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Bronchial reflexes in patients with leprous and
other peripheral neuropathies
S. KALRA, R. DHAND, B. KUMAR, U. K. DHAND, S. KAUR, J. S. CHOPRA

ABSTRACT
We studied vagal influence on the bronchi in patients
with leprous and other peripheral neuropathies. The
bronchial response to inhalations of placebo, methacholine
(cholinergic), ipratropium bromide (anticholinergic), and
10% citric acid (irritant) aerosols were studied in 15 patients
with leprosy, in 11 who had peripheral neuropathy due to
causes other than leprosy and in 8 healthy controls. All
subjects were non-smoking, non-atopic individuals with
normal upper respiratory tracts whose chest radiographs
and baseline spirometry were normal. The changes in
forced expiratory volume in one second (FEV I)' and peak
expiratory flow rate (PEFR) after inhalation of placebo,
ipratropium bromide and methacholine showed by patients
with leprosy and those with other neuropathies were com-
parable to those in controls. Following inhalation of the
citric acid aerosol normal controls showed a decrease in
FEV, by 9.90±4.73%. However, in patients with leprosy
and other neuropathies there was virtually no change in
FEV, after citric acid inhalation; it being 1.77±0.49%;
p<O.05, and 5.54±1.85% (p<O.05 compared to controls).
These findings suggest that patients with neuropathy,
including those with leprosy, preserve motor post-
ganglionic vagal fibres, but afferent vagal fibres from irritant
receptors may be involved in the pathological process.

INTRODUCTION
The large majority of afferent nerve fibres arising from
bronchial receptors are incorporated in the vagi. These
nerves also carry motor fibres to the larynx, bronchi,
mucous glands, cilia and blood vessels and through these
connections they have an-overriding influence on bronchial
tone.l- Pathological involvement of the vagus nerve may
occur occasionally in leprosy? but previous work suggests
that functional involvement is more frequent. 4 Although
autonomic involvement is well recognized in various
peripheral neuropathies, vagal function in these has been
studied mainly in relation to cardiac denervation.! The
vagal innervation of the tracheobronchial tree has been
studied only in patients with diabetic autonomic
neuropathy.s-? Therefore, we studied the effect of
cholinergic, anticholinergic and irritant aerosols in
patients with leprosy and other neuropathic disorders.
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PATIENTS AND METHODS
Patients
All selected patients, whose ages ranged between 12 and
50 years, satisfied the following criteria: (Q no respiratory
symptoms or signs, (ii) normal upper respiratory tracts,
(iii) non-smoking, non-atopic individuals who had not
suffered a respiratory infection at least 4 weeks prior to
the study, and (iv) who had normal chest radiographs.
Fifteen recently diagnosed patients with various other
neuropathies were studied. The diagnosis of leprosy was
based on clinical, histological and bacteriological tests
and the type of leprosy was determined according to the
classification by Ridley. 8 None of these patients was
suffering from a reaction. The other peripheral neuro-
pathies in 11 patients were diagnosed on the basis of clinical,
biochemical and electrophysiological abnormalities."
These included 5 patients with the Guillain-Barre
syndrome, 2 with diabetic neuropathy, 2 with hereditary
sensory neuropathy and 1 each with arsenic neuropathy
and pandysautonomia. Eight healthy subjects who satis-
fied the criteria for entry were also studied. Subjects with
concomitant diseases such as anaemia, rhinitis or hay
fever, those with a history of pneumonia or pulmonary
tuberculosis, or those receiving drugs including cortico-
steroids, were excluded.

Protocol of study
All the subjects were studied according to the following
protocol:

Day 1: Basal spirometry on a standard 9 litre, double
bell wet spirometer followed by FEV, and PEFR measure-
ments at 15 minute intervals for two hours after two puffs
from a metered-dose inhaler (MDI) containing only
propellant. The purpose of using MDls was to familiarize
the subjects with the inhalation technique so that they
could independently assess any change in flow rate caused
by propellant inhalation. Three measurements of. FEV 1

and PEFR were made at each time interval and the highest
result used for analysis.

Day 2: FEV, and PEFR measurements at 15 minute
intervals for 2 hours after 2 puffs (40 ",g) from an ipratro-
pium bromide inhaler (Atrovent, Boehringer Ingelheim).

Six hours after the ipratropium inhalation each subject
underwent a methacholine bronchoprovocation test. Two
millilitres of sequentially doubling concentrations of
methacholine (0.31,0.62 ... 40 mg/ml) were nebulized in
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TABLE I. Baseline results of spirometry

Age FVC(L) FEV! (L) PEFR FEF25-75

(years) (Llmin) (L'min)

Leprosy 34.0 ± 4.5 3.3 ± 0.1 2.8 ± 0.1 476 ± 21.79 83.35
(n = 15) 23.15
Neuropathy 34.9 ± 4.2 3.4 ± 0.3 3.0 ± 0.2 473 ± 33.1 229.23
(n = 11) 15.20
Control 29.4 ± 5.2 3.5 ± 0.3 3.2 ± 0.2 503 ± 24.0 248.14
(n = 8) 23.52

(Mean ± SEM)

TABLE II. FEY! response of various groups of patients to inhala-
tion of different aerosols"

% change in FEV! PDzIIEFV! of

Propellant Ipratropuim 10% citric# methacholine
acid

Leprosy
Neuropathies
Controls

0.9 ± 1.5 7.3 ± 2.0
4.5 ± 1.8 5.9 ± 2.3
I.2 ± 3.2 3.3 ± 4.5

1.8 ± 0.5"' 97.0 ± 29.4
5.5 ± 1.90. 170.1 ± 53.1

-9.9 ± 4.7"·0 158.3 ± 50.7

• Mean ± SEM
# negative sign indicates fall in FEY, compared to basal levels
a p< 0.05 for comparison of leprosy patients with controls
b p< 0.05 for comparison of neuropathy patients with controls

a Hudson's nebulizer driven by compressed air at SOpsi
and delivered through a mouthpiece to the subjects
breathing tidally. FEYI and PEFR were measured every
30 seconds for S minutes after each nebulization and the
test continued till a 20% fall in FEY) occurred or a
maximum methacholine concentration of 40 mg/ml was
reached.

Day 3: FEY) and PEFR were recorded at IS minute
intervals for 2 hours after 2 minutes of tidal inhalation of
nebulized 10% citric acid from a Hudson's nebulizer
driven by compressed air at 50 psi. Subjective assessment
was made of the cough frequency and the number of
coughs were counted by the observer.

Data representation and analysis
All FEY) and PEFR changes in response to placebo,
ipratropium and citric acid inhalation were expressed as
percentage changes from basal values, the maximum
change recorded being used for analysis. A significant
bronchodilator or constrictor effect was considered to be
present when there was a more than IS% change from
basal values.

For the methacholine provocation test, the percentage
FEY) change was plotted against the log transformed
cumulative dose of methacholine given, and from the
resulting dose-response curve the dose required to produce
a 20% fall in FEY) obtained (P020 FEY!). Comparisons
between various groups were made with the 2-tailed t-test.

RESULTS
Fifteen patients with leprosy, 11 with peripheral
neuropathy and 8 controls were studied. Of those with
leprosy 3 were polar lepromatous, 7 were borderline
lepromatous, 4 borderline tuberculoid and 1 patient had
polar tuberculoid leprosy. Among the 11 patients with

peripheral neuropathy 4 had clinical evidence of autonomic
neuropathy and tests of cardiovascular responses showed
abnormalities in 6.

Table I shows the sex distribution and mean ages of the
three groups as well as the basal spirometric data which
were all similar.

Table II shows the mean changes in FEY) (±S.E.M.)
in the three groups in response to the inhalation of
placebo, ipratropium and 10% citric acid as well as the mean
P020 FEY) of methacholine. There was no significant
bronchodilatation or constriction in response to the
placebo or to the ipratropium inhalation and the three
groups did not differ in their responses to these agents.
The mean response to 10% citric acid was marked by a
significantly smaller change in FEY) in both the neuropathy
and leprosy groups in comparison to the controls (leprosy
+1.77±0.49%; neuropathies +S.S4±1.8S%; controls
-9.90±4.73%, p<O.OS for leprosy v. controls and
neuropathies v. controls). The cough response was also
markedly decreased in the patient group, particularly
those with leprosy. Four leprosy patients had no cough at
all in response to the citric acid aerosol. (These patients
had either polar or borderline lepromatous leprosy.) An
objective count of the cough were not helpful. The mean
values of P020 FEY) in the 3 groups was comparable.
Similar changes were observed in PEFR values.

DISCUSSION
Involvement of the vagal innervation to the airways may,
in theory, produce altered responses to pharrnacologigal
manipulation with cholinergic and anticholinergic agents.
These may be measurable as altered flow rates reflecting
changes in bronchial tone and calibre. Lack of broncho-
dilator responses to anticholinergic agents has been
shown in patients with autonomic neuropathy. In such
subjects the response to bronchial cooling has been shown
to be diminished. In our patients no such effect was seen
in response to methacholine and ipratropium inhalation
probably due to the fact that we did not measure specific
conductance which is sensitive to even small changes in
large airway calibre.

There was a significant difference in the way the
patients with both leprous and non-leprous neuropathies
responded to irritant stimulation with 10% citric acid-
controls showed a reduction in their flow rates which was
not observed in the other two groups. This impaired
response to irritant stimuli, confirming the earlier
reports.i was not accompanied by any significant response
to cholinergic manipulation and possibly reflects the
different mechanisms involved in these phenomena. The
irritant response is entirely mediated through the vagus'?
and is likely to be impaired in any process involving these
nerves. On the other hand, factors which determine the
bronchial tone, calibre and airflow rates are complex. The
relative impairment of the opposing components of the
autonomic nervous system indicates the final result.
Therefore, the effects of neural disease on bronchial
calibre and tone are less apparent.

The observed difference in responses could also be due
to the site of involvement of the vagus nerves in these
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diseases-the normal response to methacholine and
ipratropium bromide may reflect a preserved efferent
limb of the reflex arc, especially the post-ganglionic
segment, as this is the site of their action. I The impaired
irritant responses in the presence of normal efferents must
therefore be in the afferent limb, with involvement of
either the cough receptors in the bronchial mucosa or the
afferent fibres in the vagus nerves. Since mucosal involve-
ment in the lower respiratory tract is very unusual in
leprosy, II or other neuropathies, the explanation of
impaired responses to irritant aerosols probably lies in
selective involvement of the afferent fibres from these
receptors which are carried by the vagi. Although this
may not manifest itself clinically, such patients will have
impaired cough responses to irritant fumes and an impor-
tant defence mechanism of the respiratory tract may be
compromised.
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Pulmonary and diaphragmatic functions in
chronic severe nutritional anaemia
P. GUPTA, J. N. PANDE

ABSTRACT
We studied 10 patients with chronic severe nutritional
anaemia and 10 malnourished controls with normal
haemoglobin levels from July 1984 to December 1985 to
determine the influence of chronic severe anaemia on static
lung volumes, pulmonary mechanics and respiratory muscle
and diaphragmatic strength. Static lung volumes were
reduced but pulmonary mechanics and flow rates at high
lung volumes were normal. Significant respiratory muscle
and diaphragmatic weakness was observed in the patients,
as assessed by maximal mouth and transdiaphragmatic
pressures. Carbon monoxide diffusing capacity was
reduced. Reductions in lung volumes and respiratory
muscle strength were largely determined by the degree of
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anaemia present. Dyspnoea in chronic severe nutritional
anaemia may in part be due to reduced diaphragmatic
reserve.

INTRODucnON
The diaphragm is a major inspiratory muscle during quiet
breathing. Weakness or fatigue of the diaphragm can cause
dyspnoea, respiratory failure and death.' Exertional
dyspnoea is one of the commonest symptoms of severe
anaemia, but its pathophysiology remains uncertain. 2 The
present investigation was undertaken to study whether
patients with chronic severe nutritional anaemia have
altered lung volumes, pulmonary mechanics, respiratory
muscle strength or diaphragmatic functions which contri-
bute to the dyspnoea they experience.

PATIENTS AND METHODS
Ten young males with chronic severe nutritional anaemia
who complained of exertional dyspnoea were compared
with 10 males of comparable height and age. Both groups
had protein calorie malnutrition. Detailed clinical evalua-


