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29 week GA – zero separation

& skin-to-skin contact 

 suckling  at 60 minutes.



850GMS – 35 

DAYS
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Positive effect on breastfeeding

Photo:  Karolinska Institute, Stockholm



Shirt becomes “sling”,  
feed frequently …
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HOW OFTEN SHOULD 
A NEONATE FEED? 
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EVIDENCE 
FOR
FEEDING 
FREQUENCY
????

Edmond  2006 16



Only case series ... 
Insufficient evidence

No mention of

stomach capacity
17



EVIDENCE 
FOR
STOMACH 
CAPACITY  
????

Edmond  2006 18



1    
FEEDING 
INTERVAL

STOMACH  
VOLUME

FEEDING 
FREQUENCY

19

FEEDING 
VOLUME



0

0.5

1

1.5

2

2.5

3

3.5

4

0 10 20 30 40 50 60 70 80

volume ingested

fe
e

d
in

g
 f

re
q

u
e

n
c

y

FEEDING INTERVAL

STOMACH  VOLUME

20



0

0.5

1

1.5

2

2.5

3

3.5

4

0 10 20 30 40 50 60 70 80

volume ingested

fe
e

d
in

g
 f

re
q

u
e

n
c

y

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

Standard
CARE:
3 hourly
schedule
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KEY QUESTION:

WHAT IS THE

STOMACH
VOLUME
OF THE

NEONATE ???
22



Sase 2005

“Ontogeny of gastric emptying patterns
in the human fetus”
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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 Sase data:
Stomach capacity at term 10 - 15 ml

BRADSHAW formula
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Newborn stomach volume.

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

“fetus drinks 10 ml portions 
of amniotic fluid …”

Widstrom 1988 25



Infants above 2500g only:
Ave Range

Stillborn  (n 11) 19.6 ml (10-35)
Early death (n 9) 17.8 ml (10-25)
All cases  (n 20) 18.8 ml

Naveed 1992

“An Autopsy Study of Relationship between 
Perinatal Stomach Capacity and Birth Weight.”
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KERNESSUK   1997  (Russian)

Postmortem: in situ measures
(applied Bradshaw formula)

Ave
Newborn  (n 11) 15 ml
2 months (n 11) 35 ml
2-4 m (n 10) 50 ml
4-6 m (n 8) 100 ml



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

Scammon 1920

“Observations of the capacity of the stomach in 
the first ten days of post natal life.”
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Zangen S et al 
Rapid maturation of gastric relaxation in newborns

Pressures (mmHg)

Balloon inflates to

15 ml  no increase
20 ml  pressure OK
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EVIDENCE: (NBn 111009)

Author Capacity Note:
Sase 10-15 ml Live, term fetus
Goldstein 10-15 ml Live, term fetus
Widstrom 10 mls Live, newborn
Zangen 20 mls Live, (pressure)

Naveed 20 mls Autopsy (SB)
20 mls Autopsy (ENND)

Kernessuk 15 mls Autopsy (in situ)
Scammon 30-35 ml Autopsy (water 

(Alliot) pressure)30



PROPOSAL:

The CAPACITY of a
week old baby’s 
stomach is

approx 20 ml.
31

22 ml
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MOTHER
NATURE:

1 hourly
schedule
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CEPHALIC PHASE
GASTRIC PHASE

INTESTINAL PHASE

BRAIN CYCLING

STOMACH FILLING & EMPTYING

REM
NR1
NR2
NR3
NR4
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SLEEP CYCLING
Brain wiring
Connectome
Quality survival

Improved quality survival needs 
support for SLEEP CYCLING,

which needs skin-to-skin contact

SKIN-TO-SKIN
causes 

Enhances
brain 
maturation



BREASTFEEDING
ANS same as

for sleep!
Stomach small!
 approx hourly

SKIN-TO-SKIN
causes 

physiological
regulation 
STABILITY

Improved survival needs 
early and FREQUENT 

Breastfeeding.



WHAT IS THE

STOMACH 
VOLUME   
OF THE

PREMATURE ??
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Assume low resilience

Assume proportionality  

38



The CAPACITY of a
low birthweight prem
from   20ml / 3000g

=  0.007 x BWt (g)

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

Alexis 1700g
daily requirement

160ml x 1.7 = 272 ml

3 hrly feed = 34 ml

2 hrly feed = 22ml
= ping pong ball

1 hrly feed = 11ml
= stomach capacity

22 ml
65 ml

11 ml



Gastric overfilling syndrome?

41



Zangen S et al 
Rapid maturation of gastric relaxation in newborns

A balloon in stomach
can fill to 76 mls

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

REFLUX !!!
PRESUME: each feed
approximately 75 mls



GER
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Food in 
duodenum

AMYLIN
released

Closes 
pylorus

Duodenum
empty

Pylorus
opens

HO



“Feed intolerance”  … 
… or VOLUME intolerance? 
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SSC Glucose production  =  Glucose consumption

Separation 

SNS stress  Glucose consumption INCREASE

PSNS dissociation 
Glucose production DECREASE

HYPOGLYCEMIA

SSC Cot

Blood glucose (1 hr) 3.17 2.56

HYPOGLYCAEMIA
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EXPECTED                                                                 UNEXPECTED 





BREASTFEEDING
ANS same as

for sleep!
Stomach small!
 approx hourly

SKIN-TO-SKIN
causes 

physiological
regulation 
STABILITY

Improved survival needs 
early and FREQUENT 

Breastfeeding.



In HIC / MIC
all the effects
of overfilling 
can be treated

Improved survival needs 
early and FREQUENT 

Breastfeeding.

In LIC 
effects of 
excess volumes
long intervals 
may contribute
to mortality



Infant feeding frequency:
Proposal based on available 
evidence and neuroscience

“Small and 
frequent feeds, 

adjusted to 
the sleep cycle”

52



BOND
 SUCKLE SLEEP    SLEEP PLAY

 FEED

53

PLAY


FEED

SLEEP 
SLEEP

SLEEP 
SLEEP

Infant sleep cycling and synchronicity with 
maternal sleep ensure development.

6-8 weeks … small frequent feeds 
between SINGLE  sleep cycles



Joseph 2014  
Arch Dis Child Fetal Neonatal Ed. 2014 Sep 22. pii: fetalneonatal-2014-306104. 

doi: 10.1136/archdischild-2014-306104. [Epub ahead of print]

Getting rhythm: how do babies do it?

Birth   ~ /~      8w    9w    10w    11w

dates averaged    “between 6 and 18 weeks”

CORTISOL
day-night
rhythm

MELATONIN
day-night rhythm

TEMPERATURE
day-night
rhythm

H3f3b gene
detected



BOND
 SUCKLE SLEEP    SLEEP PLAY

 FEED
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SLEEP 
SLEEP

SLEEP 
SLEEP

PLAY


FEED

Once diurnal rhythm established 
Blocking of sleep cycles can begin
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ACQUISITION CONSOLIDATION MEMORY
FORMATION

poly-sensory input transfer information P waves
short-term memory “SNR” strong signals returns info
stored cortex amygdala / to neocortex:

hippocampus   organized
Awake and REM NREM stage 4 REM

BRAIN WIRING

Stanley Graven 2006
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Consolidation of dyadic lifestyle leads to 
emotional and social competence
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Infant feeding frequency:
Proposal based on available 
evidence and neuroscience

“Small and 
frequent feeds, 

adjusted to 
the sleep cycle”
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“Small and 
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