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Abstract

Background Doppler US to measure abdominal blood flow
velocities (ABFV) is increasingly used to investigate
intestinal haemodynamics in several clinical conditions in
neonates. Studies that provide reference values of ABFV
during the entire neonatal period are currently lacking.
Objective To make available normal reference values of
ABFYV and Doppler indices in the coeliac trunk and superior
mesenteric artery during the first month of life in term and
healthy preterm infants.

Materials and methods ABFV were obtained with colour
Doppler US in 69 neonates (12 term, 57 preterm) divided
into four gestational age groups (25-28 weeks, 29—
32 weeks, 33-36 weeks, and 3741 weeks).

Results ABFV increased with increasing gestational and
postnatal age. We also provide normal reference values of
ABFYV and Doppler indices to compare with measurements
of abdominal blood flow changes during the neonatal
period for diagnostic, therapeutic and prognostic purposes.
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Conclusion These longitudinal reference values provide a
useful tool for assessing possible alteration in ABFV
secondary to neonatal pathologies.
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Introduction

Abdominal US is a powerful diagnostic tool in neonatal
intensive care units. It is used to provide both morphological
information and quantitative blood flow velocity data,
exploiting the Doppler effect. In particular, colour Doppler
flow imaging allows clear and rapid visualization of the
splanchnic vascular anatomy. The study of abdominal blood
flow velocities (ABFV) in adults provides useful informa-
tion about the mesenteric circulation in physiological and
pathological situations [1, 2]. Doppler US examination of
the abdominal circulation in neonates has recently become
a recognized method in the detection of impaired intestinal
function [3].

Several studies have examined abdominal flowmetry in
order to establish standards of normality, but have not
reported normal values of ABFV and Doppler indices (DI)
in preterm infants of differing gestational age (GA) and
beyond the first week of life [4-6]. The aims of this study
were to establish normal values of ABFV and DI for the
coeliac trunk (CT) and the superior mesenteric artery
(SMA) in healthy term and preterm infants during the first
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month of life, and to verify the presence of ABFV changes
in the CT and SMA at different GAs.

Materials and methods
Subjects

Informed consent was obtained and the study protocol and
consent forms were approved by the Ethics Committee of
the Department of Paediatrics. The study included neonates
with the following characteristics: absence of fetal distress
and prenatal flowmetric alterations; absence of maternal
pathology; absence of asphyxia at birth; birth weight
appropriate for GA; absence of congenital malformations;
no evidence of septicaemia during the study; normal cranial
ultrasound scan; and first Doppler imaging performed after
12 h of age [7-15]. We also considered and excluded all
known conditions that could influence ABFV.

Screening methods

Peak systolic velocity (PSV), end-diastolic velocity (EDV),
mean velocity (MV), time-averaged MV (TAMYV) and DI
(resistive index, RI, and pulsatility index, PI) were
measured in the CT and the SMA of 402 preterm infants
and 20 term infants. Examinations were performed on days
1, 3 and 7 for term infants and on days 1, 3, 7, 14, 21 and
28 for preterm infants.
The neonates were exposed to the following:

1. Prophylaxis for apnoea of prematurity (for infants with a
GA <32 weeks) with caffeine citrate: bolus of 10 mg/kg
on the first day of life (DOL) and 2.5 mg/kg per day
every 24 h from the second DOL until 34 weeks’
postconceptional age. The measurements were made
before the administration of each dose [16—19].

2. Pharmacological prophylaxis for ductus arteriosus for
infants with a GA <30 weeks with 10 mg/kg ibuprofen
during the first DOL and 5 mg/kg on the second and
third days. All infants showed a patent ductus arteriosus
with no haemodynamically significant left-to-right
shunt on the first DOL, which was closed on the third
DOL. Flowmetric measurements were obtained before
the first dose of ibuprofen and 12 h after the third dose
[20, 21].

3. Blue light phototherapy in neonates with hyperbilir-
ubinaemia. ABFV was measured before commence-
ment of and about 12 h after phototherapy [22-24].

4. Administration of fluids in term infants. According to
our protocol, fluid intake was 60 ml/kg per day on the
first day, increasing by 10 ml/kg in the first 3 days, and
20 ml/kg from the fourth to the sixth day to reach

160 ml/kg per day from the seventh day onwards.
During phototherapy the intake was increased by 20%.

Fluid was administered through a venous umbilical
catheter during the first three DOL, followed by a
percutaneous catheter. Umbilical arterial lines were never
placed.

None of the neonates suffered from hypotension or was
exposed to drug therapies that could have changed arterial
blood pressure or ABFV. During the study period all neonates
were normoxic (transcutaneous pO, 60-80 mmHg), normo-
capnic (transcutaneous pCO, 40-50 mmHg) with a normal
oxygen arterial saturation (SatO, 94-98%) and without
metabolic acidosis. All studied neonates showed haematocrit
levels of 40-55% and examinations were performed remote
from any blood transfusion. They were normothermic and
never suffered from any metabolic pathology [25]. None of
these infants showed significant apnoea or bradycardia
during the 24-h prior to the flowmetric study. In total, 756
measurements (378 in the CT and 378 in the SMA) were
obtained.

Study group

After excluding all known conditions able to influence
ABFYV, 69 of 422 screened infants (12 term, 57 preterm)
were selected and enrolled in this study. We considered as
“healthy” both term and preterm babies. The GA of the
study group ranged from 25 to 42 weeks and birth weight
ranged from 550 to 4,200 g. The neonates were divided into
four groups: group 1 was composed of 12 neonates with
GA 25-28 weeks; group 2 included 20 neonates with GA
29-32 weeks; group 3 was composed of 25 neonates with
GA 33-36 weeks; and group 4 included 12 neonates with
GA 37-41 weeks. The characteristics of the study groups
are detailed in Table 1.

Group 1: Infants showed respiratory insufficiency and/or
respiratory distress syndrome for which endo-
tracheal intubation and respiratory support was
necessary for several days (range 1-7 days,
mean 4 days). We used synchronized mechanical
ventilation to avoid phases of asynchronous
ventilation. Blood flow velocities were measured
when the infant was in a stable condition. Enteral
feeding with breast milk was started on the third
DOL and was increased daily by 10 ml/kg per
day. Infants showed neither feeding problems nor
signs of abdominal pathology. Enteral feeding
was administered as a continuous nasogastric
infusion [26]. Breast milk was fortified with
supplemental protein intake after the 15th DOL.
None of the neonates in this group suffered from
respiratory or metabolic disease. Enteral feeding

Group 2:
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Table 1 Clinical data of study groups (values expressed as mean

+SD).
Group 1 Group 2 Group 3 Group 4
n 12 20 25 12
GA (weeks)
Mean+SD 27.1£1.1  30.7+1.2 34.340.8 39.3+1.7
Range 26-28 29-32 33-36 39-41
Birth weight (g) 852+144 1,4124289 1,9244280 3,228+369

with breast milk was started on the third DOL,
continuing with daily increases of 10-20 ml/kg
per day. No infant showed feeding disorders or
intestinal pathology. The infants were initially
fed by intermittent nasogastric infusion, and
later a bottle was used [26]. Breast milk was
fortified with a supplemental protein intake after
the 15th DOL.

None of these infants suffered from respiratory,
metabolic or gastrointestinal pathology. Enteral
feeding was started on the first DOL with daily
increases of 10-20 ml/kg. Feeds were adminis-
tered through a nasogastric tube or bottle [26].
This group included healthy full-term neonates,
without fetal distress or birth asphyxia. Breast
feeding was started on the first DOL.

Group 3:

Group 4:

Measurement of variables

During the examinations neonates were placed in the supine
position. Rarely, in the presence of bowel gas, they were
placed on the right side. Heart rate, respiratory rate and
oxygen saturation were measured using a Hewlett-Packard
HP monitor (HP M1205A OmniCare; Hewlett-Packard,
Andover, MA); transcutaneous O, and CO, were measured
using a Tina radiometer (Radiometer Medical, Copenhagen,
Denmark); and blood pressure was measured using a
noninvasive oscillometric Dinamap (Critikon, Tampa, FL).
In all groups ABFV was measured 30 min before breast
feeding.

Flow imaging and blood flow velocity were obtained
using a colour Doppler unit (Hewlett-Packard Doppler
Image Point; Andover, MA) with a short-range 7.5-MHz
curved linear array probe. The transmitted Doppler fre-
quency was 5 MHz with a 50-Hz filter. The intensity
emitted by the transducer was 15.5 mW/cm? spatial peak
temporal average (SPTA). During abdominal imaging the
US power was reduced to 50%. The percentage of US
emission (‘duty factor’) was 0.1%. The Doppler gain was
80+5%. The mean time of each measurement was 6 min
(range 5-9 min) and exposure time was less than 1 s. The
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system simultaneously displayed two-dimensional images,
the colour flow image and blood flow velocity waves.

The CT and SMA were visualized in the sagittal plane
using a probe placed under the xiphoid apophysis. The
mean volume was placed about 0.5 cm from the next
portion of the vessel to avoid aortic blood flow. In the CT
there was no need for angle correction, while in the SMA
(about 50% of the studied subjects) a correction of
insonation angle by 4-7° was necessary. To maintain
accuracy, ABFV measurements were obtained from homo-
geneous blood flow wave patterns over ten cardiac cycles.

PSV and EDV were calculated from the Doppler display
of velocities obtained with vessel insonation. MV was
obtained by integrating the area under the velocity curve
over one cardiac cycle and TAMV was obtained by gathering
all velocities from the mid-point of the area under the
Doppler curve (mean of all detectable velocities). The RI or
Pourcelot index and the PI or Gosling index, representing the
ratio between different flow velocities, were calculated on
the basis of the following formulas: RI=PSV-EDV/PSV;
PI=PSV-EDV/MV [27, 28]. All SMA and CT blood flow
velocities were measured by a single operator (P.P.).

Statistical analysis

The results are presented as means+tstandard deviation. One-
way analysis of variance (ANOVA) was used for comparisons
of blood flow velocities and DI between the groups of
neonates, and repeated measures ANOVA was used to
compare quantitative variables on different days in the same
group. Bonferroni's correction was used for multiple com-
parisons. STATA/IC 10.0 software (STATACORP LP,
College Station, TX) was used for statistical analysis. P
values <0.05 were considered statistically significant.

Results
Superior mesenteric artery

Table 2 shows ABFV values in the SMA in groups of
different GA during the study period. The study revealed two
interesting findings: 1) flow velocities increased in all groups,
but each group maintained a different trend in the SMA during
the first month of life; 2) ABFV in Groups 2 and 3 at the 28th
DOL were nearly the same as those of term babies.

Peak systolic velocity

A significant increase in PSV was evident from birth to the
seventh DOL in group 4 and from birth through the first month
of'life in the other groups. Comparison of daily data among the
groups showed that term infants had significantly higher PSV
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Table 2 ABFV and DI in the SMA. Values are means+SD.

Day of Group 1 Group 2 Group 3 Group 4
life
PSV (cm/s) 1 26+6 3546 40+8 75+14
3 3145 50411 5949 86+14
7 3845 56+12 63+8 90+13
14 43+8 64+11 71+9
21 5549 66+11 75410
28 6248 7549 88+12
EDV (cm/s) 1 6+2 9+2 1043 15+4
3 842 10+2 134 20+7
7 8+2 1244 1443 25+11
14 10+4 1243 15+4
21 12+4 15+4 1646
28 13+4 17+4 2149
MV (cm/s) 1 1244 19+4 19+6 35+11
3 1745 22+6 27+6 36+8
7 1745 2445 317 3849
14 1945 27+6 3248
21 28+9 3246 33+11
28 29+7 3448 38+17
RI 1 0.7840.06  0.73+0.05 0.75+0.05 0.80+0.02
3 0.74+0.07 0.79+0.04 0.78+0.06 0.77+0.05
7 0.7940.05 0.78+0.05 0.78+0.03 0.74+0.10
14 0.76+0.05 0.80+0.04 0.79+0.04
21 0.80+0.05 0.77+0.06 0.78+0.05
28 0.80+0.05 0.78+0.05 0.79+0.07
PI 1 1.76£0.58 1.41£0.37 1.67+£0.47 1.78+0.35
3 1.5740.93 1.83+£0.45 1.77£0.46 1.89+0.37
7 1.84+0.56 1.85+£0.49 1.69+0.32 1.82+0.50
14 1.73£0.35  1.94+0.48 1.69+0.32
21 1.71£0.58  1.69+£0.58 1.80+0.49
28 1.79£0.50 1.82+0.53 1.97+0.65
TAMV (cm/s) 1 6+2 9+2 10+4 18+6
3 943 1043 1414 18+4
7 943 1243 16+4 2045
14 10+3 14+4 17+4
21 13+4 16+4 1716
28 14+4 17+4 20+8

values than preterm infants. Among preterm infants, group 1
had significantly lower values than groups 2 and 3 during the
entire first month of life. Group 3 had significantly higher
values than group 2 on DOL 3, 21, and 28.

End-diastolic velocity

EDV also significantly increased in all groups on the
different days analysed. EDV of term neonates was
significantly higher than that of preterm infants in the first
week. Among preterm infants, group 1 had lower values
than group 2, but the difference was significant only on the
first DOL. Group 1 had significantly lower EDV values
than group 3 in the first 2 weeks of life. Group 2 had lower

EDV values than group 3, but the difference was significant
only on DOL 14.

Mean velocity

MYV values in the SMA showed significant daily increases in
the three preterm groups, while they remained stable in term
infants. Term neonates had significantly higher MV values
than all preterm groups in the first week of life. Comparison
among the three preterm groups showed lower EDV values
in group 1 than in group 2, but the difference was significant
only on DOL 1, 7, and 21. Group 3 showed higher EDV
values than group 1 in the first month of life, but statistical
significance was reached only in the first 2 weeks of life.
Similarly, group 3 had higher EDV values than group 2, but
the difference was significant only on DOL 7 and 14.

Time-averaged mean velocity

Like MV, TAMV values in the SMA also showed a
progressive significant daily increase in the three preterm
groups, while they remained stable in term infants. Term
neonates had significantly higher TAMV values than all
preterm groups in the first week of life. Group 1 had lower
TAMV values than group 2, but the difference was
significant only on DOL 14. Group 1 TAMYV values were
significantly lower than those of group 3 in the first 2 weeks
of life. Group 3 had significantly higher TAMV values than
group 2 on DOL 3, 7, and 14.

Doppler indices
There were no significant changes in RI and PI in this study.
Coeliac trunk

Table 3 shows ABFV values in the CT in groups of
different GA. Key observations include: 1) PSV increased
in all groups, but each group maintained a different trend
during the first month of life; 2) EDV progressively
decreased in preterm infants during the first month of life;
and 3) PSV values of preterm infants were about the same
as those of term neonates on DOL 28.

Peak systolic velocity

PSV showed significant daily increases in the four groups,
as in the SMA. PSV values in term infants were
significantly higher than in the three preterm groups.
Among preterm infants, group 1 had slightly lower values
than group 2, and significantly lower values than group 3.
Group 3 had significantly higher values than group 2 on
DOL 1, 14, 21, and 28.
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Table 3 ABFV and DI in the CT. Values are means+SD.

Day of Group 1 Group 2 Group 3 Group 4
life
PSV (cm/s) 1 45+7 47+9 60+9 80+14
3 51«7 6148 69+11 89+15
7 58+11 6348 69+11 90+13
14 59410 64+9 79+11
21 62+12 6848 8048
28 6949 7148 8348
EDV (cm/s) 1 1743 1743 1943 2546
3 1543 16+5 2043 2347
7 1743 17+4 18+3 2448
14 16+5 1543 1643
21 15+4 1443 16+2
28 1342 1443 1442
MV (cm/s) 1 28+6 3547 3546 46+9
3 2944 3449 3947 48+11
7 30+7 3549 3746 48+13
14 34+7 3347 3545
21 3347 3347 3345
28 3445 3546 3444
RI 1 0.61+0.04 0.65+0.02 0.69+0.04 0.68+0.06
3 0.70£0.05 0.74+0.06 0.70+0.04 0.77+0.05
7 0.70£0.05 0.74+0.05 0.73£0.04 0.74+0.05
14 0.74+0.05 0.76+0.03 0.79+0.04
21 0.76+0.06  0.80+0.04 0.78+0.05
28 0.81+0.03  0.80+0.04 0.79+0.07
PI 1 1.01£0.26 0.89+£0.11 1.21£0.24 1.22+0.33
3 1.25£0.25 1.43+£0.44 1.27+£0.30 1.43+0.30
7 1.3740.21 1.43£0.37 1.41£0.33 1.50+0.39
14 1.33£0.20 1.54+0.31 1.69+0.32
21 1.4240.30 1.7240.38 1.80+0.49
28 1.63£0.23  1.69+£0.43 1.97+0.65
TAMV (cm/s) 1 1443 18+4 18+4 2345
3 1442 1845 1943 2445
7 15+4 18+6 1943 24+7
14 17+4 1643 1843
21 17+4 1744 1743
28 1843 1843 1843

End-diastolic velocity

During the first week of life, EDV values remained stable
in term and preterm infants. Later, a significant daily
decrease was observed in preterm infants; data for term
infants were lacking. Term neonates had significantly
higher EDV values than groups 1 and 2, whereas the
values were significantly higher than those of group 3 only
on DOL 1 and 7. No significant differences were found
among the three groups of preterm infants.

Mean velocity

MYV values were stable in term neonates in the first week of
life. Among preterm infants, MV increased significantly in
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group 1 and remained stable in the first month of life in
groups 2 and 3. During the first week of life term infants
showed significantly higher MV values than each group of
preterm neonates. No significant differences were observed
among the preterm infant groups.

Time-averaged mean velocity

Like MV, TAMYV was stable in term neonates in the first week
of life. Among preterm infants, TAMYV increased significantly
in groups 1 and 3 but remained stable in group 2 during the
first month of life. Comparison of daily values among the
groups showed significantly higher MV values in group 4 than
in other groups. No significant differences were identified
among the preterm groups except a significantly lower TAMV
in group 1 than in groups 2 and 3 on the first DOL.

Doppler indices

Unlike the SMA results, RI and PI in the CT showed
significant increases in all groups during the first month of
life. No differences in daily values were observed among
the groups.

Discussion

The Doppler technique was first used in adults for
noninvasive measurement of intestinal blood flow [29].
The first study of abdominal Doppler flowmetry in infants
was performed by Leidig in 1989, and the use of the colour
Doppler flow imaging technique to study neonatal abdominal
haemodynamics was validated during the mid 1990s [4, 30].
Intestinal blood flow is regulated by dynamic (arterial blood
pressure, circulating blood volume, cardiac output and
haematocrit level) and metabolic mechanisms (variations of
blood pO,, pCO,, pH and some metabolites). Autoregulation
of intestinal blood flow in neonates and especially in
premature infants is more limited than in adults, with major
predispositions toward ischaemia and haemorrhage [31].
Many physiological, pathological and pharmacological con-
ditions can induce changes in intestinal blood flow, and
consequently in ABFV. As in adults, feeding induces an
increase in blood flow in both the SMA and the CT in
neonates, and reduction or cessation of ABFV increases with
feeding can be predictive of feeding-related problems [32-35].

ABFV determination has allowed identification of
intestinal perfusion alterations in small-for-GA infants and
in babies with intrauterine growth retardation, and has
facilitated the identification of ductus arteriosus, especially
in neonates at risk of necrotizing enterocolitis [36—41].
Changes in ABFV are induced by indomethacin, caffeine,
dopamine and dobutamine, but also by medical interventions
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such as umbilical arterial catheterization, phototherapy and
nasal continuous positive airway pressure [42—55].

This study showed that a progressive increase in ABFV
occurs in the SMA from birth and throughout the first
month of life in preterm babies. A daily increase in PSV
was also evident in the CT in all age groups, but unlike in
the SMA, EDV progressively decreased in preterm infants.
We cannot exclude the possibility that this trend is the same
in term infants. Under normovolaemic conditions the
increases in PSV, EDV and MV in the SMA are caused
by a redistribution of abdominal systemic blood flow,
because of the progressive opening of vascular beds due to
a decrease in peripheral resistance. Physiological factors
playing a role in the postnatal increase in blood velocities in
the SMA include increasing blood pressure, increasing
stroke volume and closure of the ductus arteriosus [56].
Nitric oxide, produced by intestinal vascular endothelial
cells, could play a key role in the dilatation of the
microcirculation. This role decreases with postnatal age.
Furthermore, the increase in blood flow velocity should be
associated with a further rise of enzymatic activities that
increases nitric oxide activity, an age-dependent mechanism
in the postnatal period [57]. Feeding could also play a
significant role in the increase in ABFV with the rise of
metabolic demand that controls the production of vascular
endothelial growth factors responsible for anatomic growth
of the intestinal vascular bed [58].

Our results showed that the mechanisms regulating the
increase in ABFV act in a uniform manner in all babies, not
only in the first week but also during the first month of life.
This phenomenon appeared about the same in the four
study groups, but the results highlight a particular GA-
dependent trend. In preterm babies, who at 28 days were
nearing the postconceptional term, ABFV were similar to
ABFV of term babies during their first week of life.
Premature babies with a lower GA (groups 1 and 2),
however, maintained lower ABFV values during the first
month. The dissimilar absolute trends of the groups could
stem from differences in developmental stage of the
intestinal vascular network.

There are few published studies investigating colour
Doppler flow imaging of the CT, and none examining CT
afferent vascular systems in preterm and term neonates.
Postnatal increases in PSV in the CT could have the same
causes as ABFV increases in the SMA. The EDV reduction
that we observed in preterm infants could have been
influenced by the extremely complex tributary system of the
CT. We hypothesize that gastric, hepatic and splenic vascular
resistance changes may affect the trend in the EDV. We cannot
exclude the occurrence of the same changes in term neonates
given that we only have data for the first seven DOL.

Our results suggest that since ABFV values in each
group were lower than postconceptional values, monitoring

of intestinal blood flow in neonates must be related not only
to GA but also to postnatal age. Our data show the
existence of ABFV changes not only in the first week of
life, but also during the entire first month of life.
Availability of normal flowmetric references in both the
SMA and the CT could be useful in monitoring splanchnic
flowmetry in all conditions with an increased necrotizing
enterocolitis risk (low PSV in the SMA and high PSV in the
CT) and in the evaluation of the ischaemia-reperfusion of
established necrotizing enterocolitis (high PSV in the SMA)
[38]. A further clinical use of the normal reference for
splanchnic flowmetry may be better timing of enteral
feeding introduction; this would reduce the risks of feed
intolerance, especially for very-low-GA neonates.

Conclusion

This study provided normal reference values of ABFV and
DI in the SMA and the CT in term infants during the first
week and in preterm infants during the first month of life.
These data highlight the differences in ABFV, both in
absolute measurement and in chronological trends, between
term and preterm neonates of different GA. This difference
may be due, if we assume similar developmental stimuli, to
different anatomical conditions considered to be GA-
dependent. Our data may serve as a reference in neonatal
physiology and pathology, allowing the correct interpreta-
tion of ABFV changes in the neonatal period. Further
studies of the abdominal circulation in preterm babies,
especially those of lower GA, and in the tributary vascular
systems of the CT are required. These would contribute to
the goals of improving the ability to prevent necrotizing
enterocolitis and improving approaches to enteral feeding
of neonates.
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