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Abstract

Obijectives/hypothesis: To identify sociodemographic factors associated with the devel-
opment of airway stenosis (AS) among intubated medical intensive care unit (MICU)
patients.

Study design: Retrospective cohort study.

Methods: A retrospective review of adult MICU intubated patients from 2013 to
2019 at a single academic institution was performed. Univariate and multivariate analysis
with logistic regression examined associations between the development of AS and sub-
site abnormalities such as posterior glottic stenosis (PGS), subglottic stenosis (SGS), tra-
cheal stenosis (TS), vocal fold immobility (VFI), and posterior glottic granuloma (PGG)
with age, body mass index (BMI), height, weight, race, ethnicity, sex, rurality, Appalachian
status, length of admission, distance to hospital, and median household income.

Results: Of an overall sample of 6603 MICU patients, 449 intubated patients were
included in the study, and 204 patients were found to have AS. AS was statistically
associated with decreased driving distance to the hospital and increases in BMI. PGS
was statistically associated with increases in age. TS was statistically associated with
increases in admission duration and not having residence status in Appalachia. VFI
was statistically associated with decreases in driving distance to the hospital and not
having residence status in Appalachia. Additionally, black patients had a higher odds
of developing VFI compared to Caucasian patients.

Conclusion: AS is associated with sociodemographic factors such as age, BMI, shorter
distance to hospital, admission duration, and no Appalachian status. These data dem-
onstrate the need to further investigate the impact of social determinants of health
on airway pathology and outcomes.

Level of evidence: 4.
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1 | INTRODUCTION

There is a continuously growing body of evidence that sociodemo-
graphic factors such as race, ethnicity, socioeconomic status, and
rurality can affect overall health outcomes.® Previously, a number of
these social determinants of health have been associated with affect-
ing outcomes of various otolaryngological pathologies.?”> However,
only one study to date has assessed the impact of sociodemographic
factors on the development of airway stenosis (AS).®

AS, or laryngotracheal stenosis, is a spectrum of disorders defined
as a narrowing of the upper airway between the larynx and/or trachea
proximal to the bronchial bifurcation. Subtypes of AS include posterior
glottic stenosis (PGS), subglottic stenosis (SGS), tracheal stenosis (TS),
vocal fold immobility (VFI), and posterior glottic granuloma (PGG). AS
presents a significant clinical concern, both due to the multidisciplin-
ary treatment required and possible complications varying from recur-
rent stridor to respiratory arrest.”® Several etiologies have been
implicated with AS, but the most common associations include post-
tracheostomy AS and post-intubation AS, with incidences varying
from 3% to 31%.”"1* Additional causes include autoimmune, infec-
tious, neoplastic, and idiopathic.2> AS not only impedes patient health
and wellness, but it can also place a considerable financial burden on
the patient.'® Previous studies have estimated the annual cost of AS
maintenance to be between $4000 and $8500, depending on
etiology.'”

Previously, diabetes, race, education status, duration of intuba-
tion, tobacco use, and obesity were independently identified as socio-
demographic risk factors associated with the development with or
diagnosis of AS,47131418 byt no study has comprehensively assessed
sociodemographic and modifiable factors that may contribute to AS
subtypes in a medical intensive care unit (ICU) setting. Although tra-
cheostomies and intubations present a risk for AS, they are often nec-
essary procedures in an intensive care setting. Therefore, recognizing
aspects of patient care associated with AS is imperative to understand
the etiology of AS and improve the public health infrastructure to
minimize airway complications. Based upon previous literature which
analyzes sociodemographic factors associated with AS, we hypothe-
sized that the specific factors analyzed in this study would be associ-
ated with frequency of developing AS subtypes based on stenosis

etiology.

2 | MATERIALS AND METHODS

The institutional review board (IRB) at the University of Kentucky
approved this study (IRB #52662). The University of Kentucky Center
for Clinical and Translational Science (CCTS) was used to query clinical
data from the electronic medical record. A retrospective chart review
was conducted using CPT codes (31,500, 31,603, 31,605, 31,622,
31,600, 43,246) for intubation, bronchoscopy, tracheostomy, percuta-
neous endoscopic gastrostomy, or emergency intubation between
January 1, 2013, and July 31, 2019. ICD10 codes (J38.6, J.38.3,
J38.00-J38.02, J38.7, J95) for LS, “other disorders of the larynx,

including PGG”, VFI (J38.00 is unspecified laterality, J38.01 is unilat-
eral, J38.02 is bilateral), “other diseases of the larynx”, and “intrao-
perative and postprocedural complications and disorders of the
respiratory system” were utilized, respectively. Likewise, ICD9 codes
(478.74, 478.5, 478.3, 478.79, J59) were utilized for the same vari-
ables listed above, respectively. Inclusion criteria were patients older
than 18 years old identified at the University of Kentucky who were
intubated during admission to the MICU and had a complete record
of endotracheal/tracheostomy tube size, airway procedures, sociode-
mographic data, and medical diagnosis. Exclusion criteria were a prior
history of tracheostomy or tracheal stent, intubation at an outside
hospital, history of airway dilation, history of head and neck cancer,
less than 18 years of age, and use of anticoagulants. A sample of
6603 medical records was available based on CPT codes alone. After
medical record review, we identified a sample of 440 patients with a
complete record of endotracheal/tracheostomy tube size, airway pro-
cedures, sociodemographic data, and medical diagnosis. Sociodemo-
graphic data collected included: age, BMI, height, weight, race,
ethnicity, sex, zip-code, distance to hospital, and median household
income. Clinical data included: length of admission, admission service,
airway and complication subtype, and additional comorbidities. Data
were compiled in Microsoft Excel (Microsoft Corp., Redmond, WA).

Rural status was determined by the Beale codes from the
2013 U.S. Department of Agriculture Rural-Urban Continuum Coding
(RUCC) system.!” The Beale code system provides a single-digit
numeric continuum ranging from 1 to 9 with one denoting a metro
population of 1 million or more, and nine denoting a rural county or a
county that does not neighbor a metropolitan area with less than
2500 residents. Patients were further stratified based on whether or
not their county belongs to the Appalachian region as denoted by the
Appalachian Regional Commission.?° Driving distance to the medical
center was approximated using Google Maps (3.47.3, Mountain View,
CA, USA). Median household income for a given zip-code region was
obtained from the American Community Survey database from 2019
published by the United States Census Bureau.?*

Counts and percentages were recorded for each variable.
Dichotomous variables were compared using Chi-squared testing for
univariate analysis and logistic regression for multivariate comparison.
Continuous or categorical variables were compared between groups
using the Mann-Whitney U test. A p value of .05 or greater was con-
sidered statistically significant. Odds ratios and confidence intervals
were recorded for univariate and multivariate analysis. Both univariate
logistic regression analysis and multivariate logistic regression analysis
were used to predict associated risk factors. Results were considered
statistically significant if the resulting p value was less than .05. Statis-
tical analysis was performed using STATA 12.1 (College Station,
TX, USA).

3 | RESULTS

The 266 (4.0%) of the 6603 patients who were intubated developed
some form of AS. Of these 266 patients, 204 (3.1%) were over the
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TABLE 1 Demographics for patients developing airway stenosis and stenosis subtypes
Posterior Posterior
Airway glottic Subglottic Tracheal Vocal fold glottic
Controls stenosis stenosis stenosis stenosis immobility granuloma
n=245 n =204 n=70 n=48 n=122 n=16 n=14
Variable N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Sex
Male 102 (41.6) 106 (52.0) 35(50.0) 27 (56.3) 64 (52.5) 6(37.5) 4(28.6)
Female 143 (58.4) 98 (48.0) 35(50.0) 21(43.8) 58 (47.5) 10 (62.5) 10(71.4)
Total 245 (100) 204 (100) 70 (100) 48 (100.0) 122 (100) 16 (100) 14 (100)
Age (year)
25% 41 (-) 43 (-) 48 (—) 39 (-) 43 (-) 42.5(-) 39 (-)
50% 54 (-) 56 (-) 58 (-) 53 (-) 55.5(—) 52.5(-) 50.5 (-)
75% 63 (-) 65 (—) 70 (-) 60 (—) 64 (-) 60 (—) 63 (-)
Race
White 221 (90.9) 190(93.1) 66 (94.3) 42 (87.5) 112 (91.8) 11 (68.8) 13(92.9)
Black 22(9.05) 13(6.37) 3(4.29) 6(12.5) 10 (8.20) 5(31.3) 1(7.14)
American 0(0) 1(0.49) 1(1.43) 0(0) 0(0) 0(0) 0(0)
Indian/Alaskan
Ethnicity
Hispanic 5(2.04) 1(0.49) 0(0) 1(2.08) 1(0.82) 1(6.25) 0(0)
Non-Hispanic 221(90.2) 198 (97.1) 69 (98.6) 47 (97.9) 120 (98.4) 15(93.8) 14 (100)
Not reported 19 (7.76) 5(2.45) 1(1.43) 0(0) 1(0.82) 0(0) 0(0)

age of 18 and, therefore, met inclusion criteria. Of the 204 patients
that developed AS, 70 (15.6%) developed PGS, 48 (10.7%) developed
SGS, 122 (27.2%) developed TS, 16 (3.6%) developed VFI, and
14 (3.1%) developed PGG. 49 (10.9%) patients developed multiple
forms of AS. Table 1 details the demographic data of the patients who
developed AS. 52% of the patients who developed AS were male, and
the average age of patients who developed AS was 54.5
(SD 15.9 year) years old.

Multivariate analysis factors for patients who developed AS are
described in Table 2. The average BMI of patients who developed AS
was 31.5 (SD 12.0), and the average height was 169 cm (SD 12.1 cm).
The average duration of admission for patients who developed AS
was 25.1 days (SD 25.4 days). Based on the RUCC codes, 161 (79%)
of all patients who developed AS were from rural communities as
denoted by a RUCC code greater than 3. Similarly, 48.5% of patients
who developed AS were from Appalachian communities. The mean
driving distance to the University of Kentucky Medical Center was
54.8 miles (SD 47.2 miles). The average regional income for patients
who developed AS was $41,783 (SD $15,546).

Both univariate and multivariate analysis results are shown in
Table 3. Univariate analysis was utilized to analyze factors directly
associated with social determinants of health, specifically, BMI, race,
ethnicity, rurality, Appalachian status, distance to the hospital, and
median household income. On univariate analysis, patients had a 2.2%
higher odds of developing AS for every 1 kg/m? increase in BMI (odds
ratio [OR]: 1.02; 95% confidence interval (95% CI): [1.00-1.01];
p =.019). BMI was not, however, statistically correlated with any

subtypes of AS on univariate analysis. Black patients demonstrated an
increased risk of developing VFI (OR: 6.06; 95% Cl: [1.98-18.6];
p = .002) compared to Caucasian patients. Race was not statistically
correlated with the development of any other forms of AS on univari-
ate analysis. Similarly, associations between ethnicity and AS subtypes
were not statistically significant. Although rurality did not demon-
strate any statistically significant associations with AS on univariate
analysis, patients from Appalachian regions were less likely to be diag-
nosed with both TS (OR: 0.549; 95% Cl: [0.360-0.836]; p = .005) and
VFI (OR: 0.278; 95% Cl: [0.088-0.876]; p = .03) compared to patients
that did not live in Appalachia. Similarly, patients who lived closer to
the University of Kentucky Medical Center were more likely to be
diagnosed with AS (OR: 0.996; 95% Cl: [0.992-0.999]; p = .02) and
VFI (OR: 0.980; 95% CI: [0.964-0.996]; p = .01) on univariate analy-
sis. Median household income was not statistically associated with
the development of AS.

A multivariate sociodemographic model was utilized to analyze a
variety of factors and the association with AS and AS subtypes. In
brief, every one-year increase in age was associated with a 3%
increase in odds of developing PGS (OR: 1.03; 95% CI: [1.01-1.04];
p = .006). Additionally, for every one-day increase in length of admis-
sion, patients had a 1% increase in odds of developing TS (OR: 1.01;
95% Cl: [1.00-1.02]; p = .03). Similar to the results on univariate anal-
ysis, black patients had an increased odds of developing VFI (OR:
6.07; 95% Cl: [1.56-23.6]; p = .009) compared to Caucasian patients.
Patients had a 63% lower odds of being diagnosed with TS if they
lived in Appalachian regions (OR: 0.369; 95% Cl: [0.191-0.713];
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TABLE 2 Multivariate analysis factors affecting airway stenosis and stenosis subtypes

Airway Posterior glottic
Variable stenosis stenosis
n =204 n=70

BMI

25% 227 223

50% 29.0 29.0

75% 36.6 351
Height (cm)

25% 157 160

50% 168 1703

75% 178 178
Weight (kg)

25% 66 65

50% 83 80

75% 107 101
Length of admission (days)

25% 8.8 6.0

50% 18.0 14.0

75% 333 250

Rural-urban continuum

codes

1-3 87 27

4-6 52 24

7-9 65 19
Appalachian status

Yes 99 41

No 105 29
Distance to hospital (mi)

25% 12.7 17.4

50% 39.2 45.9

75% 91.8 874
Median household income

6]

25% $30,071 $ 28,948

50% $ 38,323 $ 38,590

75% $ 51,093 $ 50,152

p =.003) compared to patients from non-Appalachian regions.
Weight, height, sex, ethnicity, rurality, driving distance to the Univer-
sity of Kentucky Medical Center, and median household income were
not statistically associated with the development of AS on multivari-

ate analysis.

4 | DISCUSSION

This study demonstrates potential sociodemographic factors that may

contribute to the development of AS and AS subtypes in an ICU

Subglottic Tracheal Vocal fold Posterior glottic
stenosis stenosis immobility granuloma
n=48 n=122 n=16 n=14
24.6 23.2 28.3 22.1
299 29.3 30.6 28.9
38.3 37.3 42.1 40.6

157 157 159 164

166 168 169 179

178 180 183 187

66 68 75 69

85 86 85 94

112 111 117 123

10.0 10.0 9.8 8.5

18.5 20.5 15.0 22.5
32.3 36.5 22.3 33.8

23 56 6

12 26 4 5

13 40 3

21 52 4 4

27 70 12 10

9.4 10.0 9.4 11.9
32.7 34.0 20.0 32.7
87.9 93.2 35.7 35.8

$ 34,229 $ 30,071 $ 34,740 $ 32,300
$ 39,975 $ 38,323 $47,714 $ 45,652
$ 51,494 $ 51,093 $ 59,536 $ 51,068

setting. Although one study to date has analyzed social determinants
of health that may contribute to generalized laryngotracheal stenosis,®
this is the first study to additionally look at stenosis subtypes and their
association with rural status, Appalachian status, and distance to the
medical center. Factors associated with the development of AS varied
by subtype.

Increased age was positively associated with the development of
the PGS subtype (p = .006). However, previous studies have reported
statistically insignificant higher incidences of both PGS and SGS
among younger patients.?>?® Although contradicting information

exists regarding this result, research has demonstrated functional and



BURRUSS ET AL.

Laryngoscope

1082

60 (SZ'T-€¥00) TEZTO SL (S¥'¥-921°0) 0SL°0 €00 (€T£°0-T61°0) 690  OL (ST'C-12€0) 080 L0 (6£7-1560) €T 4% (PT'T-¥¥€0) 5290
L0 (60°'T-¥0T°0) LEEO €0’ (9£8°0-880°0) 8£Z°0 500 (9€8°0-09€°0) 6¥5°0 T (8T'T-¥S€0) 9790 S€ (¥1'2-€9£0)8C'T 90 (TOT-6L¥°0) S69°0
4 (55°'7-0080) TT'T ST (T0'Z-868°0) ¥€'T €C (¥T'T-6¥60) 80T S9° (82°'T-6580) SO'T L (SO'T-E¥7£°0) ¥88°0 <L (9T°'T-7¥060) 20'T
144 (PT°T-2PL0) 6160 ot (#0'T-5£90) 9€8°0 9T (¥0T°0-6/8°0) ¥56°0 (44 (SO'T-+28°0) 626'0 1 (£0'T-8£80) 0£6'0 [44 (€0'T-6880) 956'0
- - 174 (res-cey o) SLy SS° (T9¥-£S00) TS0 OL (L¥T1-991°0)95T - 142 (89'T-120°0) 0610

- - 143 (0'6t-265°0) 8€°S €5 (T€¥-850°0) 86%°0 89 (8°€7-181°0)85T - LT (€6'1-920°0) €220
ot (£Z'9-05T°0) 0£6°0 89 (0£°€-091°0) £2L0 LT (LL£T-SSL0)SP'T ) (8T'€-8€5°0) €ET 96 (¥T'T-£2¥0) 8460 [44 (0eC-1£0) LT T
8 (0T¥-L¥0°0) ¥¥¥°0 600° (9'€2-95°1) L0'9 €5’ (VL T-¥¥€0) €LLO se (ST¥-1090)09'T 6C (£L'T-€¥1°0) ¥0S°0 122 (ST'T-6¥C°0) SES0
[4) (60°£-¥11°0) 0060 00’ (9'81-86'T) 90'9 L8 (6TC-L6v¥0) LOT 1T (€9v-€1£0) 18T ST (S9'T-9¥T°0)06¥'0  OF (0v'T-££€°0) £89°0
8 (¢0'T-¥860) 00T LE (20'1-0560) ¥86°0 €0 (¢0'1-00T) 10T L8 (T0'T-T660)00'T 59 (T0'T-686'0)866'0  LO° (¢0'1-00T) TO°T
143 (52'7-8960)0T'T 24 (ST'T-6€60) 0T 174 (90'T-2960) 10T 174 (TT'7-8L60) ¥O'T LT (0T'1-£86°0) ¥O'T LE (£0'T-5£60) 20T
14 (01°'T-208°0) T¥6°0 14 (0T'T-¥180) 1760 18 (90°'T-€£6'0) 2660 LT (€0'T-T£8°0) 5760 o (€0'T-9880) ¥56°0 [4% (€E0'T-£T60) TL60
8T (PT°'T-961°0) TSL0 4 (ST'T-589°0) £L26°0 §8 (€E1'T-€98°0) £86°0 8¢ (80°'T-09£°0) L06°0 14 (£0'T-9£L0) 1160 9g" (0T°'T-5¥80) 2960
Ly (90°'T-5960) T0'T 143 (£0'T-T660)€0°T SC (T0'T-1£60) 20T Ve (¥0'T-0660) 20'T LT (¥0'T-€66°0) 20T 40 (10°'T-00'T) 2O'T
SL (€E0'T-T96'0) 5660 96’ (€0'T-£60)00°T 8¢’ (TO'T-€86'0) 966°0 14 (TO'T-SL60) €660 900° (¥0'T-TOT) €0°T T (¢0'7-00T) TO°T
d (1D %56) 4O (1D %56) ¥O (1D %S6) 4O (1D %56) 4O (1D %56) 4O (1D %S6) 4O
vr=u 9T =u ccr=u 8y =u 0oL=u roc =u

ewojnueid Ajljiqowwi pjoj |e20A SISoua)s |eaydel| sIsoua)s J210[8gqns SISOUd)S sisoua)s Aemiry

21130|3 Jou)sod

21330|3 JoLd)s0d

SjeleAniA
ajeleAlun
snjejs uelyoejeddy
a1eLeAl}NA
ajelieAlun

(6-T

$3p02 DDNY) ANleINY

SjeleAniN
jeLeAlun
Apdluyi3
SjeleAn|niN
ajeLeAlun
J9puasd sjejn
SjeleAniN
jeLeAlun
aoey
SjeleAn|niN
ajeLeAlun

(shep)
uolssiwpe Jo yisua

SjeleAlniN
ajeneAlun
(31) 1315
SleLieAniniN
S1eLeAlun
(wd) y31oH
SjeleAlRniN
ajeneAlun
InNg
s1eLeAR|NA
S1eueAlun
a8y

EIEIEIN

sadAiqgns sisouals pue sisoua)s Aemiie o JuaWdo[aASP 33 404 (D %G 6) S|BAISIUI SDUSPIIUOD %G 6 PUE (YO) soned sppO € 319V L



BURRUSS ET AL.

Laryngoscope

1083

(Continued)

TABLE 3

Posterior glottic
granuloma

Posterior glottic

stenosis

Vocal fold immobility

Tracheal stenosis

Subglottic stenosis

Airway stenosis

n=14

n=16

n=122

n=48

n=70

n= 204

Distance to hospital

(mi)

.02 0.998 (0.993-1.00) .32 0.995 (0.988-1.00) 10 0.996(0.992-1.00) .06 0.980 (0.964-0.996) .01 0.990 (0.977-1.00) 14
1.00 (0.987-1.00) 0.978 (0.949-1.01) .55

0.996 (0.992-0.999)
0.996 (0.991-1.00)

Univariate

0.994 (0.976-1.01)

15

.34

0.998 (0.993-1.00)

.28

19

0.995 (0.987-1.00)

.07

Multivariate
Median household

income ($)

.84
42

1.00 (1.00-1.00) .09 1.00 (1.00-1.00)

71

1.00 (1.00-1.00)

.35

1.00 (1.00-1.00)

49
.38

1.00 (1.00-1.00)
1.00 (1.00-1.00)

.85

1.00 (0.999-1.00)

Univariate

1.00 (1.00-1.00)

12

1.00 (1.00-1.00)

.65

1.00 (1.00-1.00)

43

1.00 (1.00-1.00)

.70

1.00 (1.00-1.00)

Multivariate

Note: Statistically significant results have been bolded with the p values italicized.

anatomical differences of the airway that develop with age that
increase susceptibility to airway compromise.?*?> In the context of
healthcare disparities, the elderly's anatomical predisposition to the
development of airway pathology may be a future consideration when
monitoring patients after a tracheostomy or intubation.

Obesity is a well-documented comorbidity associated with the
development of AS.1%'32¢ However, past research has attributed
these results to various factors with the most common being an
increase in endotracheal tube size for obese patients. In this study,
increases in BMI across all weight classes were moderately associated
with the development of generalized AS on univariate analysis
(b = .02). Although there may exist an increasing prevalence of AS
among obese patients due to differing treatment modalities, these
results indicate that any increase in BMI may increase susceptibility to
AS. Additionally, in this study, increases in BMI were not statistically
associated with increases in intubation/tracheostomy tube size on
simple linear regression (p = .16). However, this result may vary from
past literature due to the influence of BMI being analyzed continu-
ously. Future work on this topic is, therefore, required to determine
the exact association between BMI and AS.

Length of admission was positively associated with TS on multi-
variate analysis (p = .03). Increased duration of admission not only
produces a significant financial burden for patients,?” but these results
indicate that prolonged intubation may lead to worse healthcare out-
comes in the future. However, length of admission was additionally
statistically associated with a number of airway comorbidities that
may have necessitated prolonged airway interventions or prolonged
length of stay such as chronic obstructive pulmonary disease
(b = .03), obstructive sleep apnea (p < .001), bronchitis (p < .001), and
pneumonia (p <.001) on multiple logistic regression. Healthcare dis-
parities relating to the development and treatment of airway diseases
have been well documented in the past.?®

This study additionally demonstrated an increased odds of black
patients developing VFI on univariate analysis (p = .002) and multivar-
iate analysis (p = .009) compared to Caucasian patients. AS has previ-
ously been demonstrated to be more prevalent among black children
due to their increased risk of being born prematurely or undergoing
endotracheal intubation.*® However, in the context of our study, all
patients were older than 18 and, therefore, had anatomically devel-
oped airways; additionally, previous tracheostomy placement was an
exclusion criterion. VFI has also been shown to be more common
among black patients in the context of laryngeal cancer due to
decreased laryngeal preservation with chemoradiation.?? There are
several explanations for this finding between race and AS incidence.
First, researchers have previously recommended prolonged observa-
tion and follow-up on patients after prolonged tracheostomy to
reduce the risk of AS; however, previous studies have demonstrated
racial differences in post-discharge utilization of healthcare after
trauma.®° Secondly, sociodemographic factors such as insurance qual-
ity, access to care, healthcare literacy, and transportation may influ-
ence a patient's decision to seek care, and these barriers are
increasingly prevalent among black communities.3* "33 Because of the

small sample size in the VFI subgroup, the result may be statistically
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obscured and should be scrutinized appropriately. However, the out-
come does align with previously demonstrated disparities among the
black community and, therefore, warrants future analysis by health-
care providers. One unique observation was the association of race
with the development of VFI and the lack thereof in the other AS sub-
categories. A possible explanation is the neurogenic etiology of VFl's
leading to vocal fold paralysis. Previous studies have demonstrated an
increase rate of VFI among black and Hispanic patients due to an
increased incidence of recurrent laryngeal nerve bifurcations in this
population.>*3> This variation has been linked to increased rates of
VFI if a branch is considered to be the entire nerve, resulting in
increased risk to the additional branch(es).>*® The VFI cohort was
selected specifically from the MICU to reduce procedure or trauma-
related injuries to the airway, but not all procedures can be excluded
that put the recurrent laryngeal nerve at risk. Alternatively, it is known
that the endotracheal tube and intubation itself can lead to paralysis
of the recurrent laryngeal nerve.®”

Similar to many rural populations in the United States, patients
from Appalachian communities have demonstrated numerous barriers
to healthcare.3®%? Of note, these obstacles exist within an otolaryn-
gology setting and have previously been demonstrated to impede
access to care.>*° In this study, Appalachian populations demon-
strated decreased odds of developing TS on both univariate analysis
(p = .005) and multivariate analysis (p = .003) in addition to decreased
odds of developing VFI on univariate analysis (p = .03). However, we
initially hypothesized that Appalachian populations would demon-
strate increased incidences of AS due to their higher association with
comorbidities such as obesity,41 increased use of tobacco products,42
and an increased incidence of general airway disease.* These results
seem to elucidate an additional barrier to healthcare for the Appala-
chian population, namely that they are less likely to present for reeva-
luation and be diagnosed with AS compared to non-Appalachian
patients. Distance to the hospital has previously been a demonstrated
barrier to timely otolaryngology diagnosis for Appalachian popula-
tions.2 In this study, patients from Appalachian and non-Appalachian
communities had a mean distance to the hospital of 90.0 miles
(SD 45.2) and 30.3 miles (SD 61.4), respectively. Additionally, patients
from both rural and Appalachian communities have been shown to
perceive their communities as not lacking in access to healthcare. Wil-
son et al. appropriately point out that healthcare utilization must be
contextualized based on the given community to assess perceptions
and cultural factors that may influence a patient's decision to seek
care.** Similarly, these results seen in Appalachia are supported by
the decreased odds of developing AS and VFI as driving distance to
the hospital increases. Patients had a 4.4% lower odds of being diag-
nosed with AS for every 10-mile increase in driving distance to the
hospital (p = .02) and a 20% lower odds of being diagnosed with VFI
for every 10-mile increase in driving distance to the hospital (p = .01)
on univariate analysis. Although increased facilities and medical infra-
structure may be necessary to improve the delivery of otolaryngology
care, future research should look to determine possible cultural differ-
ences or perceptions of health and wellness to explain why certain

populations may delay seeking care.

There are limitations to this study that may impede the generaliz-
ability of the results. The generalizability of this study is somewhat
limited to a MICU patient population that is rural by majority and
seeks medical assistance from a large tertiary medical facility. Primar-
ily, the small sample size increases the possibility of error and
decreases the overall power of the study. The nature of a retrospec-
tive cohort study also introduces inherent limitations that may limit
this study's ability to highlight any causal relationship. However, this
information may be used to inform more rigorous studies in the
future. Moreover, the utilization of zip-code information to localize
patients to a region introduces possible errors by analyzing the patient
in the context of their geographic group and not as an individual with
patient-specific information. Although this method is less problematic
when used to determine patients' rural status and Appalachian status,
a possible error is introduced when approximating household income
and driving distance to the hospital. Nonetheless, this information
helped identify specific at-risk groups based on the geographic loca-
tion that may rationalize future research on the effect of sociodemo-
graphic factors on the development of AS. Finally, this study is limited
by the fact that we do not include in the univariate and multivariate
models every factor associated with the development of AS in the lit-
erature. This study, however, sought to specifically analyze sociode-
mographic factors and physical factors that may contribute to the
development AS and expand upon the known contributing factors.
Future studies should both incorporate these variables in additional
analysis and gather more patient-specific data to expand knowledge
on the topic and improve patient outcomes while minimizing harm in

at-risk populations.

5 | CONCLUSION

Sociodemographic factors may contribute to the development of ste-
nosis after intubation or tracheostomy placement. Associated risk fac-
tors include age, BMI, length of admission, race, Appalachian status,
and distance to the medical center. Recognition of high-risk patient
populations may help improve overall otolaryngological outcomes and

reduce the development of adverse complications in the future.
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