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Abstract

Background—Vocal cord dysfunction (VCD) is a respiratory disorder characterized by 

inappropriate vocal cord adduction during inspiration. The diagnosis of VCD is challenging, as 

expected flow volume loop abnormalities are uncommonly noted and laryngoscopy must be timed 

to coincide with symptoms.

Objective—To determine the potential role of Impulse Oscillometry (IOS) in the diagnosis of 

VCD. Methods: We conducted an analysis of 6 patients in which the diagnosis of VCD was being 

considered as well as 7 normal subjects and five subjects with asthma. All were evaluated with 

IOS, spirometry and patients underwent laryngoscopy. Two patients with suspected VCD who did 

not exhibit symptoms or abnormal pulmonary function at baseline underwent exercise challenge 

and repeat studies. One patient with suspected VCD underwent an additional irritant challenge.

Results—VCD was diagnosed by laryngoscopy in 3 of the 6 patients where the diagnosis of 

VCD was entertained. These three patients as a group all exhibited higher amplitude (mean, 9.3 

cm H20/L/sec) and more variable spikes (SD, 4.8) on IOS impedance during inspiration, while the 

3 patients where the diagnosis was not confirmed by endoscopy did not show these findings 

(mean, 2.0, P<0.0002; SD, 0.8, P<0.0001). This pattern was also not observed in the normal 

volunteers (mean, 1.8; SD, 0.7) and asthmatics at baseline (mean, 4.2; SD, 1.2) or following 

exercise challenge (mean, 1.5; SD, 0.5).

Conclusions—These findings support the conclusion that IOS displays a characteristic pattern 

in patients with VCD and thus may offer a rapid and non-invasive adjunct to the assessment and 

diagnosis of patients suspected to have this disorder.
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Introduction

Vocal cord dysfunction (VCD) is a condition characterized by paradoxical adduction of the 

vocal cords during inspiration that manifests as respiratory distress. Diagnosis is challenging 

because of the transient nature and overlap of symptoms of VCD with asthma. VCD also 

may coexist with asthma or be misdiagnosed as asthma. 1–4 It is also reportedly more 

common in woman and in patients with gastroesophageal reflux disease (GERD). 5, 6 VCD 

may be misinterpreted as exercise-induced asthma and is one cause of upper airway 

obstruction during exercise in elite athletes. 7 Other triggers of VCD include inhalation of 

irritants, allergic rhinitis, and upper respiratory infections. 1, 8, 9 There may be a 

psychological component to VCD, as a relationship between VCD, anxiety and social stress 

has been suggested10 and may be considered a type of conversion disorder. Consistent with 

this observation, patients often respond to behavior therapy such as biofeedback. 1, 11 The 

diagnostic evaluation of VCD begins with history and physical exam, followed by 

spirometry and laryngoscopy. A characteristic finding indicative of extrathoracic upper 

airway obstruction is truncation of the inspiratory limb of the flow-volume loop (FVL). This 

finding, however, is not specific to VCD and often is not observed in spirometric evaluation 

of patients with VCD. In a study of 95 patients diagnosed with VCD, only 23% had this 

finding at baseline and several patients were unable to perform spirometry.12 Combining the 

findings from 288 VCD-related articles indicates FVL abnormalities were not detected in the 

majority of 1,587 patients with VCD. 1

The standard criteria to establish a diagnosis of VCD is direct observation with 

laryngoscopy of anterior vocal cord adduction during inspiration, or in both inspiration and 

expiration, accompanied by a residual posterior glottic chink.3, 13 These observations when 

accompanied by respiratory symptom establishes the diagnosis of VCD. Provocation with 

exercise challenge may be warranted, as these findings may not be observed at baseline. 14 

Based on a comprehensive review of VCD studies mentioned above, 62% of 1,528 patients 

with VCD had these positive endoscopic finding.1 However, the need for additional non-

invasive tests with efficacy that approximates laryngoscopy is warranted and has been 

highlighted in a recent investigation of new developments in the diagnosis and treatment of 

VCD over the past decade. 15

IOS is used as an adjunct in the evaluation of respiratory disease, particularly in young 

subjects and those who cannot perform effort dependent PFTs.16–18 IOS is based on the 

production of small pressure oscillations that are applied at the mouth and transmitted into 

the lungs, which in turn permits the measurement of the resistance and reactance to the 

impedance of the respiratory system during spontaneous quiet breathing and thus provides 

an indirect analysis of lung function. IOS has been applied in a number of clinical situations 

including detection of fixed airway obstruction, upper airway resistance in obstructive sleep 

apnea, tracheal stenosis, and significant inhalational exposures. 17–19

The observation of an unusual, acute spike in the impedance volume curve during 

inspiration in symptomatic patients with VCD was first suggested by Dr. Michael D. 

Goldman, one of the early developers of IOS, 20, 21 although to our knowledge there exists 

no reported evaluation of the impedance volume in VCD. 22, 23 This led us to examine the 
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use of IOS to diagnose VCD in patients with a history suggestive of VCD. As will be shown, 

findings with IOS were consistent with the endoscopic assessment, thus supporting the 

concept that IOS appears to be a valuable adjunct in the diagnosis of VCD.

Methods

Subjects

Six patients 12–60 years of age with a clinical history suggestive of VCD were enrolled on 

an NIH IRB approved protocol following informed consent. All patients underwent a 

history, physical exam, spirometry, IOS and laryngoscopy using a standard protocol. 13 Two 

patients with suspected VCD with exercise that did not exhibit findings of VCD at baseline 

underwent a 15–20 min treadmill exercise challenge, which consisted of 5 minute intervals 

of increasing speed and incline, followed by IOS, spirometry and direct laryngoscopy when 

feasible. Exercise challenge intervals continued until there was profuse sweating and 

increased heart and respiratory rate. One patient was challenged with perfume, and other 

aromatic inhalations noted in the history to trigger symptoms. Patients’ test results from IOS 

were compared to 5 age matched asthmatics (FEV1 % post bronchodilator change > 15%) 

without a history of VCD; and 7 non-asthmatic (FEV1% mean, 110.4%, SD 11.8), non-

atopic healthy controls (age 17–43) at baseline and following exercise challenge testing 

(FEV1% mean 107%, SD 11.2). For all subjects, the absolute impedance amplitude was 

determined from each Z5 tracing during each breath interval (highest peak to lowest trough) 

over 30 seconds of testing. The amplitudes in each group (controls, VCD, VCD ruled out, 

asthmatics) were compared in terms of severity (mean amplitude) and variability in 

impedance within each individual (standard deviation [SD]). To define and exclude testing 

artifact, 5 healthy controls underwent IOS while performing self-induced glottic closure.

Impulse Oscillometry

The IOS system (MasterScreen Impulse Oscillometry by CareFusion, Yorba Linda, CA) was 

calibrated as recommended by the manufacturer. Testing was performed and analyzed in 

accordance with ERS/ATS guidelines. 16, 18, 24, 25 Subjects were instructed to place their lips 

around the mouthpiece of the IOS pneumotachometer and to breathe normally. A nasal clip 

was used and the hands of the subject were placed on their cheeks to limit their expansion. 

Pulmonary impedance (Z,) which incorporates both lung resistance (R) and reactance (X) 

was measured at 5 Hz (Z5) and observed by the investigator in real-time t(s) as a function of 

flow volume (l) for a duration of 30–60 seconds. Patterns of rapid increased or decreased Z5 

with inspiration were noted. Overall impedance was also measured during this time interval 

and reported as R, the energy required to propagate the pressure wave through the airways 

and X, which reflects the viscoelastic properties of the respiratory system. Mean values of 

reactance and resistance were calculated at frequencies from 5–20 Hz. For each trial the Z5 

vs. flow volume curve was analyzed and stored. An average of 3 adequate trials of R and X 

values were also analyzed and graphically displayed. If there was an indication in the real-

time impedance sampling that abnormal tracings were due to tongue or mouthpiece artifact, 

the trial was excluded. When challenge testing occurred, IOS was repeated following 

treadmill or inhalation challenge. Predicted values for R and X were based on gender and 
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height according to the equipment’s default normal references values as recommended by 

the manufacturer based on existing reference values. 26–28

Spirometry

A Jaeger Masterscreen Spirometry system was used to determine flow-volume loop. Forced 

expiratory volume, forced vital capacity, forced expiratory flow (25%-75%) and peak flow 

were measured. The system was calibrated in accordance with ATS standards. All testing 

procedures were in performed accordance with ATS guidelines for determination of 

expiratory flow volume measurements.29 Patients were directed to exert maximal effort 

during forced expiratory and inspiratory maneuvers. The best of three acceptable recorded 

trials was reported. Percent predicted values were based on age, height, gender and ethnicity. 

One research nurse that was trained in both procedures performed spirometry and IOS 

measurements.

Statistical analysis

Two separate one-way ANOVAs of each patient’s mean Z5 amplitude and their Z5 

amplitude standard deviation was used to compare Z5 (cmH2O/L/sec) profiles of healthy, 

asthmatic and VCD patients. Post-hoc comparisons of the healthy, asthmatic and VCD 

groups were made using Sidak’s multiple comparisons test.

Results

Subject Characteristics

As shown in Table 1, all patients suspected of having VCD carried the diagnosis of asthma 

and had been placed on controller medications. Only patient #3 was symptomatic for asthma 

at the time of our evaluation. Three of six patients (patients 1–3) suspected of having VCD 

had evidence of vocal cord dysfunction at baseline using IOS; the remaining 3 patients did 

not and underwent either treadmill exercise challenge or inhalation challenge to induce 

airway obstruction that had occurred under similar circumstances by history. Of these, none 

were positive for VCD as determined by IOS and laryngoscopy. Patient #1 alone had 

findings on spirometry consistent with VCD. Thus, only patients with evidence on IOS at 

baseline for VCD were found to have VCD by laryngoscopy.

Normal impedance measurements are unaffected by exercise challenge

Impedance, Z in the normal lung may increase minimally during tidal volume breathing. 

Figure 1A shows the pattern of frequency independent impedance vs. time in relationship to 

lung volume in addition to R, X and the spirometric flow volume loop in a representative 

non-atopic, 21 year old male with a baseline FEV1 of 127%. After exercise challenge of the 

healthy subject, (Figure 1B) there is an increase in respiratory rate and a small increased 

variability of impedance. R, X and FVL loop remain similar which was a consistent finding 

with the remaining 6 controls challenged.
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Impedance in asthmatics

Symptomatic asthmatics tend to have a decrease in lung impedance with inspiration as the 

IOS pressure pulse signal is less impeded with increase lung volume expansion, as seen in 

the example impedance tracing in Figure 2A of an asthmatic without a history suggestive of 

VCD. Following administration of a β2 agonist, the variability in impedance is diminished 

during quiet breathing; and obstruction to airflow as determined by R and X and in the FVL 

improves (Figure 2B).

Vocal cord dysfunction detected by IOS

Figure 3A displays the tracings of patient #2, a 14 year old male, with undefined breathing 

difficulties for several years until VCD was diagnosed by laryngoscopy. This patient adducts 

his vocal cords during inspiration, which is typical of patients with VCD. As can be seen, 

this adduction of the vocal cords was detected by IOS in the Z5 vs. tidal volume curve, 

which exhibits a characteristic pattern that appears as a steep rise in impedance with 

inspiration (see Figure 3 (compare to impedance curves in Figure 1)). In the IOS impedance 

graph there are dramatic high amplitude spikes with inspiration consistent with dynamic 

proximal obstruction to air flow. Figure 3B shows similar IOS findings in an asthmatic adult 

with endoscopically proven VCD. The FV curve in both of these patients reveals a flow 

volume trapezium pattern consistent with the inspiratory and expiratory obstruction of VCD. 

Repeat IOS studies to coincide with triggering events are warranted. Figure 4A (Patient #1) 

displays baseline tracings of a 12 year old female with a history of intermittent dyspnea that 

had been diagnosed as having VCD via laryngoscopy. All initial tracings appear normal. 

However, during the evaluation, the patient had an acute anxiety attack associated with 

dyspnea. Repeat studies immediately following this event are displayed in Figure 4B. The 

truncation of the inspiratory loop of the F-V curve was then detected. Modest peaks in 

impedance of significant variability during inspiration were seen in the Z5 curve from IOS. 

Here, IOS also displayed a plateau of the reactance spectrum near resonant frequency, 

consistent with upper airway obstruction. Multiple trials were performed to exclude the 

possibility of upper airway obstruction due to tongue or mouthpiece artifact.

As shown in Table 2 and using one-way ANOVA comparisons, the group severity (mean Z5 

amplitude [cm H20/L/s]) and variability (amplitude SDs) in patients with VCD (mean 9.3, 

SD 4.3) was significantly greater in comparison to healthy controls (mean 1.8, P<0.0001; 

SD 0.7), asthmatics (mean 4.2, P<0.0028; SD 1.2) and those patients where VCD was ruled 

out (mean 2.0P<0.0002; SD 0.8). The variability in impedance for each individual is shown 

graphically in Figure 5. Significantly greater variability was seen in individual patients with 

VCD in comparison to all other groups (P<0.0001). This analysis of Z5 provides an 

objective basis to distinguish patients with VCD from others that do not have VCD.

Voluntary Glottic Closure

To illustrate the distinction between VCD and voluntary glottic closure, 5 healthy controls 

performed self-induced glottic closure during IOS. A typical tracing at baseline (Figure 

S2A) and following glottic closure (Figure S2B) shows a spike in impedance with 

respiration that is uniformly associated with an interruption and truncation in IOS tidal 

volume respiration. Patients with VCD do not display this truncation in inspiratory flow 
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(compare with Figure 3). This observation provides an approach using IOS impedance to 

distinguish between VCD and upper airway artifact.

Discussion

The etiology and diagnosis of VCD remains a challenge to the clinician. The diagnosis may 

either not be considered, as it may resemble asthma in presentation, or it may be missed on 

examination if it is transient in nature and with a strong psychological component. 30 

Standard evaluation includes detection of an inspiratory truncation in the spirometric FV 

loop (not specific for VCD) and the observation of vocal cord adduction during inspiration 

using laryngoscopy. We herein present an analysis of patients with suspected VCD where 

IOS provided rapid and accurate results that were consistent with endoscopic findings. In 3 

patients diagnosed with VCD, IOS detected upper airway obstruction during inspiration 

where it exhibited a characteristic signature consisting of a spike in lung impedance (Z5) 

with inspiration (Figures 3–4). This is made possible because IOS delivers a frequency 

dependent pressure signal to the pulmonary system during passive breathing and accurately 

detects acute obstruction to flow over a sampling time of seconds to minutes (unlike 

spirometry). Patients with asthma and normal subjects examined in this study did not display 

these findings at baseline and following exercise challenge (Figures 1 and 2). We were also 

able to show the utility of IOS in a real-time evaluation of episodic VCD heightened by 

anxiety (patient #1, Figure 4). In support of our findings on IOS this patient also displayed a 

truncation in the spirometric FV loop in one trial (Figure 4).

Using the mean amplitude as an indication of severity and SD for variability we have shown 

the characteristic spike in amplitude is of significantly greater magnitude and variability in 

those with VCD in comparison to control subjects, those with a history of VCD and our 

cohort of asthmatics. (Figure 5, Table 2) In addition we have shown that a flattening at the 

peak of inspiration on the IOS flow volume curve when accompanied by an impedance peak 

can indicate voluntary glottic closure (Figure S2). Thus, IOS can provide diagnostic insights 

in the evaluation of patients with respiratory symptoms that do not respond adequately to 

standard therapy, in a setting where there may be a dissociation between the severity of 

symptoms and the results of standard lung function testing and/or in patients with 

unexplained upper airway symptoms at baseline, or provoked by inhalant irritants, stress or 

exercise. This study as also presented clinical findings consistent with the conclusion that 

careful attention to the Z5 tracings, in terms of spikes during inspiration, high amplitude 

impedance and great variability with each breath is suggestive of upper airway obstruction 

as seen in VCD. In addition to the objective measurements obtained from IOS in the 

evaluation of VCD, the ease of testing would permit the assessment of very young children 

that cannot perform spirometry or may not comply with invasive laryngoscopy. 16, 31–33 The 

limitations of this study include small VCD sample size and that all patients where the 

diagnosis was made had a history of asthma. Although larger studies are warranted, the 

findings presented in this report are consistent with the conclusion that IOS may provide a 

non-invasive approach to the diagnosis of VCD. 34
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Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This work was supported by the Division of Intramural Research, NIAID, NIH. Support by M.Y. for this project 
was funded in whole or in part with federal funds from the National Cancer Institute, National Institutes of Health, 
under Contract No. HHSN261200800001E. The content of this publication does not necessarily reflect the views or 
policies of the Department of Health and Human Services, nor does mention of trade names, commercial products, 
or organizations imply endorsement by the U.S. Government.

We thank Dr. Gary Larsen for his critical review of this manuscript and helpful suggestions and Jeff Skinner for his 
creative contributions to the statistical analysis.

Abbreviations

IOS Impulse Oscillometry

VCD Vocal Cord Dysfunction

GERD Gastroesophageal reflux disease
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Clinical Implications

• Vocal cord dysfunction (VCD) is characterized by inappropriate vocal cord 

adduction during inspiration. The diagnosis is challenging, as expected flow 

volume loop abnormalities are may not be present and laryngoscopy must be 

performed during symptoms.

• This study has determined that impulse oscillometry (IOS) exhibits a 

characteristic impedance pattern in patients with VCD verified by laryngoscopy.

• IOS may offer a rapid and non-invasive adjunct to the assessment and diagnosis 

of patients with suspected VCD.
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Figure 1. Pulmonary testing in normal volunteer
21 yo normal volunteer. (A) At baseline. Frequency independent variability of impedance, 

Z5 with tidal volume is observed. R5–20 and X plots are smooth with low frequency 

dependent variability. Flow-volume loop is normal. (B) After exercise challenge. Expected 

increases in respiratory rate, tidal volume and Z5 variability, are seen otherwise other 

parameters remain unchanged.
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Figure 2. Pulmonary testing in asthmatic
47 yo asthmatic without a history suggestive of VCD. (A) Symptomatic and (B) post 

bronchodilator treatment with β2 agonist which shows less variability of Z5 with quiet 

breathing and significant reduction in R5–20, area of X and improvement in FVL 

parameters.
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Figure 3. Characteristic impedance curve of VCD
A) Patient#2, 14 yo male with VCD and muscular tension dysphonia. Z5 curve shows 

dramatic spike (> 10 cmH2O/L/sec) in impedance with onset of inspiration (vertical lines) 

correlated with vocal cord closure and flattening in X. Severe respiratory impairment 

detected by spirometry. B) Patient#3, 48 yo female with VCD and asthma diagnosed by 

endoscopy. Spikes in Z5 are also seen during inspiration. Spirometry shows biphasic 

trapezoidal truncation.
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Figure 4. Anxiety- induced VCD
Patient #1, 12 yo female with a history of asthma and VCD, (A) at baseline with normal 

pulmonary function. (B) During a panic attack, the classic truncation of the inspiratory loop 

of the FV curve was detected and modest peaks of impedance (Z5) of significant variability 

are seen during inspiration. Flattening of the X curve is consistent with extrathoracic 

obstruction.
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Figure 5. Individual Variability of Impedance
Display of the variability of impedance in the repetitive testing of each individual as 

represented by a dot/symbol. The mean bar indicates the average of this variability. 

Parametric ANOVA comparison of variability indicates significant difference (p < 0.0001) 

between individual patients with VCD (n=3) and controls (n=7) and asthmatics (n=5). (*** 

P<0.0001)
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Table 2

Group Mean Amplitude and Variability of Impedance

Subjects Mean amplitude of Z5 (cm H20/L/s) SD (amplitude)

Controls (n=7) 1.8 0.7

VCD diagnosed (n=3) 9.3 4.8

Asthma (n=5) 4.2 1.2

VCD ruled out (n=3) 2.0 0.8

Controls Post exercise (n=7) 1.5 0.5
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