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Abstract

Background—The Medoff-Cooper Nutritive Sucking Apparatus (M-CNSA) has been used to

objectively measure sucking maturation in preterm infants. The M-CNSA is able to accurately

detect sucking pressures less than 20 mm Hg, however lower pressure thresholds have not

previously been used in research.

Aims—To determine if differences are observed in the number of sucks and maturation in the

number of sucks over time when the minimum pressure threshold used to detect a suck is 7 mm

Hg compared to 20 mm Hg using the M-CNSA.

Study design—Descriptive.

Subjects—A convenience sample of 171 healthy premature infants born between 29 and 34

weeks gestational period who were part of a larger randomized controlled study.

Outcome measures—The number of sucks detected during weekly five-minute oral feeding

observations using 7 mm Hg and 20 mm Hg.

Results—Significantly more sucks were detected using the 7 mm Hg vs 20 mm Hg threshold at

all time points. At both pressure thresholds, the mean number of sucks detected during the five

minute feeding observation increased over time. The difference in the number of sucks detected at

7 and 20 mm Hg did not change over time (p = 0.50).

Conclusions—Using the lower threshold of 7 mm Hg compared to 20 mm Hg resulted in more

sucks detected while consistently measuring improvement in sucking over time. Detection of more
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sucks and sucks at a lower pressure threshold allows clinicians and researchers to more accurately

assess oral feeding skills among premature infants.
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pressures

1. Introduction

Successful oral feeding is a key determinant of a preterm infant’s discharge from the

hospital [1]. In order to achieve successful oral feeding, preterm infants must be able to

coordinate the components of breathing, sucking, and swallowing [2]. Coordination of these

components is a complex task that requires integration, maturation, and coordination of

multiple systems within the body [3,4]. Oral feeding is a highly organized behavior and a

mature feeding pattern is an indication of neurologic integrity [5–8]. As an infant matures,

expected changes in sucking patterns include increases in sucking frequency, maximal

sucking pressures, number of sucks per sucking burst, and decreases in time between

sucking bursts [9]. Over the past century, multiple methods have been employed to assess

maturation of sucking behaviors from the initiation of oral feeding to full oral feeding in

preterm infant populations. These methods include observation, checklists such as the

Neonatal Oral-Motor Assessment Scale (NOMAS) [10], and video recording feeding bouts

to instruments that incorporate pressure transducers to objectively measure various sucking

parameters. However, comparison of these early studies is difficult due to variations in

instruments and techniques as well as the questionable validity of some of the more

subjective methods [7].

In the current research we used the Medoff-Cooper Nutritive Sucking Apparatus (M-CNSA)

to objectively measure sucking behaviors in preterm infants during initiation of oral feeding

until discharge. In previous research using the M-CNSA, a threshold of 20 mm Hg had been

used to identify a nutritive suck. Any changes in intraoral pressure less than 20 mm Hg were

considered mouthing rather than true sucking behaviors. With recent advances in signal

processing, data analysis software is now able to accurately detect pressure changes which

represent real sucking behaviors less than 20 mm Hg. This advent may be especially useful

for evaluating the sucking patterns of preterm infants, as maximal sucking pressure has been

found to be quite low during the initiation of oral feeding and rises with increasing

maturation, feeding experience, and birth weight [9,11,12]. Because all sucking parameters

are impacted by the pressure threshold used to define a suck, setting a lower pressure

threshold would provide both researchers and clinicians a more accurate assessment of an

infant’s ability to feed orally by bottle or breast.

The purpose of this study was to explore whether there is a difference in preterm infants’

observed maturational changes in sucking performance over time when the pressure

threshold to detect a nutritive suck is defined as 7 mm Hg vs 20 mm Hg, using a sample of

healthy preterm infants from a larger trial. The threshold of 7 mm Hg was chosen based on

early sucking research that used a baseline of 7 mm Hg to examine the effects of oral

solutions on sucking patterns [13].
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2. Methods

2.1. Setting

The infants in this study were admitted to either a level II or level III neonatal intensive care

unit (NICU) at one of two community-based hospitals in a large Midwestern city.

Recruitment occurred between 2008 and 2011.

2.2. Participants

Participants were otherwise healthy premature infants born between 29 and 34 weeks

gestational age (GA) whose mothers had at least two or more social–environmental risk

factors, such as low education and poverty. Participants for this study were part of a larger

longitudinal, randomized controlled trial investigating a multisensory developmental and

participatory guidance intervention for mothers and premature infants. Participants were

recruited shortly after birth. Exclusion criteria included infants with congenital anomalies,

necrotizing enterocolitis, brain injury, chronic lung disease, or prenatal drug exposure or

who were receiving assisted ventilation at the time of enrollment. Mothers were not eligible

if they were identified as illicit drug users, HIV positive, or if they were not the legal

guardian of their infants.

There were 198 eligible infants enrolled in the larger trial. Additional exclusion criteria for

this secondary study pertain to the feeding observations for infants. We excluded seven

infants who developed health conditions in the hospital that interfered with feeding, such as

pulmonary hypertension, bronchopulmonary dysplasia and conditions which required a

transfer to another hospital. An additional three infants were excluded due to an equipment

malfunction or departure from protocol during the feeding observation, and four infants

were discharged home before a feeding observation could take place.

For this study, feeding observations were also excluded if no sucks were detected at either

the 7 mm Hg or 20 mm Hg pressure threshold or if the infant’s measured oral intake was <1

cm3 at the end of the 10 minute feeding, as these feedings were determined to not represent

nutritive sucking. We also excluded observations that occurred over 21 days after baseline,

as very few infants were still in the hospital at that time and those remaining were not

representative of the overall sample of infants due to morbidities or feeding problems that

delayed their discharge. Therefore, the final analytic sample size for this study was 171

infants contributing 331 feeding observations.

2.3. Measures

The dependent variables in this study include the number of sucks detected in the five

minute observation at 7 mm Hg and at 20 mm Hg, as well as the difference between these

two values. The Medoff-Cooper Nutritive Sucking Apparatus (M-CNSA) was used to

measure the number of sucks. The M-CNSA is comprised of an ordinary silicone nipple

containing an embedded capillary calibrated for metered flow of fluid and a pressure

transducer embedded in a second tube. The hardware of the M-CNSA continuously

measures negative pressure generated by the infant during nutritive sucking. The pressure

signal was fed on-line to an IBM compatible computer, which displayed the pattern of sucks
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throughout the session and created a sucking record for off-line data analysis, using the

Biopac customized software (Goleta, CA). The sucking record was stored digitally using

AcqKnowledge 3.9.0 software (Biopac, Goleta, CA). The data for each feeding observation

were processed using AcqKnowledge to select the first 5 min of sucking data that was

representative of the 10 minute sucking record. During this process, portions of the record

during which the nipple was removed from the infant’s mouth were deleted. Other nutritive

sucking research has found that a 5 minute recording is adequate for a robust measurement

of average pressure [14]. The digital and video recordings were compared for start and finish

times of the oral feeding and periods of sucking and resting. The final five-minute segment

was analyzed using Matlab 2007a (Natick, MA: The MathWorks) and a custom Matlab

subroutine, Suck_Detect 1.1.12 software to generate summary parameters to describe the

feeding [15].

To obtain these measures, the Suck_Detect software was implemented twice for each

feeding observations, once counting sucks that reached 7 mm Hg of pressure or higher, and

a second time counting only sucks that reached the 20 mm Hg pressure threshold. The

subtraction of the number of sucks at 20 mm Hg from the number of sucks at 7 mm Hg,

therefore, results in a value of zero when all of the babies’ sucks reached 20 mm Hg or

higher and a value above zero for babies who had sucks at pressures between 7 and 20 mm

Hg.

Infant characteristics were obtained via medical record review and include infant sex,

gestational age at birth, birth weight, size for gestational age, plurality, delivery type,

clinical site, five-minute Apgar score, infant morbidity measured as a subset of the Problem

Oriented Perinatal Risk Assessment System (POPRAS) items that occurred at or near

delivery, and postmenstrual age (PMA) and weight at the time of the baseline feeding. PMA

at the baseline feeding measurement was calculated by summing the infant’s gestational age

at birth and the number of completed weeks of life since birth and grouped into four

categories: 31–32, 33, 34, and 35–36 weeks PMA. Maternal race/ethnicity was also obtained

via interview with the mother at baseline. Time was measured in two ways for this study.

For charts, we display the baseline, second and third weekly feeding observations and for

regression models we use the exact day from baseline (day = 0) on which the feeding

assessment occurred. For most but not all infants, the second and third feeding observations

occurred on days 7 and 14, respectively. Sometimes, however, the schedule was changed to

obtain a final observation quickly before hospital discharge, or for other reasons pertaining

to the infant, so the second observation occurred on day 6.2 (SD = 1.8) on average and the

third observation occurred on day 13.4 (SD = 1.9) on average.

2.4. Procedures

This study was granted institutional review board approval by the university and the two

study sites. After confirming eligibility and willingness to participate, written and informed

consent was obtained from the mothers of the infants included in this study.

According to the protocol for the larger randomized trial, weekly oral feeding assessments

were conducted from initiation of oral feeding through hospital discharge. The baseline

feeding assessment was conducted at the first oral feeding when possible, or within a week
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of initiation of oral feeding, then weekly until hospital discharge. The feeding assessments

were conducted during an early morning regularly scheduled feeding, during which

collection of sucking data was performed using the M-CNSA. The entire feeding assessment

was video recorded. During each feeding assessment, a registered nurse fed the infant using

a specialized feeding device from the M-CNSA for a ten minute period. The nipple on the

feeding device was used to stimulate the infant’s rooting reflex. When the infant’s mouth

was opened, the nipple was introduced into the oral cavity. No other oral stimulation was

used during the feeding. Vital signs were monitored throughout the entire feeding period. If

the infant demonstrated any signs of distress including bradycardia or breathing difficulties,

the nipple was withdrawn from the infant’s mouth and the feeding was paused. At the end of

the ten minute feeding assessment, the remainder of the prescribed volume of formula or

breast milk was delivered to the infant orally using a regular nipple or via gavage feeding if

the infant was demonstrating signs of fatigue. The total volume consumed at each feeding

and the route of ingestion were recorded. Sucking pressure was measured and recorded

using the M-CNSA as described previously.

2.5. Data analysis

Descriptive statistics were conducted for sample characteristics. Charts were produced to

demonstrate the pattern of maturation in sucking over time across the three weekly feeding

observations for each PMA group (31–32, 33, 34, and 35–36 weeks) by pressure threshold.

The mean number of sucks at each feeding observation was plotted separately for the 7 mm

Hg and the 20 mm Hg pressure threshold.

The difference between the number of sucks detected at 7 and 20 mm Hg for each feeding

observation and the mean difference was calculated by feeding observation and PMA group.

A mixed-effects regression model was employed to examine the effect of time in days on the

difference in sucks between the 7 and 20 mm Hg pressure thresholds. The estimate for time

in the model was used to assess whether sucking maturation over time would have the same

pattern if measured using the 7 or 20 mm Hg pressure threshold. Random subject effects

were used to account for the correlations between repeated measures from the same infant.

Model selection was performed for random and fixed effects. Infant covariates were chosen

for this model using manual backward selection. All analyses were performed using IBM

SPSS Statistics version 19.

3. Results

Data were analyzed for 171 infants with a mean GA at birth of 32.6 weeks (SD = 1.5) and a

mean birth weight of 1812 g (SD = 355). The sample included 87 female infants (50.9%)

and 84 male infants (49.1%). The percentage of infants whose PMA at first oral feeding was

32 or 33 weeks was 10.5% and 21.1%, respectively. See Table 1 for additional

characteristics of the sample.

For all PMA groups, the mean number of sucks detected by the M-CNSA at each weekly

feeding observation increased over time, regardless of whether the minimum pressure

threshold was set at 7 mm Hg or 20 mm Hg (Fig. 1). Table 2 demonstrates the mean
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difference in the number of sucks detected at the 7 mm Hg compared to the 20 mm Hg

threshold by PMA group and observation.

A random intercept model was found to best fit the outcome of interest, the difference

between number of sucks detected at 7 and 20 mm Hg. An interaction between time and

PMA group was tested, but it was not significant. In addition, there was no significant time

effect on the outcome (p-value = 0.50). These results indicate that the pattern of maturation

in sucking is consistent across groups and over time, regardless of the threshold established

to detect a nutritive suck. Two covariates are significant in the model. With each increasing

week of gestational age at birth, there is a smaller difference in the number of sucks detected

at 7 and 20 mm Hg at baseline (β = −2.6). In addition, there is a larger difference in the

number of sucks detected between the two pressure thresholds for males compared to

females (β = 8.4) (Table 3). These findings indicate that by using the 7 mm Hg threshold,

more sucks will be detected, especially for male infants and infants of lower gestational

ages, but the pattern of maturation over time is consistent with the pattern observed using

the 20 mm Hg threshold.

4. Discussion

In this sample of healthy preterm infants, using 7 mm Hg as the minimum pressure threshold

for detecting a suck compared to 20 mm Hg resulted in the detection of a greater number of

sucks while the rate of change in number of sucks overtime remained the same. Thus the 7

mm Hg cutoff for nutritive sucking has the potential to yield more data on additional

sucking parameters including suck duration, intersuck width, burst width, and interburst

width, in addition to number of sucks. The ability to detect sucks at a lower pressure is

especially important when evaluating the emerging sucking patterns of preterm or very low

birth weight infants who display immature sucking patterns with low maximal sucking

pressure [9,11,16]. The additional data provided by the M-CNSA when the pressure

threshold is set to 7 mm Hg will assist researchers and clinicians to more accurately assess

the oral feeding skills of these important populations.

Assessment of oral feeding skills and performance is often used by clinicians and

researchers to determine readiness for oral feeding and oral feeding ability [17–19]. Lau and

Smith’s Oral Feeding Skills (OFS) scale classifies oral feeding skills in preterm infants into

one of four levels that include actual feeding skills, fatigue, and endurance, with level one

being least mature and level four being most mature [17]. Oral feeding proficiency is

determined through quantifying the percentage of volume intake during the first 5 min in

relationship to the total volume prescribed and the rate of milk transfer over an entire

feeding is measured in milliliters consumed per minute [17]. Thoyre, Shaker, and Pridham

developed the Early Feeding Skills (EFS) Assessment, a checklist used to assess the feeding

skills of preterm infants [18]. The EFS Assessment is a 36-item scale that uses behavioral

and physiologic observations to assess the infant’s oral feeding readiness, oral feeding skill,

and oral feeding recovery. Pickler and colleagues used the EFS Assessment to measure the

feeding skills of 85 preterm infants pre-discharge and at two weeks post-discharge [19]. The

authors found the pre-discharge feeding scores as determined by the EFS Assessment to be
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predictive of post-discharge feeding scores, demonstrating the usefulness of the EFS

Assessment for researchers and caregivers [19].

Objective measures of sucking parameters are also used to quantify maturation of sucking

over time. In the present research, we used the M-CNSA to measure the infants’ sucking

pressure. Our findings show that sucking maturation can be assessed using 7 mm Hg as a

minimum pressure threshold, especially for male infants and premature infants who are still

developing their oral sucking capabilities. As an infant’s sucking pattern matures, an

increased number of sucks is expected [11]. For each PMA group, the number of sucks

increased at each weekly feeding evaluation indicating a maturation of sucking that is

consistent with previous research [2,20,21]. This finding persisted when 7 mm Hg, rather

than the previously used pressure threshold of 20 mm Hg, was used as the minimum

pressure threshold to detect a suck. These findings add to the body of research that has found

sucking maturation to be influenced by both age and feeding experience [11,22,23].

The current study is limited by its relatively small sample size of 171 infants. Additionally,

this study only included healthy preterm infants. Future research using the M-CNSA in the

manner described should include preterm infants at lower GA and infants with morbidities

that may influence their feeding maturation and maximal sucking pressure. However, it is

likely that using 7 mm Hg as the minimum pressure threshold would help capture more data

in these vulnerable populations given that their maximal sucking pressure would be

expected to be low.

In summary, using 7 mm Hg as the minimum pressure threshold to detect a suck resulted in

more sucks detected while preserving findings related to changes in maturation over time.

The greatest difference in the number of sucks detected occurred in infants born at lower

gestational ages and in male infants. Detection of more sucks and sucks at a lower pressure

threshold offers clinicians and researchers the ability to assess the beginning nutritive

sucking capacity of younger and less mature infants.
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Fig. 1.
Number of sucks across weekly feeding observations.
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Table 1

Sample characteristics (n = 171).

n % Mean (SD)

Infant sex

 Female 87 50.9

 Male 84 49.1

Maternal race/ethnicity

 African-American 84 49.1

 Latina 87 50.9

Plurality

 Singleton 146 85.4

 Twin or triplet 25 14.6

Type of delivery

 Vaginal 89 52.4

 C-section 81 47.6

Clinical site

 A 97 56.7

 B 74 43.3

Postmenstrual age (PMA) at baseline feeding observation (weeks)

 32 18 10.5

 33 36 21.1

 34 62 36.3

 35–36 55 32.2

Gestational age at birth 171 32.6 (1.5)

Birth weight (g) 171 1812 (355)

Apgar score at 5 min 170 8.3 (1.0)

Morbidity score (POPRAS) 165 68.2 (18.9)

Weight at baseline (g) 166 1852 (293)

Early Hum Dev. Author manuscript; available in PMC 2014 September 15.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

White-Traut et al. Page 11

T
ab

le
 2

M
ea

n 
di

ff
er

en
ce

 a
t e

ac
h 

tim
e 

po
in

t i
n 

nu
m

be
r 

of
 s

uc
ks

 m
ea

su
re

d 
by

 th
e 

7 
m

m
 H

g 
vs

 2
0 

m
m

 H
g 

pr
es

su
re

 th
re

sh
ol

d,
 b

y 
po

st
m

en
st

ru
al

 a
ge

 (
PM

A
) 

at

ba
se

lin
e 

fe
ed

in
g.

P
M

A
 a

t 
ba

se
lin

e 
(w

ee
ks

)
F

ee
di

ng
 o

bs
er

va
ti

on
 n

um
be

r
D

if
fe

re
nc

e 
in

 n
um

be
r 

of
 s

uc
ks

 (
7 

m
m

 H
g–

20
 m

m
 H

g 
th

re
sh

ol
d)

n
M

ea
n

SD
M

in
M

ax

32
1

14
46

.9
37

.8
6.

0
13

5.
0

2
12

47
.4

25
.2

8.
0

95
.0

3
12

37
.5

19
.3

14
.0

69
.8

4
6

31
.3

12
.2

11
.0

46
.0

33
1

25
39

.1
31

.8
10

.0
14

1.
2

2
24

42
.6

31
.5

16
.0

14
9.

9

3
17

29
.7

17
.2

3.
0

59
.0

4
5

43
.2

36
.8

8.
9

96
.0

34
1

42
41

.5
40

.3
7.

0
24

7.
8

2
44

38
.0

30
.1

6.
9

17
3.

0

3
24

32
.6

25
.2

7.
0

12
0.

6

4
4

36
.1

19
.3

15
.5

57
.8

35
–3

6
1

50
29

.6
20

.7
3.

0
91

.0

2
34

32
.5

19
.5

4.
0

92
.2

3
15

49
.5

43
.5

6.
0

14
8.

0

4
3

28
.1

22
.2

11
.0

53
.1

Early Hum Dev. Author manuscript; available in PMC 2014 September 15.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

White-Traut et al. Page 12

Table 3

Final random intercept model for the difference in number of sucks measured using the 7 mm Hg vs 20 mm

Hg pressure threshold (n = 171 babies, 331 feeding observations).

Parameter Beta estimate SE p-Value

Intercept 119.88 35.93 0.001

Time (days) −0.18 0.26 0.49

Gestational age at birth −2.64 1.09 0.02

Infant sex (male vs female) 8.40 3.20 0.01
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