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ABSTRACT

Purpose: To investigate the hemodynamic risk factors for necrotizing enterocolitis
(NEC), we analyzed the characteristics of descending aorta (DA) blood flow in pre-
term neonates, who later developed NEC.

Methods: This was an observational case-control study on 53 preterm neonates at a
tertiary referral center. Clinical and echocardiographic data were collected from 23 pre-
term neonates with NEC (NEC group), and compared with those of 30 preterm neonates
without NEC (control group). Echocardiography was done at a median (interquartile
range) of 5 (3-9) days after birth and 2 (1-2.5) days before the diagnosis of NEC.

Results: Basic clinical characteristics including gestational age, birth weight, Apgar
score, breast feeding status, use of umbilical catheters, and mode of invasive ventilator
care were similar between the groups. Compared with the control group, the lowest
diastolic velocity of DA was significantly decreased, whereas the diastolic reverse flow
and the ratio of diastolic reverse to systolic forward flows were significantly increased
in the NEC group. In addition, the resistive index (RI) of DA was significantly increased
in the NEC group and showed a positive association with the development of NEC.
Multivariate logistic regression analysis showed that increasing RI of DA was an
independent risk factor for the development of NEC (P=0.008).

Conclusion: Significant changes in DA flow characteristics including decreased dia-
stolic velocity and increased diastolic reverse flow along with increased peripheral
vascular resistance were observed before the development of NEC in preterm neonates.
These findings may help clinicians stratify in advance neonates at a risk of developing
NEC and may help improve outcomes in these neonates.
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INTRODUCTION

Necrotizing enterocolitis (NEC) is an important cause of
morbidities and mortality in preterm neonates. Owing to the
multifactorial etiology of NEC and an unclear diagnosis, proper
timely management is sometimes delayed, leading to surgical
intervention and associated complications, with mortality in
most of the severe cases' . Given that the development of NEC
is unexpected, its progression is rapid, and the condition is asso-
ciated with poor outcomes, it is important to stratify in advance
those high risk neonates who may have NEC.

Of the several risk factors attributed to the development of
NEC, current studies are focusing on the potential role of gut
ischemia and injury with subsequent inflammatory reactions
of the intestinal wall*®?. Furthermore, ischemia has been sug-
gested as an important factor in the development of “fulminant”
NEC*?. In this regard, the blood flow patterns of the superior
mesenteric artery (SMA) were previously studied using non-
invasive ultrasound methods to investigate their associations
with the development of NEC in preterm neonates'*"”. The
studies showed that an increased resistance pattern of blood
flow velocity in the SMA was an independent risk factor for the
developing NEC. On the other hand, for term infants with con-
genital heart diseases, an altered flow pattern of the descending
aorta (DA) was associated with the development of NEC™".
However, the descending aorta blood flow (DABF) characteris-
tics have not been studied in preterm neonates with NEC.

In this study, we aimed to analyze the characteristics of DABF
by echocardiographic spectral Doppler imaging in preterm
neonates with NEC, and to compare the findings with those of
preterm neonates without NEC as a control group. We hypothe-
sized that altered blood flow characteristics of the DA may have
an influence on the splanchnic circulation, thereby affecting
the development of NEC in preterm neonates, and that early
detection of such altered blood flow characteristics may help
clinicians stratify in advance those preterm neonates at a risk of
developing NEC.

MATERIALS AND METHODS

1. Study design
This study was an observational case-control study on 23

preterm neonates with NEC (NEC group), and 30 preterm neo-
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nates without NEC (control group) at a tertiary referral neonatal
intensive care unit between July 2014 and October 2016. The
Institutional Review Board of Seoul St. Mary’s Hospital approved
this study and waived to obtain informed consent.

NEC was diagnosed on the basis of the patient’s systemic,
intestinal, and radiologic signs and staged according to the
modified Bell's classification""®. Preterm neonates who had been
managed under the diagnosis of NEC (NEC stage >1) and had
undergone a comprehensive echocardiographic evluation before
14 days of age and within 7 days before the diagnosis of NEC
comprised NEC group (n=23). The control group (n=30) consisted
of preterm neonates who received neonatal intensive care during
the same period but did not have NEC and echocardiographic
study before 14 days of age approximated to the day of life of their
NEC counterparts. Neonates who had structural heart diseases,
structural anomalies in the gastrointestinal tract or culture-proven
sepsis were excluded from the study. Basic clinical characteristics

Table 1. Basic Clinical Characteristic of the Study Population

NEC group Control group

Variable (n=23) (n=30)
Female sex 10 (43) 9(30)
Gestational age (wk) 28.2+3.1 27.9+2.7
Birth weight (kg) 1.03+0.30 1.14+0.38
Apgar score

1 min 2.6x1.8 2.8+1.9

5min 5.6+2.1 5.4+2.1
Cesarean delivery 20 (87) 28 (93)
Breast feeding 7(30) 8(27)
Umbilical venous catheter 23(100) 26 (87)
Umbilical arterial catheter 5(22) 8(27)
Ventilator care*

Conventional mode 10 (43) 12 (40)
HFOV mode 8(35) 12 (40)
Age at echocardiogram (day) 5(3-9) 4(3-8)

Age at NEC diagnosis (day) 8(5-11) -
Interval of echo-NEC diagnosis (day) 2(1-2.5) -

NEC stage
Stage 1 12 (52) -
Stage 2 5(22) -
Stage 3 6(26) -

Values are expressed as number (%), meantstandard deviation, or
median (interquartile range). There were no significant differences in
variables between the NEC and control groups.

*Invasive ventilator care when echocardiogram was performed.
Abbreviations: NEC, necrotizing enterocolitis; HFOV, high frequency
oscillation ventilation.
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and echocardiographic hemodynamic data were collected from
our institutional database, and compared between the NEC and
control groups. The NEC group was further classified into three
subgroups according to the NEC stages, and echocardiographic

Systolic forward flow Peak systolic velocity
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Diastolic reverse flow Lowest diastolic velocity

Figure 1. A spectral Doppler image of descending aorta flow
showing a systolic forward flow and a diastolic reverse flow.
Descending aorta blood flow and diastolic reverse flow were
calculated using the velocity time integral of the systolic for-
ward flow and diastolic reverse flow, respectively (dotted lines).
A resistive index (RI) was calculated from peak systolic velocity
and lowest diastolic velocity. RI=(peak systolic velocity—lowest
diastolic velocity)/peak systolic velocity.

Table 2. Echocardiographic Hemodynamic Characteristics
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hemodynamic data were compared among the subgroups.

2. Echocardiographic hemodynamic assessment
Echocardiographic hemodynamic assessments were done by
an experienced pediatric cardiologist according to the protocol of
our pediatric cardiology program, and all images were checked
for appropriate quality required for analyses by an experienced
consultant pediatric cardiologist, as previously reportedm. In
summary, for conventional assessment, the left ventricular ejec-
tion fraction (LVEF), and left ventricular fractional shortening
(LVFS) were measured from the parasternal long-axis view. From
the spectral pulsed-wave Doppler of the DA, the resistive index
(RD), a surrogate of peripheral vascular resistance, was calculated,
as follows: RI=(peak systolic velocity-lowest diastolic velocity)/
peak systolic velocity (Figure 1)'”. The DABF was derived by
multiplying, the cross-sectional area of the DA, the velocity time
integral (VTI) of the DA Doppler at the level of the diaphragm in
' The diastolic
reverse flow of the DA, if any, was calculated by multiplying the

a low subcostal sagittal view, and the heart rate

VTI of diastolic reverse flow, the cross-sectional area of the DA,
and the heart rate (Figure 1). The ratio of the diastolic reverse
flow of DA to the DABF was also derived. To obtain pulsed-

Variable NIEI(]IZ{.{ZF;))up Con(t;(;lg%l;oup P-value
Heart rate (beats/min) 154+15 154+17 NS
Systolic BP (mm Hg) 57.6+10.9 57.419.8 NS
Diastolic BP (mm Hg) 32.7+8.3 32.5+7.4 NS
LVEF (%) 61.645.6 61.9+8.0 NS
LVFS (%) 38.244.7 38.747.1 NS
Peak systolic velocity of DA (cm/sec) 39.249.8 43.6+11.7 NS
Lowest diastolic velocity of DA (cm/sec) -8.4(-24.1t0 4.6) 0(-14.8t010.7) <0.001
Resistive index 1.21+0.21 0.98+0.15 <0.001
DABF (mL/kg/min) 104.6+45.9 128.1+47.5 0.06
Diastolic reverse flow of DA (mL/kg/min) 12.9(0to 101.8) 0(0to 68.4) 0.007
Diastolic reverse flow of DA/DABF (%) 20 (0 to 62) 0(0to36) 0.002
Ductus arteriosus 19(83) 19 (63) NS
Diameter of ductus arteriosus (mm) 2.1+1.4 2.6+0.9 NS
Ductus arteriosus >1.5 mm 18 (78) 18 (60) NS
Left atrium to aortic root ratio 1.29+0.24 1.38+0.22 NS
Peak transductal flow velocity (m/sec) 1.35+0.53 1.2740.62 NS
HSDA 4(17) 5(17) NS

Values are expressed as meantstandard deviation, median (range), or number (%).
Abbreviations: NEC, necrotizing enterocolitis; NS, not significant; BP, blood pressure; LVEE left ventricular ejection fraction; LVES, left ventricular

fractional shortening; DA, descending aorta; DABE descending aorta blood flow; HSDA, hemodynamically significant ductus arteriosus.
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wave Doppler images of the DA for calculating the DABF and
RI, an appropriate Doppler angle correction was applied. In
case of ductus arteriosus, its diameter and transductal Doppler
velocity were measured in a high parasternal ‘ductal’ view. The
dimensions of left atrium and aortic root were measured in the
parasternal long-axis view. An echocardiographic hemodyna-
mically significant ductus arteriosus (HSDA) was defined as the
presence of ductus arteriosus >1.5 mm with an unrestrictive pul-
satile transductal flow (peak Doppler velocity <2.0 m/sec) and
a left atrium to aortic ratio of 21.5. All echocardiographic flow
indices were recorded from the average value of three consecu-

tive cardiac cycles.

3. Statistical analysis

Data were analyzed using commercially available software
(PASW statistics version 18 for Window; IBM, Armonk, NY, USA).
Data were expressed as mean+standard deviation, median (inter-
quartile range [IQR]), or number (%). Comparisons of basic clini-
cal characteristics and echocardiographic parameters between
the NEC and control groups were conducted using a 2-tailed,
independent-samples #-test for normally distributed data and a
2-tailed Mann-Whitney U-test for data that were not normally
distributed, or Fisher exact test when appropriate. Comparison of
echocardiographic parameters among the three NEC subgroups
and the control group were performed using the Kruskal-Wallis
test. Univariate and multivariate logistic regression analyses were
done to identify the risk factors for NEC development. A P-value
less than 0.05 was considered statistically significant.

RESULTS

1. Basic clinical characteristics

A total of 53 preterm neonates were enrolled, including 23
neonates who developed NEC (NEC group) and 30 neonates
without NEC (control group) during the study period. The basic
clinical characteristics of each group are summarized in Table
1. The two groups had similar basic clinical characteristics with
regard to gestational age, birth weight, Apgar score, mode of
delivery, mode of feeding, types of central venous catheters
and the ratio and mode of invasive ventilator care. In the NEC
group, NEC was diagnosed at a median of 8 days (IQR, 5 to 11)
after birth. There were 12 neonates (52%) with stage 1 NEC, five
neonates (22%) with stage 2 NEC, and six neonates (26%) with

Neonatal Med 2018 May;25(2):78-84 8
https://doi.org/10.5385/nm.2018.25.2.78 1

stage 3 NEC according to the modified Bell’s classification. Echo-
cardiographic evaluation were done at a median 5 days (IQR, 3
to 9) for the NEC group, and 4 days (IQR, 3 to 8) for the control
group after birth, respectively (P=not significant). In the NEC
group, echocardiography was done at a median 2 (IQR, 1 to 2.5)
before the diagnosis of NEC.

2. Echocardiographic hemodynamic characteristics

The echocardiographic hemodynamic characteristics of each
group are summarized in Table 2. Compared with the control
group, the NEC group had significantly decreased Doppler
diastolic velocity, and significantly increased R, diastolic reverse
flow of the DA and the ratio of diastolic reverse flow of the DA
to the DABE Other parameters including blood pressure, LVEE
LVFS, and peak systolic velocity of the DA were similar between
the groups. The incidence of ductus arteriosus, its diameter, left
atrium to aortic ratio, and incidence of HSDA were also similar
between the groups.

The subgroup analysis in the NEC group according to the NEC
stages showed significant differences in the peak systolic velo-
city, lowest diastolic velocity, RI, DABE diastolic reverse flow of
the DA and the ratio of diastolic reverse flow of the DA to DABF
among the subgroups (Table 3). The higher the NEC stage, the
more significant decrease in the peak systolic velocity, lowest
diastolic velocity and DABE, whereas more significant increase
in the R, diastolic reverse flow of DA, and the ratio of diastolic
reverse flow of DA to DABF were noted. The proportions of pati-
ents with HSDA were similar among NEC subgroups.

To identify the risk factors for the development of NEC, logistic
regression analyses were done for echocardiographic hemo-
dynamic parameters (Table 4). In univariate analysis, the lowest
diastolic velocity of the DA, R, diastolic reverse flow of the DA
and the ratio of diastolic reverse flow of the DA to the DABF were
associated with the development of NEC. In multivariate analy-
sis, the increasing RI of DA flow was an independent risk factor
for development of NEC (P=0.008).

DISCUSSION

The key finding of this study was that altered blood flow cha-
racteristics of the DA were associated with the development
of NEC in preterm neonates. Neonates who developed NEC

later had significantly decreased diastolic velocity, significantly
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Table 3. Echocardiographic Hemodynamic Characteristics of the Control Group and NEC Subgroups According to NEC Stages

Control group

NEC group (n=23)

Characteristic P-value
(n=30) Stage 1 (n=12) Stage 2 (n=5) Stage 3 (n=6)
Heart rate (beats/min) 154+17 149+15 166+11 152+17 NS
Systolic BP (mm Hg) 57.4+9.8 55.7+8.2 67.4+15.7 51.246.2 NS
Diastolic BP (mm Hg) 32.5+7.4 30.5+6.0 41.4+11.8 29.7+3.1 NS
LVEF (%) 61.9+8.0 62.8+6.2 57.9+2.3 62.1+5.6 NS
LVFS (%) 38.7£7.1 39.245.3 35.2+1.7 38.6+4.6 NS
Peak systolic velocity of DA (cm/sec) 43.6+11.7 45.6+6.4 35.1+6.8 29.8+8.7 0.01
Lowest diastolic velocity of DA (cm/sec) 0(-14.8t010.7) 0(-24.2t04.6) -8.4(-17.4t00) -9.8(-17.0to0 0) 0.003
Resistive index 0.98+0.15 1.1+£0.2 1.2+0.2 1.4+0.2 0.001
DABF (mL/kg/min) 128.1+47.5 116.5+48.6 95.2+34.4 75.2+45.9 0.001
Diastolic reverse flow of DA (mL/kg/min) 0 (0 to 68.4) 0(0to 101.8) 40.2 (0to 77.4) 17.3 (0 to 58.6) 0.01
Diastolic reverse flow of DA/DABF (%) 0(0to 36) 16 (0 to 62) 33 (0 to 60) 36 (0 to 53) 0.006
Ductus arteriosus 19 (63) 9(75) 4(80) 6(100) NS
Diameter of ductus arteriosus (mm) 2.6+0.9 1.86+1.51 2.24+2.00 2.32+0.53 NS
Ductus arteriosus >1.5 mm 18 (60) 8(67) 4(80) 6(100) NS
Left atrium to aortic root ratio 1.38+0.22 1.30+0.17 1.3340.32 1.27+0.31 NS
Peak transductal flow velocity (m/sec) 1.27+0.62 1.43+0.67 1.35+0.60 1.25+0.31 NS
HSDA 5(17) 2(17) 1(20) 1(17) NS

Values are expressed as meanztstandard deviation, median (range), or number (%).
Abbreviations: NEC, necrotizing enterocolitis; NS, not significant; BP, blood pressure; LVEE left ventricular ejection fraction; LVFS, left ventricular
fractional shortening; DA, descending aorta; DABE descending aorta blood flow; HSDA, hemodynamically significant ductus arteriosus.

Table 4. Logistic Regression Analysis of Echocardiographic
Parameters Predicting the Risk of Developing Necrotizing
Enterocolitis

Variable OR 95% CI  P-value
Systolic BP 1.00 0.95-1.06 NS
Diastolic BP 1.00 0.93-1.08 NS
LVEF 0.99 0.92-1.08 NS
LVES 096 0.91-1.02 NS
Peak systolic velocity 095 0.91-1.00 NS
Lowest diastolic velocity 0.88 0.81-0.95  0.002
Resistive index (x10) 2.00 1.36-2.94 0.001
DABF 0.99 0.98-1.00 NS
Diastolic reverse flow of DA 1.03 1.00-1.06 0.02

Diastolic reverse flow of DA/DABF 1.06 1.02-1.09  0.004

Abbreviations: OR, odds ratio; CI, confidence interval; BP, blood
pressure; NS, not significant; LVEE left ventricular ejection fraction;
LVES, left ventricular fractional shortening; DABE, descending aorta
blood flow; DA, descending aorta.

increased resistance patterns of blood flow velocity, and promin-
ent diastolic reverse flow in the DA. Increasing RI of the DA was
an independent risk factor for NEC development. In addition,
the RI values were significantly different among NEC subgroups
according to the NEC stages.

Of the multiple pathologic conditions and precipitating factors
considered to contribute to the development of NEC, mucosal
ischemia and decreased oxygen delivery to the gastrointestinal
tract caused by an altered splanchnic circulation and subsequent
inflammatory reactions are suggested as key precipitating factors
in the pathophysiology of NEC”™". To assess the splanchnic
circulation noninvasively, the flow characteristics of the SMA,
as determined using ultrasound spectral Doppler velocimetry
have been investigated in neonates with NEC'"”. Hashem et
al'” reported that septic neonates with NEC had a significantly
lower peak systolic velocity and a lower end-diastolic velocity
in the SMA than septic neonates without clinical signs of NEC.
Murdoch et al."”
patterns (high pulsatility index) of blood flow velocity in the SMA
on the first day of life are at an increased risk of developing NEC.

reported that neonates with high resistance

Urboniene et al."” measured the RI and pulsatility index of the
SMA in 62 neonates (29 neonates with NEC and 33 neonates as
the control group), and found that 96.3% of the neonates with
NEC had RI >0.75 with a sensitivity of 96.3% and a specificity of
90.9% (odds ratio [OR] 26), and 88.9% of the neonates with NEC
had a pulsatility index >1.85 with a sensitivity of 88.9% and a
specificity of 78.8% (OR, 29). The authors suggested that blood



neonatal
medicine

flow Doppler velocimetry of the SMA could be a useful tool for
diagnosing and predicting NEC"".

For assessing the splanchnic circulation, Doppler flow charac-
teristics of the DA in preterm neonates with NEC have not been
reported. Only a few studies in term neonates with congenital
heart disease showed that decreased peak systolic forward
velocity and persistent diastolic flow reversal in the abdominal
aorta were associated with an increased risk of NEC'*'”. In this
study, we investigated the Doppler flow characteristics of the
DA in preterm neonates with NEC, assuming that altered blood
flow patterns of the DA may have an influence on the splanchnic
circulation, and thereby affect the development of NEC. In clini-
cal practice, Doppler velocimetry measurement of the SMA is
seldom feasible owing to the poor window due to gaseous dis-
tension of the abdomen and the small vessel diameter of the SMA
in premature babies. However, from our experience, measure-
ment of the DA flow was easier and much more feasible than
measurement of the SMA flow.

In our study, decreased diastolic velocity and increased reverse
flow and R, indicating decreased perfusion to the lower body
including the splanchnic circulation, were associated with the
development of NEC in preterm neonates. These findings were
consistent with those of previous studies on the DA flow in NEC
patients with congenital heart disease'*". In addition, our study
results further support the proposed pathophysiology of NEC
development, in which gut ischemia and injury with subsequent
inflammatory reactions of the intestinal wall may play an impor-
tant role””. A decreased net forward flow along with an increased
reverse flow of the DA (diastolic steal phenomenon) may be
associated with multiple factors. A diastolic steal through a patent
ductus arteriosus can cause significant diastolic reverse flow in
the DA and may the compromise splanchnic circulation'**”.
However, in this study, there was no difference in the presence
of HSDA between the NEC and control groups, indicating that
other factors may play roles in causing diastolic reverse flow of
the DA. Our previous study on neonates with hypoxic ischemic
encephalopathy showed that substantial diastolic reverse flow
was observed in the absence of patent ductus arteriosus'. Pre-
ferential cerebral redistribution of cardiac output and increased
peripheral resistance may explain the diastolic reverse flow and
decreased blood flow to the DA™, The significantly increased
RI, a surrogate of peripheral vascular resistance, in the NEC
group further supports the theory, although cerebral blood flow

was not assessed in this studym. Furthermore, the subgroup
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analysis of neonates with NEC according to NEC stages showed
significant differences in the values of RI and diastolic reverse
flow among the subgroups: the higher the NEC stage, the higher
the increase in RI and diastolic reverse flow.

The strength of our study was that the hemodynamic para-
meters of NEC neonates were compared with those of a gesta-
tional age-matched control group. Concerning the basic clinical
characteristics of the study population, there were no significant
differences between the NEC and control groups in terms of ges-
tational age, birth weight, Apgar scores, mode of delivery, breast
feeding status, presence of umbilical arterial/venous catheter, and
mode of invasive ventilator care. In addition, conventional left
ventricular functional parameters including LVEF and LVFS were
similar between the groups. Therefore, we conclude that altered
blood flow patterns of the DA, decreased DABF along with
increased peripheral vascular resistance, and diastolic reverse
flow affect the splanchnic circulation, thereby leading to an
increased risk of NEC development in preterm neonates. Logistic
regression analysis also showed that an increasing RI of DA flow
was an independent risk factor for the development of NEC.

This study has several limitations. As this was a retrospective,
observational case-control study, the time intervals of echocar-
diographic study before the diagnosis of NEC were varied (0 to
7 days). Therefore, hemodynamic data obtained from a single
echocardiographic study at different time points may not show
a concrete association with the development of NEC. Thus,
a well-scheduled serial echocardiographic study protocol to
assess hemodynamic changes in preterm neonates may further
elucidate the results of our study.

As the association between the flow patterns of the SMA and
DA had not been clearly validated, changes in the flow charac-
teristics of the DA do not necessarily mean an actual change in
the SMA flow. However, we investigated the DABF pattern as a
surrogate of the splanchnic circulation assuming that the DABF
may have a direct influence on the SMA flow because the SMA
is a major branch of the abdominal DA, and the sample point
of the echocardiographic study in the DA was close to the origin
of the SMA. Further studies are required to validate this issue.
Nevertheless, we envisage that a blood flow study in the DA is
easier and more feasible than that in the SMA in preterm babies,
and can be a useful tool for stratifying in advance those neonates
at a risk of developing NEC.

In preterm neonates with NEC, significant changes in the

DABEF characteristics were observed before the development
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of NEC compared with the control group. Decreased diastolic
velocity and increased diastolic reverse flow along with increased
peripheral vascular resistance resulted in decreased net forward
flow in the DA, which affected the splanchnic circulation and
thereby increased the risk of NEC development. Despite its limi-
tations, a Doppler flow analysis in the DA may provide useful
information on the hemodynamic changes in critically-ill pre-
term neonates, serve as a useful tool for the early stratification
of preterm neonates at a risk of developing NEC, and ensure

adequate management to improve outcomes in these patients.
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