ABSTRACT

BACKGROUND: The organization of non-nutritive suck (NNS) bursts in preterm babies provides
insight into the neuromotor integrity and developmental status of this important neural pattern
generator. Oromotor coordination and feeding are key issues following intubation and the resultant

orosensory deprivation associated with respiratory distress syndrome (RDS), or brain injury following

intraventricular hemorrhage (IVH).

OBJECTIVE: To characterize the parametrics of NNS activity among preterm infants with no
comorbidities, and preterm infants diagnosed with either RDS or IVH at weekly intervals during their
stay in the NICU.

DESIGN/METHODS: NNS pressure waveforms were digitized on-line in 3 minute epochs cribside
from 37 pre-term infants including healthy preterm-controls (N=14, 26 sessions), RDS (N=30, 64
sessions), and IVH (N=11, 31 sessions) in the NICU prior to a scheduled feed. Weekly assessments
began at 30 weeks gestational age. The variables of #sucks/block, #sucks/burst, #sucks/session, and
#bursts/session were statistically compared to identify any significant differences between the three
groups as a function of test session number and gestational age.

RESULTS: A two-way ANOVA (General Linear Model) revealed the number of sucks/block varied
significantly as a function of session number in the NICU (F=4.505, p<0.001), and as a function of

neonate population (F=3.396, p=0.037). The number of sucks/burst varied significantly as a function of

neonate population (F=4.854, p=0.010), and as a function of gestational age (GA) at study (F=1.730,
p=0.019). The total number of NNS cycles varied significantly as a function of session number
(F=4.505, p<0.001), and neonate population (F=3.396, p=0.037). The total number of bursts varied
significantly as a function of session number (F=4.664, p<0.001), and neonate population (F=4.280,
p=0.016).

CONCLUSIONS: The non-nutritive suck, characterized in terms of activity levels and burst
complexity, manifests a significant developmental progression among preterm control babies that
varies markedly from their RDS and IVH counterparts. The effects of extended periods of sensory
deprivation among RDS babies, and neural insult associated with IVH negatively influence oromotor

coordination. Further study is required to determine the plasticity and activity-dependent mechanisms

underlying the NNS pattern generator in relation to feeding competence.
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Central pattern generators are defined by “...neural circuits that can produce rhythmic motor patterns

in the absence of phasic drive, either from a sensory input or a descending control pathway.” (Eve

Marder, 2001)
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METHODS

Weekly testing in the NICU (2 sites)
Follow-ups @ 3, 6, 12, 24 months

Testing (@ bedside 15 minutes before a feeding
Brief neurological examination, positioned and settled

Non-nutritive suck testing (NeoSuck RT)

Groups:
Pre-Term Control (N=14)

Respiratory Distress Syndrome (N=29)

Oromotor Dysfunction (N=11)

Non-Nutritive Suck Peak Picking Algorithm (NeoSuck RT):

original suck signal data.

. First derivative of the suck pressure signal is computed and peak values are obtained by indexing
each zero crossing (that meets the minimum threshold-slope) of the derivative suck signal into the

. If the gap between two consecutive peaks is less than the minimum peak period then the smaller
of the two peaks is eliminated from the result set containing peaks.

. Peaks with values less than the minimum threshold and with range less than the minimum peak

valid range are eliminated from the result set.
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SUBJECT DESCRIPTIONS
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NON-NUTRITIVE BURST

“Operationally defined as any repetitive mouthing activity on a baglet.” (Peter Wolff, 1968)
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Preemie GA@Birth (wks) Birth Wt (g) Days 02 Other
1 29.0 1250 0 mild RDS
2 30.0 1580 0 VSD
3 31.0 1140 0 none
4 31.0 1430 0 mild RDS
5 31.0 1525 0 none
6 31.0 1770 0 none
7 31.1 1580 0 none
8 31.1 1670 0 none
9 33.0 1780 0 none
10 33.0 2014 0 ASD
11 33.1 1580 0 none
12 33.1 1785 0 mild RDS
13 34.6 1929 0 none
14 34.7 2165 0 none
Mean 31.9 1657.0 0
Respiratory Distress Syndrome
Preemie GA@Birth (wks) Birth Wt (g) Days 02 Other
1 23.0 527 08 RDS
2 24.9 591 94 RDS, sepsis, NEC
3 25.0 493 3 GERD, sepsis, RDS,
4 26.3 900 48 sepsis, RDS,
5 27.0 1025 26 RDS, PDA
6 27.4 890 62 RDS
7 27.9 1130 9 RDS, PDA
8 28.0 1130 6 RDS, sepsis
9 28.1 926 52 PVL (right)
10 28.4 1140 26 RDS, PDA
11 28.6 1160 3 RDS,
12 29.6 1295 30 RDS, PDA
13 29.9 1395 6 RDS
14 29.9 1589 16 RDS
15 30.3 848 10 RDS, IUGR, sepsis
16 30.9 1454 45 RDS, sepsis
17 31.0 1800 3 RDS, PDA
18 31.1 1427 3 RDS, sepsis
19 31.4 1350 6 RDS
20 31.4 1701 5 RDS
21 314 1708 36 RDS
22 31.7 1139 5 RDS
23 31.9 1545 5 RDS, PDA
24 32.0 1700 3 RDS, PDA
25 32.3 1555 3 RDS
26 33.3 1844 8 RDS
27 37.3 2380 8 GERD, VSD, IUGR
28 38.0 3317 34 RDS
29 38.4 1640 35 RDS
Mean 30.2 1365.5 23.7
Oromotor Dysfunction
Preemie GA@Birth (wks) Birth Wt (g) Days 02 Other
1 23 646 99 RDS, sepsis, IVH 11, GERD
2 24.1 685 104 RDS, NEC, IVH I, sepsis
3 28 1300 1 RDS
4 28.3 1050 52 IVH 11, RDS, PDA, NEC
5 30.9 1200 3 RDS, PDA,
6 31.1 1118 3 poor oral feeding
7 31.7 1409 1 poor oral feeding
8 33 1710 8 RDS, IVH 111, PDA
9 33.9 2813 0 poor oral feeding
10 34 1390 0 IUGR
11 37 2827 2 sepsis, gastroschisis
Mean 30.5 1468 24.8
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Preterm Control Group
Distribution of Gestational Age at Birth
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e PRETERM CONTROL infants were able to commence the study at 33.68 weeks mean GA,
whereas infants in the respiratory distress syndrome (RDS) and oromotor dysfunction (ORODYS)
groups matriculated into the study at 35.35 and 35.52 weeks mean GA, respectively.

e The above difference in mean GAs for the initial study sessions is likely due to birth
complications associated with immature respiratory system (RDS) and neurological insult
(oromotor dysfunction).

e On average, RDS and ORODYS preemies were born earlier (30.19 and 30.45 weeks GA,
respectively) compared to the PRETERM CONTROLS (31.91 weeks GA).

e PRETERM CONTROL infants were discharged earlier from the NICU in comparison to infants
in the RDS and ORODY'S groups who required longer stays in the NICU.
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Respiratory Distress Syndrome Group

Distribution of Gestational Age at Birth

Visit Mean StDev N
1 33.68 1.482 14
2 33.91 1.160 8
3 34.05 0.081 3
4 35.00 0.000 1

Respiratory Distress Syndrome Group

24 28 32 36

Gestational Age at Birth (Weeks)

Oromotor Dysfunction Group
Distribution of Gestational Age at Birth

Mean
StDev

Gestational Age at Visit (Weeks)

Visit Mean StDev N
1 35.35 3.824 29
2 35.73 3.360 20
3 35.73 3.838 10
4 35.43 1.505 3
5 36.78 0.000 1
6 37.78 0.000 1
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Oromotor Dysfunction Group
Gestational Age at Visit (Weeks)

T
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Gestational Age at Birth (Weeks)

= Sucks

Visit Mean StDev N
1 35.52 2.956 11
2 36.48 2.644 8
3 37.50 2.826 6
4 36.71 1.425 3
5 37.50 0.297 2
6 38.71 0.000 1

50 +

Meredith Estep', Steven M. Barlow', Rajesh Vantipalli', Don Finan?, Monique Fees', Mimi Urish', Meredith Poore', Susan Stumm', Lana Seibel', Susan Cannon’, & Joy Carlson®.

# Sucks/Block Vs. Visit

PEDIATRIC
ACADEMICE}
SOCIETIESY

2005:

¢
Annual .'ﬂeeting’:;
”

‘:']J‘e::'u"rl‘ r.rf'ﬁ"r. L ‘.Ir:': l:’

[—1 Preterm Control

40 -
30 -
T fosnsa]
20 -
1u-l
0 : .
Ly
’-'"hk *-‘.F *b&
50 -
40 -
i E
a0 3 E
g % 2
2049 @ 2
8
mq 4
a8
1] ;

O F Sk bok
— =L+ ET T X

a0+

40

30 4

20 4

10 S

I Fecp matory Distress Syrudrorme

-

B =
»
o
L]

o e Er  aEm
e @
e o

L]

| 2 3 4 5 & 7

— = 35T+ (1505

& 7 SnckidB ok

1 I

# Sucks/Burst Vs. Visit

B Ororotor Doesfimction

1 Fetenn Cortrol E Fespiratory Distess 5 yd mme

14 - 14 -
40 ot 12 - 12
2o o
2 10 10
= g al
3.5 = .
i E E ] E ] .
n i
§ 6ir T 6 -
o ket o A
ll:l b m 4 3 LI XL K] 4 = ! l Aanaa
:Ft: -
D 2 | . e
h],: hﬂ % % ?b E |:I T T T | |:I T 1 T T T T
[
‘;:- i 2k iy A & 1 2 3 4q .;3,1 -:‘:.? t:|3 ;1 E E
wb _,?'::' _;:' _,;“ .,_:_"I:.I .,_:_"l:-I _i;“ = = =
o o i a LR o - - o
- .
Visit
o 14 - 14 -
i ™ W ™
W L, 125 12 - -
. = ’ = 10 10
30~ = -] ] = T -1
i - o -
. == 2] * 4
:ﬂ . I : ] ﬁ'f o s :
" - o fin i "
. i3 : = 3 .
10 4 ] w4 ______ﬁ_——ﬂ————_ 4 _/Pr/iT./T
» 3t . ! o
i 2 2 - ]
1 2 3 q 5 A 0 . . . . 0 .
1 2 3 4q 1 2 3 q 5 [

e # SucksBlock

—— Y= 26549 - (0.102 "X

o H Sucks/Burst % H Suchks/Burst

o # Suchks
— W= TOSG63 + (18,7037 X7
Feqr= 0172
p= 00357

| 3 3 4 5 &

— W= 10T+ (F AT T W)

@ H Sucks

Rsqr = 0.0331
p=0.122

Visit

10

14 -

12 -

g

o

I

B Cronotor Dysfincton

i I

JTNI

& ]
E_ o & &
B ™ .

@ H SuckssBurs

Acknowledgements:

1 2 3 4 7 &

@ # Sucks
— W= 132745 - (05087 K]
F=qr = 00002
p = 0843

Eiqéu.-ngé!m Es-qcru.-m'.jfsal Eﬂ;&”m — Y= A6+ 02137 — Y= 4224401587 H) Y= 6557 - (04017 )
Rsqr = 0.0107 Rsqr= 0 0082 Rsqr= 0045
i p=0616 p = [.476 p=0270
Visit
Visit
# Bursts Vs. Visit
1 Petermn Cortrol B Fepratony Distess S ymdmre B Omorotor Disfanchon
200 - 200 - . W0 -
130 4 150 ~ 150 - I
0 { —L 100 - I ETps 100 4
a0 - a0 - 50 4
| . DEPENDENT SOURCE OF Cctatistic value?
0l = . 0 : . 0l ; —— - -
: i 2 . & wr 4 om = v 4 3 e = : VARIABLE VARIATION
w b .d;-':: -ﬂ}c: I'I:!;'"I 'ﬁ w -‘?t:l -‘?h -‘?h L _,}'h _,;_'::' -‘?‘:: -‘?rb -‘?h . .
“ 3 S 7 2T B R T ET s Y 8 #Sucks/Block Visit # F(5)=4.505 p<0.001
00 - 200 - Visit 200 - @ ng Group F(2)=3.396 p=0.037
g
" ' #Sucks/Burst GA F(59)=1.730 p=0.019
150 - 150 5 150 4 @
2 : g v : 2 Group F(2)=4.854 p=0.010
. - & . ..
) ;ﬂ/ 0 1 W 00 - — #Sucks/Visit Visit # F(5)=4.505 p<0.001
¥ : o B ° e ) . — —
017G 5lg o o - v | Group F(2)=3.396 p=0.037
* . * . . . .
" 8 2 5 #Bursts/Visit Visit # F(5)=4.664 p<0.001
=]
T T 0 3 4 = & & T 3w B & Group F(2)=4.280 p=0.016
O # Bursts @ # Bursts # # Hursts
Y= 49219 + (15.658 ™ X)) — ¥ =TT2E6 + (6121 " K] — ¥ = 109445 - (1AT5 ™ ¥]
Rsgr = 0.1410 Rsqr = 0.0284 Rsqr = 0.0001
p =0 058 p = 0.183 p = 0866
Visit
q . 'r . Tl *
# Sucks Vs. Visit SUMMARY
RS B Fespiratery D ress Symd o Orcreiiot D cion e Preterm control group - Youngest GA at each test session compared to infants in the RDS and
20 4 20 5 Sl Orodysfunction groups, display appropriate oromotor coordination. NNS parameters of
- - . - infants in this group decrease in variance across test sessions.
150 A 1504 . 104 e RDS group — Second youngest GA at each test session compared to other two infant groups,
o — I — affected by orosensory deprivation. NNS parameters of infants in this group decrease
100 - 100 - i 100 . . : : : :
in variance across test sessions; however, with longer latency compared to infants in the
a0 - l < 4 ’ Q- preterm control group. This suggests the presence of a developmental delay.
0 i . : 0 R o A T 0 .5 i I 4 e Orodysfunction group — Oldest GA at each test session, with neurological insults such as IVH.
M S # LB e 2SS B A L NNS parameters of infants in this group do not decrease in variance across test sessions in
£ i . . .
" contrast to infants in the preterm control or RDS groups. This suggests the presence of a
- 250 . Visit — constant motor control error.
® 'y -
200 - 200 " o] . % OF .
; o . ‘
150 4 8 i R L 130 - E < w
- o I . » | =B .
= = z 3 "
o1 s  wrrE L e wyl e
o -
Fi 2 50 4 : ' ol* @ * .
& L]

Supported in part by NIH RO1 DC03311 (SM Barlow)
Gratitude to Christopher Lorenzen for poster layout



