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Abstract
Introduction: In 2008, the American Academy of Pediatrics
recommended that an infant’s ability to feed independently be
considered a primary consideration for discharge home. To date,
NICU healthcare teams have relied on clinical experience as well
as descriptive scales to determine a high risk infant’s ability to
transition safely from tube feeding to oral feeding. The aim of the
current case study was to illustrate the clinical utility of nfant®
Feeding Solution as a noninvasive and objective instrument for
determining a neonate’s readiness to begin and advance oral
feeding.
Materials and methods: We present the case of AC, a female
infant born at 28.6 weeks, with an admitting diagnosis of
respiratory distress syndrome. Data collection began when
AC was declared medical stable by her attending physician
and ready to begin oral feedings. Data was captured during
hospitalization and at discharge as well as post discharge for a
total of eleven (11) data collections.
Results: Results suggested that the subject progressed in
all sucking metrics over time. Data analyses revealed three
general amplitude and temporal patterns against the nipple:
disorganized, hypervigilant, and then organized. Real time
data was used to gain immediate feedback on the impact of
interventions on sucking performance.
Conclusions: Successful infant feeding is a complex process that
requires integration of physiologic function and neurobehavioral
ability. To model AC’s feeding performance over time, we used
nfant Feeding Solution which measures tongue movement
against the nipple and streams the data to a mobile tablet so
it is displayed in real time. Access to real-time data provides
caregivers with objective information that can be used to guide
bedside care, help clinicians avoid complications and navigate
infants to faster oral feeds and subsequently earlier and safer
hospital discharge with lowered expense.

Introduction
Feeding disorders are common among infants born prematurely
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[1] or with chronic medical conditions [2]. As many as 25%-45%
of normally developing children [3] and 40 – 70% of premature
infants exhibit both immature and atypical feeding patterns [4,5].
Those requiring respiratory support [6] and those experiencing
delays in beginning oral feeding are most often affected [1].
Independent oral feeding requires coordination of sucking,
swallowing and breathing (SSB) which requires very precise
timing of sequential movements from the lips, tongue, mandible,
soft palate, pharynx, larynx and esophagus [7]. Clinical decisionmaking for initiating and advancing oral feedings remains a
major challenge [8] due to the reliance on descriptive and
subjective information regarding an infant’s nonnutritive (eg
pacifier) and nutritive (eg breast or bottle) sucking skills [9].
Siddell and colleagues report that more than 50% of Neonatal
ICUs (NICU) do not have a specific policy for initiating oral
feedings and about 75% rely on gestational age and weight
[10]. NICUs also acknowledge dependence on the opinion
and personal experience of physicians and bedside nurses in
deciding when to begin oral feeding [10]. Timing of the transition
to oral feeding has been shown to correlate with the organization
of early sucking behaviors with carryover effects to term age [11]
and feeding infants when they are not ready has been shown to
increase stress on the infant, slow the progression of feeding and
delay discharge home [12].
Tongue strength is believed to be a major contributor to the
preterm infant’s oral feeding difficulties [13] and a deciding
factor in considering when to begin oral feeding [14]. The tongue
plays a key role in all aspects of neonatal sucking [15,16]. The
tongue seals the oral cavity to produce the positive and negative
pressure required for compression and then expression of fluid
from the nipple. The fluid is then carried, via the tongue, to the
back of the throat to elicit a swallow. Adequate tongue force is
necessary to extract the critical amount of fluid necessary to
activate the swallow [17] as well as propel the bolus against the
posterior pharyngeal wall to initiate the swallow [18].
The role of tongue strength in safe, coordinated swallow is well
established in adults. Reductions in tongue force that accompany
aging result in slower transit times for moving food and liquid,
increased time to swallow and a concomitant likelihood for
airway penetration and/or aspiration [19]. In addition, for adults
with acquired conditions such as stroke and amyotrophic lateral
sclerosis, tongue weakness has been shown to be associated
with diagnosed dysphagia [20]. For preterm infants, researchers
have speculated that reduced tongue strength may start a
cascade of negative events that includes weak or delayed
neonatal INTENSIVE CARE Vol. 29 No. 1 Winter 2016
n

Figure 1. nfant Feeding Solution being used on the subject during the 11th
feeding session. Tracings on the mobile app are nipple movement during
nutritive suck.

swallow resulting in poor coordination of sucking, swallowing
and breathing and increased chance of fluid aspiration into the
lungs [21].
The current approach for determining adequate tongue strength
and coordination adequacy for oral feeding is via visual
feedback of the jaw and cheeks, along with the tactile feedback
of rhythmicity of sucking and direction of tongue movement
using a gloved finger [9]. Based on subjective judgments of
nonnutritive sucking strength and coordination, nutritive sucking
is initiated. Likewise, the infant’s feeding performance during
nutritive sucking is also evaluated using visual assessment of
cheeks, jaw and lips as well as visual assessment of the infant’s
ability to coordinate sucking, swallowing and breathing [22].
The information gleaned from such assessments is limited and
based on the relative experience of each individual performing
the assessment [23,24]. Consequently, this approach has the
potential to be detrimental to infant health and development,
increase length of stay and increase medical costs [23].
To address the absence of objective, evidence-based criteria
for determining when a baby is ready to begin oral feeding, we
developed nfant Feeding Solution, the first FDA cleared medical
device to measure tongue movement against the nipple for
clinical interpretation of strength and coordination. The nfant
Feeding Solution is intended to provide quantitative, objective
data, currently unavailable to the NICU healthcare team, that
would assist clinical decision-making relative to safe and
efficient oral feeding transition. The aim of the following case
study is to illustrate the clinical utility of nfant Feeding Solution
as a noninvasive and objective tool for determining a neonate’s
readiness to begin and advance oral feeding.

by intermittent bleeding and premature labor. Mother was
treated with magnesium sulfate and received steroids at 22
weeks gestation. Delivery was by spontaneous vaginal delivery
and AC’s Apgar scores were 6 at 1 minute and 8 at 5 minutes.
PPV was given in the delivery room. AC was placed on CPAP on
admission, but noted to have increasing FiO2. She was intubated,
received one dose of surfactant, and placed on conventional
mechanical ventilation. She was extubated to CPAP on day 2 of
life but switched to NIPPV due to repeated apnea events. She
transitioned to bubble CPAP on DOL 7 and was weaned to room
air at 33.1 weeks gestation. Caffeine for apnea of prematurity
was started on admission and AC was weaned off at 34.4
weeks gestation. She received Vitamin A for BPD prophylaxis.
AC was initially NPO (TPN) and received intralipids as feeds
were advanced to goal. Then she was placed on trophic feeds
that were gradually advanced. Oral intake began at 34.5 weeks
gestation and it was noted in the discharge summary that “this
was something with which the patient struggled”. AC reached
full oral feeds at 39.5 weeks gestation and was discharged home
at 40 weeks gestation.
To be included in the larger study, AC met the following
inclusion/exclusion criteria:
Inclusion criteria:
• Preterm infant (defined as <37 weeks gestational age)
• No anomalies or diseases known to interfere with feeding
(eg cleft lip/palate)
• A diagnosis of respiratory distress syndrome, but not been
ventilated for a prolonged period
Exclusion criteria:
• A genetic or congenital disorders, chromosomal
abnormalities, or major congenital anomalies
• Any disorder secondary to exposure to toxic substances
• History of intraventricular hemorrhage greater than
Grade II.

Procedures
Following consent, measures of interest were collected to
coincide with regularly scheduled feedings. Table 1 describes
the age and weight of AC at each exam, as well as feeder’s
notes per session and the Infant Feeding Scale (IFS) score per

Methods
The case presented here includes an infant who participated in
a larger, ongoing study conducted at the Kentucky Children’s
Hospital Neonatal Intensive Care Unit in Lexington, Kentucky
(with support from NIH CTSA UL1TR000117; UK CHS Office of
Research Grant 1012003440). At the time of this report, there
were 30 neonates enrolled in the study and over 175 data points
collected from initiation of oral feeding to discharge and post
discharge. The study was approved by the human subjects
review board of the institution where the work was carried out.

Subject
AC was born at 28 6/7 weeks gestation with a birthweight of
1080 grams and admitting diagnosis of respiratory failure of the
newborn. AC’s mother had a history of asthma and migraines as
well as mitral valve prolapse. The pregnancy was complicated
neonatal INTENSIVE CARE Vol. 29 No. 1 Winter 2016
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Figure 2. Amplitude traces of nipple movement for sessions 2 to 11 (top to
bottom) normalized to the session maximum on a scale from 0 to 1.
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Table 1. Exam age, exam weight, feeder’s notes, and IFS* score, by nutritive sucking session
Session
Number

Age at Exam
(weeks/days)

Weight at Exam
(Grams)

1

34.5

1930

Not interested; refused; finger splaying; Mom holding in ESU# position; try again later same day;
SSFβ

3D

2

34.5

1930

Rhythmic pacifier sucking; RN hold in ESL^; periods of increased work of breathing; some stress
cues; SSF

2B

3

35.6

2200

Mom holding in FF ; Nipple change to DBUP due to anterior loss-; external pacing q3-4 sucks

2B

4

36.1

2275

Mom holding in ESU- very weak tongue movement on nipple (flat trace); switched to ESL & saw
amplitude; referred to SLP for feeding consult; DBUP

2B

5

36.6

2465

RN hold in ESL; very disorganized sucking in the beginning; improved over time; DBUP switched to
SSF at Mom request

2C
2B

6

37.6

2605

RN hold in ESL; disorganized sucking in the beginning; improved over time

7

39.0

2790

Mom holding in ESL; some internal pacing; SSF

2B

2915

RN holding in ESL; ‘frantic’ beginning; became more organized over time; some internal pacing;
discharged

1B
1A

8

40.0

IFS
Score

Feeder Notes

#

λ

9

47.3

3678

Refused NNS; playing with nipple in beginning; improved with time; SSF; Mom fed in cradled
position

10

52.3

4536

Mom cradled; SRF£ (AC uses DBL1€ at home); initially played with nipple, slow to get organized

1B

5030

Mom cradled and reported feeding fussiness with biting and gagging and weight loss; slow to
organize; frantic beginning; internal pacing but noisy

1B

11

55.5

*Infant Feeding Scale; #Semi-elevated supine; ^Semi-elevated side-lying; βSimilac Slow Flow Nipple; λDr. Brown’s Ultra Preemie Nipple;
£
Similac Regular Flow Nipple; €Dr. Brown’s Level 1 Nipple

session [25]. Once the subject was declared medically stable
and ready to begin oral feedings by the attending physician, the
nurse researchers checked daily notes to determine readiness
to begin data collection. Data collection began within 24-36
hours of being notified that the infant was showing evidence of
sustained bottle feeding (ie 1-2 feedings per day) [26]. Specific
feeding instructions as ordered by the attending physician were
maintained (eg calorie count for formula, feeding position, nipple
flow rate) and recorded. AC received 24 calorie formula and the
nipple used varied and is identified per each feeder note. Each
session began with one minute of nonnutritive sucking followed
by nutritive sucking. Infant cue-based feeding procedures [22]
were followed so that the feeding was stopped according to the
cues of the infant and/or after 30 minutes. Any remaining volume
was gavage fed.

Instrumentation and measures
The nfant Feeding Solution consists of a disposable nfant
Coupling that connects a bottle to a standard nipple or pacier.
The reusable nfant® SSB Sensor connects to the coupling and
non-invasively measures nipple movement. Data is streamed
from the sensor to a mobile tablet and nipple movement is
displayed in real time on the nfant Mobile App. Following a
feeding, data is then stored in the nfant Cloud Database for
analysis.
Nipple movement signal data from each feeding session were
filtered with a 4th order low-pass Butterworth filter at 3 Hz to
remove high frequency artifacts. Custom algorithms were used
to correct for baseline offsets, artifacts caused by pacing and
other unwanted movement. Afterwards, sucking events were
identified. Amplitude of nipple movement was normalized to
the observed maximum for each feeding session. Means and
standard deviations of nipple movement were determined for
the entire feeding sessions. Upon review of the amplitude traces,
distinct amplitude and coordination patterns were observed
within several feeding sessions. These locations were identified
and nipple movement metrics reported for these sections.

Results
AC’s exam age and weight along with feeder notes and IFS
score from each feeding session are reported in Table I. The
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subject progressed in all metrics over time. An example of nipple
amplitude tracings used for data analysis of feeding sessions
2 to 11 is shown in Figure 1. Review of tracings by the authors
revealed three (3) general amplitude and temporal patterns
against the nipple: disorganized, hypervigilant, organized.
Representative tracings from feeding session 4 (Figure 3) and 11
(Figure 4) are given as examples of the different amplitude and
temporal patterns observed.
Suck parameters from each session are reported in Table 2.
Visually distinguishable sections within applicable feedings are
also provided and general temporal patterns labeled. After visual
observation and review of notes by the authors, Session 1 was
omitted as the subject did not undergo nutritive suck. Sessions
9 and 11 each had two feedings due to a bottle change and only
data from the 1st bottle were reported. Session 3 also had a 2nd
feeding file of 6.5 minutes but with minimal suck tracings so it
was omitted from analysis. It should be noted that for all omitted
sessions where data was present, the tracings from the 2nd
feeding were observed to be similar to the 1st.

Discussion
The purpose of this case study was to illustrate how sucking
performance data collected at bedside can assist the healthcare
team in supporting an infant’s transition from tube feeding to
full oral feeding. The validity of current subjective measures
for determining readiness for oral feeding has been called into
question by a number of researchers [27,28]. At the same time,
the critical need for a simple tool that objectively measures
fundamental components of sucking and coordination with
swallowing and breathing has been indicated [16,29,30].
Historically, researchers have used a variety of instruments
to document and describe the developmental progression of
nutritive sucking ability in preterm infants and healthy neonates
[11,31,32]. Typically, the development of sucking has been
characterized by the number and duration of sucking bursts,
the frequency of sucks within a burst, the length of inter-suck
interval and sucking amplitude [31-33]. Results from these
studies have been useful in providing clinicians with information
about changes in sucking that occur with maturation but has
had limited applicability to direct patient care. There are a
neonatal INTENSIVE CARE Vol. 29 No. 1 Winter 2016
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Table 2. Means (standard deviations) of normalized sucking peak amplitudes during the entire feeding session and
selected subsections of different visualized patterns
Entire Feeding
Session

Sucks
(n)

Sucking Peak
µ(σ)

2*#

419

.339(.203)

3*#

23

.377(.278)

4

157

.418(.251)

5*

207

.411(.235)

Subsection 1

Subsection 2

Subsection 3

Start-End
Time (mins)

Sucks (n)

Sucking Peak
µ(σ)

Start-End
Time (mins)

Sucks (n)

Sucking Peak
µ(σ)

0-1.75#

32

.275(.167)

1.75-7^

125

.455(.257)

.307(.131)

Start-End
Time (mins)

Sucks (n)

Sucking Peak
(µ(σ))

6*

225

.356(.228)

7*^

268

.405(.226)

0-05

141

.502(.250)

11-15

104

8*^

904

.344(.173)

0-7.5

281

.446(.207)

08-23

623

.298(.132)

9

798

.433(.222)

0-02#

24

.313(.193)

02-5.5β

303

.526(.238)

5.5-14^

467

.380(.191)

10

770

.481(.236)

0-1.5#

22

.235(.085)

02-4.5β

258

.648(.231)

4.5-12^

472

.403(.190)

11

670

.584(.257)

0-2.15#

30

.239(.135)

2.2-5.3β

275

.798(.131)

5.3-11^

350

.455(.213)

µ=Mean; σ=Standard Deviation;
*Same pattern throughout feeding; #Disorganized; ^Organized; βHypervigilant

Figure 3a. Movement of the tongue against the nipple in the semi-elevated
supine position, session 4

Figure 3b. Movement of the tongue against the nipple after switching to a
semi-elevated side-lying position, session 4

number of possible reasons for this. One limitation is the lack
of commercial availability of these instruments to hospitals,
healthcare professionals and families. More important is the
fact that current instrumentation collects sucking related data
during feeding and the data is then stored and analyzed off-line.
This approach limits the team’s ability to interpret data during a
feeding and provide interventions that could potentially improve
performance. For example, in feeding 4, AC’s tongue moment
against the nipple was noted to be minimal and uncoordinated
and insufficient to extract fluid from the nipple (Figure 3a).
The clinical team decided to see what impact altering her
position would have on tongue movement. They elected to
change her from a semi-elevated supine to a semi-elevated
side-lying position, since the latter has been shown to improve
physiological stability during feeding [34,35]. Following the
change in position, the team saw an objective and quantifiable
improvement in all sucking metrics (Figure 3b). Consequently,
the attending physician ordered that the ESL position be used for
all subsequent feedings with AC.
Previous studies investigating sucking performance have
analyzed sucking organization using a specific time point in
neonatal INTENSIVE CARE Vol. 29 No. 1 Winter 2016
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the feeding [7,24,27]. Yet, the feeding experience of premature
and fragile infants is known to vary moment to moment
[22,36] so summary statistics from a snapshot in time could
potentially miss important clinical information. For example,
summary statistics from AC’s performance over time support
the work of others who have demonstrated that nutritive
sucking performance continues to improve past discharge
[33]. Yet, clinical concerns regarding her ability to feed safely
and efficiently remain, despite adequate growth and weight
gain. Review and comparison of data collected from her
feedings demonstrated a pattern of sucking organization that is
potentially atypical and might have been missed if only a portion
of feeding data was collected for analysis. We found that post
discharge feedings were characterized initially by disorganized,
low amplitude sucks (Figure 4a) followed by a series of high
amplitude sucks with no evidence of distinguishable sucking
bursts (Figure 4b). The feeder’s notes described this sucking
pattern as ‘frantic’ or ‘poor start’. As the feeding progressed
however, AC’s suck amplitude actually lowered, and the nature
of her sucking performance was more rhythmic overall (eg
sucking bursts of comparable number and duration and intersuck intervals of limited variability)(Figure 4c). As AC became
fatigued, a different pattern emerged; suck amplitude decreased,
sucks per burst decreased and the inter-suck interval lengthened
and became more variable.
It is difficult to interpret AC’s pattern of sucking organization
because the feeding notes were limited. For example, it is
unclear whether AC was actually extracting liquid during the
initial frantic traces of the session. However, because of the
consistency of this pattern in each of AC’s post discharge
feedings to date, we can consider possible interventions with the
goal of improving her coordination and sucking organization at
the start of a feeding. It is also unclear whether this pattern is
distinct to AC. Answering that question will require examination
of much more data. However, what we do know is that hospital
notes documented AC’s challenges with oral feeding and post
discharge feeding notes suggest ongoing feeding challenges.
We may, with time, be able to identify specific characteristics
of early sucking behavior that could predict ongoing feeding
issues so we can better target our interventions prior to hospital
discharge.
There is substantial evidence to suggest that using infant
cues to lead a feeding increases safety and improves
feeding organization [22]. An example of using an infant’s
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sections and trace patterns was done manually by researchers.
Plans to automate this process is ongoing and will improve the
validity of reported metrics for clinical interpretation.

Figure 4a. Movement of the tongue against the nipple at the beginning of
session 11

We have a number of projects currently underway that include
modelling sucking parameters pre- and post- surgery in infants
with ankyloglossia, modeling tongue movement post-surgery
in infants with congenital heart disease and investigating early
sucking behaviors as a predictor of later neurodevelopmental
outcomes in infants with neonatal brain injury. We also are in
planning stages for studies designed to gauge the impact of
various interventions (eg feeding position, nipple flow rate,
pacing etc) on decreasing risk for aspiration using nfant Feeding
Solution metrics. We believe a number of these interventions
have the potential to reduce the likelihood of later feeding
related aversions which hamper adequate growth and nutrition
and increase family stress [38].

Summary & Conclusions

Figure 4b. Movement of the tongue against the nipple following 4a,
session 11

Figure 4c. Movement of the tongue against the nipple following 4b,
session 11

communications as a guide would be the decision to stop a
feeding when an infant shows signs of fatigue. Though it seems
this would be intuitive and easy to recognize, this is not always
the case. Sometimes the drive to get an infant home is so
great there is a preoccupation with emptying the bottle [22,37]
which supersedes the infant’s need to stop a feeding. Ignoring
an infant’s cues can lead to negative feeding experiences and
later feeding aversion [22]. We have found that the addition of
objective sucking metrics aids feeders in recognizing a pattern
of fatigue spontaneously and they will proceed to stop the
feeding without question. Though this finding is only anecdotal,
it suggests that objective real-time feedback could positively
impact a shift away from volume-driven feeding to infant-driven
feeding.

Limitations & Future Directions
Initial results are promising but there were limitations.
Comparisons of inter feeding suck amplitude were difficult to
make due to the need to normalize the data on a scale from 0
to 1 to the session maximum amplitude achieved. Despite this
limitation, we were able to detect intra feeding fatigue and
loss of coordination. Going forward, we have implemented a
calibration procedure prior to each feeding which eliminates the
problem of normalization. Calibration procedures also insure
reliability to within manufacturer reliability specifications,
1.2% full scale range. All sucking metrics reported (eg number
of bursts, burst length etc.) were determined with custom
algorithms, however, identification and categorization of feeding
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Successful infant feeding is a complex process that requires
integration of physiologic function and neurobehavioral ability.
To model AC’s feeding performance over time, we used nfant
Feeding Solution which captures variables traditionally reported
by researchers (eg suck burst frequency and duration, etc.) and
important to the development of oral feeding. For the purposes
of this paper, we chose to highlight features exclusive to the
instrumentation that translates immediately to decision-making
during bedside clinical care. These data can then be used for
clinical interpretation of strength and coordination during any
given feeding. It is our theory that a medical device such as
nfant Feeding Solution will improve the current standard of
care for initiation and progression of oral feeding as it goes
beyond a ‘trial & error’ approach to feeding based on subjective
observations. Objective information will help clinicians avoid
complications and navigate infants to faster oral feeds and
subsequently earlier and safer hospital discharge with lowered
expense.
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