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Bronchial responsiveness, oscillations of peak flow rate
and symptoms in patients with mitral stenosis
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ABSTRACT: To better characterize airway hyperresponsiveness reported
in cardiac patients questionnaire-recorded symptoms, bronchial responsiveness
to methacholine (Mch) and to ultrasonically nebulized distilled water (UNDW),
diurnal oscillations of peak expiratory flow (PEF) rate were evaluated in 32
patients with moderate mitral stenosis.

Twenty patients were responsive to Mch (defined as provocative dose
producing a 20% fall in forced expiratory volume in one second (PD,, FEV))
<3.2 mg) (geometric mean PD,, FEV 851+154 pg sg). Only two patients showed
a fall in FEV, >20% after UNDW challenge.

Patients responsive to Mch challenge had lower FEV, as percentage of vital
capacity (FEV /VC) (80+4.8 vs 8313.8%, p<0.05), higher coefficient of variation
of PEF (CV-PEF) (7.1+2.8 vs 5+2.4, p<0.05) and higher prevalence of wheeze
(70 vs 25%, p<0.05) in comparison with patients non-responsive to Mch chal-
lenge. CV-PEF was significantly related to FEV, (r=0.347, p<0.05) and maxi-
mal expiratory flow at 50% expired volume (MEF,) (r=0.405, p<0.05). The
probability of responding to Mch bronchial challenge Increased proportionally
with the increase in CV-PEF and the decrease in FEV, FEV /VC and MEF,,.

Airway hyperrepsonsiveness of patients with mitral stenosis seems to be more
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similar to that reported in bronchitic than in asthmatic patients.
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Bronchial hyperresponsiveness to methacholine or
histamine has been reported in patients with lung
congestion and mitral valve disease [1, 2], ischaemic
heart disease [3] or left heart failure from various
causes [4].

Although the pathogenesis of bronchial hyper-
responsiveness in cardiac patients has not yet
been clarified, possible explanations are vagal reflex
from interstitial lung oedema [S], vascular reactivity
of the bronchial wall [3], decrease in airway calibre
[6].

From a clinical point of view, it is tempting
to relate bronchial hyperresponsiveness to the com-
mon respiratory complaints of cough, wheezing and
acute episodic dyspnoea, the so-called "cardiac
asthma" [7], even if there are no data concerning the
relationship between bronchial responsiveness and
symptoms in cardiac patients. Moreover, it is not
presently known whether or not bronchial hyper-
responsiveness of cardiac patients is related to diurnal
variation in airway calibre, as has been shown in asth-
matics [8], asymptomatic adults [9] and children [10]
with bronchial hyperresponsiveness, by recording
variation in peak expiratory flows.

Finally, we do not know whether stimuli other than
chemicals, i.e. hypotonic solutions, act as bronchial
constricting agents in cardiac patients, as they do in
many asthmatics [11].

If airway hyperresponsiveness of cardiac patients
depends only on mechanical factors (airway patency),
we expect to find in them a pattern of responsiveness
similar to that found in bronchitic patients: lack of
hypotonic solution induced bronchial obstruction, sig-
nificant relationship between methacholine bronchial
threshold and baseline forced expiratory volume in one
second (FEV,), absence of wide oscillations of diur-
nal peak expiratory flow (PEF) recordings.

Therefore, the purpose of this study was to investi-
gate in cardiac patients: 1) the relationship between
history of cardiac asthma and airway hyperrespons-
iveness; 2) the amplitude of diurnal variations in air-
way resistance, as measured by diurnal oscillations of
PEF; 3) the sensitivity of ultrasound nebulized distilled
water (UNDW) bronchial challenge to detect airway
hyperresponsiveness in comparison with methacholine
bronchial challenge.

To this end, we evaluated questionnaire-recorded
symptoms, bronchial responsiveness to methacholine
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and to UNDW, and diurnal oscillations of peak flow
in a group of patients with mitral stenosis.

Patients and methods

Thirty two patients with moderate mitral stenosis
(mean valvular area 1.35, range 1.2-1.5cm?), mean age
51.5 yrs (sp 10.3 yrs), admitted to out-patient clinic
for scheduled periodic examination, were studied
after signed informed consent had been obtained. In
all of the patients diagnosis was supported by physi-
cal examination (accentuated first sound, opening snap
and diastolic rumbling) [12], echocardiography (char-
acteristic square wave motion of the E to F slope of
the valve during diastole) [13], and chest X-ray (left
atrial enlargement, prominence of hilar arteries, nor-
mal left ventricular size, redistribution of blood flow
to the apices of the lung, increased interstitial lung
markings [14]. The functional area of the mitral valve
was calculated by echodoppler [15].

Many patients were regularly taking digitalis and
diuretics (18 were taking thiazides associated with
amiloride, 5 frusemide alone and 5 frusemide associ-
ated with spironolactone). All patients were clinically
stable, and had not required change in therapy in the
last two months. All patients were lifetime nonsmok-
ers. Criteria for exclusion were: atopy, as defined by
personal and familial history, drug therapy that could
influence bronchial reactivity (beta-blocking drugs, cal-
cium-antagonists), recent (6 weeks) airway infection.

Study design

At the time of entry into the study, a standardized
questionnaire was administered to each patient by a
physician not involved in the pulmonary function labo-
ratory. Patients were asked to attend the pulmonary
function laboratory twice, on the first day for respira-
tory function tests and methacholine bronchial chal-
lenge and, two days later, for UNDW bronchial
challenge. All patients received instructions and su-
pervision on PEF measurements, which they started to
record the day after UNDW challenge.

Questionnaire data

A standardized questionnaire was used to obtain in-
formation on respiratory symptoms and illnesses. The
symptoms evaluated in the present study were defined
from the American Thoracic Society (ATS) question-
naire [16] as follows: "chronic cough" - cough on
most days for as long as three months of the year for
two consecutive years; "wheeze" wheezing with colds
and occasionally apart from colds or wheezing on most
days or nights; "effort dyspnoea" shortness of breath
when walking with other people of their own age on
level ground. Patients were also asked about the use
of more than one pillow during sleep to avoid dysp-
noea ("orthopnoea").

Pulmonary function tests

Vital capacity (VC), FEV, and maximal expiratory
flow-volume curve were obtained by a computerized
water-sealed spirometer (Biomedin, Padova,
Italy), according to standardized procedures [17].
Functional residual capacity was determined by
helium dilution technique. For static and dynamic
lung volumes reference values of European Commis-
sion of Coal and Steel were used [18]; for maximal
expiratory flow at 50% of forced expiratory capacity
(MEF,)) the values of KNupson er al. were applied
19].

: I\}Iethacholine inhalation challenge was performed ac-
cording to a slightly modified standard method
[20]. Briefly, methacholine was inhaled from a
breath-activated dosimeter (MB3 MEFAR, Brescia,
Italy), powered by compressed air at 1.5-1.7 bar.
The nebulization time was adjusted to about 0.7 s
and the number of breaths chosen was that neces-
sary to achieve doubling of the drug dose. The mass
median aerodynamic diameter of the particles is
1.69£3.3 (6sp) pm. The output of the nebulizer was
0.01 ml-breath’. Starting from a 1% freshly prepared
solution of methacholine chloride (Lofarma, Milano,
Italy), doses of methacholine were progressively
doubled and subsequently administered at 5-min
intervals until FEV, had fallen by 20% from baseline
or until a cumulative dose of 3,200 ug had been
reached. Methacholine challenge dose-response curves
were constructed by plotting the percentage fall in
FEV, from the control value against the cumulative
dose of methacholine expressed in micrograms. Meas-
urements of airway responsiveness were determined by
linear interpolation between points on the log dose-
response curve and expressed as the dose of metha-
choline required to produce a 20% decrease in FEV,
(PD,,FEV)). Patients with a measured PD,FEV were
defined "responsive", while patients WZ?IO did not
have a measurable PD, FEV, were defined as "non-
responsive".

UNDW bronchial challenge

Nebulized distilled water (UNDW) challenge was
undertaken [21], using a 65B nebulizer (DeVilbiss,
Somerset, PA) at maximal setting. This has an out-
put of 6 ml'min? giving aerosol particles of a mass
median aerodynamic diameter of 6 pm [22].

The patients inhaled water through a face-mask and
oral inhalation was ensured by using noseclips.
After baseline measurements were made, patients
were asked to breath normally for different lengths of
time to give a succession of inhaled volumes of mist,
ie 3, 6, 12, 24 and 48 ml at intervals of 5 min.
FEV, was recorded 2 min after each provocation. The
inhalations were stopped when FEV, had fallen by
20% or more. Bronchoconstriction was analysed by
constructing stimulus-response curves with FEV, on
the ordinate as percentage of the baseline value and
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with the output of the nebulizer expressed logarith-
mically on the abscissa. The provocative output at
which inhalation of UNDW produced a 20% fall in
FEV, (PD,, UNDW) was obtained by linear interpola-
tion of the last two points on the stimulus-response
curve.

Starting from the day after UNDW challenge, each
patient measured his peak expiratory flow (PEF) with
a mini Wright peak flow meter three times daily
(0700-0800, 1300-1400, and at bedtime) for 10-14
days. On each occasion the best of three blows was
recorded. Flow recordings of each patient were coded
and analysed with the aid of a computer-assisted
program, with no knowledge of the results of bronchial
challenge.

From flow recordings diurnal variation (VAR-PEF)
was estimated from the difference between the daily
maximum and minimum PEF, and expressed as per-
centage of the maximum value. The average of the
period’s results (10-14 days) was used for analysis.
The coefficient of variation (mean+sp) of the whole
period of PEF recordings was also calculated (CV-
PEF).

Ten normal subjects (mean age 455 yrs), with no
responsiveness to methacholine challenge, served as
controls for PEF oscillations.

Statistics

Mean and standard deviation (sp) were calculated for
each respiratory function test. Student’s t-test for the
difference of the means, Pearson’s correlation coeffi-
cient and simple linear regression using the least-
squares method, and Chi-squared were calculated when
appropriate.

The association of bronchial methacholine respon-
siveness with spirometric data, PEF oscillations and
symptoms was analysed by semi-parametric propor-
tional hazard regression model of Cox for censored
data [23]. The response to methacholine (PD,FEV)
was taken as the censoring indicator. FEV, (as
difference from 100% of predicted), FEV Né (as
difference from 100%), CV-PEF, VAR-PEF, dyspnoea,
orthopnoea, wheezing, were taken as predictive vari-
ables. Statistical significance was defined as a p value
<0.05.

Results

Twenty out of 32 patients (62.5%) had a measured
bronchial threshold to methacholine (mean PD,FEV,
851+154 pg). Patients responsive to methacholine, as
a group, had a lower FEV,/VC ratio in comparison
with patients non-responsive to methacholine (80+4.8
vs 83+3.8, respectively, p<0.05) (table 1). No sig-
nificant linear relationship between methacholine
PD,FEV, and any spirometric test was found in the
20 patients responsive to methacholine bronchial
challenge.

Table 1. — Meanzso of age, respiratory function
tests and PEF oscillations in patients responsive
(measured PD, FEV,) and non-responsive (non meas-
urable PD“F&,) to methacholine (Mch) bronchial
challenge

Mch responsive Mch non-responsive

n=20 n=12
Age yrs 51x11.5 53x8.2
VC % pred 74x10.7 79x8.7
RV % pred 13227 127£3.1
FEV, % pred 80+14.2 89+9.6
FEV /VC % 80+4.8* 83£3.8
MEF,, % pred 67£22.9 79217.4
VAR-PEF % max 9£3.6 8x2.9
CV-PEF T+2.8* 5+2.4

*: p<0.05. PEF: peak expiratory flow; VC: vital capacity;
RV: residual volume; FEV: forced expiratory volume in
one second; FEV /VC: FEV, as a percentage of vital capac-
ity; MEF_: maximal expiratory flow at 50% forced expira-
tory capacity; VAR-PEF: diurnal variation in PEF expressed
as % maximum value; CV-PEF: coefficient of variation of
the whole period of PEF recordings; PD. FEV,: provocation
concentration producing a 20% fall in &Vr

Prevalence of respiratory symptoms in the total
study population and by methacholine bronchial chal-
lenge are given in table 2. Patients responsive to
methacholine challenge had significantly higher
prevalence of wheeze as compared with patients
non-responsive to methacholine challenge (70 vs 25%
respectively, p<0.05)

Table 2. — Prevalence of respiratory symptoms in total
study population and by methacholine bronchial
challenge (MBC)

MBC Total study
Responsive non-responsive population
n=12 n=20 n=32

symptom % n % n %

n
Chronic cough 2 16.5 3 15 5 155
Wheeze 3 25 14 70* 17 53
Dyspnoea 6 50 16 80 22 69
Orthopnoea 5 41.2 10 50 15 47

*:p<0.05. Methacholine responsive or non-responsive are,
respectively, patients with and without measured bronchial
threshold (see Methods).

UNDW bronchial challenge caused a significant
fall in FEV, (>20%) in only two patients, both respon-
sive to methacholine. Mean VAR-PEF and CV-PEF
were 8.75+3.3 and 6.3+2.8 in patients and 5.5 sg 1.2
and 3.1x0.7 in normals, respectively, p<0.001. In
14 and in 20 patients VAR-PEF and CV-PEF were,
respectively, higher than 95th percentile of normals.
The group of patients responsive to methacholine
had a significantly higher value of CV-PEF in com-
parison with the group of patients non-responsive to
methacholine challenge (7.122.8 vs 5x2.4, respectively,
p<0.05) (table 1).
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There was no significant linear relationship
between CV-PEF or VAR-PEF and methacholine
PD,FEV, in the 20 patients responsive to metha-
choline bronchial challenge. In all of the patients
there were significant relationships between CV-PEF

and FEV| (r=0.347, p<0.05), CV-PEF and MEF,,
(r=0. 405 p<0.05) (flg 1),VAR-PEF and MEF
(r=0.356, p<0.05).

CV-PEF
16 T

r=0.405
o p<005

12 1

30 €0 90 120

MEF,, % pred
Fig. 1. = Relationship between MEF,, (% of predicted) and coef-
ficient of variation of PEF (CV-PEF) in all patients. MEF, : maxi-
EF: peak

mum expiratory flow at 50% forced expiratory flow; P
expiratory flow,

Hazard %
100

80 *

60

40 A

20‘ = il

1000 1500 2500

Methacholine ug

Fig. 2. — Proportional hazard cumulative risk to have a responsive-
ness to methacholine bronchial challenge by methacholine dose in
patients with a positive or negative history of wheeze. .....q..... : DO
wheezing; —+—: yes wheezing; —%— : total.

0 500 2000

The cumulative probability of methacholine bronc-
hial responsiveness at each methacholine dose was sig-
nificantly associated with history of wheezing (fig. 2),
FEV, (as difference from 100% of predicted), FEV /
VC (as difference from 100%), MEF,, (as difference
from 100% of predicted), CV-PEF (table 3).

Table 3. — Factors producing a significant increase in
the risk of methacholine response, as assessed by pro-
portional hazard regression analysis

beta  sE HR UL95% LL95% x* »p

Wheeze 1338 0506 3.81 10.49 139 80 0.020
FEV, 0.043 0.019 104 1.08 1.01 48 0.028
FEV/VC 0.147 0056 1.16 130 1.04 71 0001
MEF,, 0.025 0010 1.03 1.05 1.01 43 0.050
CV-PEF 0.188 0.088 121 144 101 51 0.002

beta: regression coefficients; se: standard error, HR: hazard
risks; UL95% LL95%: upper and lower confidence limits
respectively. For other abbreviations see table 1 legend.

Discussion

In agreement with our previous observation [1],
we found a high prevalence of bronchial respon-
siveness to methacholine in patients with moderate
mitral stenosis. In 18 out of the 20 patients respon-
sive to methacholine the value of PD, BV,
was below the threshold reported in normals, ‘accord-
ing to an epidemiological study on normal population
[24].

In the present study, patients responsive to metha-
choline bronchial challenge, as a group, had slightly
more compromised lung function tests in comparison
with patients non-responsive to methacholine bronchial
challenge; the difference in mean FEV /VC ratio
being statistically significant (table 1).

Although a linear relanonshlp between methacholine
PD,FEV, and any spirometric test was not observed,
the sngmhcant effects of FEV,, FEV /VC, MEF,, on
the probability of having a s1gmf1cant fall in FEV
after methacholine challenge (table 3) suggest lhal
airway calibre plays a role in the response to broncho-
constricting agents [6] in our patients.

Until now, bronchial hyperresponsiveness of cardiac
patients has been consistently shown by challenges
with vasoactive stimuli, such as methacholine and his-
tamine [1-4]. This observation led CABANEs et al.
[3] to put forward the vasoactive hypothesis, that
methacholine-induced bronchoconstriction should
depend on methacholine-induced vasodilation of bron-
chial veins, with oedema of bronchial wall and de-
crease in airway calibre, as supported by the protective
effect of methoxamine [3]. Hypotonic solutions are
thought to cause bronchoconstriction through alterations
in bronchial epithelial permeability, with stimulation of
subepithelial irritant receptors or release of immuno-
logical mediators [25]. In the present study UNDW
caused a significant bronchoconstriction in only two
patients, both hyperresponsive to methacholine. The
prevalence of responsiveness to UNDW bronchial chal-
lenge observed in our patients is much lower than that
reported in asthmatics [26, 27]. A similar discrepancy
between airway responsiveness to methacholine and to
other stimuli (e.g. hyperventilation) has been reported
in patients with chronic bronchitis [28].

Many patients were regularly taking oral diuretics.
Frusemide, only when administered by aerosol, has
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been shown to inhibit bronchial responsiveness to
UNDW in asthmatics [29]. Of the two observed pa-
tients responsive to UNDW, one was taking frusemide
and the other hydrochlorothiazide associated with
amiloride.

Other bronchial stimuli, e.g. metabisulphite, hyper-
tonic solutions, cold air etc., should be ftried in
cardiac patients before concluding that only vasoactive
stimuli may elicit bronchoconstriction in them.

Nearly half of the patients had diurnal and inter-days
fluctuations of PEF higher than those observed in nor-
mal subjects by us or by other authors [8-30]. In no
case did the diurnal variation of PEF reach the value
of 20%, as would have been expected in asthmatic
patients according to the literature [31, 32].

Patients responsive to methacholine bronchial
challenge had higher values of CV-PEF than non-
responsive patients. We could not find a linear rela-
tionship between PD,FEV, and PEF oscillations, as
reported in asthmatics [8]. ‘I’his was probably because
the study did not cover a wide range of PD,FEV,, in
particular high values of PD,FEV,, as we stopped
methacholine inhalation after the cumulative dose of
3,200 pg had been reached. Nevertheless, the cumu-
lative probability of having bronchial responsiveness to
methacholine increased proportionally with the increase
in CV-PEF (table 3).

In patients with mitral stenosis the oscillations of
PEF could depend on variation in pulmonary conges-
tion, occurring during the day and from day-to-day. In
patients with mitral stenosis airway calibre is related
to pulmonary congestion [33], hence it is not surpris-
ing that CV-PEF and VAR-PEF were significantly
related to FEV, or MEF, in our patients.

Among respiratory symptoms, only wheeze was
positively and consistently associated with responsive-
ness to methacholine. A significant relationship
between nonspecific bronchial responsiveness and
wheeze has also been reported in population studies
[34, 35]. As factors known to influence bronchial
responsiveness were controlled in our patients,
"cardiac asthma" is the most probable diagnosis for the
association between bronchial responsiveness to metha-
choline and history of wheeze. The questionnaire used
here does not allow speculation about the nature of
cough reported by patients. More detailed questions
about cough, focused on its relationship with non-
specific stimuli, as in the International Union Against
Tuberculosis and Lung Disease (IUATLD) question-
naire on asthma [36], might have been more useful to
identify patients with airway hyperresponsiveness. As
in the study-design there was not a random order of
tests, we tried to avoid possible bias by separately
administering the questionnaire and by computer
analysing PEF recordings with no knowledge of the
results of bronchial challenge (see Methods).

Qur patients had a narrow range of mitral area
(1.15-1.45 cm?), so that we have not tested the rela-
tionship between "cardiac" variables and bronchial
hyperresponsiveness in the present study. We have
previously observed a significant linear inverse

relationship between pulmonary capillary wedge pres-
sure and bronchial threshold to methacholine in pa-
tients with mitral valve disease [1]. Recently, we
found that bronchial responsiveness to methacholine
decreased in those patients with mitral valve disease
who showed a decrease in radiological score for lung
oedema after mitral valve replacement [37]. At vari-
ance with our results, Pison et al. [38] found no
change in bronchial responsiveness 15 days after in-
tensive therapy of patients with lung congestion due
to chronic heart failure. We think that 15 days is
probably not a long enough time to observe a change
in bronchial responsiveness. Chronic lung congestion
might cause airway change, i.e. muscular hypertrophy
[39], which could not be reversible in a short time.
Unfortunately, we did not study the response to
bronchodilators in our patients.

Whilst it seems that lung congestion is generally the
basis for bronchial hyperresponsiveness in cardiac
patients, it is not at present clear why patients with
similar pulmonary haemodynamics have or have not
bronchial hyperresponsiveness.

In conclusion, in patients with moderate mitral
stenosis we found a high prevalence of bronchial
responsiveness to methacholine, particularly if they
had a history of wheeze, and a low prevalence of
response to hypotonic stimuli. In these patients,
PEF oscillations are higher than normals and
are related to FEV, and associated with methacholine
bronchial responsiveness. From our results, it
seems that bronchial hyperresponsiveness of cardiac
patients is generally more similar to that found in
bronchitic rather than in asthmatic patients. The clini-
cal value of a specific "bronchial" therapy (e.g.
bronchodilators, antireactive drugs) in selected cardiac
patients with airway hyperresponsiveness remains to be

tested,
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