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Abstract

Objective: To determine the reliability of pulmonary function testing compared to

endoscopic grading in the assessment of subglottic stenosis.

Methods: Consecutively treated patients with subglottic stenosis at a tertiary care

specialty hospital from 2009 to 2019 were identified. Two fellowship-trained

laryngologists and two otolaryngologists blinded to clinical history reviewed laryngo

tracheoscopic examinations and assessed the degree of stenosis using the Cotton-

Myer grading system (% stenosis). Nine full flow-volume loops were performed at

the time of each exam.

Results: The endoscopic images of 45 subjects were graded for degree of stenosis

and the spirometry data were analyzed. The kappa values for Cotton-Myer grade

overall was 0.37, grade I was −0.103, grade II was 0.052, and grade III was 0.045.

The overall intraclass correlation of the physician grading of estimated percent

obstruction (% stenosis) was 0.712 (P < .01) whereas the overall intraclass correlation

for PEF% was 0.96 (P < .01). Within each Cotton-Myer grade, the intraclass correla-

tion for % stenosis was 0.45 (P = .02) for grade I, 0.06 (P = .30) for grade II, and 0.16

(P = .03) for grade III. The intraclass correlation for PEF% for grade I was 0.97

(P < .01), grade II was 0.92 (P < .01), and grade III was 0.96 (P < .01).

Conclusion: Cotton-Myer grading and estimating percent obstruction (% stenosis) for

adult subglottic stenosis showed poor reliability as an assessment tool compared to

the excellent intraclass correlation seen with pulmonary function tests within each

Cotton-Myer grade subgroup. We recommend pulmonary function testing, specifi-

cally PEF% because it is a normalized value, for the assessment and management of

subglottic stenosis.

Level of evidence: 4.
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1 | INTRODUCTION

Subglottic stenosis is a narrowing of the upper airway that can result

in severe dyspnea. Usually, physicians will make management deci-

sions for subglottic stenosis based on the clinical history and the

degree of stenosis using subjective visual endoscopic assessment.

Patients often present for treatment with advanced stenosis and

severe dyspnea. Open techniques such as cricotracheal resection and

laryngotracheal reconstruction are associated with high perioperative

morbidity and poor long-term voice outcomes. With the advances in

lasers and airway balloons, less invasive endoscopic approaches (bal-

loon dilation, endoscopic resection, serial intralesional steroid injec-

tions [SILSI], etc.) have become the primary treatment for subglottic

stenosis reserving open surgery for recalcitrant cases.1,2

The Cotton-Myer grading system is one of the most widely

used tools in evaluating the severity of subglottic stenosis.3 The

four grades are categorized as: 0% to 50% for grade I, 51% to 70%

for grade II, 71% to 99% for grade III, and complete luminal

obstruction for grade IV.4 Current studies use the subjective

Cotton-Myer grade or estimated percent obstruction (% stenosis)

as the exclusive objective outcome measure in the management of

adult subglottic stenosis.5-7 These studies assume that endoscopic

grading is sufficient in following patients with subglottic stenosis.

However, Murgu et al8 found that experienced bronchoscopists

misclassified the degree of laryngotracheal stenosis 53% of the

time compared to morphometric bronchoscopic measurements. The

majority of misclassifications (684 of 755 [91%]) were under-classi-

fications. The ability to simply assess the degree of stenosis based

on endoscopic assessment may not be as reliable a method as pre-

viously assumed.

In subglottic stenosis, pulmonary function testing (PFT) can reveal

functional changes related to disease progression and treatment

response. In 1973, Miller and Hyatt9 reported that plateauing of the

highest portion of the forced expiratory loop is the first to be dis-

torted on flow volume loop with simulated upper airway obstruction.

Nouraei et al10 was one of the first to examine the utility of spirome-

try indices (total peak flow and ratio of area under the flow-volume

loop to forced vital capacity) in providing an objective, quantitative

outcome for treatment-related changes in subglottic stenosis patients.

Recent studies have used various spirometry measurements, namely

peak inspiratory flow (PIF),11-13 peak expiratory flow (PEF),3,13,14 peak

expiratory flow percentage (PEF%),15,16 and total peak flow (TPF)10 in

subglottic stenosis patients to assess disease progression and treat-

ment response. By detecting early aerodynamic decline with PFT

before severe clinical symptoms become apparent, laryngologists can

start treating patients before the stenosis becomes critical and life-

threatening.

In order to better understand the reliability of endoscopic grading

compared to PFT in the management of subglottic stenosis, we per-

formed a blinded, prospective grading of nasolaryngoscopic and

tracheoscopic examinations of subglottic stenosis and compared the

Cotton-Myer grade and estimated degree of stenosis with PFT values.

With two different methods to determine stenosis, the central ques-

tion we have is which system is more reliable to assess the stenosis—

the Cotton-Myer grading system (% stenosis) or PFTs (specifically

PEF%).

2 | MATERIALS AND METHODS

The Partners institutional review board approved this study protocol

(2019P001694). A database containing consecutively entered sub-

glottic stenosis patients between January 1, 2009 and January

1, 2020 at Massachusetts Eye and Ear was maintained by the senior

laryngologist (R.A.F.). Inclusion criteria were adults (≥18 years old)

with subglottic stenosis on flexible distal-chip video nasolaryngoscopy

and tracheoscopy with three complete forced spirometry tests per-

formed with the handheld Carefusion MicroLoop spirometer (Vyaire,

Mettawa, IL) at the time of endoscopic assessment. Exclusion criteria

were children (<18 years old), presence of a tracheostomy tube, vocal

fold paralysis, no video nasolaryngoscopy/tracheoscopy exam, and

lack of complete pulmonary function testing data.

We created our patient reference library, who we would evaluate

using both the Cotton-Myer grading system (% stenosis) and PFTs,

using our inclusion and exclusion criteria. Data extracted included age,

sex, diagnosis, nasolaryngoscopic and tracheoscopic images, and PFT

data, specifically peak expiratory flow (PEF), peak inspiratory flow (PIF),

peak expiratory flow percentage (PEF%), and total peak flow (TPF). TPF

is the sum of PEF and PIF (TPF=PEF + PIF). PFTs were performed using

a handheld spirometer in accordance with typical protocols for forced

spirometry. PFTs were considered complete if there were 3 separate

runs of 3 individual breathing trials (9 separate flow-volume loops). The

best PEF, PIF, PEF% values from each run were recorded giving each

subject 3 separate values of each parameter to evaluate.

Two fellowship-trained laryngologists (R.A.F. and S.A.S.) and two

otolaryngologists (A.S. and K.C.) who were blinded to the clinical his-

tory and pulmonary function testing data reviewed flexible distal-chip

nasolaryngoscopic and tracheoscopic examinations performed by the

senior laryngologist (R.A.F.). They individually determined the percent

stenosis (% stenosis) for each patient ranging from no stenosis of 0%

to complete obstruction of 100%. The intraclass correlation for % ste-

nosis was then compared with PFT indices. For subgroup analysis, the

mean % stenosis was used to categorize the patient into the proper

Cotton-Myer grade.
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2.1 | Statistical analysis

All data were analyzed using SPSS Statistics (version 25.0; IBM). The

categorical variables were reported as numbers (n) and proportions

(%). The Fleiss' kappa was calculated and reported to assess the inter-

rater reliability for categorical ratings (Cotton-Myer Grading). Kappa

values were interpreted based on the following guidelines: <0 poor

agreement, .0 to .20 slight agreement, .21 to .40 fair agreement,

.41 to .60 moderate agreement, .61 to .80 substantial agreement, and

.81 to 1.00 almost perfect agreement.17 The more commonly used

and accepted two-way mixed effect model was used for calculating

the intraclass correlation. The intraclass correlation was reported for

the correlation between each physician grading of % stenosis, and

three consecutive pulmonary function tests for each patients.

Intraclass correlation was evaluated using the following guidelines:

values less than 0.5 are indicative of poor reliability, values between

0.5 and 0.75 indicate moderate reliability, values between 0.75 and

0.9 indicate good reliability, and values greater than 0.90 indicate

excellent reliability.18 P-values ≤.05 were determined to be statisti-

cally significant.

3 | RESULTS

We identified 45 patients with the diagnosis of subglottic stenosis

confirmed by flexible nasolaryngoscopy and tracheoscopy who met

inclusion and exclusion criteria. A total of 45 endoscopic images of

subglottic stenosis were graded for degree of stenosis (Table 1). The

associated PFTs at the time of each exam were collected and ana-

lyzed. The interrater reliability of Cotton-Myer grading showed that

overall there was fair agreement, but within each Cotton-Myer grade

there was poor or slight agreement (Table 2). The overall intraclass

correlation of the physician grading of % stenosis was 0.712

(P < 0.01) and 0.96 (P < 0.01) for PEF% (Table 3). Within each Cotton-

Myer grade, the intraclass correlation for % stenosis was 0.45

(P = .02) for grade I, 0.06 (P = .30) for grade II, and 0.16 (P = .03) for

grade III. The intraclass correlation for PEF% for grade I was 0.97

(P < .01), grade II was 0.92 (P < .01), and grade III was 0.96 (P < .01).

The intraclass correlation for total peak flow (TPF) for grade I was

0.98 (P < .01), grade II was 0.99 (P < .01), and grade III was 0.98

(P < .01). Figures 1 through 3 demonstrate the increased variability of

the Cotton-Myer grading system (% stenosis) compared to the PEF%

in Cotton-Myer grades I through III subglottic stenosis.

4 | DISCUSSION

Although pulmonary function testing (PFT) requires maximal respira-

tory effort and is therefore patient effort dependent, the results from

our study show that there is a high level of consistency despite these

limitations. Our study found excellent overall intraclass correlation

with all PFT measures: PEF was 0.97 (P < .01), PIF was 0.96 (P < .01),

PEF% was 0.96 (P < .01) and TPF was 0.99 (P < .01). Moreover, the

excellent intraclass correlation for PFT values was seen within each

Cotton-Myer grade group as well. For example, the intraclass correla-

tion for the Cotton-Myer grade I stenosis group was 0.97 for PEF

(P < .01), 0.94 for PIF (P < .01), 0.97 for PEF% (P < .01), and 0.98 for

TPF (P < .01). PFT improves the resolution and precision with which

patients and laryngologists can track disease progression and treat-

ment response. For example, if a patient is at 30% stenosis and pro-

gresses to 50%, the Cotton-Myer grading system is unable to resolve

this change (grade I stenosis ! grade I stenosis), but the decline in

cross-sectional airway can be detected with PFT. PFTs allows the cli-

nician to appreciate changes in stenosis before the onset of dyspnea

which may influence timing of follow-up and treatment. The increased

precision in subglottic stenosis assessment can lead to earlier detec-

tion of subclinical narrowing.

Peak expiratory flow percentage (PEF%) can be used to compare

between patients and management strategies. The intraclass correla-

tion for all the PFT values (PEF, PIF, PEF%, and TPF) were similar and

categorized as excellent. Notably, there was excellent intraclass corre-

lation for PEF% for all Cotton-Myer grade groups: grade I was 0.97

(P < .01), grade II was 0.92 (P < .01), and grade III was 0.96 (P < .01).

We record PEF, PIF, and PEF% for all of our subglottic stenosis

TABLE 1 Patient characteristics of included subglottic stenosis
patients (n = 45)

Characteristic n (%)

Gender

Female 44 (97.8)

Male 1 (0.2)

Age (years)

Mean (±SD) 50.33 (±13.96)

Range 18-73

Etiology

Idiopathic 44 (97.8)

GPA 1 (0.2)

Trauma 0

Other 0

Smoking history

Never smoker 40 (88.9)

Former smoker 5 (11.1)

Current smoker 0

TABLE 2 Interrater reliability of Cotton-Myer grading of 45
subglottic stenosis endoscopic images

Fleiss' kappa 95% CI P-value

Overall 0.370 0.283-0.456 <.01

Cotton-Myer I −0.103 −0.386-0.179 0.474

Cotton-Myer II 0.052 −0.140-0.244 0.597

Cotton-Myer III 0.045 −1.01-0.191 0.547

Abbreviation: CI, confidence interval.
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patients at each visit and recommend using PEF%, because it is a nor-

malized value that can be used to compare between patients. Abso-

lute values such as PEF, PIF, and TPF are not optimal to compare

patients because the normal values vary for each patient based on

sex, age, height, race, and smoking status.19 However, in a relatively

homogeneous group such as idiopathic subglottic stenosis, PEF alone

has been shown to work well to track individual patients.14 PEF% is a

very highly reliable PFT value that allows surgeons to compare treat-

ment outcomes between different patients, which leads to improving

evidence-based treatment for this rare disease.

Our study found that surgeons are able to distinguish between

obvious differences in stenosis, but are less likely to appreciate subtle

changes. The interrater reliability of Cotton-Myer grading showed

that overall there was fair agreement, but within each Cotton-Myer

grade there was poor or slight agreement (Table 2). The Cotton-Myer

grading of subglottic stenosis had moderate intraclass correlation as a

whole but there was very low inter-observer concordance within indi-

vidual grades. Although the intraclass correlation overall was 0.71

(P < .01), the intraclass correlation was poor in each individual Cotton-

Myer grade group: grade I was 0.45 (P = .02), grade II was 0.06

(P = .30), and grade III was 0.16 (P = .03). In 1984, Cotton20 originally

proposed a grading scale for pediatric subglottic stenosis based on the

perceived percentage of obstruction and the anatomic location. Myer

et al4 then recognized that the subjective interpretation of airway size

was imprecise and often inaccurate. Consequently, the Cotton-Myer

grading scale used endotracheal tubes to size the airway to determine

the degree of stenosis instead of subjective endoscopic assessment.21

This grading scale and the concept of visually estimating the degree of

stenosis was adopted out of convenience and necessity in adults for

lack of a widely adopted alternative solution. As we continue to pro-

gress to advocating for early detection and treatment of subglottic

stenosis in the office setting, we need more objective and reliable

ways to determine airway compromise in the eccentric, irregular and

corkscrew-shaped stenoses often seen in adults with idiopathic sub-

glottic stenosis. We also need a system that is reliable, highly repro-

ducible and is sensitive to change not perceptible to endoscopic

visualization.

Several factors that may limit precise endoscopic assessment of

subglottic stenosis include the inability to appreciate the intraluminal

cricoid cartilage border (ie, where is the cartilage?), variable distance

between the tip of the scope and the stenosis, and image distortion.

In subglottic stenosis, inflammation and fibrosis can obscure the endo-

scopic visualization of the cricoid cartilage. Consequently, it can be

difficult to appreciate the border of the cricoid cartilage to accurately

and precisely estimate the degree of stenosis. Masters et al22 reported

that length, perimeter and area measurements can be altered based

on a target's location within the field of view and distance from the

tip of endoscope. For example, peripheral objects appear smaller than

central ones and the distortion increases when the lens-to-object dis-

tance is reduced.23 Often to completely view the subglottic stenosis,

the tip of the endoscope needs to pass the true vocal folds reducing

the distance from the lens to the stenosis. The distortion increases

exponentially when within 1 cm from the stenosis making apprecia-

tion of the size of stenosis very difficult even when the distance from

the stenosis is known.22 Nouraei et al23 developed an objective sizing

approach that adjusted for tilt, radial, and distance distortions by using

a circular calibration probe under general anesthesia during

intraoperative direct laryngoscopy and tracheoscopy. However, place-

ment of a calibrator probe at the level of the stenosis in the clinic set-

ting during flexible nasolaryngoscopy and tracheoscopy would be

challenging. Subjective grading of subglottic stenosis is also limited by

the clarity and resolution of the examination and physician's

experience.21

Imprecise grading, such as underestimation, can lead to delayed

care for patients who may progress to critical levels of stenosis while

TABLE 3 Intraclass correlation of 45 endoscopic images of
subglottic stenosis and corresponding pulmonary function tests
(PFTs). Estimated percent obstruction (% stenosis) was the same as
the Cotton-Myer grading system. Here we see the variability of using
the Cotton-Myer grading system between the different physician
graders vs PFTs. % stenosis has a lower intraclass correlation
compared to any of the PFT parameters (PEF, PIF, PEF%, TPF), which
have excellent reliability both overall and within each Cotton-Myer
grade group

Correlationa 95% CI P-value

Overall

% stenosis 0.712 0.601-0.808 <.01

PEF 0.966 0.945-0.980 <.01

PIF 0.958 0.933-0.975 <.01

PEF% 0.956 0.930-0.974 <.01

TPF 0.985 0.975-0.991 <.01

Cotton-Myer I

% stenosis 0.450 0.123-0.782 .02

PEF 0.970 0.904-0.993 <.01

PIF 0.944 0.827-0.988 <.01

PEF% 0.970 0.903-0.993 <.01

TPF 0.984 0.948-0.997 <.01

Cotton-Myer II

% stenosis 0.061 −0.150-0.468 .303

PEF 0.968 0.905-0.992 <.01

PIF 0.949 0.851-0.987 <.01

PEF% 0.915 0.763-0.978 <.01

TPF 0.987 0.961-0.997 <.01

Cotton-Myer III

% stenosis 0.159 −0.001-0.375 .026

PEF 0.963 0.931-0.981 <.01

PIF 0.963 0.932-0.981 <.01

PEF% 0.962 0.930-0.981 <.01

TPF 0.984 0.971-0.992 <.01

Abbreviations: PEF, peak expiratory flow; PEF%, peak expiratory flow

percentage; PIF, peak inspiratory flow, TPF; total peak flow.
aIntraclass correlation: Values less than 0.5—poor; between 0.5 and 0.75—
moderate; between 0.75 and 0.9—good; greater than 0.90—excellent

reliability.
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overestimations may beget unnecessary and over-aggressive surger-

ies. Airflow dynamic studies show that a 50% reduction in airway

lumen cross-sectional area results in a pressure drop of the same

magnitude as the normal glottic opening, and hence Cotton-Myer

grade I (<50% stenosis) is unlikely to lead to significant clinical symp-

toms.24 Since resistance is inversely proportional to the radius to the

F IGURE 1 The variability of the estimated percent obstruction (% stenosis) and peak expiratory flow percentage (PEF%) of Cotton-Myer
grade I patients. The superior reliability of PEF% is seen in that the spread of the PEF% for each patient is much smaller and tighter (gray)
compared to the much larger range (wider bars) for % stenosis (black)

F IGURE 2 The variability of the estimated percent obstruction (% stenosis) and peak expiratory flow percentage (PEF%) of Cotton-Myer
grade II patients. The superior reliability of PEF% is seen in that the spread of the PEF% for all but one patient is much smaller and tighter (gray)
compared to the much larger range (wider bars) for % stenosis (black)
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fourth power, small changes within a Cotton-Myer grade can result in

major changes in airway resistance.23,25 Moreover, the resistance

increases exponentially for the same reduction of cross sectional area

when the stenosis is narrower. Because patients may not experience

significant symptoms until their stenosis has reached a critical level,

they may present after their stenosis has progressed to a higher grade.

Precise assessment is crucial to be able to monitor changes earlier in

disease progression.

The PEF% (pulmonary function test) is a better measuring tool

than endoscopic grading in tracking and comparing treatment effec-

tiveness in subglottic stenosis patients. Although there are four grades

in the Cotton-Myer grading scale, effectively only grades I through III

are used in patients without a tracheotomy. Thus, after excluding

grade IV (complete luminal obstruction), there are only three utilized

Cotton-Myer grades. Thus, the Cotton-Myer grading scale when com-

pared to PFT indices, such as the PEF%, is analogous to measuring an

object using a three notched ruler vs a 100 notched ruler. The ability

to appreciate the differences between two data points with precision

is naturally easier with a measuring instrument that has smaller mea-

surement increments. In addition, at-home peak flow meters can be

used to allow patients to monitor changes between clinic visits. Close

monitoring between clinic visits then increases the ability for the

patient to detect and respond to changes in their airway caliber

before breathing problems become severe. PFTs are more sensitive to

changes and produce a more reliable assessment compared to subjec-

tive endoscopic grading.

The limitations of this study include the small number of

laryngologists grading the subglottic stenosis. Although, the physi-

cians grading the stenoses were blinded when viewing the

examinations, the senior author (R.A.F.) performed the flexible

nasolaryngoscopy and tracheoscopy at the time the examinations

were recorded. There was no control group without stenosis or

repeated examinations of the same patient to assess for intra-

observer reliability for Cotton-Myer grading. The objective of the

study was to determine the reliability of the Cotton-Myer grading

scale and pulmonary function testing as measurement tools. Deter-

mining the intra-observer reliability and generalizability of these

findings will be studied in the future.

5 | CONCLUSION

This preliminary study provides data showing superior reliability of

pulmonary function testing compared to the low interobserver con-

cordance with Cotton-Myer grading and estimated percent obstruc-

tion (% stenosis) in adult subglottic stenosis. All PFT indices analyzed

(PEF, PIF, PEF%, and TPF) had excellent intraclass correlation. How-

ever, we prefer the use of PEF% because it is a normalized value that

allows us to compare the results between patients.
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