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ABSTRACT

Evaluation of swallowing function in infants with dysphagia

You Gyoung Yi

Department of Rehabilitation Medicine,

Seoul National University College of Medicine

Interventions for dysphagia have been applied to infants and children with
various conditions, such as cerebral palsy, neuromuscular disorders, and a wide
range of other conditions, such as developmental disorders and tube-feeding
dependency. There is a need for a tool that can aid clinicians in describing feeding
status and measuring outcomes of the management of infants with dysphagia.
Various evaluation tools have been developed for infants with feeding problem.
However, most of these assessment tools are in the form of checklists and are often

not validated or subjective.

The Neonatal Oral-Motor Assessment Scale (NOMAS) is a method of visual
observation that is used to assess non-nutritive and nutritive sucking in an infant

from birth to 48 weeks of postmenstrual age (PMA). The observational items



compatible with disorganization in the original NOMAS were divided into three
groups according to the presence of arrhythmical, unable to sustain, and the
incoordination items; cluster 2 (arrhythmical), 3 (unable to sustain), and 4
(incoordination). Although this cluster system grouped various NOMAS findings

into categories, the clinical usefulness of each item has yet to be demonstrated.

The Functional Oral Intake Scale (FOIS) was initially developed for the clinical
documentation of changes in the functional oral intakes by stroke patients. Despite
the wide use of the FOIS to evaluate dysphagia in adults, it has not been validated
for use in infants. The direct application of the FOIS to infants is challenging, as
they are developing rapidly and will experience an expansion of the oral diet with

age.

In this thesis, three individual studies were performed. First, we investigated
whether specific items within the disorganized sucking patterns described by the
NOMAS could estimate the time to full oral feeding (FOF) in preterm infants with
feeding difficulty. Second, we investigated whether stress signals in NOMAS
during bottle feeding in premature infants are a relevant factor for developmental
outcomes at 10 months of age (corrected for prematurity). Finally, the reliability

and validity of the Functional Oral Intake Scale (FOIS) for infants was analyzed.

In the first study, preterm infants diagnosed with a disorganized sucking pattern
in the NOMAS evaluation before 50 weeks of postmenstrual age were included.
Premature infants who exhibited disorganized sucking patterns (n = 109) were
divided into three clusters (clusters 2—4) and further divided into incoordination-

positive (cluster 4) and incoordination-negative groups (clusters 2 and 3).



In the study evaluating the association of stress signals with developmental
outcomes at 8-12 and 18-24 months of age, NOMAS of 71 premature infants was
obtained. The Bayley-III cognition composite scores for the incoordination-positive

group and the incoordination-negative group were compared by independent t-test.

In the study assessing the reliability and validity of the FOIS for infants, infants
who underwent a videofluoroscopic swallowing study (VFSS) were included in the
analysis. Their nutrition records at the time of the VFSS were separately evaluated
by two raters using the five-point FOIS for infants. Categorical swallowing and

aspiration impairment scale data were also obtained from the VFSS.

In the first study, premature infants in the incoordination-positive group (cluster
4, which means stress signals) showed a median transition time of 22 days (range:
4-121 days) which was longer than that in the incoordination-negative group
(median 6 days; range: 1-25 days). In a multivariate linear regression analysis, the
variables revealed to be associated with the transition time were TPN duration,
SGA, and the presence of stress signals (incoordination-positive group) among

disorganized sucking patterns.

In the second study, seventy premature infants exhibited a disorganized sucking
pattern according to the NOMAS. The average Bayley-III cognition composite
scores at 18-24 months were higher in incoordination-negative group (n=46,
100.7£11.5) than incoordination-positive (n=21, 90.0+17.9) group (p=0.005). A
multiple linear regression analysis indicated that the presence of uncoordinated

sucking pattern, grade 3 or 4 germinal matrix hemorrhage—intraventricular



hemorrhage, and moderate to severe bronchopulmonary dysplasia were

independently associated with cognitive development at 18-24 months of age.

In the third study, the inter-rater reliability of the FOIS for infants was high (95.5%
absolute agreement) among the 201 evaluated infants, and this scale was correlated
with aspiration severity in the VFSS. This analysis included 33 infants who were
receiving both oral and tube feeding (i.e., POF). We also investigated whether
infants with partial oral feeding (POF) at the FOIS evaluation had achieved full
oral feeding within 1 year of the evaluation and used this information to estimate
whether the caloric contribution, as well as consistency of oral feeding, affected the
feeding outcomes. Among them, 26 infants achieved FOF without tube feeding
after 1 year. Their initial contribution from oral feeding was higher than that in
infants who still maintained POF after 1 year (28.46 + 22.79 vs. 6.00 = 5.45%, p <

0.001).

In summary, when selecting premature infants to be treated with swallowing
therapy, it is reasonable to pay more attention to the incoordination-positive group
described in the NOMAS to shorten the time to attain FOF and monitor the
developmental milestones. Also, the five-point FOIS for infants, which reflected
the expansion of their oral diet with growth, had adequate reliability and validity.
These results suggest that both NOMAS and infantile FOIS can be used

complementarily to assess swallowing function in infants.

Keywords: Neonatal Oral-Motor Assessment Scale (NOMAS), Functional Oral

Intake Scale (FOIS), Evaluation tool, Infant, Swallowing, Deglutition, Deglutition
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BACKGROUND

Interventions for dysphagia have been applied to infants and children with various
conditions, such as cerebral palsy (1), neuromuscular disorders (2), and a wide
range of other conditions, such as developmental disorders (3,4) and tube-feeding
dependency (5-7). Various interventions for infants with dysphagia, such as
environmental modifications (8), oral-motor stimulation (9), altered feeding
routines (10), and neuromuscular electrical stimulation (11,12), have attracted

increased attention both in clinical and research perspectives.

Although infants with dysphagia often require tube feeding to achieve a
satisfactory caloric intake, this practice may lead to later feeding difficulties (13).
Especially, in the case of starting tube feeding during the first year of life, it has
been reported that the feeding outcome was poor although the pharyngeal phase of
swallowing function is well preserved. Therefore, oral feeding in this era of tube

feeding is recommended and encouraged (6).

There is a need for a tool that can aid clinicians in describing feeding status and
measuring outcomes of the management of infants with dysphagia. To describe
swallowing ability of older children and adults with neuromuscular disease, the
neuromuscular disease swallowing status scale (2,14) has been used. Additionally,
an eating and drinking ability classification system (15—18) has been validated for

children, aged 3 years and above, with cerebral palsy. However, these scales were



developed for specific disease populations with older children, making it difficult

to use them for infants with swallowing difficulty.

Various evaluation tools have been developed for infants with feeding problem;
preterm infant breastfeeding behaviour scale (19), breast-feeding attrition
prediction tool (20), bottle-feeding flow sheet (21), early feeding skills assessment
for preterm infants (22), Bristol breastfeeding assessment tool (23), and analysis of
feeding behaviour with direct linear transformation (24). However, most of these
assessment tools are in the form of checklists and are often not validated or

subjective.

Several dimensions exist to demonstrate the swallowing function of infants.
Oromotor (25,26) or pharyngeal function (27,28), changes in oxygen saturation or
heart rate (21,29,30) during feeding are frequently evaluated in infants with
swallowing difficulty. The food the infant consume and factors associated with
swallowing such as arousal or head control (31) could be also recorded. Among
these dimensions, records for oromotor function (32) and the food the infant

consume are widely used, particularly in the clinic, due to their noninvasiveness.

The Neonatal Oral-Motor Assessment Scale (NOMAS) is a method of visual
observation that is used to assess non-nutritive and nutritive sucking in an infant
from birth to 48 weeks of postmenstrual age (PMA) (33,34) (Table 1). The
NOMAS consists of 28 items: 14 related to movements of the tongue and 14
related to movements of the jaw. Both movements are classified into three groups:
normal, disorganization, and dysfunction (33-35). A dysfunctional sucking pattern

in NOMAS is defined as abnormal jaw and tongue movements that result in the



interruption of feeding, such as a flaccid tongue, excessive excursion of the jaw, or
no movement. It is rarely observed (36), but frequently accompanied by congenital
anomalies, severe brain lesions, and neuromuscular disease (33,37). Palmer, the
developer of the NOMAS system, suggested that a dysfunctional sucking pattern is
strongly associated with neurological dysfunction, rather than CNS immaturity (33).
da Costa et al. reported that incoordination, under disorganization on the NOMAS,
was more prevalent in preterm infants with bronchopulmonary dysplasia (BPD)
than those without BPD (38). They further suggest that successful feeding is
hindered by decreases in oxygen saturation during feeding, which deprives preterm
infants of essential sensory and motor experiences (39,40), leading to the late

achievement of full oral feeding (FOF).

The observational items compatible with disorganization in the original NOMAS
were divided into three groups according to the presence of arrhythmical, unable to
sustain, and the incoordination items (41): cluster 2 (disorganized: arrhythmical), 3
(disorganized: arrhythmical + unable to sustain), and 4 (disorganized:
arrhythmical + incoordination = unable to sustain) (Table 2). Although this cluster
system grouped various NOMAS findings into categories, the clinical usefulness of
each item (arrhythmical, unable to sustain, and incoordination) has yet to be

demonstrated.

Observational findings of the “incoordination of SSR that results in stress signals”
in the NOMAS include nasal flaring, head turning, and extraneous movements of
the body or limbs during sucking, as the description in the study by Palmer et al.
(42). The NOMAS working group in the Netherlands added further stress signs,

such as choking, gagging, coughing, yelping, and grunting, to the findings of
3



incoordination, and grouped these symptoms as cluster 4 (41). As the authors
designated, these signs are essentially stress signals, and it is still unclear whether
these clinical symptoms develop owing to lack of coordination in SSR.
Furthermore, it has not yet been known whether these symptoms are more relevant
than other symptoms of sucking difficulty to developmental outcome.

The Functional Oral Intake Scale (FOIS, Table 3) was initially developed for the
clinical documentation of changes in the functional oral intakes of liquids and
foods by stroke patients (43). This seven-point observer rating scale is considered a
reliable and valid tool that can be applied without placing an additional burden on
the patient. In adults with dysphagia, the FOIS has been reported to correlate
significantly with the Food Intake Level scale (44), swallowing item of the
Functional Assessment Measure (45), Mann Assessment of Swallowing Ability,
modified Barthel Index, modified Rankin scale, and dysphagia and aspiration
during a videofluoroscopic swallowing study (VFSS) (43). Additionally,
Christiaanse et al. suggested a modified FOIS, which was used for investigating the
effect of electrical stimulation in children with dysphagia in their study (11). They
did not utilize the item involving a TOD with a single consistency (Level 4) in the
FOIS for adults (Table 4). However, they did not report the validity and reliability
of their modified FOIS for children. Despite the wide use of the FOIS to evaluate
dysphagia and assess oral intake recovery in adults (46), it has not been validated
for use in infants. The direct application of the FOIS to infants is challenging, as
they are developing rapidly and will experience an expansion of the oral diet with

age (47,48).



Table 2. Neonatal Oral-Motor Assessment Scale (NOMAS)

Normal Disorganization Dysfunction
Jaw __ consistent degree inconsistent degree __ excessively
of jaw depression of jaw depression wide excursion that
. L interrupt the intra-
_ rhy‘Fhmlcal __ arrhythmical jaw oral seal on the
excursions movements nipple
_ spoptaneous jaw  _ difficulty initiating  minimal
excurilo?i occur movements: excursion:
upon tactile L :
. clenchin
presentation of the __ inability to latch g
nipple up to 30 _ small, tremor-like — asymmetry;
minutes prior to feed start-up movements  lateral jaw
. deviation
__ jaw movement noted
occurs at the rate of _doesnotrespond absence of
approximately one to initial cue of movement (% of
per second nipple until jiggled time)
_ sufficient closure  pergistence of __ lack of rate
on the nipple during  jmmature suck pattern ~ change between
the expressior} phase  peyond appropriate age ~ NNS and NS
to express fluid from (NNS=2/sec;
the nipple — under 40 weeks  NS=1/sec)
Tongue _ cupped tongue excessive protrusion __ flaccid;
configuration beyond labial border flattened with
(tongue groove) during extension phase  absent tongue
maintained during of sucking without groove
suckin interrupting rhythm
& pting rhyt __ retracted;
__ extension- __arrhythmical humped and pulled
elevation-retraction =~ movements back into or-
movements occur in . pharynx
anterior-posterior — unable to sustain
direction suckle pattern for two __ asymmetry;
minutes due to: lateral tongue
__ thythmical o deviation
__ habituation
movements .
i __ excessive
__ movements occur — poorrespiration protrusion beyond
at the rate of one per __ fatigue labial border
second _ o before/after nipple
o __ incoordination of insertion with
— hfluld 1S sucked  gyck/swallow and out/down
efficiently into the respiration which results movement
oro-pharynx for in nasal flaring, head
swallow turning, extraneous __ absence of
movement movement
5



Table 2. Cluster system of the Neonatal Oral-Motor Assessment Scale

Cluster Diagnoses and items

1 Normal

2 Disorganized: Arrhythmical

3 Disorganized: Arrhythmical + unable to sustain

4 Disorganized: Arrhythmical + incoordination +/- unable to sustain
5 Dysfunctional




Table 3. Functional Oral Intake Scale

Levels Oral Intake Functionality

1 No oral intake

2 Tube dependent with minimal/inconsistent oral intake

3 Tube supplements with consistent oral intake

4 Total oral intake of a single consistency

5 Total oral intake of multiple consistencies requiring special preparation

6 Total oral intake with no special preparation, but must avoid specific foods
or liquid items

7 Total oral intake with no restrictions

.-';r'\-\.-'! -k::l - 1_] ."‘.l'l



Table 4. Functional Oral Intake Scale and pediatric example

Levels

Oral Intake Functionality

Nothing by mouth

Tube dependent with minimal attempts of food or liquids.

Pediatric example: Pacifier dips, 1 oz. puree 3*/day, 15 cc’s of honey
consistency 2*/day

Tube supplements with consistent oral intake of food or liquids.

Pediatric example: One or more texture ad lib, but continues to be tube
dependent

Total oral intake of a single consistency.

Pediatric example: Not utilized

Total oral intake with multiple consistencies, but requiring special
preparation or compensations.

Pediatric example: Purees with nectar consistency liquid; Mechanical soft
with honey consistency liquids; Formula thickend using 1 Tablespoon rice
cereal: 2 oz

Total oral intake with multiple consistencies, but with specific food
limitations.

Pediatric example: No mixed consistencies

Total oral diet with no restrictions




OBJECTIVES

The thesis aimed to evaluate the clinical significance of the NOMAS and to apply

the modified FOIS in infants younger than 1 year. In specific, it aimed

- To investigate whether specific items within the disorganized sucking patterns
described by the NOMAS could estimate the time to full oral feeding (FOF) in
preterm infants with feeding difficulty

- To investigate whether stress signals during bottle feeding in premature infants
are a relevant factor for developmental outcomes at 8-12 and 18-24 months of age
(corrected for prematurity)

- To evaluate the reliability and validity of the Functional Oral Intake Scale (FOIS)

for infants

1. Transition Time in Premature Infants

Achieving full oral feeding (FOF) early in preterm infants can shorten
hospitalization time, reduce hospital costs, and enable greater interaction between
the mother and child (29,49). Strategies, such as non-nutritive sucking using a
pacifier, sensorimotor stimulation, and actively pacing suck—feeds, have been used
to facilitate suck—swallow function and have been reported to be effective in

reducing the time to reach FOF in premature infants (25,50-53). Therefore, at the



moment of transition from tube feeding to oral feeding, predicting the time to reach
FOF could be useful in choosing candidates who may require additional facilitation
techniques. In this study, we investigated whether the stress signals during bottle
feeding were associated with a longer time to FOF in preterm infants who showed

feeding difficulty at the beginning of the oral feeding.

2. Developmental Outcome at 8-12 and 18-24 months

in Premature Infants

Feeding skills in a newborn requires complex functions that are directed by the
central nervous system (CNS), including the coordination of sucking, swallowing,
and respiration (SSR) (53-55). Preterm infants often have difficulty in coordinating
SSR (30,34,40,53-57). It is reported that incoordination of SSR is associated with a
longer transition time to full oral feeding in premature infants with tube feeding.
Additionally, lack of muscle strength and/or endurance could precipitate the
inability to sustain sucking in premature infants (58).

Two hypotheses exist regarding the difficulty in sucking encountered by neonates:
(i) CNS immaturity that is self-limiting as the child ages and (ii) neurologic
dysfunction due to disruption of the CNS (29,37,54,55,59,60). Distinguishing
between these two potential causes of sucking difficulty is important to adequately
counsel parents and commence early intervention to address developmental issues.
However, it has not yet been known whether incoordination of SSR that results in
stress signals are more relevant than other symptoms of sucking difficulty to

developmental outcome.

10



The aim of this study was to investigate if the incoordination of SSR that results in
stress signals during bottle feeding observed during the preterm period has
relevance to developmental outcomes evaluated at 8-12 and 18-24 months of age

(corrected for prematurity).

3. Functional Oral Intake Scale for Infants

Despite the wide use of the FOIS to evaluate dysphagia and assess oral intake
recovery in adults (43), it has not been validated for use in infants. The direct
application of the FOIS to infants is challenging, as they are developing rapidly and
will experience an expansion of the oral diet with age. Additionally, it can be
dilkult to distinguish FOIS level 2 (tube feeding with minimal attempts of oral
feeding) from FOIS level 3 (tube feeding with consistent oral feeding) because
consistent but very small amounts of oral feeding are possible during the period of
tube feeding (7). Accordingly, Coppens et al. modified the FOIS (Table 6) for the
evaluation of infants subjected to esophageal atresia repair by reducing the FOIS
levels from seven to five stages to reflect the food expansion status (7). However,
the authors did not report the validity or reliability of this modified scale.

Therefore, the third objective of the thesis was to investigate the reliability and
validity of this modified FOIS for infants. Additionally, we evaluated whether the
oral feeding amount and frequency could be used to distinguish FOIS levels 2 and

3.

11



MATERIALS AND METHODS

1. Transition Time in Premature Infants

1.1 Participants

Between May 2014 and March 2017, 148 infants in Neonatal Intensive Care Unit
(NICU) were referred for consultation to the Division of Pediatric Rehabilitation
for sucking difficulty during the transition period from enteral tube feeding to oral
feeding. Regarding all infants who were referred, a video recording was done for
over 2 min, which was a necessary preparation for the NOMAS evaluation (34,41).
Infants were eligible for inclusion if they were born preterm (<37 weeks), video
recordings of oral feeding were obtained for more than 2 min for the NOMAS
evaluation before 50 weeks of PMA, and if they were diagnosed with a
disorganized sucking pattern in NOMAS. Premature infants were excluded if the
NOMAS assessment point was more than 72 h after oral feeding initiation or if the
infant received postnatal surgery resulting in the interruption of oral feeding. The
result of the NOMAS evaluation was integrated into the electronic medical record,
which the authors analyzed retrospectively. Medical records, as well as video-
recordings, were retrospectively reviewed by the authors. This study was
conducted in compliance with the Declaration of Helsinki, International
Conference on Harmonization Guidelines for Good Clinical Practice. The final

protocol was approved by the Seoul National University Hospital Institutional

12



Review Board (IRB) No. 1705-122-855.

1.2 Clinical Characteristics

The following parameters were investigated by retrospective medical records
analysis: birth weight (BW), gestational age (GA) at birth, sex, Apgar score at 1
and 5 min after birth, total parenteral nutrition (TPN) duration, and PMA at the
time of the NOMAS assessment. We also investigated the history of BPD, germinal
matrix hemorrhage, intraventricular hemorrhage (IVH), periventricular
leukomalacia, invasive ventilator use after birth, the duration of non-invasive
positive pressure ventilation (NIPPV) including high-flow nasal cannula and nasal
continuous positive airway pressure, small for gestational age (SGA), sepsis,
necrotizing enterocolitis (NEC), respiratory distress syndrome (RDS), and

pulmonary hypertension.

1.3 Neonatal Oral-Motor Assessment Scale

Regarding all infants who were referred, a video recording of bottle feeding was
done for over 2 min, which was a necessary preparation for the NOMAS evaluation.
The caloric density of breast milk was variable and known to be about 57—
65 kcal/100 ml (61). Premature infant powdered milk had a calorie density of 75—
85 kcal/100 ml, depending on the preparation concentration (62). Video recordings
within 72 h of commencement was assessed using the NOMAS (34) by a
rehabilitation doctor (one of the coauthors of this paper) who has been certified by

13



Marjorie Meyer Palmer, the original developer of the NOMAS. Video recordings
included a close-up lateral view of the mouth, jaw, and neck, and only the bottle
feeding was recorded. The videotaping was initiated before the lips reached the
bottle nipple, and the recording was stopped after more than 2 min of the oral
feeding had occurred. During the recordings, feeding was performed by an NICU
nurse. To investigate interrater reliability at the cluster level, an occupational
therapist, who had more than 5 years of experiences in oromotor and swallowing
training for infants admitted to the NICU, also blindly assessed the NOMAS
cluster using the same video recordings. The first rater (rehabilitation doctor) was
blinded to clinical factors but not to GA and PMA, and the second rater (an
occupational therapist) was blinded to all clinical factors. Findings from the 28
items in the NOMAS were categorized into five clusters according to the
suggestions of the Dutch NOMAS working group. An arrhythmic sucking pattern
in isolation was classified as cluster 2. The NOMAS cluster 3 was defined as
adding the “unable to sustain” item to cluster 2, which was defined by at least one
of the following findings: (1) the infant stops sucking completely in the first 2 min
of nutritive sucking; (2) the pause is longer than the burst; or (3) the bursts are
shorter than three sucks. Cluster 4 refers to the addition of at least one of the
“incoordination” items to cluster 2 or 3. Incoordination items defined by the Dutch
group include stress signals, such as head bobbing, extrancous movements of the
body or limbs during sucking, choking, gagging, coughing, yelping, and grunting
(41). Disorganized sucking patterns were further divided into incoordination-
positive (cluster 4, which means stress signals) and incoordination-negative groups

(clusters 2 and 3).

14



1.4 Outcome Measures

The primary outcome was the transition time from the initiation of oral feeding
(IOF) to FOF according to the presence of the incoordination item among the
disorganized sucking patterns. FOF was defined as the ability to feed three or more
times only by bottle feeding, which corresponds to the time of removing the

nasogastric tube (39).

1.5 Statistical Analysis

We analyzed the data from the presence of the stress signals (incoordination-
positive vs. incoordination-negative group, cluster 4 vs. clusters 2 and 3) among
disorganized sucking patterns in terms of transition time to FOF and baseline
characteristics. The continuous variables, including transition time, were compared
between the two groups (cluster 4 vs. clusters 2 and 3) using the Mann—Whitney U
test. For the analysis of the categorical variables, the chi-square test or Fisher’s
exact test was performed. A p-value < 0.05 was considered statistically significant.
Cohen’s kappa was obtained for the interrater reliability of the two evaluators in
the cluster level and the presence of the incoordination item. Univariate linear
regression analysis was performed with the transition time to FOF as the dependent
variable. Afterward, the multivariate linear regression was carried out through a
stepwise selection (entry condition p < 0.05, removal condition p > 0.15). Analyses

were performed using the IBM SPSS 20 software (IBM Corporation, New York,

15



NY, USA).
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Table 5. Scoring instructions and interpretation for each Neonatal Oral-Motor
Assessment Scale cluster

Cluster

Interpretation

Scoring instruction

1

Normal sucking
pattern
Disorganized
sucking pattern

Disorganized
sucking pattern

Disorganized
sucking pattern

Dysfunctional
sucking pattern

Only an arrhythmical sucking pattern, without the
observation of “unable to sustain” or
“incoordination of suck/swallow and respiration”
sucking patterns
An arrhythmical and “unable to sustain” suckle
pattern The “unable to sustain” suckle pattern
includes the following:

1. The infant ceases sucking completely during the
first 2 min of nutritive sucking, or

2. The pauses are longer than the burst, or

3. The bursts are shorter than three sucking
phases
An arrhythmical and “incoordination of suck/
swallow and respiration” sucking patterns that cause
stress signals; the “unable to sustain”  suckle
pattern may or may not be present “Incoordination
of suck/swallow and respiration” includes all the
following stress signals: nasal flaring, head turning,
head bobbing, extraneous movements of the body or
limbs, gagging, choking, coughing, yelping, and
grunting
The interruption of sucking activity owing to
abnormal movements of the tongue and jaw which
includes the following:

1. Excessively wide excursions of the jaw or

2. Minimal excursions: clenching or

3. Flaccid tongue with absent tongue groove or

4. Retracted tongue with posterior humping
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2. Developmental Outcome at 8-12 and 18-24 months

in Premature Infants

2.1 Subjects

We performed a retrospective review of the medical records of premature infants
born between January 2014 and December 2016 at Seoul National University
Hospital (SNUH) and referred for consultation to the Division of Pediatric
Rehabilitation for sucking difficulty. The results of the NOMAS evaluation were
incorporated into the electronic medical records, which were analyzed
retrospectively by the authors. We included those infants who were: (i) born very
premature (< 32 weeks) or very low birthweight (< 1500 g); (ii) assessed as having
a disorganized sucking pattern in the NOMAS before 40 weeks postmenstrual age
(PMA); and (iii) evaluated using the cognitive domain of the Bayley Scale of
Infant Development, third edition (Bayley-III), at both 8-12 and 18-24 months of
age. All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. Ethical approval was obtained from the SNUH

Institutional Review Board No. 1711-128-901.

2.2 NOMAS Evaluation
NOMAS evaluation was performed within 72 hours from commencement of
feeding on all neonates referred to the division of pediatric rehabilitation

consultation regarding sucking difficulty. The evaluation was done by analyzing
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the video recording of sucking activity (34). Video recording included a close-up
lateral view of the mouth, jaw, and neck. Only bottle feeding was analyzed. The
videotaping started before the lip reached the bottle nipple, and was stopped after
recording for more than 2 minutes since the initiation of the oral feeding. Bottle
feeding was performed by a neonatal intensive care unit (NICU) nurse during the
video recordings. Sucking difficulties were categorized into normal, disorganized,
and dysfunctional sucking pattern according to the classification of original version

of NOMAS (42).

2.3 Conversion to NOMAS Cluster System

For this study, disorganized sucking pattern was divided into three clusters (cluster
2, 3, or 4) according to the cluster system presented by the Dutch group as shown
in Table 5 (41). The existing NOMAS video recordings were re-evaluated and
reclassified according to the cluster system by a rehabilitation doctor (one of the
co-authors of this paper) who has been certified by Marjorie Meyer Palmer, the
original developer of the NOMAS. The occupational therapist, who had more than
5 years of experience in rehabilitative interventions for swallowing function in
infants at the NICU, also blindly evaluated the NOMAS cluster using the same
video recordings. The first evaluator (rehabilitation physician) was blinded to
clinical factors, but not to diagnosis, gestational age (GA), and PMA. The second

evaluator (occupational therapist) was blinded to all clinical factors.

2.4 Medical Records Acquisition

Premature infants included in this study were evaluated using the Bayley Scales of
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Infant Development, third edition (Bayley-III), cognition composite score at 8-12
and 18-24 months of age (corrected for prematurity). In addition to 18-24 months
of corrected age, 8 to 12 months corrected age was chosen because it is known to
be a good time to identify the suspicion or presence of cerebral palsy or other
neurologic abnormality. It is also known to be an appropriate time for the first
developmental assessment to be performed, usually the Bayley Scales of Infant
Development, because the children show little stranger anxiety at this age and most
are cooperative (63).

Through a retrospective electrical medical record review, GA; sex; brain
sonographic finding, such as germinal matrix hemorrhage-intraventricular
hemorrhage (GMH-IVH); PMA at initiation of oral feeding (IOF, defined as oral
consumption of at least 5 ml of milk); PMA at the time of NOMAS evaluation;
small for gestational age (SGA) or appropriate for gestational age (AGA); severity
of bronchopulmonary dysplasia (BPD); total parenteral nutrition (TPN) duration;

birth weight (BW); development of sepsis; and 5 minute Apgar score were obtained.

2.5 Statistical Analysis

Cohen’s kappa was obtained for the interrater reliability of the two evaluators. The
cognitive domain of Bayley-III was compared between the incoordination-positive
(cluster 4) and incoordination-negative groups (clusters 2 and 3) at 8-12 and 18-24
months of age using the independent t-test. Pearson’s correlation coefficient r was
calculated between continuous variables (GA and BW) and cognition composite
score at 18-24 months. Multiple linear regression was performed with the Bayley-

I cognition composite score at 18-24 months as the dependent variable. Analyses
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were performed using IBM SPSS version 20 software (IBM Corp., Armonk, NY,

USA). A probability value <0.05 was considered significant in all analyses.

3. Functional Oral Intake Scale for Infants

3.1 Participants

The following inclusion criteria were applied to potential subjects: (1) participation
in the VFSS to evaluate a swallowing disorder at <1 year of age between 2011 and
2017 and (2) recording of the dictary status at the time of the VFSS by a
nutritionist. All study-related procedures were performed in accordance with the
ethical standards of the institutional and/or national research committee and the
1964 Declaration of Helsinki. Ethical approval for the study was obtained from the
Seoul National University Hospital Institutional Review Board (IRB) (No. 1807-
189-963), which waived the requirement for informed consent due to the

retrospective nature of the study.

3.2 FOIS for Infants

A seven-point ordinal FOIS has been validated in adults (Table 3) (43). As noted in
the Introduction, a modified five-point version of the FOIS was developed to
account for normal infant development (Table 6) (43). At FOIS levels 1, 2, and 3,
the same criteria as those for adults were used in this study. However, we divided
full oral feeding (FOF) into two categories: (1) achievement of oral diet expansion,
the initiation of pureed foods before 9 months, and the initiation of mashed foods
and those with soft lumps before 12 months as normal developmental stages; and

(2) no achievement of this oral diet expansion
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3.3 Inter-rater Reliability

The infants’ caregivers were interviewed by a nutritionist, who recorded the type,
amount, and consistency of food and liquid intakes, tube dependency, and total
nutrient intake. Two occupational therapists with >2 years of experience in
swallowing therapy retrospectively reviewed the nutritionist’s medical records and

assigned FOIS levels.

3.4 Validity

Cross-validity was determined by comparing the infantile FOIS scores with the
categorical ratings of swallowing impairment/aspiration severity and on the basis
of the presence of swallowing impairment/aspiration determined by the VFSS (43).
These tools were also used to validate the original FOIS (43). The swallowing
impairment scale score was rated as 5 (normal) in the absence of a swallowing
abnormality and as 1 (complete) if there was no response to a food stimulus. The
aspiration impairment scale score was rated as 5 (normal) if the contrast material
did not enter the true vocal cord and as 1 (complete) if the infant showed frank

aspiration without reflex coughing (Table 7).

3.5 Nutritional Contribution of Oral Feeding in Infants with Partial Oral
Feeding

For infants with partial oral feeding (POF), the calorie contribution of oral feeding
to the total caloric intake was estimated based on the same records used for the

FOIS evaluation. Calories were calculated using the web version of CAN-Pro 5.0
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software (http://www.kns.or.kr/English/index.asp, The Korean Science and
Technology Center, Gangnam-gu, Seoul, Korea), which was developed by the
Korean Nutrition Society for the nutritional evaluation of individuals or groups. If
any food was not registered in the program, calories were calculated from the
information printed on the product container. We also investigated whether infants
with POF at the FOIS evaluation had achieved FOF within 1 year of the evaluation
and used this information to estimate whether the caloric contribution, as well as

consistency of oral feeding, alkcted the feeding outcomes.

3.6 Statistics

For the five-point FOIS for infants, Cohen’s k and Cronbach’s a coelkient were
calculated as measures of the inter-rater reliability between the two evaluators. To
assess cross-validity, Spearman’s p-test was used to assess correlations between the
FOIS for infants with swallowing impairments and aspiration severity ratings. We
used Cramer’s V (dichotomized data) to determine the association between the
FOIS for infants and the presence or absence of swallowing impairment and
aspiration. Infants with POF were stratified according to whether they achieved
FOF or not at 1 year after the evaluation, as determined by the caloric contribution
of the oral intake at the time of the initial FOIS evaluation. Dilkrences between
these two groups were analyzed using an independent ttest. P < 0.05 was
considered statistically significant. Analyses were performed using SPSS ver. 23.0

(IBM Corporation, Armonk, NY, USA).
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Table 6. Modified Functional Oral Intake Scale (FOIS): children <1 year

Levels Oral Intake Functionality

1 Nothing by mouth

2 Tube dependent with minimal attempts of food or liquids

3 Tube dependent with consistent oral intake of food or liquids
4-6 Expansion of oral diet not reached!

7 Expansion of oral diet reached’

! Normal expansion of oral diet was considered reached when introduction of solid foods

in pureed form started before 9 months of age and the introduction of mashed foods and

soft lumps started before 12 months of age
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Table 7. Videofluoroscopic diagnostic criteria for dysphagia and aspiration

Swallowing impairment (dysphagia)

Normal No swallowing abnormality detected

Mild Slight delay in bolus control initiation of the swallow or transport,
resulting in some stasis of material without laryngeal penetration

Moderate Moderate delay in bolus control, initiation of the swallow or
transport, resulting in coating or stasis of materials within the oral
cavity and/or pharynx, slight laryngeal penetration or trace
aspiration of thin liquid only

Severe Substantial delay in bolus control, initiation of swallow and bolus
transport; significant (>10% of bolus) penetratio and/or aspiration
of one or all consistencies

Complete No response to food stimulus; the initiation of a swallow sequence
is not obtained over several trials

Aspiration

Normal No entry of contrast material through the true vocal cords

Mild Trace of contrast materials through the vocal cords

Moderate Entry of <10% of bolus through the true vocal cords

Severe Entry of >10% of bolus through the true vocal cords

Complete Frank aspiration of materials through the vocal cords without

observable reaction by the patient
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RESULTS

1. Transition Time in Premature Infants

1.1 Subjects

From 148 infants with the NOMAS assessments, 14 infants with oromotor
disorganization (lack of rhythm of total sucking activity), and 5 infants with
oromotor dysfunction (interruption in the feeding process due to abnormal
movements of the tongue and jaw) were excluded because the PMA at the time of
the NOMAS assessment exceeded 50 weeks, or because GA exceeded 37 weeks.
Of the remaining 129 NOMAS evaluation records, 18 cases were further excluded
because the infants received postnatal surgery resulting in the interruption of oral
feeding (n = 6) or because the NOMAS assessment point was more than 72 h after
oral feeding initiation (n = 12). Of these 111 preterm infants, 109 preterm infants
belonged to the disorganization group and were included in our study:
incoordination-negative group (clusters 2 and 3) and incoordination-positive group
(cluster 4, presence of stress signals) (Figure 1). A total of 109 premature infants

were included in the analysis.

1.2 Clinical Characteristics
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The baseline characteristics and the differences according to the presence of an
incoordination item (stress signals) among the disorganized sucking patterns are
summarized in Table 8. Subjects in the incoordination-positive group, showed a
younger GA, and a lower BW compared with those in the incoordination negative
group, among the disorganized sucking pattern preterm infants. However, there
were no differences between these two groups in PMA during the NOMAS

evaluation. The NOMAS cluster according to PMA is shown in figure 2.

1.3 Interrater Reliability for NOMAS Clustering

The two evaluators agreed on the cluster level for 103 out of the 109 recordings
(Cohen’s x = 0.825). Disagreement occurred between clusters 3 and 4 (three infants)
and clusters 2 and 3 (three infants). The reliability of the two evaluators on the
presence of the incoordination items (cluster 4 vs. cluster 2 or 3) was higher with

the Cohen’s k of 0.933, with only three disagreements occurring.

1.4 Time to FOF according to Presence of Incoordination Item among

Disorganized Sucking

The median [range] transition time to FOF of 109 preterm infants was 9 days [1—
121 days]. As shown in Figure 3, there were differences in the transition time to
FOF between the incoordination-positive and -negative groups. The incoordination
positive group (cluster 4, presence of stress signals) had a longer transition time of
22 days [4-121 days] compared with those of the incoordination-negative group
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(cluster 2 or 3, median 6 days; range: 1-25 days).

1.5 Factors related to Transition Time to FOF

A univariate analysis was performed to estimate factors related to the transition
time (Table 9). In the univariate analysis, the presence of incoordination items
(NOMAS cluster 4 vs. clusters 2 and 3), BW, TPN duration, NIPPV duration and
the presence of moderate to severe BPD, pulmonary hypertension, sepsis, SGA,
and NEC were determined to represent factors affecting the transition time. In the
multivariate analysis, the R value of the final model was 0.699, and the included
variables were TPN duration, SGA, and the presence of incoordination items

(NOMAS cluster 4 vs. clusters 2 and 3) (Table 10).
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Table 8. Subjects’ characteristics with disorganized sucking pattern in the NOMAS

Characteristic Total Incoordination  Incoordination P-value
(n=109) negative group  positive group
(n=77) (n=32)
GA at birth (days) 209.23(20.47) 213.58(18.74) 198.75 (20.94)  <0.001
Females/Males 57/52 42/35 15/17 0.465
Birthweight (kg) 1.27 1.3[0.48,3.05] 1.02 0.002
[0.42,3.05] [0.42,2.45]
TPN duration 910,73] 7 [0,59] 1710,73] <0.001
(days)
Days on non- 18 [0,88] 12 [0,75] 36 [0,88] <0.001
invasive
ventilation

PMA at NOMAS  241[203,347]  242[224,300] 240 [203,347] 0.984
evaluation (days)

Apgar score (1 410,9] 510,9] 310,7] 0.001
min)
Apgar score (5 7[0,10] 7[0,10] 6[2,9] <0.001
min)
Moderate to 27 (24.8) 14 (18.18) 13 (40.63) 0.020
severe BPD
Ultrasonic 0.593
finding, n (%)

Normal 52 (47.71) 42 (54.55) 10 (31.25)

Grade 1-2 52 (47.71) 32 (41.56) 20 (62.50)

GMH or [IVH

Grade 3-4 5(4.59) 3(3.90) 2 (6.25)

GMH or IVH
Invasive 56 (51.38) 32 (41.56) 24 (75.0) 0.001
ventilator use
Sepsis 8(7.34) 1(1.30) 7 (21.88) <0.001
Necrotizing 4 (3.67) 0 (0) 4 (12.5) 0.002
enterocolitis
Respiratory 75 (68.81) 49 (63.64) 26 (81.25) 0.071
distress syndrome
Small for 13 (11.93) 8 (10.39) 5(15.63) 0.442
gestational age
Pulmonary 7 (6.42) 4(5.19) 3(9.38) 0.418
hypertension

Continuous variables following the normal distribution are denoted by mean (SD), while
continuous variables which did not follow the normal distribution are denoted by Median
[range]. Categorical variables are denoted by n (%).

Abbreviations: GA, gestational age; TPN, total parenteral nutrition; PMA, postmenstrual

age; NOMAS, Neonatal Oral-Motor Assessment Scale; BPD, bronchopulmonary dysplasia;
GMH, germinal matrix hemorrhage; IVH, intraventricular hemorrhage.
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Table 9. Univariate linear regression analysis for the transition time to FOF in

preterm infants with disorganized sucking patterns

Variable B 95% CI for B P-value
Presence of stress  signals 19.351 16.704 21.998  <.0001
(NOMAS cluster 4 versus cluster
2,3)
Male versus female 1.890 -3.958 7.738 0.523
Gestational age -0.131 -0.273 0.010 0.069
Birth weight -9.187 -14.790 -3.584 0.002
TPN duration 0.626 0.443 0.809 <.0001
NIPPV duration 0.309 0.188 0.431 <.0001
Moderate/severe BPD  versus 11.454 5.040 17.868 0.001
none/mild BPD
Grade 3/4 GMH, IVH versus 0.165 -6.891 7.221 0.981
none, grade 1/2 GMH, IVH
Sepsis yes vs. no 21.835 11.423 32.248  <.0001
NEC yes versus no 10.233 -5.208 25.674 0.192
RDS yes versus no 4.481 -1.777 10.739 0.159
SGA yes versus no 12.546 3.843 21.250 0.005
Pulmonary  hypertension yes 13.817 2.176 25.457 0.021
versus no
Apgar 1 -0.690 -1.995 0.614 0.297
Apgar 5 -1.209 -2.565 0.148 0.080

Abbreviations: FOF, full oral feeding; NOMAS, Neonatal Oral-Motor Assessment Scale;
BPD, bronchopulmonary dysplasia; TPN, total parenteral nutrition; NIPPV, non-invasive
positive pressure ventilation; GMH, germinal matrix hemorrhage; IVH, intraventricular
hemorrhage; NEC, necrotizing enterocolitis; RDS, respiratory distress syndrome; SGA,

small for gestational age.
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Table 10. Multiple linear regression analysis for transition time to FOF in preterm

infants with feeding difficulty

Variable B 95% CI for Beta t P value
B

Presence of stress 14.063 11.507- 0.419 7.310 <0.001
signals (NOMAS 16.619
cluster 4  versus
cluster 2 and 3)
TPN duration (days) 0.407  0.320-0.494 0.357 4.658 <0.001
SGA yes versus no 9.065  2.048-16.082 0.192 2562 0.012

Abbreviations: FOF, full oral feeding; NOMAS, Neonatal Oral-Motor Assessment Scale;

TPN, Total parenteral nutrition; SGA, small for gestational age
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148 NOMAS recordings (Normal 1, Disorganization 141, Dysfunction 6) I

excluded n=19*
(Disorganization 14, Dysfunction 5)

| 129 NOMAS recordings (Normal 1, Disorganization 127, Dysfunction 1) |

excluded . n= 1 8 h_
—l (Disorganization 18)

| 111 NOMAS recordings (Normal 1, Disorganization 109, Dysfunction 1) |
i

I 109 Premature infants with disorganization sucking patterns included |

/\.

Incoordination negative group (n=77): Incoordination positive group:
Cluster 2 (n=6) and Cluster 3 (n=71) Cluster 4 (n=32)

Figure 1. Study flowchart. Of the 148 infants evaluated, time to full oral feeding
was compared in 109 preterm infants with disorganized sucking patterns. a
Excluded if assessment of the NOMAS was performed at >postmenstrual age
50 weeks or GA > 37 weeks. b Excluded if the infant received postnatal surgery
resulting in the interruption of oral feeding (n = 6) or the NOMAS assessment point

was later than 72 h after oral feeding initiation (n = 12).

Abbreviations: NOMAS, Neonatal Oral-Motor Assessment Scale;
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Disorganized: Arrhythmical
+ incoordination 1 I—-—| o o *
+/- unable to sustain

Disorganized: Arrhythmical | )—-—| o o
+ unable to sustain

Disorganized: Arrhythmical - -I

T T T T T T
25 30 35 40 45 50

Postmenstrual age at NOMAS evaluation (weeks)

Figure 2. NOMAS cluster according to PMA.

No differences in PMA among the three clusters with disorganized sucking patterns

(p=0.564).

Abbreviations: NOMAS, Neonatal Oral-Motor Assessment Scale; PMA, postmenstrual age
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100

Transition Time (FOF-IOF, days)

0

Incoordination negative Incoordination positive
group (n=77) group (n=32)

Figure 3. The transition time from the initiation of oral feeding (IOF) to full

oral feeding (FOF) between the two groups

p <0.001 by the Mann—Whitney U test.
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2. Developmental Outcome at 8-12 and 18-24 months

in Premature Infants

2.1 Subjects

A total of 71 premature infants had both a Bayley-Ill cognitive domain and
NOMAS score. One premature infant belonging to cluster 5, who had a grade III
GMH-IVH and was a cardiopulmonary resuscitation survivor, showed delayed
cognitive development at 8-12 months of age and was excluded from the analysis
since the infant did not belong to the disorganized sucking pattern in the NOMAS
cluster system. Clinical characteristics of the premature infants included in the
analysis (n=70) are shown in Table 11. Among the premature infants with a
disorganized sucking pattern in NOMAS, there were four premature infants in

cluster 2, 44 premature infants in cluster 3, and 22 premature infants in cluster 4.

2.2 Interrater reliability for the NOMAS cluster system

The two evaluators agreed on the cluster levels for 65 of 70 recordings (Cohen’s K
= 0.853). Disagreement occurred between clusters 2 and 3 (1 infants) and Clusters
3 and 4 (4 infants). The reliability of the two evaluators on the presence of
incoordination items (cluster 4 vs. clusters 2 or 3) was higher with a Cohen’s K

value of 0.864, with four disagreements being documented.

2.3 Bayley-III cognition composite score at 8-12 and 18-24 months according
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to the incoordination findings in NOMAS

The average Bayley-III cognition composite scores were higher in incoordination-
negative groups (n=48, 103.0+11.3) than the incoordination-positive group (n=22,
92.5£15.6) at 8-12 months (p=0.002; Figure 4a). The average Bayley-III cognition
composite scores at 18-24 months were higher in incoordination-negative groups
(n=46, 100.7+11.5) than the incoordination-positive (n=21, 90.0£17.9) groups

(p=0.005; Figure 4b).

2.4 Baseline characteristics related to cognitive development at 18-24 months

Independent t-test was performed to investigate the baseline characteristics related
to the Bayley-III cognition composite score at 18-24 months (Table 12). The
Bayley-III cognition composite scores at 18-24 months were different according to
the presence of SGA, moderate to severe BPD, uncoordinated sucking pattern
(incoordination-positive group vs. incoordination-negative group; cluster 4 vs.
clusters 2 or 3), and grades 3 or 4 GMH-IVH. GA (R=0.312, p=0.010) and 5-
minute Apgar score (R=0.333, p=0.006, for Spearman’s correlation test) were
found to be significantly correlated with Bayley-III cognition composite score at
18-24 months. All clinical variables were included in the multiple linear regression
analysis model with stepwise selection to control multicollinearity between
independent variables. In the multiple linear regression analysis, the R” value of the
final model was 0.331, and the variables included in this model were the presence
of uncoordinated sucking pattern, grades 3 or 4 GMH-IVH, and moderate to severe

BPD (Table 13).
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2.5 Bayley-III Motor Composite Score at 8-12 Months According to the
Presence of Incoordination Findings in NOMAS

Among 70 subjects, 18 infants did not perform motor evaluation and were
excluded from the analysis. The average Bayley-III motor composite score was
92.59 (SD 15.56) for the incoordination-positive group (n=17) and 96.86 (SD
13.85) for the incoordination-negative group (n=35). Although incoordination-
negative group showed higher motor composite score than the incoordination-
positive group, this was not significant at 8-12 months (p=0.344 by independent t-
test, figure 5a). However, average Bayley-III motor composite scores at 18-24
months were higher in incoordination-negative groups (n=46, 100.0+8.9) than the

incoordination-positive (n=21, 89.5+18.2) groups (p=0.020; Figure 5b).
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Table 11. Characteristics of premature infants (n = 70) included in the final

analysis for cognitive development

Variable Total (n=70) Incoordination- Incoordination- p

positive group negative group  value
(n=22) (n=48)

Male/female 33/37 13/9 20/28 0.175

GA at birth 29.0 (2.3) 27.6 (2.1) 29.6 (2.1) 0.001

(weeks)

Birth weight 1124.7 952.3 (346.1) 1203 (316.9) 0.006

(2) (344.5)

PMA at 34.8 (1.5) 34.9 (1.7) 34.8 (1.5) 0.757

NOMAS

evaluation

(weeks)

Apgar score 6.6 (1.9) 5.9 (1.8) 6.9 (1.9) 0.032

(5 min)

SGA, n (%) 8(11.4) 4(18.2) 4 (8.3) 0.229

Moderate to 23 (32.9) 12 (54.5) 11 (22.9) 0.009

severe BPD,

n (%)

GMH-IVH 4(5.7) 1 (4.5) 3(6.3) 0.775

grade 3-4, n

(%0)

Sepsis, n (%) 8(11.4) 7 (31.8) 1(2.1) <0.001

Abbreviations: GA, gestational age; PMA, postmenstrual age; NOMAS, Neonatal Oral-

Motor Assessment Scale; SGA, small for gestational age; BPD, bronchopulmonary

dysplasia; GMH-IVH, germinal matrix hemorrhage-intraventricular hemorrhage.
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Table 12. Bayley-III cognition composite score at 18-24 months of corrected age

according to baseline characteristics of the premature infants (n=67).

n mean SD p value

Respiratory distress  Yes 49 95.2 15.3 0.049

syndrome No 18 103.1 10.7

Small for gestational age Yes 8 85.0 13.9 0.010
No 59 99.0 13.9

Moderate to severe BPD  Yes 23 89.1 16.5 0.001
No 44 101.6 11.5

Necrotizing enterocolitis  Yes 4 88.8 4.8 0.240
No 62 97.6 14.8

Sepsis Yes 8 90.0 17.3 0.131
No 59 98.3 14.0

Pulmonary hypertension  Yes 6 95.8 21.8 0.796
No 61 97.5 13.9

Incoordination findings Yes 21 90.0 17.9 0.005

in NOMAS No 46 100.7 11.5

Grades 3 or 4 GMH- Yes 3 71.7 14.4 0.001

IVH No 64 98.5 13.5

Abbreviations: SD, standard deviation; BPD, bronchopulmonary dysplasia; NOMAS,

Neonatal Oral-Motor Assessment Scale; GMH-IVH, germinal matrix hemorrhage—

intraventricular hemorrhage.
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Table 13. Multiple linear regression analysis: Bayley-III cognition composite score

at 18-24 months of corrected age

P
Variable B 95% CI for B Beta t
value
Incoordination-
positive group on -7.737  -14.521t0-0.952 -0.249 -2.528 0.026
NOMAS
Grade 3 or 4 GMH-
-23.818  -38.371t0-9.265 -0.341 -3.271 0.002
IVH
Moderate to severe
-8.477 -15.178 to -1.775 -0.279 -2.528 0.014

BPD

Abbreviations: CI, confidence interval; NOMAS, Neonatal Oral-Motor Assessment Scale;

GMH-IVH, germinal matrix hemorrhage—intraventricular hemorrhage; BPD,

bronchopulmonary dysplasia.
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Figure 4. Bayley-III cognition composite score based on incoordination
findings on the Neonatal Oral-Motor Assessment Scale

(a) At 8-12 months of age (corrected for prematurity). (b) At 18-24 months of age
(corrected for prematurity). The median Bayley-III cognition composite score of

each group is represented.
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Figure 5. Bayley-III motor composite score based on incoordination findings

on the Neonatal Oral-Motor Assessment Scale

(a) At 8-12 months of age (corrected for prematurity). (b) At 18-24 months of age

(corrected for prematurity).

* Among 70 subjects, 18 infants did not perform motor evaluation at 8-12 months of age

and were excluded from the analysis.
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3. Functional Oral Intake Scale for Infants

3.1 Subjects

Data were obtained from 201 infants (mean age: 199 days, range: 22-364 days)
who underwent a VFSS between 2011 and 2017. The baseline characteristics and
main diagnoses of the subjects are presented in Table 14. Brain lesions were found
in 63 infants, which included hypoxic ischemic encephalopathy, encephalitis,
intracerebral hemorrhage, brain tumor, corpus callosal dysgenesis, and
hydrocephalus. Myopathy/motor neuron disease including spinal muscular atrophy,
mitochondrial myopathy, myotubular myopathy, Fukuyama congenital muscular
dystrophy, and congenital muscular dystrophy was found in 21 infants. The non-
oral feeding, POF, and FOF groups did not di[kr significantly in age at the time of
FOIS evaluation. VFSS findings with aspiration of liquid were found in 61 infants
among 201 infants. The swallowing impairment scale (Table 7) scores ranged from
1 to 5 with a median of 4 (interquartile range: 3—4) with 38 infants having a score
of 5, 78 with a score of 4, 53 with a score of 3, 31 with a score of 2, and 1 with a

score of 1.

3.2 Inter-rater Reliability of the FOIS for Infants

The two occupational therapists achieved a high level of absolute agreement
(95.5%) when applying the FOIS for infants (Table 6), as shown in Table 15 (x =
0.935; intraclass correlation coelkient [ICC] = 0.996; 95% confidence interval

[CI]: 0.995-0.997). The main disagreements were observed between FOIS levels 2
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and 3 (n=3) and levels 4 and 5 (n = 5).

3.3 Validity

This study identified significant associations between the subject’s level on the
FOIS for infants and the presence (p = 0.014, V = 0.249) and severity (p = 0.001, r
= 0.229) of aspiration during the VFSS. The infantile FOIS ratings correlated
significantly with the severity (p = 0.040, r = 0.145), but not the presence of

dysphagia (p = 0.188, V=0.175).

3.4 Nutritional Contribution of Oral Feeding in Infants with POF

This analysis included 33 infants who were receiving POF at the time of the VFSS
and for whom nutritional records at 1 year after the VFSS were available (Figure 6).
Among them, 26 infants achieved FOF after 1 year, and their mean nutritional
contribution from oral feeding at the time of VFSS was 28.46 + 22.79%, which was
higher than 6.00 + 5.45% in the seven infants who maintained a POF status (p <

0.001, Figure 7).

3.5 Oral Feeding Outcome in Infants with NOF

Among 80 infants with NOF at the time of the VFSS (Figure 6), records about the
dietary status after one year was obtained in 60 infants. Among them, 13 infants

achieved FOF and 17 infants achieved POF after 1 year. However, 30 infants
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maintained NOF.

Table 14. Characteristics of subjects at the time of the videofluoroscopic

swallowing study

Characteristics Eating abilities in infants
Non-oral Partial oral Full oral
feeding feeding feeding
(n=280) (n=44) (n=177)
Female sex (%) 38 (47.5) 21 (47.7) 36 (46.8)
Age (range), days 171 22— 233 (65-349) 210 (53—
364) 364)
Main diagnosis, n (%)
Brain lesion 25(31.3) 8(18.2) 30 (39.0)
Myopathy/motor neuron disease 10 (12.5) 5(11.4) 6 (7.8)
Gastrointestinal 6(7.5) 6 (13.6) 7(9.1)
Cardiac 4 (5.0) 3 (6.8) 5(6.5)
Otolaryngology 7 (8.8) 409.1) 10 (13.0)
Metabolic 6 (7.5) 0(0) 1(1.3)
Pulmonary 4 (5.0) 3 (6.8) 4(5.2)
Immunologic 0(0) 0(0) 2(2.6)
Unknown 1(1.3) 0(0) 1(1.3)
Syndrome 17 (21.3) 15 (34.1) 11 (14.3)
Pierre Robin Syndrome 1 2 2
Kabuki syndrome 1 1
Zellweger syndrome 1
Beckwith-Weidemann syndrome 1
Schinzel-Giedion syndrome 1
VACTERL syndrome 1
Cornelia de lange syndrome 2
Patau syndrome 1
Sotos syndrome 3
Noonan syndrome 1
Down syndrome 1 1
Miller-Dieker syndrome 1 1
Mobius syndrome 1
CHARGE syndrome 2 2
Treacher Collins syndrome 1 1 1
Russel Silver syndrome 1
Prader Willi syndrome 2
Goldenhar syndrome 1 2
CATCH 22 syndrome 3 1
Smith-limli-opitz syndrome 1
Wolf Hirschhorn syndrome 1
Mosaic 22ql3 deletion 1
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syndrome
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Table 15. Inter-rater reliability of the FOIS for infants

Rater 2
Rater 1 1 2 3 4 5 Total

1 79 1* 0 0 0 80
2 0 2 1 0 0 3
3 0 2 39 0 0 41
4 0 0 0 7 3 10
5 0 0 0 2 65 67

Total 79 5 40 9 68 201

Shaded values indicate agreement between the evaluators.

Abbreviations: FOIS, functional oral intake scale; TPN, total parenteral nutrition
* TPN was performed without tube or oral feeding at the time of the examination. Rater 2

misinterpreted the meaning of TPN and classified it as FOIS level 2.
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NOF (n=80)

VEFSS under 1 year of age with definite feeding
method description (n=201)

v

Infantile FOIS evaluation (Rater 1)

POF (n=44)

FOIS Feeding status after
level 1 1 year available (n=33)
(n=80)
Initial FOIS Initial FOIS
level 2 (n=2) level 3 (n=31)
Feeding status 1 year later
FOF (n=0) POF (n=2) FOF (n=26) POF (n=5)

FOF (n=77)

l—’ Follow up data unavailable (n=11)

FOIS
level 4
(n=10)

FOIS
level 5
(n=67)

Figure 6. Acquisition of data relevant to the FOIS for infants and the feeding

status after 1 year.

Abbreviations: FOIS, functional oral intake scale; VFSS, videofluoroscopic swallowing

study; NOF, non-oral feeding; POF, partial oral feeding; FOF, full oral feeding.
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404

Nutritional contribution of oral feeding at FOIS evaluation

0

17

==

Partial oral fleeding group
(n=7)

Full oral fe'eding group

(n=26)

Feeding status after 1 year of FOIS evaluation

Figure 7. Comparison of the caloric contributions of oral intake among POF

infants stratified according to the achievement or non-achievement of FOF

after 1 year

*p < 0.001. Abbreviations: POF, partial oral feeding; FOF, full oral feeding.
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DISCUSSION

1. Summary of the Results

In premature infants, incoordinated sucking patterns observed before 50 weeks of
PMA might delay time to full oral feeding and are also associated with cognitive
development evaluated at both 8-12 and 18-24 months (corrected for prematurity).

In infants under 1 year of age, it is feasible to use FOIS to assess the eating ability.
1.1 Transition Time in Premature Infants

In the first subject of the thesis, premature infants with feeding difficulties
corresponding to NOMAS cluster 4, which means the presence of stress signals
(Arrhythmical + incoordination + unable to sustain), showed a longer transit time

to FOF than did those of the incoordination-negative group (clusters 2 and 3).

1.2 Developmental Qutcome at 8-12 and 18-24 months in Premature Infants

The results of the second subject of the thesis suggest that incoordination of SSR
sucking pattern could be more relevant factor to the development in the cognitive
domain at both 8-12 and 18-24 months than arrhythmical sucking or inability to

sustain pattern.

1.3 Functional Oral Intake Scale for Infants

In the last subject of the thesis, we selected the modified FOIS that is specific to
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infants, proposed by Coppens et al. (43), and verified the validity and reliability of
the scale. The FOIS for infants, which reflects the expansion of oral diet in infants,

showed adequate reliability and validity.

2. Interpretation

2.1 Transition Time in Premature Infants

An interesting finding is that patients with SSR coordination reached early FOF
quicker than did those with incoordination. For successful oral feeding, premature
infants should achieve maturity with developments in the central and enteric
nervous system-mediated reflexes involved in the activation, control, coordination,
and adaptation of oromotor, acrodigestive, and peristaltic functions (64-66). In
coordination-positive patients, these reflexes might be activated in the critical
window of the maturational timeline, leading them to ultimately reach early FOF.
These findings suggest that preservation of neuromuscular and pattern generator
functions could be augmented with feeding therapies. Clusters 2 and 3 may also
require therapy, but the transition time is much shorter than cluster 4, which is

likely to be less prominent in terms of reducing the transition time.

The stress signals observed in the premature infants may be due to incomplete
maturation of the aerodigestive system. Jadcherla et al. reported that swallow-
integrated esophageal motility is an important factor in distinguishing between a
primary oral feeder and a chronic tube feeder (65). Swallow frequency, swallow
propagation, presence of adaptive peristaltic reflexes, oral feeding challenge test

results, and upper esophageal sphincter tone were also reported to be important
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factors in feeding outcomes (65), demonstrating that swallowing is a complex task
that requires close regulation and coordination between aerodigestive reflexes and
respiratory status. The regulation of swallowing and aerodigestive pathways
involves vagal and supranuclear neural pathways and is influenced by perinatal
events, prematurity, and inflammatory state. Therefore, if stress signals are
observed in a premature infant, the period until FOF is considered to be somewhat

delayed.

2.2 Developmental Outcome at 8-12 and 18-24 months in Premature Infants
Premature infants frequently experience difficulty in sucking, thereby delaying the
transition from tube to full oral feeding (67-69). According to the NOMAS cluster
system, sucking difficulty can be classified as arrhythmical sucking pattern,
inability to sustain sucking pattern, incoordination of SSR sucking pattern, and
dysfunctional sucking pattern. Although the dysfunctional sucking pattern is known
to be associated with poor developmental outcome, the relationship with
developmental outcome is not well known in other patterns. The results of this
study suggest that incoordination of SSR sucking pattern could be more relevant
factor to the development in the cognitive domain at both 8-12 and 18-24 months
than arrhythmical sucking or inability to sustain pattern.

Premature infants need time for the maturation of central and enteric nervous
system-mediated reflexes involved in the activation, control, coordination, and
adaptation of oromotor, aerodigestive, and peristaltic function. Also, pharyngo-
esophageal stimulus causes regional (pharyngo-esophageal reflex within the upper
digestive tract), and extraregional (pulmonary and cardiac systems), and
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neurocognitive responses [64]. Interaction between the aerodigestive system and
the neurocognitive response might explain the association between the

uncoordinated sucking pattern and cognitive development.

2.3 Functional Oral Intake Scale for Infants

Modified FOIS versions for the pediatric population have never been validated and
tested for reliability. Additionally, the scales proposed before were used for young
children as well as infants. Since oral diet expansions occur during the infantile
period, the functional oral intake of infants should be assessed separately from that
of young children. In this study, we observed a high level of inter-rater reliability
for the FOIS for infants, which was similar to that in other studies. In the present
study, the FOIS for children was associated with aspiration and dysphagia severity
identified from the VFSS. This was similar to the results of a previous study, which
evaluated the FOIS in stroke patients (43). Accordingly, the FOIS for infants may
be appropriate for documenting feeding abilities and evaluating the e[ kctiveness
of interventions. In the NOF group, 13 among 60 infants reached FOF after one
year. However, 26 out of 33 infants achieved FOF after one year in POF group.
This finding suggests that oral feeding outcome in infants with some calorie

contribution by mouth was better than NOF group.

3. Comparison with Previous Studies

3.1 Transition Time in Premature Infants
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Neonatal Oral-Motor Assessment Scale defines incoordination as an observational
finding, while Lau et al. objectively evaluate these findings through a catheter with
a pressure sensor (70). During oral feeding, respiration is disrupted, resulting in
reduced ventilation and tidal volume and increased apneic episodes. This change in
breathing is not caused by sucking alone but also by the interruption of airflow
during swallowing. Lau et al. (59,69) quantitatively measured nutritive sucking
(suction and expression), swallowing events (as identified by hyoid upward
movement), and respiration to simultaneously monitor the SSR. In their study,
suction was defined as the intraoral negative pressure that draws liquid into the
mouth and the expression is defined as compression and/or stripping of the tongue
against the hard palate to eject liquid into the mouth. By contrast, NOMAS has the
advantage of being able to evaluate these factors without specific measuring
equipment and with high interrater reliability among incoordination items.

Lau and Smith (71) also evaluated fatigue and endurance by measuring the
proficiency (PRO, % volume taken during the first 5 min/total volume prescribed)
and the rate of milk transfer (RT, ml/min) during the entire feeding event. They
reported that there are four different levels of oral feeding skills, with different
feeding duration and transition time depending on the level. Although this approach
has the advantage of being able to conduct evaluations through the entire duration
of the feeding event, it may not reflect the intermittent stress signs of the infant
during feeding, nor is it possible to distinguish between unable to sustain (cluster 3)
and incoordination (cluster 4) items.

Previous studies have reported that GA, BW, and medical conditions, such as BPD,

cardiac, gastrointestinal, and neurological conditions were factors which could
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affect the time to reach FOF (56,72,73). However, there is a distinct paucity of
research targeting the oromotor function itself as a predictive factor for time to FOF.
Bingham et al. reported that the NOMAS was a poor predictor (74) and noted that
feeding efficiency, such as volume consumed in the first 5 min of bottle feeding,
consumption rate (ml/min), and other baseline traits were better predictors of
feeding skills in premature infants. The authors in the study used subscores of the
NOMAS which consisted of 12 dichotomous assessments of nutritive suck
organization (suck rhythm) and 8 assessments of nutritive suck function (lip seal,
tongue, and jaw movement). However, without selecting critical items such as
incoordination, they counted the number of items checked in the NOMAS, which
might have influenced their results. In their study, the dysfunction subscore did not
change over time, but the disorganization score improved. In contrast, our present
results showed that specific items, especially when an incoordination item is
observed among the disorganized sucking pattern, were a strong predictor in the
multivariate models. In this study, only preterm infants with disorganization
sucking patterns were included, with all of these infants successfully reaching FOF.
Jadcherla et al. reported an aerodigestive protective mechanism of respiratory
support in infants with severe BPD and reported delayed feeding milestones,
including longer gavage feeding duration in the non-invasive respiratory support
group than in the control group. Notably, incoordination was more frequent in
patients with longer NIPPV duration in this study. The potential reason for this
finding is that the severity of BPD was different between the two groups or the
NIPPV duration may be shortened due to early surfactant administration in the

group with a coordinated sucking pattern.
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3.2 Developmental Outcome at 8-12 and 18-24 months in Premature Infants
Previous studies have attempted to predict developmental delay through neonatal
oromotor function. In a study of 27 premature infants without brain lesions, the risk
of developmental delay increased when the premature infants exhibited a
disorganized sucking pattern at 37 weeks PMA (75). However, this study only
examined the presence of disorganized sucking pattern and did not distinguish
between specific patterns among disorganized sucking pattern.

The results of this study are compatible with those of the study by Nieuwenhuis et
al (76), who classified the disorganized sucking patterns in the NOMAS into two
categories: disorganized due to arrhythmic sucking and disorganized due to lack of
coordination of SSR. They concluded that uncoordinated sucking patterns, but not
arrhythmic sucking patterns, were associated with abnormal fidgety movement at
14 weeks post-term (76). However, in the previous study, they did not discern
dysfunctional sucking pattern from incoordination sucking pattern in the NOMAS.
Additionally, the study did not distinguish the inability to sustain sucking pattern
separately.

Regarding brain ultrasound finding, GMH-IVH grades IIl and IV are widely
considered predictors of developmental delay, while the implications of GMH-IVH
grades I and II still being controversial (77). In concert with previous studies,
GMH-IVH grades III and IV were identified as predictors of the cognition
composite score in a multiple linear analysis in the present study. In the present
study, BPD was also analyzed as a statistically significant predictor of

developmental delay. Mizuno et al. reported that infants with BPD demonstrated
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not only poorer feeding coordination, but also poorer feeding endurance and

performance (78), which might have affected development (79).

3.3 Functional Oral Intake Scale for Infants

Dodrill et al. modified the FOIS to describe the swallowing function of
infants/toddlers by replacing the levels. indicating single/multiple consistency
(level 4 and 5, respectively, in the adult version of the FOIS) with levels indicating
requirement of modified liquids/solids (level 4 and 4.5, respectively, in the
modified FOIS for infants). Strychowsky et al. utilized this version of the FOIS to
describe the swallowing dysfunction among toddlers with laryngeal cleft (80).
Christiaans et al. (11) also modified the original version of the FOIS by removing
the level 4: total oral diet of a single consistency, in their report regarding the
elkctiveness of neuromuscular electrical stimulation in children with dysphagia.
Later on, Baxter et al. applied the scale in children with esophageal atresia and
tracheoesophageal fistulas (11). However, these modified FOIS versions for the
pediatric population have never been validated and tested for reliability.

Among adult stroke patients, Crary et al. reported a high interrater reliability of the
FOIS (absolute agreement, 85%) (43), and McMicken et al. reported ICC values of

0.975 and 0.964 at the time of admission and discharge, respectively (45).

4. Clinical Significance

The NOMAS and FOIS for infants presented in this study cover many areas of the
international classification of functioning, disability and health: children and youth

version (ICF-CY) related to swallowing function in infants (Figure 8). However,
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those two tools did not cover digestive functions (b515) and environmental factors
(Figure 8). Also they did not include other neurodevelopmental domains such as
head control and consciousness level which could affect swallowing function.
Therefore, for a more comprehensive assessment, appropriate additional

assessments should be made for each infant.

In the NOMAS, stress signals, including nasal flaring, head turning, and extraneous
movement, are regarded as the symptoms of incoordination of SSR, as described in
Palmer et al (81). However, the relationship between incoordination of SSR and
stress signals was suggested by clinical observation and not by direct measurement
of SSR. To demonstrate the incoordination of SSR, recordings of intraoral pressure
(thythmic alternation of suction and expression/compression) (59), pharyngeal
pressure (67,69), nasal thermistor flow (68,82), and thoracoabdominal
plethysmography (69) have been used although these methods are not widely used,
particularly in the clinic, due to its complexity and invasiveness. However, in terms
of research, the relationship between SSR incoordination and clinically observed
stress symptoms could be investigated by directly measuring SSR. There might be
certain stress signals which are more relevant to SSR incoordination than other

signals.

Although there might be a relationship between the incoordination of the SSR and
the NOMAS cluster 4 (stress signals regarded as the results from incoordination of
SSR), the meaning of these two items is different. Therefore, the results of this
study could be interpreted as follows: the stress signals in the NOMAS during
nutritive sucking in preterm infants are more associated with a longer transition

time and delayed cognitive development at both 8-12 and 18-24 months (corrected
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for prematurity).

Lastly, the FOIS for infants may be appropriate for documenting feeding abilities

and evaluating the e[kctiveness of interventions.

4.1 Transition Time in Premature Infants

If sucking patterns in premature infants are compatible with the NOMAS cluster 4
(stress signals regarded as the results from incoordination of SSR), active oromotor
facilitation and swallowing training, such as applying pacifier, non-nutritive oral-
motor stimulation, massage therapy, and direct tactile stimulation on specific oral
structures, could be considered as supplemental oral sensory and motor experiences,
and as a result, shorten the transition time to FOF. Also, giving the infant time for

maturation could be considered.

4.2 Developmental Outcome at 8-12 and 18-24 months in Premature Infants

Most of the preterm infants with an immature sucking pattern can successfully
bottle feed as the SSR matures, and the sucking pattern of term infants is
characterized by the rhythmic alternation of suction and expression/compression
(59). In the arrhythmical or inability to sustain pattern group, it could be assumed
that SSR coordination has already been formed in preterm period, but sucking
difficulty has occurred due to lack of oromotor strength and endurance (59). And
this group showed a faster development at both 8-12 and 18-24 months of

correctional age compared to the group with less developed SSR coordination.
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4.3 Functional Oral Intake Scale for Infants

Both FOIS levels 2 and 3 could be categorized as concurrent tube and oral feeding,
and our observers reported three disagreements between these levels when
evaluating patients in our study. One patient was an 11-month-old infant with
myotonic dystrophy who received a total tube feeding volume of 700 cc per day in
five or six doses, as well as 20—40g of puree once per day. One evaluator regarded
once-daily feeding as a consistent oral intake (i.e., FOIS level 3), whereas the other
considered it a minimal attempt at oral intake (i.e., FOIS level 2). The second
patient was a 9-month-old infant with CHARGE syndrome who received a total
tube feeding volume of 700 cc per day in four or five doses and attempted to
consume minimal amounts of puree orally with every meal. The last patient was a
7-month-old infant with Pierre—Robin syndrome who received a total tube feeding
volume of 800 cc per day in six or seven doses, together with a soft blended oral

diet (—40 cc per day) at least once per day. In our study, infants with POF who

received a higher nutritional contribution from oral feeding were more likely to
achieve FOF. This suggests that both the oral feeding amount and consistency
should be considered when distinguishing FOIS levels 2 and 3. For example, eight
out of 14 infants with <10% POF achieved FOF after 1 year, whereas 18 out of 19
infants with >10% POF achieved FOF after 1 year. Based on these results, we have
revised the criteria for distinguishing FOIS levels 2 and 3 to consider both the oral
intake amount and consistency, as shown in Table 16.

According to Pridham et al. infants can begin to consume semisolid food from a
spoon between 5 and 7 months of age and complete this type of consumption at

approximately 8 months of age (83). A 2001 guideline from the World Health
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Organization recommended the initiation of complementary feeding at 6 months of
age and a concurrent and gradual solidification of foods (47). According to this
guideline, the consumption of pureed, mashed, and semi-solid foods generally
begins at 6 months of age, followed by the consumption of finger foods at 8 months
and an adult-like diet at 12 months (84). In 2017, the European Society for
Pediatric Gastroenterology, Hepatology, and Nutrition Committee on Nutrition in
2017 recommended that complementary foods should be introduced between 4 and
6 months of age (47). From the neurodevelopmental point of view, lumpy
(semisolid) food can be consumed between 6 and 12 months, and after 9 months,
most infants can eat finger food and are able to chew their food (47). Northstone et
al. reported a tendency toward feeding dillulties and the avoidance of certain
foods if solid foods are not introduced until 9—10 months of age (48). Consistent
with those studies, we defined the normal expansion of oral diet as the introduction
of pureed foods before 9 months of age and of mashed foods and soft lumps before
12 months of age.

Among the 77 infants with FOF at the time of the VFSS in our study, the two raters
reported five disagreements between FOIS levels 4 and 5. One such infant was
assessed at 270 days of age and was consuming bottled milk. One examiner
considered 270 days to be older than 9 months and evaluated the infant at FOIS
level 4, whereas the other rater considered the infant younger than 9 months and
evaluated him at FOIS level 5. Another infant was mainly consuming bottled milk
at 305 days of age and had been attempting a 50-cc volume of pureed food 1 week
before the evaluation. In this case, one examiner rated the feeding status as FOIS

level 5 because she considered a pureed diet to be normal, whereas the other
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examiner assigned a rating of FOIS level 4 because the pureed diet had been
initiated after 9 months of age. To improve the inter-rater reliability, it could be
recommended to give a clear instruction that the FOIS for infants is based on the

diet at the time of the evaluation.

5. Limitation

In this thesis, NOMAS was assessed in premature infants and FOIS was assessed in
infants with various disease conditions. The correlation between NOMAS and
FOIS could not be analyzed because the populations assessed for each scale were
not identical. In fact, almost all infants who underwent NOMAS did not have

records of VFSS.

5.1 Transition Time in Premature Infants

Since instrumental evaluation was not included and measurements were only made
through video recordings, it is possible that the process of sucking was not
objectively evaluated. If manometry, pulse oximetry, and plethysmography had
been added through a multidisciplinary approach, a more integrated interpretation
might have been possible. This study examined the time to reach FOF from the IOF
but did not evaluate the long-term feeding performance or neurodevelopment
outcome of preterm infants. In this study, the stress signals of the incoordination-
positive group included head bobbing, extraneous movements of the body or limbs,
choking, gagging, coughing, yelping, and grunting. However, each stress signal is
thought to be different. For future studies, incoordination symptoms could be

further classified into different subcategories and investigated for their relative
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implications upon oral feeding and development.

5.2 Developmental Outcome at 8-12 and 18-24 months in Premature Infants

First, we did not include more objective signs that could be assessed in premature
infants with sucking difficulty, including episodes of desaturation, apnea, and
bradycardia. Those measurable signs might complement NOMAS, which is
composed of observational findings. Second, we only evaluated the sucking pattern
before 40 weeks PMA since most premature infants are discharged from the NICU
before term age. In our study, clusters 2 and 3 (i.e., arrhythmia and inability to
sustain sucking without stress signals) were less relevant to neurodevelopmental
outcomes. However, if those symptoms persist during the post-term period, the
clinical relevance could be changed. For example, Wolthuis-Stigter et al. (48)
reported that the inability to sustain sucking at 46 weeks significantly increased the
odds of abnormal neurodevelopmental outcomes at two years of age. Therefore, a
longitudinally designed study would improve our understanding of the clinical

significance of sucking difficulties that are observed in premature infants.

5.3 Functional Oral Intake Scale for Infants

We were unable to evaluate the correlation between the FOIS for infants and
developmental assessments. Future studies could potentially apply the Bayley
Scales of Infant and Toddler Development (48) in conjunction with the FOIS
assessment. Additionally, this was a single-center study, which may have led to
selection bias. Moreover, the validity and reliability of the FOIS for infants were

assessed with a heterogeneous disease group. Crary et al. (43) originally suggested
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the adult FOIS for stroke patients. Afterwards, other researchers expanded the
FOIS for patients with traumatic brain injury (85,86), head and neck cancer (87,88),
vocal fold immobility (89), vagal schwannoma resection (90), cerebral palsy (91),
postsurgical dysphagia (92), neurodegenerative diseases, postextubation dysphagia
in children (93), and neurogenic dysphagia (94). The FOIS for infants suggested in
the present study was a simplified scale with levels reduced from 7 to 5, without
taking into account the concepts of single/multiple consistency food, special
preparation or compensation, and food restriction. Therefore, the variation in
applicability according to disease groups might be less than that in the adult
population. However, the scale proposed in this study might be more appropriate
for certain disease groups than other groups, and in some groups, this scale would
not be applicable. For example, the FOIS suggested in this study could be
inappropriate for infants who require continuous total parenteral nutrition because

of gastrointestinal problems.

6. Future direction

There have been inconsistent results from studies regarding the implication of
feeding difficulty on the neurodevelopmental outcomes in preterm infants
(52,75,95). This might have at least partially contributed to the differences in
interpreting the findings of the NOMAS. Some authors simply divided the
NOMAS findings into three groups: normal, disorganization, and dysfunction
(52,75,95), while others summed up entire items, which were checked

dichotomously (74). Since these interpretive methods have still not been

6 4



established as being useful in predicting the neurodevelopmental outcome, the
presence of incoordination, defined by the Dutch group, could be another option
for interpreting the findings of the NOMAS and utilizing this scale in an
appropriate manner. Further studies are needed to identify which items of the
NOMAS represent a delayed attainment of the maturational process or are
indicative of neurological dysfunction. Although there was no statistically
significant difference in PMA between the three NOMAS clusters, the distribution
range was wider in cluster 4. Therefore, it is necessary to observe the change of
NOMAS cluster according to PMA longitudinally for each premature infant in the
future. Also, a longitudinally designed study would improve our understanding of
the clinical significance of sucking difficulties that are observed in premature
infants.

Also, investigating correlation between the FOIS for infants and developmental
assessments including the Bayley Scales of Infant and Toddler Development is

needed in the future.
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Table 16. The Functional Oral Intake Scale for infants considering both attempts

and amounts of oral intake at level 2

Intake

Level 1  Nothing by mouth

Level 2 Tube-dependent with minimal oral intake®
Level 3 Tube and oral feeding in parallel®

Level 4 Expansion of oral diet not reached"

Level 5 Expansion of oral diet reached”

~ “Minimal oral intake” indicates minimal attempts of or a very small amount of oral intake.
®“In parallel” indicates consistent oral intake with significant caloric contribution.
“Normal expansion of oral diet is defined as the introduction of solid foods in pureed form
before 9 months of age and the introduction of mashed foods and soft lumps before 12

months of age.

66



Body functions and structures

b 510 Ingestion functions
b 5100 Sucking
b 5102 Chewing
b 5103 Manipulation of food in
the mouth
b 5105 Swallowing
b 51050 Oral swallowing
b 51051 Pharyngeal
swallowing

b 515 Digestive functions
b 5153 Tolerance to food
(impairments such as
hypersensitivities)

Health condition

Activities and Participation
d 550 Eating

d 560 Drinking
d 5601 Carrying out breast
feeding
d 5602 Carrying out feeding
from bottle

|

Environmental Factors

e 340 Personal care providers
and personal assistants
e 355 Health professionals

Figure 8. Various factors affecting the swallowing function of children based
on International classification of functioning, disability and health: children

and youth version.

67



CONCLUSION

The stress signals reflecting incoordination of SSR among disorganized sucking
pattern are associated with the transition time to FOF in preterm infants with
feeding difficulties. Stress signals during sucking activity were also associated with
developmental delay in the cognitive domain of the Bayley-III at both 8-12 and 18-
24 months. When selecting premature infants to be treated with swallowing therapy,
it is reasonable to perform treatment to shorten the time to attain FOF with an
incoordination-positive group in the NOMAS, that is, premature infants with stress
signals. Additionally, there may be a need for periodic follow-up and early
intervention for developmental delay when incoordination of SSR that results in

stress signals on the NOMAS is observed before 40 weeks postmenstrual age.

The five-point FOIS for infants, which reflected the expansion of their oral diet
with growth, had adequate reliability and validity. The caloric contribution as well
as consistency of oral feeding could be used to distinguish FOIS levels 2 and 3,

which correspond to the POF status in infants.
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