
EVERYDAY PRACTICE

Oral preparations are available as single drug, short act-
ing tablets; sustained release tablets (retard) and fixed dose
combinations with beta agonists (ephedrine or salbutamol).
Sustained release tablets are useful in the management of
nocturnal bronchospasm. Combinations with beta agonists
have the advantage of providing an additive effect with
lower doses of both.

SIDE EFFECTS
While using theophylline it is essential to remember that
there are many drugs which interact with it (Table I).

Side effects are dose related. Early effects include
nausea and vomiting (irrespective of route), tremor and
anxiety. When serum levels exceed 30 mgIL theophylline
causes arrhythmias, convulsions and coma. The convulsions
need to be controlled with intravenous diazepam or
thiopentone sodium. Theophylline potentiates the cardiac
effects of beta agonists and cardiac arrhythmias are more
likely when these drugs are combined. Repeated rectal
administration can cause proctitis.

TABLE I. Drug interactionsof theophylline

Drugs which potentiate theophylline
Allopurinol-long term Oral contraceptives Erythromycin
Cimetidine Ciprofloxacin Propranolol

Drugs which decrease theophylline levels
Barbiturates Rifampicin Carbamazepine
Sulfinpyrazone Phenytoin
'Piggyback' infusions with the following drugs are incompatible.
Chlorpromazine . Gentamicin Pencillin G
Cimetidine Hydrallazine Procainamide
Cephotaxime Insulin Phosphate
Dobutamine Nitroprusside.

Oxygen therapy in clinical practice

Oxygen therapy is used to increase the oxygen content of
the arterial blood in hypoxaemic patients. Common indica-
tions for oxygen therapy are acute or chronic respiratory
failure, acute pulmonary oedema and peripheral circulatory
failure. The therapy is also useful in" 'anoxic spells' in
patients with cyanotic heart disease, and in congestive
heart failure, severe anaemia and carbon monoxide
poisoning. It is most beneficial in patients who have arterial
unsaturation due to an underlying pulmonary disorder.

Oxygen therapy increases the arterial oxygen content in
patients with cyanotic heart disease only marginally,
because the blood flowing through the lungs is already
saturated with oxygen. In several conditions where the
arterial oxygen saturation is almost normal, inhalation of
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CLINICAL USE
Theophylline is useful in the management of

Reversible airways obstruction. For relieving broncho-
spasm and in combination with beta agonists and steriods
for bronchial asthma or chronic obstructive airwaysdisease.

Left ventricular failure and pulmonary oedema. In
preventing left ventricular failure and also in managing
patients with acute left ventricular failure in pulmonary
oedema.

Cheyne-Stokes' respiration. It can be treated with
aminophylline, the active moiety being ethylenediamine.

SUMMARY
Theophylline is a methyl xanthine which is useful in the
management of reversible airways obstruction, left ven-
tricular failure and pulmonary oedema. Since there are
many factors influencing the clearance rate of theophylline
it should be used with caution. While oral theophylline is
used in the management of bronchial asthma and chronic
obstructive airways disease, long acting preparations help
in the management of nocturnal bronchospasm. Combi-
nation preparations are useful for their additive effect and
parenteral preparations are beneficial in the management
of status asthmaticus and acute pulmonary oedema.
Suitable dose modifications are needed depending on the
clinical profile of the patient and the use of other drugs.
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high concentrations of oxygen may result in a slight
increase in the arterial oxygen content because of an
increase in physically dissolved oxygen in the plasma. This
may, however, be of considerable benefit in a patient with
a very low cardiac output whose tissue oxygen tension has
dropped to critically low levels.

Normal arterial blood contains 20 ml of oxygen per
100 ml. Most of it is in combination with haemoglobin,
which is almost fully saturated. The solubility of oxygen
in the plasma is low (0.0031 ml/lOOml of plasma/mm Hg
oxygen tension). If a person were to breath 100% oxygen
and had no haemoglobin in the blood, the arterial oxygen
content would be only 2 ml per 100 ml. The inspired
oxygen tension in a person breathing room air at sea level
is 48 mm Hg. The cascade of oxygen tension in the human
body is shown in Table I. Tissue oxygen tensions are close
to those in the venous blood. Mitochondrial oxygen ten-
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TABLE I. Oxygen cascade from inspired air to tissues cells

Inspired air
Alveolar air
Arterial blood
Capillary blood
Venous blood

mmHg
150
100
90
51
40

(kPa)
20.0
13.7
18.3
6.8
5.5

sion is approximately 20 mm Hg. Mixed venous or tissue
oxygen tensions less than 20 mm Hg are not compatible
with prolonged survival.

The relationship between oxygen tension and haemoglo-
bin saturation is given by the oxyhaemoglobin dissociation
curve (Fig. 1). P50 is the oxygen tension required to
achieve 50% saturation of haemoglobin at given reaction
conditions of pH, temperature. etc. An increase in the
normal value of P50 (approximately 30 mm Hg) means
that oxygen is relatively loosely bound to haemoglobin or
the affinity of haemoglobin for oxygen is low. This would
favour peripheral unloading of oxygen at the tissue level.
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FIG. 1 Oxygen dissociation curve-normal curve and shifts

Acidosis, increase in 2,3 diphosphoglycerate concentration
and hyperthermia favour an increase in P50 (Table II).

Prolonged inhalation of high concentrations of oxygen
may result in pulmonary damage. Moreover, use of high
concentrations of oxygen in patients with chronic hyper-
capnia may produce serious respiratory depression.
Hence oxygen should be administered only in patients
who are likely to benefit from this form of treatment.
Monitoring of arterial gas tensions is mandatory, particu-
larly in critically ill patients.
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TABLE II. Factors which influence the oxygen dissociation curve

Factors increasing P50
(shift curve to the right)

t temperature
!pH

t Pco2

t 2,3,DPG

Factors decreasing P50
(shift curve to the left)

t temperature

t pH
t Pco2

t 2,3,DPG

DPO Diphosphoglycerate P50 Oxygen tension at 50% saturation

DEVICES FOR OXYGEN THERAPY
Requirements of an ideal device are:

1. control of fractional inspired oxygen concentration
(Fi02),

2. prevention of CO2 accumulation,
3. minimal resistance to breathing,
4. acceptance of patients, and
5. efficient and economical use of oxygen.

Present devices can be classified into fixed or variable
performance systems. Variable .performance devices are
commonly used, inexpensive and convenient but are
incapable of delivering constant oxygen concentrations.
Fixed performance systems, on the other hand, are accu-
rate and constant delivery systems (Table III).

TABLE III. Oxygen therapy devices

Device Oxygen flow
Umin.

Concentrations
%

Nasal catheters
Semi-rigid masks
Semi-plastic masks
Venturi masks
Ventilators
Anaesthetic circuits
Incubator

2---{j

4-12
4-8
4-8

Variable
Variable

3-8

30-50
35-65
40-80

24,28,35,40,50,60
21-100
21-100

Upt040

Variable performance devices
These may be divided into three types.

1. No capacity systems-nasal catheters (Fig. 2)
2. Small capacity systems-any device which consists of a

mask shell only
3. Large capacity systems-any device with a bag

Variable performance systems give uncontrollable oxygen
therapy as they function only in relation to the patient
who 'creates' the inspired mixture by the act of breathing.
Several factors influence performance; these include the
inspiratory flow rate (which not only varies within each
breath but attains a variable peak from breath to breath),
the duration of expiration, the expiratory pause, the oxygen
flow rate and the vent resistance. The subtle interplay of
these factors results in unpredictable oxygen dosage in a
given patient at a given time. Oxygen therapy may be
started using a basic device and if Pa02 remains low (<60
mm Hg), fixed performance systems may have to be
resorted to.
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FIG. 2 Patient inhaling oxygen through a
nasal cannula

Fixed performance devices
These allow a controlled (known, fixed and selectable)
oxygen dosage. To supply a patient with a constant
inspired mixture the device must either be capable of
exactly following the inspiratory flow waveform as in
some ventilators and anaesthetic machines or supply the gas
mixture as a continuous flow in excess of peak inspiratory
flow rate. This is referred to as high air flow with oxygen
enrichment (HAFOE). HAFOE (Fig. 3) operates on the

FIG. 3 Ventimask with colour coded regulators

Venturi principle in which a jet of pure oxygen draws a
constant ratio of room air to produce a fixed concentra-
tion mixture which is independent of patient factors. A
wide range of oxygen concentrations with varying flow
rates is possible and humidification is optional since room
air is entrained. The advent of fixed performance oxygen
devices in the management of hypoxaemia has veered
away from control of ventilation to measures supporting
oxygenation.
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Domiciliary oxygen therapy
Patients with chronic respiratory failure and chronic cor
pulmonale have been shown to have better survival and
amelioration of congestive heart failure, if they are
administered oxygen at a low concentration for 12 to 15
hours every day for the rest of their lives (this requires
oxygen inhalation at home). Simple nasal catheters are
tolerated best for this form of prolonged treatment.
Humidified oxygen is given at a rate of 1 to 2 Llminute,
usually at night.

An oxygen concentrator is a device which absorbs
atmospheric nitrogen so that the concentration of oxygen
is increased. It can be installed in a patient's home. The
initial cost is high (approximately Rs 40 000), but there is
little recurring cost. It is an effective method for providing
oxygen at low concentrations for prolonged periods.

Effort tolerance of patients with respiratory failure may
improve during oxygen inhalation. Light-weight portable
oxygen cylinders with shoulder straps permit oxygen
inhalation during ambulation (Fig. 4). The oxygen supply
from these cylinders, however, is adequate for 2 to 3 hours
only.

,

FIG. 4 Patient using a portable oxygen cylinder

HAZARDS OF OXYGEN THERAPY
Carbon dioxide narcosis can be precipitated in patients
with respiratory failure who are dependent on their hypoxic
drive for ventilation. If CO2 narcosis occurs despite careful
oxygen administration then ventilation must be supported.

Prolonged use of oxygen (more than 6 hours cf 100%
O2) can cause pulmoary changes. A decrease in com-
pliance is followed by interstitial and alveolar oedema.
The capillary endothelial and alveolar damage is a direct
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toxic effect of oxygen-free radicals (hyperoxic damage).
Retrolental fibroplasia has occurred in premature babies
exposed to high oxygen concentrations for prolonged
periods of time. It is therefore suggested that oxygen be
used in concentrations of 50% or less and if in spite of this
hypoxaemia (Pa02 <60 mm Hg) persists, other measures
of ventilatory support with oxygen delivered under a cons-
tant positive airway pressure (CPAP) or positive end
expiratory pressure (PEEP) may be instituted. These
measures increase the functional residual capacity and
thereby improve oxygenation. Simple CPAP circuits with a
mask are available for use on spontaneously breathing
patients. These can be extremely useful, at times obviating
the need for intubation.

Management of asthma

Asthma is a common disease characterized by reversible
airways obstruction caused by hyperreactivity of the
bronchial musculature to different stimuli.

PATHOPHYSIOLdGY
When an atopic individual is exposed to an allergen,
antibodies of the IgE class are formed. These molecules
attach. themselves to mast cells. At the second and sub-
sequent encounters the offending allergen becomes
attached to the IgE-mast cell complex. This results in
degranulation of the mast cell and liberation of many sub-
stances with potent bronchoconstrictor properties.These
substances also attract many inflammatory cells and cause
mucosal oedema.

Bronchial muscle tone is controlled via intracellular
levels of cAMP .(cyclic adenosine monophosphate) and
cGMP (cyclic guanidine monophosphate). A decrease in
cAMP in relation to cGMP also results in bronchocons-
triction. The autonomic nervous system controls bron-
chomotor tone through this pathway. Sympathetic ~
receptor stimulation causes bronchodilatation by increasing
cAMP levels while sympathetic ex receptor and vagal stimu-
lation increase cGMP levels causing bronchoconstriction.

,
CLINICAL FIJIATURES
The presen~~ bronchospasm is obvious when wheezes
are audible. It is important to remember that all wheezes
are not due to asthma. In acute bronchitis, mucosal
oedema and secretions can cause wheezing. However,
cough and purulent sputum are prominent features of
bronchitis. In children, bronchitis and asthma are often
difficult to differentiate; hence the necessity for making a
diagnosis of 'wheezy' or 'asthmatic' bronchitis. Left
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SUMMARY
Oxygen therapy may be used in a wide variety of conditions
and with the increased understanding of its indications
and hazards and the development of portable devices it
has improved the quality of lives of many patients with
hypoxia.

SUGGESTED READING
1 Oh TE. Intensive care manual. London:Butterworths, 1985.
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ventricular failure should be considered in adults who
have had no previous attacks of asthma. Wheezes can also
be heard in patients with chronic obstructive airways
disease, with chronic bronchitis as a major component.
Signs of cor pulmonale, pulmonary hypertension and the
continuous nature of the respiratory symptoms help in
differentiating bronchitis from asthma. Tropical pulmo-
nary eosinophilia may also simulate asthma. An absolute
eosinophil count above 2000 per cumm is an important
distinguishing feature in patients with tropical pulmonary
eosinophilia.

CLINICAL TYPES
Among asthmatic subjects various clinical subgroups can
be identified.

Extrinsic asthma
This term is applied to patients who usually have an onset
of disease in childhood, a strong family history of asthma
and atopy, and in whom serum IgE levels are usually
elevated. On skin sensitivity testing many such patients
may be found to react to one or more external allergens.

Intrinsic asthma
This term denotes patients who also have an onset in
adulthood, but in whom a family history of asthma is less
evident. IgE levels are usually normal and these patients
do not react to allergens on skin testing.

Drug induced asthma
In this type of asthma certain drugs such as acetylsalicylic
acid (but not sodium salicylate) and dyes such as tatrazine
provoke asthma by altering the synthesis of prostaglan-
dins. Nasal polyps are often an associated finding. Some
authors believe that 10% of asthmatics belong to this
group. These patients are worth identifying as avoidance
of the provoking agents can prevent attacks of asthma.


