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Abstract

Research in bronchial asthma shows striking advances in the last fiftecn

years.

In recent years, advances in immunology and the introduction of beta adre-
nergic theory (neuro-humoral theory) lead to a new and comprehensive understan-
ding on the pathogenesis and pathophysiology of asthma.

Physiological changes in asthma are particularly concerning the affection of
smaller air ways, the goal of the newer methods is to find the most sensitive and
reliable method to detect small airway alteration.

The current advances in the treatment of asthina are the sympathomimetic
amines and the related compounds. The use of steroid, sodium cromoglycate and
immunotherapy will be reviewed in this paper.

ﬁeceived 14th. January 1980.
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Introduction

Research in bronchial asthma shows
striking advances din the last fifteen
years. Advances in immunology and the
introduction of beta adrenergic theory
of bronchial asthma (Szentivany, 1968)
lead to a new and comprehensive
understanding on the pathogenesis and
pathophysiology of asthma. In the field
of management, many new drugs have
been introduced, notably newer sympa-
thomimetic amines, cromolyn sodium
and inhaled steroids. Yet there still many
questions should be answered and con-
tinous improvement in the management
should be explored to overcome this
important disease suffered by millions
of children all over the world.

Terminology and Classification

Based on data available at present,
asthma can not be defined precisely.
Many authors used their own definitions
in accordance with the subject discussed
and their ‘main interests. Additional
knowledge and valuable informations in
many aspects of asthma ‘have lengthe-
ned rather than shortened the definition’
(Bergher and Kass, 1972). The earlier
definition of the AMERICAN THO-
RACIC SOCIETY (1962) is still consi-
dered to be valid by most authorities
because of its flexibility. According to
the society, asthma may be defined as
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a disease characterized by an increased
responsiveness of the trachea and bron-
chi to various stimuli and manifested by
a widespread narrowing of the airways
that changes in severity either spontan-
cously or as a result of therapy.

For many years asthma is classified as
extrinsic and intrinsic. In extrinsic asth-
ma, the cause of bronchoconstriction can
be detected, usually with positive skin
test. If the cause can not be detected,
and the skin test is negative, then it is
classified as intrinsic or infectious asth-
ma. Recently Tuft (1977) objected these
terms because of reasons : (1) too much
reliance is placed on skin test result as
the sole arbiter of classifying the disea-
se, and (2) once asthma is said to be
intrinsic, little or nothing further is
done to find other possible cause or
causes. He recommended to use term
‘allergic asthma’ if allergy is proved to
be a factor. If the patient has all clini-
cal features of asthma, and no specific
factor can be elicited despite complete
study, then it should be called ’bron-
chial asthma, cause undetermined’ or
chial asthma, cause undetermined’ or
group, the vast majority of asthmatic
patients (95%) are of extrinsic type
(Dickson, 1973).

Godfrey (1977) has proposed a clini-
cal classification of childhood asthma
which has proven to be useful in clini-
cal practice (Table 1).
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TABLE 1: Classification of childhood asthma
Group Clinical Course Regular Treatment % In Hospital
Clinic
A mild intermittent intermittent broncho- 31
dilators
B severe intermittent intermittent ’crash’ 7
oral steroids
C moderate perennial cromolyn sodium or 34
equivalent
D severe perennial acrosol steroids 25
E very severe oral steroids 3

IFrom Clark, T.J H. and Godfrey, S.:

Pathogenesis and Pathophysiology
of Asthma: Current Concepts

It is clear in recent years that asthma
can not be exclusively considered as
immunologic disease. Other factors than
allergen can induce bronchospasm in
susceptible individuals, including chemi-
cal, infectious, emotional and physical
factors. This lead to consider asthma in
a broader concept.

Immunologic Considerations

The immunologic basis of atopic
asthma is type I (IgE mediated) hyper-
sensitivity reaction. This involves the
sensitization of mast cells located ben-
eath the respiratory mucosa, basophils
and possibly eosinophils containing IgE
in its membrane by the allergen. This

Asthma.

(Chapman and Hall, London, 1977).

interaction will result in degranulation
of such cells and release agents so-called
mediators of anaphylaxis i.e. histamine,
serotonin, slow reacting substance of
anaphylaxis (SRS-A), eosinophil chemo-
tactic factor of anaphylaxis (ECF-A),
various kinins and prostaglandins {Le-
vison et al, 1974; Rebuck 1975).
These agents stimulate vagal afferents
resulting in reflex bronchoconstriction,
directly contact bronchial smooth mus-
cles, increase capillary permeability and
draw eosinophils to the site of injured
tissue (Levison et al, 1974).

Eosinophil, which is drawn to the site
of allergic injury by ECF-A, previously
thought to have phagocytic role, and
has recently known to elaborate 2 spe-
cific enzymes to neutralize certain mast
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cell products. First histaminase is spe-
cific for histamine and the second enzy-
me, arylsulfatase is specific for SRS-A
(reviewed by Warren, 1976; Tjokronego-
ro, 1977).

The IgE (reaginic antibody) is present
in the sera of both allergic and nonaller-
gic individuals (Ishizaka and Ishizaka,
1970), but in allergic asthma IgE
concentration ds almost consistently
higher than normal population. Grove
and associates (1975) demonstrated that
the mean serum IgE level in patients
with asthma was 225 units/ml in con-
trast to 98 units/ml in normal control.
Similar result was also reported by Lin
et al, (1977) who obtained that 23 out

TABLE 2 :
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of 35 (65%) patients with asthma sho-
wed increased serum IgE concentration.
Turner, Sumarmo and Matondang Sia-
haan {1978) confirmed this finding in
Indonesian asthmatic children. Serum
IgE level in the newborn correlates well
with the development of atopic disor-
der later in life (Kjellman and Johan-
son, 1976), however, extrinsic and
intrinsic asthma can not be differentia-
ted solely by IgE measurement (Grove
et al., 1975).

Blevated serum IgE is not only found
in atopic disorders; many other diseases
show total IgE elevation as seen in
Table 2 (reviewed by Yunginger and
Gleich, 1675).

Diseases reported to be associated with elevated total serum IgE values

Diagnosis

Relative Degree of IgE Elevation

Seasonal allergic rhinitis
Extrinsic bronchial asthma
Atopic dermatitis
Bronchopulmonary aspergillosis
Chronic acral dermatitis
Bullous pemphigoid
Thymic alymphoplasia
Wislott — Aldrichy Syndrome
Parasitic infections
Ascariasis
Visceral larva migrans
Capillariasis
Paragonimiasis
Fasciolasis
Schistosomiasis
Hookworm
Trichinosis

+ to ++
++
+4+++
++++
++++
++
++

++4
+++
+++
+++
+++
++
++
++

Aiiter Yunginger, J.W. and Gleich, G J..: The impact of the discovery of IgE
on the practice of allergy. Pediat. Clin, N. Amer. 22: 3 (1975),
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There are other observations in immu-
nologic aspects of asthma. In asthmatic
patients, particularly if correlated with
respiratory tract infection, serum IgA
is low (Geller Berntein et al, 1976;
Baker et al, 1976; Grove et al., 1975).
Grove et al, also found an increased
IgG, while Lin et al, (1977) repor-
ted increased IgM concentration in
their  series. Neuman and Creter
(1977) found that inherited defect
of complement system may cause
intrinsic asthma via the kinin system.
In children with asthma the alpha-Il-
antitrypsin serum levels are higher in
non steroid dependent asthma whereas
in steroid dependent asthma the level
of this antiinflammatory protein of the
respiratory tract are normal (Schwartz
et al,, 1977).

Although some authorities (Ghaza-
nshahi et al, 1976) believe that T-
lymphocytes in asthmatic children are
depressed, Brasher et al, (1977) did
not confirm this; they found T-lympho-
cytes in 76 children with asthma and
allergic rhinitis were not significantly
different when compared with non atopic
children.

Type I allergic reaction is not a sole
immunologic pathogenesis in asthma,
Pepys (1973) reviewed that type III
allergic reaction (immune complex) may
play a role in the pathogenesis of some
asthmatic subjects. Type IIl reaction,
also known as Arthus phenomenon, in-
volves the interaction between antigen
and circulating precipitin (IgM, IgG),

complements (especially Csa and Cgya)
and polymorphonuclear leukocytes, re-
sulting the release of liberated lysosomes.
This process may explain the delayed
reaction (6 to 8 hours after challenge)
following period of recovery after the
immediate bronchoconstriction in some
subjects.

The degranulation of mast cells and
basophils may also occur independently
of IgE-antigen reaction, but via the di-
rect activity of HRF (histamine releasing
factor), which is identical to the split
complement fragment Cza. This finding
may explain some clinical observations
of asthma for which a sensitivity basis
has been suspected but never proved
(Warner, 1977; Tjokronegoro, 1977).

Although it is obvious that types I
and III allergic reactions play an impor-
tant role in the pathogenesis of allergic
asthma, there is still another question i. e.
why in a patient with clear cut allergic
cause, attacks may be precipitated by
non allergic stimuli such as exercise,
emotional and physical stimuli. Vz&ne
(cited by Dickson, 1973) has demons-
trated that non allergic stimuli such as
gentle massage of the lung surface relea-
ses the mediators of anaphylaxis. Junod
(1975) stated that hypoxia can also re-
sult in the release of mediators.

So far, intrinsic asthma has not been
proved to have any correlation with
immune or allergic aspects. The beta
adrenergic theory of bronchial asthma
may explain the pathogenesis of intrinsic
as well as extrinsic asthma,
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Beta adrenergic theory of bronchial
asthma

This theory was introduced by Szen-
tivanyi in early 1960’s and on subsequent
occasions, and has been comprehensive-
ly summarized on his monumental
article : "The beta adrenergic theory of
the atopic abnormality in bronchial asth-
ma’ (Szentivanyi, 1968).

Adrenergic receptors comprise {wo
receptors, alpha and beta-receptors.
Stimulation of the receptors by catecho-
lamine, which is released under the
influence of sympathetic nervous system,
results in bronchoconstriction (alpha-
receptors) and bronchodilation (beta-
receptors). The beta adrenergic theory
proposes that the responsiveness of beta-
adrenergic receptors of the tracheobron-
chial tree, indluding those of smooth
muscles, is diminished; it can not exert
a homeostatic bronchodilating effect
against bronchoconstriction as normally
should be (Nelson, 1975). Szentivanyi
asserts that adenylcyclase, the enzyme
presents in all animal cells except ma-
ture erythrocyte, is the beta adrenergic
receptor. The function of adenylcyclase
is, in the presence of magnesium ions,
catalyzing the formation of cyclic ade-
nosine 3’5-monophosphate (cAMP) from
adenosine triphosphate (ATP). Cyclic
AMP then mediates the mechanical ac-
tivities of the muscle cells; in the case of
bronchus. the result is bronchodilation.
Cyclic AMP is broken down to 5 AMP
under the influence of enzyme phospo-
diesterase.

The fundamental abnormality in
asthma is the inherited or acquired de-
ficiency of adenylcyclase or blockade of
its function; so the equilibrium between
alpha and beta-receptors, which is nor-
mally in the favor of beta-receptor, is
impaired. This leads to an imbalance of
autonomic nervous control of the bron-
chi which are partially under the influ-
ence of sympathetic nervous system,
resulting in excessive bronchoconstric-
tion to a wide variety of stimuli, one of
these is abnormal immunologic stimulus
(Dickson, 1973).

Apold and Aksnes (1977) studied 24
asthmatic patients ranging in age from
6 to 14 years and 16 non asthmatic con-
trol subjects. They noted that asthmatic
children had diminished cAMP response
after subcutaneous epinephrine injection.
They also observed a well correlation
between the degree of the reactivity to
histamine and plasma cAMP rise after
epinephrine administration, and conclu-
ded that the more defective the beta
adrenergic activity, the more hyperacti-
ve the bronchi. This phenomenon was
not only observed in symptomatic period
but also during asymptomatic period.
It means that the defect is permanent,
Similar 1esult was also reported by Jen-
ne et al, (1977) who found a highly
significant reduction of urine cAMP/
creatinin ratio in extrinsic asthma and
moderately significant in intrinsic asth-
ma, indicating beta impairment in this
discase. They postulated what other
investigators had thought of, that in
extrinsic asthma there is an impairment
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of cellular beta response, particularly muli

those involving generation of cAMP In short, the beta adrenergic theory
aside of altered respiratory immunity (neuro-humoral theory) of bronchial
affecting IgE responses to various sti- asthma may be summarized as follows:

FIG. 1 : Schematic representation of the pathogenesis of asthma.
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(1) The basic abnormality of bronchial
asthma is bronchial hyperreactivity
to various stimuli including immu-
nologic, psychic, chemical, infectious
and physical stimuli.

(2) This hyperreactivity results from
either decficiency or blockade of
adenylcyclase, the beta receplor
activily.

Pulmonary Pathophysiology in Asthma

The conventional triad of airway cha-
nges in asthma are bronchospasm,
mucosal edema and bronchial hyperse-
cretion. But actually the alteration is
not so simple as such. Thickening of
basement membrane, glandular hyper-
plasia, inttaluminal obstruction by cellu-
lar debris and inflammatory exudate
and airway collapse are almost invaria-
bly present in asthma. In recent years,
the pathologic physiology of asthma has
been more concerned with lesions in
peripheral airways (less than 2 mm in
diameter) rather than in larger airways.
Indeed this is an important point of con-
sideration, because many patients died
of asthma had mucus plugging in small
airways as the most striking finding
(Dunhill, 1960 as cited by Rebuck,
1975). This statement was confirmed
by Wood and Lecks (1976) who revie-
wed the cause of death in 7 children with
asthma, and found that mucus plugging
in the smaller airways was found in all
cases. The plugging was so extensive
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that they were not surprised that the
patient had died, but that 'they had sur-
vived so long’. Postmortem findings in
8 childrer. died of asthma reviewed by
Buranakul et al., (1974) also showed
thick mucus in tracheobronchial tree in
all cases. Microscopic examination in
most of the cases showed bronchial
muscle hypertrophy, basement membrane
thickening and infiltration of bronchi
with acute inflammatory cells, predomi-
nantly eosinophils. Focal area of hyper-
inflation and atelectasis were found
elsewhere.

In initial attacks, expiratory obstruc-
tion leads to hyperinflation (airtrapping)
which is usually bilateral and symme-
trical (Richard and Siegel, 1969; Levison
et al., 1974) to compensate decreased
alveolar ventilation. As the broncho-
constriction increases, the compensatory
mechanism will not effective, leading to
the increase of residual volume, total
lung volume and functional dead space,
producing decreased pulmonary com-
pliance. The additional force obtained
by accessory muscles will result in
increased thoracic tension to cause clo-
sure of smaller bronchioles, producing
further cbstruction.

Pulmonary Function Testing in Asthma

The decrease in the elastic recoil (pul-
monary compliance) as described above
makes the change of the respiratory
volume as seen in Fig. 2.
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FIG. 2: Changes of respiratory volume in asthma.
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Abbreviations: TLC = Total Lung Capacity; VC — Vital Capacity;
RV = Recidual Volume; IC — Inspiratory Capacity;
IRV — Inspiratory Reserve Volume; TV — Tidal
Volume; ERV — Expiratory Reserve Volume; RRP
= Resting Respiratory Positon; TTLC = True Total
Lung Capacity; TGC = Thoracic Gas Volume; FRC
= Functional Recidual Capacity.
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Detection of airway obstruction

Many sophisticated methods of pul-
monary function testing have been
introduced in recent years, both to eva-
luate physiological changes and to assess
therapeutic effect of bronchodilators,
Since physiological changes in asthma
are particularly concerning the affection
of smaller airways, the goal of the newer
methods is to find the most sensitive and
reliable way to detect small airway altera-
tions, but it seems that there are still some
controversies on this particular problem,
The clinician will find only little, if any,
difficulty to diagnose asthma. But if this
will be confirmed by spirometric mea-
surements by the help of the physiolo-
gist, the latter not infrequently fails to
give such support (Sobol and Emirgil,
1976). If the physiologist could establish
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evidence of bronchoconstriction and that
the Ubronchoconstriction is reversible,
then the clinician could take the benefit.
But if such evidence is not confirmed,
the diagnosis of asthma can not be ruled
out.

Payne and others (1967) believed that
the most precise method in evaluating
airway responsiveness is a body plethys-
mograph. Other authors pointed out that
several values derived from spirometry
such as FEV (forced expiratory volume),
FEV, (forced expiratory volume in 1
second), PEFR (peak expiratory flow
rate), MMEFR (maximal mid-expirato-
tory flow rate), Gaw (airway conduc-
tance) and Raw (airway resistance) have
valuable meaning in assessing airway
obstruction as well as its responsiveness
to bronchodilator therapy. But such
statement is not without conflict.

TABLE 3 : Some spirometnic measurements to assess airway obstruction,
Measurement Location of obstruction
FVC large and small airways
FEV, large and small airways
FEV,/FVC large and small airways
SGaw large airways
Raw large airways
PEFR large airways
MMEFR small airways
Cdyn small airways
TAV small airways
Abbreviations: FVC = forced vital capacity; FEV; — forced expiratory volume in 1 second

(timed vital capacity); S Graw = specific airway conductance; Raw = air
way 1esistance; PEFR — peak expiratory flow rate; MMEFR — maximal
midexpiratory flow rate; Cdyn = dynamic compliance; TAV = trapped air

vo-lume.

Adapted and simplified from Souhrada, J.F. and Bucklev, J.M. : Pulmonary function testing in

asthmatic children. Pediatr. Clin. N. Amer. 23

1 249 (1976).
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Tinkelman, Avner and Cooper (1977)
stated that although FEV, and MMEFR
have a good correlation with clinical
improvement as asthmatic subjects rece-
iving bronchodilator, their value is more
indicate how the pulmonary function re-
aches predicted normal value rather than
how it changes to baseline levels. Study
of Light, Conrad and George 1977),
however, proved that FEV, is the one
best test in evaluating bronchodilator ef-
fectiveness. Furthermore, Leifer and
Wittig (1977) found that MMEFR can
not be used as a sole index of broncho-
dilator response.

It must be emphasized that, due to
technical reasons, i.e. cooperation of pa-
tient in performing repeated spirometric
procedures, pulmonary function is par-
ticularly difficult to perform in small
children. Most studies were conducted
in older children and adult subjects.
Some popular spirometric measurements
to asses bronchial obstruction are listed
in Table 3.

Etiologic Factors in Childhood Asthma

Asthma is quite a complex disease. It
is influenced by many factors; some of
them are still obscure, other factors have
been proved by means of statistical sur-
vey but no explanation have been done
satisfactorily. The fcllowing paragraphs
will describe some recent observations
on this particular matter, most of them
have been suggested by previous authors
many years before.

The majority of asthmatic children
are of extrinsic type, where positive skin

SUDIGDD SASTROASMORO

test can usually be demonstrated. It ds
reasonable, therefore, to assume that ex-
ternal allergens play an important role
in childhood asthma. The most impor-
tant allergen commonly found elsewere
is the house dust.

This material contains a mixture of
substance from breakdown products of
furniture, carpets, the house-dust mite,
molds and animal as well as human dan-
der. Of these, house-dust mite is consi-
dered to be the most allergenic in most
part of the world (Morita et al, 1975).

Two species of house- dust mite Der-
matophagoides have been extensively
studied. D. pteronyssinus and D. farinae
(Collin-Williams, Hung and Bremner,
1976). These mites particularly like beds
because of the large source of human
dander (Flod, Franz and Galant 1976).
Recent study of Turner, Sumarmo and
Matondang-Siahaan  (1978)  indicated
that D. pteronyssinus plays an important
role in asthma and allergic rhinitis in
Indonesian children. This finding sup-
ports the previous data (Matondang-Sia-
haan, 1977).

Other umportant external allergens are
pollens and animal feathers. This should
be carefully considered when we are
facing asthmatic children, since the most
important procedure in every stage of
asthma is avoidance to the offending
allergens whenever possible.

Food is often underestimated as the
possible factor in asthma. Two studies
have shown that food is the major etio-
logic factor in asthmatic children under
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2 years of age. Brasher (1976) analyzed
83 infants with asthma found that more
than 50% of them had relieved from
their symptoms during the trial of hy-
poallergic diet. It was also noted that the
younger the infant, the more prominent
the role of food in precipitating asthma.
The increase of allergen-specific antibody
against house dust animal dander and pol-
lens indicated that such inhalants which
are considered as the major factor in
childhood asthma, have a limited role in
infantile asthma. More impressive figure
has been reported recently by Ogle and
Bullock (1977). In their series consisting
of 188 asthmatic patients under 1 year
of age, they found almost complete im-
provement and significant improvement
in 62% and 28%, respectively (overall
good result 90%) after hypoallergic diet.
However, 709% of them, later developed
significant inhalant allergy to house
dust, molds and pollens. Again, this stu-
dy showed that food (milk, chocolate,
egg, corn, citrus etc) is quite frequent
causing asthmatic symptoms in infantile
asthma while inhalants are particularly
important in older children.

The introduction of cow’s milk, espe-
cially in the first week of life will result
in the increase development of atopic
disorders later in the life (Hill, 1976;
Blair, 1977). Wittig et al., (1978) found
that breast fed infants had a significan-
tly later onset of allergic disease than
bottle fed patients (average 7.1 vs. 4.5
years, p<<0.0001). This should lead fur-
ther support to the value of breast
feeding in infancy.
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Respiratory tract infection is other im-
portant factor in childhood asthma. Bra-
sher (1976) found that 25 out of 83 as-
thmatic infants had roentgenography-
cally documented episodes of pulmonary
infiltrate, compared with 9 out of 71
control infants. The association of viral
infection and wheezing is well documen-
ted, albeit poorly explained. Mitchell,
inglis and Simpson (1976) have isolated
virus in 14.29% of their series. The most
frequent was rhinovirus, followed by res-
piratory syncitial virus and adenovirus.

Thiey also noted that wheezing attacks
were more severe when associated with
viral infection. The association between
bronchiolitis,, which is chiefly caused by
respiratory syncitial virus with the deve-
lopment of asthma is well documented;
a considerable percentage of infants who
had bronchiolitis would develop asthma
in their childhood.

The role of anesthesia and surgery as
the predisposing factors in childhood
allergic disease is still controversial.
A report of group from Rochester (John-
stone, Roghman and Pless, 1975) impli-
cated pyloric stenosis surgery and
herniorraphy during infancy as signifi-
cant predisposing factors in the develop-
ment of asthma and hay fever in
childhood. Although their methods are
open for criticism because they used
telephone and questionnaire to parents,
the result was quite impressive. The pre-
valence of asthma in their series with
pyloric stenosis was 189%, that of hay
fever was 239% and that of asthma, hay
fever or both was 35%, in contrast {o a
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random sample of the same country
which showed 3.4% with asthma, 8.5%
with hay fever and 10.6% with either.
Higher figures were found in post her-
niorraphy patients. On the other hand
Brasher (1976) only found 9 out of 83
patients who had undergone surgery,
and 7 of these nine were having episode
of wheezing before they had undergone
general anesthesia.

There are many other factors that
could be considered as predisposing or
precipitating factors in asthma, including
physical exercise, climate, many drugs
and chemicals. The role of phychological
factor should not be overlooked (Matt-
son, 1975). Study of Maijer (1976) em-
phasized the role of social status in as-
thma. He reported that the mother’s low
level of education had a role in the de-
velopment of asthmatic symptoms, while
the father’s education had not. Socio-
economic level was said not to have a
role in this disease, but it should be in-
terpreted in the context Maijer used. In
addition, he noted that infantile eczema
persisting beyond the age of 2 is closely
associated with childhood asthma.

More studies are needed to establish
other etiologic factors (some authors
prefer to use term risk factor) in asth-
ma, and each of it would need proper
explanation. However, the risk of con-
troversial observation seems well exist.
For example a transient deficiency of
IgA during early infancy was said to be
an important factor in the development
of atopic disease (Taylor et al., 1973),
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but other authors failed to confirm this
statement (Brasher and Bourland, 1975).

Exercice-Induced Asthma (EIA)

Physical exertion might induce bron-
choconstriction in both normal and asth-
matic subjects. Early during exercise
both subjects show evidence of broncho-
dilation, possibly due to sympathetic
activity. After several minutes [later,
evidence of bronchoconstriction can be
detected by means of subjective sym-
ptoms, physical signs and objective pul-
monary function testing.

By definition, EIA is an acute, rever-
sible, usually self limiting airway obs-
truction which develops after strenuous
exercise in patients with asthma or hay
fever. EIA is present in both extrinsic
and intrinsic asthma, although in extrin-
sic asthma the bronchospasm is more
severe and more prolonged than in in-
trinsic asthma. Eggleston (1975) studied
16 extrinsic and 6 intrinsic asthmatic
children ranging in age from 7 to 18
years. After 5 minutes of jogging at 2.4
to 5.0 mph on a 10% to 15% grade, he
found a 27% fall in FEV, in extrinsic
asthmatic, while in intrinsic asthmatics
the fall of FEV; was only 12% at 5 mi-
nutes, Significant difference in MMEFR
was also noted. The severity of broncho-
constriction has seasonal variation; in
extrinsic asthma the bronchoconstriction
was more severe during pollen season.

Bierman, Kawabori and Pierson (1975)
had shown non asthmatic subjects but
with other atopic disorders had also sig-
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nificant decrease in airway function after
being challenged with exercise. As seen
in Table 4 the incidence of EIA in asth-
matic subjects was as high as 639, while
in atopic non asthmatic and control
subjects were 41% and 7%, respecti-
vely.

Godfrey (1975) extensively reviewed
the clinical and physiclogical implica-
tions of EIA. Amongst the important
conclusions are :
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(1) Type of exercise is important in
inducing bronchoconstriction. Running
is the most asthmogenic, followed by
cycling, swimming ‘and walking, even
with the same metabolic stress.

(2) Duration of exercise also has an
influence in EIA; the maximum effect
being 6 to 8 minutes of running enough
to raise the heart rate to 180 beat per
minute in children or 140 per minute in
adults,

TABLE 4: Incidence of EIA in asthmatic, atopic non asthmatic and control subjects
No. of subjects Age % of EIA

Asthmatic 134 5 — 18 years 63

Non Asthmatic, Atopic 102 5 — 18 years 41

Control 56 5 — 18 years 7

After Bierman, C.W. Kawabori, I. and Pierson, W.E.: Incidence of exercise induced

asthma in children. Pediatrics 56 (Suppl)

The pathogenesis of EIA is remain in
speculations. Evidence that EIA can be
prevented by cromolyn sodium when
given before the challenge (Silverman
and Andrea, 1972; Godfrey, Silverman
and Anderson, 1973; Chan-Yeung, 1977)
suggest that EIA is produced by release
of mediators of anaphylaxis during exer-
cise. The role of parasympathetic ner-
vous system in the pathogenesis of EIA
has also been considered, since atropin,
a parasympathomimetic agent, can pre-
vent EIA (Jones et al., 1963; Tashkin
et al, 1977).

While Godfrey did not believe that
metabolic and blood gas factors play a
role in the pathogenesis of EIA, Cropp

1 847 (1975).

(1975) has proposed the complicated
hypothetical scheme involving sympathe-
tic-parasympathetic nervous system, me-
tabolic acidosis and acid-base alterations.

EIA can be prevented by various
drugs such as theophylline, atropin,
sympathomimetic amines, cromolyn so-
dium as well as indoramin, an alpha-
adrenoceptor blocking agent as described
by Bianco et al., (1974). It must be em-
phasized that the drugs should be given
before the challenge. These phenomena
and other aspects of EIA place EIA in
a unique position; it might be used to
study physiclogical and pharmacological
mechanisms of asthma (Godfrey, 1975).
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Aspirin Sensitive Asthma and Drug-
Induced Bronchospasm

Aspirin (Acetylsalicylic acid, ASA),
has been known can induce asthmatic
attack more than 50 years ago. Samter
and Beers (1968) reported that there was
an almost consistent syndrome in non
atopic asthmatic patients who had ASA
intolerance and nasal polyps. This cons-
tellation of intrinsic asthma, ASA into-
lerance and nasal polyps has called
*ASA triad’ (Snyder and Siegal, 1967).

Since aspirin is one of the most fre-
quent drugs used freely without any
physician’s recommendation, this pheno-
menon has called attention of many
authoritics. One may ask whether the
use of aspirin in asthmatic children
should be avoided or not. This question
is not easy to answer. There are reports
that the prevalence of aspirin intoleran-
ce varied widely according to several
authors, being as low as 0.4% to as high
as 289%. Rachelefsky and others (1975)
reported the incidence of ASA intoleran-
ce was 28% of 50 patients with
intractable extrinsic asthmatics, and cha-
racterized by (1) a greater number of
female, (2) an earlier onset of wheezing,
and (3) more sinusitis than aspirin tole-
rance group. This finding adds previous
reports that ASA intolerance was usual-
ly found in intrinsic asthma.

On the other hand Falliers (1974)
studied 1,298 patients with asthma only
found 6 cases who had family history
of aspirin intolerance. Furthermore he
concluded that atopic disease and ASA
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triad can affect the same inCiv .. Wi-
thout being necessarily related etiologi-
cally. .

The exact mechanism of aspirin sen-
sitive asthma is not fully known.
Because the ingestion of aspirin may
cause sudden occurrence of wheezing,ur-
ticaria and angioedema, one suggested
that the underlying cause is type 1 aller-
gic reaction. But subsequent studies had
failed to confirm hypothesis. In recent
years it is thought that the pathophysio-
logy of ASA intolerance is through the
influence of aspirin to prostaglandins.
Two prostaglandins have been regularly
found in the human lung, prostaglandin
F2-alpha (PGF2-alpha) and prostaglan-
din E2 (PGE2). PGF2-alpha acts to
induce bronchospasm on human tracheo-
bronchial tree, while PGE2 is a broncho-
dilator (Abrishami and Thomas, 1977).
Aspirin  may influence prostaglandin
synthesis and release. It is speculated
that aspirin intolerance results when the
equilibrium between PGE2 and PGF2-
alpha is altered to the favor of PGF2-
alpha. It has been found that asthiatic
patients are abnormally sensitive to
PGF2-alpha, but more variable response
to PGE2. But another group (Orehek
et al, 1977) reported that although
PGF2-alpha may induce bronchospasm,
aspirin sensitive asthmatic did not differ
from patient with regular asthma in
terms of their response to PGF2-alpha.
This controversisal matter obviously
needs further clarification.

Prince (1977) has called attention to
tartrazine, one of the most widely artifi-
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cial dy., i1red for medical preparations
(pills, capsules, iiquids) as well as foods
and drinks. Tt was Lockey (1959, as ci-
ted by Prince) who first analyzed the
molecular structure of tartrazine, which
was similar to that of aspirin and might
cause cross sensitivity in patients aller-
gic to aspirin. This ’hidden allergen’
should always borne in mind when we
are facing a child with ASA intolerance.

Many other drugs have been known
to cause bronchospasm. Kounis (1976)
has tried to classify the probable patho-
genesis of drug-induced bronchospasm as
allergic reaction, idiosyncracy, pharma-
cologic action and local irritation. There
is evidence that drugs in the treatment
of asthma (sympathomimetics, corticos-
teroids, etc) may occasionally cause
bronchoconstriction, either as the result
of allergic reaction or of idiosyncracy.
Due to its wide variety of drugs that may
induce bronchospasm both in normal
and asthmatic individuals, it is often dif-
ficult to ascertain what particular drug
that cause the problem, especially if they
are used in combinations.

Diagnostic Aids in Childhood Asthma

The diagnosis of asthma is established
by case history and clinical findings.
Certain tests however, may valuable in
supporting the clinical diagnosis, and
may be important to determine whether
the disease should be classified as aller-
gic or non allergic asthma.

Routine laboratory examinations

Eosinophilia is the only obvious cha-
nges that can be expected in routine
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laboratory work up in asthmatic chil-
dren. Church and Richards (1978) found
that 62.09% of their series showed eosi-
nophilia, which was defined as absolute
eosinophil count of more than 300 per
cu mm. Nasal eosinophils were elevated
in 47 out of 100 patients examined.
Demonstration of Charcot-Leyden crys-
tals and Curshman spirals are difficult
to obtain in children with asthma.

Skin Tests

This is the most popular test used by
both pediatricians and allergists to rule
out the allergic basis of asthma. The test
may be performed in 3 ways : (1) scratch
test, which is the least sensitive and is
employed to the severely sensitive pa-
tients; (2) prick test, which is approxi-
mately 5 to 10 times more sensitive than
the scratch test, and (3) intradermal test
which is 10 to 1000 times more sensiti-
ve than the prick test and is particularly
valuable for low strength allergens
(Aas, 1975).

Skin test is of limited value in infants
and children under 3 years of age becau-
se the skin sensitivity to histamine is low
in such subjects, as is in very old pa-
tients.

The antigen is introduced through
the skin, and in the presence of IgE
coating mast cells, the histamine is re-
leased leading to the typical wheal and
flare response. The reaction is read at
20 minutes and size of reaction is as-
sessed in relation to negative (saline)
and positive (histamine) control. The
result may be denoted as negative, -+
to -+ + + positive.
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The immediate reaction (type 1 Cell
and Coomb’s allergic reaction) will di-
sappear gradually within 20 to 60 mi-
nutes. Late reaction that may appear
after 1-4 hours and reacting its maxi-
mum at 6 to 24 hours may be observed,
and this is believed to be diagnostic for
type III allergic reactions due to interac-
tion between antigen and precipitating
antibodies.

Skin test is cheap, easy to do, rapid,
convenient to the patient and in most
instances it correlates well with challe-
nge test (bronchial provocation test, na-
sal test) and in vitro testing (radioaller-

gosorbent test, leukocyte histamine re-
lease). However, since skin test implies;,’
the sensitization of the skin, in the ab-! X

sence of clinical support, a positive skin
test should never form the basis of any
therapeutic decision (Czarny, 1976).

Challenge Tests

(a) Bronchial Provocation Test (BPT)*"

The principle of BPT is to challenge
the patient with aerosolized allergen ex-
tracts or pharmacologically active fluids
and control solution under observation
and to registrate the effects on respira-
tory pattern and ventilatory capacity
(Aas, 1975).

The test is initiated by the determina-
tion of basal FEV,. The allergen extract
or pharmacologically active fluid (e.g.
histamine 0.19% solution) is then admi-
nistered as an aerosol using a nebulizer
at a flow rate approximately 10 L/mi-
nute for 1 minute, take approximately
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15 deep breaths. A positive response is
obtained when there is a fall in FEV;
greater than 25% of basal reading
(Dickson, 1973).

The immediate response that occurs
within several minutes of the BPT is of
short duration, resolving spontaneously
and easily reversed by bronchodilators.
However, many asthmatics, especially
those of severe form, also have late air-
way obstruction beginning 4 to 6 hours
after inhalation. This late reaction is
usually more severe, more prolonged and
is poorly responsive to bronchodilators.
Warner (1977) found that nearly 75%
of chronic asthmatic children who were
allergic to the house-dust mite showed
this late reaction, and there was a posi-
tive correlation between more severe
clinical zsthma and the occurrence of a
late reaction on BPT.

BPT is not a routine procedure in the
diagnosis of asthma. It is indicated when
the accurate allergy diagnosis is a must,
and is expected to have a consequence
for the choice of therapy especially hy-
posensitization (Aas, 1975, Warren,
1976). In rare instances it may be used
to confirm when the diagnosis of asthma
in allergic child is in doubt despite
complete study using other more conve-
nient approaches.

(b) Nasal Test

This procedure is done by instillation
the test substance in one nostril while
the other is used as a control. The test
is positive when after a few minutes the
tested nostril becomes edematous, in-
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creased watery secretion, itching and
sneezing. The control side may remain
normal for some time, but then slowly
develops the same reaction. Positive
nasal test is not diagnostic for allergic
asthma unless the test is able to provoke
bronchial obstruction (Aas, 1975).

(c) Exercise lest

The purpose of this test is to demons-
trate bronchial constriction after being
challenged with strenuous physical exer-
cise. The most simple test may be done
in the office, by asking the child to run
up and down stairs or around the office
building for 6 to 8 minutes as fast as
possible to raise the heart rate appro-
ximately 180 beats. Rough assessment
can be made by repeated observation and
chest auscultation over a half hour pe-
riod. If spirometer is available, quanti-
tative result may be obtained by
comparing FEV,; before and after the
challenge. A 20 to 25 percent reduction
in FEV measurement is reliable diag-
nostic for exercise - induced asthma
(Dickson, 1973; Cropp, 1975).

In the laboratory detailed procedure
may be undergone: Treadmill running
for 6 to 8 minutes that increases heart
rate to 180 per minute is the most use-
ful, since it triggers bronchoconstriction
easily, Pulmonary function testing should
be performed repeatedly within the first
30 to 40 minutes after the challenge,
and is usually expressed in per cent of
pre exercise values. Drugs and other
medications that may influence the test
should be withheld in sufficient time
before the test.
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In Vitro Methods

Total serum IgE, as reviewed earlier,
is non specific for allergic disorders. In
recent years in vitro procedure which
identify various IgE antibodies against
specific allergens are much more impor-
tant in the allergic diagnosis. Among
the procedures, leukocyte histamine re-
lease (Hr) and radioallergosorbent test
(RAST) are the most widely studied
and used.

(a) Leukocyte Histamine Release ([iR)

This procedure involves the addition
of increasing quantities of allergen to a
standard concentration of sensitized leu-
kocyte at 37°C in Ca+ + and Mg+ +
containing buffer, and the calculation
of the percentage of cellular histamine
released by the allergen. The amount of
allergen required to cause the release of
509 of the total histamine is used as
cellular sensitivity.

The method is specific, sensitive but
expensive and time consuming, and re-
quires fresh blood, hence it has limited
application to clinical practice (Yungi-
nger and Gleich, 1975).

(b) Radioallergosorbent Test (RAST)

This test is analogous to indirect (two
steps) Coomb’s test. Allergen (analogous
to the RBC surface antigen) is coupled
to insoluble polysaccharide substance
(analogous to the RBC itself) to render
the allergen insoluble. If specific reagi-
nic antibodies are present, the addition
of patient’s serum will result in IgE-al-
lergen reaction and will remain bound
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after washing, in the second step, radio-
labelled antiserum to human IgE is
added and after overnight incubation, the
complex is again washed, and it is coun-
ted in a gamma counter. This procedure
is more advantageous than skin test be-
cause it is specific, the results are quan-
titative, no patient risk, not influenced
by drugs and is able to be performed in
infants and the elderly. The major disad-
vantages are it is expensive and few
allergen polymers available (Yunginger
and Gleich, 1975).

Drugs Uscd in the Treatment of Asthma

Sympathomimetic Amines and Related
Compounds: Current Advances

Despite numerous reports that the
most striking finding in severe asthmatic
attack is mucus plugging, it seems that
the use of bronchodilators, especially
sympathomimetic amines, still play an
important role in the management of
acute asthmatic attack as well as main-
tenance therapy of the so-called 'chronic
and stable asthma’.

The principal action of sympathomi-
metic drugs is to stimulate beta-adrener-
gic receptors in bronchial smooth musc-
les. Stimulation of beta receptors increa-
ses the activity of adenylcyclase, an
enzyme that promotes the formation of
cyclic 3’5’-adenosine  monophosphate
(cAMP) from ATP and results in bron-
chodilation.

In the last several years it is clear that
beta-adrenoceptor comprises two groups:
beta;-adrenoceptors located in the myo-
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cardium -~ =i :noceptors locateu
in the bronc arooth muscles. Ac¢
vation of beta:-adrenoceptors gives: ino-
tropic and chronotropic cardiac stimula-
tion leading to tachycradia, palpitation
and occasionally increased blood pres-
sure. The bronchodilation is resulted
when betay-adrenoceptor is stimulated.

The older agents such as epinephrine
and ephedrine activate both beta,; and
beta, adrenoceptors. In the last decade
several new sympathomimetic amines ha-
ve been searched continuously to find the
less effect on beta;-adrenoceptors or in
other word selective betay-activity (Av-
ner, 1975: Tashkin, 1977; Reed, 1978).
Isoprenaline (isoproterenol) is the first
beta stimulant derived from the parent
compound, adrenaline. Metaproterenol,
terbutaline, salbutamol and fenoterol are
the most important of numerous agents
developed thereafter, and believed to
have selective betay-activity.

Other advantages of the discoveries
are the broader possibility of route of
administration and the longer duration
of action on bronchial musculatures.
[soproterenol, available in parenteral
and inhalation forms, has a short onset
of action but its duration of action is
also short, because it is rapidly taken
into cells and inactivated by catechol-o-
methyl-transferase (COMT). By oral
route, isoproterenol is inactivated by
sulfatase in the intestine. The ne-
wer derivatives are not inactivated by
COMT, :o the duration of actions are
longer than epinephrine and isoprenali-
ne. Orciprenaline, terbutaline, salbuta-
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1 and fenoterol a.. activated by
.cestinz!  sulfatase  herce it could be
administercd orally: (Reed, 1978).

The pharmacological properties of

sympathomimetic amines are well sum-
marized by Rebuck, as seen in Table 5.

Although most clinical trials were
undergone in adult subjects, it seems
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that clinical advantages of newer beta
adrenergic stimulants were also recorded
in numerous investigations in pediatric
age group as well. Some apparent con-
troversial results, however, still exist and
need further studies. Short review of
beta-adrenergic stimulants will be pre-
scated below.

TABLE 5: Some pharmacological properties of sympathomimetic amines

Agent Route cf Betay Beta, Duration of

administration Activity Activity action

Adrenaline A; NS; IM; SC +4++ + -+ +
Ephedrine (] +++ ++ +
Isoprenaline A, 1V =4 + 4+ + 4
Isoetharine O + +++ ++
Orciprenaline A; NS; IM; IV; O + +4+ +++
Salbutamol A; NS; O + +4++ ++4+
Terbutaline A; O; SC + +4++ ++++
A = pressurized aerosol; NS == nebulizer sclution; IM = intramuscular; IV = intravenous;

G = oral; SC = subcutaneous,

Adapted from Rebuck, A.S.: Antiasthmatic drugs: I Pathophysiological and clinical phar-
macological aspects. Medical Progress 2 (2) : 71 (1975).

Adrenaline (Epinephring)

This catecholamine used in the treat-
ment of asthma has more or less equal
alpha- and beta- activity (Flod, Franz
and Galant, 1976). This leads some au-
thors to exclude this agent as the drug
of first choice in the management of
acute asthmatic attack especially in
adult patients.

Although epinephrine has a powerful
bronchodilating effect, its duration of

administration is subcutaneously, which
absorbed slowly; but it can be used in-
tramuscularly to give immediate but un-
fortunately short effect. Epinephrine is
oot effective orally, however in 19
solution it can be used by inhalation,
though it is not a popular route of ad-
ministration.

In severe asthmatic attacks not res-
ponsive to aerosol bronchodilator, sub-
cutaneous administration of epinephrine
jis often helpful, possibly because of
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delivery of the bronchodilator drug via
the circulation to airways peripheral to
occlusive mucus plug (Tashkin, 1977).

Ephedrine

This agent is the first bronchodilator
effective orally. It has a mild betas-
adrenergic stimulation, but its beta,-
activity is said to be more pronounced.
It is relatively safe in children when used
in usual dosage, although central ner-
vous system stimulation may occur,
similar to, but less than that of amphe-
tamine (Weinberger, 1975). When theo-
phylline was introduced as effective
oral bronchodilator, many manufacturers
made fixed combinations of ephedrine
and theophylline. At first it was conside-
red as a rational and effective combina-
tion, but later studies suggested that the
combination has a synergistic toxicity
included central nervous system and
gastrointestinal disturbances without sig-
nificant synergistic therapeutic ~effect.
However, study of Reed, Sims and do
Pico (1978) indicated that the combina-
tion of 25 mg of ephedrine and 130 mg
of theophylline gave good result in adult
subjects, without additional untoward
reactions.

The introduction of newer orally ac-
tive and more efficacious bronchodilators
with fewer side reactions has made the
use of ephedrine becomes increasingly
unpopular, although Emirgil et al,
(1977) found that ephedrine was only
slightly inferior when compared with
metaproterenol.

Isoproterenol

Chemically, isoproterenol is derived
by substitution of 2 hydrogen ions at the
end of the side chain by 2 methyl radi-
cals. It readily became popular because
of its rapid onset of action and longer
duration of action than that of epine-
phrine. It is available in inhalation as
well as intravenous form. Unfortunately
it activates both beta; and betag-adre-
nergic receptors, so that it often causes
undesirable side effects.

Parry, Martorano and Cotton (1976)
have used intravenous isoproterenol in
patients with life threatening asthma in
addition to other medications commonly
used in the treatment of status asthma-
ticus. Of 34 cases studied, all below 16
years of age, 27 responded well while
the other seven were considered failed
and needed mechanical ventilation. They
concluded in their uncontrolled study
that, at least, intravenous fisoproterenol
can significantly reduce the number of
patients who would need mechanical
ventilation. '

Compared with newer inhaled sym-
pathomimetics metaproterenol and sal-
butamol, Choo-Kang, Simpson and Gra-
nt (1969) found that isoproterenol has
shorter duration of action and has more
cardiac cffect. Similar result was also
reported by Roth, Wilson and Novey
1977).

Of particular interest is the study of
Trautlein et al., (1976) who found that
29 per cent of 41 patients receiving iso-
proterenol were unresponsive to the drug

e
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(they used term paradoxical bronchos-
pasm). Although their work is still
debatable partly due to incomplete tech-
nical detail, it still valuable to prove
that this unresponsiveness to isoprotere-
nol is not solely caused by isoproterenol
abuse (Jenne and Chick, 1976) as des-
cribed by previous authors (Speizer and
Doll, 1968). Svedmyr, Larsson and Thi-
ringer  (1976), however, found thati._,_.
chronic use of isoproterenol infusion'
gave no resistance to the drug. thefs

addition of terbutaline, either oral or |

inhalation, improved the bronchodila-#*
tion effect and did not cause resistance.
to isoproterenol infusion. They concluded,
that the development of resistance in pa-

tients with severe asthmatic attacks as
proved in accordance with the increased

.

sale of isoproterenol inhalation, mostly ;

«
because of other factors such as bron-

chial obstruction and mucosal edema, *

although true resistance may develop ial
the patient often takes large doses of
inhalation. '

Metaproterenol (Orciprenaline)

This is a resorcinol, not a catechol
derivative. It has a longer duration of
action and less cardiac effect than iso-
prenaline (Choo-Kang, Simpson and
Grant, 1969; Roth et al., 1977). But
Garra and associates (1977) found that
nebulized isoproterenol and metaprotere-
nol had similar cardiac effects.

Long term use of metaproterenol, ei-
ther in inhalation form (Swarts et al.,
1976) or oral (Hyde et al., 1976; Bran-
don, 1976; Sackner et al., 1977) indicated
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after several months of usage and gene-
rally no tolerance developed. Mild
unpleasant reactions; mainly tachycardia
was not considered clinically important.

When added to children receiving
around the clock dose of theophylline,
oral metaproterenol produces significant
improvement than with theophylline alo-
ne without causing increased side effect
(Gallant, 1978).

Terbutaline

Terbutaline, N-tertiary butyl homolo-

% gue of orciprenaline, is said twice potent

Al

,on bronchial muscle as orciprenaline

|
"with less active on heart muscles. Avai-

lable in oral, subcutaneous and inhala-
tion forms, it also has longer duration
of action than the parent compound.

Roth, Wilson and Novey (1977) found
an earlier and higher peak of activity of
terbutaline when compared with orcipre-
naline, while Goldgraber (1977) reported

similar clinical effectiveness between
terbutaline and salbutamol in adult
patients. »

Smith et al., (1977) have compared the
clinical effect of subcutaneously injected
terbutaline and epinephrine in adult
patients with asthma. The result showed
that both drugs were highly effective
bronchodilator, as proved by spirometric
measurements. Interstingly, that in a dose
producing an equivalent degree of bron-
chodilation, epinephrine has a lesser
cardiac effects in contrast to the com-
mon agreement that terbutaline has
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selective betaj-activity. More studies are
needed to explain this controversy.

Recent long term study of Larsson,
Svedmyr and Thiringer (1977) indicated
that chronic use of terbutaline did not
cause any ’resistance’ toward beta adre-
nergic stimulants, as has been reported
by the same group on chronic use of
isoproterenol.

Pang and others (1977) administered
subcutaneous terbutaline to 10 asthma-
tics, ranging in age from 2 to 13 years
who had failed to respond to the admi-
nistration of adrenaline and aminophyl-
line. Almost all of these status asthma-
ticus patients showed gross clinical im-
provement. Only 1 patient seemed failed
to respond with repeated injections of
terbutaline. Minimal cardiac effects were
noted, included changes in the ST-T
wave and an increase of P wave ampli-
tude which were noted in 3 patients.
These side effects were quickly reversi-
ble. The dose of terbutaline in this study
was 0.01 to 0.02 mg/kg body weight, to
be repeated as necessary every 15 to 30
minutes with the same dose (up to 0.04
mg/kg) until clinical response was noted.

Salbutamol

This is the most important saligenin
derivative. When given by dnhalation
this drug has a rapid and long lasting
bronchodilating effect than by oral route,
possibly because it is well absorbed by
the intestine and rapidly excreted via
urine, while the absorption after inhala-
tion is very small (Avner, 1975).

Thompson and Friedman (1"77) gave
intramuscular salbutamol in the dose of
20 micrograms/kg body weight and
found rapid clinical improvement; the
maximum rise in PEFR of more than
209% occurred within 5 minutes. Side
effects, included tachycardia and tremor
were recorded. No arrhythmia was noted.

The effectiveness of salbutamol inha-
lation on the obtructive small airways
had been studied by Rubin et al., (1977).
On their adult patients, inhalation of
400 micrograms of salbutamol increased
the dynamic compliance at respiratory
frequency of breath per minute (Cdyn-
60) significantly, indicating that salbu-
tamol has a potent bronchodilating effect
on the small airways as well as large
airways as reported by previous authors.

The effectiveness of inhaled orcipre-
naline, and salbutamol are very similar,
hence little choose between them. All
have rapid onset of action, long duration
of action and less cardiovascular effect
than isoorenaline (Rebuck, 1975; Roth,
Wilson and Novey, 1977; Goldgraber,
1977).

Fenoterol

Fenoterol, or Th 1165a, is other resor-
cinol derivative. As metaproterenol, and
terbutaline, fenoterol has a seclective ef-
fect on betas-adrenoceptor with less
effect on beta,-adrenoceptor. This drug
was recently shown to be slightly more
powerful bronchodilating effect than sal-
butamol, as reviewed by Gumei et al,
(1976).

—

F, @

a wring the effectiveness of oral
fenoterol and ephedrine, Simi and Miller
(1977) found that this agent was superior
to ephedrine as far as spirometric mea-
surement was concern. The only side
effect are nervousness and tremor; the
latter is a common side effect of all beta
adrenergic stimulants, possibly because of
its action on adrenergic receptors in ske-
letal muscles (Reed, 1978). These side
effects tend to disappear on prolonged
use. Pennock et al., (1977) found no
such side effects when fenoterol was
administered as aerosol.

Plummer (1978) also noted the supe-
riority of fenoterol to ephedrine. But he
also found that drug tolerance to feno-
terol was detectable after 45 days of
treatment and became more prominent
after 90 days. Partial recovery in bron-
chodilating response appeared to occur
after one week of therapy.

Theophylline

This xanthine derivative inhibits the
degradation of cAMP to S’AMP by
competitive inhibition toward the enzyme
phosphodiesterase, thus increases cAMP
level that leads to bronchial dilation, and
suppresses the release of mediators his-
tamine, SRS-A and ECF-A (Goldberg
et al, and Orange et al., as cited by
Bierman, 1977). In spite of popular and
long clinical use of theophylline, this
agent still draws large attention of many
authors. In current literature, one not
argues about its effectiveness as a bron-
chodilator, but mainly to find out the
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rational dosage of theophylline, especially
in pediatric age group.

It is strongly recommended that the
therapeutic range of theophylline is
between 10 to 20 micrograms/ml of se-
rum; values below 10 will result in
subtherapeutic effect, while concentra-
tion above 20 micrograms frequently
associated with toxic symptoms. Due to
its narrow margin of safety, many au-
thors have investigated the optimal dose
of theophylline in asthmatic children
(Hyde and Floro, 1974; Ellis, Koysooko
and Levy, 1976; Leung, Kalisker and
Bell, 1977; Rangsithienchai and New-
comb, 1977; Walson, Strunk and Taus-
sig, 1977). They found that the clearance
rate of theophylline in children was far
more rapid than in adults, so that chil-
dren relatively require larger and more
frequent dose to achieve therapeutic
effect.

Certain conditions such as febrile ill-
ness (Rangsithienchai and Newcomb,
1977) and concurrent use of troleando-
mycin (Weinberger et al., 1977) inhibits
theophylline clearance and produce
higher serum theophylline level than
expected.

In spite of common believe that phe-
nobarbital acts as an enzyme inducer,
that may enhance the biotransformation
of many drugs used concomitantly. Pia-
fsky, Sitar and Ogielvie (1977) reported
that 14 days phenobarbital pretreatment
did not alter theophylline disposition.
On the other hand when phenobarbital
pretrecatment is given in a longer dura-
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tion (28 days), theophylline clearance is
increased, thus lower serum theophylline
will result (Landay, Gonzales and Tay-
lor, 1978). It may be concluded that
short concurrent administration of phe-
nobarbital needs no alteration of theo-
phylline dose, while if phenobarbital is
given for more than 2 weeks the dose of
theophylline should be increased.

The difficulty to find optimal thera-
peutic dose of theophylline in children,
as do in adults, is the fact that there are
either interpatient (Rangsithienchai and
Newcomb, 1977; Fixley, Shen and Azar-
noff, 1977) or intrapatient (Walson,
Strunk and Taussig, 1977) theophylline
kinetics.

In contrast to Rangsithienchai and
Newcomb who stated that repeated le-
vels of serum theophylline on individual
patient receiving the same dose of theo-
phylline showed high degree of consisten-
cy. Walson, Strunk and Taussig found
that repeated clearance value on indivi-
dual patient may vary significantly. This
controversial matter leads to doubt whe-
ther a single determination of theophyl-
line kinetics ‘in individual receiving theo-
phylline will be of value in deciding the
dose of theophylline for certain patient.

A study of Galant and associates
(1977) indicated that there was a strong-
ly positive correlation between plasma
and salivary theophyliine levels, so that
salivary theophylline concentration may
be used as a guide to plasma theophyl-
line level. On the other hand Hendeles
et al, (1977) found that salivary and
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plasma theophylline were not consistent-
ly well correlated.

At present time there is no reliable
method to determine the optimal dose
of theophylline for individual patient.
Clinical individualization i.e. adjusting
the dose to achieve clinical improvement
while avoiding signs and symptoms of
intoxication is still of practical use and
may be warranted, especially in places
where sophisticated laboratory examina-
tion is not available. The recommended
dose in pediatric textbooks, 4 to 6 mg/
kg body weight 4 times daily might be
used as a guide. A full guide to oral
theophylline therapy for the treatment
of chronic asthma has been proposed by
Hendeles, Weinberger and Wyatt (1978),
this will be reviewed later (see treat-
ment).

The form of theophylline used also
needs consideration when prescribing
the drug. In oral use, theophylline is
better absorbed in a solution than solid
form; the absorption also faster if it is
given immediately after protein rich
meal (Weilling et al., 1975). Fixley and
co-workers (1977) had also found that
oral preparation, an elixir form gave
most rapid absorption. According to
Mitenko and Ogilvie (1974), sustained
released tablet can be used twice daily
with favorable result. This method may
be used in older children.

Systemic Steroids

Glucocorticoids have been extensively
used in the management of status asth-
maticus as well as maintenance therapy
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of cases who can not be controlled by
other measurements. Controlled study of
the British Medical Research Council
(1956) is considered to be the hallmark
in the use of corticosteroids in the mana-
gement of status asthmaticus. The study
has proven that oral cortisone acetate
gave beneficial effect in status asthma-
ticus.

However the exact clinical benefit of
steroid is not without controversy. Pier-
son, Bierman and Kelley (1974), giving
corticostzroids (hydrocortisone, dexame-
thasone or betamethasone) concomitan-
tly with bronchodilators in patients with
status asthmaticus, failed to demonstrate
significant spirometric difference when
compared with bronchodilators alone.
The only significant difference was that
in steroid treated patients the Pa0, le-
vels were higher than in control group.

McFadden et al., (1976) also failed to
find any spirometric improvement in
patient with status asthmaticus treated
by single dose of intravenous hydrocor-
tisone, But Klaustermeyer and Hale
(1976) in a single blind study observed
spirometric improvement after intrave-
nous administration of methylpredniso-
fone. The study used 8 severely asthmatic
adults who had failed to respond to a
medical regimen of high dose bronchodi-
lators, hyposensitization and environ-
mental control, and had not previously
treated with steroid except one. The ear-
liest respense to methylprednisolone oc-
curred at 2 hours with peak response at
4 to 6 hours. Significant changes include
both central and peripheral airways. No
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improvement was recorded when the
same subjects were given saline solution.
They concluded that methylprednisolone
is useful in the magagement of status
asthmaticus, but since the effect is dela-
yed to 2 to 6 hours, the drug should be
given early and in adequate dose.

Those controversies and other varied
results reported in the literature lead
Lecks (i977) to conclude that the res-
ponsiveness to steroid therapy in acute
attacks depends upon the pharmacokine-
tic of the drug, target organ sensitivity,
duration and severity of attack, previous
medication prescribed especially steroids,
age of the patient, genetic factors, the
site of airway obstruction and the me-
thod utilized to assess pulmonary respon-
siveness.

Mechanism of action

The exact mechanism of action of
steroid in asthma is not fully known.
Some authorities (Rebuck, 1975) belie-
ved that steroid possibly inhibits IgE
formation, while others (Claman, 1975;
Hubscher, 1977) stated that corticoste-
roids do not influence the production of
IgE. Settipane, Pudupakkam and McGo-
wan (1978) found a decreased serum IgG
and IgA with unchanged serum IgM
concentration following steroid treat-
ment. Serum IgE initially increased only
when compared with other immunoglo-
bulins and then decreased to pretreatment
level after 22 days of steroid disconti-
nuation.

The most obvious effect of steroid is
its antiinflammatory activity, although
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the precise mechanism is still in specula-
tion. Stevenson (1977) hypothesized that
this agent induces the release of peptide
hormone from monocytes and other pha-
gocytic cells, which in turn inhibits the
formation of microfilament within the
PMN, resulting in the inhibition of their
margination, migration and lysosomal
enzyme secrction. By this way, mucosal
edema, bronchial and peribronchial cel-
lular infiltration and bronchial secretion
are depressed. This hypothesis probably
can explain in detail what Claman
(1975) has proposed, that antiinflamma-
tory effect of steroid is through vasocon-
striction, decreased chemotactic and
interference with macrophages.

Furthermore Claman believed that
corticosteroid has a major role in the
inhibition of types I, Il and IV immu-
nologic injury.

Whether or not steroids increase the
CAMP level is still in doubt (Rebuck,
1975; Claman, 1975; Lecks, 1977). But
it seems clear that antiinflammatory
effect of corticosteroid has a greater the-
rapeutic significance than its spasmoly-
tic effect.

Untoward reactions

The most undesired side effect of

steroid treatment in children is stunted

growth (Drug Committee, 1967; Shapiro,
et al., 1977) This phenomenon is caused
by suppression of the growth hormone
secretion (Hartog, Gaafar and Fraser,
1964), as a consequence of so-called
adrenal-pituitary axis inhibition (Falliers
et al,, 1972). Not less than 20 other side

effects of prolor~ . steroil + . _ =
tion have listed - the Drug clalmiites
of the American Academy of All-
(1967) including weight gain, moon 1aci-
es, ecchymoses, hirsutism and osteopo-
rosis. The Committee also noted a hig-
her rate of side effects if the treatment
is given for more than 2 years. In the
contrary, Lieberman, Patterson and Kun-
sker (1972), evaluating adult subjects,
found that the frequency of side effects
were not correlated with the duration of
treatment, but increased with increasing
of the patient’s age.

Rimsza (1978) has classified the ste-
roid complications into ophthalmologic,
CNS, hematopoetic system, gastrointes-
tinal system, renal system, musculoske-
letal system, metabolic and endocrine
systems.

Shapiro et al., (1977) reported that
steroid dependent asthmatic children
obviously showed growth suppression
and retarded bone age; the same com-
plications were also observed in less
frequency in non steroid dependent as-
thmatics. Plasma 17-OH-CS in non ste-
roid dependent group was abnormal in
42% of cases, while in steroid dependent
was 559%. This data support the earlier
hypothesis that asthma alone is able to
cause adrenal-pituitary axis suppression.

To reduce such effects, attemps have
been made by giving concomitant or in-
termittent ACTH, anabolic steroids and
somatotrophic hormone; but the most
widely accepted method is the alternate-
day regimen. Klaustermeyer and Hale

o
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(1976) strdied 6 as’* matic adults using
: Ted My alle ate-day steroid.
After 10 days of daily 1 catment, impro-
v of respiratory function was ob-
served, and further improvement was
noted with 3 weeks of alternate day tre-
atment. Tn children, Falliers et al., (1972)
reported that pulmonary function of
those receiving alternate day steroid can
be maintained at satisfactory level thro-
ughout 48 hours, while plasma cortisol
level showed normal circadian rhythm.
There are evidences that alternate day
therapy reduce the incidence of side
effects (Dujovne and Azarnoff, 1975).
With this mode of treatment, the total
dose should be given single in the mor-
ning every other day.

Qialy

Aerosol Steroids

In spite of excellent results on the
control of asthma by the use of sympa-
thomimetics and cromolyn sodium, there
are still a considerable number of pa-
tients who could not be managed and
need prolonged use of corticosteroid.
The side effects of systemic steroid the-
rapy are wellknown (supra). Newer
steroid preparations such as triamcino-
lone or betamethasone seem do not
decrease the reported side effects, nor
does intermittent use of corticotrophin.
Allernate day regimen, although offers
some advantages, does not eliminate all
of the side effects.

To overcome this problem, extensive
research has been done, and the answer,
at least in part, has been found with
the lintroduction of aerosolized steroid.
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The most important compound is beclo-
methasone diproprionate,

Trials with beclomethasone inhalation
have been reported elsewhere. Bulow and
Kalen (1974) studied adult patients with
steroid dependent asthma. Of 27 patients
evaluated, 19 were able to wean oral
steroid (excellent result), 7 were good
respondzrs and the other 1 did not res-
pond at ali. Similar result was also re-
ported by Hodson et al, (1974) and
Vogt et al., (1976), as measured by ob-
jective pulmonary function testing as
well as subjective feelings by the patients.
When the drug was used in long term
setting, Spitzer et al., (1976) found that
beclomethasone aerosol has a consistent
effect in most of the patient studied.

In the pediatric age group, many au-
thorities noted excellent results both on
short term (Dickson et al, 1973; God-
frey and Konig, 1973; Lovera et al,
1977) and long term (Godfrey and
Konig, 1974) studies as seen in Table 6.

Dosage

The dose of beclomethasone dipro-
prionate is adjusted to the response, vari-
ed from 100 micrograms (2 puffs) to 800
micrograms (16 puffs) per day. Most
children could be controlled by 400
micrograms (8 puffs) daily, divided in
3 to 4 doses (Godfrey, 1975). Toogood
et al, (1977) demonstrated that high
dosage of beclomethasone gave more
accurate result than low dosage.

After administered by aerosol, the
majority of the drug is swallowed and
absorbed by the gastrointestinal tract.
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TABLE 6: Overall results of clinical trials using beclomcthasone inhalation in asthmatic
children
Authors | No. of patients Age range Duration of Good to excellent
treatment result
Dickson et al. 25 5 — 16 yrs 10 — 28 weeks 17 (68%)
(1973)
Godfrey & Konig 20 6 — 20 yrs 12 weeks 19 (95%)
(1973)
Godfrey & Konig 26 5 — 15 yrs 13 — 20 mo 25 (96%)
(1974)
Lovera et al. 42 4 — 15 yrs 3— 6mo 36 (86%)
(1977)

Because of its potent topical action the
small amount reacting the lungs can
control the asthma, while the absorbed
portion is insufficient to suppress the
adrenal glands.

Side effects

The most important advantage of
aerosol steroids is that the drug is able
to replace systemic steroids without any
significant systemic side effects. Both in
adult (Spitzer et al., 1976; Bulow and
Kalen, 1974; Vogt et al, 1976; Davies
et al, 1977) and in children (God-
frey and Konig, 1973; Dickson et al,
1973; Godfrey and Konig, 1974; Lovera
et al., 1977), beclomethasone did not
suppress the adrenal function in contrast
to systemically administered corticoste-
roid, as analyzed by serum or urine or
both.

Reported side effects of beclometha-
sone included oral and pharyngeal
moniliasis especially in adults and exa-
cerbation of eczema or rhinitis in
patients previously treated with systemic

steroid (Godfrey and Konig, 1974).
Horton and Spector (1977) reported an
adult patient who developed pulmonary
tuberculosis while taking beclomethaso-
ne.

Other aerosolized steroids

Several other topically active steroids
have been investigated to control asthma.
Limited data concerning the effective-
ness of such agents are available inclu-
ded the use of betamethasone valerate
in adults (Hartley, Charles and Seaton,
1977; McAllen, Kochanowski and Shaw,
1974) as well as in children (Frears,
Wilson and Friedman, 1973; Hiller and
Milner, 1975).

Williams, Kane and Shim (1974) stu-
died ths clinical effect of triamcinolone
acetonide delivered by aerosol. All in-
vestigators noted some beneficial effects
with little or no side effect.

Indication

Although it seems that beclomethasone
is very effective and without serious



RECENT ADVANCES IN

side effect, considering that this drug is
relatively new, it is not recommended
to be used unless other measurements
have failed to control asthma. Godfrey
(1975) recommended the following gui-

delines in the use of aerosolized ste-
roids :
1. Children who can not be controlied

on cromolyn or bronchodiators wi-
thout restoring to systemic steroid;

Children already on steroid who can
not be weaned from them to cromo-
lyn or bronchodilators.

In addition, due to technical reasons
it is difficult to administer inhaled ste-
roids to infants and very small children.

Disodium Cromoglycate

This compound, also known as cromo-
lyn sodium, is a bis-chromone, a syn-
thetic analogue of khellin, a botanical
extract of Ami visnaga, which was known
since ancient times as a smooth muscle
relaxing agent of little practical use due
to its side effects (Falliers, 1975).

Developed by Dr. Altounyan, cromo-
lyn sodium is quite a unique compound;
it is not related to any of previously
agents used in the treatment of asthma
such as sympathomimetics, antihistami-
nes, xanthines and corticosteroids.

It has neither bronchodilating nor an-
ti-inflammatory effect, it also does not
prevent antigen-antibody interaction. The

most probable mode of action of cromo- ;

lyn is to stabilize the cell membrane ..

P
RN

CHILDHOOD ASTHMA 265

chemical mediators release. Consistent
to this postulate, cromolyn can only be
used as a prevention of asthmatic attack,
but not as a treatment of acute asthma.

Since cromolyn is poorly absorbed by
the intestine, it must be administered by
inhalation. A dry powder of this drug is
contained in gelatin capsule. The cap-
sule is punctured by movement of two
concentric pins of an inhaler, and then
with deep inspiration the flow of air
enables it to spin and release the micro-
nized drug flow into the lungs. Three to
six inhalations usually empty the cap-
sule. If it is done properly, about 10%
reaches the lungs, while the remainder
being deposited in the mouth and pha-
rynx and then swallowed into the gas-
trointestinal tract.

Many studies on the effect of disodium
cromoglycate have been reported. Mas-
cia, Friedman and Kornfield (1976)
reported their long term efficacy of
cromolyn in 53 asthmatic children. They
observed that the agent proved to be
highly effective as indicated by the im-
provement of asthmatic symptoms, i.e.
wheezing, coughing, sleep disturbance
and amount of sputum as well as the
reduction of exercise handicap. The
amount of antiasthmatic agents pre-

viously used i.e. bronchodilator, aeroso-

lized adrenergic and corticosteroid were

_nsignificantly reduced. Study of Hermance

';and Brown (1976) on 21 subjects rang-
‘ing in age from 7 to 60 years gave simi-
dar result, but they found the gradual

through interference with calcium trans- j'decrcasc in the effectiveness of the drug

port with the consequence of preventing

in long term use in some patients. This
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most likely due to the more severe asth-
ma during the course of the disease,
causing cromolyn less effective. Increa-
sing the daily dose may counteract this
phenomenon, and reuse after several
months worn of gave good result.

With limited number of patients,
Matondang-Siahaan and Bratawijaya
(1977) found that extrinsic asthmatic
children who showed deformity of the
chest ie. Dbarrel-shaped chest which
may reflect the chronicity of the discase,
responded less to cromolyn sodium; the
drug effect was impressive in patients
without such deformity.

Dalayeun, (1973) noted 77% success
rate with cromolyn sodium, while the
other 20 and 3% showed moderate and
no response, respectively. In a small
study using cromolyn and beclometha-
sone diproprionate, Mitchell and others
(1976) failed to demonstrate that the
combination was superior in controlling
asthma compared if either drug was used
singly. Large studies are needed before
making such disappointing conclusion
remembering that the two drugs have
different mode of action.

Irani et al.,, (1972) found that cromo-
lyn sodium was effective in both
extrinsic and intrinsic asthma, but in
extrinsic asthma the effect was more
pronounced. Cromolyn is also able to
prevent exercise-induced asthma, supe-
rior to that of inhaled ipratropium bro-
mide (Chan-Yeung, 1977).

Although some other allergic condi-
tions respond well to cromolyn such as
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ulcerative colitis (Mani et al., 1976) and
allergic rhinitis (reviewed by Falliers,
1975), the principal indication of this
agent is bronchial asthma. Flod, Franz
and Galant (1976) recommended the
following asthmatic subjects who may
receive cromolyn therapy :
1. Asthmatic patients who could not be
controlled by appropriate doses of

theophylline or sympathomimetic
amines;
2. Steroid dependent asthma, hoping

that the dose of systemic corticoste-
roid will be reduced if not elimi-
nated;

3. Exercise-induced asthmatics who are
not easily controlled by standard
bronchodilators;

4. Patients who have been proved to be
severely sensitive to specific airborne
allergens.

All patients receiving cromolyn should
use bronchodilator, especially when they
are wheezing. If wheeze appears, cromo-
lyn should be discontinued, and a suf-
ficient dose of efficacious bronchodilator
is instituted. When the patient is steroid
dependent, he must receive suitable
steroid; il also should be given when a
stressful situation arises.

Cromolyn is a safe drug, although
some hypersensitivity phenomena have
been noted. No teratogenic effect has
been found in animal study, and expect-
ing mothers taking cromolyn are known
to have given healthy infants.

Using face mask, nebulizer and speci-
fically designed compressor instead of
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~~nventional spinhaler, Marks 1977)
succeeded to administer cromolyn sodi-
m in asthmatic children as young as
16 months with no significant difficult.

Current Status of Immunotherapy in
Childhood Asthma

Pros and cons in the field of medicine
is quite common. It is particularly true
in the case of immunotherapy in asthma.
On the one hand May (1975) did not
believe that immunotherapy will give
benefit to most cases with asthma. On
the other hand, experts like Collins-Wil-
liams (1977) beat those who criticise the
value of immunotherapy and stated that
such procedure, when performed in a
proper manner with proper materials
will give benefit in the majority of cases.
Good result can be expected in excess
of 90% (Nizami and Collins-Williams,
1975). Johnstone (1968) found that
about three quarter of asthmatic chil-
dren will resolve its clinical symptoms
with immunotherapy, while those who
did not receive immunotherapy only
229, outgrew the discase by the age of
16 years. This controversy seems will
continue until farther well conducted
studics and better method of evaluation
give sufficient data to make more or less
uniform conclusions.

The practise of giving injections of
allergen extracts to treat allergic disor-
ders has been done as early as 1911,
before adequate studies and sufficient
control trials were available. Later opi-
nion proposed that asthma, an extreme-
ly complex discase with bronchial hyper-
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reactivity as a basic pathology, may be
altered by giving repeated injections of
allergens in increasing doses over long
period of time. It is considered to have
a rational basis when the precipitating
factor is an extrinsic allergen. In child-
hood asthma this is the case, because
nearly 95% of asthmatic children are
of extrinsic type.

Until recently, the efficacy of immu-
notherapy in asthma could be evaluated
by clinical observation only. The most
frequent parameters used are decreased
severity of asthma attacks, decrease
duration of wheezing or number of
years atfacks occur. If these criteria will
be rigidly followed, it is very difficult
to reach a conclusion that such proce-
dure is ‘effective or ineffective in trea-
ting asthma. First of all, due to its long
provement reported of ter several years of
immunotherapy is the result of the treat-
ment or it is by itself the natural history
of the disease. Other important factor is
the lack of standardization of allergen
extracts used. This may best illustrated
by a study of Gaddie et al., (1976) which
reported the value of hyposensitization
therapy with commercially available
house dust mite vaccine in bronchial
asthma for 12 months. This group did
not observe any improvement in Symp-
tom score, spirometry, skin and nasal
challenge when compared with control
group. The possible cause of this failure
was the low strength of allergen extracts
they used. Several authors who used 3
times stronger than the commercially
available extract found the good result.
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May (1975) reviewed that reports on
hyposensitization therapy in the last 10
years showed these characteristics: (1)
most studies were done on allergic rhi-
nitis, few on asthma; (2) each study used
limited number of allergens and few
subjects; (3) some of the study used
scoring system which is depended on the
subjective symptoms; (4) other drugs
were given both to treated and control
subjects; (5) the test of effectiveness
depended on natural seasonal exposure.
Collins-Williams (1977) pointed out
that immunotherapy is an immunologic
procedure, hence the best parameters to
evaluate its result should be the immu-
nologic cnes. He objected the criticism
that the value of immunotherapy in
asthma is unproven simply because ma-
ny published reporis have not been des-
prove its efficacy. Those immunologic
parameters, which have been described
by Irons et al, (1975) and Evans et al.,
(1976) are now considered as the me-
chanism of action of immunotherapy.
(1) After several injections of specific
allergen extract, there is an elevation
of specific antibody (IgG). This im-
munoglobulin is called as ’blocking
antibody’ which combines with spe-
cific allergen so that it blocks aller-
gen from combining with mast cells,
thus the liberation of mediators of
anaphylaxis is prevented. It should
be emphasized that this blocking
antibody is specific to the injected
allergen.

(2) It has been demonstrated in vitro
that following injection therapy, the

amount of histamine that will be
released by the basophils after expo-
sure with allergen is greatly redu-
ced. Since the mast cell is similar
to basophil in the blood, it is pre-
sumed that the same thing happens
to the mast cells. Flod, Franz and
Galant (1976) called this phenome-
non as to change in cell sensitivity.

(3) Atfter several years of immunothe-
rapy, the production of specific IgE
decreases. The may be the most im-
portant factor, and thought as due
to IgG feedback or T-cell tolerance
that interferes with T-cell - B-cell
interaction which is necessary for
IgE production. However, until now
it has not been demonstrated that
low serum IgE means low IgE at-
tached to the basophils and mast
cells (Collins-Williams, 1977).

In addition, Norman (1978) believed
that after immunotherapy several mea-
sures of lymphocyte function in the
presence of specific antigen are reduced.

It should be emphasized that when
good result is expected, correct diaghosis
and detection of specific allergen should
be established, usually by skin testing.
Taylor, Ohman and Lowell (1978) de-
monstrated good result in patient allergic
to cat pelt extract. After 3 to 4 months
receiving weekly or biweekly injections,
treated subjects showed a significant
mean reduction in  both skin and bron-
chial reactivity to cat pelt extract. This
study showed that if specific allergen is
detected, then special immunization will
be of value.
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Failure to obtain favorable result
might be due to : (1) uncorrect diagnosis;
(2) failure to detect specific allergen;
(3) too weak or too strong allergen ex-
tract; (4) too long interval of injections;
(5) failure to obtain environmental con-
trol and other general measurement in-
cluding food allergen avoidance as well
as emotional and physical stress.

Czarny (1976) pointed out that if
better result is to be obtained, the follo-

wing ’ten commandments’ must be
followed :
(1) The patient must be atopic

(2) The relevance of allergen must be
determined

€)
@

The allergen is unavoidable

The allergen must induce signifi-
cant disease ‘
Examine the index of danger:
those who need hyposensitization
most, can tolerate it least

&)

(6)

Specific extract, ideally single aller-
gen must be used

Tailored and individualized dosa-
ge schedule

)]
(8) Reliable source of administration
€)
(10)

Adequate and continuous review

Adequate total cumulative dose
must be used.

Immunotherapy, has been performed
using inhalants, house dust, pollens,
animal danders etc. Hyposensitization
against food allergy is usually not indi-
cated, since it can be avoided easily
(Tuft, 1973).
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Managemet of Asthmaiic Chitdren
Yreatment of acute attack

In acute asthma, -adrenergic agents
are the drug of choice. Subcuataneous in-
jection of epinephrine hydrochloride (1 :
1000) aquaeous in a dose of 0.01 mg/kg
body weight is often helpful. If necessary
the injection may be repeated up to 3
times with interval of 10 to 20 minutes.
Bierman (1978) stated that isoproterenol
inhalation 0.059% given in 10 minutes
with oxygen by nebulizer may replace
epinephrine; it may also be repeated up
to 3 times Clinical monitoring before,
during and after initial treatment is
mandatory. If improvement occurs after
adrenergic stimulant administration, the-
ophylline should be instituted 4-6 mg/
kg every 6 hours, butit can be preceded
by the administration of epinephrine
suspension (susphrine) 0.005 ml/kg sub-
cutaneously with maximum dose of 0.15
ml, If such procedures fail to give any
improvement, then the child should be
hospitalized and to be managed as status
asthmaticus.

Status Asthmaticus

Status asthmaticus is that state of se-
vere asthmatic attack which fail to
respond readily to the usual methods
of therapy, particularly epinephrine (Ri-
chard and Siegel, 1959). Although some
physicians reluctant to use this term
(Clark, 1977), most authorities believe
that it still of practical use. Parry, Mar-
torano and Cotton (1976), and Pierson,
Bierman and Kelley (1974) nceded 3
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subcutaneous epinephrine injections in
adequate doses given at 15 to 20 minu-
tes interval Dbefore diagnosing status
asthmaticus,

Factors that may cause refractoriness
to epinephrine are poorly understood,
but the following features are said to
have a role in the pathophysiology of
status asthmaticus :

(1) infection which is frequently found
in children with status;

(2) failure to give large doses of corti-
costeroids;

(3) dehydration leading to formation of
mucus plugs;

(4) sedation and narcotics:

(5) excessive use of nebulizer
phrine or isoproterenol;

(6) epinephrine-histamin homeostasis ba-
lance upset;

(7) acidosis;

(8) hypoxemia.

epine-

Muanagement

1) Evaluation of laboratory changes

Complete blood examination, urinaly-
sis, tuberculin tests as well as electrolyte
determination should be performed. Elec-
trocardiogram should also be obtained
if there is a doubt in cardiac status. But
the most important and urgent exami-
nation in every child with status asthma-
ticus is the determination of acid base
balance and blood gas analysis. Measu-
rement of pH, arterial PO, and PCO,
and acid base excess may be required as
often as every 20 minutes depending
upon the trend of previous measurement.

Hypoxemia is invariably present in
asthmatic attack. Early during attack,
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hypocarbia is present secondary to hy-
perventilation (McFadden et al., 1973;
Levison et al.,, 1974). As the attack pro-
gresses, the arterial PCO. will rise in-
dicating diminished alveolar ventilation.

Acidosis is another consistent finding
in status asthmaticus, which is of 2 ty-
pes: melabolic acidosis as the conse-
quence of fever, poor intake leading to
dehydration, increase in work of brea-
thing and the lack of oxygen causing
anaerobic metabolism, and respiratory
acidosis due to the failure of the lung
to eliminate CO,,.

2) Medical therapy

Medical management is still conside-
red as the basic treatment of status
asthmaticus, and it works in the ma-
jority of cases.

Hydration. Intravenous administration
of fluid with dlectrolyte (usually 5%
glucose in 0.25 normal saline is suffi-
cient) is mandatory to correct or to
prevent dehydration which might cause
inspissation of mucus in the bronchial
tree (Richards and Siegel, 1969). Cotton
and Parry (1975) recommended to give
214 times maintenance.

Oxygenation, Start to give oxygen by
nasal canula, nasal catheter or mask at
least 2 liters/minute to keep the arterial
PO, 65 mmHg or more. Oxygen should
be humidified to avoid its drying effect
and should be given continuously rather
than intermittentlyy. Cyanosis can not be
use as a sign of hypoxemia, since it
usually can not be detected until the PO,
falls to 50 mmHg. Hence, arterial blood
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gas analysis is the only reliable guide to
detect early hypoxemia.

Alkalinization. Sodium bicarbonate or
THAM should be administered early to
combat acidosis. The amount of millie-
quivalent required is 0.3 X body weight
(kg) X base deficit. Some authors pre-
fer to give half of the calculated dose in
a bolus and the remaining half within
the subsequent hours, while the others
recommend to give the total dose slowly
over a period of 1 hour. Since patients
suffering from acute respiratory acidosis
may have a normal base excess, Ri-
chards and Siegel (1969) used Kaplan’s
formula for calculating milliequivalent
of alkalinizing agents: 1.5 X body
weight per hour. Further administration
depends on the state of acid base ba-
lance.

Theophylline. Every child with status
asthmaticus should receive intravenous
theophylline 4-6 mg/kg body weight
every 4 to 6 hours, run rapidly over 30
minutes. The daily dose theophylline
should not exceed 36 mg/kg body
weight. !

Sympatheniimetics. By definition, a
patient with status asthmaticus is refrac-
tory to epinephrine consequently it
should not be used to treat status, other-
wise toxicity will develop. Parry, Mar-
TABLE 7 :

disease,

Clinical

CHILDHOOD ASTHMA

271

torano and Cotton (1976) succeeded to
treat 27 out of 34 children with status
asthmaticus with intravenous isoprotere-
nol. Subcutaneous terbutaline (0.01 to
0.04 mg/kg) given every 15 to 30 mi-
nutes if necessary has been reported to
be effective in the treatment of status
asthmaticus (Pang et al.. 1977).

Corticosteroids. Regardless
treatment received, patient with status
asthmaticus should be treated with large
doses of corticosteroid (100 to 200 of
hydrocortisone or equivalent); of needed
the dose may be repeated every 4 to 6
hours. Pierson, Bierman and Kelley
(1974) have found that the administra
tion of corticosteroid will significantly
increase FaQ, level, although it was not
accompained with spirometric improve-
ment when compared with control group.

If steroid is given for less than 5 days,
it can be stopped obruptly, gradual re-
duction ‘is not needed.

previous

3) Mechanical ventilation

Mechanical ventilation may be needed
in patient with status asthmaticus who
develops respiratory failure. The most
widely accepted criteria of respiratory
failure is that of Downes, Fulgencio and
Raphaely (1972), which needs 3 clinical
and 1 physiological criteria (see Table 7).

Criteria for respiratory failure in infants and children with acute pulmonary

Decreased or absent inspiratory breath scunds Severe inspiratory retractions

and use of accessory musles Cyanosis in 40 per cent ambient oxygen Depres-
sed level of consciousness and response to pain Poor skeletal muscle tone.

Physiologic

After Downes, Fulgencio and Raphacly: Acute respiratory failure in

Fediat. Clin. N Amer. 19 : 423 (1972).

PCO2 more than 75 mmHg?O, less than 100 mmHg in 100 per cent oxygen.

infants and children.
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These criteria are not rigidly followed
by some authorities, who found in their
experiences that some patients with
PaCO,; above 75 mmHg who have not
received optimal treatment could be
reversed with medical therapy alone,
while other patients who have been
treated adequately with PaCO, in the
30’s will need mechainical ventilation
(Cotton and Parry, 1975).

Mechanical ventilation is done with
volume cycled respirator which is able
to deliver large inspiratory pressure of
80 to 100 mm of water. The patient is
intubated, either through orotracheal or
nasotracheal route.Grislain et al., (1973)
recommended that mechanical ventilation
should not exceed 36 hours.

This procedure, although effective in
treating secvere status asthmaticus is not
without complications. Minor complica-
tions of intubation, pulmonary atelecta-
sis, pneumomediasiinum and subcutane-
ous emphysema, pneumothorax, pulmo-
nary infection, cardiac arrhythmia and
metabolic alkalosis have been reported
(Simons, Pierson and Bierman, 1977). It
should be emphasized that too rapid in
the reduction of PaCO, may cause sud-
den death, possibly through cardiac
arrhythmia. For these reasons, mechani-
cal ventilation should be carried out by
experienced hand in well equipped and
well staffed centers.

Management of chronic asthma
Avoidance

Avoidance to the causative allergens
is the ideal procedure in the management
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of extrinsic asthma, but in fact this is
extremely difficult to conduct. It is im-
possible, for instance, to avoid breathing
pollens in the air. But some allergens in
the home, especially house dust can be
minimized if not totally eliminated. Sin-
ce a child spends most of his indoor
life in his bedroom, this place should be
the major area for house dust control
(Flod, Franz and Galant, 1976).

In the industrial countries where socio-
economic factor is not a major problem
and good housing is usually available,
an almost complete house dust free be-
droom is possible to obtain. The use of
humidifier, electronic filters and air
conditioner (Ghory, 1977) is of great va-
lue in reducing house dust,

Avoidance of food allergens may be
difficult to obtain, but it can be tried
with hypoallergic diet, especially in ba-
by food (Ford, 1976). Avoiding too
early ingestion of potent allergenic pro-
tein such as cow’s milk and egg white
may be justified in a baby with strong
family history of allergy, and breast
feeding should be given as long as pos-
sible.

Obviously other factors than allergens
that may induce bronchoconstriction
such as prolonged exercise, rapid change
in climate and irritants included smoking
or smoke fog should be avoided.

Psychological care

Although asthma has been known
since long time as an example of psycho-
somatic disease, the exact prevalence of
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emotional disorder in asthmatic children
is not known. It is believed that psycho-
logical stress might induce bronchocons-
triction in certain asthmatic children;
however, there is evidence that no cer-
tain childhood personality traits predis-
pose to asthma, and no individual or
family conflicts uniformly and consisten-
tly are associated with asthmatic attacks
(Mattson, 1975). Home environment is
important 'in psychological aspects of
asthma; some children will have rapid
remission of their symptoms when hos-
pitalized or away from home, even with
unchanged therapeutic regimen.

A general approach should be carried
out to give the favorable emotional fee-
ling to asthmatic children. Love and
affection, security, acceptance as an
individual, self respect and achievement,
avoiding the sense of dependence and to
establish self discipline are amongst the
factors that should be carefully conside-
red (Ghory, 1977). It is the physician’s
responsibility to explain such matters to
the parents.

To adolescent asthmatics, open group
discussion with competent physicians,
psychiatrists, social workers and elders
may give benefit in giving better under-
standing on their disease (Tinkelman et
al., 1976).

Immunotherapy

Albeit there's still debate on the value
of hyposensitization therapy as reviewed
earlier, the benefit of such procedure
may be reasonably expected, particular-
ly for asthma caused by pollens and
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house dust mite with strong skin sensi-
tivity (Ford, 1976). Immunotherapy sho-
uld be tried in asthmatic children who
are sensitive to inhalants, based on cli-
nical history and skin test. It is a long
procedure and needs the cooperation of
the physician, patient and parents. The
dosage of allergen extract should be the
highest concentration tolerated.

Pharmacology

Theophylline is the drug of first cho-
ice in the maintenance treatment of
chronic asthma. It should be given in
the initial dose of 4 mg/kg body weight
every 6 hours with maximal dose 400
mg/day. If necessary increase the dose
in approximately 259% increments at 3
day intervals. If possible plasma theo-
phylline concentration should be mea-
sured and the dose of theophylline to
be adjusted to give plasma through
concentration of 10 to 20 micrograms/
ml. If plasma theophylline measurement
is not available, the dose should not
exceed the following: age less than
9 years: 24 mg/kg/day; age 9-12 ye-
ars: 20 mg/kg/day; age 12 - 16 years:
18 mg/kg/day; age more than 16 years :
13 mg/kg/day or 900 mg/day (Hendeles,
Weinberger and Wyatt, 1978).

Many authorities recommend to give
oral adrenergic stimulants to supplement
theophylline. The moest frequent agent
prescribed ‘is metaproterenol, which re-
places the older oral adrenergic broncho-
dilator, cphedrine. The initial dose of
metaproterenol is 2 mg/kg/day in six
divided doses. If necessary it is gradually
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increased until the asthma is controlled
(Bierman, 1978). In some instances con-
current administration of metaproterenol
may reduce theophyiline dosage.

Other oral sympathomimetics such as
terbutaline and fenoterol are of limited
use in pediatric age group. But terbuta-
line may be given orally in children
above 12 years with the dose of 2.5 to
5 mg every 6 hours.

Cromolyn sodium may prevent asth-
matic attack if a 20 mg capsule is inhaled
4 times daily, regardless the patient’s age.
The indication of using cromolyn has
been described earlier.

Costicosteroid is used only when theo-
phylline, adrenergic agent and cromolyn
sodium fail to control the symptoms. In
acute asihma, short course of predniso-
ne (1-2 mg/kg/day) may be effective;
as the attack reliefs, it should be redu-
ced 5 mg/day untilitisdiscontinued. 1f
long term steroid is needed, the smallest
dose which stabilizes lung function sho-
uld be prescribed, and attempt to change
into every other day regimen should be
done as early as possible. Beclometha-
sone diproprionate, 2 inhalations three
times a day should be tried; if this is
effective, then the systemic steroid can
be tapered. Complete description of
aerosolized steroid has been reviewed.

Prognosis

It is difficult to point out precisely
the prognosis of childhood asthma if
one needs detail informations. The only
exact fact is, based on many reports,
that death from asthma is extremely
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rare, possibly not exceeds 1% after 20

years follow up.

Asthma is a chronic disease with wide
spectrum  etiologic and risk factors, so
the outcome of the disease is widely
influenced by such factors. There were
many follow up studies on the natural
history of asthma in children, but it is
quite difficult to adopt certain conclu-
sions from them because of these factors:
(1) Each author or group of authors
used different criteria, parameters and
method of evaluation, (2) Most of them
reported the result of retrospective study,
not infrequently after losing the patients
for many years, almost none have made
prospective study, (3) Detailed therapeu-
tic regimen given to the subjects studied
is essentially lacking, so it is impossible
to know a correlation between treatment
and outcome of the disease except for
few reports on hyposensitization, (4)
Many reports based solely on question-
naire which open to the occurrance of
bias, and (5) The results are not infre-
quently controversial.

Some risk factors that may influence
the prognosis of asthmatic children will
be reviewed below, and depicted on
Table 8.

a. Sex. Male to female ratio is appro-
ximately 2 to 1 in children with
asthma. By the time they reach ado-
lescence, more boys are improving
than girls (Rackemann and Edwards,
1952; Smith, 1961; Barr and Logan,
1964). But other authors (Johnstone,
1968; Blair, 1977) did not confirm
this statement.
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b. Age of onset. An early age onset is

characteristic in childhood asthma,
being as high as 579% under 2 years
of age (Blair, 1977), Several authors
examined the effect of early onset
with the prognosis of asthma. Buffum
and Settipane (1966) found that onset
of asthma before 2 years of age was
associated with continued or intrac-
table course of the disease. This fin-
ding was confirmed by Williams and
McNicol (1975), but Barr and Logan
(1964), Johnstone (1968) and Blair
(1977) found no significant correla-
tion between age of onset and the
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long term prognosis. On the contrary,
Rackemann and Edwards (1952) and
Smith (1961) reported a more favo-
rable prognosis in early onset asth-
matics, )

Breast feeding. Blair (1977) pointed
out that early prognosis benefitting
from breast feeding up to one week,
but for long term prognostic impro-
vement, breast feeding for more than
8 weeks was necessary. Wittig et al.,
(1978) found that breast fed infants
had later age of onset than bottle fed
infants.

TABLE 8 : Factors that may iinfluence the Prognosis of Childhood asthma according to
several authors.
Authors Sex Age of onset I.’rl'r.‘.us.l fee- | Family his- Assoumlled Atopie
ding tory Disease

Rackemann & Ed-

wards (1952) Yes Yes* N E N E N E
Smith (1961) Yes Yes* N E N E N E
Barr & Logan

(1964) Yes No N E N E Yes
Buffum & Setti-

pane (1966) N E Yes#* N E N E Yes
Johnstone (1968 No No N E N E Yes
Williams & Mc

Nicol (1975) N E Yes** N E N E N E
Blair (1977) No No Yes Yes Yes

N

E = not examined,

* earlier onset improves prognosis; ** earlier onset worsens prognosis;
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d. Family history. Short term and long
term prognosis are affected signifi-
cantly by positivie family history of
atopic disease in first degree family
(Blair, 1977). Wittig et al,, (1978)
noted that bilateral family history of
allergy correlate with the earlier on-
set of the disease.

e. Associated atopic disease. History of
the concurrent of infantile eczema
indicated bad prognostic sign (Barr
and Logan, 1964; Johnstone, 1968:;
Blair, 1977). Other atopic disease i.e.
allergic rhinitis also gave similar
effect.

Furthermore, there is a good agree-
ment among most authors that most of
the remission occur in the second deca-
de of life, and those who did not ’out-
grow’ the disease in their teenth would
have less chance to have symptoms free.
It also scems that the flonger the follow
up, the more patients will improve.

Comment

Despite certain controversies on many
aspects of asthma, it is obvious that
broad advances have been achieved, es-
pecially within the last 15 years. The
disease, which has been known since
Hippocrates times as early as 4 hundred
years BC, has drawn continuous atten-
tion and efforts in practically all races
and culture, since it does not have cer-
tain racial preponderance. The works
and experiences of experts and physici-
ans both before and after renaissance
have valuable contribution in understan-
ding the disease. But undoubtedly it was
a slow and long process. If we consider
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that modern medicine began around
the middle of the last century, we will
also learn that the same impression will
be found almost in half of that era.

With the introduction of the concept
of allergy in the beginning of this cen
tury, then followed by the discovery of
bronchodilators, the speed of the inves-
tigation of asthma became markedly
increased. But the major breakthrough
is the finding of the Ishizakas (1975) no
the newly described immunoglobulin,
then known as immunoglobulin E (IgE),
which was previously hypothesized as
reaginic antibody, the ’messenger’ of
allergic disorder. With this finding, ma-
ny aspects of asthma, especially its pa-
thogenesis, could be explained in a gre-
ater detail.

In the field of treatment, three major
drugs have been discovered. First is the
discovery of newer sympathomimetic
amines, derived primarily from the pa-
rent compound, epinephrine. The advan-
tages of these new adrenergic stimulants
have been reviewed earlier. It seems that
in this era, where excellent laboratory
and qualified experts are easily availa-
ble, further discoveries could rationally
be expected continuously, to find the
most selective beta, activity, longer du-
ration of action with less untoward re-
actions.

Secondly, the introduction of diso-
dium cromoglycate, an exceptionally
unique agent that have been pro-
ven ' to be effective in preventing
asthmatic attack in the majority of
patients  studied. Unfortunately, the
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agent is too expensive to be used by
most palients, especially in developing
countries where health expenditure is re-
markably low. If this disadvantage can
be eliminated, undoubtedly Dr. Altou-
nyan’s purpose to help asthmatic pati-
ents will have been fulfilled.

The third important drug discovered
is topically active corticosteroids. This
acrosolized steroids may replace most
cases of asthmatics who are steroid de-
pendent, and it also may prevent the
development of steroid dependent asth-
ma, hence serious side effects of syste-
mic stercids could be avoided while at
the sams time their therapeutic effect is
maintained.

It also became readily available in
clinical practice, but its high cost is still
became as the obstacle in the wide usage
of this excellent agent.

Advances in this antiasthmatic agents,
together with the help of well equipped
intensive care units, certainly has made
a better control of asthma which in
turn prevent many deaths from asthma.
"But these advances are mainly, if not
merely, symptomatic. A big question
still arises: whether the natural history
of asthma could be altered by recent
knowledge in asthma. In other word,
whether the disease could ’cured” much
more earlier.

At present time, the only possible an
swer for that question rest with immu-
notherapy. In spite of many disadvanta-
ges in immunotherapy as reviewed earli-
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er, at least there are certain significant
figures indicating the benefit of injection
therapy, e.g. report of Johnstone (1968)
which noted that about 75% of treated
children have ’outgrown’ the symptoms
while only a quarter of non-treated pa-
tients have symptom free by the age of
mid-teenth.

The major obstacle in evaluating this
kind of treatment is the fact that it is
impossible to arrange a double blind —
matched control study, mainly due to
the natural history of the disease itself.
Needless to say, we need further studies
on this special matter, though it is un-
realistic 1o expect definite conclusions in
the near future, because immunotherapy
needs long follow up study before it
could be evaluated.

In conclusion, bulk of data indicate
that asthma is a complex disease. It has
immunologic and non-immunologic as-
pects, sometimes the border of the two
is unclear. Consequently, the overall ma-
nagement of asthma in children should
have an interdisciplinary approach,
which involves the pediatrician, allergist-
immunologist, physiologist, psychologist,
psychiatrist, social worker and last but
not least, the patient and the parents.
The importance of such approach has
been clearly emphasized by recent data
available in the literature. If this com-
prehensive approach, with sufficient the-
oretical and practical knowhow, may
express the more optimistic hope than
Witts (1936) did more than 40 years ago.
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