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ABSTRACT

Vocal cord dysfunction (also called paradoxical vocal cord motion) or paradoxical vocal fold motion (PVFM) is an event
elicited by specific and nonspecific triggers in which its diagnosis is limited by the restricted number of available functional
tests. This study was designed to appreciate the contribution of the spirometric changes elicited by the allergen-specific nasal
provocation test (NPT) performed with Dermatophagoides pteronyssinus for the diagnosis of PVFM in subjects with
known sensitization to this allergen. In total, 63 subjects with allergic rhinitis who had previously been shown to be sensitized
to D. pteronyssinus and who had experienced one or more episodes of inspiratory shortness of breath underwent two
spirometric tests, one before (pre-NPT) and another 15 minutes after the allergen-specific NPT (post-NPT). The forced
inspiratory vital capacity (FIVC), forced inspiratory volume in 2 seconds (FIV2), and the ratio between the FIV in 1 second
and FIVC (FIV1/FIVC) were measured by spirometry. The morphology of the post-NPT inspiratory loop was compared with
the pre-NPT inspiratory loop. We found that 18 subjects (28.5%) showed alterations suggestive of PVFM on post-NPT
spirometry (e.g., truncation and/or flattening of the inspiratory loop). The mean differences between the pre-NPT and
post-NPT values for the whole group were significant using a two-tailed paired t-test for the FIVC (4.1; 95% confidence
interval [CI95%], 1.4–6.8), FIV1/FIVC ratio (2.7; CI95%, 0.05–5.3), and FIV2 (7.2; CI95%, 3.4–11). Allergen-specific NPT
combined with spirometry is useful to show allergen-specific laryngeal hyperresponsiveness in allergic subjects with PVFM.
Brazilian clinical trial registry platform (Plataforma Brasil, CAAE 07971212.0.0000.5480).

(Allergy Asthma Proc 34:453–458, 2013; doi: 10.2500/aap.2013.34.3681)

Diagnostic differentiation of the organs responsible
for respiratory symptoms is essential for a

proper therapeutic approach. This differentiation is
usually not very difficult for the experienced physi-
cian, but sometimes the subjects may present nonspe-
cific symptoms that can mislead the diagnostic ap-
proach.1 In addition, some disorders may remain
asymptomatic until the functional reserves are ap-
proached, as in the case of asthma, or may manifest on
intermittent occasions, as in the case of paradoxical
vocal fold motion (PVFM) disorder and, therefore,
might not be shown during a single clinical visit when
the subject is asymptomatic.2,3 Airway hyperrespon-
siveness may be elicited by a variety of mechanisms,
and direct contact with specific antigens is the main
trigger in allergic conditions.4 Nonspecific airway hy-
perresponsiveness may be shown by pharmacologic

challenges to contribute to the anatomic diagnosis,5

whereas the specific causative agents may be indicated
by allergen challenges.6 Respiratory challenge with al-
lergens may induce immediate hyperresponsiveness
(by stimulating autacoids via IgE-mediated hypersen-
sitivity and/or nonspecific neural mechanisms)7 as
well as late and delayed immunoreactivity.8 The nasal
provocation test (NPT) may be assessed using symp-
tom scoring systems,9 nasal patency measurements
(peak nasal inspiratory flow, rhinomanometry, acous-
tic rhinometry, or optical rhinometry), and cytologi-
cal/biochemical studies of the nasal fluid.10,11 Simi-
larly, the bronchial provocation test provides valuable
information about bronchial hyperresponsiveness in
asthmatic subjects and may be assessed using spirom-
etry and cytological/biochemical studies of the spu-
tum.12 Among respiratory disorders, PVFM (also
known as vocal cord dysfunction or paradoxical vocal
cord motion) is the entity in which its etiologic diag-
nosis is the most complex because there are no stan-
dardized functional challenging tests to show causality
between specific triggers and symptoms.13 PVFM may
present as asthma-like symptoms14,15 and may result
from an assorted collection of causes in response to a
triggering stimulus such as exercise, gastroesophageal
reflux disease (pharyngolaryngeal or extraesophageal
reflux), vagal neuropathy, psychological problems, la-
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ryngeal disorders, neurological disorders, and laryn-
geal hyperresponsiveness.16 Diagnosis of PVFM when
the subject is symptomatic is suggested by signs of
extrathoracic upper airway obstruction on spirometry
such as flattening or premature ending (truncation) of
the inspiratory limb. It can be confirmed using direct
visualization by video laryngoscopy to view the para-
doxical adduction of the cords,17 but because of the
intermittent nature of these episodes, the diagnosis can
sometimes be challenging.18 The aim was to study the
spirometric changes induced by allergen-specific NPT
in allergic subjects with at least one event of inspiratory
shortness of breath, in search of signs for the diagnosis
of PVFM.

METHODS

Study Design and Subjects
We examined 63 subjects (50 women; overall mean

age, 28.1 years; �SD, 10.2 years). The subjects were
asymptomatic and did not use any medication for at
least 2 weeks before the examination. All of the subjects
had previous clinical diagnoses of allergic rhinitis ac-
cording to the Allergic Rhinitis and Its Impact on
Asthma criteria,19 as well evidence of IgE-mediated
hypersensitivity to Dermatophagoides pteronyssinus by
skin prick test and skin scrape test performed as pre-
viously described.20,21 The study was approved by the
Ethical Review Board of the Irmandade de Misericór-
dia de Campinas, registered at the Brazilian clinical
trial registry platform (Plataforma Brasil, CAAE
07971212.0.0000.5480) and conducted according to the
principles of the declaration of Helsinki. Informed as-
sent and consent was obtained before enrollment. Sub-
ject’s information was kept confidential. No investiga-
tional drugs were used.

Allergen-Specific NPT
The allergen-specific NPT was performed in subjects

who showed an adequate inspiratory loop in the pre-
vious spirometry. An isotonic, buffered, neutral pH
aqueous solution (100 �L) with 10% (w/v) D. pteron-
yssinus extract (Immunotech, Rio de Janeiro, Brazil)
adapted to room temperature was applied with a
pump spray device to both nostrils of a subject. The
subject was instructed to inhale before allergen appli-
cation, hold his/her breath during application, and
exhale immediately after application. A symptom score
(SS; NPT-SS) ranging from 0 to 12 for immediate reac-
tions was implemented after each NPT as described by
Lebel and colleagues.9 The NPT-SS punctuates (a)
sneezing (3–4 sneezes � 1 point; �5 sneezes � 3
points), (b) rhinorrhea (anterior and moderate � 1
point; posterior � 1 point; both symptoms � 2 points;
important anterior and posterior � 3 points); (c) block-
ade (patient can breathe with difficulty � 1 point; one

nostril is blocked � 2 points; both nostrils blocked � 2
points); and (d) pruritus (nose � 1 point; palate or
ear � 1 point; conjunctivitis � 1 point).

Spirometry
The values obtained by spirometry for each subject

before the NPT (pre-NPT) and 15 minutes after the
NPT (post-NPT) were recorded as spirometric data.
The subjects were acclimatized for at least 30 minutes
before the pre-NPT. Spirometry was performed under
medical supervision with the subject in a sitting posi-
tion and wearing a nose clip. The subjects were encour-
aged to use maximum efforts first for the inspiratory
and then for expiratory loops. In the final analysis, we
used the loops that had the best inspiratory and expi-
ratory curves. The forced inspiratory vital capacity
(FIVC), forced inspiratory volume in 2 seconds (FIV2),
and the ratio between the FIV in 1 second and FIVC
(FIV1/FIVC) were measured by flowmeter spirometry
(WinspiroPRO 3.6.3 USB spirometer; MIR Medical In-
ternational Research, Rome, Italy). The FIVC is the
volume change of the lung between a maximal expira-
tion to residual volume and a full inspiration to total
lung capacity performed during forceful inhalation.
The quality of this maneuver may be verified compar-
ing the FIVC volume with the forced vital capacity
(FVC). The results must be about the same. If the FIVC
maneuver is performed after a forced expiration in a
patient with pronounced airway obstruction, the FIVC
may be larger than FVC. To avoid this difference, the
FIVC maneuver must be performed before the forced
expiration. FIV1 and FIV2 are the volumes that can be
forcefully inhaled, respectively, in the 1st and 2nd sec-
onds during the FIVC maneuver. The ratio between
FIV1 and FIVC represents the initial inspiratory flow
that can be affected by the proximal airway permea-
bility obstruction associated with PVFM.18

The spirometer software also calculated the percent
of each predicted result (%pred) for each lung function
test in the reference population (Knudson) according to
each subject’s sex, age, and height (Fig. 1).22 The ap-
pearance of the inspiratory loop was inspected in
search of abnormalities: absence, truncation (early ter-
mination of the curve), or flattening (lack of normal
concavity). Each curve was reviewed by all investiga-
tors to reach agreement on the differences between the
pre-NPT and post-NPT spirometry data. The differ-
ences between the %pred pre-NPT and %pred post-
NPT spirometric values were also calculated by the
software (difference of percent of predicted FIVC
[FIVCdf%], FIV2df%, and FIV1/FIVCdf%).

Statistical Analyses
Gaussian distribution was proven using d’Agostino

and Pearson’s omnibus normality test. Group compar-
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isons were performed using a two-tailed paired t-test.
The data were reported as the arithmetic mean with 1
SD. Mean differences were considered significant at
p � 0.05. Paired correlation charts between NPT-SS and
the differences between the %pred pre-NPT and post-
NPT (FIVCdf%, FIV2df%, and FIV1/FIVCdf%) values
were plotted, and the Pearson’s correlation was used to
analyze the results. Statistical analyses were performed
using GraphPad Prism for Windows (Version 5.0;
GraphPad Software, Inc., San Diego, CA).

RESULTS

Nasal Provocation Test Symptom Score
The mean NPT-SS was 4.7 (�2.8 SD). The distribu-

tion was shown to be normal using the D’Agostino and
Pearson omnibus normality test (p � 0.17).

Inspiratory Loops Abnormalities
There were 18 subjects (28.5%) who showed remark-

able alterations on their post-NPT inspiratory loops.
The main alterations were decreased in total area (16
subjects), truncation (6 subjects), and flattening (8 sub-

jects). Two subjects presented an inverse truncation,
with flattening of the initial inspiratory loop and a
compensatory increase of the ending of the loop, sug-
gesting a sudden opening of the vocal fold in the
middle of inspiration. In these subjects, we did not
observe a decrease in the total inspiratory area (see
Figs. 1 and online supplement E1).

Spirometric Values
The absolute cutoff suggestive of PVFM for each

parameter was defined as the value of df% under
which there was no subject without inspiratory loops
abnormalities. The absolute cutoff suggestive of a nor-
mal inspiratory loop was defined as the value of df%
above which there was no subject with inspiratory
loops abnormalities. The range of the spirometric val-
ues and suggestive cutoffs are summarized in Table 1.
The complete data including the subject’s ages (years),
NPT-SS, and spirometric values obtained before and
after allergen-specific NPT (%pred and df%) are dis-
played in online supplement Table E1.

FIVCdf% (difference of percent of predicted Forced
Inspiratory Volume Capacity)

The mean difference between the pre-NPT FIVC%pred
and post-NPT FIVC%pred values obtained from the
whole group of 63 subjects was significant using a
two-tailed paired t-test (�4.1; 95% confidence interval
[CI95%], �6.8 to �1.4; p � 0.0034). Four subjects with
inspiratory loop abnormalities (22%) had an increase in
FIVC. Twelve subjects with inspiratory loop abnormal-
ities (66.6%) had a decrease in FIVC of �10%. Four
subjects with inspiratory loops abnormalities (22.2%)
presented a decrease of FIVC of �25%. There were five
subjects with normal inspiratory loops (11%) with a
decrease of FIVC of �10%. There were no subjects with
normal inspiratory loops with a decrease of FIVC of
�25%. There was no significant correlation between
NPT-SS and FIVCdf%.

FIV1/FIVCdf% (difference of percent of predicted
Forced Inspiratory Volume Capacity in one second/
Forced Inspiratory Volume Capacity)

The mean difference between the pre-NPT%pred and
post-NPT%pred FIV1/FIVC values obtained for the
whole group of 63 subjects was significant using a
two-tailed paired t-test (�2.7; CI95%, �5.3 to �0.05; p �
0.045). Half of the 18 subjects with inspiratory loop
abnormalities showed no significant alterations (de-
crease of �5%) to their FIV1/FIVC ratio. Nine subjects
(50%) with inspiratory loop abnormalities presented a
decrease of FIV1/FIVC of �13%. Six subjects (33%)
with inspiratory loop abnormalities presented a de-
crease of FIV1/FIVC of �19%. There were no subjects
with normal inspiratory loops with a decrease of FIV1/

Figure 1. Flow–volume loops appearance of combined allergen-
specific nasal provocation test with spirometry. (A) Normal pre-
NPT inspiratory and expiratory loops (red); (B) truncation of
post-NPT inspiratory loop; (C) flattening of post-NPT inspiratory
loop; and (D) inverse truncation of post-NPT inspiratory loop.
NPT, nasal provocation test.
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FIVC of �17%. There was a significant correlation (p �
0.01) between NPT-SS and FIV1/FIVCdf% for the whole
group (Pearson’s r � �0.31; CI95%, �0.52 to �0.077).

FIV2df% (difference of percent of predicted Forced
Inspiratory Volume in two seconds)

The mean difference between the pre-NPT%pred and
post-NPT%pred FIV2 values obtained from the whole
group of 63 subjects was significant using a two-tailed
paired t-test (�7.2; CI95%, �11 to �3.4; p � 0.003). All
of the 18 subjects with inspiratory loop abnormalities
had a decrease of FIV2 of �9% (mean, �26.2; CI95%,
�33.1 to �19.4). Fourteen subjects (77.7%) with in-
spiratory loop abnormalities presented with a decrease
of FIV2 of �15%. Nine subjects (50%) with inspiratory
loop abnormalities presented with a decrease of FIV2 of
�25%. There were five subjects (11%) with normal
inspiratory loops with a decrease of FIV2 of �9%.
There were no subjects with normal inspiratory loops
with a decrease of FIV2 of �25%. There was a signifi-
cant correlation (p � 0.03) between NPT scores and
FIV2df% (Pearson’s r � �0.26; CI, �0.48 to �0.01).

DISCUSSION
Allergen-specific NPT is considered the gold stan-

dard for the diagnosis of allergic rhinitis, but it is a
neglected test.22,23 However, because of its inability to
test more than one allergen simultaneously, allergen-
specific NPT is not used for triage purposes. Instead, it
is used for specific indications such as the diagnosis of
allergic rhinitis in subjects with just local production of
IgE24 or to confirm the relevance of a particular antigen
before prescription of desensitization therapy.25 NPT
can also be used to study nonallergic conditions such
as aspirin intolerance or nonspecific nasal hyperre-
sponsiveness.26,27 The use of allergen-specific NPT
combined with spirometry was already reported to
study asthmatic response but, in these articles, there

was no reference to inspiratory loops.28,29 The inspira-
tory loop in spirometry is also a valuable and neglected
source of information. Usually, the medical practitio-
ner pays more attention to the expiratory components
of the test because medical protocols use these results
to guide the diagnosis and treatment of asthma.30 This
lack of attention is not, however, totally a physician’s
fault. Sometimes, while applying the spirometry, the
examiners focus on the expiratory loops and do not
emphasize to the subject the need to exert maximal
inspiratory effort. Adequate encouragement of forced
inspiration is crucial to establish the presence/absence
of truncation or flattening of the inspiratory loop.31

Because the shape of the inspiratory loop may distin-
guish an episode of asthma from an episode of PVFM,
the observance of such details should be mandatory.1

Among acute respiratory disorders, PVFM is also one
of the most forgotten on the differential diagnosis. It is
not uncommon to attend subjects with PVFM whose
symptoms have already been inappropriately imputed
in emergency rooms to asthma or a psychosomatic
disorder. In fact, it is not usual for an emergency de-
partment to keep a spirometer on hand to distinguish
a PVFM attack from asthma.1 The diagnosis of PVFM is
not easy to establish because the attacks are intermit-
tent and, most of the time, the subjects remain asymp-
tomatic. The diagnosis of PVFM is made during the
attacks based on laryngoscopic evidence of inspiratory
and/or early expiratory vocal cord adduction. The
gold standard is fiberoptic laryngoscopy or endospi-
rometry, but these exams do not show the etiology of
the process.32 The etiology of PVFM is complex, often
multifactorial, and still remains an insufficiently ex-
plored field, which results in more subjects being re-
ferred for nonspecific treatments such as speech ther-
apy. Although PVFM is often misdiagnosed as asthma,
there is also a close relationship between the two con-
ditions. Newman and colleagues found that 56% of

Table 1 Ranges of differences between pre-NPT and post-NPT percentage of predicted spirometric values
and suggestive absolute cutoffs related with PVFM or normal inspiratory loops

Range of Values in
Subjects with

Normal Post-NPT
Inspiratory Loop

Range of Values in
Subjects with

Abnormal Post-NPT
Inspiratory Loop

Absolute Cutoff
Suggestive of a Normal

Inspiratory Loop

Absolute Cutoff
Suggestive of

PVFM

FIVCdf% �25% to �16% �39% to �10% None Decrease of �25%
FIV1/FIVCdf% �17% to �18% �59% to �2% None Decrease of �17%
FIV2df% �25% to �32% �59% to �9% Decrease of �9% Decrease of �25%

NPT � nasal provocation test; pre-NPT � spirometric data obtained prior to NPT; post-NPT � spirometric data obtained after
NPT; FIVC � forced inspiratory vital capacity; FIV2 � forced inspiratory volume in 2 s; FIV1/FIVC � ratio between forced
inspiratory volume in 1 s and FIVC; %pred � percentage of predicted for age, gender, and height; df% � difference between
pre-NPT percentage of predicted and post-NPT percentage of predicted spirometric data; PVFM � paradoxical vocal fold
motion.

456 September–October 2013, Vol. 34, No. 5

DO N
OT C

OPY



their 95 PVFM subjects had coexistent asthma.33 The
fact that some patients complained of inspiratory
shortness of breath after allergen-specific NPT also
alerted us to the possibility that a specific trigger might
represent an additional etiology for PVFM. This study
was designed to establish a temporal relationship be-
tween an allergen dispensed by a nasal challenge and
spirometric alterations suggesting PVFM. This rela-
tionship was indicated in 18 of 63 subjects (28.5%) with
a recognized sensitivity to the specific allergen. These
alterations were not present at the initial spirometric
evaluation, suggesting an allergen-specific laryngeal
hypersensitivity.

This is the first report in the literature of a study of
spirometric results (performed with emphasis on the
inspiratory loop) that was performed with the same
group of subjects and compared an asymptomatic
baseline status versus an allergen-specific postchal-
lenge status. Murri and colleagues compared spiromet-
ric values between a group of subjects with PVFM and
another normal control group.18 In contrast to the find-
ings of Murri, who found a significant difference in the
percent (FVC%) between the groups, there was no sig-
nificant difference between the pre-NPT FVC% and
post-NPT FVC% in our subjects (results not shown),
but the two studies were performed with different
designs and, therefore, the comparison is just relative.

It is also convenient to remark that the spirometric
parameters measured by the Winspiro flowmeter (pre-
viously called Fleischmann’s tachymeter) are not the
directly measured classic volume values but are de-
rived from a mathematical cohesion supported by the
fact that, at a laminar flow, the pressure difference and
the flow rate are linear to each other. The advantage of
this method is the precise measurement at low flows
and absence of influence of air density or humidity.

Among the spirometric parameters of our subjects,
FIV2df% showed to be more consistent to suggest a
normal inspiratory loop or PVFM. A decrease in FIV2
of �9% was not associated with any abnormal inspira-
tory loop. A decrease of �25% in FIV2 or FIVC on
post-NPT spirometry was highly suggestive of PVFM,
as well as a decrease in FIV1/FIVC of �17%.

The combination of allergen-specific NPT with spi-
rometry can enrich the information sought by both
tests. It is a useful way to show a direct link between
specific sensitivity and laryngeal hyperresponsiveness
in allergic subjects and, consequently, can be used as
an indicator for the therapeutic approach, among oth-
ers, immunotherapy. In this work, we observed a tem-
poral association between allergen exposure and
PVFM. This association suggests a new use for spirom-
etry as a supplementary diagnostic parameter to the
allergen-specific NPT. It also suggests a specific indi-
cation for NPT/spirometry on the diagnosis of aller-
gen-specific PVFM. The information provided by this

test combination is valuable for allergists because it
lends support to the indication of desensitization ther-
apy, as well as the referral of patients with PVFM to an
otolaryngologist with a suggestion for fiberoptic laryn-
goscopy. Reciprocally, these data alert otolaryngolo-
gists that patients with PVFM must also be investi-
gated for allergies.
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