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INFANT FEEDING FREQUENCY:
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ENTERIC NERVOUS SYSTEM !! CEPHALICE

GASTRIC PHASE
The digestive system is endowed with its INTESTINAL PHASE

own, local nervous system referred to as
the enteric or intrinsic nervous system. A T

Gastric emptying

T T T T 1
100 200 300 400 500
Minutess after inge stion

(Adapted from Camilleri, et al. Am ] Physiol
Gastrointest Liver Physiol 257:234, 1989.)

The magnitude and complexity of the enteric
nervous system is immense - it contains as FEEDBACK LOOPS
many neurons as the spinal cord.
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modulates state organisation

elicits emotional behaviours

activates pre-feeding actions
anticipatory digestive physiology
regulates pace of ingestive behaviour

DOUCET

... breast chemosignals

activate oral activity on the

nipple that releases a cascade

of behavioral, neural, neuroendocrine
and endocrine processes

in the newborn and the mother.”

Benoist SCHAAL

SMELL

“Olfaction in the fetal and q
premature infant: Cens [ )
functional status and Expected

external

clinical implications” environment

Functional at end of first trimester,
begins very early, experience dependent
“effective from 29w GA” - significant

Perinatal brains show

orientations towards
“neonatal olfactory
expectations”

When provided:
calming, autonomic orientation, active
approach, metabolic conservation.

When not fulfilled:
withdrawal, autonomic defense & distress
behaviours, metabolic expenditure

“In early ontogeny the
sleeping brain may thus
remain sentient of an
organism’s odor
environment.”




STATE ORGANISATION. STATE ORGANISATION.

Simplified scale -
HARD CRYING L to R shunting, IVH risk
CRYING Stressful, wastes calories,
FUSSING ... build up to stress
ACTIVE AWAKE This is feeding zone!
QUIET AWAKE Time to connect - stimulation
ALERT INACTIVE ... transition zone
DROWSY ... transition zone

Th e a bl | |ty to a p p ro p rl ately IRREl:icJEX: :t::: ... activity consumes calories

control the level of e e
sleep and arousal.

SLEEP CYCLING -
Separation vs contact

In separation:
e Dissociated state
e No cycling, chaotic pattern

SLEEP CYCLING - INFANT FEEDING FREQUENCY:
Separation vs contact available evidence & neuroscience

'?. OVERVIEW:

- -
Neuroscience
Anatomy & physiology
Available evidence
In SSC: _ Proposal feeding frequency
e Normal cycling Implications

e Non-chaotic pattern




Oesophagus
Gallbladder

Duodenum
(first part
of small
intestine)

Large
intestine
(calon)

Small
intestine

intestine)

Hydrochloric acid
important for activation of pepsinogen,
inactivation of microorganisms such as bacteria.

Pepsinogen

activated by acid into active pepsin,
responsible for the stomach's ability to initiate
digestion of proteins.

Chymosin

is an enzyme whose role is to curdle or
coagulate milk in the stomach, a process of
considerable importance in the very young animal.

Gut hormones.

20 different hormones
work in the gut -
regulated by the vagal nerve.

Each has a specific function.

Fetal stomach appears 4 weeks GA.

By 11 weeks, wall capable of muscular
contraction.

. the neuroregulatory mechanisms
responsible for the coordination of antro-
pyloric motility and gastric emptying are
well developed by 30 weeks of PMA.
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Minutes after consumption
Chymosin /
makes the milk into “cheese”
halfway between liquid and solid
stomach empties in 60 minutes

Gut hormones.
"Bad guy" - SOMATOSTATIN:

(produced by fetus, rise 10-fold under stress)

inhibits gastrointestinal secretion,
inhibits motility ,
reduces blood flow to gut
and absorption,
causes gastric retention,
vomiting, constipation.



SOMATOSTATIN:

inhibits the good hormones,
contributes to
slow weight gain.
At high levels also
inhibits release of
growth hormone.

Enteric Nervous System

The “niche” (occupation) of a neonate (Alberts)

BOND-> FEED PLAY-> FEED

SLEEP > SLEEP

INFANT FEEDING FREQUENCY:
available evidence & neuroscience

'?. OVERVIEW:
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Proposal feeding frequency
Implications

It takes 30 to 60 minutes
of SSC to lower somatostatin
and other stress hormones

SSC &
SLEEP
VITAL !

A normal sleep cycle is ONE hour.
How often should neonates feed?

Optimal feeding of
low-birth-weight infarits
EVIDENCE
FOR
FEEDING

FREQUENCY
227?




FEED FREQUENCIES AND INTERVALS
Results

Effects on mortality, serious morbidity,
neurodevelopment or malnutrition
NoRCTs or observational studies were located
which examined the impact of feeding fre-
quencies or intervals on mortality, serious

Effects on other important outcomes

Only case series and descriptive studies were
located which examined outcomes such as feed
tolerance and biochemical measures (Level IV
evidence) (270, 282). These studies indicated

Conclusions and implications

Only case series and descriptive studies were
located in this section. These describe the

about the safest or most effective regimens. No.

implications can be drawn for infants of par-

ticular gestational ages or birth weights.

Recommendations

No policy statements from international or
national organizations were located which
examined the Frequency of feeding in LBW
infants. Standard practice in many neonatal
units is to commence feeding 4-hourly for
infants >2000g, 3-hourly for infants 1500—
2000 g, 2-hourly for infants 1000-1500 g,
and hourly in infants <1000 g. Feeding inter-
vals are then extended on an individual basis
depending on feed tolerance, gastric aspirates
and physiological stability. It was not possible
to provide additional recommendations due to
insufficient evidence.

Only case series ...

Insufficient evidence

No mention of
stomach capacity
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KEY QUESTION:
WHAT 1S THE

STOMACH
VOLUME
OF THE

NEONATE ???
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Figure 2. Ghanges of gasrric aren in a represenmative ferss 17 33

weels of gestation, in associarion with gastric peristalsis. The
‘masinmm gastric azca (4] and the minimum gastric arca (B) (27

Figure 1. The schema of the fetal stomach, which s defined as the
largest gastric area, inclusive of the pylorus, in relation to the
fransverse abdominal area [27)
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Assumption: 2,5 kg baby 33w GA,

requiring 150 ml/kg/day = 375 ml
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45 MIN CYCLES ( 32 cycles/day)
12 ML PER CYCLE = 384 ml

Only recent study located:
“Autopsy” capacity was determined
in Indian post-mortem studies

100 autopsies (63 SB, 37 ENND)

Tied at cardia and pylorus, filled with
water, emptied & measured, repeated,
“... obliteration of the gastric curvatures”
“due care to minimize stretch artifacts”

BRADSHAW formula

Formula for calculation of stomach capacity (Charles Bradshaw, UCT)
Assumptions: the stomach can be approximated by dividing into

three sections, namely a ellipsoidal hemisphere, an ellipsoidal cylinder;

and a skewed ellipsoidal cone.

Variables: a = anteroposterior radius, t = transverse radius, | = length stomach
Relations: the height of the cone and the hemisphere are both the same as ‘a’

Ellipsoid = 4/3*Pi*ri*r2¥r3 =4/3*Pi*a*a*t;
therefore volume of hemisphere =2/3Pi*a*a*t
Cylinder = Area of base * height =(Pi*a*t)* (l-2a)
Skewed cone = 1/3 * base *height =1/3*Pi*a*t*a
Total volume =2/3 *Pi*a*a*t + Pi*a*t*(-2a) + 1/3*Pi*a*t*a
=Pi a*t* -Pi * a *a*t
=Pi*a*t*(-a)

Goldstein and Sase data:
Stomach capacity at term 10 - 15 ml

Newborn stomach volume.

Gastric volumes at birth
Correlated with gastric pH,
gastrin and somatostatin 2>

“fetus drinks 10 ml portions
of amniotic fluid .."

Infants above 2500g only:
Ave Range
Stillborn (n 11) 19.6 ml (10-35)
Early death (n9) 17.8 ml (10-25)
All cases (n20) 18.8 ml



Known references with data:
Scammon and Doyle 1920

Zuccarelli's method: stomach filled at
autopsy to “a pressure of between
15 and 20 centimeters of water”

Known references with data:
Scammon and Doyle 1920

quoted in Silverman 1961

14571 feeding records from 323 newborns
“physiologic capacity” - all breastfed
test weighing before and after feeding

1 L 1 1 ! I} 1 |
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Fig. 9,—Semidiagrammatic curves illustrating the relation between the aver-
age physiologic capacity and the average anatomic capacity of the stomach in
the first ten days of postnatal life.

Anatomic capacity was determined
in post-mortem studies
Main data set > Alliot 1905 (n 25)
Scammon own cases ? (n 13)

30 - 35 ml at birth -
almost regardless of birth weight

“... modern infant feeding.” >

“infants were breastfed 5 times per day”

INFERENCE?? If fed 5 x per day
and daily requirement 160 ml x 3kg = 480
Required volume: 480 / 5 = 96 mis

Did not measure stomach capacity:
Pre-determined a feeding frequency!

“... modern infant feeding.” = 5 per day

Did not measure stomach capacity:
Pre-determined a feeding frequency!

" ... the figures ... presented here are
distinctly higher than those of earlier
investigators ... not surprising considering
... (they) made their observations upon
infants which were fed eight or more
times per day.”




Imagine a study !! Imagined study was done!!

Let us measure the stomach capacity
with a balloon ... at end of NGT
Test the pressure on adults

must not be uncomfortable

. In healthy neonates, the volume of feedings in the first days

Once the pressure starts to rise: of life is 60-100 mL/kg per day or about 20—40 mL per

- there is risk for reflux feeding. After a few days, the healthy neonate ingests approx-

- to be avoided - expected physiology imately 150 mL/kg per day, or about 75 mL per feeding. The

THIS SHOULD BE THE No reference given ....
STOMACH CAPACITY

TERMINOLOGY PROPOSALS

“Functional capacity”

equivalent to “"expectation volume”,

for which optimal pepsin / acid is made,
does not cause distention
allows adequate time for curdle
allows protein breakdown
allows controlled pyloric passage

Pressures (mmHg)

Balloon inflates to

Pressure (mmhg)

¢ 15 ml no increase

5 0 5 10 15 20 25 30 35
Volume (ml}

functional
capacity

TERMINOLOGY PROPOSALS

Physiological capacity
Maximal amount stomach can handle

without undue stress.

Pressures (mmHg)

Balloon inflates to

Pressure (mmig)

“Receptive capacity” of STOMACH

° 15 ml no increase maximal amount stretched organ holds

5 0 5 10 15 20 25 a0 35 20 ml pressure OK

Volume (ml}

“Ingestive capacity” of BABY

amount baby or infant swallowed,
(note, excess not in stomach)

physiologica

capacity ..,




EVIDENCE:

Author Capacity Note:
Sase 10-15 ml Live, term fetus

_ Goldstein 10-15 ml Live, term fetus

. % Widstrom 10 mls Live, newborn
“Receptive capacity” of STOMACH Zangen 20 mls Live, (pressure)
maximal amount stretched organ holds

Naveed 20 mils Autopsy (SB)

“Ingestive capacity” of BABY 20 mls Autopsy (ENND)
amount baby or infant swallowed, Scammon  30-35 ml Autopsy (water
(note, excess not in stomach) (Alliot) pressure)

PRO POSAL Imagined study was done!!

The CAPACITY of a
week old baby’s

Tested the pressure on adults >

. Pressures (mmHgQg)
StOmaCh IS Adult senses at 23

apprOX 20 ml. pain/discomfort 26

In healthy children and adults, the gastric fundus and body
relax as a meal enters. so that there is little increase in
intragastric pressures over a wide range of volumes (11-13).
17 healthy infants
“within the first week of life”
fed every 4 hours, swaddled,

breast or bottle fed (not factored in regression)

latex balloon in stomach

The purposes of this study were to obtain data about the
response of the stomach to distention and to identify factors
involved in the maturation of gastric relaxation in healthy term
newborn infants. 5




Pressures (mmHg)
Adult senses at 23
pain/discomfort 26

In study: Max = 30 mmHg !!
(motivation:
200 mmHg when vomiting ???7?)

Number of feeds &
gastric compliance
- positive correlation

Gt Complanca(mfrmish

ALTERNATIVELY:
the more often you
stretch the stomach,
the bigger it soon
becomes (76 mls)

the neuroregulatory mechanisms
responsible for the coordination of antro-
pyloric motility and gastric emptying are
well developed by 30 weeks of PMA.

Pressure (mmig)

Pressures (mmHg)

Balloon inflates to

15 ml no increase
5 0 5 mV;:Jm:?mnﬁ %0 35 20 ml pl"eSSLll"e OK
25 ml discomfort

30 ml “ethical” limit

75 ml per feeding

In healthy neonates, the volume of feedings in the first days
of life is 60-100 mL/kg per day or about 20—40 mL per
feeding. After a few days, the healthy neonate ingests approx-
imately 150 mL/kg per day, or about 75 mL per feeding. The
relatively low feeding volume during the first hours of life,
coinciding with the physiologic diuresis of excess extracellular
fluid that accompanies the transition from prenatal to postnatal
life, may be caused by one or more factors, including a lack of
hunger or thirst because of CNS depression or arousal, chang-
ing hormone concentrations associated with parturition, or
immaturity of gastric function. Despite the appearance of
anatomic features of the digestive tract early in fetal life (1, 2),

many aspects of gastrointestinal motility are immature in the

neonate (3—6). fn vitro studies demonstrated rapid postnatal

. many aspects of gastrointestinal
motility are immature in the neonate

75 ml per feeding ... ?? ASSUMPTION

IMMATURE 7?7?77
OR
OVERWHELMED !!!

immaturity of gastric function. Despite the appearance of
anatomic features of the digestive tract early in fetal life (1, 2),
many aspects of gastrointestinal motility are immature in the
neonate (3-6). /n vitro studies demonstrated rapid postnatal

. many aspects of gastrointestinal
motility are immature in the neonate
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PROPOSAL:

The CAPACITY of a
week old baby’s
stomach is

approx 20 ml.

IS

Assumption: 3kg baby,

ol
o

requiring 160 ml/kg/day

w

I
3

daily requirement = 480ml
/ Standard

feeding frequency
n

4 DAL schedule
1 hou
°® | schedule

o

T —_ T T T ' T
10 20 30 40 50 60 70
volume ingested

o

PROPOSAL:

The FEEDING
FREQUENCY of the
NEONATE is

approx 60 min.

80

INFANT FEEDING FREQUENCY:
available evidence & neuroscience

?. OVERVIEW:

L
- [ 2
Neuroscience
Anatomy & physiology
Available evidence
Proposal feeding frequency
Implications

4] 10 20 30 40 50 60 70 80
volume ingested

FUNCTIONAL CAPACITY

PHYSIOLOGICAL CAPACITY

RECEPTIVE CAPACITY of stomach

INGESTIVE CAPACITY of BABY

BRAIN CYCLING

CEPHALIC PHASE
GASTRIC PHASE
INTESTINAL PHASE

Gatiches ()
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Normal physiology of the
Enteric Nervous System

The “niche” (occupation) of a neonate (Alberts)

BOND-> FEED PLAY- FEED

SLEEP - SLEEP

“Small and frequent feeds,
according to the sleep cycle”

A balloon in stomach
can fill to 76 mls

What does the
stomach -

without a balloon -
do to 76 mls?

REFLUX I

WHERE IS THE MILK?

What happens when my baby cHow:

spits up?

Babies spit up when they've eaten
too much or when they're burped. It
can also happen when your baby is

drooling.

Spitting up is not vomiting.
Babies usually don't notice when
they spit up, while vomiting is
forceful and painful. Spitting up is a
common occurrence for most
babies.

INFANT FEEDING FREQUENCY:
available evidence & neuroscience

?. OVERVIEW:

L
- [ 2
Neuroscience
Anatomy & physiology
Available evidence
Proposal feeding frequency
Implications

WHERE IS THE MILK?

WHERE IS THE MILK?

What happens when my baby

spits up?

Babies spit up when they've eaten
too much or when they're burped. It
can also happen when your baby is

drooling.

Spitting up is not vomiting.

Spitting up is REFLUX.
Nils Bergman, 2011
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BMC Pediatrics BiolVled Central
Research article

Infantile gastroesophageal reflux in a hospital setting
Susan S Baker*, Christine M Roach, Michael S Leonard and Robert D Baker

Methods: Retrospective chart review of children aged 0-2 years discharged between January |,
1995 and December 31, 1999 with a diagnosis of reflux documented in their hospital chart priar
to 12 months of age.

Results: Reflux was the seventh most common reason for hospitalization. About 50% of subjects
with reflux had multiple hospitalizations. Of the 1,096 infants diagnosed with reflux about half were
born prematurely. Reflux was the primary diagnosis for 21% of all infants; 10% of those born
prematurely. The average length of stay for the subjects was longer than the hospital average.
African Americans, 2.4% of the population, accounted for 29% of discharges. Caucasians, 86% of
the population, were 66% of discharges. 21.8% of African Americans and 68.3% of Caucasians were
diagnosed with reflux. 35% of mothers smoked, 27% worked and 48% had public insurance,
compared to 22.2%, 57%, and 24% respectively of females in the general population.

Conclusion: Reflux is a commen discharge diagnosis. Children who have primary reflux have

HYPOGLYCAEMIA

A babies stomach
empties in
60 minutes.
Blood sugar
may fall ...
o after 90 minutes ...
-y Option?
HOURLY FEEDING.

H
H

Solid meal

H

% of meal retained in stomach

°
o

This finding is important,
not so much to predict
which infants are at risk
for becoming overweight
adults, but more to under-
stand the importance of
the human physiology
of programming during
short early-life periods
on the development of
chronic disease over the
life course.

Large volume feeds
stretched stomach=

doubled absorptive
capacity as adult

Blood sugar may fall ...
after 90 minutes ...

“There is a
reason behind
everything

in nature” Aristotle

Would nature allow this?

Circulation s

Learn and Live..

JOURNAL OF THE AMERICAN HEART ASSOCIATION

‘Weight Gain in the First Week of Life and Overweight in Adulthood: A Cohort
Study of European American Subjects Fed Infant Formula
Nicolas Stettler, Virginia A. Stallings, Andrea B. Troxel, Jing Zhao, Rita Schinnar.
Steven E. Nelson, Ekhard E. Ziegler and Brian L. Strom
Circulation 2005:111:1897-1903

898 Circulation  April 19, 2005

Weight gain 1st week:

Rapid
infancy . N
weight gain \ Discussion

S The main finding of the present study was that weight gain
+ Adulthood during the first week of life in healthy, European American,
-(?) overwoight formula-fed infants was associated with overweight status 2

to 3 decades later. This finding is important, not so much to
Infant

e predicts OBESITY
at 30 years

Figure 1. Conceplual mods! for hypottesized asso alios of
infarcy weight gein axd foeding rode with adultFcod
oveweigt.

Gastric overfilling syndrome?

» aspiration into lungs can
cause pneumonia,
bradycardia and/or apnea

esophagitis

in very prem babies
can cause NEC

14



Gastric overfilling syndrome?

Excessive volumes
reflux, aspiration, colic

Excessive time interval
hypoglycaemia

Adaptations
diabetic diathesis, obesity

WHAT IS THE
STOMACH
VOLUME

OF THE
PREMATURE ??

The CAPACITY of a
low birthweight prem
from 20ml / 30009

= 0.007 x BWt (g)

1kg x 0.007 = 7mls
2kg x 0.007 = 14mls

Developmental Care of the
Enteric Nervous System

The “niche” (occupation) of a neonate (Alberts)

BOND-> FEED PLAY- FEED

SLEEP > SLEEP

“Small and frequent feeds, according
to the sleep cycle”

Assume low resilience

Assume proportionality ->

Standardised from
20ml capacity
for 3kg baby

( x 0.007) l

Baby weight; freq; req’d size - actual
2kg baby: 4hrly

~ 320 ml/6 = 53ml > 14ml
1,5 baby: 3hrly

~ 240 mi/8 = 30ml -> 10ml
1,0 baby: 2hrly

~ 160 mi/12 = 13ml > 7ml

15
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D of the longitadinal (open circles), the

Proposed Management >

All babies should be fed
at least once an hour !!

Babies should be fed
EVERY TIME THEY WAKE !

“JAKOB"”

Feeding time (EBM) - pacifier provided
Mother does the feeding
1006h Feeding starts
1017h omls left 17ml ~ 2 hrly feed

cardiorespiratory
instability 78%

1029h

1023h 5 mis left 2ml remaining

cardiorespiratory :
instability 72% 1031h Feeding end

Feeding time
= 25 minutes

Gastric overfilling syndrome?

Proposed Management >

Proposed Management >

All babies should be fed
at least once an hour !!

16



The first Milk Ejection Reflex
(MER)

elicited in < 2 minutes
works quickly

swallowed 1 minute

Feeding time (max)
3 minutes

The “normal” or usual and
common breastfeed

takes 15 minutes
discomfort after
burping time 5 minutes

Feeding time 20 min

Repeat every 3 hours

Repeat every 1 hour

»
&

The calculated daily
requirement for a 3kg
baby can be given
without increase in
pressure ....

- MINIMAL RISK

3

Pressure (mmig)
&

3 minute 20ml feeds x 24/d = 72 minutes

3

20 minute 60ml feeds x 8/d = 160 minutes

5

o

5 0 5 10 15 20 25 80 35
Volumg (ml}

e

20 mls x 24 feeds PARENTS CAN DO
= 480mls / day SAFELY !

SMALL AND FREQUENT FEEDS
ARE EFFICIENT !

FEWER NURSES NEEDED !!!

Infant feeding frequency:

? Proposal based on available

Cpr.l ? ? . evidence and neuroscience
L

rl ll"ﬂrl

T -
“Small and
frequent feeds,
adjusted to
the sleep cycle”

All babies should be fed
at least once an hour!!




