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Abstract Background: Blood flow
parameters in the superior mesen-
teric artery (SMA) change with
vasoconstriction or vasodilatation
of the intestinal vascular bed. In
cases of severe growth retardation
as a result of haemodynamic
disturbances, the blood flow chan-
ges persist into postnatal life.
Objective: To assess early changes
of Doppler sonographic blood flow
parameters in the SMA for predic-
tion of later intestinal motility dis-
turbances in preterm infants and
tolerance of enteral feeding during
the first week of life. Materials and
methods: Doppler sonographic
blood flow parameters in the SMA
were measured on the first day of
life and the following 5 days in 478
neonates with a birth weight below
1,500 g. According to the Doppler
results, the neonates were divided
into two groups—those with path-
ological parameters and those with
normal blood flow parameters.
Correlations between blood flow
parameters, the development of
intestinal dysmotility and the tol-
erated amount of enteral feeding
were calculated. Results: Patho-
logical blood flow parameters were
observed in 148 neonates (group 1)
and normal blood flow parameters
in 330 neonates (group 2). Intesti-
nal motility disturbance occurred in
125 neonates (83%) of group 1 and
47 neonates (15%) of group 2.
Neonates in group 2 tolerated sig-

nificantly more feed by the fifth day
of life than neonates in group 1.
Postnatal adaptation did not differ
between the two groups, although
the majority of neonates with
intestinal dysmotility were small for
gestational age. The predictive va-
lue of blood flow parameters for
prediction of intestinal motility re-
vealed high sensitivity and specific-
ity by the first postnatal day, 2 or
3 days before development of clin-
ical signs of intestinal dysmotility.
There was a strong negative corre-
lation between pathological pulsa-
tility index on day 1 and the
quantity of tolerated enteral feeding
on day 5. Conclusions: Pathologi-
cal blood flow parameters in the
SMA can predict problems of
intestinal motility and tolerance of
enteral feeding. With the early
detection of these problems a
prompt start of adequate therapy
to avoid complications is possible.
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Introduction

Adequate perfusion of intestinal organs is essential for
the health of the intestinal mucosa. Prenatal utero-
placental insufficiency with chronic fetal hypoxia can
lead to fetal growth retardation with a redistribution of
blood flow favouring the cerebral circulation and
reducing mesenteric perfusion [1–5]. This underlines the
importance of chronic or acute hypoxia as the most
intensively studied condition associated with distur-
bances of intestinal motility [6]. Small-for-gestational-
age (SGA) neonates, born after prenatal haemody-
namic disturbances, are at high risk for developing
severe intestinal problems which sometimes require
surgical intervention [2, 4, 7–10]. Therefore, early
diagnosis of intestinal dysmotility is decisive for a
prompt start and success of conservative treatment.
The aim of this prospective study was to assess the
value of Doppler blood flow parameters of the superior
mesenteric artery (SMA) as an early predictor of severe
intestinal impairment, possibly before the development
of clinical signs and symptoms. Those parameters
measured on the first day of life were also assessed for
their ability to predict tolerance of enteral feeding
during the first week of life.

Materials and methods

This was a prospective study of 478 preterm neonates
with a birth weight below 1,500 g. The study was
undertaken between 1996 and 2001 in the Department of
Obstetrics and Gynaecology of the University of Leip-
zig. All neonates were admitted to the neonatal intensive
care unit of the University Children’s Hospital. Gesta-
tional age at delivery was calculated as the best obstet-
rical estimate according to last menstrual period,
combined with the first trimester US examination. In-
fants were categorized as SGA if their birth weight was
at or below the tenth percentile [11]. Neonatal database
characteristics included birth weight, gestational age,
birth weight percentile, umbilical artery pH, Apgar score
and postnatal resuscitation (Table 1).

Intestinal motility disturbance was defined by the
presence of at least three of the following clinical signs
during the first 5 days of life:

– Gastro-oesophageal reflux (more than 80% of feed
over 3 h).

– Absence of spontaneous meconium excretion within
first 72 h.

– Sticky meconium, which hindered passage and
excretion.

– Excessive abdominal distension over more than 72 h.
– Palpable rubbery bowel loops.
– Bilious vomiting more than four times per day.

Neonates were categorized as having intestinal
dysmotility always before feeding and were all examined
in the same fashion.

Neonates were assigned to two groups accordingly to
the results of Doppler sonographic measurement of the
SMA. In all neonates, Doppler sonographic investiga-
tion of the SMA was performed between 2 and 12 h of
life, after establishing normal physical conditions and
before first feeding, and on subsequent days, always
before feeding, up to the fifth day. To achieve imaging of
the SMA the transducer was placed on the mid-abdo-
men above the umbilicus. The SMA was identified at its
emergence from the aorta and the sample volume was
placed a few millimetres from its origin. Peak systolic
velocity, end diastolic velocity and pulsatility index were
recorded. Blood flow velocities in the SMA were defined
as pathological if the measured values were below 2 SD
from normal values; the pulsatility index was patho-
logically increased if more than 2 SD above that of the
control group (Table 2). Neonates with at least two
pathological blood flow parameters of the SMA on the
first day of life were assigned to group 1 and neonates
with normal blood flow parameters of the SMA were
assigned to group 2.

Evidence of a persistent ductus arteriosus was iden-
tified by ECHO at the same time. Heart rate, oscillo-
metrically measured blood pressure, and the need for
volume replacement therapy were recorded.

The study was approved by the institutional review
board. Parental consent was obtained to carry out
Doppler sonographic examinations. The values were
assessed using Student’s t-test and Kenndall’s rank-
correlation. P values below 0.05 were considered sig-
nificant. Values are presented as means or medians ±SD

Table 1 Mean and median values and SD of parameters of post-
natal condition in neonates with pathological blood flow parame-
ters of the SMA (group 1) and with normal blood flow parameters
of the SMA (group 2)

Group 1
(pathological
parameters; n=148)

Group 2 (normal
parameters;
n=330)

Gestational age (weeks) 31.4±3.2** 28.6±3.2
Birth weight (g) 1085±195 1280±355
Birth weight percentile 5±6.9** 31±10.8
Umbilical artery pH 7.25 7.22
Apgar score 5/7/8 5/7/8
Resuscitation (%) 22* 57

*P<0.05, **P<0.01

Table 2 Mean values and SD of peak systolic flow velocity, end
diastolic velocity and pulsatility index of a normal control group of
preterm neonates with gestational age of 29±2.1 weeks

Peak systolic flow velocity (cm/s) 53±14
End diastolic flow velocity (cm/s) 13±6
Pulsatility index 1.6±0.52
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Results

Pathological blood flow parameters of the SMA were
observed in 148 neonates (group 1) and normal blood
flow parameters in 330 neonates on the first day. The
neonates of both groups did not differ as regards birth
weight; however, neonates in group 2 had a significantly
lower gestational age and higher birth weight centile
than neonates in group 1 (Table 2). A total of 125 (83%)
neonates in group 1 and 47 (15%) neonates in group 2
developed typical signs of intestinal dysmotility, mostly
on day 2 (35%) and day 3 (43%). Neonates in group 2
tolerated significantly more feed than neonates in group
l on the fifth day of life (Table 3). The predictive values
of blood flow parameters of the SMA on the first day of
life for later intestinal problems were calculated, and
revealed high sensitivity and specificity (Table 4). A
strong negative correlation was also found between
pathological pulsatility index on the first day and
quantity of tolerated enteral feed on the fifth day
(r=)75, P<0.001; Fig. 1). On the fifth day, there was
also a significant negative correlation between pulsatility
index and amount of tolerated enteral feed on the fifth
day of life (r=)0.57, P<0.001).

Heart rate (140±18 vs 143±24 bpm) and mean
blood pressure (37±6 vs 33±6 mmHg) were not sig-
nificantly different between the two groups at the time of
first examination or on subsequent days. Infants of both
groups did not receive significantly different additional
volume replacement (electrolytes or albumin infusion)
(11.6±11 vs 15.3±10 ml/kg) on the first day of life.
There were significant differences in the need for
mechanical ventilation, but no differences in haemody-
namic parameters such as patency of the ductus arteri-
osus or need for catecholamines during the first 5 days
(Table 3).

Discussion

Ante- or postnatal hypoxia may cause redistribution of
the cardiac output away from non-essential organs,

including the intestine, to preserve oxygenation of
essential organs [3, 6, 8, 12]. Uteroplacental insufficiency
is a major cause of severe growth restriction and in-
creased postnatal morbidity with a high risk for the
development of intestinal problems [10, 12–16]. Several
studies have indicated that an initial ischaemic insult to
the intestine is followed by microbial colonization of
damaged gut mucosa [6]. Placental insufficiency, result-
ing in reduced oxygen delivery to fetal organs, may
cause downregulation of neutrophil production in the
bone marrow and chronic hypoxia leads to increased
production of red cells [17]. Postnatally, high haemato-
crit leads to hyperviscosity of blood and decreased per-
fusion. These facts, in combination with persistent
vasoconstriction of the intestinal vascular bed after
prenatal haemodynamic disturbance, could be the
pathophysiological background of intestinal dysmotili-
ty, which in protracted cases is followed by infection [17,
18]. With regard to this pathophysiology, an early start
of adequate therapy is essential to prevent progression
of intestinal impairment and the development of nec-
rotizing enterocolitis. This is the basis for the need to
identify early predictive markers for the development of
severe intestinal disturbances before there are clinical
signs and symptoms, and methods for determining the
optimum time to start enteral feeding [4].

Thus we performed a prospective study to examine
neonates with a birth weight below 1500 g with respect
to the development of typical signs of intestinal

Table 3 Median values ±SD
of amount of tolerated food,
percentage with patent ductus
arteriosus, need for mechanical
ventilation and need for
catecholamines in neonates
with pathological and with
normal blood flow parameters
of the SMA on day 5

*P<0.05, **P<0.01

Group 1
(pathological
parameters)

Group 2
(normal parameters)

Amount of tolerated food
on fifth day (ml/kg)

33±l0.2 54±11**

Persistence of ductus arteriosus
on first and fifth days (%)

91/3 89/6

Need for artificial ventilation
at first and fifth days (%)

16/6 39/11*

Need for catecholamines
on first and fifth days (%)

15/7 20/9

Table 4 Sensitivity, specificity, positive predictive value, negative
predictive value, efficiency of pathologically decreased systolic
velocities and end diastolic velocities and pathologically increased
pulsatility indices of the SMA for prediction of intestinal dysmotility
in preterm infants

Peak systolic
flow velocity

End diastolic
flow velocity

Pulsatility
index

Sensitivity (%) 86 95 95
Specificity (%) 73 81 82
Positive prediction (%) 69 76 77
Negative prediction (%) 88 95 96
Efficiency (%) 80 84 87
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dysmotility in relation to the results of Doppler US
findings of blood flow in the SMA. We demonstrated
pathological blood flow parameters in the SMA in 148
of the 478 neonates examined during the first hours of
life and 83% of these developed intestinal dysmotility
during the first 5 days of life. As expected, and in
accordance with the described pathophysiological
mechanism, most of the neonates with intestinal prob-
lems were SGA [2, 9, 15–20]. To exclude other haemo-
dynamic influences that could lead to comparable
changes of mesenteric blood flow parameters, especially
an increased pulsatility index, we evaluated the fre-
quency of a persistent ductus arteriosus in both groups.
There were no significant differences at the time of first
examination on the first day of life or on the following
days [21, 22].

Therefore, we regard the pathologically increased
pulsatility index of the SMA and the decreased end
diastolic flow velocity in most of the cases with intestinal
dysmotility as a sign of a persistent vasoconstriction of
the blood vessels to the gut after intrauterine haemo-
dynamic centralization [2, 7]. As stated above, early
diagnosis is very important for timely intervention for
successful treatment [23]. On the first day of life, usually
before the development of typical clinical signs, sodium
chloride enemas are very helpful to avoid delay in
meconium excretion. When there is early intestinal
motility disturbance, pyridostigmine can increase peri-
stalsis and the transport of often sticky meconium. For
this reason it is important that the predictive value,

sensitivity and specificity of pathological mesenteric
blood flow parameters on the first day for the develop-
ment of intestinal problems during the subsequent days
are very high.

Another important point is the finding of a strong
correlation between pathologically increased pulsatility
index on the first day and the quantity of tolerated feed
on day 5. This could lead to a carefully and individually
oriented enteral feeding regimen. Most neonates toler-
ating more than 40 ml/kg per day on the fifth day
showed a normal pulsatility index. There are only a few
methods available for the early prediction of intestinal
problems. A high-risk group of premature infants can be
characterized by typical prenatal Doppler US findings
[6, 7, 9, 14–16, 19, 23]. To describe postnatal intestinal
adaptation, a prospective study was performed to eval-
uate whether Doppler US measurements of the SMA
performed after enteral nutrition could predict tolerance
of enteral feeding [24]. Neonates in this study were
examined on day 3 or 4 after their first enteral feed. The
authors found a correlation between changes of mesen-
teric blood flow parameters after test feeding and tol-
erance of feed. Our neonates developed signs of
intestinal dysmotility at an earlier age (days 2–3). For
that reason, it seems important to demonstrate patho-
logical blood flow parameters on the first day of life and
before the start of enteral feeding.

An interesting observational study has been per-
formed to analyse the postnatal intestinal condition. The
relationships between gastric pH, mucosal CO2, acid-
base balance and gastrointestinal complications after
hypoxia were examined in premature neonates. The re-
sults showed that abnormalities in pH might predict
intestinal complications in neonates below 1,500 g [4].
However, these investigations are too complex for rou-
tine clinical routine use. Radiological findings such as
distended bowel loops are helpful for the diagnosis, but
are nonspecific, and signs such as pneumatosis or portal
vein air come too late for early and successful conser-
vative therapy [25–27].

In conclusion, abnormal prenatal and postnatal cir-
culation is an important cause of intestinal dysmotility,
which in severe cases might lead to the development of
necrotizing enterocolitis. Measurements of blood flow
velocities in the SMA could be a useful tool for clinicians
to identify neonates at high risk for the development of
intestinal problems [28]. Pathological blood flow
parameters already present on the first day of life can
also predict difficulties in later enteral feeding. In those
neonates it is appropriate to delay the safe introduction
of enteral feeding. Normalization of mesenteric pulsa-
tility is a positive prognostic sign that the infant will
tolerate enteral feeding.

Fig. 1 Correlation between pulsatility index (PI) of the SMA on
the first day of life and amount of tolerated feed (mg/kg) on the
fifth day of life in neonates of both groups
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