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BACKGROUND: Vocal cord dysfunction (VCD) is difficult to diagnose. Laryngoscopy while the patient
is symptomatic is the accepted standard method to establish a diagnosis of VCD, but patient charac-
teristics and spirometry values are thought to be useful for predicting VCD. We sought to identify
clinical and spirometric variables that suggest VCD. METHODS: We performed 2 parallel studies.
First, 3 staff pulmonologists (who were blinded to the laryngoscopy results), scored 3 flow-volume loops
from each PFT session on the likelihood that the inspiratory curve indicated VCD. We also performed
a cross-sectional study of clinical characteristics and spirometric data from all patients who underwent
laryngoscopy for any indication, including suspected VCD, over a 3-year period. We compared the
laryngoscopy findings to the clinical characteristics, spirometry results, and the pulmonologists’ assess-
ments of the flow-volume loops. We used multivariate logistic regression to identify independent pre-
dictors of VCD. RESULTS: The pulmonologists agreed about which flow-volume loops predicted VCD
(quadratic kappa range 0.55–0.76), but those ratings were not predictive of laryngoscopic diagnosis of
VCD. During the study period, 226 patients underwent laryngoscopy. One hundred (44%) were diag-
nosed with VCD. Independent predictors of VCD included female sex (odds ratio 2.72, 95% confidence
interval 1.55–4.75) and obesity (body mass index > 30 kg/m2) (odds ratio 2.06, 95% confidence interval
1.12–3.80). With spirometric data from the effort that had the best forced-vital-capacity, multivariate
analysis found the ratio of the forced inspiratory flow at 25% of the inspired volume to forced inspira-
tory flow at 75% of the inspired volume (FIF25%/75%) predictive of VCD (odds ratio 1.97, 95% confi-
dence interval 1.12–3.44). The diagnostic performance of these characteristics was poor; the area under
the receiver-operating-characteristic curve was 0.68. With the spirometric data from the effort that had
the subjectively determined best inspiratory curve, and after controlling for the reproducibility of the
inspiratory curves, multivariate analysis found none of the spirometric variables predictive of VCD.
CONCLUSIONS: VCD remains difficult to predict with spirometry or flow-volume loops. If VCD is
suspected, normal flow-volume loop patterns should not influence the decision to perform laryngoscopy.
Key words: vocal cord dysfunction, paradoxical vocal cord motion, flow-volume loop, spirometry, laryngos-
copy. [Respir Care 2009;54(4):467–473]

Introduction

Vocal cord dysfunction (VCD) is a respiratory condi-
tion characterized by paradoxical closure of the vocal cords,

resulting in wheezing, stridor, shortness of breath, and
exertional dyspnea.1-7 The prevalence of VCD in the gen-
eral population is hard to quantify because of difficulties
in diagnosis. Patients with VCD are frequently misdiag-
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nosed as having exercise-induced asthma, but generally
respond poorly to asthma therapies.1-4,8,9 Failure to diag-
nose VCD may lead to unnecessary health care utilization,
inappropriate medication use, and hospitalization.10
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Though laryngoscopy with direct visualization of the
vocal cords is the accepted standard for VCD diagnosis,
patient characteristics and spirometry results are thought
to be useful for predicting VCD. Clinical findings associ-
ated with VCD include abnormal exercise test results,
previous asthma diagnosis, and comorbid psychiatric
disorders.1,4,8,9,11

Spirometry has also been used to support the diagnosis
of VCD. Isolated flattening of the inspiratory curve of
the flow-volume loop while the patient is symptomatic is
consistent with a variable extrathoracic obstruction, which
is the abnormality most commonly described in VCD.2,6

Diagnosis based on the flow-volume loop can be mislead-
ing, though, because asymptomatic VCD patients may have
normal findings. When an asymptomatic patient has blunt-
ing of the inspiratory flow-volume curve, many physicians
believe the likelihood of VCD is increased, but that rela-
tionship is not well defined.

Our goal was to evaluate patient characteristics, spi-
rometry values, and flow-volume-loop appearance to as-
sess the strength of their associations with VCD. VCD
symptoms occur episodically, which makes VCD difficult
to diagnosis when the patient is asymptomatic. We hy-
pothesized that clinical or subtle spirometric alterations
due to subclinical symptoms would be predictive of VCD.
Identification of such predictors might help tailor the
workup for the patient with unexplained dyspnea and avoid
inappropriate therapy or treatment delay.

Methods

We performed a cross-sectional study of all patients
referred to the pulmonology clinic at the Walter Reed
Army Medical Center who underwent a laryngoscopy for
any reason, including suspected VCD, from July 1, 2003
through June 30, 2006. At our hospital all individuals sus-
pected of having VCD undergo spirometry and laryngos-
copy. The population served by this clinic includes both
active and retired members of the military, and their de-
pendents. This project was approved by our institutional
review board.

Each patient underwent direct laryngoscopy with a flex-
ible rhinolaryngoscope (VNL 1130, Pentax, Tokyo, Japan).
The choice of topical anesthesia (viscous, aerosolized, or
liquid lidocaine for numbing the nares, posterior pharynx,

and vocal cords, respectively) and VCD provocations (deep
or rapid breathing, smelling salts, methacholine, or exer-
cise) was at the discretion of the laryngoscopist. From the
laryngoscopy reports we obtained the VCD diagnosis and
the presence of other abnormalities.

We performed 2 parallel studies. The first was to deter-
mine pulmonologists’ ability to predict VCD solely by
reviewing flow-volume loops. Three staff pulmonologists
(who were blinded to the laryngoscopy results) graded the
likelihood that flow-volume loops indicated VCD. Each
inspiratory curve was scored with the following Likert
scale: 1 � normal, 2 � minimally suggestive of VCD,
3 � moderately suggestive of VCD, and 4 � highly sug-
gestive of VCD. We gave no instruction as to what in-
spiratory-curve appearance suggests VCD. The loops from
all patient efforts were available for evaluation. Agree-
ment between the pulmonologist raters was measured with
the quadratic kappa statistic.

Two other physicians (CSK and JAM), who were also
blinded to the laryngoscopy results, then classified each
inspiratory flow-volume curve into one of 5 patterns: par-
abolic, with 1 or 2 inflection points; smooth (flattened);
jagged (sawtooth); truncated; or other (Fig. 1).

In both analyses, the raters were limited to viewing
only the loop from the effort with the largest forced
vital capacity (FVC). We evaluated the relationship be-
tween pattern identification and laryngoscopic diagno-
sis of VCD.

In the second portion of the study we looked for clinical
and spirometric predictors of VCD. From each patient
record we obtained age, height, weight, race, spirometry
values, flow-volume loops, laryngoscopy indication(s),
and laryngoscopy results. We had access to all the flow-
volume loops and spirometry values, including forced ex-
piratory volume in the first second (FEV1), FVC, forced
inspiratory volume in the first second (FIV1), forced in-
spiratory flow at 25% of the inspired volume (FIF25%),
forced inspiratory flow at 50% of the inspired volume
(FIF50%), forced inspiratory flow at 75% of the inspired
volume (FIF75%), and the various ratios of those values.
All spirometry (Vmax 6200 Autobox DL, SensorMedics,
Yorba Linda, California) was performed according to
American Thoracic Society standards.12 For FEV1 and FVC
we used the percent-of-predicted normal values determined
by Crapo et al.13

Our laboratory, like many others, provides physicians
with only the loop from the effort with the largest FVC, so
those were the loops used in our initial univariate and
multivariate analyses. However, the effort with the best
FVC is not necessarily the one with the best (or even
adequate) inspiratory effort,14 so we also analyzed the loop
with the best inspiratory curve, which was subjectively
chosen by a blinded reviewer. We also assessed the repro-
ducibility of the inspiratory curves. There are no standard-
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ized criteria for assessing inspiratory curves, so a blinded
reviewer subjectively assessed 3 inspiratory curves from
each PFT session as normal or abnormal.

Statistical Analysis

We compared the means of continuous variables with
Student’s t test with normally distributed variables, and
with the Mann-Whitney U test with non-normally distrib-
uted variables. We analyzed categorical variables with the
chi-square test, except if � 20% of the expected cells
contained values � 5, in which case we used Fisher’s
exact test. We assessed the agreement between nominal
and ordinal classifications with the kappa and quadratic
kappa statistics, respectively. We used multivariate logis-
tic regression to identify independent predictors of VCD
and to calculate the adjusted odds ratios for VCD predic-
tors. Candidate variables selected for regression modeling
included laryngoscopy indication, prior literature support
of the variable as a predictor of VCD, and observation of
a univariate relationship between the variable and a VCD
diagnosis with a P value � .20. Colinear variables (as
assessed with a Pearson’s or Spearman’s correlation coef-
ficient � 0.60) were not simultaneously included in re-
gression models. Variables were retained in the regression

models if the Wald test suggested they were independent
predictors of VCD, based on a P value � 0.10 or if there
was confounding between variables. All analyses were
done with statistics software (Stata 9.2, StataCorp, College
Station, Texas).

Results

Two hundred twenty-six patients underwent laryngos-
copy between July 1, 2003, and June 30, 2006 (Table 1).
The most common indications for laryngoscopy were eval-
uation for suspected VCD (n � 120, 53%), unexplained
dyspnea (n � 48, 21%), abnormal flow-volume loops
(n � 41, 18%), chronic cough (n � 33, 15%), and hoarse-
ness (n � 20, 10%). There were no statistically signifi-
cant differences in mean age, body mass index (BMI), or
laryngoscopy indication between those who were and were
not found to have VCD via laryngoscopy. Women (risk
ratio 1.7, 95% confidence interval [CI] 1.3–2.3) and non-
whites (risk ratio 1.36, 95% CI 1.00 –1.8) were more
likely to be diagnosed with VCD than were men or whites.
After controlling for the effects of sex, obesity (BMI
� 30 kg/m2) predicted a diagnosis of VCD (Mantel-
Haenszel odds ratio 2.8, 95% CI 1.6–4.9).

Fig. 1. Flow-volume loop patterns.

CLINICAL AND LUNG-FUNCTION VARIABLES ASSOCIATED WITH VOCAL CORD DYSFUNCTION

RESPIRATORY CARE • APRIL 2009 VOL 54 NO 4 469



The 3 pulmonologists agreed on which inspiratory curves
predicted VCD (quadratic kappa range 0.55–0.76), but
those predictions were not correct; none of the physicians
correctly differentiated the loops from patients with VCD
from those without VCD (Table 2). Even with only the
loops that all 3 raters considered either normal or highly
suggestive of VCD, the raters still did not reliably predict
VCD. Among the 37 patients with loops rated normal by
all 3 pulmonologists, 14 were diagnosed with VCD. Of the

18 patients with loops graded highly suggestive of VCD,
only 5 were diagnosed with VCD.

Two physicians categorized the inspiratory curves (see
Fig. 1). Their agreement was good (kappa 0.61). FIF25%/75%

was significantly higher with the loops that were catego-
rized as truncated, which suggests that this classification
system may identify patients with elevated FIF25%/75%.
Table 3 compares the pulmonologists’ assessments of
inspiratory-curve truncation to the VCD diagnoses. Trun-
cated inspiratory curves were associated with a laryngo-
scopic diagnosis of VCD for both raters (for pulmonolo-
gist 1 the odds ratio was 3.1, 95% CI 1.4–7.5, and for
pulmonologist 2 the odds ratio was 1.8, 95% CI 0.94–3.5),
but the test characteristics of truncated inspiratory curves
were poor for both raters (Table 4).

With the values from the effort with the best FVC, the
univariate spirometric predictors of VCD were FIF50%,
FIF75%, FEV1/FIV1, and FIF25%/75% (Table 5). There was
significant colinearity between FIF25% and FIF50%

(rho 0.94, P � .001), FIF25% and FIF75% (rho 0.81,
P � .001), and FIF50% and FIF75% (rho 0.94, P � .001).
When univariate analysis was repeated with the data from
the effort that was subjectively determined to have the best
inspiratory curve, only FIF75% and FIF25%/75% were pre-
dictive of VCD (Table 6). Fifty-seven (25%) of the 226
patients had inspiratory curves graded as nonreproducible
(ie, only one of the 3 inspiratory curves was abnormal).
Univariate analysis when the data from those patients were
excluded found none of the spirometric variables predic-
tive of VCD.

The following potential predictors were evaluated via
multivariate logistic regression: age, sex, race, obesity (BMI
� 30 kg/m2), indication for laryngoscopy, ratio of FIV1 to
forced inspiratory vital capacity, FIF25%, FIF50%, FIF75%,
FEV1/FIV1, FIF25%/75%, and findings from flow-volume-
loop analysis. When the spirometric variables were taken
from the effort with the largest FVC, independent predic-

Table 1. Subject Characteristics Relative to Presence of Vocal Cord
Dysfunction (n � 226)

VCD Absent
(n � 126)

VCD Present
(n � 100)

P

BMI (mean � SD kg/m2) 27.3 � 4.9 28.2 � 5.7 .15
Age (mean � SD y) 39.7 � 16.7 39.6 � 13.4 .98
Sex (n and %) � .001

Male 80 (67) 40 (33)
Female 46 (43) 60 (57)

Race (n and %) .04
White 86 (61) 55 (39)
African American 25 (45) 30 (55)
Hispanic 8 (38) 13 (62)
Asian 7 (78) 2 (22)

Laryngoscopy indication
(n and %)*

Dyspnea 27 (56) 21 (44) .94
Evaluation for VCD 70 (58) 50 (42) .41
Abnormal PFT 19 (46) 22 (54) .18
Hoarseness 9 (45) 11 (55) .72
Chronic cough 15 (45) 18 (55) .20
Stridor or wheeze 1 (17) 5 (83) .20
Evaluation for stenosis 3 (75) 1 (25) .63
Refractory asthma 2 (100) 0 .50

* The totals exceed the number of subjects because some subjects had more than one
indication for laryngoscopy.
VCD � vocal cord dysfunction
BMI � body mass index
PFT � pulmonary function test

Table 2. Pulmonologists’ Interpretation of Likelihood That the
Flow-Volume Loop Represented a Patient With Vocal
Cord Dysfunction

Likert Scale Rating* (mean � SD)

Pulmonologist
VCD Absent†

(mean � SD)
VCD Present†
(mean � SD)

P

1 2.5 � 1.3 2.8 � 1.2 .10
2 2.2 � 1.0 2.4 � 1.0 .15
3 1.9 � 1.1 2.0 � 1.0 .45

* Likert scale: 1 � normal, 2 � minimally suggestive of vocal cord dysfunction (VCD), 3 �

moderately suggestive of VCD, and 4 � highly suggestive of VCD.
† Diagnosed via laryngoscopy.

Table 3. Pulmonologists’ Assessment of Inspiratory-Curve
Truncation Versus Vocal Cord Dysfunction Diagnosed
Via Laryngoscopy

VCD Diagnosis (n and %)
Total (n)

VCD Absent VCD Present

Pulmonologist 1
Truncated 11 (32) 23 (68) 34
Not truncated 115 (60) 77 (40) 192

Pulmonologist 2
Truncated 25 (45) 31 (55) 56
Not truncated 101 (59) 69 (41) 170

Total 126 100

VCD � vocal cord dysfunction
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tors of diagnosing VCD at laryngoscopy included female
sex (adjusted odds ratio 2.72, 95% CI 1.55–4.75), obesity
(adjusted odds ratio 2.06, 95% CI 1.12–3.80), and
FIF25%/75% (adjusted odds ratio 1.97, 95% CI 1.12–3.44).
The performance of this model was poor; the area under
the receiver-operating-characteristic curve was 0.68. After
adjusting this model for inspiratory-curve reproducibility,
FIF25%/75% was no longer predictive of VCD. When the
multivariate analysis was repeated with the spirometric
variables from the effort that had the subjectively deter-
mined best inspiratory curve, FIF25%/75%, again, was not
predictive of VCD.

Discussion

VCD is difficult to diagnose and frequently confused
with other diseases. We studied whether pulmonologists

could predict VCD based solely on examination of flow-
volume loops. Three blinded physicians rated the likeli-
hood of VCD on a Likert scale, and we gave no instruction
about what flow-volume loop findings suggest VCD. Al-
though there was good agreement between the pulmonolo-
gists about which inspiratory curves probably indicated VCD,
these pulmonologists did not accurately identify which pa-
tients had VCD. When 2 physicians classified the loops based
on predefined patterns, predictive ability also was limited.

In our second analysis, independent predictors of a la-
ryngoscopic VCD diagnosis included higher FIF25%/75%,
obesity, and female sex. In practice, an abnormally high
FIF25%/75% correlates with an initially normal flow followed
by rapid flow tapering, which is consistent with paradoxical
vocal cord motion during inspiration. FIF25%/75% was not
predictive in the analysis of the spirometric data from the
effort with the best inspiratory curve or when we con-
trolled for inspiratory-curve reproducibility. This implies

Table 4. Test Characteristics in Pulmonologists’ Assessments of Inspiratory-Curve Truncation

Sensitivity
(%)

Specificity
(%)

Positive
Predictive

Value
(%)

Negative
Predictive

Value
(%)

Positive
Likelihood

Ratio
(%)

Negative
Likelihood

Ratio
(%)

Area Under the
ROC Curve

(%)

Pulmonologist 1 23 91 68 60 2.6 0.84 0.57
Pulmonologist 2 31 80 55 59 1.6 0.86 0.56

ROC � receiver operating characteristic

Table 5. Spirometry and Vocal Cord Dysfunction Assessed Based
on the Effort With the Highest Forced Vital Capacity

VCD Diagnosis
P

VCD Absent VCD Present

FVC (mean � SD % predicted) 92.0 � 15.6 89.0 � 18.5 .20
FEV1 (mean � SD % predicted) 87.2 � 17.7 85.2 � 19.5 .41
FEV1/FVC (mean � SD %) 0.77 � 0.9 0.79 � 0.0.9 .27
FIV1/FIVC (mean � SD %) 0.75 � 0.19 0.72 � 0.19 .19
FIF25% (mean � SD L/min) 3.7 � 1.8 3.3 � 1.6 .12
FIF50% (mean � SD L/min) 3.6 � 1.9 3.1 � 1.7 .04
FIF75% (mean � SD L/min) 3.1 � 1.7 2.5 � 1.6 .01
FEF50%/FIF50% (mean � SD) 1.3 � 0.8 1.6 � 1.3 .15
FEV1/FIV1 (mean � SD) 1.2 � 0.5 1.6 � 2.0 .04
FIF25%/75% (mean � SD) 1.3 � 0.5 1.5 � 0.5 .007

VCD � vocal cord dysfunction
FVC � forced vital capacity
FEV1 � forced expiratory volume in the first second
FIV1 � forced inspiratory volume in the first second
FIVC � forced inspiratory vital capacity
FIF25 � forced inspiratory flow at 25% of the inspired volume
FIF50 � forced inspiratory flow at 50% of the inspired volume
FIF75 � forced inspiratory flow at 75% of the inspired volume
FEF50 � forced expiratory flow at 50% of the inspired volume
FIF25/75 � ratio of FIF25 to FIF75

Table 6. Spirometry and Vocal Cord Dysfunction Assessed Based
on the Subjectively Determined Best Inspiratory Curve

VCD Diagnosis
P

VCD Absent VCD Present

FVC (mean � SD % predicted) 89.6 � 15.9 85.6 � 19.0 .09
FEV1 (mean � SD % predicted) 85.4 � 18.2 83.2 � 19.8 .40
FEV1/FVC (mean � SD %) 76.8 � 9.5 78.8 � 19.8 .11
FIV1/FIVC (mean � SD %) 78.8 � 16.1 77.7 � 13.5 .63
FIF25% (mean � SD L/min) 3.8 � 1.7 3.4 � 1.4 .07
FIF50% (mean � SD L/min) 4.5 � 1.8 3.3 � 1.5 .10
FIF75% (mean � SD L/min) 3.2 � 1.6 2.6 � 1.5 .005
FEF50%/FIF50% (mean � SD) 1.2 � 0.6 1.3 � 1.1 .12
FEV1/FIV1 (mean � SD) 1.1 � 0.4 1.2 � 0.5 .12
FIF25%/75% (mean � SD) 1.2 � 0.4 1.5 � 0.9 .002

VCD � vocal cord dysfunction
FVC � forced vital capacity
FEV1 � forced expiratory volume in the first second
FIV1 � forced inspiratory volume in the first second
FIVC � forced inspiratory vital capacity
FIF25 � forced inspiratory flow at 25% of the inspired volume
FIF50 � forced inspiratory flow at 50% of the inspired volume
FIF75 � forced inspiratory flow at 75% of the inspired volume
FEF � forced expiratory flow at 50% of the inspired volume
FIF25/75 � ratio of FIF25 to FIF75
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that the elevated FIF25%/75% was related to an inadequate
or inconsistent effort, rather than functional pathology due
to VCD. In the future, more focus on adequate inspiratory
effort might help to define appropriate reproducibility cri-
teria. Inability to consistently reproduce inspiratory vol-
umes may suggest VCD.

Truncation of both the inspiratory and expiratory curves
has been described in symptomatic VCD, but the in-
spiratory curve is thought to be more commonly af-
fected.1,8,15,16,17 All of our patients underwent spirometry
as part of the clinical workup for unexplained symptoms,
and they were unlikely to have been acutely symptomatic
at the time of testing. In laryngoscopy, several provocative
maneuvers are used to attempt to precipitate VCD and
make the diagnosis, but no provocation is undertaken prior
to spirometry. Previous attempts to establish a provocation
that induces spirometric changes and inspiratory-curve
truncation have yielded inconsistent results.2

To our knowledge, we are the first to identify obesity as
a risk factor for VCD. Multiple studies have reported an
association between asthma and high BMI in women.18-20

Gastroesophageal reflux disease and obesity frequently co-
exist, which led some to suggest that reflux predisposes
obese patients to airway hyperreactivity and asthma.21 Gas-
troesophageal reflux disease has also been reported with
VCD, and may be a causal link between obesity and
VCD.22-24

A higher prevalence of VCD in women was previously
documented. Newman and Dubester reported on 95 pa-
tients who were diagnosed with VCD at National Jewish
Medical Center for Immunology and Respiratory Medi-
cine. Eighty (84%) of those 95 patients were women.8 A
retrospective review at our hospital found that 80 (66%) of
the 122 patients diagnosed with VCD were female.25

In the present study, of the 110 patients diagnosed with
VCD, 64 (58%) were women. The challenges to identify-
ing the true prevalence of VCD in a population makes it
difficult to determine the distribution of VCD by sex. Al-
though several studies have found VCD more common
in females than males, those studies may have suffered
referral bias.

Limitations

The most important limitation of the present study is the
absence of documented symptoms. Our goal was to help
tailor the workup for a patient who presents with unex-
plained symptoms, as opposed to a patient who is acutely
dyspneic in the emergency department. Had we evaluated
a population that presented acutely and performed spirom-
etry on them, we may have seen a more consistent rela-
tionship between laryngoscopically confirmed VCD diag-
nosis and flow-volume-loop abnormalities, identified either
subjectively or objectively with FIF25%/75%.

Our findings are applicable to patients who present to a
specialty clinic for existing symptoms. Although laryngos-
copy is the accepted standard to diagnose VCD, a patient
with VCD may have a normal laryngoscopy. Furthermore,
provocations to increase laryngoscopy’s sensitivity for de-
tecting VCD may sacrifice specificity, because these prov-
ocations may cause paradoxical vocal cord movement in
patients who do not have VCD. Also, those provocations
are not standardized. Unfortunately, this limitation applies
to the majority of current VCD research.

Finally, the criteria we used to identify the best inspira-
tory curve and reproducibility were somewhat subjective.
We hoped that blinding the reviewers to the diagnosis
eliminated any bias that may have been introduced in those
assessments.

Our subjects probably had prior workup to rule out pa-
thology. The percentage of patients diagnosed with VCD
is significantly higher than would be expected in a typical
population presenting with unexplained symptoms.26 Our
results are subject to selection bias, which again limits
generalization to other settings.

Conclusions

We sought clinical and spirometric predictors of VCD
in patients who presented with unexplained symptoms. We
found 3 independent predictors of VCD. The combined
performance of these tests was limited, based on assess-
ment of the receiver operating characteristic. VCD remains
challenging to diagnose. The appearance of the flow-vol-
ume loops should not strongly influence the decision to
perform laryngoscopy.
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