve at least 60 ml per gulp. When used for
clearance of secretions, 10-20 gulps may be
required to obtain a maximal vital capacity, but
if GPB is being used continuously as a sub-
stitute for normal tidal breathing approximately
6-8 gulps may be taken before breathing out

GPB would normally be taught with the pa-
tient in a comfortable sitting position, but when
mastered should be practised in positions useful
for the patient to clear his bronchial secretions.
After filling his chest to capacity he signals to
the physiotherapist who compresses his chest
as he lets the air out The patient may have
sufficient muscle power to apply compression
himself or carers can be taught to give assistance.

GPB is leamt easily by some patients, but
othersneed timeand patience to acquirethisskill
and must be motivated to practise frequently
during the learning period. It is a valuable



technique to consider when treating tetraplegic
or poliomyelitis patients with a vital capacity
of less man 2 litres. Instruction can begin when
the patient has reached a stable condition, but
it is inappropriate in the acute phase or during
an acute chest infection. When successfully
learnt it is invaluable during a period of chest
infection to assist in the clearance of secretions.
For a patient with a chest infection nursed in a
'‘tank' ventilator (‘iron lung'), assisted coughing
(Higgens 1966) may be more effective if the
patient uses GPB to augment the inspiratory
volume received from the ventilator before chest
compression is applied.

It is possible to teach GPB to patients with
an uncuffed tracheostomy tube, provided there
is an effective seal round the tube to avoid air
leaks.

GPB should not be attempted in patients with
neuromuscular disorders affecting swallowing,
and, in patients with a progressive disorder,
intermittent positive pressure breathing (irrs)
may be more appropriate than GPB. The tech-
nique is contraindica ted in patients with airflow
obstruction or pulmonary disease.

Manual hyperinflation

The technique of manual hyperinflation may
be indicated to mobilize and assist clearance of
excess bronchial secretions and to reinflate areas
of lung collapse in the intubated patient. It is
describedinChapter 11 (p. 285).

Airway suction

Airway suction is usually necessary to dear
secretions from the intubated patient with an
endotracheal tube, tracheostomy, minitrache-
ostomy or the patient with an ‘airway'. For
adults this is described in Chapter 11 (p. 287).
For children including the non-intubated infant
and small child, see Chapter 13, page 338.
Suction is required occasionaly in the non-
intubated adult who has retained secretions.
The vacuum pressure should be kept as low as
possible, and usually inthe range 60-150 mrnHg
(8.0-20 kPa), but thiswill vary with the viscosity
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of the mucus. A built-in finger tip control or
Y-connector is recommended to allow a more
gradual bui'.i-up of suction pressure than is
possible by the release of akinked catheter tube.

Before any suction procedure it is important
to give an explanation to the patient

Nasotrachcd suction is a means of stimulating
a cough, bu: is an unpleasant procedure for
the patient and should only be performed when
absolutely necessary. The indication for suction
is the inability to cough effectively and expec-
torate when secretions are retained. It may be
necessary, for example, when an acute exacer-
bation of chronic bronchitis has led to carbon
dioxide narcosis and respiratory failure, in
neurological disorders, postoperative compli-
cations or laryngeal dysfunction. It is contra-
indicated when there is stridor or severe
bronchospasn.

Airway suction causes damage to the trachedl
epithelium and this can be minimized by the
appropriate choice of catheter and technique.
A flexiblecatheter of suitable size, usualy 12 FG
in adults, is lubricated with awater-solublejelly
and gently passed through the nasal passage
so that it curves down into the pharynx. Occa-
sionally a cough may be stimulated when the
catheter reaches the pharynx, suction can then
be applied, the secretions aspirated and the
catheter withdrawn. More often it is necessary
to pass the catheter between the vocal cords
and into the trachea to stimulate coughing. The
catheter is less likely to enter the oesophagus
if the patient's neck is extended, and if heis able
to cooperate it is often helpful if he can put
his tongue out. The catheter should be inserted
during the inspiratory phase and if it passes into
the tracheawill stimulate vigorous coughing.

Oxygen should always be available during
the suction procedure and the patient observed
for signs of hypoxia. If it has been difficult to
insert the catheter and the patient looks cyanosed,
instead of withdrawing the catheter from the
trachea, suction should be stopped and oxygen
administered until the patient's colour has im-
proved. Suction can then be restarted.

Adults nursed in the sitting position can be
suctioned in that position, but comatose patients
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should be suctioned in side lying to avoid the
possibility ef aspiration if vomiting occurs.

Using the technique of nasotracheal suction
it is important to be aware of the possibility
of causing laryngeal spasm (Sykes et al 1976) or
vagal nervestimulation which may lead to car-
diac arrhythrnias (Jacob 1990). Provided that
suction is carried out carefully and oxygen is
aways available it is a valuable technique
and may avoid the need for the more invasive
treatments of bronchoscopy, endotracheal intu-
bation or minitracheotomy. However, it should
not be undertaken until every attempt to achieve
effective coughing has failed.

Suction via the nose is contraindicated in
patients with head injuries where there is a leak
of cerebrospinal fluid into the nasal passages.
Oropharyngeal suction through an airway would
be an aternative method. An oropharyngeal
airway is a plastic tube shaped to fit the curved
palate. It isinserted with itstip directed towards
the roof of the mouth and is then rotated so
that the tip lies over the back of the tongue.

Although retention of secretions may be a
problem in patients with respiratory muscle
paralysis there is no benefit in using suction in
an attempt to stimulate an effective cough. It is
the lack of volume of air mat prevents clearance
of secretions in these patients and it is the com-
bination of gravity-assisted drainage positions,
chest compression and intermittent positive pres-
sure breathing or glossopharyngeal breathing
(p. 159) which should provide an effective means
of clearance.

Portable suction units are available for
domiciliary use and for patients in transit They
may be powered manualy, by mains electricity,
or by battery, e.g. from a car cigarette lighter
adapter.

Minitracheotomy

A minitracheotomy (Fig. 839) may be consid-
ered when a spontaneously breathing patient
isretaining bronchial secretions. It has been used
successfully in surgical and medical patients
(Preston et a 1986). Nasotracheal suction may
have been successful in clearing some secretions

Fig. 8.39 Minitracheotomy.

but is unpleasant and traumatic for the patient
if it needs to be repeated frequently. A minitra-
cheotomy is a means of clearing secretions more
easily while avoiding the more invasive tech-
niques of bronchoscopy, endotracheal intubation
or tracheostomy (Ryan 1990). It would not pro-
vide an adequate airway for ventilation and it
offers no airway protection.

A cannula with an internal diameter of 4 mm
is inserted into the trachea through the crico-
thyroid membrane (Matthews & Hopkinson
1984). The procedure can be carried out under
local anaesthesia and the minitracheotomy allows
tracheal suction as often as necessary.

With the small tube in position the patient
is able to breathe normally through the mouth
and nose and the inspired air is humidified as
it passes through the nasal passages. The patient
can talk, eat and drink normally and the tube



does not prevent him from coughing effectively.
Oxygen can be administered by a face mask or
nasal cannulae if required.

With a rninitracheotomy a size 10 FG suction
catheter is the maximum size that can be used.
Size 8 FG isusually toonarrow to clear secretions
effectively. Normal saline solution (1-2ml) is
instilled via the rninitracheotomy before suction
to assist in maintaining patency of the tube.
The catheter is gently inserted either until a
cough is stimulated or the carinais reached and
suction is applied when starting to withdraw
it. There may be copious secretions which will
take longer to clear using this small catheter,
but the patient is able to breathe with the narrow
tracheal tube in situ and the procedure should
not be distressing.

As soon as the patient is capable of clearing
his secretions effectively without becoming ex-
hausted the rninitracheotomy isremoved and the
small incision healsquickly.

Thesize of the rninitracheotomy was designed
for the adult trachea and is not recommended
for children under the age of 12 years (Preston
etal1986).

Management of stress incontinence

M any patients with chronic cough and requiring
airway clearance techniques, suffer from stress
incontinence which often causes them embar-
rassment. The physiotherapist, during assess-
ment (p. 9), should include questions to identify
if this is a problem. Instruction in pelvic floor
exercises will probably be helpful, but referral
to an expert physiotherapist would ensure the
best treatment programme and advice.

NEUROPHYSIOLOGICAL
FACILITATION OF RESPIRATION

Neurophysiological facilitation of respiration
is the terminology used to describe externally
applied proprioceptive and tactile stimuli that
produce reflex respiratory movement responses
and that appear to alter the rate and depth of
breathing.

The chest care of unconscious persons is
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particularly challenging because of their inability
to participate in the more traditiona treatment
approaches which require a large component
of voluntary effort. Although these patients
may tolerate chest percussion and vibrations, for
a variety of reasons it may not be possible to
place them in optimum positions for postura
drainage. In order to minimize cerebral oedema
it may be necessary to keep the head elevated.
Instrumentation to monitor cranial pressure,
intubation and external ventilation are some of
the factors that must be taken into account.

Inadequate ventilation due to shallow and/or
monotonous respiration poses a particular danger
to this patient population. Monotonous respi-
ration is a mgjor factor in the development of
atelectasis. The normal adult ventilatory pattern
includes spontaneous deep breaths every 5-10
minutes. In experiments to study the devel-
opment of atelectasis, ateration of this pattern
to shallow monotonous tidal volume without
deep breaths resulted in gradual aveolar col-
lapse beginning within 1 hour in normal volun-
teers, patients and experimental animals (Bartlett
et al 1973). Inadequate ventilation leads to the
retention of secretions and in the unconscious
patient this creates a need for frequent suction-
ing. Deranged mechanical respiratory function
is another complication frequently encountered.
This may be associated with trauma, but often
lack of muscle tone and instability of the chest
wall isthe only apparent cause. It isalso possible
to be presented with a 'stiff chest exhibiting
little respiratory movement. This may be aresult
of disease (lack of costal movement) or increased
tonein theintercostal muscles may beimplicated.
Experiments with decerebrate rigidity in cats
have demonstrated that the increased muscle
tonus aso involves the intercostal muscles, ,
proving that the respiratory muscles also obey
brai n stem mechanisms (Frankstein 1970).

The observed responses to these facilitatory
Stimuli have been remarkably consistent in un- |
conscious patients, normal subjects and labora-
tory animals observed under fluoroscopy. |
Application of these proceduresresultsin:

vighble deeper respirations - larger expansion of the
ribs and increased epigastric excurdon; increased
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visbleand often palpabletonein abdominal muscles;
changein respiratory rate (usually slower);
involuntary coughing; morenormal respiratory
pattern; rapid return of mechanical stability; changes
in bream sounds on auscultation; retention of
improved respiratory pattern after the treatment
period and apparent increasein thelevd of
consciousness (Bethune 1976).

The responses are most pronounced in the
most deeply unconscious. The changes noted
during treatment are frequently dramatic. The
stimuli used in treatment have been designated
as follows (Bethune 1975):

e Perioral pressure

e Intercostal stretch

« Vertebral pressure to the upper thoracic Spine
Vertebral pressure to the lower thoracic spine
Anterior stretch-lifting of the posterior basal
area

Maintained manual pressure.

Perioral pressure

Perioral stimulation isprovided by applying firm
maintained pressure to the patient's upper Up.
Pressure is maintained for the length of time
that the therapist wishes the patient to breathe
in the activated pattern. (As a precautionary
measure the use of surgical gloves isadvised to
avoid picking up a contaminant and/or carrying
contaminants from one patient to another.) The
response to this stimulus is a brief (approxi-
mately 5 seconds) period of apnoea followed
by increased epigastric excursions. The initial
response may frequently be observed as a large
maintained epigastric swell. As the stimulus is
maintained the epigastric excursions may in-
crease so that movement is transmitted to the
upper thorax and the patient appears to be 'deep
breathing'. The patient may sigh on initiation
of the procedure or sometime after the response
has become established.

Margaret Rood taught perioral pressure as
a procedure to reduce spastic muscle tone. She
considered it a prerequisite to her method
of initiating movement by using light moving
tactile stimuli. She taught that perioral pressure
would inhibit hypertonus and that if the patient's

mouth was open the pressure would cause it
to close. If the mouth should remain open, then
facilitator)' touch stimuli around the race were
deemed contraindicated.

Perioral pressurewasreviewed by Rood (1973)
as a stimulus that produced generalized relax-
ation. In her terminology it produced a 'para-
sympathetic' bias as opposed to sympathetic
influences. This 'parasympathetic' bias she saw
as a desirable background for many facilitatory
procedures. Conscious patients can and often do
apply their own perioral pressure. Many thera-
pists use the stimulus as a method of relaxation.
The fact mat Rood did not become aware of
the respiratory effects of perioral stimulationwas
probably due to her treatment focus and her
patient population.

If in the unconscious patient the mouth is
open, perioral pressure often causes the mandi-
ble to be drawn up. The mouth may close.
Swallowing is noted and sucking movements
are often evident even in the presence of oral
airways. Swallowing and sucking may not
always be demonstrated in initial treatments,
but may appear in the most deeply unconscious
after repeated stimulation. Occasionally a deeply
unconscious patient has been observed to push
pursed lips forward in a 'mouth phenomenon' or
lip phenomenon'. This mouth or lip pheno-
menon has been observed by several investi-
gators and reported by Peiper (1963) as a reflex
response to gentle tapping on the upper lip,
noted in young normal infants and in adults
with severe cerebral disorders.

Peiper studied the neurology of respiration
and the neurology of food intake including the
relationship between sucking, swallowing and
breathing in infants. The movement of the lips,
sucking, swallowing and chewing have been
reported on stroking the lips of comatose adults.
They are thougjit to berelated to infantile rooting
reflexes.

‘During theinfant's food intake three centrally
directed rhythmic movements arise; sucking,
breathing and swallowing' (Peiper 1963). Earlier
experiments on young animals established the
presence of asucking centre located bilaterally in
the medulla. Peiper established that the sucking



centre took precedence. The initiation of sucking
at once disturbed respiration. There occurred
a lowering of the diaphragm for 5 seconds or
more before respirations resumed at a new
rhythm (led by the sucking centre). Peiper also
documented that after sucking movements
ceased, the respiratory movements maintained,
for aperiod, the new (in this case, faster) rhythm.

The similarities between Peiper's observations
and those in response to perioral stimuli are
lowering of the diaphragm (maintained for 5
seconds or more), a new respiratory rhythm and
maintenance of that rhythm for a time after re-
moval of the stimulus. Thisimplies that Peiper's
recorded phenomena and perioral stimuli are
related. Perioral pressure seems to elicit reflex
respiratory responses related to early feeding
reflexes.

Intercostal stretch

Intercostal stretch is provided by applying pres-
sure to the upper border of a rib in order to
stretch the intercostal muscle in a downward
(not inward) direction. The stretch position is
then maintained while the patient continues to
breathe in his/her usual manner. This procedure
can be performed unilaterally or bilaterally on
any rib with the exception of the floating ribs.
Care must be taken to avoid sensitive mammary
tissuein female patients.

The response to this stimulus is a gradual
increase in respiratory movements in the area
under and around the stretch. This procedure
appears to be effective in restoring respiratory
movement patterns when performed over areas
of instability, for example when paradoxical
movement of the upper ribsis present (fractured
ribs excepted) or over areas of decreased mobil-
ity. Epigastric excursions can be observed if
intercostal stretch is performed bilaterally over
the lower ribs, but above the floating ribs.

The first effect appears to be the response
of intercostal muscle spindles to stretch. The
latter effect of epigastric excursion on bilateral
stimuli to the lower ribs may represent the reflex
control of the diaphragm via the intercostal
afférents that innervate its margins.
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Vertebral pressure

Very firm manua pressure applied with the
open hand directly over the uppermost thoracic
vertebrae results in increased epigastric excur-
sions viathe presence of a mainly relaxed abdo-
minal wall. Pressure applied in the same manner
directly over the lower thoracic vertebrae results
in increased respiratory movements of the
apical thorax. Because of the problem of stabi-
lizing a patient in a side lying position, these
procedures are best performed in a supine lying
position with patients who are confined to bed.

Dorsal root section has provided a tool for the
study of segmental proprioceptive respiratory
control. Observations of augmented diaphrag-
matic activity in response to high thoracic
vertebral stimulation and facilitated apical res-
piratory activity following pressure over the
lower thoracic vertebrae seem to correlate with
the observations of Helen Coombs. Coombs
(1918) demonstrated that section of thoracic
dorsal roots diminished costal respirationin cats.
Abdominal respiration remained unaltered. In
alater study (Coombs & Pike 1930) with kittens
she found that dorsal root section of the thoracic
nerves amost abolished costal respiration. If
the thoracic nerves were left intact and dorsal
root section performed at a higher level - the
cervical level - movements of the diaphragm
were much diminished.

Co-contraction of theabdomen

Co-contraction of the abdomen is a procedure
that Margaret Rood (1973) taught to facilitate
respiration. It increased the tone in the abdo-
minal muscles. Rood thought that abdominal
co-contraction al so activated thediaphragm. This
procedure is performed by the therapist placing
one hand on the patient's lower ribs and one
on the pelvis on the same side and pushing
with moderate pressure so that force is applied
at right angles to the patient. Rood thought that
this procedure produced stretch on the abdo-

minal muscles, first on the contralateral side. This
would activate the muscle spindles and they in

turn would cause their homonymous extrafusai
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muscles to contract The contraction of these
muscles would in turn stretch the abdominal
muscles on the other side (the side nearest the
therapist's hands). The stretch would activate
the spindles in these muscles which in turn
would activate their own extra fusal muscle. A
contraction would result and muscles on the
other side would again be stretched. Alternating
activation was thought to occur as the pressure
was maintained.
In practice it does not appear mat the side
contralateral to the applied pressure is always
activated first The level of pre-existing tone
appears to be an important factor. In obese abdo-
mens and sometimes in postoperative abdomens
the amount of stretch in the procedure does not
seem sufficient to activate the opposite side first
and the muscles on the side where the pressure
is applied may be the first to react. Abdominal
co-contractions must be done on both sides of the
abdomen and are usually performed with pres-
sures maintained for some seconds and applied
aternately to first one side then to the other
and repeated as necessary to obtain the response
and maintain it for the time period desired.
Thisis an effective procedure. Increasing tone
in the abdomen can both be seen (by increased
muscle definition) and palpated. Increased epi-
gastric excursions occur. If retained secretions
are present abdominal co-contraction may pro-
duce coughing more readily man other proce-
dures; however, asventilation increases, coughing
may occur with any procedure. The preceding
observations are supported by the hypothesis
that action of the diaphragm may be enhanced
by an increase in abdominal pressure and mat
lower intercostal afferents may exert reflex
control over diaphragmatic activity.

Anterior-stretch basal lift

This procedure is performed by placing the
hands under the posterior ribs of the supine
patient and lifting gently upwards. The lift is
maintained and provides a maintained stretch
and pressure posteriorly and stretch anteriorly
as well. This may be performed bilaterally if
the patient is small enough. Should this not

be possible or necessary, it can be done as a
unilateral treatment As the lift stretch is main-
tained, increasing movements of the ribs in
lateral and posterior directions can be seen and
felt Increased epigastric movements also often
become obvious.

Maintained manual pressure

It would probably be more correct to call mis
procedure maintained manual contact since the
tendency of most therapistsisto presstoo firmly.
Mild pressure of the open hand(s) is maintained
over the area in which expansion is desired.
Gradual increasing excursion of the ribs under
contact will be felt This is a useful procedure
to obtain expansion in painful situations, in the
presence of chest tubes for example, or follow-
ing cardiac surgery which may have required
splitting of the sternum. Manual contact is also
useful when applied over the posterior chest
wall of patients with chronic obstructive lung
disease. Such patients may sit leaning forward
with their arms supported high on pillows and
their head resting on their arms for comfort

Sumi (1963) in studiesof hair, tactileand pres-
sure receptors has reported cutaneous fields for
both inspiratory and expiratory motor neurons
in cats. He was of the opinion that because the
excitatory skin fields for the inspiratory motor
neurons were more extensive than those of
expiratory motor neurons, more inspiratory man
expiratory motor neurons can be excited by
a single skin stimulus. Thus, local cutaneous
stimulation of the thoracic region would tend
to reflexly provoke an inspiratory position of
the thorax. Eklund et al (1964) are among other
investigators who have demonstrated reflex
effects on intercostal motor activity in response
to stimulation of afferents from the overlying
skin(Table8.2).

Application to patients

In utilizing these procedures in the hospital
setting chest auscultation and the usual assess-
ment procedures should be completed before
and after treatment. The patient should also



Table 8.2 Neurophysiological facilitation for the chest
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Procedure

Method

Observations

Suggested mechanism

Perioral stimulation

Vertebral pressure - high

Vertebral pressure - low

Anterior stretch - lifting
posterior basal area

Pressure is applied to the
patient's top lip by the
therapist's finger - and
maintained

Manual pressureto thoracic
vertebrae in region of T,-T,

Manual pressure to thoracic

vertebrae in region of T>-T.,

« Patient supine
* Hands under lower ribs
* Ribs lifted upward

* Increased epigastric excursion

« 'Deep breathing’

* Sighing

* Mouth closure

« Swallowing

« 'Snout phenomena*

« Increased epigastric
excursions
« 'Deep breathing'

Increased respiratory
movements of apical thorax

» Expansion posterior
basal area
« Increased epigastric

Primitive reflex response
related to sucking

Dorsal-root-mediated
intersegmental reflex

« Dorsal root as above
« Stretch receptors in
intercostals. back

* Pressure laterally over
lower ribs and pelvis
« Alternate right and left sides

Co-contraction - abdomen

Stretch on expiratory phase
maintained

Moderate pressure open palm

Intercostal stretch

Moderate manual pressure

movements muscles

Stretch receptors in
abdominal muscles
?intercostal to phrenic
reflex

* Increased epigastric
movements

* Increased muscle contraction
(rectus abdorninus)

« Decreased girth in obese

« Increased firmness to palpation

» Depression of umbilicus

Intercostal stretch
receptors

Increased movement of area
being stretched

Gradually increased excursion Cutaneous afferents

of area under contact

be assessed during treatment to gauge response
and help determine treatment duration. It is
essential to note the patient's respiratory move-
ment pattern. I's simultaneous and equal thoracic
movement present or is there chest lag on one
side? Are there any paradoxica movements
between the chest and abdomen? Are there any
areas of indrawing on inspiration? The therapist
needs to know how patterns of ventilation
are changing. The patient's response determines
the duration of the treatment which is why
assessment is critical. A procedure is continued
until the therapist's assessment indicates that
the desired effect has been achieved (increased
breath sounds, increased respiratory movements,
cough).

Changes in breath sounds, as determined
by auscultation, have been noted with all the
procedures. Breath sounds often become evident
in areas that previously appeared silent. Many
patients may raise secretions by coughing.

but the unconscious are unable to expectorate.
Suctioning to remove secretionsin these patients
may not be required as frequently and may be
more effective as secretions are more accessible.

Some unconscious patients appear to become
less deeply unconscious during respiratory
facilitation. Responses such asfluttering eyelids,
head movements, spontaneous movements,
opening of the eyes and mumbling have been
noted. Sometimes such a patient will push the
therapist's hands away. This is a good sign as
such patients are frequently considered to be
unresponsive. Anoccasional patientwill initially
turn his head away from the perioral stimulus
but accept it with further application. It is diffi-
cult to determine whether these reactions are
due to increased ventilation, to the stimulation
that handling provides or to both.

It is important to remember that these re-

actions are responses to stimuli. Every patient
will not necessarily demonstrate the same level
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of responsiveness to each procedure. Response

seems to be related to the patient's pre-existing

muscle tone, level of consciousness and perhaps
other factors such asthe adequacy of ventilation.
For example, some obese persons may take
longer to respond to abdominal co-contractions
than to periora pressure. A certain decerebrate
patient had so much muscle tonus in his torso
that abdominal co-contractions applied to him
while he was in a supine position caused him
to begin to elevate into a sitting position. Since
this was not desired other procedureswere used.
It is imperative to observe a patient's response
and to modify treatment appropriately. It is
not necessary to perform every procedure with
every patient.

Consciousmedical patients(following cerebral
vascular accident, Guillain-Barre syndrome)
often appreciate the relaxation and lack of the
sense of effort when respiratory facilitation is
used in their chest care.

RESPIRATORY MUSCLE TRAINING

Respiratory muscle training devices have been
used to increase strength and endurance in
the muscles of either inspiration or expiration
(Pardy et al 1981, Pardy et al 1988). Whether this
'training’ affects exercise ability, activities of
dairy living, morbidity or mortality has yet to
be determined and once training ceases the effect
of conditioning declines (Pardy et al 1990, Smith
etal 1992). Seeal so Chapter 14, page 380.

The patient breathes through a mouthpiece

or aface mask with aresistance applied to either
the inspiratory or expiratory limb of a valve.
The valve may be 'flow resistive' or 'threshold
loading'. With aflow resistive devicethe patient
breathes in and out through an aperture. Altera-
tion in the size of the aperture alters the load on
the respiratory muscles, provided the frequency
of breathing, tidal volume and inspiratory or
expiratory time are kept constant. The load is
increased by decreasing the size of the aperture.
If the patient breathes more slowly and deeply
the pressure exerted on the respiratory muscles
will be less than if hebreathes more quickly and
not as deeply (Pardy et al 1990).

A threshold loading device requires a pre-
determined pressure to initiate either inspiration
or expiration and thisis dependent on the magni-
tude of the threshold load. When inspiration
or expiration has been initiated the pressure
required to keep the valve open is constant
and independent of the flow rate. To provide a
maximal training effect, inspiratory or expiratory
time and the frequency of breathing should be
controlled (Pardy et al 1990). Threshold loading
devices will increase the pressure generated
by the inspiratory or expiratory muscles and
are more reliable and reproducible as training
devices (Flynn et a 1989, Morrison et al 1989,
Gosselink et a 1996).

On assessment the appropriate resistance is
selected for an individual patient. By increasing
the length of time for treatment, endurance may
be improved and by increasing the resistance,
muscle strength may be increased.

Thestudiesby Flynnetal (1989) and Morrison
et al (1989) were undertaken in patients with
chronic airflow limitation. In patientswith severe
respiratory disease it is possible that they will
aready have 'trained' their respiratory muscles
as a result of the increased load created by
the increased work of breathing, and further
respiratory muscle training would be of limited
value (Pardy et al 1990, Moxham 1991).

In conditions of respiratory muscle weakness
the underlying cause of the weakness should
be treated, for example myasthenia gravis,
mal nutrition and el ectrolyteimbalance (M oxham
1991). Disuse atrophy may result from resting the
respiratory muscles during prolonged assisted
ventilation. Many factors will contribute to im-
provement in muscle strength and endurance,
such as nutrition, and the treatment of infection
and other underlying disease processes. It is
possible that inspiratory muscle training may
assist the weaning process in these subjects
(Abelson & Brewer 1987, Aldrich et al 1989).

In cervical and high thoracic spinal injuries,
progressive resistive exercises are recommended
for increasing respiratory muscle strength and
endurance (Grosset al 1980, Morgan et al 1986).
McCool & Tzelepis (1995) have reviewed the
use of inspiratory muscle training in patients



with neuromuscular disease and conclude that
the most severely affected patientsaré least likely
to benefit from treatment but in the early stages
it may improve respiratory muscle function.
The response to treatment can be monitored
by measuring maximal inspiratory mouth pres-
sures (PiMax) or maximal expiratory mouth
pressures(PeMax). Further rigorousclinical trials
are necessary to identify the place of respiratory
muscle training. Does it significantly improve
respiratory muscle strength, endurance and

exercise performance, and if so in which patient
groups?

INTERMITTENT POSITIVE
PRESSURE BREATHING AND
PERIODIC CONTINUOUS POSITIVE
AIRWAY PRESSURE

Intermittent positive pressure
breathing

Intermittent positive pressure breathing (1PPB)
is the maintenance of a positive airway pressure
throughout inspiration, with airway pressure
returning to atmospheric pressure during expira-
tion. The Bird Mark 7 ventilator (Fig. 8.40) is
a pressure cycled device convenient to use for
providing IPPB as an adjunct to physiotherapy
in the spontaneously breathing patient.

Fig. 8.40 The Bird Mark 7 ventilator.
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IPPB hasbeen shown to augment tidal volume
(Sukumalchantra et a 1965), and using an |PPB
device in the completely relaxed subject the
work of breathing during inspiration approaches
zero (Ayreset al 1963). These two effects support
the use of IPPB to help in the clearance of
bronchial secretions when more simple airway
clearance techniques alone are not maximally
effective, for example in the semicomatose pa-
tient with chronic bronchitis and sputum reten-
tion (Pavia et a 1988), or in a patient with
neuromuscular disease and a chest infection.
The reduction in the work of breaming can be
used with effect in the acute severe exhausted
asthmatic, but thereis no evidence that the effect
of bronchodilators delivered by IPPB is greater
than from anebulizer alone (Webber et al 1974).

An idea IPPB device for use with physio-
therapy should be portable and have simple
controls. Other important featuresare:

Positive pressure. The range of pressures is
likely tobefrom0-35cmH,0.

Sensitivity. The patient should be able to
‘trigger’ the inspiratory phase with minimal
effort. Fully automatic control is unpleasant
for most patients and unnecessary for physio-
therapy. A hand triggering device is useful to
test the ventilator and nebulizer.

Row control. With ventilators such as the
Bird Mark 7 the inspiratory gas is delivered at
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a flow rate which can be preset by means of
a control knob. Optimal distribution of gas to
the more periphera airwaysis achieved at rela-
tively dow flow rates, but if the patient is very
short of breath and has a fast respiratory rate,
a stow inspiratory phase may be unacceptable.
It is often useful to ater the flow control severd
times during a single treatment session, provid-
ing slow breaths during the periods attempting
to mobilize peripheral secretions and a faster
flow rate when a patient is recovering hisbreath
after expectoration. The Bennett PR-1 and AP-5
(which are no longer available to purchase in
the UK but may be available within a hospitd
for use) do not require flow rate adjustment
because automatic variableflow isprovided with
each breath. Thisfeatureis known as 'flow sensi-
tivity' and means that the flow of the inspired
gas adapts to the resistance of the individual's
airways.

Nebulizer. An efficient nebulizer in the cir-
cuit is necessary to humidify the driving gas
and, when appropriate, to deliver bronchodilator
drugs. The nebulizer in the Bird circuit isdriven
automatically with the inspiratory phase of the
ventilator, but the Bennett has a separate control
knob for the nebulizer.

Air-mix control. When driven by oxygen,
air must be entrained by the apparatus to provide
an air/oxygen mixture for the patient Some
Bird devices have a control which should be set
to give a mixture, while others have no control
but automaticaly entrain air. The use of 100%
oxygen for a patient is very rare, and when it
is indicated an JPPB device with an air-mix
control will be needed. When air isnot entrained
through the apparatus the flow rate control
must be regulated to provide an adequate flow
to the patient.

When IPPB is driven by oxygen and the air-
mix control isin use, the percentage of oxygen
delivered to the patient is approximately 45%
(Starke et al 1979). This percentage will be con-
siderably higher than the controlled percentage
delivered by an appropriate venturi mask, for
exampleto apatient with chronic bronchitis. This
higher percentage is rarely dangerous during
treatment because the patient's ventilation is
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assisted and the removal of secretions as a result
of treatment is likely to lead subsequently to
an improvement in arterial blood gas tensions
(Gormezano & Branthwaite 1972).

It has been suggested that a few patients
become more drowsy during or after IPPB as
a result of the high percentage of oxygen re-
ceived. Starke et al (1979) showed that increased
drowsiness caused by hypercapnia occurred
whether oxygen or air was the driving gas for
IPPB and mat the deterioration was dependent
on inappropriate settings of the ventilator. The
pressure and flow controls must be set to pro-
vide an adequate tidal volume, this being parti-
cularly important when treating patients with
arigidthoracic cage (Starkeet al 1979).

Occasionally, IPPB may be powered by Entonox
(p.300) and in this case the air-mix control
would need to be in the position to provide
100% of the driving gas with no additional air
entrained.

Breathing circuit To prevent cross-infection
it is essential for each patient to have his
own breathing circuit which consists of tubing,
nebulizer, exhalation valve and a mouthpiece
or mask. The majority of patients prefer to use
a mouthpiece, but a face mask is required when
treating confused patients. A flange mouth-
piece (Fig. 8.41) is useful for patients who have
difficulty making an airtight seal around the
mouthpiece.

The type of breathing circuit used will
depend on the local means of sterilization. They
can be autoclavable, non-disposable but non-
autoclavable, or disposable.

Preparation of the apparatus

1. Norma saline solution or a combination
of a bronchodilator drug and normal saline
(3-4 ml intotal) isinserted into the nebulizer.

2. The breathing circuit is connected to the
IPPB ventilator, and the ventilator connected to
the driving gas source. It can be used from an
oxygen or air cylinder if piped compressed gas
isunavailable.

3. If there is an air-mix control, this should be
inthe position for entrain ment of air.



Fig. 841 Range mouthpiece for use with IPPB.

4. If there is an automatic control (expiratory
timer) this should be turned off to allow the
patient to 'trigger’ the machine at his desired
rate.

5. The sensitivity, flow and pressure controls
are set appropriately for the individual. With
the Bird Mark 7 the sensitivity control isusually
adjusted to a low number (5-7) where minimal
inspiratory effort is required. The pressure and
flow controls are adjusted to provide regular
assisted ventilation without discomfort. A
patient with arigid rib cage will require a higher
pressure setting to obtain an adequate tidal
volume than someone with a more mobile rib
cage.

When adjusting the settings for a new patient
it may be easiest to start with a pressure at
approximately 12 cmH,0 and the flow at about
10, men gradually increase the pressure and
reduce the flow until the pattern of breathing
is the most appropriate for the individual.
Some |IPPB devices do not have numbered
markings, but after finding the most effective
settings for a patient during one treatment, it
is useful to note the positions of the controls
in order to use these as a starting point at the
next treatment. The controls to be set on the
Bennett PR-1 are the nebulizer, sensitivity and
pressure.
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6. Beforestarting a treatment the hand trigger-
ing device is operated to check that there are
no leaks in the breaming circuit and that the
nebulizer is functioning well.

Treatment of the patient

The position in which IPPB is used depends
on the indication for treatment It may be used
insidelying (Fig. 8.42), high sidelying (Fig. 8.43)
or in the sitting position. The patient should be
positioned comfortably and encouraged to relax
the upper chest and shoulder girdle.

After the purpose of the IPPB treatment has
been explained, the patient is asked to close his
lips firmly around the mouthpiece and men to
makeaslight inspiratory effort which will trigger
the deviceinto inspiratory flow. He should men
relax throughout inspiration alowing his lungs
to be inflated. When the preset pressure is
reached at the mouth the ventilator cycles into
expiration; the patient should remain relaxed
and let the air out quietly.

If the patient attempts to assist inspiration
there will be a delay in reaching the cycling
pressure. A delay will also occur if there is a
leak around the mouthpiece, at any of the circuit
connections, or from the patient's nose. A nose
dip may be required until he becomes familiar
with the technique.

Thephysiotherapist will find it useful towatch
the manometer on the ventilator in order to
detect any faults in the patient's technique. At
the start of inspiration the needle should swing
minimally to a negative pressure and then
swing smoothly up to the positive pressure set,
before cutting out into expiration and returning
to zero. A larger negative swing at the beginning
of inspiration shows that the patient is making
an unnecessary effort in triggering the device. If
the patient makes an active effort throughout
inspiration the needle will rise very slowly to
the inspiratory set pressure, and if he attempts
to start expiration before the preset pressure is
reached the needle will rise sharply above the
set pressure and then cut out into expiration.

When IPPB is taught correctly the work of
breathingisrelieved, but if the patient isallowed
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Fig. 8.42 IPPB in side lying.

Hg. 8.43 IPPB to reduce the work of breathing dunng inhalation of nebulized

bronchodilator.

to assist either inspiration or expiration there
will be an increase in the work of breathing.

The patient should pause momentarily after
expiration, before the next inspiration to avoid
hyperventilation and possible dizziness. Occa-
sionally children using | PPB tend to swallow

air during treatment. It is important to observe
the size of the abdomen before and during |PPB
to recognize signs of abdornina distension and
discontinue | PPB if thisoccurs.

When IPPB is used to relieve the work of
breathing while delivering bronchodilator drugs.



e.g. in the acute severe asthmatic patient, it is
often helpful for the physiotherapist to hold
the breathing circuit to allow the patient to
relax hisshoulders and arms as much as possible
(Fig. 8.43).

A face mask for IPPB is used in the drowsy
or confused patient, and in those with facia
weakness unable to make an airtight seal at the
mouth. When using IPPB to assist in mobilizing
secretions the patient would be positioned to
assist drainage of secretions, for example in
side lying. The patient's jaw should be elevated
and the mask held firmly over the face ensuring
an airtight fit Chest shaking during the expira-
tory phase may be used to assist in mobilizing
secretions (Fig. 8.42). In a drowsy patient it may
be necessary to stimulate coughing using naso-
tracheal suction (p. 161) if spontaneous coughing
isnot stimulated by 1PPB and chest shaking.

In medical patients with retained secretions
and poor respiratory reserve | PPB may be useful
bom to mobilize secretions, and to relieve the
effort of breathing following expectoration. The
flow control on a Bird ventilator should be
adjusted to give a slow but comfortable breath
to mobilize secretions, but the patient's in-
creased respiratory requirements following the
exertion of expectoration necessitate increasing
the flow and possibly reducing the pressure
until he has returned to his normal breathing
pattern.

| PPB may be used in patients with chest wall
deformity, for example kyphoscoliosis, when
they have difficulty clearing secretions during
an infective episode. To achieve an adequate
increase in ventilation in patients with a rigid
rib cage, the pressure setting needs to be higher
than for amore mobilerib cage.

Occasionally, in postoperative patients, |IPPB is
the adjunct of choice when the patient is unable
to augment his tidal volume adequately during
treatment. In these patients in contrast to the
relaxed technique normally used with IPPB,
thoracic expansion may be actively encouraged
during the inspiratory phase.

Bott et al (1992) havereviewed theliterature on
IPPB and concluded that IPPB is an important
adjunct to chest physiotherapy.
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Periodic continuous positive airway
pressure

Continuous positive airway pressure (CPAP) is
the maintenance of a positive pressure through-
out inspiration and expiration during sponta
neous breathing. Periodic continuous positive
airway pressure (PCPAP) is the application of
thison aperiodic or intermittent basis.

One way of producing CPAP is to use a
commercially available high flow (50-801/min)
generator. Wide-bore tubing transmits the high
flow to the patient who breathes in and out
using amouthpieceand noseclip (Fig. 8.44) or a
mask (Fig. 8.45). On the expiratory limb of the
circuitisathresholdresistor valveandinclinica
practicearesistance of 5-10 cmH,0isused. Both
fixed inspired oxygen (FiO0,) generators and vari-
able Fi0, generators are available. Care must
be taken when a fixed Fi O, generator (providing
approximately 33% oxygen) isused in ahyper-
capnic patient. It may be necessary to drive
the high flow generator from an air supply with
added oxygen entrained through the air supply
inlet to provide the appropriate FiO,. As large
volumes of room air are entrained, additional
humidificationisonly occasionally required with
PCPAP. If humidification is indicated, as in a
patient with very tenacious secretions, a large

Fig. 8.44 PCPAP using a mouthpiece.
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Fig. 8,45 PCPAP using a mask.

volume vapour humidifier is recommended to
humidify the high flow adequately (Fig. 8.57,
P-189).

In order to maintain a positive pressure within
the airways throughout inspiration and expira-
tion, the patient's peak inspiratory flow rate
must be exceeded at dl times. This can be
detected by a continuous flow of air through
the expiratory resistor and can either be felt or
monitored using a respirometer or other flow-
sensitive device.

PCPAP has been shown to increase functiond
residual capacity (FRC) (Gherini et al 1979, Stock
et al 1985, Lindner et a 1987) and to reduce
the work of breathing (Gherini et al 1979). The
reduction in the work of breathing is probably
due to an increase in lung compliance with the
patient breathing at ahigher lung volume (Hinds
& Watson 1996). These two effects support
the use of PCPAP in restrictive lung problems,
for example in the treatment of postoperative
subsegmental lung collapse.

In normal lungs the resistance to collateral
flow via the interalveolar pores of Kohn,
bronchiole-alveolar channels of Lambert, and
probably theinterbronchiolar channels of Martin,
ishigh(Menkes& Traystman 1977) but thisalters
in disease and may also change at high lung
volumes. Andersen et a (1980) have proposed
that CPAP increases collateral flow to poorly
ventilated or non-ventilated air spaces to aid the

resolution of lung collapse. Interdependence
(Mead et @ 1970) may also be important and
Menkes & Britt (1980) state that an increase in
lung volume is the simplest and most effec-
tive way of reducing the resistance within the
airways.

There are as yet no guidelines for treatment
based on rigorous clinical studies. This is prob-
ably because there are so many variables to
consider - the underlying pathology, the optimal
pressure within the airways, the optimal rime
for treatment and the position of the patient.
In addition CPAP hasbecome increasingly used
as a means of ventilatory support.

A treatment regimen may be outlined as
follows:. after positioning the patient, a period of
approximately 15 minutes' PCPAP is followed
by the appropriate breathing techniques for air-
way clearance. Treatment sessions are repeated
asindicated.

When deciding on the position of the patient
during PCPAP, consideration should be given
to the optimal position for increasing FRC
(i.e. sitting upright) and the effect of gravity
on bronchial secretions (which may indicate a
tipped position). More than one position may
be appropriate; for example, with a left lower
lobe collapse, sitting upright should improve
FRC (Hinds & Watson 1996) and right side lying
with the foot of the bed raised should assist
drainage of secretions from the left lower [obe.

When PCPAP is used in children it is impor-
tant to observe the size of the abdomen before
and during PCPAP. Some children swallow air
during treatment which may cause abdominal
distension and PCPAP should be discontinued
if thisoccurs.

Contraindications for IPPB and
PCPAP

e Pneumothorax.

e Large bullae.

* Lung abscess as the size of the air space
may increase.

e Severe haemoptysis as treatment is in-
appropriate until the bleeding has lessened.

» Postoperative air leak unless the advantages



of IPPB or PCPAP will outweigh the possibility
of increasing the air leak during treatment.

e Bronchial tumour in the proximal airways
would contraindicate the use of IPPB or PCPAP
to assist in the clearance of secretions. (Air
may flow past the tumour during inspiration and
may be trapped on expiration as the airways
narrow. There would be no contraindication if
the tumour were situated peripherally.)

IPPB or PCPAP?

The effects of IPPB and PCPAP are outlined
in Table 8.3. In clinical practice the decision of
when to use IPPB and when to use PCPAP is
often not straightforward.

The drowsy postoperative patient unable to
cooperate with thoracic expansion exercises and
huffing will benefit from IPPB to augment tidal
volume and to assist in mobilizing secretions.
In the more cooperative postoperative patient
with subsegmental lung collapse, the increase
in FRC produced by PCPAP would be more
effective in re-expanding lung tissue than | PPB.

The patient with asthma (an obstructive lung
problem) who is exhausted may benefit from
IPPB to reduce the work of breathing while
receiving nebulized bronchodilators, and in the
presence of hyperinflation it would be disadvan-
tageous to consider a modality which would
increase FRC. The patient with controlled asthma
and subsegmental lung collapse presents with
a predominantly restrictive problem and PCPAP
would be the modality of choice to ad re-
expansion of the lung collapse.

The patient with steroid rib fractures compli-
cating cystic fibrosis presents with a predomi-
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nantly obstructive problem. PCPAP would not
augment tidal volume, but would assist in the
mobilization of bronchia secretions probably
by increasing collateral ventilation owing to an
increase in lung volume. An augmented tida
volume would cause an unnecessary increese
in chest wall discomfort.

An adjunct to treatment should be considered
when a maximal effect is not being achieved by
simpler means. Conversaly, when an equivalent
effect can be achieved without an adjunct its
use should be discontinued.

INHALATION: DRUGS AND
HUMIDIFICATION

As the knowledge base of inhadation therapy
has increased it has become more complex, and
the advantages and disadvantages of the differ-
ent systems and patient preferences need to be
considered (Pedersen 1996). An understanding
of the aerosol particle and its pattern of deposi-
tion within the airways is essential when con-
sidering the delivery of drugs by the inhaed
route. A suspension of fineliquid or solid parti-
clesin air is known as an 'aerosol’. The pattern
of deposition of aerosol particles within the
bronchia tree depends on particle size, method
of inhalation and on the degree of airflow
obstruction (Newman et al 1986).

Large particles in the size range 5-10 um de-
posit by impaction in the oropharynx and upper
airways where the cross-sectiona diameter of
the airway is small and the airflow high. The
total cross-section of theairway increasesrapidly
beyond the tenth generation of bronchi, airflow
dows gignificantly and particles of 0.5-5um,

Table 8.3 The effects of IPPB and PCPAP (with acknowledgement to Heather Argyle,

Physiotherapist, Christchurch, New Zealand)

IPPB

PCPAP

10-20 cmHfO pressure during
inspiration

No change in FRC

Reduction in work of breathing

Augmented tidal volume

increase in collateral ventllation(?)

5-10 cmHfO pressure during

Im!rl’elﬁgﬁtmand expiration
Reduction in work of breathing

No change In tidal volume
Increase in collateral ventilation(?)
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N 0 W n «Ci the 'respirable particles, deposit in
the smdl airways and alveoli by gravitationa
sedimentation. It isthe partides of lessthan 2 urn
that reach the alveoli. Gravitationa sedimen-
tation is time dependent and enhanced by breath
holding. A more centra patchy deposition is
seen in patients with arflow obstruction (Clarke
1968).

The topica deposition of adrug by inhalation
adlows a smaller dose to be given than when
other routes are used, the onset of action is often
more rapid, and with minimal systemic absorp-
tion the sde-effects are lessened.

Mete red-dose inhaler (MDI) and dry
powder inhalers

Numerous devices are available for the inhala-
tion of drugs, ranging from the smple MDI
or powder inhalers to a variety of nebulizers.
The physiotherapist should be aware of the
range of possibilities to enable the patienttogain
maximum benefit from the prescribed drugs.
The choice of devicewill depend on the patient's
age, coordination and dexterity, severity of the
respiratory condition and patient preference.
The propelant of the MDI which contained
chlorofluorocarbon (CFC) is being replaced by
one which isenvironmentally acceptable.

Practice with placebo inhalers may be neces-
sary to perfect the technique. Even if a patient
has been using an inhalation device for a long
time, itisawaysworth observing his technique
asit may not be effective.

To gan maximum effect from an MDI it
should first be shaken to ensure that the drug
is evenly distributed in the propellant gases. The
inhaler is held upright and the cap is removed.
The patient breathes out gently, but not fully,
and then with the mouth around the mouthpiece
of the inhaler, the device is pressed to release
the drug as soon as inspiration has begun. The
breath in should be slow and degp and inspi-
ration should be held for 10 seconds, if possible,
before breathing out gently through the nose
(Burge 1986, Clarke 1988). Effective technique
is essentia as it is known that only about 10%
of the drug reaches the lungs (Clarke 1988).

Frequently, the prescribed dose will involve
the inhalation of more than one 'puff. It is
recommended that puffs be taken one after the
other. If theinhalation technique described above
is used, the length of time between inhalations
islikely to be 15-20 seconds which allows suffi-
cient time to overcome the problem of cooling
of the metering chamber as the gas evaporates.
Compliance is improved when doses are taken
one after the other (Burge 1986).

Patients with arthritic hands may find the
'Haleraid' (Fig. 8.46) a useful gadget. By alter-
ing the direction of pressure required for
releasing the drug it becomes an easier action
to perform.

Large volume spacers (Fig. 13.14, p. 362) can
be used to improve the deposition of the drug
in thelungs to approximately 15% (Clarke 1988)
and to reduce the deposition in the oropharynx
as the larger partides drop out in the spacer

F'9- 8.46 The Haleraid".



rather man the oropharynx. This helps to rnini-
mize any adverse effects.

Spacers may be cone or pear shaped, the
shape of a 'puff from an MDI. The patient is
encouraged to take a dow deep breath with
a hold, but if thisis difficult tidal breathing can
be used. Gleeson & Price (1988) showed that
a bronchodilator was equally effective when
a child breathed several times at tidal volume
through a spacer when compared with a deep
breath and inspiratory hold.

In patients with a good MDI technique there
may be no additional advantage in using a
spacer, but in patients with a poor technique, in
severely breathless patients and in those with
candidiasis or dysphoria from inhaled steroids
a spacer should be considered (Clarke 1988,
Keeley 1992). The addition of a piece of corru-
gated tubing (approximately 15 cm in length)
attached to the mouthpiece of an MDI may act
as a cheap and effective spacer. Oral candidiasis
can be minimized by rinsing the mouth
thoroughly following inhalation.

For people with poor coordination a bream-
actuated MDI may be considered (Newman et a
1991) or a dry powder device. The dry powder
inhalers are also breath actuated, releasing
the drugs on inspiration, and require a faster
inspiratory flow rate than a pressurized (MDI)
inhaler. The inspiratory flow required depends
on the resistance within the device.

It is not only important that the patient can
use the device effectively, but also that the
patient or parent can easily recall whether a
dose of the drug has been taken, and many
devicesincorporate a monitoring system.

For inhalation therapy to be effective ininfants
and children, the appropriate device for the
age and ability of the child (p. 362) must be
selected (British Thoracic Society et a 1997). It
may be necessary to use a domiciliary nebulizer
system in early childhood.

For each inhalation device the individual in-
structions should be carefully read and followed.

Nebulizers
A nebulizer may be used for the inhalation of
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drugs if a more simple method cannot produce
the optimal effect. A nebulizer converts a solu-
tion into aerosol partides (fine droplets) which
are suspended in a stream of gas. The am of
nebulizer therapy (Nebuliser Project Group of
the BTS 1997) is to deli