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Abstract

Objective: To examine the prevalence and characteristics of dysphagia and suck-swallow-breath

incoordination as phenotypes of oral feeding difficulties.

Method: A cross-sectional study with secondary data collected consecutively over 2 years from

October 2020 to October 2022 to measure the prevalence of swallowing and oral feeding diffi-

culty in preterm infants using Flexible endoscopic evaluation of swallowing examination at the

tertiary Integrated Dysphagia Clinic.

Results: The prevalence of swallowing disorders was 25 % and the prevalence of suck-swal-

low-breath incoordination was 62.5 %. The significant risk factor that may show a possible

correlation with oral feeding difficulty was mature post-menstrual age (p = 0.006) and lon-

ger length of stay (p = 0.004). The dominant percentage of upper airway abnormality and

disorder were retropalatal collapse (40 %), laryngomalacia (42.5 %), paradoxical vocal cord

movement (12.5 %), and gastroesophageal reflux disease (60 %). The dominant characteris-

tic of oral motor examination and flexible endoscopic evaluation of swallowing examination

was inadequate non-nutritive sucking (45 %), inadequate postural tone (35 %), and inade-

quate nutritive sucking (65 %).

Conclusion: Dysphagia in preterm infants is mostly observed in those with mature post-men-

strual age, longer length of stay, and the presence of gastroesophageal reflux disease with inade-

quate non-nutritive sucking and nutritive sucking abilities. Suck-swallow-breath incoordination

is primarily observed in those with immature post-menstrual age, a higher prevalence of cardio-

pulmonary comorbidity, and a higher prevalence of upper airway pathologies (laryngomalacia,

paradoxical vocal cord movement) with inadequate nutritive sucking ability.
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Introduction

Preterm infants have a higher risk of developing complex

comorbidities related to upper airway patency problems.

Incoordination of the suck�swallow�breath (SSB) mecha-

nism will affect oral feeding and swallowing difficulties.1,2

Feeding problems caused by SSB incoordination will affect

upper airway patency during feeding. Desaturation will

occur if the respiratory rate of the infant is not maintained

at an appropriate level during feeding. Some infants present

with a laryngeal adductor reflex (LAR) abnormality, espe-

cially infants with congenital neurologic disorders, which

increase the risk of milk aspiration. Long-term effects

include respiratory problems, issues with growth, and devel-

opmental problems.3,4

Several etiologies underlying swallowing disorders in pre-

mature infants include (1) neonatal asphyxia, (2) underdevel-

oped anatomy and physiology, (3) neural and endocrine

disorders, and (4) inflammation (i.e., pulmonary inflamma-

tion, such as pneumonia, gastrointestinal inflammation, such

as gastroesophageal reflux disease (GERD) and necrotizing

enterocolitis, and mechanical inflammation due to long-term

use of an endotracheal tube).5,6 These factors increase the

risk of multiple comorbidities in prematurity, which require

several treatments to stabilize, such as intravenous medica-

tion, gavage feeding, and mechanical ventilation, which are

commonly performed in neonatal intensive care units (NICU).

Prolonged use of mechanical ventilation reportedly increases

the risk of delayed development of oral motor function due to

mechanical inflammation of the upper airway, which causes

LAR abnormality and delayed oral motor maturation. This is

due to lung inflammation induced by mechanical ventilation

(i.e., bronchopulmonary dysplasia or BPD). Thus, approaches

for early diagnosis of feeding and swallowing ability in pre-

term infants should be considered.4,7

The video-fluoroscopy swallowing study (VFSS) is widely

used to diagnose feeding and swallowing disorders in children

and infants, and it is currently regarded as the gold-standard

assessment for dysphagia and feeding problems. Radiation

with contrast use, a period-restricted assessment, cannot be

performed in a bedside assessment, barium allergic, and

hardly used during breastfeeding are disadvantages of VFSS.

Finally, the inability to assess upper airway anatomical condi-

tions is also a barrier to VFSS use in NICUs. Later, flexible

endoscopic evaluation of swallowing (FEES) was introduced.

Some benefits of using FEES include widespread accessibility,

support for bedside assessment, general radiation safety, an

assessment of the upper airway structure, breastfeeding sup-

port, and use as a follow-up examination. Recent studies

found that FEES is highly useful for diagnosing penetration

and aspiration in preterm infants in NICUs, with an aspiration

finding accuracy of approximately 92 % compared with that of

VFSS. Thus, this is a reason for using FEES as a diagnostic tool

for feeding and swallowing problems in preterm infants.8-10

SSB incoordination is a part of an infant’s abnormal self-

regulatory and balancing system. This adaptive behavior

occurs because of interaction with environmental changes

after birth. A normal self-regulatory and balanced system

will allow for demand-feeding behavior. This ability requires

behavioral state organization, attention, a rhythmic SSB

pattern, and cardiorespiratory regulation. The maturation

of behavioral and attention states enables infants to show

signs of hunger or feeding readiness and to remain alert

while feeding. A rhythmic suck�swallow pattern requires

the development of non-nutritive sucking (NNS) and nutri-

tive sucking (NS) abilities, which begin at approximately

32�36 weeks of gestational age. The SSB cycle develops in

fully mature infants after 37 weeks of gestational age.11,12

Lau et al.1,2 compared term infant sucking and swallowing

ability to that of preterm infants. Preterm infants typically

have immature cardiorespiratory regulation, resulting in

apnea and bradycardia when regulating cardiorespiratory

effort during feeding. Because of SSB incoordination, this

condition will cause oral feeding difficulties.1,2,12

SSB incoordination is a distinct form of dysphagia in pre-

maturity, which sometimes clinically results in similar symp-

toms. The two phenotypes are identified as the etiology of

preterm infant feeding difficulties. In this study, the authors

examined the prevalence and characteristics of dysphagia

and SSB incoordination as phenotypes of oral feeding diffi-

culties, which have not been previously studied.

Methods

This was a cross-sectional study with secondary data collected

consecutively over 2 years from October 2020 to October

2022. The study was conducted to measure the prevalence of

swallowing and oral feeding difficulty in preterm infants using

FEES examination at the tertiary Integrated Dysphagia Clinic,

which included an ORL-HNS doctor, a rehabilitation doctor, an

intensivist, and a neonatology doctor as the team for develop-

mental care in the NICU to diagnose and manage feeding diffi-

culty. The study continued with a description of preterm

infant oral feeding disorder characteristics. The Board Com-

mittee on Medical/Health Research Ethics of Universitas Indo-

nesia conducted the ethical review for this research, with

protocol number 22�09�1117.

The inclusion criteria included (1) participants with a ges-

tational age of less than 37 weeks at birth, (2) participants

with a history of treatment in the studied hospital’s NICU,

and (3) participants with a corrected age of less than 3

months during the FEES examination. The exclusion criteria

for this study included (1) participants with craniomaxillofa-

cial abnormalities, such as cleft lip palate and facial cleft,

(2) participants with insufficient medical data, including

basic characteristics, clinical characteristics, and morbidity,

and (3) participants with videos of FEES examinations that

are difficult to assess or incomplete (blurry video image or

incomplete FEES stage examination).

Medical records were used to obtain secondary data on

birth history, postnatal characteristics, and risk factors for
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feeding and swallowing disorders. Comorbidities are classi-

fied into three categories: central nervous system (CNS)

comorbidities (such as intraventricular hemorrhage, peri-

ventricular leucoplakia, hydrocephalus, and ventriculome-

galy), cardiopulmonary comorbidities (such as

bronchopulmonary dysplasia, hyaline membrane disease,

pneumonia of prematurity, respiratory distress syndrome,

patent ductus arteriosus, and other congenital heart dis-

eases), and gastrointestinal (GI) comorbidities (such as

GERD, necrotizing enterocolitis, and Hirschsprung disease).

The neonatal medical index (NMI) was used to assess the

severity of comorbidities.13

Oral�motor examination

Medical records and physical examination videos were used

to obtain data on oral motor examination and postural tone.

Infant feeding difficulty criteria are based on several compo-

nents including (1) oral motor assessment using the neonatal

oral�motor assessment scale (NOMAS),14 (2) preterm infant

morbidity severity using a neonatal medical index (NMI),13

and (3) oral feeding readiness and ability score (OFRAS)

based on the Luh Karunia Wahyuni (LKW) score.15

FEES examination

The FEES examination is used to assess oral feeding difficul-

ties based on the penetration aspiration scale (PAS)16 and

the normal SSB coordination sequence ratio. The FEES exam-

ination was performed by assessing bottle-feeding for the

SSB sequence ratio examination and a spoonful of milk for

assessing the pharyngeal phase. Participants in the normal

group had a normal suck: swallow: breath ratio (1 : 1 : 1 to

2 : 2 : 1) without an apnea phase or apnea of less than 2 s,

followed by a PAS score of 1�2 in the FEES examination. Par-

ticipants in the dysphagia group had FEES PAS scores greater

than 2 (3 to 8). Participants in the SSB incoordination group

were defined as those who could not maintain optimal SSB

cycle ratio at 1 : 1 : 1 to 2 : 2 : 1 and/or were followed by a

single phase of apnea or pause of breath lasting less than

2 s, despite having a normal PAS score (PAS 1�2).2,12,17 FEES

examination data were obtained from medical records and

FEES examination videos. Two bronchoesophagology consul-

tant doctors (EZKR, ST) with more than 15 years of experi-

ence in pediatrics evaluated and validated the FEES videos.

Blinded validation was performed, and the Kappa value for

inter-rater and intra-rater agreement was calculated. A uni-

variate analysis was performed to determine the preva-

lence, distribution, and characteristics. The Statistical

Package for Social Science (SPSS) 20 software was used to

analyze the data.

Results

There were 43 preterm infants referred to the Integrated

Dysphagia Clinic between October 2020 and October 2022.

One baby was excluded due to labiopalatoschizis disorder,

and two others were excluded due to incomplete FEES vid-

eos. Forty participants fit the research criteria. Validity

assessment revealed an inter-rater agreement with a k value

of 0.62�0.636 and an intra-rater agreement with a k value

of 0.625 �0.80 upon residue, penetration, and aspiration

assessment. The prevalence of swallowing disorders or dys-

phagia was 25 %, the prevalence of SSB incoordination was

62.5 %, and the prevalence of infants with normal feeding

ability was 12.5 % (Table 1).

The female gender was dominant at 62.5 % (13/40), the

average gestational age was 31.4 § 3.3 weeks, and the aver-

age post-menstrual age (PMA) was 37.6 § 3.2 weeks. The

difference in PMA between dysphagia and SSB coordination

disorder was significant. The median duration of mechanical

ventilation was 27.5 (0�178) days. The median duration of

length of stay (LOS) was 4 (4�22) weeks. The difference in

the median duration of LOS was statistically significant

(Tables 2 and 3).

The pre-swallowing assessment characteristics found

were retropalatal collapse (42.5 %), paradoxical vocal cord

movement (PVCM) (15 %), high arched palate (17.5 %), lar-

yngomalacia (47.5 %), and GERD (60 %). The FEES examina-

tion characteristics included inadequate NS parameters

(65 %), penetration (22.5 %), and aspiration (15 %) (Table 4).

Discussion

The authors found that the prevalence of dysphagia in pre-

term infants was 25 %, and the prevalence of SSB incoordina-

tion was 65 %. According to Motion et al.,18 the prevalence

of dysphagia in preterm infants ranges from 24.5 % to 26 %.

Vetter�Laracy et al.19 and Da Costa et al.20 found that dys-

phagia was present in 71 % and 64.2 % of preterm infants,

respectively. The difference in prevalence is due to differen-

ces in population, study design, and dysphagia evaluation

modalities. SSB incoordination often results in desaturation,

choking, or pauses in breathing while feeding that clinically

mimic symptoms of dysphagia in infants. Because SSB coordi-

nation should be assessed via a combination of NOMAS,

OFRAS, and FEES examinations, the previous study18-20 could

not distinguish the presence of abnormal SSB cycle integra-

tion as a different pathologic phenotype in oral feeding dis-

order in prematurity owing to the use of different

examination methods. The present study is the first to dis-

tinguish the pathological conditions of SSB incoordination

and dysphagia as the causes of oral feeding difficulties in

preterm infants, which have not been previously assessed.

Table 1 Distribution of Subject Characteristics Based on

Diagnosis of Dysphagia or Suck-swallow-breath (SSB) Incoor-

dination.

Subject characteristics (n = 40)%

Dysphagia 10 (25 %)

Oral Mechanic 1 (10 %)

Pharynx Neurogenic 5 (50 %)

Oropharynx Neurogenic 4 (40 %)

Oral Feeding Disorder

SSB Incoordination 25 (62.5 %)

Normal oral feeding and swallowing

function

5 (12.5 %)
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Feeding difficulties in preterm infants are caused by

immaturity of anatomical, neuromuscular, and sensorimotor

functions and risk factors, such as gestational age, APGAR

score, low birth weight, comorbidities, and the use of

mechanical ventilation. The present study included the larg-

est number of participants between the ages of 32- and 36-

week PMA, with an average gestational age (GA) of 30�31

weeks. Oral motor development, which includes sucking and

suck�swallow mechanisms, mostly develops at 30�36 weeks

of gestation, along with the development of postural

tone.2,12 While the infant is feeding, postural tone helps sup-

port the cervical spine to maintain good posture. Immaturity

of this system will jeopardize airway patency during feeding

due to the inability of the suprahyoid muscle to strengthen

the neck and laryngeal elevation while swallowing.21 Later,

over 37 weeks PMA, infants will develop their self-regulatory

and balancing system, which allows coordination of the

suck�swallow mechanism with respiratory effort (decreased

ventilation rate during feeding), resulting in oral feeding

milestones at discharge that are more common in term

infants. Thus, intrauterine maturation at birth leads to

extrauterine oral feeding maturation. In contrast to infants

born at < 30 weeks of gestation, premature infants have not

been exposed to oral�motor developmental, postural tone,

self-regulation, and balancing systems. Furthermore, sev-

eral interruptions in breath due to the increased frequency

of swallowing apnea, especially in infants < 34 weeks PMA,

make it difficult for these infants to coordinate the suck�s-

wallow mechanism with respiratory effort. Apnea caused by

swallowing or feeding reduces oxygen saturation, triggering

the “diving response” and resulting in bradycardia.1,2,12,22

The authors found that infants in the present study who had

PMA maturity, especially those in the dysphagia group, had

an older PMA of §40 weeks. This was different from those

with SSB incoordination, who had an average PMA of §36

weeks, and there were statistically significant (p < 0.05) dif-

ferences in PMA mean between groups. It has been sug-

gested that multi-system intrauterine immaturity will delay

Table 2 Distribution of subjects according to birth characteristics (n = 40).

Birth characteristic Dysphagia

N

SSB incoordination

N

Normal

N

Sex

Undefined 1 1 0

Male 1 11 1

Female 8 13 4

Total Male: 32.5 % Total Female: 62.5 % Total undefined: 5%

Gestational age

23 � 27 weeks 2 3 0

28 � 31 weeks 3 14 3

32 � 36 weeks 5 8 2

Mean+/-SD gestational age 30.9 § 4.2 31.6 § 3 31.4 § 3.2

P-value 0.855a

PMA

32 � 36 weeks 2 15 2

37 � 41 weeks 3 10 3

42 � 45 weeks 5 0 0

Mean+/-SD PMA 40.2 § 4 36§2.4 37§1.8

P-value 0.006a

Birth Weight

< 1000 2 12 0

1000 � 1500 2 11 2

1501 � 2500 5 1 2

> 2500 1 1 1

Median birth weight 1825 (600�2600) 1550 (530�4500) 1900 (1170�4200)

Mean rank 20.60 19.42 25.70

P-value 0.547b

5 min APGAR

Apgar 0 � 6 5 7 2

Apgar 7 � 10 5 18 3

Median APGAR 6.5 (3�9) 8 (4�10) 9 (4�10)

Mean Rank 20.6 19.42 25.7

P-value 0.994b

PMA, Post-menstrual age; SSB, suck-swallow-breath; APGAR, Appearance, pulse, grimace, activity, respiration.
#One-way ANOVA/Welch test. Post hoc Games-Howell PMA dysphagia vs. SSB Incoordination p = 0.005, dysphagia vs. normal p = 0.111, SSB

Incoordination vs. normal p = 0.963.

*Kruskal-Wallis test.
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extrauterine feeding milestones owing to the absence of

intrauterine memory, as reported by Jadcherla et al.,23 who

reported drawbacks for feeding milestones and prolonging

the length of stay (LOS) in infants with < 28 weeks PMA,

even when they reach extrauterine maturation.

In the present study, the severe morbidity rate was 26 of

40 infants (65 %), with six infants (23 %) having dysphagia, 18

infants (69 %) having SSB incoordination, and only two (8 %)

exhibiting normal feeding. The treatment period for the

infants ranges from 8 to 26 weeks. Multiple comorbidities in

preterm infants play a significant role in their inability to

meet feeding milestones. Preterm infants are more likely to

have cardiorespiratory, central nervous system, and gastro-

intestinal comorbidities.23 The authors found prolonged use

of mechanical ventilation (> 21 days) followed by the high-

est prevalence of cardiopulmonary comorbidity (92.5 %),

especially in the case group. This is closely related to

mechanical ventilation dependency and may show a possible

correlation between prolonged mechanical ventilation use

and a higher morbidity scale, affecting infant oral feeding

performance. According to Harding et al.,24 approximately

50.3 % of patients with delayed feeding development are

given a variety of medications while hospitalized. They also

found that very preterm infants had a high prevalence of

multiple comorbidities; with 31 % facing delayed oral feed-

ing when discharged, and nearly 58 % still requiring speech-

language therapy (SLT) support at home. Prolonged use of

ventilatory devices in preterm infants due to bronchopulmo-

nary dysplasia (BPD) results in an inability to modulate respi-

ration to follow the suck�swallow rhythm, resulting in

desaturation during feeding. Additionally, the longer dura-

tion of invasive medication contributes to oral motor restric-

tion and failed maturation of self-regulatory function in

postnatal infants, with delayed oral feeding ability.2,23,24

Moreover, long-term invasive medication around the mouth

(i.e., an endotracheal tube, suctioning, or a feeding tube)

also contributes to generating oro-sensory aversion owing to

noxious sensory stimulation that affects pharyngeal swallow-

ing ability.25 In the present study, the Bonferroni post hoc

test for a median duration of LOS was statistically significant

between dysphagia and SSB incoordination. This result sup-

ports the possible relationship between the long-term use of

invasive medication during hospitalization and the resulting

oro-sensory aversion in the form of pharyngeal dysphagia,

which was typically observed in the dysphagia group.

Anatomical abnormalities of the upper airway are also a

factor that can exacerbate SSB cycle coordination. The pres-

ent study found the prevalence of laryngomalacia, retropa-

latal collapse, PVCM, and GERD as disorders can interfere

with the coordination of the SSB cycle and can lead to pre-

term infant swallowing disorders. The authors found that

42.5 % of patients had retropalatal collapse, 15 % had PVCM,

47.5 % had laryngomalacia, 60 % had GERD, and 62.5 % had

inadequate NS, which was mostly found in the SSB

Table 3 Subject Distribution by postnatal risk (n = 40).

Post-Natal Risk Dysphagia

(N)

SSB Inccordination

(N)

Normal

(N)

Length mechanical ventilation

0 � 10 days 4 8 4

> 10 days 6 17 1

Median mechanical ventilation 21.5 (0�178) 29 (1�81) 10 (4�62)

Mean rank 21 21 16.6

P-value 0.727*

Median Length of stay (weeks) 8 (4�22) 4 (4�10) 4 (4�8)

Mean rank 30.20 16.88 19.20

P-value 0.004a

CNS Comorbidity

Yes 4 10 4

No 6 15 1

Cardiopulmonary Comorbidity

Yes 8 24 5

No 2 1 0

Gastro-intestinal Comorbidity

Yes 8 14 1

No 2 11 4

NMI

4 � 5 (severe) 6 18 2

3 (moderate) 3 5 3

1 � 2 (mild) 1 2 0

Median NMI 4 (1�5) 4 (2�5) 3 (3�5)

Mean rank 20.10 21.20 17.80

P-value 0.809a

CNS, central nervous system; NMI, neonatal medical index; SSB, suck-swallow-breath.
a Kruskall�Wallis test. Post hoc Bonferroni test for length of stay (LOS) dysphagia vs. SSB Incoordination p = 0.003, dysphagia vs. normal

p = 0.186, SSB Incoordination vs. normal p = 1.0.
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Table 4 Oral motor reflex, postural tone examination, and flexible endoscopic evaluation of swallowing (FEES) examination

characteristic (n = 40).

Examination Dysphagia

N (%)

SSB Incoordination

N (%)

Normal

N (%)

Rooting Reflex

Adequate 5 (12.5) 19 (47.5) 5 (12.5)

Inadequate 5 (12.5) 6 (15) 0

Total adequate rooting reflex 29 (72.5)

Total inadequate rooting Reflex 11 (27.5)

Sucking Reflex

Adequate 6 (15) 21 (52.5) 5 (12.5)

Inadequate 4 (10) 4 (10) 0

The total adequate sucking reflex 32 (80)

The total inadequate sucking reflex 8 (20)

NNS

Adequate 2 (5) 15 (37.5) 5 (12.5)

Inadequate 8 (20) 10 (25) 0

Total adequate NNS 22 (55)

Total inadequate NNS 18 (45)

Postural Tone

Adequate 6 (15) 15 (37.5) 5 (12.5)

Inadequate 4 (10) 10 (25) 0

Total adequate postural tone 26 (65)

Total inadequate postural tone 14 (35)

FEES Examination Dysphagia

N (%)

SSB Incoordination

N (%)

Normal

N (%)

Lip sealed

Adequate 7 (17.5) 12 (30) 5 (12.5)

Inadequate 3 (7.5) 1 (2.5) 0

Retro-palatal Collapse

Yes 7 (17.5) 9 (22.5) 1 (2.5)

No 3 (7.5) 16 (40) 4 (10)

PVCM

Yes 0 5 (12.5) 1 (2.5)

No 10 (25) 20 (50) 4 (10)

High Arched Palate

Yes 4 (10) 2 (5) 1 (2.5)

No 6 (15) 23 (57.5) 4 (10)

Tongue-tie

Yes 3 (7.5) 4 (10) 0

No 7 (17.5) 22 (55) 5 (12.5)

Standing Secretion

Yes 9 (22.5) 8 (20) 0

No 1 (2.5) 17 (42.5) 5 (12.5)

Laryngomalacia

Yes 6 (15) 11 (27.5) 2 (5)

No 4 (10) 14 (35) 3 (7.5)

GERD

Yes 10 (25) 14 (35) 0

No 0 11 (27.5) 5 (12.5)

Laryngomalacia

Type 1 5 10 2

Type 1 and 3 1 1 0

NS

Adequate 0 9 (22.5) 5 (12.5)

Inadequate 10 (25) 16 (40) 0
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incoordination group. Only GERD was observed as an abso-

lute comorbidity in the dysphagia group. Laryngomalacia is

frequently associated with the presence of neuromuscular

disease in preterm infants, along with a higher prevalence

of GERD, which will alter the sensorimotor integration of the

LAR. Acid reflux causes LAR dysfunction, which results in an

incorrect signaling pattern via the superior laryngeal nerve

(SLN) and alters laryngeal function, such as decreased laryn-

geal tone, choking, aspiration, and inability to clear secre-

tion. This will jeopardize upper airway patency, resulting in

uncoordinated respiratory, aspiration, and desaturation. In

special cases, very preterm infants with immature sensori-

motor integration of the LAR will experience LAR hyperactiv-

ity, which will increase the acceleration of glottic closure

opposite to inspiration.4,26 When moving, the turbulence of

air passing through the vocal cords paradoxically produces a

high-pitched stridor sound when inspired (Munchausen stri-

dor), known as PVCM.27 This condition also contributes to

abnormal respiratory effort in preterm infants.

The characteristics observed in the oral motor examina-

tion and FEES also contribute to differentiating dysphagia in

preterm infants who have SSB incoordination. In the dyspha-

gia group, inadequate NNS and NS ability dominate with a

higher PAS score, which represents the lack of sucking and

swallowing ability due to oro-sensory aversion. However, the

SSB incoordination group showed a prevalence of inadequate

NS, and some had adequate NNS ability. The different physi-

ological characteristics between NNS and NS underlay this

condition in which NS requires coordination between

suck�swallow and respiratory effort to maintain a rhythmi-

cal SSB cycle during oral feeding.25,28

The clinical goal of this study was to differentiate the dis-

tinct phenotypes between dysphagia in preterm infants and

SSB incoordination. The previously mentioned condition

describes when preterm infants experience prolonged feeding

difficulties after being discharged home. Bertoncelli et al.29

and Lau et al.25 considered early intervention to resolve feed-

ing problems in preterm infants. Sensorimotor intervention,

such as NNS stimulation with a pacifier and swallowing exer-

cises (SEs), will stimulate the integration of the optimal alert

state with sensorimotor function in the oral, tactile, and kin-

esthetic domains. Robust alertness before and during feeding,

however, will improve infant feeding competence and

improve the quality of sucking and the number of suckings

per burst. This intervention will improve oral feeding perfor-

mance as the infant matures. Another method proposed by

Ross and Philbin22 is a cue-based bottle-feeding intervention

known as Supporting Oral Feeding in Fragile Infants (SOFFI).

The infant must be physiologically ready for oral feeding

before the caregiver observes the infant’s “cue” during feed-

ing, such as physiologic instability, lack of engagement in

feeding, and SSB cycle integration difficulty. Cue-based feed-

ing intervention will allow us to provide an advanced feeding

strategy when the infant is ready to be discharged; this could

be full-demand feeding, semi-demand feeding, or full-gavage

feeding. Despite the results, the present study did not

exclude infants who had previously performed oral motor

exercises, and long-term hospitalization became a potential

bias that could affect the assessment of oral feeding and

swallowing in this study.

Conclusion

Several risk factors could result in differences between dys-

phagia and SSB incoordination in preterm infants. Dysphagia

in preterm infants is mostly observed in those with mature

PMA, longer LOS, and the presence of GERD with inadequate

NNS and NS abilities. SSB incoordination is primarily

observed in those with immature PMA, a higher prevalence

of cardiopulmonary comorbidity, and a higher prevalence of

upper airway pathologies (laryngomalacia, PVCM) with inad-

equate NS ability.
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Table 4 (Continued)

FEES Examination Dysphagia

N (%)

SSB Incoordination

N (%)

Normal

N (%)

Residue

Yes 1 (10)

No 9 (90)

Penetration

Yes 9 (90)

No 1 (10)

Aspiration

Yes 6 (60)

No 4 (40)

SSB, suck-swallow-breath; NNS, non-nutritive sucking; PVCM, paradoxical vocal cord movement; GERD, gastroesophageal reflux disease;

NS, nutritive sucking.
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