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Is there any influence of breastfeeding on the cerebral blood
flow? A review of 256 healthy newborns*

Há alguma influência da amamentação sobre o fluxo sanguíneo cerebral? Estudo de 256 recém-nascidos

normais

Alexandra Maria Vieira Monteiro1, Claudio Marcio Amaral de Oliveira Lima2, Paula Medina3

Objective: To investigate whether breastfeeding influence the cerebral blood-flow velocity. Materials and Methods:

The present study included 256 healthy term neonates, all of them with appropriate weight for gestational age, 50.8%

being female. Pulsatility index, resistance index and mean velocity were measured during breastfeeding or resting in

the anterior cerebral artery, in the left middle cerebral artery, and in the right middle cerebral artery of the neonates

between their first 10 and 48 hours of life. The data were analyzed by means of a paired t-test, Brieger’s f-test for

analysis of variance and linear regression, with p < 0.01 being accepted as statistically significant. Results: Mean

resistance index decreased as the mean velocity increased significantly during breastfeeding. Pulsatility index values

decreased as much as the resistance index, but in the right middle cerebral artery it was not statistically significant.

Conclusion: Breastfeeding influences the cerebral blood flow velocities.
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Objetivo: Investigar se a sucção ao seio materno influencia as velocidades do fluxo sanguíneo cerebral. Materiais e

Métodos: Foram incluídos 256 neonatos saudáveis e a termo, sendo 50,8% do sexo feminino, todos com peso ade-

quado para a idade gestacional. O índice de pulsatilidade, o índice de resistência e a velocidade média foram medidos

durante ou após a amamentação na artéria cerebral anterior, artéria cerebral média esquerda e artéria cerebral média

direita, entre 10 e 48 horas de vida pós-natal. Os dados foram analisados por meio de um teste t para amostras pareadas,

e teste de Brieger por análise de variância e análises de regressão linear, sendo p < 0,01 aceito como significativo.

Resultados: Os valores do índice de resistência diminuíram à medida que a velocidade média aumentou significati-

vamente durante a sucção ao seio materno. Os valores do índice de pulsatilidade diminuíram tanto quanto o índice de

resistência, mas sem significância estatística na artéria cerebral média direita. Conclusão: A amamentação influen-

cia as velocidades do fluxo sanguíneo cerebral.

Unitermos: Fluxo sanguíneo cerebral; Amamentação; Ultrassom Doppler; Neonatos.
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(neural activity) or to metabolic demands,
e.g., the relationship between the increase
in of O2 levels and the cerebral de-
mands(3,8,11–14).

Usually, cranial Doppler ultrasonogra-
phy is performed in babies in their moth-
ers’ lap, and during breastfeeding in order
to warm and soothe babies. On the other
hand, some studies including term infants
diagnosed with mild or moderate hypoxic-
ischemic encephalopathy at the neonatal
period and with normal cranial ultrasonog-
raphy have shown a relation between the
resistance index and the neurological de-
velopment in children until the first year of
life(15). In such cases, as well as in others,
it is important to take into account all the
mechanisms which may influence the cere-
bral blood flow velocity, as breastfeeding.

At birth, the cardiac output increases mostly
to sustain overall systemic perfusions and
the cerebral blood flow comprises a larger
fraction, once the brain and body weight
ratio is higher. At the first 2–34 hours of
life, the ventricular outputs values signifi-
cantly exceed those in older children and
adults, and the cardiovascular system regu-
lates the cerebral blood flow through varia-
tion in cardiac output(4). As the cerebral
blood flow is evaluated, the resistive index
remains increased at least until the first 12
hours(5), then progressively decreases with
the gestational age and at each postnatal
day(6–8). The cerebral blood flow supplies
the brain’s metabolic demand for O2 and
glucose(9,10). Such mechanisms may be re-
lated to a myogenic process (arteriolar con-
traction or dilation), a neurogenic process

INTRODUCTION

The cerebral adaptative mechanisms
start developing in the intrauterine life. The
fetus has different needs from the adult, and
the cerebral blood flow supplies all the meta-
bolic demands of the growth process (1–3).
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The present study was aimed at evalu-
ating if there is any influence of breast-
feeding on the cerebral blood flow veloci-
ties in healthy term neonates with normal
cranial ultrasonography.

MATERIALS AND METHODS

The selection criteria for the present
study were healthy babies with appropriate
weight for the gestational age, postnatal
age between 15 and 48 hours, born to
mothers with no disease before or during
pregnancy, whose deliveries showed no
complications. The children were born in
the University Hospital of Federal Univer-
sity of Rio de Janeiro (UFRJ). Out of the
256 included babies, 50.8% were female
and 49.2%, male. The mean weight was
3,291 g (SD = 0.420), ranging from 2,250
to 4,635 g. On average, the mothers were
24.8 years old (SD = 6.1), ranging from 14
to 40 years. The Apgar score at the first
minute ranged between 7 and 10 (mean
8.5; SD = 0.8); and at the fifth minute, be-
tween 8 and 10 (mean 9.3; SD = 0.5). The
postnatal age ranged between 15 and 48
hours, with an average of 31.5 hours (SD
= 9.1). The present study was approved by
the Committee for Ethics in Research of the
institution and all the parents signed a term
of free and informed consent.

All the infants had cranial ultrasonog-
raphy with normal results performed just
before the Doppler study. Examinations
were performed with a real-time ultrasound
scanner (Eccocee SSA 340A; Toshiba,
Nasu, Japan) with a 3.5 MHz sector trans-
ducer. All the scans were performed with
the babies in supine position, on their
mother’s lap, without eyes movement, dur-
ing breastfeeding or resting before or after
breastfeeding, through the anterior fontane-
lle, with sagittal sections on the anterior
cerebral artery (ACA); coronal sections on
the left middle cerebral artery (LMCA) and
on the right middle cerebral artery (RMCA).
The following Doppler parameters were
measured: mean velocity (MV), resistance
index (RI)(16) and pulsatility index (PI)(17)

on the ACA, LMCA, and RMCA between
the first 10 and 48 hours of life.

The mean velocity (MV) is the area
under velocity curve or velocity averaged.
The RI, first described by Pourcelot (1976)

is a blood-flow velocity waveform index,
calculated by the following formula:

RI = (PSV – EDV)/EDV

where: PSV is the peak systolic velocity,
EDV is the minimum forward diastolic ve-
locity in unidirectional flow or the maxi-
mum negative velocity in diastolic flow
reversal.

The majority of investigators uses RI as
indicative of cerebrovascular resistance
because it minimizes the effect of trans-
ducer placement and can be easily obtained
without velocity signal calibration. The PI
is an arterial blood-flow velocity waveform
index designed by Gosling et al. (1975) to
quantify the pulsatility or oscillations of the
waveform. Different definitions of this
simplified PI may be found in the literature,
but the following formula is most com-
monly used:

PI = (PSV – EDV)/MV

where: PSV is the peak systolic velocity,
EDV is the end diastolic velocity or mini-
mum forward diastolic velocity in unidirec-

tional flow or the maximum negative ve-
locity in diastolic flow reversal, and MV is
the area under velocity curve or velocity
averaged.

The sample volume was 2, the filter,
100, and the depth, 10 cm. Statistical analy-
sis was performed with the Epi-Info soft-
ware. Data were analyzed by means of a
paired t-test, Brieger’s f-test for analysis
of variance, and linear regression, with
p < 0.01 being accepted as statistically sig-
nificant.

RESULTS

The activities were grouped into “at rest”
or “during breastfeeding”, as informed by
their mothers (see frequencies on Table 1).

The relation between the activities and
MV is shown on Figure 1; between the
activities and pulsatility index, on Figure 2;
between the activities and resistive index,
on Figure 3.

All the studies presented statistical sig-
nificance (p < 0.01) during breastfeeding,

Table 1 Frequency of activity during scanning.

Activity

Breastfeeding

At rest

RCMA (n = 256)

33.2% (n = 85)

66.8% (n = 171)

LCMA (n = 256)

35.5% (n = 91)

64.5% (n = 165)

ACA (n = 256)

34.4% (n = 88)

65.6% (n = 168)

RCMA, right middle cerebral artery; LCMA, left middle cerebral artery; ACA, anterior cerebral artery.

Figure 1. Relation between the activities and MV. (RCMA, right middle cerebral artery; LCMA, left middle

cerebral artery; ACA, anterior cerebral artery; MV, mean velocity).
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except on the RMCA, where p < 0.05.
During breastfeeding, the authors ob-
served the occurrence of an increase in MV
and a decrease in PI and RI, which reverted
to the pre-feeding level afterwards, prob-
ably due to the increase of the cerebral
blood flow velocities caused by the suck-
ing effort.

DISCUSSION

Ultrasonography has been widely used
to evaluate the fetal brain(18–20).

The effects of feeding on the cerebral
blood flow were first considered by Hill et
al.(21) who postulated in-balance between
splanchnic and cranial flow. Since then,

there have been a lot of related experimen-
tal studies, but rarely by using Doppler ul-
trasonography.

The majority of studies involving Dop-
pler ultrasonography in newborns and re-
lating feeding and arterial blood flow ve-
locities are concerned with the splanchnic
haemodynamics adaptation to meal com-
position in normal full-term newborns(8,22–

25), the adaptation to the first feed(26–28) and
the effect of enteral feeding on preterm
newborns(29).

Martinussen et al.(23) have described the
circulatory responses before and after feed-
ing in twenty healthy term infants within
the first 24 hours, on the middle cerebral
artery, by analyzing the Doppler param-
eters. They have noticed an increase in the
cerebral blood flow velocities into the
middle cerebral artery as a reflection of the
increasing metabolic demand after feeding.

In an experimental study developed by
Gardiner(30) with calves, experiments were
carried out on two groups of animals. Pedi-
gree Jersey calves were obtained from lo-
cal farms shortly after birth, and used at
ages ranging from 2 to 29 days. Eighteen
Suffolk lambs were used at ages ranging
from 3 to 42 days. Gardiner has specifically
investigated the direct effect of feeding on
the cerebral blood flow and the oxygen
consumption between 7 and 28 days after
birth. He analyzed the cerebral blood flow
five minutes prior to the feeding, at the
second minute during the feeding, and at
6 and 30 minutes from the beginning. They
have concluded that the cerebral blood
flow increased during feeding and reverted
afterwards to the pre-feeding level, while
the heart rate reverted to the pre-feeding
value around 1 minute after feeding
stopped. Kusaka et al.(4) have also reported,
in a experimental study, a positive relation
between cardiac output and cerebral blood
flow velocities in infants, using multichan-
nel NIRS and pulse dye densitometry to
demonstrate that the metabolic demand
really influences the cerebral blood flow(29).

The results of this original study with
noninvasive cranial Doppler ultrasonogra-
phy, including 256 healthy neonates to es-
tablish the influence of breastfeeding on
the cerebral blood flow velocities, showed
the occurrence, during breastfeeding, of an
increase in MV and a decrease in the resis-

Figure 2. Relation between the activities and the PI. (RCMA, right middle cerebral artery; LCMA, left middle

cerebral artery; ACA, anterior cerebral artery; PI, pulsatility index).

Figure 3. Relation between the activities and the RI. (RCMA, right middle cerebral artery; LCMA, left

middle cerebral artery; ACA, anterior cerebral artery; RI, resistance index).
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tive index and pulsatility index as com-
pared with values at rest, probably due to
the increase in the cardiac output caused by
the sucking effort, in agreement with other
related studies(8,26–28).

To the authors’ knowledge, until now
there is no normative study in the literature
on Doppler ultrasonography parameters
and approaching the influence of breast-
feeding, although the authors usually uti-
lize Doppler US in the follow-up, particu-
larly in asphyxiated neonates. A study(15)

including 20 term newborns with mild or
moderate hypoxic-ischemic encephalopa-
thy, high values of resistance index at the
first examination, and without cerebral
morphologic abnormalities or other dis-
eases, was developed, evaluating the rela-
tion between RI at Doppler ultrasonogra-
phy and clinical neurodevelopment. In such
study, Doppler ultrasonography measure-
ments were performed every two months as
from the seventh day of life and the clini-
cal neurodevelopment assessment, monthly
up to one year of life. A progressive nor-
malization of RI was observed in correla-
tion with normalization of the neurologic
abnormalities, but the activity of the child
during each Doppler study has not been
mentioned. The present study has proved
a direct relation between the act of breast-
feeding and the Doppler parameters values
so such finding should be taken into ac-
count in Doppler measurements. It is the
authors’ opinion that the knowledge of
newborns’ cerebral hemodynamic profiles
can contribute to an accurate interpretation
of abnormal cranial Doppler findings in the
analysis of pathologic flow velocities.
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