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Abstract

Introduction Identifying surgical candidacy for the man-
agement of laryngomalacia is a challenge.

Objective To develop a simple scoring system for surgical
candidacy in laryngomalacia.

Methods Eighteen years retrospective observational study
of children with laryngomalacia (LM) clinically categorized
into mild, moderate and severe LM and were analyzed for
surgical candidacy.

Results  There were 113 children (age ranging from 5 days
to 14 months), 44% being mild, 30% moderate and 26%
severe LM. None in mild, 32% in moderate, and all in severe
LM had surgical intervention. Presence of stridor on feeding
or crying and isolated type 1 or type 2 LM on laryngos-
copy were significant indicators for conservative treatment
(p-<0.0001). Moderate failure to thrive, retraction at rest/
sleep, with low oxygen saturation while feeding/at rest were
significantly higher in both moderate and severe groups with
laryngoscopic evidence of combined type 1 and 2 in moder-
ate LM (p <00,001). Aspiration pneumonia, hospitalization,
pectus and mean pulmonary arterial pressure of more than
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25 mmHg with laryngoscopic findings of all three combined
types were significantly higher in severe LM (p < 0.0001).
A simple scoring system was then developed and it revealed
that a score of 10 or more required surgical intervention.
Conclusion and clinical significance A clinical scoring
system is being reported for the first time in medical litera-
ture to identify ‘the difficult to treat’ subset within moder-
ate laryngomalacia category simplifying decision making in
its management for otolaryngologists and pediatricians as
well as a referral criterion for pediatric otolaryngologists’
services.

Keywords Laryngomalacia - Stridor - Clinical scoring
system - Surgical candidacy

Introduction

Laryngomalacia (LM), the most common laryngeal disease
of infancy, is described as “inward collapse of supraglottic
structures into glottic airway during the inspiratory phase
of respiration” causing inspiratory stridor with an occur-
rence of 60-75% in all congenital laryngeal malforma-
tions [1]. Though, stridor is the most common symptom of
laryngomalacia, other additional features associated with
laryngomalacia like retractions (suprasternal/ substernal/
intercostal), feeding difficulties, regurgitation, choking, gas-
troesophageal reflux, cyanosis, failure to thrive, apnea and
pulmonary hypertension have been described [2-5].
Clinical diagnosis of laryngomalacia is confirmed by flex-
ible laryngoscopy. The most commonly followed classifica-
tion for the anatomic variations of supraglottic structural
collapse in LM was described by Olney et al. as type 1;
prolapse of mucosa overlying the arytenoid cartilages; type
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2, foreshortened aryepiglottic folds; and type 3, posterior
displacement of the epiglottis [6].

The disease spectrum of LM ranges from mild to severe,
based on associated feeding and obstructive symptoms.
Though majority of infants with LM have mild disease with
spontaneous recovery, approximately 20% will have failure
to thrive, gastroesophageal reflux disease, aspiration pneu-
monia, hypoxemia, OSA, pulmonary hypertension or cor-
pulmonale and surgery being required for the such cases
[2,7,8].

Published data revealed that moderate LM is a therapeu-
tic challenge for conservative or surgical intervention [2, 9,
10]. A landmark ‘laryngomalacia consensus recommenda-
tions’ was published by International Pediatric ORL Group
(IPOG) regarding evaluation and treatment considerations,
initial presentation and comprehensive care algorithm with
symptomatic classification criteria and associated at risk co-
morbidities [11].

In this article [11], laryngomalacia has been categorized
as:

a. Mild when only stridor with no symptoms or no radio-
graphic evidence of simultaneous airway lesions (SAL).

b. Moderate when associated cough, choking, regurgitation
or feeding difficulty.

c. Severe: evidence of apnea, cyanosis, failure to thrive,
pulmonary hypertension and cor pulmonale.

As per their consensus statement, cases of moderate LM,
also called “difficult to feed infant”, should be advised close
follow up with specific medical protocol for decision mak-
ing regarding conservative versus surgical treatment. One
should bear in mind that aspiration, pooling of secretions,
and decreased supraglottic sensation may be seen during
endoscopy in uncontrolled laryngopharyngeal reflux and
neurologic disease as well [11].

Our study was conducted in a tertiary care multi-specialty
hospital with experience in upper airway disorders and LM
since 2001. The objective was to develop a scoring system
based on the clinical profile staging and management of
infants/children diagnosed to have laryngomalacia for practic-
ing otolaryngologist in decision-making in surgical manage-
ment or referral for the same to specialist pediatric ENT care.

Methods

This retrospective observational study was approved by our
Institutional Review Board and Ethical Committee (ECR/34/
inst/KA/2013/RR-19). A retrospective chart review was per-
formed and complete medical records including clinical pro-
file, staging and management of infants and children who were
diagnosed with laryngomalacia following flexible fiberoptic
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laryngoscopic examination in the department of Otolaryngol-
ogy in our hospital between January 2001 to December 2019
was done. These patients were categorized into mild, moder-
ate and severe based on their clinical presentation and treated
conservatively or surgically with the then available recom-
mendations [6, 7, 9]. Children with acquired laryngomalacia,
that associated with congenital cardiac anomaly, neurologi-
cal disorders or synchronous lesions of larynx were excluded
from the study. The following parameters were reviewed:

e Demographic data: patient’s age at presentation and
gender.

e C(linical presentation: presence of stridor, feeding diffi-
culties, history of previous hospitalization due to aspira-
tion pneumonia, presence of retractions, pectus excava-
tum and failure to thrive.

e Investigation findings: In addition to complete blood
count, blood sugars, serum creatinine, the following
investigations findings were recorded and documented —

— Pulse oximetry for saturation during awake / feeding /
sleeping,

— Transthoracic echocardiography for assessment of
presence and severity of pulmonary hypertension
(PH) from Tricuspid Regurgitant jet,

— Flexible laryngoscopy findings to know the types of
collapse as described by Olney et al. [6], recorded
and documented.

e Management approach followed either conservative or
surgical.
e Follow up period.

During this evaluation, short audio-visual clip of children
had been recorded to document the stridor quality and chest
retractions when possible. Clinical presentation was tabulated
and analyzed for their significance in management protocol.

On the basis of clinical parameters, a simple scoring
system was then developed. The scores were divided into
7 subsets, which includes inspiratory stridor, chest retrac-
tions, feeding difficulties with pulmonary infections, failure
to thrive, oxygen desaturation, laryngoscopic findings and
mean pulmonary arterial pressure on echocardiogram. Each
subset was further scored from 0/1 to 3 according to the
symptoms and signs. The scoring system was consolidated
between the score of 1-21. (Appendix 1A).

Statistical Analysis
Data was expressed as percentage. Fischer’s exact test or Chi

square test was used to analyze the significance of difference
between frequency distribution of the data. P value <0.05
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was considered as statistically significant. SPSS© for win-
dows™ Vs 17, IBM™ Corp NY and Microsoft excel™
2016, Microsoft® Inc USA was used to perform the statis-
tical analysis.

Results

Total number of patients included in this study were 113.
The summary of the clinical findings in these patients has
been shown separately (Table 1). There were 50 (44%)
infants in mild, 34 (30%) in moderate and 29 (26%) in
severe clinical grading of LM. The age of presentation
ranged from five days to 14 months. All (100%) infants in
mild group (50) and in severe group (29) had conservative
and surgical treatment respectively. In the moderate group,
68% (23/34) had conservative treatment and 32% (11/34)
had surgical intervention. Thus 64.6% (73/113) cases in this

study were treated conservatively with close monitoring,
where usual symptoms disappeared at the average age of
8 months (range- 4-10 months). Remaining 35.4% (40/113)
underwent suspension laryngoscopy with telescopic exami-
nation without muscle relaxant and supraglottoplasty was
performed under general anesthesia. Average age at the
time of surgical intervention was 3.5 months with a range
of 17 days to 14 months. All children (whether conserva-
tive / surgical) were rigorously followed up till recovery and
were eventually noted to have normal respiration and normal
growth rate with respect to weight gain. Overall, the follow
up period for all the cases was average of 7.3 months (range
3—12 months).

Isolated type 1 or 2 laryngoscopic findings (Olney’s
classification) was noted in 43/113 (38%) patients, all of
them having conservative treatment, which was statistically
significant(p < 0.0001). Similarly, combined all three types
found in 11.5% (13/113) and all had surgical intervention

Table 1 Clinical findings in

study patients

Characteristics No. of patients Percentage
Stridor While awake 76 67.3
Only while crying/ feeding 33 29.2
While sleeping 4 35
Feeding difficulties 100 88.5
Pulmonary infections s/o aspira- 41 36.3
tion pneumonia
History of hospitalization 17 15.0
Failure to thrive Absent 70 61.9
Mild 23 20.4
Moderate 19 16.8
Severe 1 9
Retractions No retraction 3 2.7
Sleep 27 23.9
Awake 51 45.1
Feeding 32 28.3
Pectus excavatum 12 10.6
O, saturation Normal 65 57.5
Awake 3 2.7
Feeding 45 39.8
Pa pressure Not checked 43 38.1
Mild 9 8.0
Normal 61 54.0
Laryngoscopy findings Type 1 18 15.9
Type 1 & 2 57 50.4
Type 2 25 22.1
All 3 types 13 11.5
Severity Mild LM 50 44.2
Moderate LM 34 30.1
Severe LM 29 25.7
Treatment given Conservative management 73 64.6
Surgery done 40 354
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which was also statistically significant ((p <0.0001). None
of the cases had isolated type 3 or type 1 & 3 in our series.

The comparison of various parameters between sub-
jects with different treatment has been tabulated separately
(Table 2). Stridor at rest and feeding difficulty was found to
be significantly less in mild LM (p <0.0001) and indicators
for conservative treatment being stridor only on feeding or
crying and/or isolated type 1 or type 2 LM on laryngoscopy
(p-<0.0001).

Moderate failure to thrive, retraction while awake (at rest)
and while in sleep as well as low oxygenation saturation while
feeding and awake (at rest) was significantly higher in both
moderate and severe LM, though laryngoscopy showed sig-
nificantly more of combined type 1 and 2 in moderate LM
(p<00,001). Signs of aspiration pneumonia, hospitalization,
pectus, mean pulmonary arterial (Pa) pressure of more than
25 mmHg on echocardiogram and laryngoscopic findings of
all three combined were found to be significantly higher in
severe LM (p <0.0001). Odd’s ratio for pulmonary infections

Table 2 Association of various factors with severity of laryngomalacia

was significantly higher in severe LM when compared to mod-
erate LM (75.2 versus 10.96) (Table 2).

The novel scoring system (Appendix 1A) was then imple-
mented on all the 113 patients and analyzed with the treat-
ment given. 76/113 had scores less than 10 ranging from 2
to 9. Among them, 94.7% (72/76) patients were treated con-
servatively. The four who had surgical intervention, none were
clinically mild, three patients had score 9 one being clinically
moderate, two were clinically severe) and one patient though
had score 8 was clinically severe. 37/113 patients were hav-
ing score 10 or more ranging from 10 to 16. All these patients
were treated surgically except one, with score 10 who was
clinically moderate and was followed up for 11 months.

Discussion

Laryngomalacia is traditionally considered as mild and self-
limiting disease in majority of cases. However, LM can also

Factors Severity p Value
Mild LM (n=50) Moderate LM Severe LM (n=29) Total
(n=39)
Stridor While awake 22 (44) 30 (88.2) 24 (82.8) 76 (67.3) <0.0001
Only while cry- 28 (56) 4(11.8) 1(3.4) 33(29.2)
ing/ feeding
While sleeping 0 (0) 0(0) 4(13.8) 4(3.5)
Feeding difficulties 37 (74) 34 (100) 29 (100) 100 (85.5) <0.0001
Pulmonary infections (s/o aspiration pneumonia) 3 (6.0) 14 (41.2) 24 (82.8) 41 (36.3) <0.0001
History of hospitalization 0 (0) 4(11.8) 13 (44.8) 17 (15) <0.0001
Failure to thrive Normal 50 (100) 13 (38.2) 7 (24.1) 70 (61.9) <0.0001
Mild 0 (0) 19 (55.9) 4(13.8) 23 (20.4)
Moderate 0 (0) 2(5.9) 17 (58.6) 19 (16.8)
Severe 0 (0) 0(0) 134 1(0.9)
Retractions No retraction 3 (6) 00 0(0) 3.7 <0.0001
Feeding 17 (34) 13 (38.2) 2 (6.9) 32 (28.3)
Awake 30 (60) 13 (38.2) 8 (27.6) 51 (45.1)
Sleep 0 (0) 8 (23.5) 19 (65.5) 27 (23.9)
Pectus excavatum 0 (0) 0(0) 12 (41.4) 12 (10.6) <0.0001
02 saturation Normal 43 (86) 18 (52.9) 4913.8) 659 (57.5) <0.0001
Feeding 7 (14) 16 (47.1) 22 (75.9) 45 (39.8)
Awake 0 (0) 0(0) 3(10.3) 327
Pa pressure Not checked 32 (64) 7 (20.6) 4(13.8) 43 (38.1) <0.0001
Normal 18 (36) 27 (79.4) 16 (55.2) 61 (54)
Mild 0 (0) 0(0) 9 (31) 9(8)
Laryngoscopy findings Type 1 15 (30) 3(8.8) 0(0) 18 (15.9) <0.0001
Type 2 19 (38) 6 (17.6) 0 (0) 25 (22.1)
Type 1 & 2 16 25 (73.5) 16 (55.2) 57 (50.4)
All 3 types 0 (0) 0(0) 13 (44.8) 13 (11.5)

Bold represents the symptoms and presentation of the children
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be moderate or severe with significant disease in a group
of patients, leading to life threatening complications with-
out surgical intervention [2, 4, 5, 7-9, 11]. A case control
study of 51 newly diagnosed moderate to severe congenital
LM was done and the authors concluded that appropriately
selected infants with moderate to severe LM can be man-
aged with medical management and close observation [10].
Landry and Thompson had reported that about 40% of LM
who present to the primary care physician may be mild and
another 40% be moderate clinically [2]. Around 70% in each
clinical group would resolve requiring conservative treat-
ment only. Those with mild disease and baseline resting
SAO, 0f £96% are predicted to progress to the moderate dis-
ease category and an average resting SAO, of <91% is also
more likely to progress to severe disease requiring surgical
intervention [12]. In our study of 113 infants with LM, 44%
mild, 30% moderate and 26% had severe laryngomalacia.

Majority of moderate LM (68%) in our study had con-
servative treatment in spite of moderate failure to thrive,
while about one third had surgical management. Our series
also suggested that the severity of disease also manifests in
myriad ways like presence of stridor while sleeping, devel-
opment of pectus excavatum, feeding difficulties causing
failure to thrive, recurrent aspiration pneumonia and raised
pulmonary arterial pressure, similar in the previous pub-
lished studies [13-16].

Similar to our study, it has been suggested by various
authors that a subset of those in the moderate LM would
require surgical intervention [2, 8—11]. The clinical chal-
lenge was to identify surgical candidates in moderate LM.
Shah et al. suggested a severity score based on symptoms
and concluded that cut off score 4 to decide for surgery but
this paper has only taken clinical symptoms in to consid-
eration [17]. Our scoring system derived from the clinical
features and investigations into account to identify surgical
candidacy. According to this, it is noted that a score more
than 10 with moderate LM, was treated surgically. The algo-
rithm for management of laryngomalacia has been suggested
in Appendix 1B. This is being reported for the first time.

Limitations

Our study was a retrospective study. On the basis of previous
operated cases, this scoring system has been proposed and
the validation of this scoring system is needed on a mul-
ticentric prospective study approach. Prematurity and the

birth weight were not included in analysis as the data was
not available for all the patients. We excluded patients with
other comorbidities. Though the gold standard of measuring
pulmonary hypertension is right heart catheterization, due to
the risks of invasive procedure and the very young age of our
patients it was measured via transthoracic echocardiography.

Conclusion and Clinical Significance

Clinical staging of laryngomalacia (LM) still remains the
cornerstone for therapeutic decision, indicating conservative
medical management in mild LM and surgical management
in severe LM as suggested by the ‘Laryngomalacia Con-
sensus Recommendations’. Our novel scoring system when
applied, a score of 10 or more identifies the one third of
moderate laryngomalacia who require surgical intervention
thus simplifying surgical candidacy for the attending pedia-
trician, otolaryngologist as well as pediatric otolaryngolo-
gists in management of laryngomalacia. This is a proposed
clinical scoring system which needs to be validated with a
multicentric prospective study.
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Appendix 1A

Raman’s Scoring System for Surgical Candidacy
of Laryngomalacia

Appendix 1B
PROPOSED SCORING SYSTEM FOR SURGICAL CANDIDACY OF LARYNGOMALACIA

1. INSPIRATORY STRIDOR
Present only on crying/exertion 1
Present at rest
Stridor associated with cyanosis

2. RETRACTIONS ( ANY- SUPRASTERNAL/ INTERCOSTAL/SUBCOSTAL)

Not seen 0
Seen only while feeding 1
Seen only while awake/active J—
Seen while asleep and /or presence of pectus excavatum 3

(Pectus excavatum due to clinically evident airway obstruction)

3. FEEDING DIFFICULTIES WITH PULMONARY INFECTIONS
Absent
Feeding difficulties without any pulmonary infections
Feeding difficulties with pulmonary infections without hospitalisation
Feeding difficulties with pulmonary infections required hospital admissions

w N R o

4. FAILURE TO THRIVE (FTT)
Normal growth
Mild grade FTT.
Moderate grade FTT.
Severe grade FTT

w N P o

5. OXYGEN DESATURATION (<94 %)
Not affected 0
Only while feeding 1

Only while awake/rest 2
While feeding/active and/or asleep-------======-m-mm e 3

6. LARYNGOSCOPIC FINDINGS (OLNEY’S CLASSIFICATION)
Present any single type (typel/type 2/type 3)
Combination of two types
Combination of all three types 3

7. MEAN PA PRESSURE(INDIRECT SURROGATE MARKER ON ECHO)
NORMAL
MILD PAH
MODERATE PAH
SEVERE PAH

wN'—‘o

MINIMUM SCORE --1
MAXIMUM SCORE -21
CUT OFF SCORE FOR SURGICAL CANDIDACY -10
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Approach Algorythm for Mnagement of Laryngomalacia by Using Scoring System

CLINICAL ASSESSMENT

GROWTH CHART TO LOOK FOR FTT
HISTORY OF FEEDING DIFFICULTIES
HISTORY OF PULMONARY INFECTIONS
HISTORY OF ANY HOSPITALISATION

|

Ok wN R

NOISY BREATHING (INSPIRATORY STRIDOR)
LOOK FOR RETRACTIONS-SUPRASTERNAL [ INTERCOSTAL [ SUBCOSTALCJALL THREEC]

MAX SCORE-12
MIN SCORE -0

l

SCORE <6
ASSOCIATED COMORBIDITIES

}

ABSENT PRESENT

l

SCORE >6

WATCHFUL MONITORING

REASSESS AFTER ONE MONTH

OR EARLY IF SYMPTOMS WORSEN

A4

v
FURTHER INVESTIGATIONS

1. PULSE OXYMETRY IN
CONTROLLED SETUP

2. LARYNGOSCOPIC
EXAMINATION

3. ECHOCARDIOGRAPHY TO RULE
OUT PAH

l MAX-21 MIN-0

SCORE <10

CONSERVATIVE MANAGEMENT

REGULAR FOLLOW UP AND REASSESSMENT
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