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Abstract

Background Very-low-birth-weight (VLBW) preterm neonates are vulnerable to patent ductus arteriosus (PDA), which might be
related to high-resistance flow in the superior mesenteric artery (SMA), with decreased diastolic flow in situations of marked
intestinal hypoperfusion. No previous studies have evaluated the portal vein and superior mesenteric vein (SMV) parameters to
assess the PDA hemodynamic repercussions.

Objective To assess mesenteric and portal flow in VLBW preterm neonates with or without PDA using serial Doppler ultraso-
nography (US).

Materials and methods We conducted a prospective longitudinal study on 61 VLBW preterm neonates submitted to 161 Doppler
US exams, from 2 days to 20 days of age.

Results All infants exhibited a progressive daily increase in the mean of the SMA diameter and systolic velocity, the portal vein
diameter, the peak velocity, the mean velocity and the flow volume and of SMV diameter (P<0.05). The incidence of PDA was
37.7% (n=23) and infants with the disease revealed a smaller diameter, greater systolic velocity, lower diastolic velocity, and
higher resistivity and pulsatility indices on SMA compared to those without PDA (P<0.05). Additionally, 47.8% (n=11) of
infants with PDA exhibited absent or reversed end-diastolic flow in the SMA, and its resolution was seen among 54.5% (n=6) of
these. Infants with PDA also exhibited lower values of portal vein diameter and flow volume and of SMV diameter (P<0.01).
Conclusion Doppler US enhances the understanding of mesenteric and portal flow, including the effects of PDA. The study of
SMYV and portal vein flow is proposed as a new parameter in PDA evaluation.

Keywords Doppler ultrasonography - Neonates - Patent ductus arteriosus - Portal vein - Prematurity - Superior mesenteric artery -
Superior mesenteric vein - Very low birth weight

Introduction
DX Larissa Sobral Cavalcanti Very-low-birth-weight (VLBW) preterm neonates, consid-
lasobral @hotmail.com ered those born weighing less than 1,500 g, exhibit high mor-
bidity and mortality rates because of organ immaturity and
! Department of Radiology, Professor Fernando Figueira Integral higher vulnerability to diseases and their complications,
Medicine Institute (IMIP), 300 Coelhos St., among them patent ductus arteriosus (PDA) [1, 2].
Boa Vista — Recife, PE 50070-550, Brazil The ductus arteriosus is a vessel that communicates be-
2 Department of Paediatric Research, Professor Fernando Figueira tween the pulmonary artery and the aorta during the fetal

Integral Medicine Institute (IMIP), Recife, PE, Brazil period. At this period, the fetal lungs exhibit high vascular

Department of Statistics and Research, Professor Fernando Figueira resistance and thus receive the smallest part of the right ven-
Integral Medicine Institute (IMIP), Recife, PE, Brazil tricular output. Most of this output is directed to the systemic
*  Faculdade Pemambucana de Satde (FPS), Recife, PE, Brazil circulation through the ductus arteriosus. Shortly after birth,
Agamenon Magalhdes Hospital, Recife, PE, Brazil with the onset of breathing, the pulmonary vascular resistance

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00247-020-04689-y&domain=pdf
http://orcid.org/0000-0002-4846-5865
mailto:lasobral@hotmail.com

1108

Pediatr Radiol (2020) 50:1107-1114

decreases and the ductus arteriosus closes. In term newborns,
the functional closure of the ductus arteriosus occurs 12—15 h
after birth and the permanent closure usually within 5—7 days
but sometimes up to 21 days after birth [3-5].

PDA occurs when the ductus arteriosus remains open after
72 h. In VLBW neonates, the ductus arteriosus can be closed
later and the frequency of the PDA is proportionally higher in
this group [5]. Visconti et al. [6] showed that the occurrence of
PDA at 72 h of age was 25% among neonates with a birth
weight between 1,000 g and 1,500 g, and 65% among those
with a birth weight less than 1,000 g. Dominguez et al. [7]
found evidence of PDA in 65% and 53% of preterm infants
with a gestational age less than 26 weeks and 34 weeks,
respectively.

At the beginning of neonatal adaptations, if pulmonary
vascular resistance is still high, PDA does not cause symp-
toms. However, as this resistance decreases, neonates with
PDA develop a left-to-right shunt through the arterial duct,
which comprises the ductal steal, redirecting up to 30% of
the aorta flow to the lungs during diastole. Consequently,
pulmonary hyperflow can damage the pulmonary capillaries
and cause pulmonary edema/hemorrhage, as well as reduce
lung compliance, with a risk of bronchopulmonary dysplasia
[5, 8].

The ductal steal is also associated with a reduced diastolic
pressure in the aorta, which can lead to a systemic hypoflow
and decreased organic perfusion, notably in the intestine, kidneys
and brain [9]. When systemic hypotension is refractory, neonatal
morbidity increases because of the risk of necrotizing enteroco-
litis (NEC), renal failure, periventricular leukomalacia and intra-
ventricular hemorrhage [4, 10]. The intestine is usually more
affected when self-regulating mechanisms, with splanchnic va-
soconstriction and redistribution of intestinal blood flow, are de-
veloped to minimize the consequences of hypoflow on vital or-
gans, such as the brain [11]. If the PDA is not treated properly,
there is a risk of intestinal ischemia or perforation caused by
evolution with NEC; this can even progress to death [12].

Doppler ultrasonography (US) is a noninvasive and
widely available method that favors an understanding
about the pathophysiological mechanism underlying PDA
through the analysis of the descending aorta and its
branches [9]. Analyzing the superior mesenteric artery
(SMA) flow is considered excellent to characterize the
intestinal flow, given that it supplies a significant portion
of the intestine [13]. It is known that PDA might be related
to high-resistance flow in the SMA, with absent or re-
versed end-diastolic flow in situations of marked intestinal
hypoperfusion from ductal steal [12, 14]. It is questioned
whether the context of intestinal hypoperfusion related to
PDA could cause any impact on the venous system.
Unfortunately, no previous studies have evaluated the por-
tal vein and superior mesenteric vein (SMV) parameters as
a means to assess the PDA hemodynamic repercussions.
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The purpose of the present study was to assess the mesen-
teric and portal flow in VLBW preterm neonates with and
without PDA using serial Doppler US. Regarding the vascular
parameters, we describe the estimated daily variations in all
infants and the estimated difference between infants with and
without PDA.

Materials and methods

We conducted this longitudinal prospective study between
October 2016 and May 2017 at a single teaching hospital with
a 50-bed neonatal intensive care unit. The study was approved
by the institutional review board. Parents/legal guardians
signed informed consent forms before each examination.

We included premature and VLBW newborns (<1,500 g)
in the study, excluding those with complex congenital heart
disease (except PDA and patent foramen ovale), gastrointes-
tinal diseases (such as gastroschisis, omphalocele and NEC)
and genetic syndromes. We excluded infants with NEC from
the study to avoid any confounding effects that NEC alone
(and not necessarily related to PDA) could cause under the
mesenteric and portal circulation because its pathophysiolog-
ical mechanism is known to be complex and multifactorial.
The diagnosis of PDA was performed through clinical data
(e.g., presence of a heart murmur) or echocardiogram (e.g.,
direct visualization of the ductus arteriosus), and we acquired
this information through medical records.

Serial evaluation by Doppler US was used to address the
aims of the study. US procedures took place at the incubator-
side under the responsibility of a single radiologist who had
more than 15 years of dedicated pediatric radiology experi-
ence (E.J.C.S.), by using a portable Philips CX50 (Philips
Ultrasound, Bothell, WA) with a 12—3-MHz linear transducer.
Any influence from postprandial changes of the mesenteric
circulation was minimized by performing measurements on
infants with a minimum of 3 h of fasting; the infants were
fed only after the examination was concluded.

Doppler US sessions were divided into three groups ac-
cording to the age at which they were performed: Group 1
(US conducted on VLBW neonates age 2—5 days), Group 2
(US conducted on VLBW neonates age 6—9 days) and Group
3 (US conducted on VLBW neonates age 10-20 days). This
division was made to facilitate the organization of the US
procedures. Infants were not submitted to this examination
on their first day of age to minimize any interference in the
transition and adaptation from the fetal to the neonatal stage.

The initially proposed procedure was that all infants would
undergo at least one Doppler US exam in each group.
However, this was not possible for all cases over the course
of the study; sometimes the infant was too unstable to be
examined, had already been fed enterally, had been
discharged from the neonatal intensive care unit, or had died.
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In case of an unfavorable clinical evolution reported by the
assistant neonatologist (e.g., abdominal distension, significant
gastric residuals, abdominal pain, leukocytosis, suspected
NEC) or evidence of Doppler changes during the examination
(e.g., absent or reversed diastolic mesenteric flow), Doppler
US was repeated more than once in the same group to better
characterize the evolution of the US findings.

The SMA was assessed where it arises from the abdominal
aorta, and its diameter and area were calculated in millimeters
and millimeters squared, respectively, in the transverse plane in
B-mode. The flow of SMA was assessed in the longitudinal
plane in spectral Doppler mode, with the correction of angles
below 60° and analysis of one cycle after at least three consecu-
tive and similar waveforms, to characterize systolic velocity
(peak velocity) and diastolic velocity (end-diastolic flow).

The resistance index (RI) and the pulsatility index (PI) of
SMA were also calculated, using the Pourcelot and Gosling-
King formula, in which RI = (systolic peak velocity — mini-
mum diastolic velocity) / systolic peak velocity, and PI =
(systolic peak velocity — minimum diastolic velocity) / mean
velocity. Absent and reversed end-diastolic flow were consid-
ered when the SMA diastolic flow was absent (minimum ve-
locity equal to zero) or reversed (minimum velocity exhibiting
a negative value), respectively.

As for venous flow, the portal vein was assessed after the
confluence of the SMV and the splenic vein, and its diameter,
area, peak velocity, minimum velocity, mean velocity and
flow velocity were calculated following the abovementioned
criteria. The SMV was assessed near its confluence with the
splenic vein, and its diameter and area were calculated. The
results regarding SMA, portal vein and SMV flow obtained in
the present study were disclosed to the assistant neonatologist.
Nevertheless, the data were not considered in an isolated man-
ner for clinical management and therapeutic decision-making,
including the time and volume of enteral nutrition.

After ensuring the consistency of the data, we performed
the statistical analysis with the software Stata 12.1SE
(StataCorp, College Station, TX). Categorical variables were
summarized by absolute and percentage frequencies, numeri-
cal variables by means and standard deviations. We performed
the estimated difference between the means of infants with
and without PDA using the Student’s #-test. The estimated
daily variations regarding the means, intra- and inter-groups
were evaluated by adjusting linear mixed models, which con-
sider the dependency structure between the intra-group obser-
vations. Tests with P-values less than 0.05 were considered
significant.

Results

Sixty-one neonates participated in the study, of whom 52.4%
(n=32) were male, with a median weight of 1,150 g (lower

quartile = 925 g and upper quartile = 1,320 g) and mean
gestational age of 29 weeks (standard deviation +2.8 weeks).
Of all patients, 13.1% (n=8) died, at a median age of 19 days
(lower quartile = 16 days and upper quartile = 29 days); 37.5%
(n=3) of these deaths were caused by sepsis, 25% (n=2) by
respiratory distress syndrome, 12.5% (n=1) by pulmonary
hemorrhage, 12.5% (n=1) by bronchopulmonary dysplasia,
and 12.5% (n=1) by hypoxia and neurologic disorders.

The PDA incidence in the total cohort was 37.7% (n=23);
39.1% (n=9) of these babies were born weighing less than
1,000 g and 82.6% (n=19) had a heart murmur at the time of
the US examination, thus corroborating the diagnosis. Of all
the infants with PDA, 65.2% (n=15) received medical treat-
ment (ibuprofen or paracetamol) and 4.3% (n=1) underwent
surgical treatment.

A total of 161 Doppler US examinations were performed,
among which 53 were in Group 1, 43 in Group 2 and 65 in
Group 3 (Table 1). Table 1 shows the number of Doppler US
examinations in each age group, according to the presence or
absence of the PDA diagnosis.

Table 2 shows the estimated daily variations regarding the
mean values in the whole population and the estimated differ-
ences between the mean values in neonates with and without
PDA (using the mean values of the variables for which the
interaction between age and group was not significant at the
5% level). Thus, for each of these variables, the estimated
daily variation of the mean was the same in both groups (with
and without PDA) and the estimated difference in the means
between groups was the same for each age, from 2 days to
20 days (the time period during which measurements were
conducted). Figure 1 is a graphic representation of the
Doppler velocimetry data shown in Table 2. The SMA,
SMV and portal vein parameters are described separately in
the next sections.

Superior mesenteric artery

In the analysis of neonates in general, the estimated daily
variation was characterized by an increase of 0.02 mm (95%
confidence interval [CI]: 0.01-0.03 mm) and 1.52 cm/s (95%
CI: 0.22-2.83 cm/s) in mean SMA diameter and systolic ve-
locity, respectively, and this increase was significant (P<0.01
and P=0.02, respectively). SMA diastolic velocity, RI and PI
values remained stable, with no significant daily changes.

In the comparative analysis between infants with and with-
out PDA, the estimated daily differences of the means was
0.25 mm (95% CI: —0.38 mm to —0.12 mm) smaller in diam-
eter, 15.5 cm/s (95% CI: 0.3-30.8 cm/s) faster in systolic
velocity, 7.7 cm/s (95% CI: —11.5 cm/s to —4.0 cm/s) slower
in diastolic velocity, 0.07 (95% CI: 0.04 to 0.10) higher in R1,
and 0.72 (95% CI: 0.35 to 1.08) higher in PI of the SMA in
neonates diagnosed with PDA, with relevance (P<0.05).
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Table 1 Number of Doppler US
examinations in each group, PDA status
according to the presence or
absence of patent ductus

Group 1: 2-5 days of age
(n=53)

Group 2: 6-9 days of age
(n=43)

Group 3: 10-20 days of age (n=65)

arteriosus (PDA) With PDA 26 17 38
Without PDA 27 26 27
US ultrasonography

In the present study, 19.7% (n=12) of all the neonates exhib-
ited absent or reversed end-diastolic flow in the SMA (Fig. 2). Of
these 12, 91.7% (n=11) were diagnosed with PDA. The evidence

of reversed end-diastolic flow exhibited a significant association
with the diagnosis of PDA (P=0.01). Absent diastolic flow ex-
hibited no such significant relationship, probably because of its

Table 2 Estimated daily
variations and estimated
difference of patients with and
without patent ductus arteriosus

Variable Estimated daily variation ~ P-value®  Estimated differences in the ~ P-value®

in the mean (95% CI),
considering patients in

general®

means (95% CI) between
patients with and without

PDA®

SMA

SMV

Portal vein

Diameter® 0.02 (0.01 to 0.03) 0.001

(mm)

Systolic 1.52(0.22 to 2.83) 0.022

velocity
(cm/s)

Diastolic 0.09 (=0.26 to 0.44) 0.63

velocity
(cm/s)

Resistivity < 0.01 (=0.01 to 0.01) 0.94

index

Pulsatility —0.02 (-0.05 to 0.02) 0.35

index

Diameter 0.05 (0.03 to 0.06) 0.000

(mm)

Diameter? 0.04 (0.03 to 0.06) 0.000

(mm)

Peak 0.21 (0.01 to 0.41) 0.037

velocity
(cm/s)

Minimum 0.09 (=0.05 to 0.23) 0.22

velocity
(cm/s)

Mean 0.20 (0.03 to 0.37) 0.020

velocity
(cm/s)

—0.25 (-0.38 to —0.12) <0.001

15.5 (0.3 to 30.8) 0.046

—7.74 (=11.54 to —4.0) <0.001

0.07 (0.04 to 0.10) <0.001
0.72 (0.35 to 1.08) <0.001
~0.45 (~0.62 to —0.27) <0.001
~0.53 (-0.74 to —0.31) <0.001

—1.18 (—4.02 to 1.66) 0.42

2.0 (—4.3 t0 0.4) 0.096

—1.75 (-4.22 t0 0.73) 0.17

Flow 3.15(1.97 to 4.33) 0.000 —35.18 (=52.25 to —18.11) <0.001

volume
(cm3
/min)

CI confidence interval, PDA patent ductus arteriosus, SMA superior mesenteric artery, SMV superior mesenteric

vein

# Estimated daily variation in the means among patients in general (with and without PDA) from 2 days to 20 days

of age

® p_value <0.05 is significant (bold values)

¢ Estimated differences in the means by age (in days) between patients with and without PDA from 2 days to
20 days of age, using the PDA group as the reference

9 Original values multiplied by 10
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Fig. 1 Graphic representations of the estimated daily variations and
estimated differences among neonates with and without patent ductus
arteriosus (PDA), considering the mean values of superior mesenteric
artery (SMA) systolic velocity (a), SMA diastolic velocity (b), SMA

resistivity index (¢), SMA pulsatility index (d), portal vein peak
velocity (e), portal vein minimum velocity (f) and portal vein flow
volume (g), as described in Table 2. CI confidence interval
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Fig. 2 Ultrasonography in a female preterm neonate, born weighing
1,080 g and diagnosed with patent ductus arteriosus (PDA). a, b
Doppler US image demonstrates a normal superior mesenteric artery
(SMA) (a) and portal vein (b) Doppler US image at 9 days of age

low occurrence. Absent/reversed end-diastolic flow was resolved
in 54.5% (n=6) of the infants with PDA after drug treatment.
These infants showed a diastolic flow recovery on SMA and a
dietary progression, with a daily increase in feeding volumes.

Superior mesenteric vein

In the analysis of infants in general, the estimated daily vari-
ation was characterized by an increase of 0.05 mm (95% CI:
0.03-0.06 mm) regarding the mean SMV diameter, and this
increase was significant (P<0.01). In the comparative analysis
between infants with and without PDA, the estimated daily
difference of the mean was 0.45 mm (95% CI: —0.62 mm to
—0.27 mm) lower in SMV diameter in those diagnosed with
PDA, and this was significant (P<0.01).

Portal vein

In the analysis of all of the infants, the estimated daily varia-
tion was characterized by an increase of 0.04 mm (95% CI:
0.03-0.06 mm) in mean portal vein diameter, 0.02 mm? (95%
CI: 0.01-0.03 mm?) in area, 0.21 cm/s (95% CI: 0.01—
0.40 cm/s) in peak velocity, 0.20 cm/s (95% CI: 0.03—
0.37 cm/s) in mean velocity and 3.15 cm’/min (95% CI:
1.97-4.33 cm3/min) in flow volume, and this was significant
(P<0.05).

In the comparative analysis of infants with and without
PDA, the estimated daily difference was 0.53 mm (95% CI:
—0.74 mm to —0.31 mm) less in diameter, 2.7 mm? (95% CI:
-3.7 mm? to —0.2 mm?) less in area, and 35.2 cm>/min (95%
CI: —52.3 cm’/min to —18.1 cm®/min) less in portal vein flow
volume in infants diagnosed with PDA, with relevance
(P<0.01). The peak and minimum velocity of the portal vein
in infants with PDA were also lower, but these results were
not significant.
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demonstrates abnormal flow in the SMA, with reversed end-diastolic
flow, when the girl developed abdominal distension. ¢ flow at the first
examination, at 5 days of age

Discussion

Patent ductus arteriosus is a highly common complication
among VLBW preterm neonates and the incidence of PDA
in the present study was similar to that of previous studies. The
ductal steal phenomenon with intestinal hypoperfusion, trig-
gered by PDA, has already been described. Groves et al. [14]
associated reversed end-diastolic flow of the descending aorta,
with a 35% decrease in flow volume, in the presence of a PDA
ductal diameter more than 1.7 mm. Previous studies also not-
ed reduced or reversed diastolic flow in the descending aorta
and other abdominal arteries, including the renal and mesen-
teric arteries, among preterm infants with symptomatic PDA
[9, 14-16].

In the serial analysis of the present study, the SMA diam-
eter and systolic velocity tended to increase gradually and in a
significant manner over time in all infants. Similarly,
Martinussen et al. [13] found an increase in the mean flow
velocity of the SMA between Days 1 and 7 of age in healthy
preterm infants weighing 1,980 g to 2,930 g. Maruyama et al.
[17] also found an increase in this parameter between Days 1
and 6 of age among healthy preterm infants weighing 925 g to
1,990 g, and suggested that the increased flow velocity of the
SMA might be caused by an increase in blood pressure and in
the amount of the enteral diet within this period.

The evolution curve of the SMA diastolic velocity in all
participants of the present study exhibited a trend toward re-
maining stable over the course of time, with no significant
daily variations. With a stable diastolic velocity, there were
no significant daily repercussions on the RI and PI of the
SMA. This finding might be explained by the neonate’s nat-
ural adaptation in an attempt to maintain a steady intestinal
blood flow despite an increasing demand and flow volume.

Even though the evolution curves showed a similar daily
trend in all infants, a different behavior was observed when
comparing infants with and without PDA. In the present
study, the assessment of the SMA among infants with PDA
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revealed a high-resistance flow characterized by a smaller di-
ameter, greater systolic velocity, lower diastolic velocity, and
higher RI and PI values compared to infants without PDA.
These findings agree with the previously proposed mecha-
nism of splanchnic vasoconstriction during the genesis of in-
testinal hypoperfusion, with an increased systolic flow veloc-
ity, not accompanied by an increased diastolic flow velocity,
with a resulting increase in the RI [18].

Splanchnic vasoconstriction leads to a redistribution of
blood flow to the vital organs as a response to reduced sys-
temic flow triggered by PDA, which results in intestinal hy-
poperfusion. Meyers et al. [18] showed that PDA causes a
reduction in intestinal blood flow. In situations of marked
intestinal hypoperfusion caused by PDA, the patient develops
more severe changes in the diastolic flow of the SMA [9]. In
the present study reversed end-diastolic flow exhibited a sig-
nificant correlation with a diagnosis of PDA. No significant
relation was found regarding absent diastolic flow, which is
probably because of its low occurrence.

A case of a preterm neonate with hemodynamically signif-
icant PDA and reversed end-diastolic flow in the upper mes-
enteric vessels has been reported by Arvind et al. [12]. In this
case, the diastolic flow was restored and symptoms resolved
after medical treatment with ductal closure. Shimada et al.
[19] found an increase in the mean blood flow velocity in
the SMA after closing the arterial duct in symptomatic pa-
tients. In the present study, a resolution of the absent/
reversed end-diastolic flow was observed in 54.5% (n=6) of
the infants with PDA after medical treatment. These infants
showed a diastolic flow recovery on SMA and a dietary pro-
gression, with a daily increase in feeding volumes, which is
indicative of clinical improvement.

As for venous flow, the evolution curve of the diameter of
the SMV tended to increase daily and in a significant manner
over time for all infants. Rising curves, with a significant daily
increase, were also found for the diameter, peak velocity,
mean velocity and flow volume of the portal vein. This find-
ing can also be explained by structural growth and increased
dietary needs and demands.

No previous reports have assessed portal vein and SMV
parameters as a means to measure the effects of PDA. This
procedure was emphasized in the present study, and we found
that infants with PDA exhibited smaller SMV and portal vein
diameters than those without PDA. In the analysis of the portal
vein flow volume, infants with PDA exhibited lower values
than those without PDA; this finding agrees with what has
been observed regarding intestinal hypoperfusion. The peak
velocity, mean velocity and minimum velocity of the portal
vein in infants with PDA also exhibited lower values com-
pared to infants without PDA; however, this finding was not
significant, probably because of the small sample size.

These findings indicate that systems other than the arterial
system can exhibit the effects of ductal steal in PDA. Reduced

arterial blood flow in the intestine triggered by PDA can also
have an impact on the intestinal venous system, resulting in
reduced venous intestinal drainage, thus compromising the
infant’s main nutrient entrance route. With the reduced intes-
tinal venous flow, the portal flow is also reduced because it
partially depends on the mesenteric flow.

Thus, the evidence of reduced intestinal venous flow and
the resulting reduced nutrient supply from what is absorbed in
the enterocytes/intestinal capillaries can affect the infant’s de-
velopment. Knowing that 70% of hepatic flow is derived from
the portal vein, one could further examine the functional
changes of the liver caused by reduced portal flow among
infants with PDA. Future studies should address these
questions.

Because the venous system can reflect the hemodynamic
repercussions of PDA, the present study proposes assessing
the mesenteric and portal veins as novel means to this end.
The portal vein stands out as a candidate because it is techni-
cally easy to analyze, less influenced by stomach and intesti-
nal gas, and simple to access.

The US parameters are important because they favor the
acquisition of further knowledge and signal the need for ear-
lier attention and care for the neonate. However, they must be
individualized and cannot be considered as an isolated factor
for an etiological definition or a therapeutic choice/
modification; rather, they must be considered as complemen-
tary information and used in association with other clinical
and laboratory data.

Despite the longitudinal and prospective character of the
present study, which assessed changes in mesenteric and por-
tal parameters over time, we emphasize that the small
evolutive sample is a limitation of the study. The data related
to the portal and mesenteric venous flow mentioned in the
present study are preliminary and further studies are needed.
These data alone cannot confirm the suspicion of PDA, but we
believe that these data could be used as a screening to indicate
the performance of an electrocardiogram and even help to
categorize PDA patients with low or high risk for intestinal
complications and thus be useful on therapeutic guidance.
However, further studies are needed to incorporate these data
into clinical practice.

Conclusion

The examination of the SMA, SMV and portal vein by serial
Doppler ultrasonography enhances the understanding of intes-
tinal flow in VLBW preterm neonates, and we observed
evolutive curves with a progressive daily increase in the pa-
rameters of these vessels. This method can also characterize
the hemodynamic repercussions that occur because of PDA,
such as an SMA with high-resistance flow, increased PI and
RI values, and, eventually, absent or reversed end-diastolic
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flow. The reduced arterial blood flow also has an impact on
intestinal venous drainage, with reduced mesenteric and portal
venous flow, and these findings were first evaluated by the
present study. Thus, we propose the assessment of superior
mesenteric and portal veins as a new parameter for PDA eval-
uation. However, further studies are needed to incorporate
these data into clinical practice.
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