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Abstract

Objectives: Congenital laryngomalacia (CLM) is the most common cause of stridor in

neonates and is commonly associated with reflux disease (RD) such as gastroesopha-

geal reflux and newborn esophageal reflux. This study investigates the impact of RD

on the management and outcomes of neonates with CLM.

Methods: The 2016 Kids' Inpatient Database (KID) was queried for neonates with

CLM (ICD-10: Q31.5). RD status, procedures, and complications were identified with

ICD-10 codes. Univariate and multivariable analyses were implemented to determine

statistical associations.

Results: Of 2212 neonates identified with CLM, 585 (26.45%) had RD. Patients with

RD were more often female (p = .038) and premature (p < .001). Upon multivariable

analysis, patients with RD had greater total charges (Mean $457,810.87

vs. $259,020.90, p < .001) and longer length of stay (Mean 46.03 vs. 26.44 days,

p < .001). Those with RD had more diagnoses recorded (Mean 14.15 vs. 9.66,

p < .001), underwent more procedures (Mean 5.47 vs. 3.49, p < .001), and had a lon-

ger wait until their first procedure (Mean 13.27 vs. 7.02 days, p < .001). Patients with

RD had increased odds for undergoing laryngoscopy (OR 1.799, 95% CI 1.382–

2.321, p < .001), bronchoscopy (OR 2.179, 95% CI 1.598–2.801, p < .001), and venti-

lator use (OR 1.526, 95% CI 1.197–1.886, p < .001) on multivariable regression

adjusting for patient demographics, hospital characteristics, and comorbidities.

Patients with and without RD had similar odds for undergoing tracheotomy

(OR 1.540, 95% CI 0.934–2.522, p = .088) and mortality (OR 1.084, 95% CI 0.397–

2.646, p = .874).

Conclusion: CLM is a common diagnosis in neonates that is associated with RD. In

our cohort of neonates with CLM, those with RD had overall poorer outcomes.

Level of evidence: 4.

K E YWORD S

congenital laryngomalacia, head and neck surgery, neonate, pediatric, reflux disease

Received: 3 July 2024 Revised: 15 September 2024 Accepted: 19 October 2024

DOI: 10.1002/lio2.70031

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2024 The Author(s). Laryngoscope Investigative Otolaryngology published by Wiley Periodicals LLC on behalf of The Triological Society.

Laryngoscope Investigative Otolaryngology. 2024;9:e70031. wileyonlinelibrary.com/journal/lio2 1 of 7

https://doi.org/10.1002/lio2.70031

https://orcid.org/0000-0002-0123-7275
https://orcid.org/0000-0003-0794-041X
https://orcid.org/0009-0005-6428-2064
https://orcid.org/0000-0002-4285-5862
mailto:praneet.kaki@students.jefferson.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/lio2
https://doi.org/10.1002/lio2.70031


1 | INTRODUCTION

Congenital laryngomalacia (CLM) is the most common laryngeal anom-

aly in newborns and the most common cause (65%–75%) of stridor in

neonates.1,2 This stridor is typically due to inspiratory phase inward

folding and collapse of supraglottic structures.3,4 Feeding difficulties

and inspiratory retractions are among the early presentations,

although a flexible laryngoscopy is considered the appropriate diag-

nostic method for CLM.5–7 Characteristic findings on flexible laryn-

goscopy may include omega-shaped epiglottis, short-aryepiglottic

folds, and collapsible arytenoid cartilages.4,8 Although the etiology of

CLM remains unknown, the most common explanation includes neu-

romuscular immaturity.5,9,10

Another common hypothesis is that reflux disease (RD) might

contribute to CLM progression by potentiating airway obstruction via

airway resistance changes and by inducing supraglottic edema.4,11,12

On the other hand, some posit that CLM can lead to RD by affecting

the normal pressure gradient between the thoracic and abdominal

cavities, which normally protects against reflux events.4 Although RD

is found in 35%–68% of infants with CLM, it has been suggested that

there is not enough evidence to support a causal relationship between

RD and CLM.11,13,14 In addition, antireflux therapy has been docu-

mented to provide improved outcomes in certain CLM cohorts, but lit-

erature on the clinical effectiveness of antireflux in CLM patients is

highly variable and multifactorial.15,16

Further supporting the relationship between RD and CLM, some

studies have found RD to be associated with increased complications

and overall poorer outcomes.15,17 Although there is extensive litera-

ture citing the association between RD and CLM, there is still sparse

literature covering the impact of RD on the management and out-

comes in patients with CLM. Separately, it has been demonstrated

that neonates are associated with poorer outcomes compared to older

infants with CLM.18 Our study aims to utilize a national cohort to pro-

vide a characterization of RD in a national cohort of neonates with

CLM, as well as to investigate differences in management and out-

comes based on RD status.

2 | MATERIALS AND METHODS

The 2016 Kids' Inpatient Database (KID), a part of the Healthcare

Cost Utilization Project (HCUP) and sponsored by the Agency for

Healthcare Research and Quality (AHRQ), was used in a retrospective

review. KID is currently the largest database containing publicly avail-

able inpatient pediatric (less than 21 years old) cases within the

United States of America.19 This database provides encounter-level

and hospital-level healthcare data from cases in 2016. International

Classification of Diseases, 10th Revision (ICD-10), codes were used to

create and analyze our cohort. A similar study utilizing 2016 KID

to investigate CLM was used as a reference for methodology.18 Given

that the 2016 KID is a federally deidentified database, this study was

granted exemption from approval by the Rutgers New Jersey Medical

School Institutional Review Board.

We queried KID for the ICD-10 diagnosis code corresponding to

CLM (Q31.5). Patients admitted as neonates (age <28 days old) with

an ICD-10 code of Q31.5 were included in the cohort. RD status was

identified with ICD-10 diagnosis codes for gastroesophageal reflux

disease (GERD) (K21, K21.0, and K21.9) and newborn esophageal

reflux (NER) disease (P78.83).

Demographic data included sex and race (White, Black, Hispanic,

Asian and Pacific Islander, Native American and other). Although

patient income data was not directly reported in KID, the national quar-

tile for the median income of the patient's zip code was included. Hos-

pital region within the USA (Northeast, Midwest, South, West) and

hospital teaching status (rural, urban/non-teaching, urban/teaching)

were included. Although KID does not directly report comorbidities,

ICD-10 codes can be used to extrapolate comorbidities within the

cohort. To include prematurity in the analysis, the ICD-10 code was uti-

lized (P07.3). Down syndrome (Q90.9), atrial septal defect (Q21.1), and

bronchopulmonary dysplasia (P27.1) were also included as comorbid-

ities. Ultimately, demographic and hospital data analyzed by RD status

included sex, race, premature status, Down syndrome, atrial septal

defect, bronchopulmonary dysplasia, national median income by patient

zip code, hospital teaching status, and hospital region.

Total charges, length of stay (LOS), number of diagnoses and pro-

cedures documented in the patient chart, time until undergoing their

first procedure, and mortality were all reported directly in the data-

base and analyzed by RD status. Additionally, the most commonly

performed procedures in this cohort and CLM literature were included

in analysis with ICD-10 procedure codes: laryngoscopy (0CJSxx),

bronchoscopy (0BJ0xx), tracheotomy (0B11xx), and ventilation

(5A19xx). Laryngoscopy included both direct and flexible modalities

because of limitations in ICD-10 coding.

Demographics, hospital data, charges, outcomes, and manage-

ment were analyzed by RD status with univariate analysis. Univariate

analysis was primarily performed with the Fischer exact test, but the

Pearson chi-square test was used when appropriate. Where appropri-

ate, the mean and standard error of the mean (SE) are reported. Multi-

variable linear and logistic regressions were performed to compare

charges, outcomes, and management, after adjusting for sex, race,

income status, hospital region, teaching status, prematurity, Down

syndrome, atrial septal defect, and bronchopulmonary dysplasia. Mul-

tivariable analysis results are reported as patients with RD compared

to the reference (no RD). Marginal values were reported as the

adjusted difference in values between RD and reference (no RD) for

multivariable linear regression in continuous variables. Odds ratios

(OR) were reported for multivariable logistic regression in categorical

variables. A p-value of <.05 was considered significant and a 95% con-

fidence interval (CI) was reported as appropriate. All statistical ana-

lyses were performed in SPSS version 25 (IBM Corp, Armonk, NY).

3 | RESULTS

2212 patients met the selection criteria for having CLM and being

admitted as neonates. Of these patients, 585 (26.45%) had
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RD. Specifically, 514 had NER and 74 had GERD, with three patients

being diagnosed with both. Neonates with RD were more likely to be

female than those without RD (49.6% vs. 44.6%, p = .038) (Table 1).

Patients with RD were more likely to be premature (27.5% vs. 15.6%,

p < .001), have Down syndrome (6.5% vs. 3.7%, p = .007), an atrial

septal defect (41.7% vs. 22.6%, p < .001), a lower national income

quartile by zip code (p = .049), and be treated at an urban teaching

hospital (92.3% vs. 84.6%, p < .001) compared to those without

RD. Although hospital region (p = .001) varied between those with

and without RD, there were no significant differences in racial distri-

bution (p = .882).

Univariate analysis indicated that neonates with RD had greater

total charges than those without (Mean $457,810.87

vs. $259,020.90, p < .001) (Table 2). When adjusting for demo-

graphic, comorbidity, and hospital data on multivariable analysis, it

was demonstrated that patients with RD were marginally charged

$179,823.44 (95% CI $118,992.19–$250,846.18) more than those

without RD (adjusted p < .001) (Table 3). Patients with RD had lon-

ger LOS than those without (Mean 46.03 vs. 26.44 days, p < .001,

Marginal 17.981 days, adjusted p < .001). Moreover, those with RD

had more diagnoses (Mean 14.15 vs. 9.66, p < .001, Marginal 3.583,

adjusted p < .001) and procedures (Mean 5.47 vs. 3.49, p < .001,

Marginal 1.322, adjusted p < .001) recorded. Those with RD also

had a longer wait until they underwent their first procedure (Mean

13.27 vs. 7.02 days, p < .001, Marginal 4.982 days,

adjusted p < .001).

TABLE 1 Demographic and comorbidity data of neonates with congenital laryngomalacia by reflux disease status.

Total, n = 2212 No reflux disease, n = 1627 Reflux disease, n = 585 p-value

Sex

Male 54.1% 55.4% 50.4% .038

Female 45.9% 44.6% 49.6%

Race

White 50.2% 50.2% 50.0% .882

Black 15.2% 14.7% 16.9%

Hispanic 22.3% 22.8% 21.1%

Asian-Pacific Islander 4.3% 4.4% 4.2%

Native American 1.1% 1.1% 1.1%

Other 6.8% 6.8% 6.7%

Prematurity

Premature 18.8 15.6% 27.5% <.001

Full term 81.2 84.4% 72.5%

Down syndrome

Comorbidity incidence 4.4% 3.7% 6.5% .007

Atrial septal defect

Comorbidity incidence 27.6% 22.6% 41.7% <.001

Bronchopulmonary dysplasia

Comorbidity incidence 4.4% 4.5% 4.3% .907

Median Income Quartile – Patient Zip Code

0–25% 29.5% 28.0% 33.6% .049

26%–50% 25.4% 25.5% 25.1%

51%–75% 23.4% 23.7% 22.5%

76%–100% 21.7% 22.8% 18.8%

Hospital region

Northeast 17.5% 18.4% 14.7% .001

Midwest 24.5% 25.6% 21.5%

South 34.9% 32.6% 41.4%

West 23.1% 23.4% 22.4%

Hospital teaching status

Rural 2.1% 2.6% 0.5% <.001

Urban/Non-teaching 11.3% 12.7% 7.2%

Urban/Teaching 86.7% 84.6% 92.3%
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Multivariable analysis adjusting for confounding factors including

patient demographics, hospital characteristics, and comorbidities dem-

onstrated that mortality was similar between those with and without

RD (OR 1.084, 95% CI 0.397–2.646, adjusted p = .874). Patients with

RD had increased odds for undergoing laryngoscopy (OR 1.799, 95%

CI 1.382–2.321, adjusted p < .001), bronchoscopy (OR 2.179, 95% CI

1.598–2.801, adjusted p < .001), and ventilation (OR 1.526, 95%

CI 1.197–1.886, adjusted p < .001). Although univariate analysis indi-

cated that patients with RD were more likely to undergoing tracheot-

omy (5.3% vs. 3.1%, p = .012), this was not significant when adjusting

for demographic and hospital data on multivariable analysis

(OR 1.540, 95% CI 0.934–2.522, p = .088).

4 | DISCUSSION

Multiple studies have demonstrated the strong correlation between

RD and CLM.4,11–14 Although the exact relationship between RD and

CLM is debated, current literature suggests that as many as two-thirds

of infants with CLM have RD.11,13,14 Separate studies have found that

RD might be associated with poorer outcomes and that neonates

have poorer outcomes than older infants.15,17,18 Using the 2016 KID,

our study aims to provide a national perspective on the relationship

between RD and CLM among a cohort of neonates.

Our cohort of 2212 neonates with CLM is, to our knowledge, the

largest study to date directly investigating RD in CLM. Previously, a

2012 systematic review of CLM and acid reflux included a total of

1295 patients, with a 59% overall prevalence of RD.14 Although most

studies report a 35%–68% incidence of RD in infants with CLM, we

report that only 26.45% of neonates with CLM had a diagnosis of

RD.11,13,14 This disparity in RD incidence might partially be attributed

to our study only including neonates and their diagnoses by the time

of discharge. Due to the nature of KID, we are unable to identify

patients who were diagnosed with RD after discharge. Given that RD

can present months after birth, this might account for the reduced

incidence noted in our study.14 For example, a study investigating

CLM found differing rates of RD diagnoses between neonates (23%)

and older infants (50%).18

TABLE 2 Charges and outcomes of neonates with congenital laryngomalacia by reflux disease status.

Total No reflux disease Reflux disease Reflux disease status p-value

Total charges (Mean $ [SE]) $ 311,919.40

[$13,619.72]

$ 259,020.90

[$15,057.71]

$ 457,810.87

[$29,071.22]

<.001

Length of stay (Mean days [SE]) 31.62 [1.03] 26.44 [1.14] 46.03 [2.17] <.001

Number of diagnoses (Mean [SE]) 10.85 [0.16] 9.66 [0.17] 14.15 [0.31] <.001

Number of procedures (Mean [SE]) 4.01 [0.09] 3.49 [0.11] 5.47 [0.20] <.001

Time until 1st procedure (Mean days [SE]) 8.85 [0.51] 7.02 [0.52] 13.27 [1.18] <.001

Mortality (%) 1.3% 1.3% 1.4% .514

Laryngoscopy (%) 32.9% 28.6% 44.6% <.001

Bronchoscopy (%) 16.5% 12.9% 26.7% <.001

Tracheotomy (%) 3.7% 3.1% 5.3% .012

Ventilation (%) 21.2% 18.4% 29.1% <.001

TABLE 3 Adjusted multivariable analysis (with marginal values and odds ratios [ORs]) of charges and outcomes in neonates with congenital
laryngomalacia associated with reflux disease.

Adjusted OR (reference: no reflux disease) 95% CI p-value

Total charges (Marginal $) 179,823.44 (118,992.19–250,846.18) <.001

Length of stay (Marginal days) 17.981 (12.823–22.475) <.001

Number of diagnoses (Marginal number) 3.583 (2.038–4.811) <.001

Number of procedures (Marginal number) 1.322 (1.002–2.103) <.001

Time until 1st procedure (Marginal days) 4.982 (3.233–7.495) <.001

Mortality 1.084 (0.397–2.646) .874

Laryngoscopy 1.799 (1.382–2.321) <.001

Bronchoscopy 2.179 (1.598–2.801) <.001

Tracheotomy 1.540 (0.934–2.522) .088

Ventilation 1.526 (1.197–1.886) <.001

Note: Multivariable analysis adjusting for sex, race, income status, hospital region, teaching status, prematurity, Down syndrome, atrial septal defect, and

bronchopulmonary dysplasia.
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Overall, our study indicates that RD is associated with poorer out-

comes, higher charges, and increased need for intervention. Specifi-

cally, those with RD had greater total charges, longer LOS, more

diagnoses on record, more procedures undergone, longer time until

first procedure, increased odds for undergoing laryngoscopy, bron-

choscopy, and ventilation. These results are generally consistent with

existing literature demonstrating poorer outcomes in patients

with RD.15,17 One common explanation for these findings is that RD

is a marker of severe CLM disease, so patients with RD are bound to

have poorer outcomes.17 However, others hypothesize that this rela-

tionship might be due to the fact RD alone is known to cause respira-

tory symptoms such as stridor, laryngeal irritation, exacerbation of

subglottic stenosis, laryngospasm, and obstructive apnea.20–22 Given

these known associations, the compounding effect of CLM and RD

may result in exacerbated symptoms and disease progression. Regard-

less, further studies are required to better understand the complex

connection between RD and CLM.

Although most outcome markers demonstrated poorer results

with RD, both mortality and odds for undergoing tracheotomy were

similar between those with and without RD. Tracheotomy was previ-

ously the standard treatment for CLM and upper airway obstruction,

but now it is rarely indicated.4,23–26 Our univariate analysis demon-

strated that RD patients had increased odds for undergoing tracheot-

omy, but this significance was lost on multivariable regression. The

use of an even larger cohort might have prevented this loss of signifi-

cance on analysis. Given that only 3.7% of patients in our cohort

underwent a tracheotomy, it is likely that true differences were

masked by the small incidence. A future study with an even larger

cohort might provide increased clarity into if there is a real difference

in tracheotomy rates between those with and without RD. Unlike tra-

cheotomy, there was no significant difference in mortality on univari-

ate analysis. Even though most of our outcome markers were poorer

in the RD cohort, there are no differences in mortality. With increased

attention on the medical management of CLM, even severe cases

might have low mortality.4,24 Furthermore, many severe cases might

not result in death during the initial hospital stay but instead, lead to

complex disease progression and increased future mortality.18 Ulti-

mately, even if mortality does not differ based on RD status, patients

with RD clearly still have severer disease and poorer management.

The commonly accepted diagnostic tool for CLM is flexible fiber-

optic laryngoscopy.5–7 However, it is interesting to note that only

44.6% of patients with RD and 28.6% without RD underwent laryn-

goscopy during their hospital stays. Considering that our cohort only

includes neonates, it is unlikely that these patients were diagnosed

with CLM prior to their hospitalizations. This would indicate that most

patients were diagnosed with CLM without undergoing a flexible

fiberoptic laryngoscopy. Many case reports and series in existing liter-

ature only include CLM patients if they underwent a laryngoscopy to

confirm the diagnosis.4–8,17 Although not clearly indicated within the

KID database, further information about the diagnostic methods for

these patients would offer better insight.

Typically, the diagnosis of RD is made with pH testing and multi-

channel intraluminal impedance, or esophageal mucosal damage seen

on endoscopy.27–29 However, these testing guidelines are

ever-changing, with new recommendations and guidelines provided

frequently.28 As a result, the diagnostic methods of RD are not stan-

dardized or uniform across providers and hospitals. In fact, a 2014

study highlighted these differences in the systematic overdiagnosis of

RD.30 However, it is unlikely that all RD diagnoses in our cohort are

accurate. Considering these inconsistencies in RD diagnosis and the

poorer outcomes of neonatal patients with RD in CLM, it might be

prudent to increase RD testing in patients with severe CLM who are

presenting with possible signs of reflux and gastrointestinal disease.

Proper diagnosis could allow for the initiation of anti-reflux therapy,

which might reduce symptoms and improve outcomes.16

Within RD, there are two major diagnoses included in our

cohort: NER and GERD. The difference between the ICD-10 codes

used to diagnose these is that NER is defined by reflux symptoms

appearing within the first 28 days of life. Although these codes are

similar, there might be differences noted in patients based on when

they first presented with signs of RD. Carr et al. highlight differences

in CLM presentation between neonates and older infants, and their

findings are likely applicable to differences between NER and GERD

as well.18

Even with the large sample size provided in KID, some limita-

tions exist due to the retrospective nature of this study and the pos-

sibility of inconsistent and inaccurate ICD-10 coding. Specifically,

the 2016 KID database did not include common comorbidity and

complication data, as was done in past releases.19 For example, our

analysis did not account for neuromuscular diseases such as spinal

muscular atrophy, congenital myasthenia gravis, and muscular dys-

trophy which have a strong correlation with CLM and RD. Although

comorbidities and complication data can manually be extrapolated

with ICD-10 codes, the lack of dedicated variables in KID may have

resulted in the loss of valuable data and unmeasured confounding

factors. Limitations in ICD-10 coding compared with other medical

coding systems such as the Current Procedural Terminology pre-

vented us from accurately identifying (1) differences in procedural

modalities such as flexible and direct laryngoscopy and (2) patients

undergoing surgical correction of LM such as supraglottoplasty.

However, we examined the most common diagnoses and procedures

within our cohort and within CLM literature to prevent omitting rele-

vant information. As with any database, we are also limited by the

information provided within KID and cannot account for errors with

miscoding, missing variables, and misclassification. Analyses of KID

are also limited to pediatric inpatients and our findings may not be

generalizable to community CLM or laryngomalacia developing in

children or adults. However, these factors are unlikely to impact the

overall findings because of the large sample size afforded by this

national database. Additionally, KID does not include longitudinal

data for patients after discharge. If this data were included, it would

likely strengthen our findings and provide additional insight into dif-

ferences in CLM based on RD status.

Our findings should be carefully considered within the context of

these limitations, but additional analysis would, likely, strengthen our

findings. Given our cohort size and the generalizability of KID, we

SHAH ET AL. 5 of 7



believe that our results can be applied from a national perspective.

Further studies including even greater sample sizes, longitudinal data,

and more comorbidity and complication data will likely provide

detailed insights into the specific associations of RD with CLM in

neonates.

CONCLUSION

Our study provides a national perspective of RD (i.e., GERD and NER)

in neonates admitted to the hospital with a diagnosis of CLM, the

most common cause of stridor in neonates and laryngeal anomaly in

newborns. Compared to those without RD, patients with RD had

greater total charges, longer LOS, more diagnoses on record, more

procedures undergone, longer time until first procedure, increased

odds for undergoing laryngoscopy, bronchoscopy, and ventilation, but

similar odds for mortality and undergoing a tracheotomy. Given these

findings, testing for RD might be indicated in patients with CLM pre-

senting with severe disease or signs of reflux. Further studies are

required to elucidate the cause-and-effect relationship between RD

and CLM.
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