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BHOPAL KILLER GAS (BKG) TRAGEDY 

On the fateful night of 23 December, 1984, a large quantity of 
toxic material contained in Tank 610 of the Union Carbide Factory in 
Bhopal escaped abruptly in a gaseous form into the atmosphere, This was 
instantly followed by a human disaster of gigantic proportions in that over 
200,000 people inhaled the gas and suddenly took gravely ill. Of these, nearly 
2,000 died, mostly within minutes or hours of the exposure, and the remaining 
over the next few days. The worst affected were those living in close vicinity 
of the factory in the direction of the prevailing wind. Clinical observations 
suggest that both the mortality and morbidity in the exposed population were 
related inversely to the distance between the factory and the habitat of the 
victims. In other words, higher the concentration, of the gas inhaled, the greater 
was the severity of the symptoms. 

The exact composition of the gas which killed as well as seriously 
crippled the exposed population being obscure, it will not he inappropriate lo 
refer to this gas as the "Bhopal Killer Gas” (BKG). 

The manner in which people died left little doubt that the immediate 
cause of death was anoxia. There is no way to determine with certainty 
whether this occurred at the level of lungs i.e. due to failure of exchange of 
oxygen and carbon dioxide or at the level of the tissues interfering with un-
loading of oxygen from the oxyhaeraoglobin for metabolic needs. It is possible 
that both mechanisms were involved. Patients with pre-existing lung diseases 
viz. COPD, bronchial asthma, pulmonary tuberculosis undoubtedly were more 
seriously affected than those with relatively healthy lungs. 

The survivors suffered from a variety of symptoms indicating multi-
system involvement, chiefly respiratory, ophthalmic, gastrointestinal, neuro-
psychiatric and musculoskeletal. These patients were treated in the hospitals, 
in special camps as out-patients and in their homes. The mainstays of the 
treatment were life supporting measures like maintenance of fluid electrolytes, 
acid base balance, oxygen inhalation, bronchodilators, antibiotics and corti-
costeroid drues. The entire medical and para-medical personnel of Bhopal, 
especially the staff and students of the Gandhi Medical College deserve the 
highest compliments for managing these patients in overwhelming numbers 
so efficiently and effectively, inspite of meagre resources and lack of authentic 
and precise scientific information. But for their tireless efforts, excellent team 
work and dedication, many more lives would have been lost or crippled, 

Even today, nearly a year after the BKG tragedy, thousands of victims 
continue to suffer from a chronic form of illness with clinical manifestations 
more or less on the pattern of the acute phase of the disease. The major 



symptoms comprise breathlessness, cough, expectoration, chest pain, inability 
to work, bodyaches, loss of memory, lack of concentration, epigastric pain, 
restlessness, giddiness loss of appetite and visual defects. Detailed investi-
gations of these patients are in progress. Preliminary observations upto 
October, 1985 have been summarised elsewhere in this issue. 

The two most important aspects of the BKG Tragedy are ; (i) the disease 
complex which followed inhalation of the toxic gas is entirely new to the medi-
cal science; (ii) the toxic gas was an extremely reactive substance and the possi-
bility of developing hitherto unsuspected complications/sequelae in the exposed 
population in the future cannot be overlooked. Thus, the overtly diseased as 
well as the apparently healthy among the exposed population of Bhopal will 
need to be kept under surveillance for a long time to come—may be several 
decades—and some of them, perhaps, for life. 

— S. K. Jain 
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THK SIGNIFICANCE OF DRY COUGH,   BREATHLESSNESS AND 
MUSCLE WEAKNESS* 

A.S. PAINTAL** 

Introduction 

I am grateful both to the Tuberculosis Asso-
ciation of India and the Ranbaxy Laboratories 
Limited for the privilege of delivering the Han-
baxy— Robert Koch Oration of 1985. It is app-
ropriate that T should be delivering it at Shillong 
for although this delightful city cannot be reg-
arded as being at high altitude, it is nevertheless 
located near the Himalayas which are partly the 
source of the information on which the present 
talk, is based. Indeed, after the aircraft in which 
I came, left Patna for Bagdogra one could see on 
the left the great majesty of the Himalayas and 
the Kunchenjung” and how significant dry 
cough, breathless ness and muscle weakness 
must be in high altitude regions where man has 
some habitations. However, these associations 
were noi the reasons for the choice of the title 
of my lecture. The reasons were different. 

Choice of title: It was on the 1st of May 1985 
that 1 was asked by the Secretary General of the 
Tuberculosis Association of India to give him 
the t i t le  of my lecture. A_t that time we were 
involved in the aftermath of (he Bhop-U gas 
tragedy (particularly, Prof. S.K.. Jain who will 
be speaking after me) and were trying to evaluate 
the extent of pulmonary damage suffered by 
the people who had inhaled highly toxic doses 
of methyl isoeyanate gas (MIC) but had ma-
naged to survive. We were apparently made res-
ponsible for this aspect of the investigation as 
implied in the Report of the Indian Council 
of Medical Research, dated December 33, 1984 
entitled "The Bhopal Disaster--current status 
(the firs! nine days) and programme of re-
search". However, as is known, parallel studies 
were also conducted. These were- to a consi-
derable extern, based on the mistaken notion of 
a Germen texicologist. Max Daunderer of 
Munich that cyanide or a chemical impersonator 
was present in the mixture that escaped from the 
MIC tank. And so, Max Daunderer began the 
treatment of the victims with sodium thiosul-
phale and although this treatment was imme-
diately stopped and Daunderer was sent home 
(Lepkowski. 1985) the treatment was continued 
by others, along with respiratory and other 
studies. However, eventually, after conducting 

controlled studies, the 1C MR put an end to the 
controversy four days ago as reported in the 
Statesman of Nov.   12.   1985. 

One of she important reasons for the inte-
rest in the Bhopal gas tragedy arose from the 
fact that the victims died of pulmonary oedema. 
Those who survived pulmonary oedema 
complained of severe muscle weakness in. addi-
tion to cough and breathlessness. in several 
cases, severe muscle weakness was the major 
complaint— they were unable to carry our tasks 
involving physical exertion and the chidren 
could run only a little, if at all. To me, it was 
clear that since MIC gas produced, pulmonary 
oedema (of which the victims died) it followed 
that there would, be an intense barrage of impu-
lses from the J receptors which would cause 
inhibition of somatic muscles through the .J 
reflex (Paintal, 1970) and this would manifest 
itself as muscle weakness (Paintal 1985; 19863), 
This conclusion, which wasis supported by the 
fact that no evidence for any neurological lesions 
had been found, was broadcast by the British 
Broadcasting Corporation on Dec. 12. 1984. 
Subsequent events have supported what had been 
predicted since the patients recovered from 
muscle weakness to a considerable extent after 
interstitial oedema got less (leading to reduc-
tion in the activity in the J receptors) along 
with reduction of dry cough and breathless--
ness. This accounts for the t i t l e  of my lecture. 

Respiratory  Symptoms 

The chief complaints of patients with chest 
diseases are cough and breathlessness, Some 
also complain of pain in the chest and there 
are a few who, if questioned further, complain 
of muscle weakness but neither the physician 
nor the patient think that this is of significance 
as far as his respiratory problem is concerned. 

Breathlessness: There are several mechanisms 
that are responsible for the sensations of 
breathlessness. Some of these, particularly 
those associated with obstruction in the air-
ways, are apparently located in the chest wall 
and diaphragm (see Campbell and Guz, 1981: 
Killian and Campbell, 1985). Good evidence 

*Ranbay-Rabert   Koch   oral ion    delivered  on   November   16,    1985 at the 40th National   Conference   on 
Tuberculosis and Chest Diseases held at Shiliong. 

**Director and Head,   Centre for Visceral Mechanisms,   Vallabhbhai Patel Chest Institute, Delhi University, 
Delhi-11(1007. 
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supporting this view is provided by the obser-
vations of Campbell et al (1969) showing that 
neuromuscular blockage by curare reduces or 
abolishes the severe distress and the intrac-
table urge to breathe during breath-holding; 
this indicates that some feedback from the res-
piratory muscles is necessary (Killian and Cam-
pbell, 1985). However, it must be realized that 
although the contribution of sensory informa-
tion from the respiratory muscles may be im-
portant in the generation of sensations of dis-
tress, the respiratory drive to breathe arising 
from the lungs plays the more dominent and 
primary role in the generation of the sensation 
of breathlessness. Which are the receptors res-
ponsible tor Ibis sensation? 

At present, one can say (hat there are iliree 
main groups of sensory receptors in the lungs 
and airways {Paintal, 1983c) i.e. the pulmonary 
stretch receptors (both slowly and rapidly adap-
ting),  the  C-fibre  bronchial  receptors  of the 
Cole-ridges’ and the type J   receptors.  Earlier 
(see   Paintal,   1973;   Widdieombe,   1974)   and 
also presently (e.g. see Irzebsld,  1983;   Sant’ 
Ambrogio  and.   Remmers,   1985)  the   rapidly 
adapting receptors (also callod ‘irritant recep-
tors’ at one time) were regarded as being a se-
parate group of receptors which were involved 
in the excitation of breathing and also in the 
production   of    breathlessness.     However,   as 
pointed out (Paintal, 1977a), stimulation of these 
receptors by frequent and forceful respiratory 
movements   which   would   inevitably   lead   to 
intense stimulation of these receptors does not 
produce   any   unpleasant   sensations.   On  the 
other hand since many of their   properties are 
similar    to those of the slowly adapting pul-
monary stretch receptors, it seems likely that 
they   might   produce   sensations   or   relief  of 
breathlessness because such relief is produced 
by   the    stimulation    of   pulmonary   stretch 
receptors,   as   shown   by   Fowler   (1954)   and 
Mithoefer (1959). 

It is possible that the C-fibre bronchial re-
ceptors may be associated with sensations of 
breathlessness but so far one is not in a position 
lo say to what extent they are involved, parti-
cularly because it now appears that stimulation 
of these receptors in cats and dogs does not 
produce the respiratory reflex effects (Anand 
et al, 1985) that had been attributed to them 
earlier (Coleridge et al, 1983). Thus, the only 
receptors that can almost certainly be implicated 
in the genesis of breathlessness are the type J 
receptors which are stimulated in all conditions 
leading to increase in interstitial oedema at 
the alveolar level (sec Paintal, 1983 c) i.e. 
conditions that produce dyspnoea in man. It 
should be noted that these receptors must be 
stimulated during exercise that leads to in-
crease in pulmonary blood flow (corresponding 

to increase in cardiac output). This is indicated 
by the fact that doubling blood flow increases 
their activity to a level that produces marked 
reflex effects (Anand and Paintal, 1980). Thus, 
these receptors must be stimulated during acti-
vities involving moderate physical exercise and 
so it is not surprising that the feeling of breath-
lessness is such a common normal sensation. 
In fact, it is the most prominent normal visceral 
sensation whose importance has so far not been 
fully appreciated (Paintal, 1986a; I986b). Every-
one has experienced the sensation of breath-
lessness but the vast majority do not complain 
of it as they expect to experience it during 
physical exercise. Thus, it is ignored. It is when 
one experiences the sensation at a level of physi-
cal exertion that normally did not produce 
breathlessness earlier that one takes notice 
and complains of it to the physician who then 
labels it as dyspnoea. However, it is not about 
this that I wish to speak about mainly, today, 
but about cough. 

Origin of cough: Most physicians assume 
that all coughs are due to irritation in the throat 
(arising from inflammation etc.) or due to the 
presence of accumulated secretion in the airways. 
Some believe that it is due to the stimulation 
of irritant receptors (i.e. rapidly adapting pul-
monary stretch receptors (see Korpas and To-
more, 1979). This view is entirely incorrect as 
shown by the following argument: 

The so-called ‘irritant receptors’ are stimu-
lated markedly not only by inflation of the 
lungs but also by deflation of the lungs which 
reduces the discharge of the slowly adapting 
receptors (Widdicombe, 1954). Thus, by force-
fully deflating the lungs from functional resi-
dual capacity repeatedly at, say, 120/min one 
would be producing intense activity in these 
receptors without increasing the activity of pul-
monary stretch receptors much. However, one 
can demonstrate to oneself that such a mano-
euvre does not produce any cough or sensations 
of irritation in the throat leading to cough and 
so the possible role of irritant receptors in the 
genesis of cough is ruled out. 

However, cough is certainly produced by 
receptors in the upper airways as can be shown 
by the fact that it is so common following me-
chanical irritants such as bread or biscuit cru-
mbs or inhalation of cigarette smoke by non-
smoker. These irritants must be stimulating 
some hitherto unidentified receptors which are 
specifically stimulated by mechanical and/or 
chemical irritants but are not stimulated by 
rapid airflow. It is to be hoped that we will, in 
the near future, have information about the 
precise properties and behaviour of these re-
ceptors. 
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A second wrong assumption about cough 
is that it originates only from the upper air-
ways and pharynx. This arises from the tacit 
assumption by physicians that cough does not 
arise following stimulation, of receptors at the 
alveolar level. This is not correct as we now 
know that cough can be produced by stimula-
tion of sensory receptors at the alveolar level 
i.e. the type J receptors, as pointed out by 
Laszlo (1984) in the textbook entitled "Modern 
Medicine". Recently, evidence has been obtained 
to show that cough is produced by natural 
stimulation of J receptors. 

Production of cough in man by J receptors 

The knowledge that natural stimulation of 
J receptors leads to the genesis of cough in man 
came about by comparing the effects of lobe line 
with those of high altitude pulmonary oedema 
(see Paintal 1986a for details). It had been 
known that intravenous injections of lobeline 
produced cough and this was used for measuring 
circulation time. (Lilienfeld and Berliner, 1942). 
Eckenhoff and Comroe (1951) though that it 
stimulated pain endings in the pleura. Subse-
quently, it was erroneously thought that the 
effects were due to the stimulation of so-called 
pulmonary arterial baroreceptors (Stern et al, 
1966). However, in 1972, Jain et al reported 
tbat lobeline stimulated the J receptors of man 
because injections of lobeline produced apnoea 
in man with as short a latency as the apnoea 
produced by other chemicals e.g. phenyl digu-
anide and capsaicine in cats, rabbits and dogs 
which are known to stimulate the J receptors. 
However, they were reluctant to attribute the 
cough to the J receptors, apparently because 
intense stimulation of J receptors of cats and 
dogs does not produce cough in these animals 
(see Paintal, 1986a). However, in view ol" the 
earlier results of Stern et al (1966) showing that 
receptors downstream from the left ventricle 
did not produce cough, the conclusion that 
cough following injections of lobeline was 
produced as a result of barrage of impulses in 
J receptors became inescapable as pointed out 
in a symposium held in Philadelphia in 1976 
(Paintal, 1977 b). At this stage, although one 
could accept the obvious fact that cough fol-
lowing injections of lobeline was due to the 
stimulation of J receptors, it was nevertheless 
possible that this effect was no more than a 
physiological artefact and that natural stimula-
tion of J receptors in fact did not lead to cough. 
Therefore, the next question that had to be 
answered was, does natural stimulation of J 
receptors produce cough? 

The J receptors are stimulated markedly 
during pulmonary oedema (Paintal, 1969; 1970) 
and it follows that they must, therefore, be 
markedly stimulated during high altitude pul- 

monary oedema (HAPO)   in man.   The avail-
able information (see Paintal,   1986a) showed 
that this was indeed  the  case i.e.   dry cough 
was a prominent feature of HAPO. However, 
not much attention was paid lo this because as 
already pointed out  it was assumed that all 
coughs  were  generated  following  stimulation 
of sensory endings in the upper airways. Indeed, 
this was a justifiable assumption as the patients 
that had been treated for HAPO had, in fact, 
evidence of infection: in particular, infection of 
the throat and upper airways had not been, ruled 
out. The problem about the origin of cough in 
HAPO was, therefore, reinvestigated and from 
the   data   obtained   from   otherwise   healthy 
young men in whom (here was no evidence of 
infection of the upper airways, it was found that 
cough was reported by 96% of the subjects 
(dry cough by 72%).  This cough could, there-
fore, be attributed in the stimulation of J re-
ceptors   by   HAPO.   This   conclusion  was  re-
ported and discussed at the International Cong-
ress   of  Physiology   held   in   Sydney   (Paintal, 
1983a;  1983b) and has been discussed further 
subsequently (Paintal.  1986a). In this connec-
tion, two important features deserve mention. 
First, that the dry cough produced by natural 
stimulation of J receptors is indistinguishable 
from the common cough produced by irrita-
tion of the  throat during infections.  Second, 
that the cough produced is  not entirely a reflex 
response but it is, in fact, an. effort by man to 
get rid of the irritation felt in the throat which 
precedes the cough (Paintal 1983b, Raj, 1984). 
Thus, it is now easy to see why dry cough is a 
prominent   feature   in   all   pathophysiological 
conditions in which the J receptors must be 
stimulated (see Paintal, 1983c). The dry cough 
so produced would be accompanied by breath-
lessness.   as pointed out above and tachypnoea 
which is produced by the J receptors (Paintal, 
1977a;  1977b; Trzebski,   1983; Coleridge and 
Coleridge, 1984). The dry cough would also be 
accompanied by muscle weakness (see below). 
These   two,   i.e.   breathelessness   and   muscle 
weakness would be absent in the case of cough 
generated    by    pathophysiological    conditions 
confined to the  upper airsways. 

Muscle weakness—How is it produced! Since 
it had been shown that the J receptors were 
stimulated following pulmonary congestion, it 
was predicted that they woud be stimulated dur-
ing muscular exercise and that they might, 
therefore, reflexly terminate exercise (Paintal, 
1969). This prediction turned out to be true for 
it was found that stimulation of the J receptors 
certainly reduced the petellar reflex (Paintal, 
1970) (see also Ginzel and Eldred, 1977) and 
inhibited the monosynaptic reflexes of both 
extensor and flexor muscles (Deshpande and 
Devanandan, 1970). This reflex was called the 
J reflex (Fig. 1). 



54     A.S.   PATNTAT, 

It was argued, as shown in Fig. 1, that the 
functional significance of the reflex inhibition 
of somatic muscles by the J receptors (i.e. the 
J reflex) was to terminate exercise which in fact 

THE     J    REFLEX            
(Likely  mechanism QS   muscle  weakness) 

EXCITATION OF . 
CEREBRAL • 

/  PATHWAYS 

 
 

Fig: 1. 

Sequence of events in the J reflex shewing how exer-
cise is terminated by stimulation of J receptors during 
exercise. This reflex is also the likely basis for the 
feeling of muscle weakness in pathophysiological 
conditions leading to interstitial oedema. 

was the only physiological mechanism that led 
to an increase in their activity under normal 
conditions. This increase in activity was pro-
duced by the increase in pulmonary capillary 
pressure that must result from the increased 
cardiac input generated by the muscle pump 
during exercise. The impulses from J receptors 
then stimulated certain central pathways that 
involve the higher centres in the brain which, in 
turn, provided inhibitory inputs to the moto-
neurones of somatic muscles and this, by inhi-
biting muscular contraction, terminated ex-
ercise. In the case of man, this inhibition would 
be manifested as a feeling of muscle weakness 
because the individual would need to apply 
more effort in order to overcome the inhibition 
as first pointed out by Holmes (1922) (see 
McCloskey, 1982) in the case of patients with 
unilateral cerebellar lesions. 

In conclusion, the symptoms of dry cough, 
breathlessness and muscle weakness have now 
acquired special significance in view of the fact 
that all three can be produced by J receptors 
and they can, therefore, be used as indices of 
inter-stitial oedema. Further, one might be 
able to use the combination of symptoms in 
order to differentiate between certain patho-
physiological conditions involving the upper 
airways from pathophysiological conditions at 
the alveolar level. For example, the dry cough 
arising exclusively from the throat or the trachea 
would not be accompanied by obvious breath-
lessness on exertion and muscle weakness, where-
as either or both would feature in conditions 
involving the alveolar interstitium. Again, in 
patients with left ventricular or congestive 
heart failure the appearance of dry cough could 
serve as a guide to the onset of interstitial oedema. 

In such cases, the presence of muscle weakness 
would be particularly significant especially when 
I here is no evidence for, or reason to suspect, 
reduction in cardiac output. Thus, it seems that 
the chest physician would now find it worth-
while to have available reliable non-invasive 
methods for measuring cardiac output on the 
one hand and muscle strength on the other. 
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THREE CHEMOTHERAPY STUDIES OF TUBERCULOUS MENINGITIS IN CHILDREN* 

PADMA RAMACHANDRAN, M. DURAIPANDIAN, M. NAGARAJAN, R. PRABHAKAR, 
C.V. RAMAKRISHNAN AND S.P. TRIPATHY 

Summary: Chemotherapy studies were undertaken in 180 patients with tuberculous meningitis. 
They were treated for 12 months withlof3 regimens: the first consisted of streptomycin, isoniazid 
and rifampicin daily for the first 2 months, followed by ethambutol plus isoniazid for 10 months; 
in the second, pyrazinamide was added for the first 2 months, and in the third, rifampicin was re-
duced to twice weekly in the first 2 months. In the first regimen alone, streptomycin was also given 
twice weekly from the third to the sixth month. Steroids were prescribed for all the patients in thc 
initial weeks of treatment. Approximately 50% of the patients were aged less than 3 years. On 
admission, 13%of the patients were classified as stage 1,77% as stage Hand 9% as stage III. Cere-
brospinal fluid (CSF) culture results were available for all the 180 patients and M. tuberculosis was 
isolated in 59 (33%). CSF smear results for acid fast bacilli were available only for the 103 patients 
admitted to the second and the third studies, and of these, in 60 (58%) the CSF was positive cither 
by smear or culture. 

The response to therapy was similar in the 3 studies. Despite administration of rifampicin for 
2 months, the mortality was high. In all, 27% of the patients died of tuberculous meningitis, 39% 
had neurological sequelae and 34% recovered completely. There was a strong association between 
i lu  stage on admission and the mortality rate, the deaths being highest in stage III. In the first 
study; when isoniazid was prescribed daily in a dosage of 20 mg/kg, 39 % of the patients developed 
jaundice however, when the dosage was reduced to 12 mg/kg, the incidence was only 16%. In the 
third study. where rifampicin was administered twice a week, the incidence of jaundice was low 
(5%). 

Introduction 

Meningitis is the commonest cause of death 
from tuberculosis in children. While combina-
tions of bactericidal and sterilising drugs like 
streptomycin, isoniazid, rifampicin and 
Pyrazinamide have been found to be highly 
effective in the treatment of pulmonary 
tuberculosis in adults, information about the 
value of these drugs in the treatment of 
tuberculous meningitis is limited. Three 
consecutive studies were therefore undertaken by 
the Tuberculosis Research Centre, Madras, in 
collaboration with the Institute of Child 
Health and Hospital for Children, Madras, to 
evolve suitable regimens for the treatment of 
tuberculous meningitis in children. Preliminary 
findings of part of the first study have already 
been published (Rama-chandran, 1980). A 
complete report of the 3 studies, including a 1 
year follow-up, is presented here. 

Plan and conduct of the studies 

In all, 180 patients with tuberculous menin-
gitis, aged between 1 and 12 years, who had 
received not more than 4 weeks of anti-tuber- 

culosis treatment and had no evidence of renal 
or liver disease, were admitted to the 3 con-
secutive studies. The majority of patients be-
longed to the lower socio-economic groups and 
came from the urban and semi-urban areas of 
Madras city, while a few came from rural areas. 
On admission, 53 % of the patients were aged 
less than 3 years [fable 1]; only 17% were aged 
5 years or more. Approximately half (53%) 
were males. 

Criteria for diagnosis 

The diagnosis was based on clinical symp-
toms and signs, notably fever, vomiting, irri-
tability, apathy, refusal to play, anorexia, 
constipation, well-marked meningeal signs, 
impaired consciousness, coma and widespread 
paralysis. The cerebrospinal fluid [CSF] findings 
were also taken into consideration. 

Investigations 

A 1 TU Mantoux test (PPD batch RT 23 
with Tween 80) was done on admission, and 
read at 2 or 3 (occasionally 4) days. Antero-
posterior chest radiographs were taken on ad-   

*This paper is also being published in the Tubercle (.London) by agreement with the editors. 
Tuberculosis Research Centre (Indian Council of Medical Research), Madras 600 031. 
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Stage I: Patients were conscious and had 
mainly non-specific symptoms, with or without 
signs of meningeal irritation, but no focal neu-
rological signs. Diagnosis was established mainly 
on CSF findings. 

mission and at the end of treatment. 
Urine tests for acetylisoniazid, bile salts, 
bile pigments, urobilinogen. albumin 
and deposits were done on admission and 
at 1 and 2 months; then, after, tests for 
albumin and acetylisoniazid were done 
every month. Estimations of serum 
aspartate, alanine amino-transferase and 
alkaline phosphatass activities, serum 
bilirubin, blood urea, plasma creatmine, 
haemoglobin, blood platelet count and 
total and differential white blood cell 
counts were done on admission, at 1 and 2 
months and the end of chemotherapy. 
Biochemical, eytological and bacterio-
logical examinations of the CSF were done 
on admission and every 2 weeks during the 
first 2 months and subsequently every 
month until the results were normal. 

Stage II: Patients were menially confused 
and/or had neurological signs. 

Stage III: Patients were comatose and had 
gioss neurological signs. 

Chemothcrapcutic regimens 
All patients were to be treated for 12 months. 

The regimens in the 3 studies were as follows: 
First study: Regimen 1: 2SHR/4S2EH/6EH: 

Streptomycin plus isoniazid plus rifampicin daily 
for 2 months, followed by ethambutol plus isoniazid 
daily supplemented by streptomycin twice a week 
for 4 months, followed by etham-butol plus 
isoniazid daily for 6 months. 

Second study: RegimenIII: 2SHRZ/IOEH: 
Streptomycin isoniazid plus rifampicin plus 
pyrazinamide daily for the first 2 months, fol-
lowed by ethambutol plus isoniazid daily for 
10 months. 

Third study: Regimen  III: 2R2SHZ/IOEH: 
Streptomycin plus isoniazid plus pyrazinamide 
dully and rifampicin twice a week for the first 2 
months, followed by ethambutol plus isoniazid 
daily for 10 months 

The   streptomycin  dosage   was   40  mg/kg body-
weight, rifampicin 12 mg/kg, ethambutol 17.5 
mg/kg and pyrazinamide 30 mg/kg. The first 
28 patients received  isoniazid in a daily dosage 
of 20 mg/kg, a dose used by most paediatricians 
for the treatment   of   tuberculous meningitis. 
However, a substantial proportion of the 
patients developed jaundice during the initial 
phase  of treatment with isoniazid and 
rifampicin.     Consequently,     the   dosage   of 
isoniazid was  reduced   to 12  mg/kg  and this 
dosage was prescribed to patients admitted to 
the second and third studies, also. In addition to 
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months of treatment. Those who were discharg-
ed during the first 2 months attended as out-
patients daily for chemotherapy until they 
completed 2 months. After 2 months the patients 
attended twice or once a week (or once in 15 
days if they lived outside Madras) to collect a 
supply of drugs. Their medication was fully 
supervised on the days they attended. Progress 
was assessed mainly by monthly clinical exa-
mination including a detailed neurological exa-
mination, and if indicated, a CSF examination, 
The patients were followed up for 12 months 
after completion of therapy. 

Surgery 

Patients clinically diagnosed to have deve-
loped hydrocephalus were investigated, and 
surgery (ventriculo-peritoneal shunt) was per-
formed, if indicated. 

Bacteriological   procedures 

CSF specimens were examined by fluore-
scence microscopy and cultured on Lowenstein-
Jensen medium with and without pyruvate, a 
selective 7H11 medium with antibiotics and 
liquid Kirchner medium [Allen et al, 1983]. 
Tests of sensitivity to streptomycin, isoniazid 
[Tuberculosis Chemotherapy Centre, Madras 
1960], rifampicin [Tuberculosis Research Centre, 
Madras 1983] and ethambutol [Subbammal et 
al, 1978] were performed. All positive cultures 
were identified [Marks. 1976 and Venkataraman 
et al, 1977]. 

Definitions of drug resistance 

Streptomycin:  A resistance rat io (RR) 
of 8 or more on 1 culture, or 4 followed by 8 
or more on a repeat test. 

Isoniazid : (a) Growth (defined as 20 colo-
nies or more) on 1 mg/1 or a higher concentra-
tion, or growth on 0.2 mg/1 followed by the 
same result on a repeat test. 

Rifampicin ; Growth on 64 mg/1 
Ethambutol; Growth on 4 mg/1. 

Results 

In all, 180 patients were admitted to the 3 
studies. Of these, 77 patients were treated with 
regimen I (first study), 29 with regimen II 
(second study) and 74 with regimen III (third 
study). A tuberculin test with 1 TU yielded an 
induration of 10 mm or more in 50% of the 
patients. In all, 84 (47%) patients had a history 
of contact with a known case of pulmonary 
tuberculosis and 99 (55%) had. an abnormal 
chest radiograph suggestive of pulmonary 
tuberculosis. On admission, 24 (13%) patients 

were classified as stage I, 139 (77%) as stage Il 
and 17 (9%) as stage III. There was a sugges-
tion that the stage of the disease on admission 
was related to the age. Thus, the proportion 
of patients with stage II or stage HI disease was 
115 (92%) of 125 in children aged 3 years or 
less compared with 41 (75%) of 55 in those aged 
4 years or more (P<0.01). A CSF protein 
value of more than 40 mg/100 ml on admission 
was observed in 96% of the patients. The nu-
tritional status of the patients was very poor. 
Using growth standards set up by the Indian 
Council of Medical Research (Reddy et al 1976). 
only 2% of the patients were considered nor-
mal, while 64%, had mild to moderate mal-
nutrition and 34% severe malnutrition, based on 
deficit in weight for age [I.C.M.R. 1972]. 

CSF smear results for acid fast bacilli were 
available for the 103 patients in the second and 
third studies only. Of these, in 24 (23 %) smear 
alone was positive, in 12 (12%) both smear 
and culture were positive and  in 24 (23%) 
culture alone was positive. Thus in the 103 pa-
tients for whom both smear and culture results 
were available, the diagnosis was bacteriologi-
cally confirmed in 58%. Of the 180 patients, 
M.   tuberculosis  was   isolated   from   the   CSF 
in 59 (33%) patients, 9 of 24 stage 1, 43 of 139 
stage II and 7 of 17 stage HI, the proportions in 
the different stages being similar. Of these 59, 
the culture was positive on admission in 46 
patients, within 2 months in 11 and at 4 and 8 
months in 2. Sensitivity test results for strepto-
mycin, isoniazid and rifampicin were available 
for 56 patients and for ethambutol in 48 patients. 
The cultures were resistant to streptomycin in 
1 (2%), to isoniazid in 3 (5%), to ethambutol 
in 1(2%) and to both streptomycin and iso-
niazid in 9 (16%). All the cultures were sensi-
tive to rifampicin. 

Response to treatment 

Of the 180 patients admitted to the three 
studies, 3 died of non-tuberculous causes and 21 
were discharged against medical advice before 
completing the therapy (see page 61). On follow 
up of these discharges, 7 were reported to have 
died within I week of discharge. Since the gene-
ral condition of all the 7 was very poor and the 
cause of death was most likely to be tuberculous 
meningitis, they were included in the analysis. 
The analysis of response to treatment was there-
fore based on 163 patients. 

The neurological, sequelae were classified as 
follows: Mild residual damage implied such 
sequelae as hyperactivity, irritability, mild per-
ceptual defects and limited motor impairment 
such as facial paresis or monoparesis. Moderate 
residual damage included such defects as hemi-
paresis, involuntary movements and substantial 
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mental impairment Patients with severe residual 
damage usually remained unconscious and even 
if consciousness was regained, they were in-
capable of independent existence. 

Table II gives the response to treatment in 
the 3 studies. Ft can be seen that 27% of the 163 
patients died of tuberculous meningitis, 39% 
had neurological sequelae (including 7%, with 
severe sequelae) and 34% made a complete re-
covery, The results in the 3 studies were similar. 

Table III gives the response according to 
the stage of the disease on admission. There 
was a clear association between the stage on 
admission and tuberculous deaths, the morta-
lity being 9% for stage I patients, 25% for stage 
II and 73%’ for stage III. Conversely, 78% of 
stage I patients recovered fully, compared with 
 
 

29% of stage II and 7% of stage III. An interest-
ing finding was that, in both the stage I patients 
who died and. the one who had severe neurologi-
cal sequelae, M. tuberculosis was grown in CSF, 
the strains being resislant. to both strepto-
mycin and isoniazid. There- was no association 
between the age of the patient and tuberculous 
deaths (Table IV). 

Of the 44 deaths. 17 (39%) occurred in the 
first week, 7 being from amongst the 15 stage 
III patients (Table V). In all. 29 (66%) died within 
4 weeks, 5 ( I I  %) in the second month, 4(9%} 
in the third month, 4(9%) between the fourth 
and the sixth month and 2 (5%) between the 
seventh and the twelfth month. The last avail-
able CSF result was biochemically abnormal in. 
41 of the 44 (and bacteriologically positive in 
11). The other 3 patients, who died in the fifth,. 

 

 

 



60 

TABLE IV 

Tuberculous deaths related to age on admission 
 

Age( years) No. of 
Patients 

TB deaths 

  No. °/ 
 

I— 49 16 33 

2— 37 8 22 

3 _  29 7 24 

4— 21 6 (29)* 

5 _  . 12 4 (33) 

6— 9 2       

7— 2 0  
    

8— 3 1 (20) 
9— 1 0  

Total : 163 44 27 

*Figures in brackets indicate percentages based on a 
total fewer than 25. 

seventh and ninth months had severe neurological 
sequelae with normal CSF findings. 

There was no association between drug 
resistance and response to treatment but the 
numbers were small (Table VI). 

Complications while on therapy 

Hydrocephalus: Fourteen patients (2 stage 
1,10 stage II, 2 stage III) were suspected of 
having developed hydrocephalus. Of these, 1 
died before investigations could be carried out 
and in 5, permission for investigations was 
refused. Of these 5, 3 died (in the fourth, seventh 
and ninth months), while the remaining 2 had 
moderate and severe neurological sequelae 
respectively at the end of chemotherapy. The 
diagnosis of hydrocephalus was confirmed in the 
remaining 8, and 7 of these underwent surgery, 
a ventriculoperitoneal shunt (3 in the second, 
1 in the third, and 3 in the twelfth month of 
treatment). At the end of chemotherapy 1 
(stage J) of the 7 had complete recovery, 3 (I 
stage 1, 2 stage II) had moderate sequelae, 2 
(both stage II) had severe sequelae and 1 (stage 
III) had died of tuberculosis. The eighth pa-
tient (stage 11), who did not have surgery, was 
reported to be alive at 24 months with mild 
sequelae. 

Blindness and optic disc changes ; Sixteen 
patients developed varying degrees of pallor of 
the optic discs while on treatment (5 while re-
ceiving isonizaid plus ethambutol). Six of these 
died before completing the treatment. The re-
maining 10 recovered and had normal fund us 
findings and vision at 24 months. 

Twelve patients developed optic atrophy with 
blindness (7 during treatment with ethambutol 
plus isoniazid) which persisted until the end of 
chemotherapy. On follow up, 7 patients had 
died and the remaining 5 continued to have 
optic atrophy and blindness at 24 months. 

Four patients had developed cortical blind-
ness during the first month of therapy; all of 

TABLE V Interval between admission and 

death, according to stage of disease on admission 
 

Stage of disease No. in Tuberculous deaths   

 analysis 
  Total              Week of treatment Month    of treatment  
  1             2             3 4       2        3 4 - 6  7-12 

1 23 2 1 0 0  0 0 0 1  0 

II 125 31             9             4             3 3 4 4 3  I 

III 15 11              7             2             0 0 1 0 0  1 

All 163 44          17            6            3 3 5 4 4  2 

PADMA RAMACHANDRAN  ET AL. 
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TABLE VI  

Culture and sensitivity results related to response to  treatment 

Initial culture/sensitivity findings 

Culture negative 

Sensitive to S, H and R 

Resistant to S,H or SH 

Sensitivitv test result not available 

 

Total TB death 
No.              % 

Complete 
No. 

Recovery 
% 

108   30             28 40 37 

39@   8               21 12 31 

13*   5              (38)** 3 (23) 

  3   1              (33) 0 (0) 

 

@ 1 patient had resistance to ethambutol alone. 
*Of these. 1 had resistance to streptomycin, 3 to isoniazid and 9 to both  drug 

**Figures in brackets indicate percentages based on a total fewer then 25. 

them regained  their vision by the  end of 4 
months. 

Of the 12 patients (aged between U—7 
years) who developed ocular complications dur-
ring treatment with ethambutol plus isonlazid. 
in the first 9, treatment with elhambutol was 
continued since it was considered that the prob-
lem was unrelated to the drugs. However, in the 
subsequent 3 patients, to be on the safe side, 
ethambutol was discontinued and PAS substi-
tuted. 

In the remaining 20 patients, who developed 
the ocular complications in the first 2 months of 
therapy with streptomycin, isoniazid and rifam-
picin, ethnambutol was given in the continua-
tion phase. 

Discharge against medical advice 

In all, 21 patients were discharged against 
medical advice before completion of treatment, 
15 in the first phase of therapy and the remaining 
6 subsequently. 

Of the former 15. 2 could not be traced. 
Twelve patients were reported to have died; 7 
within 1 week of discharge, 1 in the second 
week, 1 in the third week, 1 in the second month, 
1 in the third month and the last, 6 months 
after discharge. The last 2 patients had received 
anti-tuberculosis treatment from other sources 
after discharge. The thirteenth patient (stage I 
on admission), whose condition was good at the 
time of discharge, was found to be alive 24 
months after admission, with no sequelae. 

Of the remaining 6 patients (all stage II), 
3 were discharged during the third month (on 

follow-up, 2 had died within 2 months of dis-
charge and 1 was alive with moderate sequelae 
at 24 months) and 2 during the fourth month 
(on follow-up, 1 had. severe sequelae and the 
other could not be traced). The sixth patient, 
who was discharged in the sixth month, was 
reported to have died 6 months after discharge: 
the cause of death may not; have been connect-
ed with meningitis, as she had very good clini-
cal improvement and the CSF findings were 
normal at the time of discharge. Death was 
attributed to tuberculous meningitis in the 
others. 

Non-tuberculous deaths 

Three patients (all stage II) died from non-
tuberculous causes. One died in the fifth month, 
possibly due to an anaphytactic reaction after 
an injection given by a private practitioner for 
fever and respiratory infection. The other 2 
died during the ninth month: the first due to 
diarrhoea with dehydration; the second deve-
loped vomiting of sudden onset and died at 
home the next day. Since the clinical improve-
ment was substantial and the last available cere-
brospinal fluid findings were normal, the cause 
of death is unlikely to have been tuberculosis in 
either. 

Adverse reactions 

This analysis is based on all the 180 patients 
admitted to treatment. 

Jaundice: This was the major problem in 
the first 2 studies. In all, 30 patients developed 
jaundice in the 3 studies, all except 1 during the 
first 2 months, most of them in the second and 
third weeks (Table VJI). 
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TABLE  VII 
Incidence of jaundice in the first 2 months* 

 

Week   of   onset   of jaundice Study Regimen                       INHdose           Total  
                                      (mg/kg)         patients 

Patients who 
developed jaun- -

dice 
1          2 3 4 5 6-8 

   No          %      

First 2SHR/4S2EH/6EH            20 28 11            39 1          4 5 0 1 0 

 2SHR/4S2EH/6EH             12 49 8           16 1          2 4 1 0 0 

Second 2SHRZ/10EH                   12 29 6            21 0         4 1 0 1 0 

Third 2R2SHZ/IOEH                  12 74 4             5 1          0 3 0 0 0 

All  180 29           16 3        10 13 1 2 0 

*One other patient (.first study) developed jaundice in the fifth month. 

In the first study, when isoniazid was ad-
ministered in a dosage of 20 mg/kg, the inci-
dence of jaundice was 39% of 28; when the 
dosage was 12 mg/kg, the incidence was much 
less, namely, 16% of 49. In the second study, 
where pyrazinamide (30 mg/kg) was added to 
streptomycin, rifampicin and isoniazid (12 mg/ 
kg), the incidence of jaundice was 21 % of 29. In 
the third study, the same drugs as in the second 
study were administered but rifampicin was 
given only twice a week; the incidence of jaun-
dice with this regimen was low, namely 5% of 
74. 

In the patients who developed jaundice, 
rifampicin (first study) or both rifampicin and 
pyrazinamide (second and third studies) were 
discontinued while the other drugs were conti-
nued. 

Of the 29 patients who developed jaundice 
during the first 2 months of therapy, 24 re-
covered fully, the liver function test results re-
turning to normal; however 6 of these patients 
died subsequently due to tuberculous meningitis. 
The other 5 had died while still jaundiced. Of 
these, 1 patient died on the day jaundice was 
noticed and a definite cause of death could not 
be determined; 2 died while recovering from 
jaundice with the serial liver function test values 
showing considerable improvement, and death 
was attributed to tuberculous meningitis, jaun-
dice being a complicating factor. The fourth 
patient had, in addition to tuberculous meningi-
tis, miliary tuberculosis, enteric fever and her-
pes, and died of he pa to-cellular failure. In the 
last patient, jaundice persisted up to the time 
of death, 10 days after terminating rifampicin 
and pyrazinamide; a diagnosis of viral hepa-
titis could not be excluded. 

Only 1 patient developed jaundice after 2 
months (in the fifth month) while on isoniazid 
and ethambutol, and was diagnosed as a case 
of viral hepatitis. This patient recovered fully 
with empirical treatment. 

Skin reactions : Two patients, 1 in the first 
and the other in the third study developed skin 
reactions, both in the first month of treatment. 
The first patient developed extensive morbiliform 
eruptions with crusting and exfoliation. Rifam-
picin was stopped and the patient recovered 
completely. The second patient developed vesi-
cular eruptions over the lower abdomen and 
groins. All anti-tuberculosis drugs were with-
held for i week and the patient recovered fully. 
The treatment was resumed uneventfully, 

Arthralgia: One patient in the second study 
developed swelling of the elbow and knee joints 
during the first month. Pyrazinamide was stopp-
ed and the swelling diminished during the next 
3 weeks. He could not be followed up further 
as he died of tuberculous meningitis. 

Treatment continued beyond 12 months 

Of the 163 patients in the analysis of efficacy, 
119 completed treatment. In 23 of these, anti-
tuberculosis treatment was continued beyond 12 
months for the various reasons given below. 
The extended period of therapy was 1-6 months 
in 12 patients, 7-12 months in 10, and 24 months 
in 1 patient. 

(a) CSF abnormality, surgery or neurologi-
cal complications: Anti-tuberculosis treatment 
was continued on the advice of neuro-surgeons in 
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9 patients of whom 5 underwent a ventriculo-
peritonea] shunt. Two others had only raised 
CSF protein values and in the remaining 2, the 
parents refused permission for investigations in 
! and surgery for hydrocephalus in the other. 
Of the 9 patients. 4 died in the thirteenth, four-
teenth, fifteenth and twenty-third months and 
all had severe sequelae with normal CSF findings. 
Considering the 5 patients with a raised CSF 
prolein value, in 3 the CSF values became 
normal, at the fifteenth, twenty-second and 
twenty-third months while in the other 2, the 
high values persisted until the twenty-fourth 
month. The neurological status of the 5 
patients alive at 24 months was as follows: 
I had severe sequelae. 2 moderate and 1 
mild, while the last patient recovered fully, 

(b) Persistence    of   abnormality    on    chest 
radiograph: In 72 of 119 patients who complet 
ed treatment, she chest radiograph was abnor 
mal on admission. At 12 months, the lesions 
had cleared completely in 47, while there were 
ealciftc lesions in 15; in 1 patient the radiograph 
could not be repeated. In the remaining 9 pa 
tients, the radiographic shadows did not clear 
completely. In 1 patient, who had a normal ra 
diograph  on admission,  an abnormality (en 
largement of the carinal  gland)  was   detected 
at the end of therapy. In this, and the 9 patients 
with  persistent  abnormality, anti-tuberculosis 
treatment was continued beyond  1  year. The 
CSF  became   biochemically  normal  and  bac- 
teriologically negative  in  all  the   72  patients 
during the course of the 12 months. 

(c) Spinal lesions: Two patients had spinal 
tuberculosis in addition to tuberculous meningi 
t is  (diagnosed on admission on one and detect 
ed in the sixth month in the other). In both, 
chemotherapy was prolonged on the advice of 
the orthopaedic surgeon. The CSF at the end 
of 12 months was normal biochemically as well 
as  bacteriologically  in both the patients.   At 
24 months, both the patients had made a comp 
lete   recovery. 

(d) Other   reasons: In    2   patients   it   was 
considered inadvisable to stop anti-tuberculosis 
treatment at the end of 1 year on account of 
severe respiratory infection in  1  patient with 
severe sequelae (the patient died, in the twenty- 
first month), and the detection of   pulmonary 
tuberculosis in one of the parents of the second 
(patient   was   alive   with   moderate   sequelae 
at 24 months), 

Status at 24 months 

There were 119 survivors at the end of 12 
months—12 with severe sequelae, 36 with mo-
derate sequelae, 16 with mild sequelae and 55 
with complete recovery. 

Of the 12 patients who had severe sequelae, 
5 died, in 6 the condition remained the same 
and I had improved (to moderate sequelae). Of 
the 36 patients with moderate sequelae, 3 died 
(2 of sequelae and I of non-tuberculous cause), 
17 showed no improvement in neurological 
status, 13 showed slight improvement, 1 
improved to mild sequoia-:, while the remaining 
2 recovered completely. Of the 16 patients with 
mild sequelae, the status remained the same in 
13. I showed slight, improvement and the re-
maining 2 recovered completely. In the complete 
recovery group of 55 patients, I died from a 
complication of typhoid fever (perforation of 
the gut) while the recovery was maintained in 
the remaining 54 patients. 

The survivors at the end of 24 months are 
being followed, up further. 

Discussion 
The results of the present studies show a 

direct relationship between the stage on ad-
mission and death from tuberculous meningitis, 
the proportions being 9% for stage I patients, 
25% for stage II and 73 % for stage III. Similar 
observations have been made by others (Smith 
1964 Sister Gabrial, 1979 and Girgis et al, 
1976, 1978). These results suggest that early 
diagnosis and initiation of therapy is more 
important than the choice of drug regimen. 

Ethambutoi has been used in the treatment of 
childhood tuberculosis in Ind-a [Mankodi et al, 
1970. Bhatia et al, 1975 and Dingley et al, 
1974]. In all these studies, the dosage employed 
was 25 mg/kg for 2-3 months followed by 
15 mg/kg, and the reported incidence of 
ocular toxicity was negligible. In a study 
comparing different ambulatory regimens for 
spinal tuberculosis in Korea, 45 children 
(aged between 1 and 15 years) were treated 
with ethambutol ((5-25 mg/kg) plus isoniazid 
daily for 9 or 18 months. All the patients 
were assessed monthly and tests for visual 
acuity, colour vision and macular thresholds 
and visual fields were undertaken. There was no 
evidence from any of the assessments in any 
patient of ocular toxicity due to ethambutol 
(unpublished data from MRC Working Party 
on Tuberculosis of the Spine—Personal com-
munication from Prof. Wallace Fox). A study 
by Leibold [1966] suggests that, on a short term 
basis it is safe to prescribe as much as 45 mg/kg. 
In the present series of studies, ethambutol was 
used in a dosage of 17.5 mg/kg, a dose unlikely 
to cause rctrobulbar neuritis. Opticochiasma-tic-
araehnoidids resulting in visual impairment 
or even blindness, with or without associated 
hydrocephalus, is a common complication of 
tuberculous meningitis. All 12 patients in the 
present studies who developed blindness with 
persistent optic atrophy had moderate to 
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severe neurological damage and this was most 
likely to have been, the cause of blindness. 

The American Thoracic Society [1969] has 
recommended the systemic administration of 
corticosteroids in the management of tuber-
culous meningitis, a view which is supported by 
others [Lincoln et al 1963 and Kocen, 1977]. 
In the present series of studies, steroids were 
administered to all the patients as a routine. 

Jaundice was a major problem in the first 2 
studies, where daily therapy was given. The 
incidence was 39% in study I with isoniazid 20 
mg/kg and 16% when the dose was reduced to 
12mg/kg, and 21 % in study II where pyruzina-
mide 30 mg/kg was added to the regimen. Be-
cause of this high incidence of jaundice, in study 
III rifampicin was given only twice a, week ins-
tead of daily during the first 2 months and the 
incidence fell to 5 %. The above findings suggest 
that the use of daily rifampicin (12 mg/kg) with 
a high dose of isoniazid (20 mg/kg) causes a 
high risk of hepatotoxicity in children with tuber-
culous meningitis. The addition of pyrazina-
mide did not appreciably alter the incidence of 
heputotoxicity; a similar conclusion was re-
ported by Girling [1978] titter an extensive 
review of the literature. The rhythm of 
administration of rifampicin appeared to play 
a role, as regimens containing daily rifampicin 
carried a greater risk of hepatic toxicity than 
the regimen where it was given intermittently. 
Although the present series of studies were non-
concurrent and conclusions call for caution, 
similar results observed in studies from this 
Centre on patients with spinal and pulmonary 
tuberculosis [Parthasarathy et al, 1986] support 
the above deductions. Other factors that could 
have contributed to the high incidence of jaun-
dice in children with tuberculous meningitis 
have been dealt with by Parthasarathy and 
others [1986]. 

In conclusion, the results of the 3 studies 
show that, despite use of rifampicin-containing 
regimens, the mortality was high, especially in. 
stages II and III, while the prognosis was good 
in stage I. This emphasises the need for early 
diagnosis and prompt treatment. The combina-
tion of isoniazid 20 mg/kg and rifampicin 12 
mg/kg was associated with unacceptable levels 
of hepatotoxicity. Our findings suggest that, in 
view of the low hepatotoxicity, the third re-
gimen consisting of 2 months of daily strepto-
mycin, isoniazid and pyrazinamide plus twice 
weekly rifampicin followed by 10 months of daily 
ethambutol and isoniazid is a suitable regi-
men. It is also noteworthy that there were no 
relapses during the follow-up period, indicat-
ing that regular therapy for 12 months is ade-
quate for the treatment of tuberculous menin-
gitis. 
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A   STUDY   OF   CHRONOPHARMACOKINETICS   OF   PYRAZINAMIDE    IN 
TUBERCULOSIS PATIENTS* 

SANDHYA KULSHRESTHA** 

Summary : The chronopharmacokinetics of pyrazinamide (PZN) was studied in 20 confirmed cases of 
pulmonary tuberculosis. A single fixed dose of 1.5 gm of PZN was administered at three fixed 
times viz. 7A.M. 11 A.M. and 7 P.M. to each patient. PZN contents were estimated in the blood and 
PZN and Pyrazinoic acid (PZA) contents in the urine and various pharmacokinetic parameters viz: 
Cmax, Tmax, t 1/2, AUC, Yd, Clp, Clr, duration of cone. >25 ug/ml, total excretion of PZN and PZA 
were evaluated. Wide intermdividual fluctuations were noticed in the parameters and the differences 
observed in most of the results were not statistically significant. However. Tmax (Time to peak cone.) when 
the drug was administered at 7 P.M. was delayed and was found to be highly significant, indicating slower rate 
of absorption when the drug was administered at night. The area under serum cone, time curve and duration 
of minimum effective cone. (>25 ug-/ml) was also found to be greater although this was not statistically 
significant). It is hypothesised (hat. probably, the extent of the total absorption of PZN from gastrointestinal 
tract was more when drug was administered at night. However, since this study is based on a small 
group of patients of the same ethnic class, a study on large number of patients from different ethnic would he 
required to substantiate the present finding, 

suffering from pulmonary tuberculosis were enrolled in 
the study. A written informed consent was obtained from 
ach patient. All these patients were admitted for the 

period of study in the New Delhi Tuberculosis Centre. 
atients showing posititive sputum for AFB and radio-

graphic lesion in the lungs were considered as confirmed 
ases of tuberculosis. 
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Introduction 

Pyrazinamids.  (PZN) forrm an important 
component of antitubercular drug combina-
tion in short-course chemotherapy (Girling, 
1984). It is recommemded that all orally effec-
tive drugs should be given simultaneously once 
a day, preferably in the morning, for achieving 
better patient compliance. The time of inges-
tion in the morning hour will continue to be 
arbitrary ti l l  chronopharmacokmetics of anti-
iuherculosis d’Hig-i is studied. This will provide 
an answer to the question regarding appropriate 
time of adminis’ ration of a drug to ensure maxi-
mum. Effectiveness and least toxicity. Though 
clinical pharmacokinetics of various antitu-
berculosis drugs have been, reviewed (Holdi-
ngs, 1984) no data on chronopharmacokinettc 
studies, including that of PZN, are available. 
Amongst all the antituberculosis drugs, pyra-
zinamide has best penetration into the intra-
cellular tissue (Grossei, 1978), acidic foci and 
macro phages but detailed pharmaco kinetics in 
tuberculosis patients has not been worked out. 
The present study has been planned and under-
taken to find out the rhythmic changes in bio-
availability, metabolism and excretion of PZN 
in relation to the cireadian. cycle (chronophar-
macokmetics) in tuberculosis patients. 

Material & Method 
Twenty patients of either sex weighing bet-

ween 40-50 kg (body weight is known to affect 
the serum PZN concentration; Ellard- 1969) 

Patients complaining of insomnia or any other kind 
f sleep disorders were excluded from the study, since 

insomnia is known to affect the cireadian rhythm in 
an beings (Conroy & Mills, 1972). Creatinine 

learance test was done in all the selected patients and 
only those having normal renal function were included. 

Patients were receiving their quota of anti-tubercular 
drugs before the study commenced. However, PZN was 

ithdrawn from the regimen given to the patients who 
uv on it, one week prior to their induction into the 

trial. All the antitubercular drugs irrespective of the 
class they belonged were stopped for two consecutive days 

efore the study began. The sleep and activity pattern of 
he patients were synchronised by regulating the day-
ime activity from 7 A.M. to 10 P.M. and nocturnal 

rest from 10 P.M. to 7 A.M. during the entire study 
period. 

 

 

Design of the Study 
The protocol was designed in a way that          

each patient underwent three studies, A, B, and  
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C as showen in Fig.-1. The patients were allo-
cated to the study in a randomised crossover 
fashion, as would he evident from Fig. I. 
PZN was administered as a single oral dose of 
1.5 gm. at 7 A.M. in study A. at II A.M. in 
study H and as 7 P.M. in study C respectively. 
A washout period of 52-60 hour (h) was allowed 
between two study periods. Pat ten is were 
fasted overnight in study A and. the food, was 
withheld for at least 4 hours before drug ad-
ministration in study B and C. The breakfast 
or meals were served 30 minutes after the medi-
cation which was given under supervision with 
a glass of water. 

Collection of Sample 

Blood (2 ml) was drawn at 0 and at 2,3,12. 
24 and 48 hours after intake of the drug. Samples 
were frozen till the estimation of PZN. 

Before the drug was administered the pa-
tients were asked to void the bladder and, this 

sample was taken as blank (Control). There-
after, cumulative urine samples at 4, 8. 12. 16, 
20, 24. 32 and 48 hours were collected after drug 
administration and volume of each sample was 
determined. The pyrazinoic acid (PZA) ---a 
major metabolite of PZN and unchanged PZN 
were estimated- in these preserved samples. 

Estimation of PZN and PZA 

The PZN was estimated in the scrum by 
modifying the method of Subbamal et al, 
(1968) Once appendix; I ) ,  in the sense I hat the 
dowex column used by us for elation was of 
dimension 9x 30 mm i.e. 270 m2 instead of 8 
x. 40 mm U-. 320 m2 This redaction in the 
column size did not interfere with the separa-
tion of PZN from PZA as blood contains very 
little amount of PZA. Rather, it saved the con-
sumption of dowex material. Further, during 
standardisation we could, not detect the optio-
nal density in the second elute (5 ml) collected 
through the don ex column and therefore, for 
remain ing  es t imat ion  only  one  e lu te  (5 
ml) was collected. in modification has saved 
time. 

  

 

  

 

18 

 

 

Design of the Study : On each patient 3 studies A, It and C 
were conducted.PZN was administered al 7AM (Study A) 
at 11 Am (Study B) and at 7 PM (Study C). Between 
studies a gap of 52-60 hours was allowed. 

Evaluation of Phannacokinetic Parameters 

After estimating the PZN concentration in 
each of the blood samples, the serum values 
of the individual patient were plotted on the 
semilog scale (Y-axis) against time in hours 
(X-axis) and the long serum concentration-
time curve was constucted. The pharmacoki-
netics of PZN in individual tuberculosis pa-
tients was evaluated by single compartment 
open model analysis. The methods employed 
for calculation of various pharmacokinetic 
parameters are as follows:- 

(a) ( i )  Peak Serum Concentration (‘Cmax’) 
in ug/ml. 

(ii) Time to peak scrum concentration 
OTmax’) in hours (h). 

(iii)  Serum half life of PZN (‘t 1/2’) in 
hours (h). 

(iv) Duration of minimum effective con-
centration (>25 fig/ml) in hours 
(h). 

These parameters were estimated from lin-
ing serum concentertion    time   curve (Fig. 2). 

(h)   Elimination  rate constant (kel) : was 
calculated 

 
PZN = Pyrazinamide ingestion 1.5. g, 

 0.693 
Kel =      t  1/2 

B      = Time of blood samples collection 
U      =  Periodical collection of urine sample (see text) 
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(h)   Total excretion of PZA in 24 h and 
9 percentage  of dose excreted during 
First 24 hours was calculated as above. 

The values of parameters from (b) t i l l  (h) 
were obtained by feeding the data in the com-
puter (IBM-360/44), 

The patients were closeiy monitored for any 
untoward reaction during the entire period of 
study. 

The data were analysed statistically by 
carrying out "analysts of variance’ and the 
statlstically significant difference, if any, amongst 
the three studies was noted. The statistical diffe-
rence in Tmax’ (Time to peak serum cone.) 
was Jested by the ‘Chi-square lest. 

The chemicals of Sigma chemicals Co. U.S.A. 
Anlar/L.R. Grade/BDH/E. Merck/Sarabhai 
India/Lupin Laboratories were used, viz: 
Tnchloraeeue acid (7,5% w/v); Dowex. 1 x 8, 

Chloride form, dry mesh 200-400; Sodium 
hydrozide (2N); Sodium nitroprusside solu-
tion (0.2%, w/v). Sodium chloride (0.5M), 
Standard ‘ PZN and PZA, 

The drug PZN (ZIN—500 mg) was obtained 
from single source--the Radicura Pharmaceu-
ticals Co., New Delhi, 

Results 
Out of twenty patients enrolled for the study, 

one patient could not complete the study ‘A’ 
and another patient study ‘C’. These dropouts 
were due to personal reasons. Thus, in studies 
‘A’ and ‘C’ the results of 19 patients and in study 
1B’ those of 20 patients have been analysed. The 
average age ranged between 21-54 years and 
the weight was between 40-50 kg. The ratio 
of Male : Female was 9 : 1 .  

1. Serum Concentration, of PZN and ‘Time to 
Peak’ 

 After ingestion of a fixed dose of 1.5 gm of 
 
 MEAN SERUM PZN CONC. IN STUDILS A, B & C 

(N-19 IN STUDIES A & C, N = 20 IN STUDIES B) 
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PZN the mean serum cone, at 2, 3, 12 and 24 
h in all the three studies was found to be not 
significantly different from each other (Fig.-3). 
Similarly the differences in the Cmax i.e. peak 
serum cone, in study ‘A1 (42.85 ± S.D. 3.49 
Hg/ml) and in study ‘B1 (41.86±S.D. 25 fig/ml) 
and in study ‘C (42.71+S.D- 3.47 jig/ml) were 
not marked. The pattern urn’ ihc slope of the 
serum concentration—time curve appears to 
follow exponential decline, la ail the three stu-
dies the serum PZN levels wore undetectable 
at the end of the 48 h in all the patients, except 
in a single patient in study ‘C1 who showed a 
small amount (2.34 ug.’ml) of PZN in blood. 
About 75—80% of the drug was eliminated in 
first 24 h. Great inter-individual and inter-
studies variation in the serum levels of PZN 
was observed, which could be the reason for 
statistically non-significant difference in the 
mean values. 

After the administration of drug in the 
evening (7 P.M.) the time to peak serum cone. 
(Tmax) was observed to be increased (2.52±S.D. 
0.51 h) which was highly significant compared 
to that in study ‘A’ (2.15+iS.D. 0.37) and 
study ‘B’(2.15±S.D. 0.36), (P <0.02). This 
finding indicates that probably the rate of 
absorption is slow in evening hours though 
looking at Fig-3, it appears that the total 
absorption has been more in study ‘C. 

2. Serum half life (t 1/2) 

Again much inter-individual and inter-studies 
variations were found in values oft 1/2 of PZN. 
It ranged from 8—11.4 h in study ‘A’ and 6.8— 
10.7 h in study ‘B’ and 7.8 to 12.01 h in study 
‘C’. Though the t 1/2 in study ‘B’ was shorter 
than in studies ‘A’ and ‘C’, the difference how-
ever, was not statistically significant (Table I) 

3. Elimination rate constant (Kel) : Area under 
plasma conc.-time curve (AUCo-oc); Volume of 
distribution (Vd) ; Plasma Clearance (Cpl) and 
renal clearance (Clr) : 

The comparative values of each parameter 
with mean and S.D. determined for each of the 
studies ‘A’, ‘B’ and ‘C’ are given in Table 1. 
It is obvious that there is no significant 
difference in the values of these parameters in 
three studies. 

The AUCo-oc in study ‘C’ seems to be more 
(675.74+S.D. 83.44 ng. h.ml) as against 637.24± 
S.D. 76.21 [ug.h.ml-1and 6347±S.D. 108.02 
ug. h.ml-1 in study ‘A’ and 4B’ respectively. 
However, this difference was not statistically 
significant; this could be on account of large 
inter-individual variations which have blunted 
and attenuated the statistical analysis. 

4. Duration of minimum effective concentration 
>25 ug/ml) : (Fig. 4) 

The calculated period for which the mini-
mum effective concentration lasted in each 
study was found to be undoubtedly longer in 
study ‘C’ (8.86±S.D. 1.82 h) as compared to 
study ‘A’ and ‘B’ (8.05±S.D. 1.71 h and 8.02 
± 
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TABLE 26 

MEAN (±S.D.) URINARY EXCRETION OF PZA AT DIFFERENT  TIME  INTERVALS 

(n=19 in Studies A & C,   n=,20 in Study B) 
 

Time after drug   
Administration                              A 

B C  

Total Excre. % Kxcre. Total Excre. % Excre. Total EKCRC. % Excre. 

 (mg)  (mg)  (mg)  

0— 4 h 127.504+20.03 8.50 126.654+1.15 8.44 133.68±20.14 8..91 

4— 8 h 106.894+16.6? 7.12 104.83 ±17.26 6.98 112.46+l7.75 7.49 

8—12 IT 84.1 74+19.61 5.61 79.534+5.54 5.30 98.31+38.38 6.55 

12—16 h 61.124+10.61 4.07 75,82±34.12 5..5 63.60±14.88 4.24 

16—20 h 50.83±15.4I 3.38 73.024+3.66 4..6 57.87±26.75 3..85 

20—24 h 43.07+8.37 4.20 47.06±21.13 3.13 46.084U26.23 3..07 

24—32 h 49.554+6.92 3.0 47. 03 ±18. 52 3..3 54.97±34.30 3.66 

metabolite PZA. white only a. small amount of 
PZN is excreted unchanged in the urine. 

in all the three studies during the first 4 h 
after drug administration the excretion of both 
PZN and PZA was maximum. It fell exponen-
tially till 20-24 h. The imjor metabolite of PZN, 
i.e. PZA was present upto 48 h in the urine 
while no trace of PZN was found after 24-32 h. 

The excretion of unchanged form of PZN 
was about 3% of the total drug administration, 
while its metabolite was excreted to the tune 
of 40% of the total drug administration. 

The excretion of both PZA and PZN was 
more during first 12 h in study ‘C’ as compared 
to that found in study ‘A’ and VB’ (Fig-4), though 
this difference in excretion during first 12 h was 
also not found to be statistically significant. 

On continuous survillence for adverse reac-
tions, three patients in study ‘A’, two in study 
‘B’ and one in study ‘C’ complained of mild 
gastric irritation and abdominal discomfort. 
This did not warrant the stoppage of the drug. 
None of our patients developed any serious 
reaction during the entire period of the study. 

Discussion 

PZN is a cornerstone drug in the short course 
chemotherapy of tuberculosis since its penetra- 

tion in the intracellular tissue is maximum and 
it is bactericidal. Though its pharmacokinetics 
has been recently reviewed (Holdiness, 1984), 
many of its other aspects such as volume of dis-
tribution (Vd), Plus mi clearance (Clp) and 
Elimination rate constant (Kel) have not yet 
been elucidated. Conventionally, it is adminis-
tered as a single dose in the morning. In fact, 
most other antitutercular drugs are given con-
comitantly during morning hours. Is this time 
of administration (morning) empirical/tradi-
tional or based on chronopharmacokinetic stu-
dies? We have attempted to seek an answer 
to this question which has not, surprisingly, 
been studied till now. 

The values of mean peak cone, of PZN in 
serum obtained in our studies (‘A’, ‘B’ and ‘C’) 
are in agreement with that reported by Carrada 
Bravo, 1975. The intra-studies difference in the 
mean peak serum cone, was minimal and insigni-
ficant. The pattern of serum cone.—time curve 
indicates that the drug follows single compart-
ment model system and that the decline is ex-
ponential. The same findings were observed by 
EUard but his observation of peak Serum Cone, 
of 33 E^g/ml) was relatively lower than that 
estimated (42-43 ng/ml) in the present study, 
while Caccia, 1957 reported higher values of 45 
ug/ml after a single dose of 1 grn. Much im-
portance cannot be attached to this finding 
because he conducted the study only in one 
patient. 
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It is imperative that the kinetic studies must 
be done in a good number of subjects, Despite 
induction of nineteen to twenty patients in 
three of the present studies we found vast inter-
individual differences in mean peak serum con-
centration, because in study ‘A’, it ranged 
from 39.45 to 52.4, in study ‘B’ 34.03 to 50.06 
and in study ‘C 34.07 to 48.8 ug/ml. 

The minimum effective cone, of PZN needed 
for antibacterial activity in the blood is reported 
to be >25 ug/ml. The information about the 
duration of this critical cone, has been elicited 
after administration of a fixed dose at varying 
times of the day. When the drug was given at 
7 P.M., the minimum effective cone, lasted for 
9 h In comparison to 8 h in other situations. 

MEAN RENAL EXCERT1ON RATE OF PZN & PZA IN THREE STUDIES 

DURING DIFFERENT TIME INTERVALS 
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A good correlation between peak serum cone. 
and duration of minimal; effective cone, as re-
ported by Subbamal, 1968 and Ellard. 1969 
were also found in the present study. However, 
this was applicable to individual patients irres-
pective of the time of drug administration. 

The time to achieve peak scrum cone. (Tmax) 
is known to  be  influenced   by the  circadian 
rhythm. Kyle et al, (] 980) observed delayed Tmax 
when Thcophyllin was administered at 7 P.M. 
as compared to 7 A.M. Likewise,   the dosing 
of clorazepate dipotassium (Aymard and Sou-
lairac.  1979), Hexobarbiionc (Altmaycr et al., 
1979), and  10-hydroxy  Nonrypiyline (Nakino 
and Hollister, 1978) at 7 P.M. led to delayed 
Tmax. tn line with these observations, the Tmax 
has been achieved at 2.53 h on ingestion of PZN 
at 7 P.M.. which was significantly more com-
pared to the Tmax values of 7 A.M. and 11 
A.M. administration (2.15 h). This significant 
finding of delayed time to peak cone, could be 
due to slower rate of absorption of drug, ad-
ministered al 7 P.M. The protocol was designed 
in a manner that the food, would not affect the 
absorption of drug which otherwise has been 
shown to.alter the absorption of drug from gas-
trointestinal   tract   (Goetz  et  al.,   1976),   Since 
the food intake was limed  and. spaced equally 
in all the three studies and also the quantity 
and quality of food was almost kept  identical 
after  administration  of drugs  in each cycle, 
these factors arc unlikely to have affected the 
delayed Tmax observed in study ‘C’ in which 
the drug was given at 7 P.M. Another impor-
tant factor which could influence the absorp-
tion pattern and there by Tmax. could be pos-
ture of the body (Halberg, 1962) In the present 
study the effect of body   posture can  be eli-
minated since patients in all the studies were 
ambulatory for at least 3 h after drug ingestion. 

In respect to mean serum half life (t 1/2) 
of PZN, the manipulation of the time of ad-
ministration of drug has not made any signi-
ficant difference. However, ‘Area under the 
serum cone, time curve’ (vide infra) after 7 P.M. 
administration was calculated to be greater. 
Wide inter-individual and and inter-studies va-
riations were observed in I he serum half life 
of PZN in all the three studies. Not much cre-
dence can be given to t, 1/2 values so far as cir-
cadian rhythm is concerned. Likewise, the 
mean elimination rate constant (Kel) was to 
be almost identical in all the three studies. It is 
worthwhile to mention here that the data on Kel 
of PZN in tuberculosis patients are not readily 
available, as far as we could ascertain from the 
literature to which we could have an access. 

The determination of Area under serum 
cone.—time curve is an integral parameter in 
any kinetic study because it reflects the bioavail- 

ability of the orally administered drugs. Nor-
mally, bioavailability is estimated by the for-
mula AUC(o) /AUC(iv), Non-availability of the 
intravenous preparation of PZN left no choice 
but to assume that bioavailability of the oral 
preparation of PZN is 100%. This assumption 
is supported by the finding of Ellard. 1969, who 
could not detect PZN traces in the stools and 
thus suggested that it is completely absorbed 
from the gastro-intestinal tract and widely dis-
tributed in the body. Taking bioavailability as 
100% we calculated the apparent volume of 
distribution (Vd) and Plasma clearance (Clp). 
data on which are not available. However, no 
significant difference in these values among 
three studies could be detected. It appears there-
fore, that Vd and Clp remain unaffected and 
unaltered irrespective of the time at which the 
drug is administered. 

Following PZN administration in the evening 
7 p.m. the AUCo-oc was apparently higher as 
compared to forenoon period, though the 
values were not statistically significant. As has 
been stated earlier, statistical calculations are 
found to be distorted because of the wide inter-
individual variations. It is believed that AUC 
in study C is definitely larger. The bio-availa-
bility of PZN appears to be greater when ad-
ministered in the evening. This finding is in 
consonance with the observation of Bucher 
and Reditzki, 1951, who showed that AUC of 
Ethanol was maximum when administered in 
night and also of Kyle et al., 1980 who observed 
that theophyllin bioavailability was greater when 
administered at 7 P.M. as compared to the 
morning dose. Thus, circadian rhythm is known 
to exercise an influence on the bioavailability of 
drugs. From these data it can be postulated that 
the PZN when administered in the evening 
(before retiring to bed) is absorbed slowly but 
the total quantity absorbed is enhanced, 
leading to larger area under curve. This also 
explains the delayed Tmax. 

Our finding that only 3 % of PZN is excret-
ed and 32.37% of its metabolite i.e. PZA is 
excreted is in total agreement with that of 
Ellard (1969). However, the excretion rate of 
PZN and PZA was comparatively higher after 
evening dose (P>0.05) This enhanced rate of 
excretion could be attributed to the change in 
the urinary pH as affected by the circadian 
rhythm. Because, during night the urinary pH 
is decreased and PZN being a basic drug gets 
ionised, resulting into decreased re-absorption 
and increased excretion in the urine. Nonethe-
less, the increased rate of absorption during 
first 12 h contradicts the longer duration of mi- 
nimuin effective concentration in patients who 
received the drug at 7 P.M. The total excretion 
of the drug remained unaffected by the time 
of administration of the drug. Because of these 
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paradoxical finding it is difficult to arrive at 
any conclusion. However, based on (he 1 hidings 
of the present study it would probably be ad-
visable 10 administer the PZN as a single dose 
of 1.5 gin at bed time in adults and that the 
minor untoward effects of much less frequency 
should not pose much problem. 

glucafon, insulin and iron. Experientia   1976. 32 : 
1981 
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APPENDIX 

METHOD OF ESTIMATION OF PZN IN SERUM 

PZN in the serum was estimated by the 
method described by Subbamal et al. (1968), 
with minor modifications in the method. The 
serum was separated from the blood. One ml 
of test serum was treated with 2 ml of 7.5% 
Trichloroacetic acid, shaken on vertex shaker 
and then centrifuged at 3000 r.p.m. for 10 
minutes. The protein free supernatant (1 ml 
extract) was sucked by the capillary pipetle and 
was then applied to a vertical column (9 x 30 
mm) of Dowex 1 x 8 chloride (200-400 mesh) 
prepared in water. The elution was done by 
repeated washing with deionised water and 5 
ml of elute was collected. To this clute 0.5 ml 
of 2N NaOH and 0.5 ml of freshly prepared 
solution (0.2%) of Sodium nilroprusside was 

added. The samples were left for 15 minutes 
at room temperature for colour to develop. 
The optical density of the intensity of orange-
brown colour so developed in each sample was 
read with reference to blank serum, keeping 
always the wavelength at constant at 490 nm. 
The LKB ULTROSPEC 4050 UV-VISIBLE 
SCANNING spectrophoto meter equipped with 
Apple lie computer has been used for all esti-
mations. 

From the optical density, the concentration 
of PZN in the test serum was obtained by ex-
trapolation from standard curve. The parallel 
standards were run with each set of test 
samples. 
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CHOICE OF SAMPLE SIZE IN SHORT-COURSE CHEMOTHERAPY 
TRIALS   OF TUBERCULOSIS 

M.C. SATAGOPAN AND S. RADHAKRISHNA* 

Summary: Two approaches to computing sample size in clinical trials of short-course chemotherapy 
are described. One pertains to the conventional comparison situation, and it is concluded that about 
1.50-200 patients with full follow-up are required on each regimen. The second approach examines 
whether a regimen under study is "sufficiently highly effective" for use in the programme, and in this 
situation about 100-125 patients with full follow-up arc necessary. A review of published reports indi-
cates that the sample sizes employed are usually inadequate. 

Introduction 

A development of major significance in the 
last decade has been the evolution of short-
course regimens for the treatment of pulmonary 
tuberculosis (Fox and Mitchison, 1975). It is 
now widely known that a long-term efficacy 
of at least 90% can be attained if highly potent 
drugs such as rifampicin and pyrazinamide are 
combined with well-established, first-line drugs 
such as isoniazid and streptomycin. Even so, 
many clinical trials are still being undertaken 
by scientist in different countries, varying the 
drugs and dosages, the rhythm of drug admi-
nistration, and the duration of treatment. The 
aim of these studies is to identify regimens that 
are effective, non-toxic, acceptable to the patient 
and suitable for wide-spread use. In many of 
these attempts, the sample size (i.e. the number 
of patients in each treatment group) appears 
to have been decided upon rather empirically, 
and is often statistically inadequate. The object of 
this study is to provide some practical guide lines 
for the choice of sample size in such trials. 

Materials and methods 

Sample sue determination is usually made 
with the aim of ensuring that the trial is capable 
of demonstrating statistically the existence of a 
pre-specified difference in efficacy between two 
regimens. The required sample size then dep-
ends upon (a) the likely values of the two pro-
portions, (b) the acceptable level of Type T 
error, namely, the error of rejecting the null 
hypothesis of the equality of the two propor-
tions when it is true, and (c) the acceptable 
level of Type II error (its complement is called 
‘Power’), namely, the error of accepting the 
null hypothesis when it is untrue and an alterna-
tive hypothesis of a pre-specified difference 
between the two proportions is true. The tech-
nique we employed for computing the sample 
size is the Arc sine method with the continuity 
correction (Walters 1979). Here, n, the number 

of   patients   in  each  group,   is  given by the 
formula 
                            n=(Za + Zb)2 
                                                     2(02 - 02)2 

where 0 is the angular transform of the 
proportion and is measured in radians, and 
Za and Zb are the normal deviates correspon-
ding to specified Type I error of a (2-tail) and 
Type II error of b. To correct for continuity, 
l/2n is added to the smaller proportion and 
subtracted from the larger proportion and n 
recalculated; the iterative process is continued 
till successive values of n coincide. 

An alternative approach., especially relevant 
in the context of short-course regimens because 
they are usually highly effective , is to pose the 
question whether the regimen under study is 
of sufficiently high efficacy for lecommending 
it for generalized use. In this situation, the 
required sample size depends on (a) the defini-
tion of ‘sufficiently highly effective’ regimen, 
(b) the definition of ‘insufficiently highly effec-
tive’ regimen, (c) the acceptable level of Type I 
error, a (1-tail) i.e. I ho risk of classifying a 
highly effective regimen as not highly effective 
and (d) the acceptable level of Type II error, 
b, i.e. the risk of classifying an ‘insufficiently 
highly effective regimen’ as a ‘sufficiently highly 
effective’ regimen. In this situation, the formula 
is given by 
                    n=(Z’a + Z’b)a    

                                  4 ( 0 1 -  0 2 ) 2  

The continuity correction is employed as above, 
and n is calculated by an iterative process. 

Results  

Comparative trials 

In order to have a 90% chance of detecting 
a 5% difference in efficacy between two regimens. 

*Institute for Research in Medical Statistics, 
Spur Tank Road, Chetput, Madras-600031. 
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the minimum number of patients with com-
plete follow-up on each regimen must be 288, 
and this applies when the more effective regi-
men has an efficacy of 99% (Table 1). If the 
latter is 95% the number increases to 608, and 
if it is only 90% the number becomes as large 
as 951. If the investigator is prepared to settle 
for 80% ‘power’, the corresponding numbers 
are 226, 464 and 721. respectively, per regimen. 
Clearly, even these numbers are impracticable 
in most situations, and consequently it is not 
realistic to mount trials for delecting 5% 
differences in efficacy of short-course regimens. 
For detecting a 10%, difference, the numbers 
required are 118-282 for 90% power, and 
94-215 for 80% power. If the efficacy of the 
more effective regimen is of the order of 90-95 %, 
the corresponding numbers are 199-282 for 
90% power and 153-215 for 80% power. 
Therefore, comparative trials must aim to 
ensure that a minimum of 150-200 patients 

are available for analysis for each regimen. 
When allowances are made for drop-outs, 
which could be, say, 20%, over a 2-year period, 
the minimum intake per regimen works out to 
be approximately 190-250. 

Trials   aimed   al   identifying   highly   effective 
regimens 

In trials whose aim is to determine whether 
a short-course regimen is sufficiently highly 
effective for recommending it in the tuberculo-
sis programme, one should particularly guard 
against the danger of calling an insufficiently 
effective regimen as highly effective, since several 
known highly effective regimens are already 
available. For various definitions of ‘sufficien-
tly’ and ‘insufficiently’ effective regimens (diff-
erence in efficacy between the two is taken as 
10%), and for sample sizes of 100, 125, 150, 
. . . , 300, the risk of this type of error is set 

TABLE  1 

Required number of patients with full follow-up in each treament group* 

Efficacy of the more effective regimen (%)                         Difference 
Power             between the 
                      regimens    in 
                         efficacy (%) 99 98 97 96 95 94 93 92 91 90 

5 2SS 375 456 533 608 681 751 820 837 951 

6 226 287 343 397 449 499 548 595 641 686 

90%                        7 185 230 272 311 349 386 422 456 490 522 

8 156 191 222 253 282 310 337 363 389 413 

9 134 162 187 211 234 256 277 298 318 337 

10 118 140 161 180 199 216 233 250 266 282 

5 226 290 351 409 464 519 571 623 672 721 

6 178 223 265 305 344 381 418 453 487 521 

80%                      7 146 179 210 240 268 296 322 348 373 397 

8 123 149 173 195 217 238 258 278 297 315 

9 107 127 146 163 18J 197 213 228 243 258 

10 94 110 125 140 153 167 180 192 204 215 

*Using the Arc sine method with continuity correction and Type I error (2-tail)=0.05. 
Note :   The number of patients to be admitted to each regimen can be obtained by multiplying the entry  in the table 

with an escalation factor given by [(100)/(100-drop-out rate)] 
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out in Table 2, For example, if a sufficiently 
highly effective regimen is defined as one having 
an efficacy of 95%,, the risk referred to above is 
4% if the sample s’ze is 100. 1 % for 125. 0.5%, 
for 150. and 0.1%. for 200. What constitutes 
an ‘aceeptable risk’ must be determined by the 
investigator, but for three values (1 %, 5% 

and 10%). the resultant recommended sample 
sizes are set out in Table 3. If 95% efficacy is 
regarded as sufficiently effective, the sample 
size must be 154 for <1% misclassification 
risk. 1 1 2  for <5% rsk, and 93 for <10% 
risk. The corrres pond ing figures for 90% effi-
cacy are 216, 155 and 12?, respectively. These 

TABLE 2  

Risk of classifying Insufficiently effective regimen fit sufficiently effective  regimen 
 

Definition of 
"Sufficiemly 

Definition of 
"Insufficiently 

Risk (%) of classifying insufficiently effective regimen as, sufficiently 
with the following sample side 

effective 

effective" effective" 
regimen*(%) Regimen*’(%) 100 125 150 375 200         225 250 275 300 

99 89 0.1 0 0 0 0             0 0 0 0 

95 88 0.5 O.1 0 0 0             0 0 0 0 

97 87 1 0.3 0.1 0 0            0  0 0 0 

96 86 2 0.8 0.2 O.1 0             0 0 0 0 

95 85 4 1 0.5 0.2 0. 1           0 0 0 0 
94 84 5 2 0.9 0.4 0.1          0 0 0 0 

93 83 7 3 1 0.6 0.2          0.1 0 0 0 
92 S2 8 4 2 0.9 0.4          0.2 0.1 0 0 

91 81 10 5 3 1 0.6          0.3 0.1 O.I 0 

90 80 12 6 3 2 0.9          0.4 0.2 0.1 0 

89 79 13 7 4 2 1               0.6 0.3 0.2 0.1 

88 78 15 9 5 3 2               0.8 0.5 0.2 0.1 

87 77 16 10 6 3 2            1 0.6 0.3 0.2 

86 76 18 11 7 4 2             1 0.5 0.4 0.2 

85 75 19 12 8 5 3             2 1 .0 0.6 0.3 

84 74 20 13 8 5 3             2 1 0.7 0.4 

83 73 22 14 9 6 4             2 1 0.9 0.5 

82 72 23 15 10 6 4             3 2 1 0.6 

81 71 24 16 11 7 5             3 2 1 0.8 

80 70 25 17 12 8 5             3 2 1 0.9 

*in terms of therapeutic efficacy in those who complete the prescribed course of chemotherapy. 
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TABLE 3 

Recommended sample sizes for determining whether or not a regimen is sufficiently effective 
 

No. of patients in analysis No. of patients to be admitted@ 

Misclassification risk** of:  Misclassification risk** of 

Definition of 
‘‘Sufficiently 
effective" 
regimen*(%) 

Definition of 
"Insufficiently 
effective" 
regimen*(%) 

<1% <5% <10% <1% <5% <10% 
99 89 94 71 61 118 89 76 

98 88 110 82 69 138 102 86 
97 87 126 93 78 358 116 98 
96 86 140 102 85 175 128 106 
95 85 154 112 93 192 140 116 
94 84 167 121 100 209 151 125 
93 S3 180 130 107 225 162 134 
92 S2 193 139 114 241 174 142 
91 81 205 147 120 256 184 150 
90 80 216 155 127 270 194 159 
89 79 228 163 133 285 204 166 
88 78 239 170 139 299 212 174 
87 77 249 177 144 311 221 180 
86 76 259 184 150 324 230 1 88 
85 75 269 191 155 336 239 194 
84 74 279 198 160 349 248 200 
83 73 288 204 165 360 255 206 
82 72 297 210 170 371 262 212 
81 71 305 216 175 3S! 270 219 
80 70 313 221 179 391 276 224 

*in terms of therapeutic efficacy in those who completed the prescribed course of chemotherapy. 
**i.e. risk of classifying  insufficiently effective regimen as ‘sufficiently effective’.     
@assuming a 20% drop-out rate over a 2-year period. 

findings suggest that,  if 90-95% is regarded 
as sufficiently highly effective, the   minimum 
sample size for analysis must be 90 to 130. 
Table 3 also sets out the  recommended intake 
to study, assuming a 20 % drop-out rate over a 
 2-year period.  The  findings  suggest that the 
minimum intake should be of the order  of 120 

to 160. 

Discussion 

A feature of most clinical trials of short-
course regimens is that one is operating with, 
regimens that are usually of high efficacy and 
are not appreciably different from one another. 
Consequently, the sample size needed for de-
monstrating significant differences between re-
gimens tends to be very high. Our computa-
tions indicate that differences of less than 
10% are often likely to be missed, and that 
even a difference of 10% can be detected only 
if the number of patients evaluated is of the 
order of 150-200 per treatment group. 

We examined 25 reports on short-course 
regimens published during the period 1974-85 
in the American Review of Respiratory Disease, 
Tubercle, Indian Journal of Tuberculosis, Lan-
cet, Chest, and Lung India. Of these, 21 dealt 
with comparisons, involving a total of 81 
regimens. Their distribution according to the 
number of patients employed in evaluation, 
and the country of study, is set out in Table 4. 
Of the 81 regimens, only 33 (41 %) had a sample 
size of 150 or more; further, as many as 32 
(40%) had a size of less than 100, including 
5 (6%) with less than 50 patients. There was 
considerable difference with respect to sample 
size between studies undertaken in India and 
those undertaken elsewhere. Thus, none of the 
17 regimens in India had a size of more than 
150 as compared to 52% of 64 undertaken 
elsewhere (P<0.001). At the other extreme, 
82% of the former had less than 100 patients 
e a c h  a s  c o mp a r e d  t o  2 8 %  o f  t h e  l a t t e r  
(P< 0.001). 
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TABLE 4  

Distribution of short-course regimens according to number of patients employed for evaluation 
 

Number of patients used 
For evaluating the regimen 

All countries                        India                  Other countries 

 No. of             %        No. of               %        No. of            % 
 regimens                     regimens                       regimens 

Less than 25  
      25-49 

1                   6               1          24               0                2      
4                                    3                             1 

50 -74 
75- 99 

I2                                          8             59                4                   27 
I 5                   33                 2                                13 

100—124 
125--. 149 

9                     20                   0              18                9                 20  
7                                          3                                4 

1 50—1 74 
175—199 

7                     30                     0                  0               7                38 
17                                              0                                    17                   

200—224 225-
249 250 or 
more 

9                                             0                                 9                             
0                        11                      0                   0               0                 14 

          0                                 o                       o 

Total 81               100                        17                   101             64               101 

The implications of the inadequacy of 
numbers are that the investigators could have 
wrongly concluded in some of these trials that 
regimens hud similar efficacy when indeed 
they were appreciably different. The long-term 
consequences of such an error could be serious, 
especially if it has a bearing on the choice of 
regimens for mass treatment programmes. 
Consequently, the temptation to undertake 
studies on short series of patients needs to be 
firmly resisted. An additional bias associated 
with small studies is that it is likely that only 
those with optimistic conclusions (i.e. no 
significant difference, highly effective combina-
tion) are submitted for publication. 

With the alternative approach described, 
wherein one is testing for whether a regimen 
is sufficiently highly effective for recommending 

its use in a tuberculosis programme, about 
100-125 patients in the analysis would be ade-
quate, as compared to 150-200 for demonstra-
ting significant differences between two regi-
mens. In general, the sample size will be smaller 
with the alternative approach. This suggests 
that it would, be valuable to determine, even at 
the planning stage, which of the two approa-
ches is more relevant to the clinical trial under 
consideration. 

Fox, W. and Mitchisyn, D.A. : Suit.; of Art-Short-
course chemotherapy for Pulmonary Tuberculosis: 
Amer. Rev. Resp. Dis., 1975, 1 1 1 ,  325. 

Waiters, D.E, : In defence of the Arc sine approxi-
mation; Statistician; 1979, 28, 219. 
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SURGERY IN RESPIRATORY DISEASES* 

BY S.B. TRIVEDI** 

At the outset, let me  mention that I am 
extremely thankful 10 the Incentive Committee 
of the Tuberculosis Association of India, for 
selecting me for the Wander-TAF Oration of 
the year 1985.   I feel  highly delighted by the 
honour bestowed on me- particularly when I 
remember the names of the stalwarts in the 
field who have delivered these orations in the 
past, t would also like to express deep sense 
of gratitude   to the house of Wanders for their 
support to the cause of the tight against Tubercu-
losis for last many many years. When selected 
for this oration, as a Surgeon, my obvious choice 
for the subject, was    Surgery   in Respiratory 
Diseases and, while speaking on this subject, i 
remember, with deep regard,   the names of the 
surgeons who used to be w i t h  us in these Confe-
rences in the part, viz. Dr. Reeve H. Belts, my 
respected teacher with whom I was at  Vellore 
for   2   years.   Colond   Chuck,   Or.   Thomson 
Wells, and Dr. Dingle)’, whom we    lost    only 
very recently. Without them, I feel very lonely, 
amongst the Chest Physicians and F. therefore 
shall try to highlight the fact. in this oration, 
that more and more Chest Surgeons should get 
involved and assist in the management of the 
Respiratory  Diseases 

History : The time at my disposal, and the 
vastness of my subject will not permit me to go 
into the historical details of the early stages of 
the development and progress of Chest Surgery 
which, of course, is a story of human courage 
and boldness. I must however mention the fact. 
I hat surgical methods were used for the ma-
nagement of Pulmonary TB and cases of lung 
abscesses even before the advent of antibiotics 
and chemotherapy. We arc all aware of the 
collapse procedures practised in ‘30s’ and 
‘40s’ like Artificial Pneumolhorax, Pneumopert-
toneum. Phrenic crush, conventional and. Plo-
mbage plastics. Even Resections were attempted 
in early days, very often with disastrous results. 
However, with the advent of specific che-
motherapy and improved technique of anaes-
thesia, which gave the facilities of positive pres-
sure breathing, controlled respiration with re-
laxants and even one lung anaesthesia, with 
bronchial blockers, the intra-thoracic surgical 
procedures, became relatively safe und reseclio-
nal surgery of  lung was increasingly done. Con-
tribution of surgical assistance to the management 
of lung diseases has shown periods of 

waxing and waning. In the early days, surgery 
was resorted to more out of desperation, be-
cause we had no antibiotics and chemotherapy. 
Use of surgery became a little less frequent, 
when the antibiotics and chemotherapy be-
came available. However, with improved tech-
niques of anaesthesia and. surgery. Resections 
were resorted to more frequently and more safely; 
1945 to 1965 were the years when surgical assi-
tance for the management of TB and other 
lung diseases was maximum, in the form of 
Resectional Surgery, under cover of good che-
motherapy, and the results were excellent. In 
the years after 1970. with the massive drive for 
early case detection and the use of newer and 
more effective anti-tuberculous chemothe-
rapy, the need for surgical intervention declined. 
However, surgical procedures, even today when 
rightly indicated, and when performed in time 
are a big assistance to drug therapy for the 
control and cure of respiratory diseases. 

The material for today’s presentation has 
been drawn entirely from the cases that came 
to us at the Amargadh Chest Hospital during 
last 25 years. Amargadh Institute was started as 
a small 48 bedded TB Sanatorium, in rural 
Saurashtra in 1949, but has now became a 750 
bedded, full-fledged well equipped chest hos-
pital. The material presented deals with the type 
of cases usually encountered, in the routine 
hospital practice, in a developing country like 
ours. Highly theoretical and academic consi-
derations are intentionally omitted. 

For the sake of ease and simplicity of pre-
sentation. I have decided to consider the use 
of Surgery in Respiratory diseases in three dis-
tinct groups : 

(1) Surgery in Acute Respiratory distress 

These are the type of cases where usually 
surgical intervention is not only absolutely 
essential but is an emergency. Surgical relief 
must be provided in these cases, as rapidly as 
possible, as otherwise the life is in danger. 

(2) Surgery In Pulmonary Tuberculosis 

This is for a group of cases, where there are 
definite indications for surgery, and if done in 
time, in rightly indicated cases, it urn be of great 
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assistance in curing the patient, and also in 
controlling the spread of the disease. In a deve-
loping country like ours, where the cases cannot 
still be diagnosed early enough and where 
effective chemotherapy for the desired duration 
is not always possible, because of socio-econo-
mic and other reasons, we do come across cases 
where surgery will help in the control and cure. 
In such cases, the only plea is I hat the surgical 
intervention should not be delayed, because ii 
delayed, it may not be possible at all. 

(3) Surgery in non-tuberculous lung diseases 

I.ung surgery is being performed with grea-
ter frequency now for this group. In developed 
countries particularly, where incidence of pul-
monary tuberculosis has gone down, these con-
ditions have now been, the main indications 
for lung-resectional surgery and that too with 
increasing frequency. The main indication is 
pulmonary neoplasms. 

I Acute Respiratory  Distress 

These conditions as indicated require im-
mediate surgical intervention as a life-saving 
procedure. These conditions arc commonly 
seen in infants and children, but arc also seen 
quite often in adults. These conditions can be 
grouped as follows: 

Acute dyspnoea caused by intraluminal air-
way obstruction is seen most commonly in 
children, and the commonest causes for this 
obstruction are either ( i )  laryngeal edema or 
(ii) a foreign body in the air passage. 

Acute laryngeal edema may be diptheretic 
in origin or may be due to allergic angioreurotic 
edema. The child usually comes in a gasping 
state with severe indrawing of the ribs. The clini-
cal picture is usually very typical and almost 
diagnostic, An immediate trachcostomy re-
lieves the dyspnoea completely and subsequent 
treatment with antibiotics and corticosteroids 
removes the laryngeal edema and the tube can 
be removed after about a week. 

In cases of obstruction due to inhalation 
of a foreign body, again the signs arc fairly 
typical. The foreign body may be radio-opaque 
when it is localised easily on an X-ray or it may 
be a vegetative foreign body like a tamarind 
seed or a groundnut. Diminished air entry on 
one side is fairly diagnostic and an immediate 
bronchoscopic removal of the foreign body com-
pletely relieves the distress. In some infants 
under the age of 2 years, we have found that the 
removal of the foreign body by bronchoscopy 
through a tracheostomy is far easier and safer 

and hence we have almost made it a routine 
practice to remove the foreign body in infants 
by bronchoscopy through a tracheostomy. 

(2) A massive pleural collection on one side 
causes acute respiratory distress. The cause may 
be tuberculous or otherwise, but an immediate 
drinage by an intercostal catheter connected to 
an   underwater   seal   drainage   gives   complete 
dramatic relief. 

(3) Similarly, a large sudden massive pneu- 
mothorax gives an acute  respiratory distress. 
In children,  this occurs quite often after an 
attack of measles while in adults with emphy- 
sematous chest, this can occur due to rupture 
of a bulla. Here also, an immediate intercostal 
drainage gives total and complete relief, 

 

A deep penetrating stab wound requires a 
thorough exploration by thoracotomy and. sub-
sequent, closure after putting in a drainage tube. 
Closed thoracic trauma resulting in fracture 
of the ribs is quite often very deceptive. Simple 
fracture of the ribs, or double fracture with a 
flail chest can give severe dyspnoea but is often 
relieved by strapping, But often a closed trauma 
with fracture of the ribs can procedure a large 
pneumothorax  or a hemo-pneumothorax and 
this again requires an immediate intercostal 
drainage for total relief. 

II. Surgery in Pulmonary Tuberculosis 

Casts of pulmonary Tuberculosis form 
another large group where, in some cases, surgi-
cal intervention and assistance, if offered in 
time; can be a big help in complete cure of the 
disease. There is an increasing belief among 
the phthisologisls that with the advent of drugs 
like Rifampicin and. Pyrazinamide, there is hardly 
any need for surgery in Pulmonary Tuber-
culosis. This is unfortunately not true, parti-
cularly for a developing country like ours where 
the diagnosis and detection of cases is not done 
early enough. And when these cases are detected 
late, the disease has already done such a lot of 
damage to the parenchymal tissue and the 
bionchial tree that, at least in some of them, 
surgery is needed for complete cure, and to 
make the patient completely asymptomatic. 

There are very definite and simple indications 
for surgical intervention and. these are as fol-
lows : 

( 1 )  A destroyed lung .: If the opposite 
lung is reasonably healthy, 
penumonectomy is, advisable for a 
destroyed Tuberc 
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lous lung that has multiple cavities 
and a lot of disease in the bronchial 
tree with bronchiectatic changes or bron-
chostenosis. because even after sputum 
conversion, the patient remains badly 
symptomatic. He brings out a lot of 
sputum, often has pyrexia and toxemia 
due to secondary infection, and can 
even have repeated haemoptysis. Re-
moval of this destroyed lung makes him 
completely asymptomatic. 

(2) Destroyed lobe : Just like a destroyed 
lung, a damaged,  destroyed lobe can 
be a potential source of morbidity and 
it is good to do a lobectomy and re 
move the lobe. 

(3) A failed  thoracoplasty:     Quite   often 
when full facilities are not available, a 
thoracoplasty is done  for a localised 
persistent apical cavity.   Sometimes the 
cavity does not close well, and after a 
few years the disease shows reactiva 
tion with positive sputum.    For such 
cases, a total lung resection can be and 
should be done, under the thoracoplasty. 

(4) Failed chemotherapy : Occasionally, we 
do come across some cases where the 
patient has meticulously taken the re 
commended specific effective    chemo 
therapy  for  sufficient  length   of time 
and even then he remains sputum posi 
tive, toxic and symptomatic.    In such 
cases, though they are to be considered 
as   bad  surgical  risk patients, a  lung 
resection must be done. 

(5) Lastly, surgery is indicated in some of 
the   complications   of  pulmonary   TB 
and the most important of these is em- 
pyema.   Treatment of tuberculous em- 
pyema has to start with plain and simple 
intercostal drainage.    This relieves the 
patient of pyrexia and toxemia.    Most 
often with persistent drainage and con 
tinuous negative suction pump, the lung 
re-expands      completely and the tube 
can be removed. But in some cases the 
underlying lung is so badly shrunken. 
and fibrosed that it cannot come out. 
Under such circumstances, the empye- 
ma space can be closed totally by a 
total 9-rib plasty.    Attempted decorti- 
cation in such cases most often fails, as 
even after the decortication, the fibros 
ed lung does not expand, the space 
persists and thoracoplasty becomes ne 
cessary to achieve  space obliteration. 
More radical and drastic operation of 
pleuropneumonectomy      also   can   be 
done, but like decortication,     pleuro- 

penumonectomy also is not very suc-
cessful because most of the time we 
end up with a bronchopleural fistula, 
a dreaded complication of resection. 
And, subsequently, for this again a total 
thoracoplasty is needed. For a tuber-
culous empyema, therefore a simple 
intercostal drainage is enough to bring 
the lung out, but if this does not succeed, 
the best alternative is a total space 
obliterating thoracoplasty. 

Another complication for which a re-
section is sometimes indicated is re-
current haemoptysis. The case is which 
a localised solitary cavity is responsible 
for recurrent haemopytysis, a lobectomy 
or a pneumonectomy is the best choice. 

III. Surgery in non-tuberculous lung diseases 

The final group is that of non-tuberculous 
lung diseases. Amongst these, following are 
the conditions where surgery is indicated: 

(1) Total cystic disease of the lung, if unila 
teral, is best treated by a   pneumonec 
tomy. 

(2) A large thick-walled chronic lung abs 
cess should better be treated by a lobec 
tomy. 

(3) Localised  bronchiectatic changes in a 
lobe or segment, particularly in a young 
patient, should better be removed by a 
segmental   resection  or  a   lobectomy. 
Even bilateral segmental resections have 
been done for localised bronchiectasis 
with great  success. 

(4) Presence of a large hydatid cyst in the 
lung   indicates   removal   of  the   cyst, 
which is a relatively   simple and   un- 
eventful procedure. 

(5) Huge air cyst or an emphysematous 
bulla, that makes the patient dysp-
noeic on. slightest exertion and a res-
piratory cripple, can be removed surgi-
cally with good relief. The total cyst 
wall is excised, and the bronchial open-
in is closed. The remaining lung then re-
expands to fill up the space, with 
improved ventilatory capacity. 

(6) Early suspected pulmonary neoplasms 
in the form of small rounded opacities, 
should better be removed early, as de 
lay may make the growth inoperable. 

(7) There are some cases, where there is an 
opacity of uncertain aetiology.   Quite 
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often, these cases are put on anti-tuber-
culous treatment straight away, but 
even after regular and prolonged 
treatment, if there is no change in the 
opacity, an exploratory thoracotomy is 
indicated, and the lobe or the lung 
should be resected. 

In conclusion, one can say; 

( 1 )    Surgery has a definite place in the ma- 

nagement of some of the respiratory dis-
eases. 

(2) There are definite indications where 
and when surgical intervention will 
accelerate and help the complete cure 
of the disease, 

(3) If indicated, surgical help should not be 
delayed.   

NEW AWARDS FOR OUTSTANDING RESEARCH 

The recently established Ranbaxy Research Foundation 
has announced two annual awards of Rs. 50,000’-each for 
outstanding research work in medical and pharmaceutical 
sciences. 

Indian nationals resident in India or abroad, who have 
not already received a major award for a particular research 
work will be eligible for sponsorship by heads of institutions 
such as universities, medical and pharmacy colleges, civil and 
military health services, and state level education and research 
centres, among others. The nominations would be received 
by the Foundation at 19, Nehru Place, New Delhi-19, till 
31st May, 1986. 
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Excerpts from the Presidential Address of Dr. D. Umapathy Rao 

(1) Priority   should   be  given   to 
detecting sputum positive cases 
among the chest symptomatics 
attending the various health 
institutions in the country. 

(2) Regular and continuous supply 
of drugs and   X-ray  films is 
essential. 

(3) Improvement in  the  method 
of drug  distribution, surveil 
lance, detection and retrieval 
of drug default are essential for 
improving the patients’ com 
pliance  in  domiciliary treat 
ment. 

(4) National    Tuberculosis    Pro 
gramme   should be a  100% 
centrally sponsored scheme, at 
least during the 7th, 8th and 
9th Five Year Plans, so that 
the   financial   constraints   of 
States may not   hamper the 

implementation of all the pro-
visions of the National Tuber-
culosis Programme. 

(5) General Practitioners who are 
willing to  follow the require 
ments of the National Tuber 
culosis Programme and main 
tain minimum records  should 
be    supplied    drugs   by   the 
government for free distribu 
tion to  their bona fide tuber 
culous patients. 

(6) Facilities    available    at    the 
Tuberculosis    Demonstration 
and  Training Centres should 
be   utilised   for    training    of 
personnel     and    operational 
research studies. 

(7) The   tempo   of  Tuberculosis 
Programme should be further 
intensified. 
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Summaries of Papers presented at the 40th 
National Conference on Tuberculosis & Chest 
Diseases at Shillong from 16th to 18th November, 1985 

LUNG DISEASE IN BHOPAL GAS VICTIMS 

S.K. JAIN AND N.P. MISRA 

1. A single   inhalation   of the  toxic  gas caused acute  lung injury and severe respiratory 
disease with a high rate of mortality. 

2. In the survivors, the pathological changes resolved   to a variable extent leaving a large 
number of patients with residual lung lesions. 

3. The disease is characterised p red eminently by   obstructive lesions ui the airways—es 
pecially the smaller bronchioles—with intra and peri-bronchial cellular infiltration, oedema and 
fibrosis. 

4. Additionally, there is alveolar obliteration, cellular infiltration and fibrosis—patchy in 
distribution in most but may be diffuse in others. 

5. Clinically. major symptoms comprise breathlessness on exertion, cough with or without 
expectoration, reduced work capacity and chest pain—with rales and rhonchi in nearly 50% of 
them. 

6. Lung function testing shows evidence of airflow limitation, alveolar hyperinflation and 
air trapping; impairment of diffusion in only a few but a normal KCO in all, slight hypoxaemia 
in nearly   50% but no CO2 retention. 
 

7. Exercise capacity is limited by dyspnoea and or muscle fatigue often without the patient 
reaching maximum ventilation or cardiac responses.    The explanations are not clear. 

8. Clinical and radiological features are poorly correlated with lung function and exercise 
test data. 

CHANGES IN PULMONARY FUNCTION IN VICTIMS OF BHOPAL   TRAGEDY 

V.K. VIJAYAN et al 

Clinical, pulmonary function and blood gas studies carried out in symptomatic Methyl Iso-
cyanatc exposed individuals 1-2 months after exposure had revealed that 40% of them had 
ventilatory impairment. The predominant type of ventilatory defect was combined obstruc-
tion and restriction. Five percent of patients with normal physical findings and. normal chest 
X-rays had abnormal pulmonary function. Arterial hypoxia (PaO2 < 85 mm Hg) was obseived 
in 69% °f patients in whom blood gas analyses were done. Arterial hypoxia and ventilatory 
abnormalities were predominantly seen in severely exposed patients. Further studies are re-
quired to identify the sub-group of patients with Reactive Airways Dysfunction Syndrome. Long 
term follow up is essential to identify the pulmonary syndromes due to MIC exposure. 



CERVICAL  LYMPHADENOPATHY—CLINIC O-PATHOLOGICAL  CORRELATION 

K.C. MOHANTY 

Fifty seven cases of cervical lyraphadenopathy were subjected to biopsy. Histopathological 
and bacteriological examinations for AFB by smear and culture were carried out. Histopatho-
logical evidence of tuberculosis was obtained in 48 of the patients. Bacteriologlcal confirma-
tion could be obtained only in 14 of these. 

TUBERCULOMA- BRAIN 

P.K. BAM 

Five cases of tuberculous of the brain were delected during the last one year in the Centenary 
Hospital, Calcutta Port Trust. Three of them were undor the age of 20 years. The location 
of tuberculoma was subteniorial in one and supratentorial in the other 4, None had a BCG 
scar. Three patients had tuberculous meningitis simultaneously. C.T. Scans have revolutionis-
ed the diagnosis of tubereuloma. 

EXTRA-PULMONARY MANIFESTATION AS OBSERVED IN CASES OF PULMONARY 
TUBERCULOSIS—A REVIEW OF 1,000 CASES 

B.N.  PANDA,  et al 

Out of one thousand consecutive male patients of pulmonary tuberculosis in the age group 
18-54 years treated in the Armed Forces Hospital, Pune, during 1983-85, thirty three had asso-
ciated extra pulmonary involvement. Fifty eight percent of this latter group were sputum 
negative by smear and culture as against 32 per cent in the enure group. The sites of involve-
ment were pleura (12). gastrointestinal tract (6). lymphnodes (4), osteoarticular system (4), 
genito-urinary organs (3). central nervous system (2), eye (2), skin (1) and pericardium (1). 
One patient had multiple orgm involvement. Patients with associated extia pulmonary lesions 
had less extensive and predominantly non-cavitary disease. From this study it appears that 
in cases of pulmonary tuberculosis, chances of having extra-pulmonary involvement is 
3 times more in patients whose sputum is negative for mycobacteimm TB by smear/culture than 
in the sputum positive cases. 

CHEMOTHERAPY    STUDIES IN TUBERCULOUS MENINGITIS IN    CHILDREN 

PADMA RAMACHANDRAN 

(Paper being published in full) 

CHOICE OF SAMPLE SIZE IN SHORT-COURSE CHEMOTHERAPY TRIALS 

M.C.  SATAGOPAN (Paper 

being published in full) 

APPLICATION OF SHORT-COURSE CHEMOTHERAPY UNDER FIELD CONDITIONS 

M.L.   MEHROTRA 

Results of 248 baeteriologically confirmed urban and rural cases of pulmonary tuber-
culosis were analysed. The duration of treatment was 32 weeks and the regimens were 4 RHZS/ 
16 R2HaZ2/12 R2H2 and 4 R3H2Z2S2/8 R2H2Z2/20 R2,H2,. Drug compliance was about 69% in both 
regimens. In the first regimen, all patients had favourable results and the relapse rate was 7% 
in the first year of follow-up. In the second regimen, the results of treatment were favourable in 
93 % of whom 21 % relapsed during the first year. Amongst those who had had earlier treatment, 
immediate favourable results were 91 % and the relapse rate among them was 37%. The adverse 
effects of the drugs were noticed in 15% and 6% respectively while treatment had to be 
discontinued in 5% and 1 ,4% respectively in the two regimens. 
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CLINICO-RADIOLOGICAL SEQUKLAE IN TREATED CASES OF PULMONARY 
TUBERCULOSIS 

V.P. GOPINATHAN. et al 

Clinico-radiological sequelae in 175 adult males suffering from pulmonary tuberculosis 
were analysed one year after completion of chemotherapy. The diagnosis was bacteriologically 
confirmed in 70%, of the patients. Twenty six percent continued to have residual symptoms 
without any activity of the tuberculous lesion. Seventy eight percent had residual radiologi-
cal opacities. Ten patients showed evidence of reactivation of disease needing re-treatment during 
ihe period of follow-up. Sequelae were observed very often in patients with far advanced smear 
positive initial disease and in those who had incomplete chemotherapy. 

ETHAMBUTOL AND OPTIC NEURITIS WITH SPECIAL   REFERENCE TO SERUM ZINC 
AND COPPER 

P.R   GUPTA, et al 

One hundred and four previously untreated bacteriologically confirmed cases of pulmo-
nary tuberculosis were studied. Thirty five were not given any Ethambutol. Thirty four were 
given Ethambutol 25 mg/kg per day and 35 were given 35 mg/kg. Eighteen healthy subjects 
served as controls. None, 1 and 4 patients respectively in the three treatment groups had comp-
laints suggestive of optic neuritis which was confirmed objectively only in 3 out of the 4 patients 
in high-dose Ethambutol group. Decline in serum zinc levels was noticed in both the Etham-
hutol groups, but the decline was significant only in the higher dose Ethambutol group. Serum 
copper levels were unaffected. All patients developing optic neuritis were males, under 30 years 
of age and moderately to severely under-nourished. 

ERRORS OF PRESCRIBING   ANT1-TB DRUGS—A MEDICAL AUDIT 

B.L.. JETHWANI 

 

Three thousand prescriptions of previous treatment by 1,602 patients admitted in a sanatorium 
were reviewed. Nearly 82% of the prescriptions included three or more anti-TB drugs, 6% had 
only one drug and 3% had 5 to 6 anti-TB drugs. INH, Ethambutol and Rifampicin were the 
commonest drugs (70-75%). Streptomycin was included in nearly 1/3rd of the prescriptions and 

Pyrazinamide in about l/5th of the prescriptions. In 19% of the prescriptions, dosage was wrong 
and in 13% the frequency of drug administration was faulty. Percentage of wrong prescriptions 

was 1.5%, 22.6% and 33.3% among tuberculosis specialists, other qualified physicians and 
unqualified physicians, respectively. The prescription was wrong in the case of 4% of the 

patients who had previously had treatment in a tuberculosis hospital. 

SUPPURATIVE LUNG DISEASE—STUDY OF 39 CASES 

G.S. PERHAR 

A retrospective analysis of 39 patients with suppurativc lung diseases was carried out. Males 
predominated and the maximum number of cases were in the age group 31 to 40 years. Sta-
phylococcus aureus coagulase positive was the commonest causative oiganism which was resi-
stant to most of the routinely used antibiotics, followed by Klebsiella pneumonia. Bronchos-
copy was non-contributory in 1 ,/3rd of the cases. Only three patients required surgical treatment. 
Chemotherapy alone was enough in all other cases. In one case, left parietal lobe abscess was 
seen as a metustatic complication. 

OVARIAN FUNCTION AFTER EFFECTIVE  TREATMENT OF PULMONARY 
TUBERCULOSIS 

(MRS.) S.N. TRIPATHY 

The study was based on a prospective study of 50 consecutive bacillary eases of pulmonary 
tuberculosis hospitalised during one year (1983-84). Gynaecological investigations could be 
completed after treatment of pulmonary tuberculosis in 35 paiients. Fourteen of these received 
conventional chemotherapy and the other 21 short-course chemotherapy. None of the 35 cases 
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showed a relapse in 6-12 months’ period of follow-up. In nearly 3/4th of the cases ovarian func-
tion returned to normal after treatment and nearly l/3rd of these became pregnant also. It is 
not clear whether irreversibility of the ovarian function in some cases was due to complete des-
truction of the ovary and/or endometrium or the prolonged course of pulmonary tuberculosis 
affected the ovarian function in some other way. 

ELECTROCARDIOGRAPHS  ABNORMALITIES  IN UNTREATED   CASES  OF 
PULMONARY TUBERCULOSIS 

S.N. TRIPATHY, Et al. 

The study is based on 64 patients of bacteriologically confitmed cases of pulmonary tuber-
culosis. Males and females were approximately equal and majority of them were in the age group 
30-39 years. Majority of the cases had severe degree constitutional disturbances. ECG abnor-
malities were seen in 30 cases and almost all of them had far advanced pulmonary disease. The 
various types of ECG abnormalities seen in these cases were analysed. 

PANEL DISCUSSION ON -MODALITIES OF CASE-HOLDING" 

MODERATOR : DR. P.A. DTSHMUKH Panelists : I, 

Ranga Rao, S.K. Khasgiwala and M.A.Seetha 

Case-holding, which along with case-finding, is essential for tuberculosis control, was de-
lined as the process of ensuring that the patient adheres to the prescribed treatment regimen for 
the prescribed period of treatment. Case-holding was reported to be about 30% in an average 
DTP.   In bettor served urban areas, 70-80% of the patients completed the duration of treatment. 
The problem is of great magnitude, in general. 

The pre-requisites of case-holding were identified as operational (pertaining to distance 
between the drug distribution centre and the patient’s residence, working hours of the treatment 
centre and regularity of drug supplies); organisational (importance of proper address of ihe pa-
tient, efficiency of defaulter retrieval system and availability of health facilities for this purpose) 
and technical (nature of treatment and regimen). The pros and cons of bi-weekly intermittent 
regimens were discussed in detail. Symptomatic relief and false sense of cure arising from that 
was considered to be the most common cause of drug default. The importance of motivation 
to avoid default and the role of doctors, multi-purpose workers, village health volunteers and 
voluntary organisations was stressed. 

FATE OF TREATMENT DEFAULTERS : A BACTERIOLOGICAL ASSESSMENT 

K. JAGANNATH, et al. 

Results of 60 previously untreated patients who were on short-course chemotherapy and 
66 re-treatment cases who were on a bi-weekly regimen were analysed. Twenty three untreated 
and 15 re-treatment cases were positive by smear and culture; 1 and 3, respectively, were smear 
negative but culture positive; 36 and 48, respectively, were smear negative and culture negative. 
The bacilli were found to be sensitive to all drugs in all culture positive cases. Sputum continued 
to be positive or ihere was a reversion to positivity after initial concession more frequently in pa-
tients who had extensive or moderately advanced pulmonary lesions. Case retrieval procedures 
should be intensive to keep these persons regular. Similarly, concerted efforts are necessary to 
retrieve early treatment defaulters. Sputum conversion was less in defaulters who had irregular 
treatment before default. 

FATE OF RURAL   LOST CASES IN A DISTRICT TB PROGRAMME 

B.S. NAGARAJA RAO, Et al 

Out of the 370 patients treated during 1982-84 who were eligible for the study, 60 cases 
could not be traced for want of adequate address or due to migration. Out of the 310 cases who 
had stopped treatment prematurely and could be traced, 10% had died, 10% were treatment 
failures and 80% had been cured. Some of the cases who had dropped out of the treatment 
earlier resumed treatment sometime later. 
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PROBLEM OF DEFAULT AND FATE OF DEFAULTERS 

M.A. RAHIM AND R. PATHASARATHY 

The study was carried out ai DTC, thanjavur during 1983-84 with the object of determining 
the quantum of default with reasons thereof and to determine the fate of defaulters in relation to 
their bacteriological and radiological status both at the start of treatment and at the time of 
default. There were 3,291 defaulters out of which 2,337 were attending the DTC and 954 were 
taking treatment in the various PHIs. The average number of defaults per patient was 5.6 in 
the PHIs and 3.7 in the DTC patients. Seventy five percent of the defaulters had 50% or 
more of drug collection as against 43 "„ amongst the PHIs defaulters. Sixty eight percent of ihe 
defaulters could he retrieved. 

RETROSPECTIVE STUDY OF 245 DEFAULTERS REPORTING BACK TO 
DTC ON THEIR OWN 

R.A.  SHARMA 

Two hundred and forty five patients had stopped taking drugs after varying periods of treat-
ment between July 1982 and December, 1954. The commonest cause of default was relief of 
symptoms followed by migration. Reappearance of symptoms was responsible for their report-
nig back at the DTC after earlier default. Some patients defaulted because of pregnancy and 
some because injections were not given to them (which they thought was essential for treatment). 
Bacteriological status at the time of reporting back after default depended upon the duration of 
treatment which the patient had before default and the interval between default and reporting 
back. 

ROLE OF REPEAT SPUTUM MICROSCOPY IN   THE DIAGNOSIS OF PULMONARY 
TUBERCULOSIS 

M.   SUNDARAMMA.   Et. Al. 

The study is based on 4,063 patients who were considered LO be suffring from pulmonary 
tuberculosis on the basis of clinical and radiological evidence. Of these, 1 .619 were positive 
for AFB by microscopy of the spot specimen of sputum. Of the 2,444 whose spot specimen wu-, 
negative, 1,672 were included in the study, for which first specimen of sputum brought out by 
the patient immediately after waking up in the morning was examined. Four hundred and eighty 
eight were positive on the first day, 2 on the second day and 5 on the third day. 

DISTRICT TUBERCULOSIS PROGRAMME  :   MATERIAL AND METHODS FOR 
ENHANCING CASE-FINDING AND TREATMENT ACTIVITY IN  RURAL AREAS : 

AN OPERATIONAL   ASPECT 

R.C. SHARMA, ct al 

 

Case-finding camps were organised in the rural areas of the district with a view to improve 
case-finding. The Camps were preceded by an intensive publicity campaign. Before the Camp, 
sputum of *478 symptomatics was examined and 5 were found to be positive. As a result of the 
Camps, 7,335 symptomatics were examined and 730 fiesh sputum positive cases were identi-
fied. Of the 730 freshly discovered cases, 360 were initial defaulters but 110 of these could be 
called subsequently for starting treatment. 

ROLE OF PARA-MEDECAL PERSONNEL IN NATIONAL TUBERCULOSIS PROGRAMME 

J.L. MONGA 

The role of para-medical workers should consist of identifying the chest symptomatics, col-
lecting proper specimens of sputum from them and arranging for examination of the sputum. 
Jn respect of case-holding, their most important function is to motivate the patient and the family 
for regular treatment. Treatment regimens must be acceptable to obtain hotter compliance from 
the patients and the para-medicals must identify adverse reactions as curly us possible. Health 
education with a view to create public awareness, to maintain proper record of treatment with a 
view to detect drug default, as early as possible, and to take prompt defaulter action are the other 
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responsibilities of a para-medical worker.    The need for   improved working conditions   and 
better emoluments for the  para-medical workers was  stressed. 

A COMPARATIVE ASSESSMENT OF  THREE   MOTIVATION  PROCEDURES  FOR 
SUCCESSFUL COMPLETION OF TREATMENT—INTERIM RESULTS 

(New Delhi Tuberculosis Centre) 

Three different procedures of motivation of domiciliary patients of pulmonary tuberculosis 
in respect of regular drug taking were compared. In all three procedures, initial motivation was 
provided at the centre. However, recurrent motivation at 4 weekly intervals was provided ac-
cording to three different procedures:- 

A. Motivated at Centre by Health  Visitor 
B. Motivated at Home in presence of at least 2 adult family members by Health Visitor 
C. Motivated at Centre by Doctor. 

The same drug regimen (8 HR7F/24 TH) was prescribed to all patients, the total treat-
ment lasting 32 weeks. 

An interim analysis covering the first 16 weeks of treatment of 65 patients showed that dur-
ing this initial period there was not much to choose between the three procedures. However, 
substantial differences were noted when data covering the first 24 weeks were analysed for the 
35 patients who had completed this period. In Procedure A the average number of diug days 
lost was 16.3 and in B 3.2. days. In procedure C, where the medical officer provided the moti-
vation, the average was the highest i.e. 22.3 days. From this limited analysis it appears that pro-
cedure B has an edge over others but final conclusions must await completion of the study. 

A STUDY OF PHARMACOKINETICS OF PYRAZINAMSDE IN TUBERCULOSIS PATIENTS 

MRS. SANDHYA KULSHRESTHA 

(Paper being published in full) 

ALLERGEN TESTING AND HYPOSENSITISATION 

P.A. DESHMUKH, et al. 

Two hundred and fifty eight cases consisting of bronchial asthma (112) allergic rhinitis 
(72) and both together (74) were studied. One hundred and forty four of the patients were males 
and nearly 3/4th of the patients were in the age group 15-44 years. House dust was found to be 
the most frequent allergen followed by Candida, rice grain dust and 11 varieties of pollen. Hy-
posensitisation with specific vaccine was possible in 50 cases. Of these, 14% showed good im-
provement, 36% moderate improvement and 12% mild improvement. In 38%, hyposensitisa-
tion was a failure. Improvement was obtained within 16 weeks. Patients with definite history 
of periodic or seasonal exacerbations are likely to be benefitted. Multi-reactors do not benefit 
and patients in the younger age group fare better. 

A STUDY OF INTRADERMAL ALLERGY TESTING IN BRONCHIAL ASTHMA INRAIPUR 

B. SARKAR, et al. 

Intra-dermal testing was carried out in 50 patients of bronchial asthma and compared with 
10 healthy controls. Thirty five of the patients were males, 86% had allergic rhinitis, 22% ur-
ticaria, 20% food allergy and 8% had associated eczema. Extrinsic asthma was more frequent 
than intrinsic. Seventy four allergens were used for skin testing. Dust and insects were the two 
most frequent offending allergens. 

SKIN SENSITISING TEST AND TOTAL SERUM IgE LEVELS IN NORMAL AND VARIOUS 

ALLERGIC DISORDERS 

S.K. SAHA, et al.  

The study is based on 40 patients.   Total mean serum IgE in healthy individuals was found 



to be 41 ± 29 KU/L and the upper limit of normal values was found to he 105 KU/L. In aller-
gic patients, scrum IgE was found to be 502 ± 376 K.U/L... Asthmatic patiems had higher mean. 
levels than those suffering from either seasonal Rhinitis or Conjunctivitis., Exceptionallv high 
levels strongly raised the suspicion of parasitic infestation, 

LONG-ACTING TRIAMCINOLONE ACETONIDE IN CASES OF KRONCHIAL ASTHMA 

BALDEV RAJ, et al. 

Sixty patients of chrome bronchial asthma were studied. Twenty patients were given 
salbulamol daily. 20 patients were put on Triamcinoionc Acctonide, (TA) once a month and 20 
patients were put on TA once a month as well as salbmrunol daily The response was fair 
in 12, poor in 5 and worse in 3 patients in salbutamoi group. excelIent in 15 and good in 5 in 
TA group and excellent in 1 7. good in 1 and poor in 2 in the group which was given both the 
drugs. TA provides rapid relief of symptoms and longer periods of remission as compared to 
salbutamol. 

IMMUNOTHERAPY  IN MANAGEMENT OF ALLERGIC BRONCHIAL ASTHMA 

M.A. AGNIHOTRI, et al 

Out of 1 -055 patient who intended the Allergy Clinic between May 1982 and August, 1984. 
nearly 69%. suff red. from respiratory allergic diseases. Twenty eight percent had skin allergy 
and. 3%. had drug allergy. Amongst the respiratory pylorus, nearly 90% ,, suffered from bron-
chial asthma with or without other allergic manifestations and nearly 10%, had only rhinitis. 
Immune-therapy was given to 468 patients out of 500 with allergic. bronchial asthma. The re-
maining 32 patients wore excluded because the identity of the offending allergen could not be 
established. Of the patients v\ho look treatment regularly for 12 months,, nearly 88% showed 
improvement, The improvement rate went up to 96%,, in those who took treatment for 24 months. 

LUNG  FUNCTION AND GAS DIFFUSION STUDIES IN TREATED CASES  OF 
PULMONARY TUBERCULOSIS 

R. JAYASWAL 

Sixty sputum positive cases of pulmonary tuberculosis were treated for, 3 to 9 months with 
short-course chemotherapy, the regimen being 2 SHRZ +7 S2H2Z2_,. All patients were adult 
males. Nearly half the patients were moderately advanced and the other half far advanced. 
Twenty two patients showed obstructive lung disease; 19 had restrictive disability and. 8 had both 
restrictive and obstructive disability. Diffusion studies showed higher values in 39 patients. 
There was no close relationship between the age and the diffusiong capacity, though the latter was 
more often impaired with increasing age There was again no correlation between age and pul-
monary function. AN interesting observation was that many of the patients. showed higher diffusion 
when, evaluated towards th e  end treatment. 

PULMONARY  SCINTISCANNING  :   VENTILATION   PERFUSION   (V/ Q)   CHANGES    IN 
CHRONH   PULMONARY TUBERCULOSIS 

M.M. SINGH. N. LAKSHMIPATIU. DEEPAK   TALWAR AND A. JENA 

Twenty previously treated  patients (5 females) of pulmonary tuberculous with mean age 
of 42.4 + 7.9 yrs. were studied by Aerosol-perfusion lung scanning.They were smear negative 
on three consecutive days and had moderately or far advanced disease.. The Aerosol scans were 
performed by inhalation of Technetium (99m Tc), phytate aerosols with mass median dia-meter of 
0.8 micron and associated S.D. of 2.0 nebulized in "Dry Aerosol Inhalation Apparatus’. Perfusion 
scans were performed bv injecting 100,000 human albiumin microsphere particles labelled with 
99m’ Tc. 

Result showed the abnormality in V/Q scans to be directly perportional to the extent of the 
lung lesion. However, no V.Q mismatch was observed in any of the cases, indicating that the 
parenchymal destruction due to tuberculosis involved equally the perfusion and ventilation of the 
affected areas. The functional changes closely correlated with the radiological and radio-
isotopic assessment of the abnormalities in all the moderately and far advanced cases of pulmonary
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tuberculosis.   The associated COPD changes, as predicted by dynamic lung functions, under-
estimated    the true obstructive severity of the case. 

The V/Q scans in chronic pulmonary tuberculosis reflect truly the functional and physio-
logical status of lungs, thereby correctly estimating the damage done to the pulmonary circula-
tion and ventilation. Ft has a practical utility in pre-operative assessment of cases undergoing 
surgery. 

PULMONARY HYDATID DISEASE IN SAURASHTRA 

A.L. ANAND 

Seventy five cases of hydatid disease were found amongst nearly 50,000 persons above the 
age of 15 examined by mass miniature radiography in Saurashtra. The cyst was unilateral in 
72 cases; 37 of the cases were asymptomatic. Cough, haemoptysis, pain in the chest and brea-
thlessness were common symptoms. Pneumopericyst was seen in 3 cases, lung abscess in 6 and 
the floating membrane in 2 cases. Treatment of choice was surgical. Except in one case where 
a secondary cyst appeared in ihc operation scar, there was no recurrence in others for a number 
of years otter surgical removal. 

PULMONARY HYDATID DISEASE 

PROF.  HARIHAR DAS, ET. AL. 

Twenty one cases of hydatid disease were studied. Of these; 18 had a single cyst. One of 
the cases presented with a lung abscess Casoni’s test was positive in all cases.  Water lily sign 
was seen in one case. All the patients were treated surgically. 

PULMONARY TUBERCULOSIS AS A CAUSE OF UNFOLDING OF AORTA 

M. PRASAD, et al. 

Skiagrams of 600 patients of pulmonary tuberculosis (280 males and 320 females) treated 
between 1970 and 1980 were reviewed for presence of unfolding of Aorta. The skiagrams of 200 
healthy controls were also studied. The age range in both groups was 20-40 years. Unfolding 
of the Aorta was seen in 66 out of 600 patients. The rate was significantly higher than in the 
controls, thus confirming pulmonary tuberculosis as one of the factors associated with unfolding 
of Aorta. Unfolding was unrelated to the treatment and progress of the disease. 
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BRIEF REPORT ON THE XIVTH EASTERN REGION 
TUBERCULOSIS CONFERENCE 

Amdist chanting of vedic hymns, Her Ma-
jesty the Queen Aishwarya Rajya Laxmi Devi 
Shah, President of the Social Services National 
Coordination Council of Nepal inaugurated 
the XlVth Ear tern Region Tuberculosis Confe-
rence of the IUAT in Kathmandu (Nepal) on 
25th November, 1985 by lighting the ceremonial 
lamp. The flame for lighting the lamp was 
presented to Her Majesty by Dr. Keith W.H. 
Harris, Secretary-General of the Eastern Re-
gion of the IUAT. The inaugural function was 
attended by about 400 delegates and a large 
number of distinguished guests and celebrities 
in the tastefully decorated Convention Hall 
of Hotel Everest Sheraton. 

The inaugural function opened with a wel-
come address by the Rt. Hon’ble Mrs. Ramal 
Rana, President of the Nepal Anti-TB Asso-
ciation and the Eastern Region of the IUAT. 
She expressed profound gratitude to Her Ma-
jesty the Queen for her gracious presence at 
this function and for agreeing to inaugurate 
the Conference. She also thanked the distin-
guished guests and delegates who had respond-
ed to their invitation. Many of them had come 
from long distances. 

Mr. D.B. Pradhan, Secretary-General of the 
Nepal Anti-TB Association, referred briefly 
to the activities of the Nepal Association which 
was started 32 years ago in a very modest way. 
It was providing X-ray and laboratory facili-
ties to the people and also running an out-pa-
tient clinic in Kathmandu. Expansion of the 
activities is aimed at taking anti-TB services to 
the very door-steps of the persons in need. 
He thanked Her Majesty profoundly for the 
leadership and guidance which she was provid-
ing to the National Association. 

Dr. Keith Harris, the Secretary-General of 
the Eastern Region, referred to the resolve of 
His Majesty’s government to eradicate hunger, 
disease, illiteracy and poverty from the King-
dom of Nepal. It was highly gratifying that the 
Tuberculosis Association of Nepal under the 
wise leadership of Rt. Hon’ble Mrs. Kamal 
Rana and her associates was taking active steps 
to bring tuberculosis under control as quickly 
as possible. A large number of recognised ex-
perts from other regions were also attending 
this Conference in a spirit of mutual coopera-
tion and coordination. It was hoped that the 
deliberations of the Conference will help not 

only the host country but also other countries in 
the region to revamp their control programmes. 
He expressed sincere gratitude to the host 
Association for the kindness and warmth of 
their hospitality. 

Dr. N.C Sen Gupta, President of the EUAT, 
conveyed to Her Majesty the gratitude of the 
JUAT for her gracious presence at the inaugu-
ral function and conveyed his and the JUAT’s 
120 members’ cordial greetings to the govern-
ment and Tuberculosis Association of Nepal. 
The most significant achievement of the Union 
over the year had been the ongoing efforts to 
mobilise funds and expertise from the developed 
countries for the benefit of the control 
programmes in the developing countries. He 
said that the hick of progress in some develop-
ing countries had partly been due to their fai-
lure to apply effectively the available 
technology, even when it was relatively simple 
and inexpensive, H e  a p p e a l e d  t o  t h e  
c o u n t r i e s  o f  t h e  r e g i o n  t o  d i r e c t  
t h e i r  attention to this pressing need establish  
effective and meaningful dialogue and a 
partnership between governmental and non-
governmental  organisations. 

Prof G. Daddi  of Itay, in his capacity as the 
oldest member of the IUAT present that morning, 
convoyed his felicitations to the Eastern Region 
and the host Association for hosting the 
Conference. He referred briefly to the tight 
against tuberculosis in the developing countries 
over the years and hoped that with international 
cooperation, the developing countries will also 
very soon be able to control tuberculosis. He 
thanked the host Association for inviting him 
to attend the Conference. 

Dr. U. Ko K.o, Regional Director of the 
SEARO/WHO in a short message congratu-
lated His Majesty’s government and the Tuber-
culosis Association of Nepal for having orga-
nised this important Conference so magni-
ficently in the beautiful valley of Kathmandu. 
He acknowledged the leading role played by 
the Eastern Region in planning strategies for 
tuberculosis control inspite of severe and seve-
ral constraints and for supporting actively 
measures aimed at strengthening the various 
components of the control programme- The 
World. Health Assembly had identified tuber-
culosis as an area of priority and suggested ways 
and means to develop suitable strategies for 
optimal achievement. The programme aimed at 
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stimulating governments to allocate adequate 
funds, to improve case-finding and treatment. 
BCG coverage and operational research. He was 
confident that in the not too distant future, 
tuberculosis will cease to be a major public 
health problem a l l  over the world, if collabora-
tive efforts were pursued diligently. 

The Hon’ble Shri Ruddura Prasad Gin, 
Minister for Health, referred to the enthusiasm 
and selfless effort with which all social workers in 
Nepal were working for the well-being of the 
people ever since Her Majesty the Queen had 
graciously accepted the Chairmanship of the 
Social Services National Coordination Council. 
Control of Tuberculosis was an essential com-
ponent of the primary healthar care 
programme in Nepal and was receiving lop 
priority along with fulfilment of the basic needs 
of the people in respect of food, clothing, 
shelter, education and social security. He paid a 
tribute to the National Tuberculosis Association 
which had been supporting the National 
Programme by running a Tuberculosis Hospital 
and. by organising community based projects 
and health education, l ie  wished the 
international participants a very comfortable 
stay in Kathmandu and hoped that in addition 
to attending the Conference, they will be able to 
find some time to see the beatiful country as 
well. 

Her Majesty the Queen then lighted the cere-
monial lamp amidst chanting of Vedic hymns 
and acclamation from the audience. The func-
tion came to an end with the playing of the 
Nepalese National Anthem 

The Organising Committee, with the assis-
tance of Sir John Crofton of U.K. and Dr. Keith 
Harris, had drawn up an elaborate scientific pro-
gramme extending over five days from 25thto the 
29th November 1985. Sixty eight papers were to 
be presented but 13 authors could not attend the 
Conference. The main subjects that were covered 
were Tuberculosis Control Programme in Nepal 
and other countries of the Region ; epidemiology 
and evaluation of control programmes: problems 
of case-finding and case-holding: 
chemotherapy; health education and commu-
nity involvement; bacteriology of tuberculosis: 
BCG vaccination and. non-tuberculous res-
piratory diseases. There were three sessions for 
free communications. An important feature of 
the scientific programme was a special prog-
ramme on health and smoking. Sir John Crofton 
of U.K. made a fervent plea for setting up of 
National Committees on Smoking in all count-
ries of the region with a view to spearhead the 
anti-smoking programme. The Scientific Prog-
ramme was of a very high calibre and all the 
sessions were well attended. The arrangements 
for the scientific sessions were excellent. The 
hosts had arranged a cultural programme on one 

evening which showed the rich variety of dance 
and music from the various regions of the 
country. The programme was very enjoyable. 

The Scientific Programme included a visit to 
the office of the Nepal Anti-TB Association on 
the occasion of its flag hoisting ceremony. The 
delegates also went round the TB Hospital in 
the same campus. This was followed by a visit 
to three health centres in the rural areas where 
an integrated health programme, including 
tuberculosis services, was being implemented. 
The enthusiasm and involvement of the people 
in implementing the programme and availing 
of the services was remarkable. 

The Hon’ble Health Minister and the Nepal 
Anti-TB Association hosted dinners for the de-
legates and a lunch was hosted by the Kath-
mandu Nagar Panchayat. 

The Nepal Anti-Tuberculosis Association 
had spared no moans to make the Conference 
a resounding success in all respects. Arrange-
ments for the Scientific Sessions, delegates’ ac-
commodation and. transport and hospitality 
were excellent. The delegates were highly ap-
preciative of the arrangements and expressed 
their gratitude, singly and collectively, to Rt. 
Hon’b’e Mrs. Kamal Rana, President of the 
Host Association and her band of dedicated 
workers for all they had done. 

The Conference made the following recom-
mendations :- 

(1) Case-finding and case-holding activities 
must be intensified since these play an 
essential role in interrupting the chain 
of transmission of tubercle bacilli in the 
community. 

(2) Top priority should be given    to case 
finding by examination of sputum.   At 
least two sputum smears should be exa 
mined. 

(3) Health education activities    should be 
stopped up with a, view to encourage pas 
sive    case-finding    amongst   respiratory 
symptomatics. 

(4) Supervisory teams should be organised 
at national and peripheral levels to super 
vise the activities of the health personnel 
and   to   provide   training /re-orientation 
facilities. 

(5) Short-course chemotherapy  has advan 
tages over the conventional chemotherapy 
to the extent that it is conducive to higher 
completion and lower relapse rates but it 
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should not lead to any relaxation of case-
holding efforts. Indeed, it calls for even 
greater efforts. It must also be remember-
ed that short-course chemotherapy, es-
pecially if it is intermittent, may not be 
much cheaper since the cost of treatment 
is not merely the cost of drugs but also 
includes the cost of providing surveillance 
of treatment. 

(6) Only regimens of proven efficiency should 
her deployed for short-course chemo-
therapy. Regimens recommended by the 
Treatment Committee of the IUAT have 
already been published. Intermittent 
treatment must be administered under 
supervision. 

( 7 )  The recommendations of the WHO/ 
IUAT Expert Committee on BCG are 
reiterated strongly. Priority be given to 
coverage of infants upto one year in age. 

(8) Continuing evaluation of activities is re-
commended with a view to ideality 
difficulties in 1 he implementation of the 
programme and to devise solutions for 
the difficulties. Evaluation should be 
aimed mainly at determining the per-
centage of symptomatics amongst new 
patients; the per- centage of symptoma-
tics whose sputum has been examined; 
the percentage of sputum specimens 
found to be positive; the percentage of 
sputum positive patients starting treat-
ment; the percentage of defaulters at 
various stages of treatment; the percen-
tage of deaths in the first year, the 
percentage of failures of treatment 
(persons whose sputum remains un-
converted at the end of treatment); the 
percentage of relapses and the percentage 
of fake positive and false negative 
sputum microscopy results. 

(9) The WHO recommendations in respect 
of the role of voluntary organisations in 
supplementing the governmental efforts 
vis-a-vis the National Tuberculosis 
Programme were further endorsed. 

10) National Associations should pay serious 
attention to the increasing problem of 
smoking and cooperate with other Na-
tional Health and Consumer Associa-
tions to raise public awareness and to 
bring pressures on governments to imp-
Plement the suggestions contained in 
the publications of the Smoking and 
Health Committees of the IUAT which 
will be available to member countries in 
March, 1986. It was also recommended 
that each Association should set up its 
own National Committee on Smoking 
and Health for this purpose and appoint 

a ‘contact person’ particularly 
interested. 
in this probe m to establish a liaison with 
the Central 1UAT Committee on Smok-
ing and Heallih. 

The important decisions of the Council and 
the Executive Committee of the Region  

(I) It is proposed to set up a small fund to 
give mutual assistance for small 
projects being undertaken in various 
countries of the region and which are 
approved by the National Associations. 
The Applications for subsidy/grant for 
these projects will have to be routed 
through the National TB Associations 
and with the concurrence of the 
National governments. The subsidy 
will be made available from the 
Secretariat of the Eastern Region of the 
1U AT through the National 
Associations. Application forms will. be 
available from the Secretariat of the 
Eastern Region of the IUAT. 

(2)  The Newsletter of  the region should 
continue to be brought out once or twice 
a year. A comprehensive bulletin may be 
brought out once in two or three years 
as and when material is available. Dr. 
Pamra of India agreed to continue edit-
ing the Newsletter arid the bulletin, 

(3) Mainland China has been officially re 
admitted as a member of the IUAT. 

(4) The next Eastern Region Conference will 
be held in Pakistan in 1987. 

(5) The following office bearers were elected :- 

President To be nominated bv 
Pakistan 

Immediate Past President 
Rt. Hon (Mrs.) Kamal Rana (Nepal) 

Vice-President Dr. T. Shimao 
(Japan) 

Sc ere tary-Genera! Dr. Keith W.H. 
Harris (Australia) 

Treasurer Dr. B.P. Mozoomdar 
(Singapore) 

Representative of the Region to the JUAT Execu-
tive Committee Dr. S.P. Pamra (India 
Member 

Dr. S.P. Pamra (India) Dr. Songkram 
Supcbaiocn (Thailand) Dr. J-S.  Sodhy 
(Malaysia) Dr.  Masakasu Aoki (Japan) 
Dr. Hong Young Pyo (South Korea) Dr. 
J.S. Gunardi (Indonesia) 
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NEWS & NOTES 

ANNUAL   MEETINGS OF THE T.A.I. 

The 47th Annual General Meeting of the 
Tuberculosis Association of India was held 
at 11 A.M. on Friday, the 18th April, 1986 in 
the Conference Hall of the Association, 3. Red 
Cross Road, New Delhi-1. The meeting was 
presided over by Shri S. Ranganathan. ICS 
(Retd.) President of the Association and was 
followed by a meeting of the Central Com-
mittee of the Association. 

The Conference of Secretaries of Stale TB 
Associations was held in the afternoon of 
IXth April. 1986. The Technical Committee 
of the Association on 17 T H  Apr i l . 19S6. 

CHAIRMAN, TECHNICAL COMMITTEE 

Dr. S.P. Gupta. Assistant Director General 
of Health Services (TB). Government of India. 
New Delhi, has been nominated as Chairman 
of the the Standing Technical committee of the TB 
Association of India for 1986-87 vice Dr. D. 
Umapalhy Rao. whose term of office ex-
pired with the 40th  Nation Conference hold in 
Shillong in November 1985. Dr. Gupta will also 
preside over the 41st National Conference on 
Tuberculosis and Chest Diseases to be held in 
Hyderabad (Andhra Pradesh) from the 25th to 
28th October, 

41ST NATIONAL CONFERENCE 

The 4 1 s t  National Conference on Tuber-
culosis and Chest Diseases will be held in 
Hyderabad (Andhra Pradesh) from 25th to 
28th  October, 1986 under the joint auspices of 
the Tuberculosis Association of India and TB 
Association of Andhra Pradesh. Those who 
wish to attend the Conference and present 
papers at its Scientific Sessions may kindly 
send two copies of the abstracts of their papers 
10 reach the Secretary-General, Tuberculosis 
Association of India, 3. Red Cross Road New 
Delhi-110001. latest by the 15th June, 1986, 

RANBAXY-ROBKRT KOCH ORVTION 

The tuberulosis Association of India has 
selected Dr. K. Styblo, Director of Scientific 
Activities of (he International Union Ag-umi 
Tubercuiosis. Pa; is, for this year’s Ranbaxy-
Robort Koch Oration which will be delivered 
by him at the 41st National Conference on TB 

and Chest Diseases to be held at Hyderabad 
from 25th to 28th October.   1986. 

WANDER-TAI ORATION 

Dr. R. Prabhakar, Director, Tuberculosis 
Research Centre. Madras, has been selected for 
this year’s Wander-TAI" Oration which will 
be delivered by him at the 41st National Con-
ference on TB and Chest Diseases to be held in 
Hyderabad from 25th to 28th October. 1986. 

CHANCHAL SINGH MEMORIAE. 
AWARD 1986 

The Tuberculosis Association of India award 
a cash prize of Rs. l.000/- to a medical graduate 
below 45 years of age and working in 
tuberculosis, for an original article based on 
the work done by the author himself .’herself, not 
exceeding 30 double spaced foolscap typed 
pages (approximately 6,000 words) excluding 
charts and diagrams on a subject relating to 
tuberculosis. Papers with more than one author 
are not eligible. Papers may be sent, in qua-
druplicate, to reach the Secretary-General. 
Tuberculosis Association of India, 3, Red 
Cross Road, New Dclhi-110001. before the 
31st of July, 1986, 

ESSAY COMPETITION—1986 

The Tuberculosis Association of India 
awards every year a cash prize of Rs. 500/- to 
a final year medical student in India for an 
original Essay on Tuberculosis, adjudged best 
by a Special Committee of the Association. 
The subject selected for the 1986 competition 
is ‘ BASIS, TECHNIQUE. INTERPRETA- 

  TION AND   SCOPE   OF TUBERCULIN  
TEST". The essay should, be written in English, 
typed in fool-scap size, double spaced and 
should not exceed 15 pages (approximately 
3000 words excluding tables, diagrams, etc.) 
Four copies of the manuscript should be 
forwarded through the Dean or Principal of 
College/University to reach the Secretary-
General, TB Association of India, 3. Red Cross 
Road, New Dclhi-110001, before 31st July. 
1986. 

REFRESHER COURSES 

Gujarat : The Gandhidham branch of the 
Indian Medical Association organised a re-
fresher course on 9th February 1986 which was 
conducted by Dr. A.G. Patel, Chairman, Guja-
rat State TB Association. The course was 
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attended by 33 doctors and was sponsored by 
M/s Themis Chemicals Ltd., Bombay. 

Madhya Pradesh : The Madhya Pradesh 
Council, of Science and Technology, in colla-
boration wi t h  the District TB Association and 
Indian Medical Association, Jabulpur, orga-
nised a course on 9th  February. 1986. Dr. S.P. 
Pamra. Horn. Technical Adviser, Tubercu-
losis Association of India. attended the course 
and delivered lectures on Diagnosis and Treat-
ment of Pulmonary Tuberculosis. The course 
was attended  by 80 doctors. 

Maharashtra: The Maharashtra State Anti-
fubereulosis Association, in collaboration 
with the Indian Medical Association, orga-
nised a course in Beed on 19t h  January, 1986. 
The course was attended by 200 doctors and was 
sponsored by Ms Cynamide India Limtied. 

Tamil Nadu: . The District Tuberculosis 
Association, Kamanathapuram, under the 
joint auspices of the TB Association of India 
and the Anti-TR Association of Tamil Nadu 
and in collaboration with the local branch of 
the Indian Medical Association, organised a 
refresher course ON 2nd March. 1986. The 
course was sponsored by the National Academy of 
Medical Scineces. 

XIVTH GUJARAT CONFERENCE 

The XIVTH Gujarat State Tuberculosis 
Workers’ Conference was held on 1st and 2nd 
March, 1986 at Surat, The Conference was 
inaugurated by Shri Bardolia, Mayor of Surat 
and the Commissioner of Surat Corporation 
was the Guest of Honour. Dr. P.M. Udani 
delivered, a Guest lecture on "Childhood TB" 
which was highly appreciated. About 100 doc-
tors including Distsict TB Officers and 500 
oilier basic TB workers attended the Confe- 

MADHYA PRADESH     VOLUNTARY 
HEALTH ASSOCIATION MEETING 

The 14 T H   Annual General Meeting of the 
Madhya Pradesh Voluntary Health Associa-
tion was held in Bhopal on 7th and 8th Feb-
ruary, I986 Dr. S.P. Pamra, Hony. Technical 
Adviser, TB Association of India, participated 
in. the meeting as a resource person in tu-
berculosis and delivered a lecture on "Manage-
ment of Pulmonary Tuberculosis". The meet-
ing was attended by about 60 delegates consist-
ing of doctors, multipurpose health workers, 
health visitors, nurses, etc. 

ANTI-TB WEEK 

Anti- TB week was celebrated by the Ananta- 

pur District TB Association from 17th to 23rd 
February, 1986. Shri Ashok Kumar Tigidi. 
Collector of Anantapur, presided over the 
main function which was attended by a large 
number of citizen of Anantapur, general medical 
practitioners and officers of the Medienl and 
Health Department. The president exhorted the 
audience to enrol themselves as members of the 
Association, step up TB Seal Sale Campaign, and 
help in the fight against tuberculosis in general. 
The President also announced that facilities 
for indoor games for the recreation of patients will 
be provided at the  Chest Diseases Hospiiisl. 
Anantapur. A brief report on the working of the 
clinic was presented by the  D.T.O. and clothes 
were distributed to 30 needy patients 

Cases- finding camps were organized at five e 
primary health centres. vi z  Atmakur: Chen-
nekoihapolli, Obuladevara Cheruvu, Mopidi 
and Mudigubba during the week. The newly 

SYMPOSIUM 

A symposium on “Recent Advances in Respiratory 
Diseases”, was organised by the Department of 
Respiratory Diseases and Tuberculosis, Grant 
Medical College. Bombay, on 15th and 16th 
of March. 1986. The symposium was 
inaugurated by Prof. Javed Khan, Minister of 
State for Education, Government of 
Maharashtra, The symposium, was sponsored 
by the National Acadmy of Medical 
Sciences. 

BARCLAY MEMORIAL AWARD 

Dr. P.K, Sen, Emeritus Editor of the Indian 
Journal of Tuberculosis, has been awarded 
"Barclay Memorial Award" by the Asiatic 
Society1 for outstanding contributions in Medi-
cal Sciences. The award was presented to 
him on 5th May. 1986. 

OBITUARIES 

Dr. M.S. Mitra of Bhopal. passed away on 
19th December, 1985. Dr. Mitra was working 
in the Lady Linlithgow Sanatorium, Kasauli and 
later on served. with the R.K. Mission TB 
Sanatorium, Ranchi and GOVT. TB Hospiial. 
Bhopal. Just before his retirement he was the 
Chief Medical Officer. B.H.E.L.. Bhopal. He 
was a sincere and devoted TB worker. The 
Association offers its deepest condolences to 
the bereaved family. 

Dr. Eromus lyngdoh, Director of Health 
Service and Chairman. Meghalaya TB Asso-
ciation passed  away on 11 th January, 1986. He 
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was a member of the Central Committee of the 
Tuberculosis Association of India. Dr. Lyng-
doh took keen interest in developing the va-
rious activities of the Meghalaya TB Associa-
tion and played a major role in successfully 

rganising the 40th National Conference of TB o  

and Chest Diseases Workers held in Shillong 
in November last. For his outstanding contri-
butions in the field of health, he was honoured 
with the award of "Padma Shri" in 1985. The 
Association offers its deepest condolences to 
the bereaved family. 

POST-DOCTORAL MEDICAL RESEARCH 

The National Medical Researcher Matching Pro-
gramme provides opportunities in postdoctoral medical 
research in the United States and Canada for individuals 
with MD or Ph.D who are intersted in conducting research 
in the United States or Canada, Fordetailed information, 
prospective applicants may contact: National Medical 
Researcher Matching Programme (Address : 1109. Main 
Street, Suite C Boise, Idaho 83702, USA) 
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