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Reversibility of the Pulmonary Function Based on the
Partial Flow-volume Curve Predicts the Efficacy of
Bronchodilator Therapy for Treating Chronic Cough
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Abstract

Objective Partial expiratory flow-volume curves have the potential to detect mild bronchoconstriction be-
cause they are not affected by the modulatory effects of deep inspiration. The aim of this study was to inves-
tigate the relationship between the efficacy of bronchodilator therapy (BDT) in treating the cough and to as-
sess the increase in the expiratory flow of the partial flow-volume curve at 40% above the residual volume
level (PEF.) caused by treatment with a short-acting beta-2 agonist (SABA) in patients with chronic nonpro-
ductive cough.

Methods We measured the reversibility of PEF, caused by a SABA in 42 patients with chronic nonproduc-
tive cough at visit 1 (day 0). The patients received BDT for six days. The visual analogue scale (VAS) was
used to assess the efficacy of BDT in treating coughing at visit 2 (day 7) (0 mm, ‘no cough;” 100 mm, ‘no
change in coughing’).

Results Reversibility of the PEF,, was correlated (r=0.690, p<0.001) with the VAS score determined at visit
2 and was higher in the patients with cough variant asthma (CVA) (44.9+18.3%) than in those with atopic
cough (13.4+£10.4%) (p<0.01).

Conclusion Reversibility of the PEF,, predicted the efficacy of BDT in patients with chronic nonproductive

cough and helped to identify patients with CVA.
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Introduction

Cough variant asthma (CVA) is one of the major causes
of chronic nonproductive cough in Japan (1). Corrao et al.
reported CVA to be a subtype of asthma in 1979 (2). CVA
is very similar to typical asthma; however, the only charac-
teristic phenotype of CVA is chronic nonproductive
cough (2). The guidelines the management of
cough (3, 4) recommend that the diagnosis be made based
on therapeutic efficacy. The placebo effect, natural improve-
ments and difficult to treat cases present major problems in
making a diagnosis based on therapeutic efficacy. Therefore,
there is an urgent need to investigate the clinical features of

for

CVA that can be applied to making a diagnosis based on the
pathophysiological condition of the patient. We recently
demonstrated that a heightened cough response to bron-
choconstriction is a fundamental feature of CVA (5).

We took note of the characteristics of partial and full
flow-volume curves reported by Fish et al. (6, 7), which
have the potential to detect mild bronchial smooth muscle
contractions because they are not affected by the modulatory
effects of deep inspiration (bronchodilation and bronchocon-
striction when bronchospasm and bronchodilation are in-
duced, respectively) (6, 7). Therefore, we hypothesized that
the reversibility of the partial flow-volume curve at 40%
above the residual volume level (PEF.), which is assumed
not to be affected by the modulatory effects of deep inspira-
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Table 1. Characteristics of the Subjects
Patients with chronic nonproductive cough
Total
Number: 42
Gender (% of Male): 43%
Age (years): 46.1 £24.3
Height (cm): 161.2+£19.0
Body weight (kg): 58.4+13.5
Exhaled nitric oxide (ppb): 29.5+35.5
Pulmonary function

PEF40 (L): 3.0+1.3
FVC (L): 38+1.0
FVC (% pred.): 116.6 £ 15.0
FEV, (L): 32+09
FEV, (% pred.): 109.5 + 14.7
FEV//FVC ratio (%): 84.0+£8.2
MMF (L/sec): 32+1.3
MMF (%pred.): 82.0+21.8
V50 (L/sec): 38+1.4
V50 (Yopred.): 78.3+20.4
V25 (L/sec): 1.5+09
V25 (Yopred.): 58.8 +£23.6
Reversibility of PEF40 (%): 348+224
Reversibility of FVC (%): 0.7+2.5
Reversibility of FEV, (%): 28+25

CVA AC p value
30 12

43% 42% N.S.
422+15.6 55.8+37.5 N.S.
1643 +8.4 153.5+32.7 N.S.
60.7+12.0 53.2+15.8 N.S.
40.0+41.0 11.2+52 <0.001
2.7+1.0 3.7+1.7 0.07
39+1.0 38+1.1 N.S.
1172+ 1.6 115.0+11.2 N.S.
33+1.1 33+1.1 N.S.
108.5+16.1 112.2+10.8 N.S.
82.8+8.3 86.9+7.5 N.S.
31+1.2 3.6+1.6 N.S.
78.9+222 89.7+19.8 N.S.
3.7+13 42+1.7 N.S.
75.5+£20.0 85.1+£20.7 N.S.
1.4+0.8 1.8+1.1 N.S.
55.4+22.1 67.6+25.9 N.S.
43.4+20.0 13.4£10.8 <0.001
0.5+2.6 0.8+2.0 N.S.
3.0+£2.7 25+19 N.S.

The data are presented as the mean + standard deviation (SD).
CVA: cough variant asthma, AC: atopic cough, FVC: forced vital capacity, FEV: forced expiratory volume in
one second, MMF: maximum mid-expiratory flow, N.S.: not significant

tion, can predict the efficacy of bronchodilator therapy
(BDT) in treating chronic nonproductive cough. The aim of
this study was to investigate the relationship between the ef-
ficacy of BDT and markers of pulmonary function tests
(PFTs) [reversibility of the PEF., and FEV1 by a short-
acting beta-2 agonist (SABA)] and physiological airway
properties [sensitivity of the cough to capsaicin (C5) and the
methacholine provocation concentration producing a 20%
decrease (PCy) in FEVI1] in patients with chronic nonpro-
ductive cough.

Materials and Methods

Patients

Forty-two patients with chronic nonproductive cough gave
their informed consent to participate in this study. The char-
acteristics of the patients are shown in Table 1. This study
was performed at Kanazawa University Hospital between
February 2011 and February 2012 and was approved by the
ethics committee of Kanazawa University Hospital (Ap-
proval No.717) and conducted in accordance with the Decla-
ration of Helsinki.

Spirometric measurements

The spirometric measurements were obtained according to
international criteria (8). The pulmonary function test system
CHESTAC-9800 (CHEST M.IL. Inc., Tokyo, Japan) was used
to measure the PEF,, forced vital capacity (FVC) and FEV,.
The maximal expiratory flow rates at 50% and 25% of the
forced vital capacity (V50 and V25) were obtained from the

flow-volume curves. The MMF (maximal mid-expiratory
flow) is the average of the expiratory flow at 25-75% of the
forced vital capacity. The patients were coached on how to
perform the standard forced expiratory maneuvers. Three
technically acceptable blows were recorded, and the best
values were retained.

Partial and full flow-volume curves

Examples of partial and full flow-volume curves are
shown in Fig. la. The partial and full flow-volume curves
were measured using the modified method of Fish et
al. (6, 7). The partial curves were created based on the end-
tidal inspiration: upon reaching the residual volume level,
patient inspired to the total lung capacity level (deep inspira-
tion) and performed the maneuver to achieve a full curve. In
detail, the PEF, represented the expiratory flow at 40%
above the residual volume level from the full FVC, and the
volume level was used as the reference volume level to de-
termine the isovolume flow from the partial curve.

Methacholine inhalation challenge

Methacholine chloride was dissolved in phosphate-
buffered saline solution (PBS) to concentrations of 0.04,
0.08, 0.16, 0.31, 0.63, 1.25, 2.5, 5, 10, 20, 40, 80 and 160
mg/mL. PBS and MCh were inhaled via a nebulizer (DeVil-
biss 646; DeVilbiss HealthCare, Somerset, PA, USA) oper-
ated by compressed air at 5 L/min. The maneuvers to
achieve partial and full flow-volume curves were performed
using a computerized spirometer (CHESTAC-9800; CHEST,
Tokyo, Japan) before the challenge. PBS was then inhaled

for two minutes and the partial and full flow-volume curves
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Figure 1. Examples of partial and full expiratory flow-vol-

ume curves pre- (a) and post- (b) inhalation following the ad-
ministration of a short-acting beta-2 agonist (SABA). The re-
versibility of the PEF, is given by the reversibility of PEF, =
[(post PEF4-pre PEFy4)/pre PEF4] x100 (%). PEF 4, expirato-
ry flow of the partial flow-volume curve at 40% above the re-
sidual volume level.

were again measured. After confirming that the PBS inhala-
tion caused neither bronchoconstriction nor coughing, MCh
was then inhaled for two minutes using tidal breathing with
the patient wearing a nose clip, followed immediately by
obtaining further measurements of the partial and full flow-
volume curves. Increasing concentrations of MCh were in-
haled until a decrease of 20% in the FEV1 (PC20-FEV1)
from the post-PBS value was achieved. Bronchial hyper-
responsiveness was defined as a PC20 of <10 mg/mL (7).

Assessment of sensitivity of the cough to capsaicin

Measurement of the cough threshold for inhaled capsaicin
was carried out using the method reported previously. Cap-
saicin (30.5 mg) was dissolved in Tween 80 (I mL) and
ethanol (1 mL) and then dissolved in physiological saline (8
mL) to provide a stock solution of 1x10-2 M, which was
stored at -20°C. The solution was diluted with physiological
saline to create solutions of 0.49, 0.98, 1.95, 3.9, 7.8, 15.6,
31.2, 62.5, 125, 250, 500 and 1,000 uM. Each subject in-
haled a control solution of physiological saline followed by
progressively increasing concentrations of the capsaicin so-
lution. The solutions were inhaled for 15 seconds every 60
seconds using tidal mouth breathing wearing a nose clip
with a Bennett Twin nebulizer (3012-60 cc; Puritan-Bennett
Co., Carlsbad. CA, USA) operated by compressed air at 5
L-min-1. Increasing concentrations were inhaled until five or
more coughs were elicited. The output of the nebulizer was
0.21 mL-min-1. It has been reported that the aerodynamic
mass median diameter (MMD) of the particle is 3.60 pm,
with a geometric standard deviation of 3.47 (9). The number
of capsaicin-induced coughs was counted by two medical
technicians in the Pulmonary Function Laboratory of Ka-
nazawa University. The cough threshold was defined as the
lowest concentration of capsaicin that elicited five or more
coughs. Cough hypersensitivity was defined as a capsaicin

cough threshold of <3.9 uM (10).
Diagnostic criteria

The diagnosis of CVA was made according to the follow-
ing criteria: (1) isolated chronic nonproductive coughing
lasting for more than eight weeks; (2) the absence of a his-
tory of wheezing or dyspnea, and no adventitious lung
sounds on a physical examination; (3) relief of coughing
with bronchodilator therapy; and (4) an FEV1, forced vital
capacity (FVC) and FEV1_FVC ratio within the normal lim-
its. The diagnosis of atopic cough (AC) was made according
to the following criteria: (1) nonproductive coughing lasting
more than eight weeks without wheezing or dyspnea; (2)
coughing resistant to bronchodilator therapy (oral clen-
buterol at a dose of 40 pg/day plus inhaled salbutamol at a
dose of 200 pg at bedtime and on demand); (3) the presence
of one or more findings indicative of an atopic constitution,
including a history and or complications of allergic disease,
excluding asthma, peripheral blood eosinophilia (>5% or >
400 cells/uL), an elevated total serum IgE level (>150 IU
mL), positive findings for IgE antibodies specific to aero-
allergens and/or induced sputum eosinophilia (>2.5%); (4)
resolution of cough attacks with histamine H1 antagonists
and/or inhaled and/or oral corticosteroid therapy.

Assessment of the efficacy of cough treatment

The efficacy of the cough treatment was assessed using a
subjective cough symptom scale (cough scale). During the
1-week observation period and the following 2-week treat-
ment period, all patients recorded their cough scores in a
cough diary. Coughing was scored on a scale from 0 to 10
points, based on the severity and frequency of the cough for
24 hours at the first visit, after the 1-week observation pe-
riod and after the 2-week treatment period. A score of 0 in-
dicated “no cough,” whereas a score of 10 denoted “a cough
as bad as that observed at the first visit”. Based on the
cough diaries, the average score of three days (days 5, 6 and
7 from the first visit) was used as the cough scale score for
week 1 and that of three days (days 19, 20 and 21 from the
first visit) was used as the cough scale score for week 3.
The efficacy of bronchodilator therapy with respect to mak-
ing a diagnosis of CVA was evaluated based on the changes
in the cough scale score before and after treatment (A cough
scale): 10-8 points was regarded as excellent, 7-5 points was
regarded as good, 4-3 points was regarded as fairly good
and 2-0 points was regarded as unsatisfactory. When the A
cough scale was 3 or more, the bronchodilator therapy was
judged to be effective.

Study design

The study design is shown in Fig. 2. We used partial and
full flow-volume curves to measure bronchial reversibility
following treatment with an SABA in each patient at visit 1
(day 0). We also measured the C5 and exhaled nitric oxide
levels at visit 1.

The patients received BDT for six days. The visual ana-
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Figure 2. Study design. C5: cough sensitivity to capsaicin,
eNO: exhaled nitric oxide, BDT: bronchodilator therapy,
VAS: visual analogue scale

logue scale (VAS) was used to evaluate the efficacy of BDT
(oral clenbuterol at a dose of 40 pg/day + inhaled salbuta-
mol sulphate at a dose of 200 ug on demand) in treating the
cough at visit 2 (day 7) (0 mm indicated ‘no cough;’ 100
mm denoted ‘no change in coughing’). We also measured
the 20% fall in the FEV, (PCx) at visit 2. The patients
stopped receiving BDT 24 hours or more before the meas-
urement of PCy to avoid the influence of BDT on PCy.

The reversibility of the PEF. was calculated based on the
reversibility of the PEFw=[(post PEFu-pre PEF.)/pre
PEF40]X100 (%)

Data analysis

The SPSS II software package for Windows (SPSS, Chi-
cago, IL, USA) was used for all statistical analyses. A single
linear regression analysis was used to examine the relation-
ship between the efficacy of BDT in treating the cough (the
VAS score at the 2nd visit) and the reversibility of the
PEF., FEV1, C5 and PCy. The Mann-Whitney U-test was
used to compare the reversibility of the PEF, between the
patients with CVA and AC. Receiver operating characteristic
(ROC) curves (11) were used to examine the predictive per-
formance of the reversibility of the PEF., with respect to the
efficacy of BDT in treating the cough, which helped to
make the differential diagnosis between CVA and AC. The
ROC curves plot the sensitivity (true positives) on the y-axis
against 1 - the specificity (false positives) on the x-axis,
considering each value as a possible cutoff value. The dis-
criminant efficacy of PEF. was assessed according to the
area under the curve (AUC). Results of p<0.05 were consid-
ered to be statistically significant.

Results

Participant selection and baseline characteristics

Fifty-six patients whose sole or predominant respiratory
symptom was chronic coughing persisting for more than
eight weeks without wheezing or dyspnea were enrolled in
this study. Fourteen of the 56 patients were excluded due to
a lack of evaluation of BDT or PEF, (six cases of full-

DOI: 10.2169/internalmedicine.52.8604

blown asthma, one case of pertussis, one case of undefined
etiology, four cases of poor performance of PEF, measure-
ment and two cases of dropout from the protocol). Follow-
ing completion of the diagnostic procedures, including
therapeutic diagnosis, 30 and 12 patients were diagnosed to
have CVA and AC, respectively.

Table 1 shows the characteristics of the subjects. The
level of exhaled nitric oxide in the CVA patients was signifi-
cantly higher than that observed in the AC patients (40.0+
41.0 vs. 11.245.2, p<0.01). The PEF, values of the CVA
patients tended to be lower than those of the AC patients
(2.7£1.0 vs. 3.7+1.7, p=0.07). Reversibility of the PEF, in
the CVA patients was significantly higher than that observed
in the AC patients (43.4+20.0 vs. 13.4+10.8, p<0.001)
(Fig. 4, Scatter plot). Regarding the other parameters, no
significant differences were found between the patients with
CVA and the patients with AC.

Associations between the VAS scores and parame-
ters of the PFTs

The correlations between the VAS scores and the parame-
ters of the PFTs in the patients with chronic nonproductive
cough are shown in Fig. 3. Reversibility of the PEF., (r=
-0.690, p<0.001), C5 (r=-0.571, p<0.01), V50 (r=-0.380, p<
0.05), V25 (r=-0.346, p<0.05) and MMF (r=-0.340, p<0.05)
was significantly correlated with the efficacy of BDT in
treating the cough (the VAS score at the 2nd visit). Reversi-
bility of the FEV, and PCy was not correlated with the VAS
scores (p>0.05).

Discrimination between the CVA patients and the AC
patients using ROC curves

The ROC curves were used to discriminate between the
CVA patients and the AC patients. The ROC curve for the
performance of reversibility of the PEF. in predicting the
efficacy of BDT in treating the cough is shown in Table 2
and Fig. 5. The AUC was 0.851 when the cutoff value of
PEF., was 20% (Table 2).

Discussion

The two major causes of chronic nonproductive cough in
Japan are CVA and AC (1). Although both conditions cause
eosinophilic airway inflammation, each exhibits different
clinical features. The clinical features of CVA include mild
bronchial (BHR) (2), a heightened
bronchial smooth muscle tone (12) and a normal C5
value (12). CVA responds to treatment with BDT (2). On
the other hand, the clinical features of AC include a low C5
value (12) and normal BHR (12-14). AC does not respond
to treatment with BDT, although it does respond to treat-
H1-antagonists and

hyperresponsiveness

ment with histamine corticoster-
oids (13, 14).

Patients with chronic nonproductive cough sometimes do
not present with characteristic examination findings; there-

fore, it is difficult to diagnose the cause of chronic coughing
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Figure 3. Correlation between the visual analog scale (VAS) at the 2nd visit and the reversibility
of the expiratory flow of the partial flow-volume curve at 40 % above residual volume level (PEF4)
(a), forced expiratory volume in 1 second (FEV;) (b), cough sensitivity to capsaicin (C5) (c), the
methacholine provocation concentration producing a 20% fall (PCy) in FEV, (d), the maximal expi-
ratory flow rates at 50% and at 25% of the forced vital capacity (V50, and V25,) (e, f) and MMF
(maximal mid-expiratory flow) which is the average of expiratory flow 25%-75% of the forced vital

capacity (g).

based on the findings of examinations alone. The guidelines
for the management of cough (3, 4) recommend that a diag-
nosis be made based on therapeutic efficacy. In this study,
we investigated the clinical features of chronic nonproduc-
tive cough that could be applied when making a diagnosis
based on the patient’s pathophysiological condition. In par-
ticular, the aim of this study was to investigate the relation-

ship between the efficacy of BDT in treating the cough (the
VAS score at the 2nd visit) and markers of PFTs (reversibil-
ity of the PEF.,, FEV,, C5 and PCy) in patients with chronic
nonproductive cough. Fig. 3a shows that the VAS score at
the 2nd visit was most significantly correlated with revers-
ibility of the PEF.. The PEF, can be used to detect mild
bronchial smooth muscle contractions because it is not af-
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Table 2. Cutoff Values, Sensitivity and
Specificity of the Percent Increase in the
PEF, for Predicting the Efficacy of Broncho-
dilator Therapy (BDT) in Patients with
Chronic Nonproductive Cough (n=42)

Cutoff value Sensitivity Specificity
10% 88 33
15% 85 47
20% 82 75
25% 68 83
30% 65 83

n=42

Figure 4. Comparison of the reversibility of the expiratory
flow of the partial flow-volume curve at 40% above the resid-
ual volume level (PEF,) between the patients with chronic
variant asthma (CVA) and atopic cough (AC).
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Figure 5. The receiver operating characteristic (ROC) curve
for predicting the efficacy of bronchodilator therapy (BDT) in
patients with chronic nonproductive cough (n=42), which can
help make the differential diagnosis between chronic variant
asthma (CVA) and atopic cough (AC).

fected by the modulatory effects of deep inspiration (6, 7).
The VAS scores were not correlated with reversibility of the
FEV, (Fig. 3b). The FEV, cannot be used to detect mild
bronchial smooth muscle contractions due to the modulatory
effects of deep inspiration (bronchoconstriction when bron-
chodilation is induced), which supports the finding that the
parameters of PFTs, such as FEV,, are normal in patients
with CVA (2). In addition, patients with CVA have mild
BHR (2); however, a diagnosis cannot be made based on the
presence of BHR. Irwin et al. (15) suggested that BHR re-
sults cannot be used to predict the efficacy of BDT in treat-
ing the cough, similar to our findings (Fig. 3d). Therefore,
our results suggest that the reversibility of the PEF. can be
used to predict the efficacy of BDT in treating the cough,
which can help to make a diagnosis of CVA. We recently
demonstrated that CVA patients with mild bronchoconstric-

tion cough frequently, a finding that is not observed in nor-
mal subjects. This suggests that a heightened cough re-
sponse to bronchoconstriction is a fundamental feature of
CVA (5).

We conducted a further analysis based on the final diag-
nosis of CVA and AC in order to determine if reversibility
of the PEF, could be used to distinguish between patients
with CVA and patients with AC. Fig. 4 shows that the re-
versibility of the PEF, in the patients with CVA was signifi-
cantly higher than that observed in the patients with AC (p<
0.01). The ROC curve was used to evaluate the diagnostic
performance of the reversibility of the PEF, for diagnosing
CVA and AC. The best cutoff point was 20% (AUC: 0.851,
sensitivity: 82%, specificity: 75%) (Fig. 5). Similarly, the ef-
ficacy of BDT in treating the cough was significantly nega-
tively correlated with the C5 value (Fig. 3c). It has been re-
ported that bronchoconstriction-triggered cough, which is
relevant to CVA, occurs via Ad-fibers, but not C-fibers (16).
We previously reported that patients with CVA have normal
CS5 wvalues (12), while patients with AC have low C5 val-
ues (12). Therefore, our results showed that patients with
CVA exhibit a >20% increase in the PEF,, following inhala-
tion of SABA and have normal C5 values, while patients
with AC exhibit a <20% increase in the PEF, following in-
halation of SABA and have low C5 values.

The potential disadvantage of the PEF,, metric is that ob-
taining reproducible measurements is very difficult. Spi-
rometry is widely used and reliable; however, it is complex
and requires the full cooperation of the patient (17). Obtain-
ing reproducible measurements of the PEF,, is more difficult
than performing traditional spirometry because it is neces-
sary to match the level of the tidal inspiratory volume,
which is the beginning of the partial flow-volume curve. Fu-
ture efforts should be made to make performing this proce-
dure less difficult.

In conclusion, the reversibility of the PEF, predicts the
efficacy of BDT in treating chronic nonproductive cough.
We believe that this parameter can be used to make a diag-
nosis based on the pathophysiological condition of the pa-
tient rather than making a diagnosis based on the therapeutic
response in patients with chronic nonproductive cough.
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