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Abstract
Aim—To study the eVect of enteral feeding
on splanchnic blood flow velocity in
preterm infants.
Method—Coeliac axis and superior me-
senteric artery (SMA) blood flow velocity
were measured longitudinally in a cohort
of 61 babies using Doppler ultrasound.
Results—Babies fed 1 hourly had signifi-
cantly higher preprandial SMA peak
systolic velocity (PSV) than those fed 3
hourly (70 vs 53 cm/s). Those fed 1 hourly
showed no postprandial change whereas
those fed 3 hourly showed significant post-
prandial hyperaemia. This hyperaemia
had longer latency (42 vs 27 mins) and
smaller amplitude (31 vs 25 mins) after
expressed breast milk compared with pre-
term formula. The addition of long chain
polyunsaturated fatty acids to the formu-
las had no eVect on the postprandial
response.
Conclusion—Hourly bolus feeding leads to
a persistent hyperaemic state in the SMA.
The composition of feeds is an important
determinant of the postprandial response
of the SMA to 3 hourly feeding.
(Arch Dis Child Fetal Neonatal Ed 1998;79:F49–F53)
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The advent of Doppler ultrasound has allowed
blood flow velocity to be measured accurately
and non-invasively. In healthy human adults a
superior mesenteric artery (SMA) postpran-
dial hyperaemia is reproducible and depends
on the composition of the meal.1–4

In term infants the maximum response of the
SMA is similarly dependent on feed composi-
tion. Hsu et al have shown a clinically
significant SMA hyperaemia after a milk feed, a
similar but quantitatively smaller response after
an oral 5% glucose solution, and no significant
change after water alone.5 While the latency of
response in the human adult depends on feed
composition this result was not repeated in
term neonates.5 No postprandial change in
coeliac axis blood flow velocity has been
described in term neonates.5 6

The eVect of feeding on the splanchnic
haemodynamics of preterm babies has not
been extensively investigated. Leidig examined
the postprandial response of the SMA but only
made three postprandial recordings and used
these to draw conclusions regarding the time to
peak response.7 This study concentrated on the
relation of the postprandial response to postna-
tal age and feed volume but made no comment
on the possible eVect of feed interval. Gladman
et al8 have examined the response to the first
feed and have described an increase in both
SMA and CA peak systolic velocity. They also
reported that the blood flow velocity indices
were not related to postnatal age, gestational
age, or birthweight which contrasts with other
data.6 9

The aims of this study were to define the
eVect of changing feed interval on splanchnic
haemodynamics in a large cohort of preterm
neonates. We also sought to describe the eVect
of diVerent feed types on the response of the
splanchnic vessels to bolus feeding and to
compare the response to breast milk with the
response to various formulas, with and without
long chain polyunsaturated fatty acids.

Methods
As part of a larger longitudinal study of feed
type and feed interval on splanchnic blood flow
velocity we carried out 103 studies on 61
babies who were recruited during the first few
days of life (table 1). Local ethical committee
approval was obtained for the study and
informed parental consent was obtained for
each baby.
Data from babies fed at an interval of 3 hours

or more (those fed 3 hourly, seven times daily,
or on demand) were pooled to form one group
of babies fed >3 hourly. Babies fed 1, 2, or >3
hourly were not significantly diVerent with
respect to gestation or birthweight. Weight at
the time of study was significantly greater in
babies fed >3 hourly than in babies fed 1
hourly. The feed volume was greater in babies
fed>3 hourly than in those fed 1 and 2 hourly.
The postnatal age of babies fed 1, 2, or >3
hourly was not significantly diVerent at the
time of study (table 1). All babies had been

Table 1 Characteristics of babies recruited for feed study experiments (Data are mean (SEM))

Feed interval
(hours)

n =
(babies) s (studies)

Postnatal age
(days)

Feed volume
(ml)

Gestation
(weeks)

Birthweight
(kg)

Study weight
(kg)

1 13 27 26 (3) 10 (1) 29 (1) 1.25 (0.13) 1.26 (0.05)
2 11 13 18 (5) 21 (2) 31 (1) 1.48 (0.19) 1.59 (0.14)
3 31 52 28 (3) 41 (2) 31 (0.5) 1.50 (0.10) 1.81 (0.10)
>3 6 11 31 (6) 63 (4) 32 (1) 1.78 (0.22) 2.08 (0.07)
>3 37 63 29 (3) 45 (2) 31 (0.5) 1.50 (0.10) 1.87 (0.05)
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stable on a feeding protocol for at least 24
hours before study.

FEEDS

Of 27 one hourly feed studies, six were after
expressed breast milk (EBM); nine after
Prematil with Milupan (Prematil); four after
Cow and Gate Low Birthweight Formula
(C&G); and eight after Cow and Gate
Nutriprem (C&G NP).
Of 13 two hourly feed studies, six were after

EBM; three after Prematil; two after C&G; and
two after C&G NP.
Of 63 >3 hourly feed studies, 26 were after

EBM; 19 after Prematil; seven after C&G;
seven after C&G NP; and four after SMA Low
Birthweight Formula (SMA LBWF).

BLOOD FLOW VELOCITY MEASUREMENT

An ATL Mark 4 duplex pulsed wave ultra-
sound machine was used to interrogate the
splanchnic vessels. A 5MHz probe was held
just below the xiphisternum, to visualise the
coeliac axis and SMA in the sagittal plane. The
angle of insonation was kept between 0° and
30° and recordings were made just distal to the
vessel origin at the abdominal aorta, as the
diameter of the vessel at this point changes
minimally after feeding,2 so blood flow velocity
will provide a true representation of blood flow.
Due to the possibility of variation of splanchnic
blood flow velocity with time in a resting
neonate, similar to that described for the
cerebral circulation,10 not less than 15 consecu-
tive pulses were accepted for analysis. Each
Doppler recording was assessed on the basis of
both its visual and audible characteristics and
was saved to stereo video tape for subsequent
analysis.
For each feed study the baby was studied

serially at 10 minute intervals for 20 minutes
before feeding and for 60 minutes (1 hourly
studies), 90 minutes (2 hourly studies), or 120
minutes (>3 hourly studies) postprandially.
Data were pooled into 10 minute bins and are
presented as mean values at 5, 15, 25, 35, etc.
minutes postprandially and at −5 and−15 min-
utes preprandially.

The Doppler signals were analysed in three
stages using a Doppler signal analysis package
which permitted further selection of suitable
sections of Doppler recording. Values of the
peak systolic velocity (PSV), mean velocity
(MV), and end diastolic velocity (EDV) are
presented.
Statistical comparisons were made between

data points using Student’s t tests. “Spurious
significance” resulting from multiple t tests
using the same dataset was corrected for using
the Bonferroni procedure.11 12 Pearson’s corre-
lation coeYcient (r) was used to describe
correlations between feed volume and post-
prandial response.

Results
EFFECT OF FEED INTERVAL

There was no change in PSV, MV, EDV in the
coeliac axis associated with 1 hourly bolus
feeding. The preprandial values were 56, 26,
and 7 cm/s, respectively. Fig 1 shows the eVect
of 1 hourly bolus feeding on SMA blood flow
velocity. As with the coeliac axis, there was no
postprandial hyperaemia but the preprandial
PSV was significantly higher in the SMA than
in the coeliac axis (70 vs 56 cm/s; p<0.01).
There was no change in PSV, MV, EDV in

the coeliac axis with 2 hourly feeds. The
preprandial PSV was not significantly diVerent
from that associated with 1 hourly feeds (57 vs
56 cm/s; p>0.1). The preprandial PSV in the
SMA was lower in babies fed 2 hourly than in
those fed 1 hourly (62 vs 70 cm/sec) but this
diVerence was not significant (p>0.05). The
SMA PSV increased postprandially by 14 (3)
cm/s (p<0.05) and the MV by 8 (2) cm/s
(p<0.05); there was no postprandial change in
SMA EDV (fig 2).
Babies fed at an interval of >3 hours showed

the same postprandial response as those fed 3
hourly. The preprandial PSV in the SMA was
not significantly diVerent (> 3 hourly, 49 vs 3
hourly, 55 cm/s; p>0.05) and both groups
showed the same maximum postprandial PSV
(77 vs 74 cm/s; p>0.1) and latency of
maximum response (25 vs 23 minutes; p>0.1).
The babies in the two groups were not signifi-
cantly diVerent with respect to gestational age,
birthweight, postnatal age or study weight.

Figure 1 EVect of hourly bolus feeding on blood flow
velocity in the superior mesenteric artery. Data are mean
(SEM).Where error bar is absent, it is within plotted
symbol. Arrow indicates feed. PSV: peak systolic velocity;
MV:mean velocity; EDV: end diastolic velocity.
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Figure 2 EVect of 2 hourly bolus feeding on blood flow
velocity in the superior mesenteric artery. Data are mean
(SEM).Where error bar is absent, it is within the plotted
symbol. Arrow indicates a feed.
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These data were therefore pooled to form one
group of babies fed >3 hourly (table 1). In the
coeliac axis there was no change in any velocity
parameter after>3 hourly feeding and the pre-
prandial PSV was not significantly diVerent
from that in babies fed 1 and 2 hourly (58 vs 56
and 57 cm/s; p>0.1). The preprandial coeliac
axis PSV was not significantly diVerent from
that for the SMA in this group of babies fed>3
hourly (58 vs 53 cm/s; p>0.1).
In the SMA of babies fed >3 hourly the pre-

prandial PSV was significantly less than in
babies fed 1 hourly (53 vs 70 cm/s; p<0.01).
There was a large and significant postprandial
increase in PSV (25 (4) cm/s; p<0.05) and MV
(11(2) cm/s; p<0.05) but no change in EDV
(fig 3). The increase in SMA PSV after feeding
in babies fed >3 hourly was greater than in
those fed 2 hourly (25 vs 14 cm/s; p<0.05) and
returned to preprandial values after about 100
minutes (fig 3).

EFFECT OF FEED TYPE

Based on their complement of long chain poly-
unsaturated fatty acids, the data from babies
fed Prematil and C&GNP were pooled as were
the data from babies fed C&G and SMA
LBWF. Both of these groups were compared
with EBM. The resultant three groups are
referred to as EBM, F+LCP (formulas con-
taining long chain polyunsaturated fatty acids),
and F-LCP (formulas without). There was no
diVerence in the response of the coeliac axis or
SMA to 1 or 2 hourly bolus feeding or of the
coeliac axis to >3 hourly feeding due to feed
type. However, the response of the SMA to >3
hourly feeding depended on feed type. The
postprandial hyperaemia after EBM had longer
latency (time to peak change) and smaller
amplitude (size of peak change) than both
F+LCP and F-LCP which were not signifi-
cantly diVerent from each other (42 vs 29 and
26 minutes; p<0.05; 25 vs 32 and 30 cm/s;
p<0.05) (fig 4).

EFFECT OF FEED VOLUME

There was no correlation between feed volume
and maximum postprandial hyperaemia for
EBM (r=0.20) or formula feeds (r=−0.19) in
babies fed >3 hourly.

Discussion
These data show, for the first time, the
importance of feed interval on splanchnic per-
fusion in human preterm neonates and confirm
that their splanchnic vessels respond to enteral
feeding in a qualitatively similar way to those of
adults as long as the feed interval is suYcient to
permit a maximal postprandial response (>3
hours).
Studies of the response of the splanchnic cir-

culation to enteral feeding have concentrated
on bolus feeds with a large interfeed interval.
Such studies have shown large postprandial
mesenteric hyperaemias which tend to be of
similar duration in human adults (>1 hour)2 4

and neonates (11⁄2 hours).7 Martinussen et al13

described circulatory responses to feeding in
preterm infants. They comment on the im-
portance of feed interval on SMA blood flow
velocity and suggest that higher preprandial
blood flow velocities in preterm rather than
term babies may be a result of more frequent
feeding in the former group.We have described
a gradation of the response of the SMA to a
range of feed intervals. The preprandial PSV is
inversely related to feed interval and the
postprandial response shows a direct correla-
tion with feed interval. These patterns imply a
tetanic response to a decreasing feed interval
whereby the preprandial level in babies fed 1
hourly increases to almost the same level as the
peak postprandial level associated with >3
hourly feeds. Such a preprandial hyperaemia
excludes the possibility of any subsequent fur-
ther increase in blood flow velocity after a feed,
resulting in a persistent hyperaemia in babies
fed 1 hourly.
In adults the composition of a bolus feed has

significant eVects on the postprandial me-
senteric hyperaemia. Contradictions do exist,
but there is a general consensus that dietary fat
provides the greatest stimulus to human intes-
tinal blood flow,4 although Qamar and Read1

reported no diVerence in the amplitude of the
response to fat, protein, or carbohydrate. In
particular, it has been proposed that long chain
fatty acids are especially important as a hyper-
aemic stimulus.4 14 Protein causes the smallest

Figure 3 EVect of >3 hourly bolus feeding on blood flow
velocity in the superior mesenteric artery. Data are mean
(SEM).Where error bar is absent, it is within the plotted
symbol. Arrow indicates a feed.
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Figure 4 EVect of >3 hourly bolus feeds of formulas with
long chain polyunsaturated fatty acids (F+LCP) or
without (F−LCP) and expressed breast milk on peak
systolic velocity in the superior mesenteric artery. Data are
mean (SEM).Where error bar is absent, it is within plotted
symbol. Arrow indicates a feed.
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amplitude of postprandial response and the
response to carbohydrate is faster than that
after either protein or fat.1 4 We have shown a
smaller amplitude and longer latency of
response to expressed breast milk (EBM) than
preterm formula feeds with or without long
chain polyunsaturated fatty acids (LCPs). Pre-
term human milk has a lower caloric value than
the formulas used in this study which reflects
the consistently lower amounts of protein and
carbohydrate in preterm human milk. The
lower content of carbohydrate in human
preterm milk correlates with a decreased
latency of postprandial response.
The slightly higher fat content of the formula

feeds is unlikely to have accounted for the
increased postprandial hyperaemia associated
with these feeds compared with expressed
breast milk. However, it has been suggested
that long chain fats are especially potent stimu-
lators of the postprandial response,14 a fact
which is not borne out by this study. In preterm
human neonates the addition of LCPs to
preterm formula does not modify the postpran-
dial hyperaemia which remains significantly
diVerent from that after a feed of expressed
breast milk. In fact, formula feeds which do not
contain LCPs provoke a larger amplitude of
response than expressed breast milk which
does contain them.
The eVect of nutrient types on intestinal

motility and gastric emptying is well docu-
mented. Increasing amounts of fat lead to
feedback inhibition of gastric emptying15 and
an ileal brake was described by Spiller et al,16

the phenomenon by which ileal infusion of
partially digested triglyceride inhibits jejunal
motility. Sidery et al17 investigated the eVect of
high fat and high carbohydrate meals on gastric
emptying in human adults and simultaneously
monitored superior mesenteric blood flow.
They confirmed that a high fat meal leads to a
mesenteric hyperaemia which has a longer
latency of peak response than an isocaloric and
isovolaemic meal which is high in carbohy-
drate, but there was no diVerence in the ampli-
tude of the postprandial response. The time at
which 50% of the fat meal had left the stomach
was 11⁄2 times that of the high carbohydrate
meal. These data suggest a relation between the
rate of emptying of chyme into the duodenum
and the mesenteric blood flow response but
show no relation between the magnitude of this
response among feed types.
Several studies have addressed the issue of

gastric emptying in neonates. Billeaud et al 18

showed that there was no diVerence in gastric
emptying between babies with and without
gastro-oesophageal reflux when fed the same
type of milk, and that diVerences in gastric
emptying reflected diVerences in feed type.
Ewer et al19 have shown that gastric emptying is
significantly faster following feeds of breast
milk than formula feeds due to the higher fat
content of the formulas, but McClure and
Newell20 have shown that fortification of breast
milk has no eVect on gastric emptying in
preterm neonates.
As well as the chemical composition of the

meal, its osmotic properties may be important

in the control of the postprandial hyperaemia,
but published findings are contradictory. Non-
absorbable osmotic agents can cause hyperae-
mia in adults4 but have no eVect in dogs.21 Any
osmotic eVect is likely to be small and Qamar
and Read1 did not control their experiment for
osmolarity as they believed that it “is likely to
have no major eVect on SMABF” (superior
mesenteric artery blood flow). The feeds used
in this study were all of similar osmolarity.
The volume of a feed may have a role in

determining the magnitude of the postprandial
response. Coombs et al6 reported no diVerence
in the response of the gut vessels of term
neonates to feeds which ranged from 25 ml to
100 ml. Few studies have considered this vari-
able in depth as they have tended to use isovol-
aemic feeds to minimise variables. We have
shown that there is no correlation between feed
volume and maximum postprandial increase in
PSV in preterm babies fed either EBM or pre-
term formulas.
This study shows that feed interval and feed

type have large and significant eVects on
splanchnic perfusion in preterm human ne-
onates. Babies fed 1 hourly display a persistent
mesenteric hyperaemic state and the addition
of LCPs to preterm formulas has no eVect on
the postprandial response. These eVects and
other observations of splanchnic variability and
significant diVerences that depend on postnatal
age as well as on enteral or parenteral feeding
protocol (unpublished data) should be consid-
ered in any study of gut blood flow in neonates.
No experimental designs to date have ad-
equately controlled for all of these variables, all
of which exert important and significant
eVects.
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