
1

Infant feeding frequency:Infant feeding frequency:
Proposal based on available Proposal based on available 
evidence and neuroscienceevidence and neuroscience

Dr Dr Nils BergmanNils Bergman
”M.D., D.C.H., M.P.H., Ph.D.” ”M.D., D.C.H., M.P.H., Ph.D.” 

Cape Cape Town, Town, 
South South AfricaAfrica

1

Speaker Disclosure
•• I had a financial affiliation with AMEDA :  I had a financial affiliation with AMEDA :  

Speakers Bureau (ended May 2010)Speakers Bureau (ended May 2010)

•• I am the South African distributor  for MIRIS : I am the South African distributor  for MIRIS : 
Human Milk AnalyzerHuman Milk Analyzer

•• My My wife wife and I market and I market educational materials and educational materials and 
shirts shirts under business entity:under business entity:

Kangaroo Mother Care Kangaroo Mother Care PromotionsPromotions

INFANT FEEDING FREQUENCY:INFANT FEEDING FREQUENCY:
available evidence & neuroscienceavailable evidence & neuroscience

References in this format

OVERVIEW:OVERVIEW:
New section this background

NeuroscienceNeuroscience
Anatomy & physiologyAnatomy & physiology
Available evidenceAvailable evidence
Proposal feeding frequencyProposal feeding frequency
ImplicationsImplications

3

CNS

ENS

ANS

Internal
Somatic

environment

CNS: cortical / CNS: cortical / subcorticalsubcortical
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The digestive system is endowed with its The digestive system is endowed with its 
own, local nervous system referred to as own, local nervous system referred to as 
the enteric or intrinsic nervous system.the enteric or intrinsic nervous system.

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

ENTERIC NERVOUS SYSTEM !!ENTERIC NERVOUS SYSTEM !!
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Functional at end of first trimester,Functional at end of first trimester,
begins very early, experience dependentbegins very early, experience dependent
“effective from 29w GA” “effective from 29w GA” �� significantsignificant

SMELL SMELL 
“Olfaction in the fetal and “Olfaction in the fetal and 
premature infant: premature infant: 
functional status and functional status and 
clinical implications”clinical implications”

BenoistBenoist SCHAALSCHAAL

ENS

ANS Breast

Sensory  environment :

Intrusive
(pain)      Supportive

Internal
Somatic
environment

Expected
external
environment

Schaal 2004 8

modulates state modulates state organisationorganisation
elicits emotional elicits emotional behavioursbehaviours
activates preactivates pre--feeding actionsfeeding actions
anticipatory digestive physiologyanticipatory digestive physiology
regulates pace of regulates pace of ingestiveingestive behaviourbehaviour

SMELL SMELL 

Schaal 2004 9

PerinatalPerinatal brains show brains show 
orientations orientations towardstowards

“neonatal “neonatal olfactoryolfactory
expectationsexpectations””

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

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

Schaal 2004 10

DOUCETDOUCET
The secretion of Areolar (Montgomery’s) Glands from 
Lactating Women Elicits Selective, Unconditional 
Responses in Neonates

“… “… breast breast chemosignalschemosignals
activate oral activity on the activate oral activity on the 
nipple that releases a cascade nipple that releases a cascade 
of behavioral, neural, of behavioral, neural, neuroendocrineneuroendocrine
and endocrine processes and endocrine processes 
in the newborn and the mother.” in the newborn and the mother.” 
Doucet 2009 11

The secretion of Areolar
(Montgomery’s) Glands

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

Doucet 2009 12
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STATE   ORGANISATION.

The ability to appropriately 
control the level of
sleep and arousal. 13

Simplified scale -
HARD CRYING

CRYING

FUSSING
ACTIVE AWAKE

QUIET AWAKE

ALERT INACTIVE
DROWSY

ACTIVE SLEEP

IRREGULAR SLEEP
QUIET SLEEP

DEEP SLEEP

L to R shunting, IVH risk

Stressful, wastes calories, 
… build up to stress

This is feeding zone!

Time to connect - stimulation
… transition zone

… transition zone

… activity consumes calories

Good sleep - digestion zone

Apnoea zone !!

STATE   ORGANISATION.

Gene Anderson 14

REMSWSREM

REMREM
NR1NR1
NR2NR2
NR3NR3
SWSSWS AS (20 mins) QS (40 mins)

Graven  2006 15

Panksepp 1998, Siegel 2005 SLEEP CYCLING –
Separation vs contact

In separation: In separation: 
•• Dissociated stateDissociated state
•• No cycling, chaotic patternNo cycling, chaotic pattern

48 hour baseline chaotic pattern of
activity and quiet HR & RR

Ludington  2006 16

SLEEP CYCLING –
Separation vs contact

In SSC: In SSC: 
•• Normal cyclingNormal cycling
•• NonNon--chaotic patternchaotic pattern

48 hour baseline chaotic pattern of
activity and quiet HR & RR

Pre-KC SSC

17
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19

Fetal Fetal stomach appears 4 weeks GA.stomach appears 4 weeks GA.
By 11 weeks, wall capable of muscularBy 11 weeks, wall capable of muscular

contractioncontraction..

“Patterns of antropyloric motility
in fed healthy preterm infants”

...  the ...  the neuroregulatoryneuroregulatory mechanisms mechanisms 
responsible for the coordination of responsible for the coordination of antroantro--
pyloric motility and gastric emptying are pyloric motility and gastric emptying are 

well developedwell developed by 30 weeks of PMA.by 30 weeks of PMA.
Hassan  2002 20

Hydrochloric acidHydrochloric acid
important for activation of important for activation of pepsinogenpepsinogen, , 

inactivation of microorganisms such as bacteria. inactivation of microorganisms such as bacteria. 

PepsinogenPepsinogen
activated by acid into active pepsin, activated by acid into active pepsin, 

responsible for the stomach's ability to initiate responsible for the stomach's ability to initiate 
digestion of proteins.digestion of proteins.

ChymosinChymosin
is an enzyme whose is an enzyme whose role is to curdle or role is to curdle or 

coagulate milk in the stomach, a process of coagulate milk in the stomach, a process of 
considerable importance in the very young animal. considerable importance in the very young animal. 

21

ChymosinChymosin
makes the milk into “cheese”makes the milk into “cheese”
halfway between liquid and solidhalfway between liquid and solid
stomach empties in stomach empties in 60 minutes60 minutes

milkmilk

22

Gut hormones.Gut hormones.

20 different hormones 20 different hormones 
work in the gut work in the gut ––

regulated by the regulated by the vagalvagal nerve.nerve.

Each has a specific function.Each has a specific function.

Uvnas-Moberg 1989 23

Gut hormones.Gut hormones.

"Bad guy" "Bad guy" -- SOMATOSTATIN: SOMATOSTATIN: 
(produced by fetus, rise 10(produced by fetus, rise 10--fold under stress)fold under stress)

inhibits gastrointestinal secretion, inhibits gastrointestinal secretion, 
inhibits motility , inhibits motility , 
reduces blood flow to gutreduces blood flow to gut
and absorption, and absorption, 

causes causes gastric retention, gastric retention, 
vomiting, constipation. vomiting, constipation. 

Uvnas-Moberg 1989 24
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SOMATOSTATIN: SOMATOSTATIN: 

inhibits the good hormones, inhibits the good hormones, 
contributes to contributes to 

slow weight gain.slow weight gain.
At high levels also At high levels also 

inhibits release of inhibits release of 
growth hormone. growth hormone. 

Uvnas-Moberg 1989 25

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

SSC &SSC &
SLEEPSLEEP
VITAL !!! VITAL !!! 

26

Enteric Enteric Nervous SystemNervous System

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

BONDBOND�������� FEEDFEED

SLEEP SLEEP �������� SLEEPSLEEP

PLAYPLAY�������� FEEDFEED

27

REMREM
NR1NR1
NR2NR2
NR3NR3
SWSSWS AS (20 mins) QS (40 mins)

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

Graven 2006 28

INFANT FEEDING FREQUENCY:INFANT FEEDING FREQUENCY:
available evidence & neuroscienceavailable evidence & neuroscience

OVERVIEW:OVERVIEW:

NeuroscienceNeuroscience
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EVIDENCE EVIDENCE 
FORFOR
FEEDING FEEDING 
FREQUENCYFREQUENCY
????????

Edmond  2006 30
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Only case series ... Only case series ... 
Insufficient evidenceInsufficient evidence

No mention ofNo mention of

stomach capacitystomach capacity
31

1    1    . . 
FEEDING FEEDING 
INTERVALINTERVAL

STOMACH  VOLUMESTOMACH  VOLUME

FEEDING FEEDING 
FREQUENCYFREQUENCY
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Assumption: 3kg baby, 
requiring 160 ml/kg/day
daily requirement = 480ml

Standard
CARE:
3 hourly
schedule

34

KEY QUESTION:KEY QUESTION:

WHAT WHAT IS THEIS THE

STOMACHSTOMACH
VOLUMEVOLUME
OF OF THETHE

NEONATE ???NEONATE ???
35 Sase 2005

“Ontogeny of gastric emptying patterns
in the human fetus”

36
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Goldstein  1987

LengthLength

TransverseTransverse

AP diameterAP diameter

Using Using 
+2SD +2SD ��

37

“Growth of the Fetal Stomach in Normal 
Pregnancies.” 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, l = length stomach
Relations:  the height of the cone and the hemisphere are both the same as ‘a’.

Ellipsoid   =    4/3 * Pi* r1*r2*r3 = 4/3 *Pi * a * a * t; 

therefore volume of hemisphere = 2/3 Pi * 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 * (l- 2a) +   1/3 * Pi * a * t * a

=Pi a*t*l -Pi * a *a*t
= Pi * a * t*(l-a)

Goldstein and Goldstein and SaseSase data:data:
Stomach capacity at term 10 Stomach capacity at term 10 -- 15 ml15 ml

BRADSHAW formulaBRADSHAW formula

38

Assumption: 2,5 kg baby 33w GA, Assumption: 2,5 kg baby 33w GA, 

requiring 150 ml/kg/day    requiring 150 ml/kg/day    = 375 = 375 mlml

45 MIN CYCLES ( 32 cycles/day)45 MIN CYCLES ( 32 cycles/day)

12 ML PER CYCLE12 ML PER CYCLE = 384 ml= 384 ml
39

Newborn stomach volume.Newborn stomach volume.

Gastric volumes at birthGastric volumes at birth
Correlated with gastric pH,Correlated with gastric pH,
gastringastrin and and somatostatinsomatostatin ��

“fetus drinks 10 ml portions “fetus drinks 10 ml portions 
of amniotic fluid …”of amniotic fluid …”

Widstrom 1988 40

Only recent study located:Only recent study located:
“Autopsy” capacity was determined “Autopsy” capacity was determined 

in Indian postin Indian post--mortem mortem studiesstudies

100 autopsies (63 SB, 37 ENND)100 autopsies (63 SB, 37 ENND)
Tied at Tied at cardiacardia and pylorus, filled withand pylorus, filled with
water, emptied & measured, repeated,water, emptied & measured, repeated,
“… obliteration of the gastric curvatures”“… obliteration of the gastric curvatures”
“due care to minimize stretch artifacts”“due care to minimize stretch artifacts”

Naveed 1992

“An Autopsy Study of Relationship between 
Perinatal Stomach Capacity and Birth Weight.”

41

Infants above 2500g only:Infants above 2500g only:
AveAve RangeRange

Stillborn  Stillborn  (n 11)(n 11) 19.6 ml19.6 ml (10(10--35)35)
Early death Early death (n 9) (n 9) 17.8 ml17.8 ml (10(10--25)25)
All cases  All cases  (n 20)(n 20) 18.8 ml18.8 ml

Naveed 1992

“An Autopsy Study of Relationship between 
Perinatal Stomach Capacity and Birth Weight.”

42
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Known references with data:Known references with data:

ScammonScammon and Doyle and Doyle 19201920

Zuccarelli’sZuccarelli’s method:    stomach filled at method:    stomach filled at 
autopsy to “a pressure of between autopsy to “a pressure of between 

15 and 20 centimeters of water”15 and 20 centimeters of water”

Scammon 1920

“Observations of the capacity of the stomach in 
the first ten days of post natal life.”

43

Anatomic capacity was determined Anatomic capacity was determined 
in postin post--mortem mortem studies studies 

Main data set Main data set �� AlliotAlliot 1905  1905  (n 25)(n 25)

ScammonScammon own cases ?       own cases ?       (n 13)(n 13)

30 30 –– 35 ml at birth 35 ml at birth ––
almost regardless of birth weightalmost regardless of birth weight

Scammon 1920

“Observations of the capacity of the stomach in 
the first ten days of post natal life.”

44

Known references with data:Known references with data:

ScammonScammon and Doyle and Doyle 19201920
quoted in Silverman 1961quoted in Silverman 1961

14571 14571 feeding records from 323 newbornsfeeding records from 323 newborns
“physiologic capacity”  “physiologic capacity”  �� all breastfedall breastfed

test weighing before and after test weighing before and after feedingfeeding

Scammon 1920

“Observations of the capacity of the stomach in 
the first ten days of post natal life.”

45

“… modern infant feeding.”  “… modern infant feeding.”  ��

“infants were breastfed 5 times per day” “infants were breastfed 5 times per day” 

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

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

Scammon 1920 46

47

“… modern infant feeding.”  “… modern infant feeding.”  �� 5 per day5 per day

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

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

Scammon 1920 48
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Imagine a study !!Imagine a study !!

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

must not be uncomfortablemust not be uncomfortable

Once the pressure starts to rise:Once the pressure starts to rise:
�� there is risk for reflux there is risk for reflux 
�� to be avoided to be avoided –– expected expected physiologyphysiology

THIS SHOULD BE THE THIS SHOULD BE THE 
STOMACH CAPACITYSTOMACH CAPACITY

49

Imagined study was done!!Imagined study was done!!

Zangen S et al 2001
Rapid Maturation of Gastric Relaxation
in Newborn Infants

Zangen 2001

No reference given ....No reference given ....

50

Zangen S et al 
Rapid maturation of gastric relaxation in newborns

Pressures (mmHg)Pressures (mmHg)

Balloon inflates toBalloon inflates to

15 ml  no increase15 ml  no increase

functional  functional  
capacitycapacity

51

TERMINOLOGY PROPOSALSTERMINOLOGY PROPOSALS

“Functional capacity”“Functional capacity”
equivalent to “expectation volume”,equivalent to “expectation volume”,
for which optimal pepsin / acid is made,for which optimal pepsin / acid is made,

does not cause distentiondoes not cause distention
allows adequate time for curdleallows adequate time for curdle
allows protein breakdownallows protein breakdown
allows controlled pyloric passageallows controlled pyloric passage

52

Zangen S et al 
Rapid maturation of gastric relaxation in newborns

Pressures (mmHg)Pressures (mmHg)

Balloon inflates toBalloon inflates to

15 ml  no increase15 ml  no increase
20 ml  pressure OK20 ml  pressure OK

physiologicalphysiological
capacity ….capacity …. 53

TERMINOLOGY PROPOSALSTERMINOLOGY PROPOSALS

Physiological capacityPhysiological capacity
Maximal amount stomach can handleMaximal amount stomach can handle
without undue stress.without undue stress.

“Receptive capacity”“Receptive capacity” of STOMACHof STOMACH
maximal amount stretched organ holdsmaximal amount stretched organ holds

“Ingestive capacity”“Ingestive capacity” of of BABYBABY
amount baby or infant swallowed,amount baby or infant swallowed,

(note, excess not in stomach)(note, excess not in stomach)
54
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Physiological capacityPhysiological capacity
Maximal amount stomach can handleMaximal amount stomach can handle
without undue stress.without undue stress.

“Receptive capacity”“Receptive capacity” of STOMACHof STOMACH
maximal amount stretched organ holdsmaximal amount stretched organ holds

““IngestiveIngestive capacity”capacity” of of BABYBABY
amount baby or infant swallowed,amount baby or infant swallowed,

(note, excess not in stomach)(note, excess not in stomach)

Scammon and Doyle did draw attention to this also ....

55

EVIDENCE:EVIDENCE:
AuthorAuthor CapacityCapacity Note:Note:
SaseSase 1010--15 ml15 ml Live, term fetusLive, term fetus
GoldsteinGoldstein 1010--15 ml15 ml Live, term fetusLive, term fetus
WidstromWidstrom 10 10 mlsmls Live, newbornLive, newborn
ZangenZangen 20 20 mlsmls Live, (pressure)Live, (pressure)

NaveedNaveed 20 20 mlsmls Autopsy (SB)Autopsy (SB)
20 20 mlsmls Autopsy (ENND)Autopsy (ENND)

ScammonScammon 3030--35 ml35 ml Autopsy (water Autopsy (water 
((AlliotAlliot)) pressure)pressure)

56

PROPOSAL:PROPOSAL:

The CAPACITY of aThe CAPACITY of a
week old baby’s week old baby’s 
stomach isstomach is

approx approx 20 ml.20 ml.
57

Imagined study was done!!Imagined study was done!!

Zangen S et al 2001
“Rapid maturation of gastric relaxation in newborns”

Tested Tested the pressure on adults the pressure on adults ��

Zangen 2001

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

58

STOMACH VOLUME

P
R
E
S
S
U
R
E Adult Infant

at term

PAIN

PRESSURE PLATEAU

PAIN

59

17 healthy infants17 healthy infants
“within the first week of life”“within the first week of life”
fed every 4 hours, swaddledfed every 4 hours, swaddled,,

breast or bottle fed  (not factored in regressionbreast or bottle fed  (not factored in regression))

latex balloon in stomach latex balloon in stomach 

Zangen 2001

Zangen S et al 
Rapid maturation of gastric relaxation in newborns

60



11

Zangen S et al 
Rapid maturation of gastric relaxation in newborns

Pressures (mmHg)Pressures (mmHg)
Adult Adult senses at    23senses at    23
pain/discomfort  pain/discomfort  2626

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

61

Zangen S et al 
Rapid maturation of gastric relaxation in newborns

Pressures (mmHg)Pressures (mmHg)

Balloon inflates toBalloon inflates to

15 ml  no increase15 ml  no increase
20 ml  pressure OK20 ml  pressure OK
25 ml  discomfort25 ml  discomfort
30 ml  “ethical” limit30 ml  “ethical” limit

62

Zangen S et al 
Rapid maturation of gastric relaxation in newborns

Number of feeds &Number of feeds &
gastric compliancegastric compliance
�� positive correlationpositive correlation

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

PRESUME: each feed
approximately 75 mls

63

75 ml per feeding75 ml per feeding

.... many aspects of gastrointestinal.... many aspects of gastrointestinal
motility are immature in the neonatemotility are immature in the neonate64

“Patterns of antropyloric motility
in fed healthy preterm infants”

...  the ...  the neuroregulatoryneuroregulatory mechanisms mechanisms 
responsible for the coordination of responsible for the coordination of antroantro--
pyloric motility and gastric emptying are pyloric motility and gastric emptying are 

well developedwell developed by 30 weeks of PMA.by 30 weeks of PMA.

Hassan  2002

BUT .......      !!!BUT .......      !!!

65

75 ml per feeding ... ?? ASSUMPTION75 ml per feeding ... ?? ASSUMPTION

IMMATURE ????IMMATURE ????
OR   OR   
OVERWHELMED !!!OVERWHELMED !!!

.... many aspects of gastrointestinal.... many aspects of gastrointestinal
motility are immature in the neonatemotility are immature in the neonate66
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PROPOSAL:PROPOSAL:

The CAPACITY of aThe CAPACITY of a
week old baby’s week old baby’s 
stomach isstomach is

approx approx 20 ml.20 ml.
67

INFANT FEEDING FREQUENCY:INFANT FEEDING FREQUENCY:
available evidence & neuroscienceavailable evidence & neuroscience

OVERVIEW:OVERVIEW:

NeuroscienceNeuroscience
Anatomy & physiologyAnatomy & physiology
Available evidenceAvailable evidence
Proposal feeding frequencyProposal feeding frequency
ImplicationsImplications
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Assumption: 3kg baby, 
requiring 160 ml/kg/day
daily requirement = 480ml

Standard
CARE:
3 hourly
schedule

MOTHER
NATURE:

1 hourly
schedule

69

PHYSIOLOGICAL CAPACITYPHYSIOLOGICAL CAPACITY

RECEPTIVE CAPACITY  of stomachRECEPTIVE CAPACITY  of stomach

INGESTIVE CAPACITY  of BABYINGESTIVE CAPACITY  of BABY

FUNCTIONAL CAPACITYFUNCTIONAL CAPACITY

70

PROPOSAL:PROPOSAL:

The The FEEDINGFEEDING
FREQUENCY FREQUENCY of of thethe
NEONATE  isNEONATE  is

approx approx 60 min.60 min.
71

CEPHALIC PHASECEPHALIC PHASE
GASTRIC PHASEGASTRIC PHASE

INTESTINAL PHASEINTESTINAL PHASE

BRAIN CYCLINGBRAIN CYCLING

STOMACH FILLING & EMPTYINGSTOMACH FILLING & EMPTYING

REMREM
NR1NR1
NR2NR2
NR3NR3
NR4NR4

72
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Normal physiology of theNormal physiology of the
Enteric Nervous SystemEnteric Nervous System

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

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

BONDBOND�������� FEEDFEED

SLEEP SLEEP �������� SLEEPSLEEP

PLAYPLAY�������� FEEDFEED

73

INFANT FEEDING FREQUENCY:INFANT FEEDING FREQUENCY:
available evidence & neuroscienceavailable evidence & neuroscience

OVERVIEW:OVERVIEW:

NeuroscienceNeuroscience
Anatomy & physiologyAnatomy & physiology
Available evidenceAvailable evidence
Proposal feeding frequencyProposal feeding frequency
ImplicationsImplications

74

Zangen S et al 

Rapid maturation of gastric relaxation in newborns

A balloon in stomachA balloon in stomach
can fill to can fill to 76 mls76 mls

What does the What does the 
stomach stomach ––
without a balloon without a balloon ––
do to 76 mls?do to 76 mls?

REFLUX !!!REFLUX !!!
PRESUME: each feed

approximately 75 mls

Zangen 2001 75

WHERE IS THE MILK? 

This volume

is not in 
the stomach

StomachStomach

StomachStomach

StomachStomach

76

WHERE IS THE MILK? 

How To Do Just About 
Everything 

How to Burp a Baby 

Burping a baby
can reduce 

spitting up and 

relieve bloating 
caused by 

swallowed air. 

Here are some 
tried-and-true 

methods. 

What happens when my baby What happens when my baby 
spits up?spits up?

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

drooling. drooling. 

Spitting up is not vomiting.Spitting up is not vomiting.
Babies usually don't notice when Babies usually don't notice when 
they spit up, while vomiting is they spit up, while vomiting is 

forceful and painful. Spitting up is a forceful and painful. Spitting up is a 
common occurrence for most common occurrence for most 

babies. babies. 

http://familydoctor.org/online/famdocen/home/children/parents/infants/218.html

Copyright © 1996-2007 American Academy of Family Physicians

77

WHERE IS THE MILK? 

What happens when my baby What happens when my baby 
spits up?spits up?

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

drooling. drooling. 

Spitting up is not vomiting.Spitting up is not vomiting.

Spitting up is  REFLUX.Spitting up is  REFLUX.
Nils Bergman, 2011 Nils Bergman, 2011 

78
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Baker  2008 79

Blood sugar may fall …
after 90 minutes ...

“There is a 
reason behind
everything 
in nature”  Aristotle

Would nature allow this?
80

HYPOGLYCAEMIA

A babies stomach 
empties in
60 minutes.

Blood sugar
may fall …

after 90 minutes ...
Option?
HOURLY FEEDING.HOURLY FEEDING.81

Weight gain 1Weight gain 1stst week:week:

predicts OBESITYpredicts OBESITY
at 30 yearsat 30 years

Stettler 2005 82

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

Stettler et al

Weight Gain in the First Week of Life and Overweight in Adulthood:
A Cohort Study of European American Subjects Fed Infant Formula

83

Large volume feedsLarge volume feeds
stretched stomach=stretched stomach=

doubled absorptivedoubled absorptive
capacity as adultcapacity as adult

Gastric overfilling syndrome?Gastric overfilling syndrome?

84
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Gastric overfilling syndromeGastric overfilling syndrome??

Excessive volumesExcessive volumes
reflux, aspiration, colicreflux, aspiration, colic

Excessive time intervalExcessive time interval
hypoglycaemiahypoglycaemia

AdaptationsAdaptations
diabetic diathesis, obesity diabetic diathesis, obesity 

85

Developmental Care of the Developmental Care of the 
Enteric Nervous SystemEnteric Nervous System

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

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

BONDBOND�������� FEEDFEED

SLEEP SLEEP �������� SLEEPSLEEP

PLAYPLAY�������� FEEDFEED

86

WHAT IS THEWHAT IS THE

STOMACH STOMACH 
VOLUME   VOLUME   
OF OF THETHE

PREMATUREPREMATURE ????

87

Assume low resilienceAssume low resilience

Assume proportionality  Assume proportionality  ��

88

The The CAPACITYCAPACITY of aof a
low low birthweightbirthweight premprem
from   20ml / from   20ml / 3000g3000g

=  0.007 x =  0.007 x BWtBWt (g)(g)

1kg x 0.007 = 7mls1kg x 0.007 = 7mls
2kg x 0.007 = 14mls2kg x 0.007 = 14mls

89

Baby weight; freq; Baby weight; freq; req’dreq’d size size �������� actualactual

2kg baby: 4hrly 2kg baby: 4hrly 
~ 320 ml/6~ 320 ml/6 = 53ml= 53ml �������� 14ml14ml

1,5 baby: 3hrly 1,5 baby: 3hrly 
~ 240 ml/8~ 240 ml/8 = 30ml= 30ml �������� 10ml10ml

1,0 baby: 2hrly 1,0 baby: 2hrly 
~ 160 ml/12~ 160 ml/12 = 13ml= 13ml �������� 7ml7ml

StandardisedStandardised fromfrom
20ml capacity20ml capacity
for 3kg babyfor 3kg baby
( x 0.007)( x 0.007)

90
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“JAKOB” “JAKOB” 

Feeding time (EBM)  Feeding time (EBM)  -- pacifier providedpacifier provided
Mother does the feedingMother does the feeding

1006h Feeding starts1006h Feeding starts
17ml ~ 2 17ml ~ 2 hrlyhrly feedfeed

92

1017h 1017h 9mls left 9mls left 
cardiorespiratorycardiorespiratory
instability       78%instability       78%

1023h 1023h 5 5 mlsmls left left 
cardiorespiratorycardiorespiratory
instability       72%instability       72%

1029h1029h
2ml remaining2ml remaining

1031h Feeding end1031h Feeding end
Feeding timeFeeding time
= 25 minutes= 25 minutes
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Gastric overfilling syndrome?Gastric overfilling syndrome?

Proposed Management Proposed Management ��������
94

Proposed Management Proposed Management ��������

Babies should be fedBabies should be fed
EVERY TIME THEY WAKE !!EVERY TIME THEY WAKE !!

95

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

Proposed Management Proposed Management ��������

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

96



17

The first Milk Ejection Reflex  The first Milk Ejection Reflex  
(MER) (MER) 

elicited in elicited in < 2 < 2 minutesminutes
works quicklyworks quickly
swallowedswallowed 1 minute1 minute

Feeding time Feeding time (max)(max)
3 3 minutesminutes

Repeat everyRepeat every 1 hour1 hour

Prime  2007

The “normal” or usual and The “normal” or usual and 
common breastfeed common breastfeed 

takes takes 15 minutes15 minutes
discomfort afterdiscomfort after
burping timeburping time 5 minutes5 minutes

Feeding time  Feeding time  20 min20 min

Repeat every Repeat every 3 hours3 hours

Prime  2007

3 minute 20ml feeds x 24/d3 minute 20ml feeds x 24/d = 72 minutes= 72 minutes

20 minute 60ml feeds x 8/d20 minute 60ml feeds x 8/d = 160 minutes= 160 minutes

SMALL AND FREQUENT FEEDS  SMALL AND FREQUENT FEEDS  
ARE  EFFICIENT !!!!ARE  EFFICIENT !!!!

FEWER NURSES NEEDED !!!FEWER NURSES NEEDED !!!

The calculated dailyThe calculated daily
requirement for a 3kgrequirement for a 3kg
baby can be given baby can be given 
without increase inwithout increase in
pressure ....pressure ....
�� MINIMAL RISKMINIMAL RISK

PARENTS CAN DOPARENTS CAN DO
SAFELY !SAFELY !

20 mls x 24 feeds20 mls x 24 feeds
= 480mls / day= 480mls / day

Zangen 2001 100

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

101

Infant feeding frequency:Infant feeding frequency:
Proposal based on available Proposal based on available 
evidence and neuroscienceevidence and neuroscience

““Small and Small and 
frequent frequent feeds, feeds, 
adjusted adjusted to to 

the the sleep cycle”sleep cycle”
102


