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ABSTRACT
Introduction The main risk factors of necrotising 
enterocolitis (NEC) are prematurity and low birth weight. 
The aim of our study was to identify risk factors for NEC 
in patients with duct- dependent congenital heart disease 
(CHD).
Study design Newborns with duct- dependent CHD and 
NEC were matched 1:1 to those without NEC. Matched 
criteria were gestational age, birth weight, antenatal 
versus postnatal diagnosis and type of CHD.
Results Twenty- three infants were included in each 
group. In the NEC group, mortality, length of intensive care 
unit stay and length of hospital stay were significantly 
higher (p=0.035; p<0.0001; p<0.0001). Lower diastolic 
blood pressure (DBP), negative flow balance, peritoneal 
dialysis and epinephrine- infusion were significantly 
associated with NEC (respectively, p=0.008, p=0.002, 
p=0.007, p=0.017). In multivariate analysis, DBP≤30 mm 
Hg remained the only independent risk factor of NEC 
(OR=8.70; 95% CI (1.46 to 53.50), p=0.019).
Conclusion A DBP lower than 30 mm Hg was in our 
matched population of newborns with duct- dependent 
CHD, independently associated with NEC.

INTRODUCTION
Congenital heart disease (CHD) is the most 
frequent cause of death in infants.1 2 Pros-
taglandins E1 infusion is needed in duct- 
dependent CHD before surgical or tran-
scatheter management, to maintain adequate 
pulmonary or systemic circulation. Hospitali-
sation in intensive care units (ICU) is usually 
required for those patients.

Necrotising enterocolitis (NEC) is a well- 
known complication in newborns and is associ-
ated with significant morbidity and mortality.3 
The main risk factors for NEC are prematu-
rity4 and low birth weight.5 Children with 
CHD, especially those with duct- dependent 
circulation, carry an increased risk of 
NEC4 6–10 with an incidence and mortality up 
to 3.7 and 24.4%, respectively.6 11–14 Previous 
studies investigating NEC in neonates with 
heart disease are mainly cross- sectional obser-
vational retrospective studies or retrospective 

cohort studies comparing NEC in newborns 
with heart disease and NEC in newborns 
without heart disease.7 8 The objective of our 
study was to identify specific risk factors for 
NEC in a matched duct- dependent CHD 
population.

METHODS
A retrospective, single- centre, case–control 
study was performed. All neonates (less than 
28 days) with duct- dependent CHD, treated 
between 2014 and 2019, were considered for 
inclusion. Patients were identified through 
the institutional informatics system based 
on diagnostic codes. A total of 187 newborns 
responded to those initial criteria. Analysis 
of the medical charts allowed to identify 23 
(12%) CHD patients who developed a stage 
I–III necrotising enterocolitis according 
to Bell’s criteria15 modified by Walsh and 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Necrotising enterocolitis (NEC) is a well- known com-
plication in newborns associated with significant 
morbidity and mortality. Children with congenital 
heart disease and duct- dependent circulation had 
an increased risk of NEC.

WHAT THIS STUDY ADDS
 ⇒ In a matched duct- dependent congenital heart dis-
ease population, we identified some specific con-
ditions associated with NEC. In congenital heart 
disease patient, even Bell’s stage I NEC seems to 
have a poor prognosis.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Monitoring and management of clinical factors (ino-
tropic support, control of the fluid balance and peri-
toneal dialysis) may be an interesting tool to reduce 
risk of NEC. Diastolic hypotension is an important 
risk factor for NEC and must be controlled.
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Kliegman.16 All patient with NEC suspicion were included 
in NEC group.

A propensity- score methodology was used to identify 
within the group without NEC, comparable patients 
(control group) to those with NEC. A 1/1 matching was 
performed according to gestational age, birth weight, 
antenatal diagnosis and type of heart disease. Indeed, 
patients were grouped into three categories: (1) duct- 
dependent pulmonary circulation (eg, pulmonary atresia 
and tetralogy of Fallot), (2) duct- dependent systemic 
circulation (eg, hypoplastic left heart syndrome, coarcta-
tion of aorta and interruption of the aortic arch) and (3) 
duct- dependent without an adequate mixing of blood 
between the two circulations, named parallel circulation 
(eg, transposition of the great arteries).17 Patients were 
matched using the nearest neighbour method without 
replacement and with a calliper of width equal to 0.25. 
Other collected general data were as follows: the pres-
ence or absence of antenatal diagnosis, age at surgery or 

cardiac catheterisation, length of stay in intensive care, 
total length of hospitalisation and mortality.

During ICU period, invasive blood pressure was 
routinely monitored and recorded. Input and output 
balance were hourly recorded and daily calculated (using 
an intake–output chart). The given medications were 
traced. For 74% of our patients, somatic (visceral) near 
infrared spectroscopy (NIRS) (NIRS, INVOS, Covidien, 
Ireland) sensor was positioned in the lumbar region for 
continuous measurement. Data were recorded on dedi-
cated monitoring sheets and archived in the patient file. 
Following ICU data were extracted: minimum diastolic 
blood pressure (DBP min; average of 3 lowest consec-
utive values), lowest visceral NIRS value (average of 
the five lowest consecutive values), input–output fluid 
balance (mL/kg/day), length of prostaglandin E1 infu-
sion (days), minimum and maximum doses of prosta-
glandin E1, maximum dose of inotropic support, need 
for peritoneal dialysis (PD) and number of days and 
feeding volumes (mL/kg/day). All these data were 
collected for the period before development of NEC for 
the NEC group and with an equivalent duration for each 
control in the no- NEC group. Following surgical data 
were extracted: duration of extracorporeal circulation, 
duration of aortic clamping and minimum temperature 
during surgery. Following biological data were extracted: 
the presence of acute renal failure (ARF) (defined as 
serum creatinine level greater than 1.5 mg/dL (133 
micromol/L) or an increase of at least 0.2–0.3 mg/dL 
(17–27 micromol/L) per day from a previous value), 
minimum (min) and maximum (max) pH, minimum 
and maximum haematocrit, maximum lactate (arterial 
or venous, data from capillary gas measurements were 
excluded). Finally, the number of transfusions and 
number of days spent on antibiotic and antifungal treat-
ment were also extracted.

In the NEC- group, we additionally collected age at NEC- 
diagnosis, weight at NEC- diagnosis Bell stage according 
to the modified criteria of Walsh and Kliegman and treat-
ment of NEC.

Table 1 Demographic characteristics before and after matching

Before matching After matching

NEC group
n=23

No NEC group
n=164 P value

NEC group
n=23

No NEC group
n=23 P value

Term (weeks) 38.1±1.9 38.7±1.6 0.113 38.2±2.0 38.1±2.4 0.947

Moderate to late preterm, n (%) 3 (13) 26 (15.8) 0.173 3 (13) 5 (21.7) 0.699

Weight (kg) 3.05±0.76 3.16±0.51 0.176 3.05±0.75 3±0.62 0.813

Type of CHD, n (%) 0.226 1

  Duct- dependent pulmonary circulation 7 (30.4) 27 (16.5) 7 (30.4) 7 (30.4)

  Duct- dependent systemic circulation 10 (43.5) 75 (45.7) 10 (43.5) 10 (43.5)

  Parallel circulation 6 (26.1) 62 (37.8) 6 (26.1) 6 (26.1)

Prenatal diagnosis, n (%) 16 (69.5) 116 (70.7) 0.209 16 (69.5) 16 (69.5) 1

CHD, congenital heart disease; NEC, necrotising enterocolitis.

Table 2 NEC group characteristics

Characteristics
NEC group
n=23

Male gender, n (%) 17 (73.9)

Postoperative NEC, n (%) 12 (52.2)

NEC stage, n (%)

  Ia 4 (17.4)

  Ib 4 (17.4)

  IIa 3 (13)

  IIb 7 (30.4)

  IIIa 0

  IIIb 5 (21.7)

NEC requiring surgery, n (%) 5 (21.7)

Age at diagnosis (day), median (IQR) 14 (6–26)

Weight at diagnosis (kg), mean (SD) 3.2±0.79

NEC, necrotising enterocolitis.
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The extracted brain natriuretic peptide values were not 
usable due to a local change from BNP to NT- proBNP 
measurement during the period study.

Ethical statement
La Timone Children’s Hospital Clinical Investigation 
Committee and the Ethics Committee approved the 
study protocol (local reference number: 2019‐92). The 
study was performed in accordance with the relevant 
guidelines and regulations and with the Declaration of 
Helsinki.

Statistical analysis
Quantitative variables are expressed as means±SD for 
normal distribution variables and as medians and IQR 
for non- normal distribution variables. Qualitative vari-
ables are expressed as number and percentage. For 
normally distributed variables, comparison of qualita-
tive data between groups was performed by χ2 test (or 
Fisher’s exact test in case of sizes<5) and comparison of 
continuous data was performed by using Student’s t test. 
For non- normally distributed variables, comparison of 
qualitative data between groups was performed by non- 
parametric χ2 test (or Fisher’s exact test). The compar-
ison of continuous data was made using a Mann- Whitney 
test. The accuracy of the DBP min values for predicting 
the occurrence of NEC was assessed by calculating the 
areas under the curve using the receiver operator char-
acteristics (ROC) curves and the best cut- off value was 
defined as the one with the greatest sensitivity and spec-
ificity. In order to assess the association between the 
various parameters found to be significant during the 
univariate analysis, multivariate analysis was performed 
using binary logistic regression, all p- values were two- 
sided and significance was pronounced for a p- value at 
5% (p<0.05). Statistical analysis was performed using the 
SPSS software, V.17.0 (SPSS, Chicago, IL, USA).

RESULTS
Initial data
A total of 187 newborns responded to the initial criteria. 
We identified 23 (12%) CHD patients who developed 
(or suspected of developing) a NEC (NEC group). Using 
the propensity score, we selected 23 comparable patients 
out of the 164 newborns without NEC (no- NEC group). 
The distribution of the matching criteria in the initial 

population and the comparison between the final two 
groups is given in table 1.

Table 2 details demographic data of patients in NEC 
group. Seventeen (73.9%) were male. NEC occurred 
postoperatively in 12 patients (52.2%). The median 
age at the NEC diagnosis was 14 days3 5–24 and the mean 
weight was 3.2±0.79 kg. Only 21.7% of the patients in the 
NEC group required surgical NEC treatment. Subgroup 
analysis in NEC group comparing stage I to other stages 
of NEC showed no statistical difference in length of ICU 
stay, length of hospital stay, age at surgery or death. The 
analysis is detailed in table 3.

The comparison between the two groups (NEC group 
vs no- NEC group) is detailed in table 4. Because of occur-
rence of NEC, cardiac surgery or catheterisation was 
generally delayed (16.5 days (7–26.5) in the NEC group 
vs 7.5 days (6.75–13.25) in the no- NEC group, p=0.018). 
The length of stay in intensive care and hospitalisation 
were significantly longer in the NEC group with a median 
length of stay in intensive care unit of 28 days3 5 14–40 versus 
9 days5–17 (p<0.0001) and a median total hospital stay 
of 59 days (39–103) versus 23 days (20–45) (p<0.001). 
Eight newborns (34.8%) died in the NEC group versus 2 
(8.7%) in no- NEC group (p=0.035).

Risk factor analysis
Nutrition- wise, 25 (54.3%) patients was exclusively 
breastfed. There was no statistical difference, between 
the NEC and no- NEC group, with regard to breast-
feeding, feeding volume or fasting duration before the 
occurrence of NEC (table 4). Following the NEC (for the 
NEC group), nutritional management was conducted as 
recommended for NEC.

There was a clear tendency towards lower visceral 
NIRS values in the NEC group (37.9 (25.8–44.5) vs 44.6 
(33.6–53.9), p=0.083), however not reaching statistical 
significance. DBP, inotropic support and fluid balance 
were significantly different between the two groups, with 
a larger use of epinephrine and PD, a more negative 
input–output fluid balance and a higher mean DBP in 
the no- NEC group (table 3). The lowest values of DBP 
were recorded 48–72 hours before the suspicion of NEC. 
Subgroup analysis in NEC group found no difference 
between preoperative (n=11) and postoperative NEC 
(n=12) concerning DBP (24.8±3.6 vs 26.8±4.1 mm Hg 
respectively, p=0.432). The ROC curve of the DPB min, 

Table 3 Subgroup analysis comparing NEC stage I to other stages of NEC

Variables
NEC stage I
n=8

NEC other stages
n=15 P value

Length of ICU stay (days), median (IQR) 17 (9.5–33.3) 31 (19–44) 0.451

Length of hospital stay (days), median (IQR) 48.5 (20.7–86.0) 69 (40–143) 0.097

Age at surgery (days), median (IQR) 13.5 (7.2–27.2) 18 (7–26.7) 0.977

Death, n (%) 4 (50) 4 (26.7) 0.210

ICU, intensive care unit; NEC, necrotising enterocolitis.
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using a threshold at 30 mm Hg, is shown in figure 1. A DBP 
min≤30 mm Hg appeared as a relevant prognostic value 
for predicting the development of an NEC (area under 
the curve=0.71). Other known risk factors for NEC did 
not significantly differ between our two matched popu-
lations (table 4). After multivariate analysis (table 5), a 
DBP min≤30 mm Hg was significantly associated with the 
NEC and NEC suspicion (OR: 8.7; 95% CI: 1.4 to 53.5).

DISCUSSION
The strength of our case–control study lies in the careful 
selection and matching on type of duct- dependent 
heart disease but also on gestational age and birth 
weight, which are two important risk factors for NEC.4 5 
We also matched patients according to prenatal versus 
postnatal diagnosis to avoid bias linked to the delay in 
treatment.

Table 4 Univariate analysis of factors associated with NEC occurrence

Variables
NEC group
(n=23)

No NEC group
(n=23) P value

Prostaglandin (days), median (IQR) 6.8 (3.83–11.00) 6.21 (4.00–8.00) 0.39

Maximal dose of prostaglandin (µg/kg/min), median (IQR) 0.05 (0.038–0.05) 0.047 (0.029–0.06) 0.08

Minimal dose of prostaglandin (µg/kg/min), median (IQR) 0.025 (0.013–0.042) 0.016 (0.006–0.034) 0.36

Epinephrine, n (%) 11 (47.8) 19 (82.6) 0.017

Maximal dose of epinephrine (µg/kg/min), median (IQR) 0 (0–0.06) 0.04 (0.02–0.14) 0.057

Norepinephrine, n (%) 9 (39.1) 11 (47.8) 0.55

Maximal dose of norepinephrine (µg/kg/min), median (IQR) 0 (0–0.09) 0 (0–0.07) 0.32

ECMO, n (%) 3 (13.0) 4 (17.4) 0.5

Antibiotics, n (%) 15 (65.2) 18 (78.3) 0.326

Antifungal, n (%) 3 (13.0) 2 (8.1) 0.636

Transfusion, n (%) 17 (73.9) 14 (60.9) 0.345

Peritoneal dialysis, n (%) 4 (17.4) 13 (56.5) 0.007

Breastfeeding, n (%) 15 (68.2) 10 (43.5) 0.095

Feeding volume (mL/kg/day), mean (SD) 47.6 (±39.3) 61.2 (±24.6) 0.368

Fasting (days), median (IQR) 3 (0–6) 2 (1–4) 0.31

Clinical data

  Minimal DBP, (mm Hg), mean (SD) 26.1 (±3.9) 30.3 (±5.8) 0.008

  Minimal NIRSv, (%), median (IQR) 37.9 (25.8–44.5) 44.6 (33.6–53.9) 0.083

  Input–output fluid balance (mL/kg/day), median (IQR) −19.6 (−31.9–−2.18) −49.4 (−60.2–−29.38) 0.002

Biological data

  Acute renal failure 16 (69.5) 15 (65.2) 0.518

  Lactates (mmol/L), median (IQR) 5.5 (4–10.7) 5.6 (4.3–10.8) 0.771

  Haematocrit (%), mean (SD) 33.3±7.3 30.2±5.6 0.531

  pH min, mean (SD) 7.14±0.14 7.2±0.14 0.098

  pH max, mean (SD) 7.52±0.09 7.59±0.08 0.083

Peroperative data

  Age at surgery, (days), median (IQR) 16.5 (7–26.5) 7.5 (6.75–13.25) 0.018

  Length of CPB (min), median (IQR) 144.5 (0–206.25) 79 (0–166.25) 0.2

  Length of clamping (min), median (IQR) 50 (0–109.25) 28 (6–95) 0.39

  Temperature min (°C), mean (SD) 28.8 (±7.4) 31.2 (±5.3) 0.25

Length of stay

  ICU (days), median (IQR) 28 (14–42) 9 (6–18) 0.0001

  Hospital (days), median (IQR) 59 (39–103) 23 (20–45) 0.001

  Death, n (%) 8 (34.8) 2 (8.7) 0.035

CPB, cardiopulmonary bypass; DBP, diastolic blood pressure; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; Max, 
maximal; Min, minimal; NEC, necrotising enterocolitis; NIRSv, visceral near infrared spectroscopy.
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Characteristics of necrotising enterocolitis
In our study, NEC occurred equally in the cardiac preop-
erative and postoperative period as has been shown in 
previous studies.10 18 Preoperative NEC may be favoured 
by the drop in mesenteric perfusion pressure, either by 
ductal steal in CHDs with right- way obstruction, or by 
insufficient systemic flow in CHDs with left- sided obstruc-
tion.19 20 Postoperative NEC may be favoured by stress 
and inflammation associated with surgery and bypass, 
which undoubtedly increase the fragility of the intestinal 
tract.21 The median age at the time of diagnosis of NEC 
was 14 days,3 5–24 which is comparable with the results of 
two previous cohort studies on NEC in CHD.5 22

NEC in CHD patients is a serious and life- threatening 
complication associated with a 34.8% mortality in our 
study. Kessler et al found a similar mortality rate of 35% in 
a similar cohort.22 Becker et al described a higher mortality 
(48%), but their cohort included preterm babies.5 After 
excluding premature babies, their mortality dropped 
to 14%.5 Mortality in newborns with NEC appears to be 
higher in CHD than in the general population, as shown 
in a recent meta- analysis (mortality, respectively 38% vs 
27%).10

NEC is associated with an increased length of stay in 
intensive care and in hospital, and in consequence cost 
related to medical care.6 14 Our findings corroborate 
these data.

Risk factors of NEC
Our matched comparison showed that a DBP≤30 mm Hg 
was significantly associated with an increased risk of NEC. 

A significant association between arterial hypotension 
and the occurrence of NEC in full- term newborns has 
been previously shown.3 8 In the study by McElhinney et 
al episodes of low cardiac output and shocks were signif-
icantly associated with the occurrence of NEC.4 Carlo 
et al found a persistent reversal of diastolic flow in the 
abdominal aorta of neonates with CHD and NEC.20 In 
the study of Van Der Heide, comparing 16 CHD infants 
with NEC (Bell stages II and III) and selected 16 controls, 
difference in DBP did not reach statistical significance, 
but demonstrated the same direction towards (relative) 
hypoxia/ischaemia in NEC infants.23 These data support 
the hypothesis according to which a drop in mesenteric 
perfusion pressure resulting from aortic diastolic steal 
or global hypotension leads to intestinal ischaemia and 
subsequent necrosis in newborns with duct- dependent 
CHD.

Our study did not show significant difference in 
visceral NIRS value between the two groups. This may 
be explained by a lack of power since 26% of the data 
on visceral NIRS were missing. Indeed, the NIRS was 
only recently introduced systematically in the preoper-
ative period. NIRS- monitoring must be encouraged as 
it is interesting in the management of these patients. 
Stapleton et al support the hypothesis that an altered 
mesenteric oxygen supply is an important factor in the 
development of NEC in CHD and could justify system-
atic NIRS monitoring in the preoperative period.24 Other 
parameters related to NIRS such as NIRS variability and 
cerebral to splanchnic ratio are interesting, and probably 
require prospective studies.25

In our study, significantly more children who did 
not develop a NEC received an epinephrine infusion. 
Epinephrine may be a protective factor in NEC, limiting 
episodes of hypotension and low cardiac output. This 
association did however not persist in our multivariate 
analysis, probably due to the confounding effect of lower 
DBP.

The maximum dose and the number of days spent on 
prostaglandin E1 were not associated with the occurrence 
of NEC. This is consistent with the study by Carlo et al,20 
who did not find association between NEC in newborns 
with CHD and the use of prostaglandin E1. They did 
however noticed an increased risk of NEC with high doses 
of prostaglandin E1 (greater than 0.05 µg/kg/min), but 
this association disappeared in their multivariate analysis. 
Low doses (<0.05 µg/kg/min) were mostly used in our 
unit. These data differ from those reported by Leung et 
al and Becker et al, who found an association between 
prostaglandin E1 infusion and the occurrence of NEC.3 5 
Those discordances may be explained by the fact that the 
persistence of the ductus arteriosus is the risk factor for 
NEC rather than the prostaglandin E1 infusion itself.

Interestingly, our study shows that patients without 
NEC had a significantly more negative fluid balance than 
patients in the NEC group. Several studies have shown 
that after paediatric cardiac surgery, an increase in fluid 
balance was associated with more complications including 

Figure 1 ROC curve for prediction of NEC based on 
minimum diastolic arterial pressure. AUC, area under the 
curve; NEC, necrotising enterocolitis; ROC, receiver operator 
characteristics.

Table 5 Multivariate analysis of risk factors of NEC

Risk factors OR (95% CI) P value

Inotropic support 1.25 (0.13 to 12) 0.84

Input–output fluid balance 2.3 (0.15 to 33.5) 0.53

Peritoneal dialysis 0.27 (0.04 to 1.77) 0.17

DBP<30 mm Hg 8.7 (1.4 to 53.5) 0.019

DBP, diastolic blood pressure; NEC, necrotising enterocolitis.
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an increased risk of ARF, ventilator- acquired pneumonia, 
increased use of inotropes and vasopressors, increased 
duration of mechanical ventilation, length of hospital 
stay and death.26–31 Oedema increases intra- abdominal 
pressure and decreases renal perfusion.32 It can be 
hypothesised that the same is true for mesenteric perfu-
sion. Another hypothesis is that interstitial oedema in 
the intestinal wall alters the epithelial barrier promoting 
bacterial translocation.33 Finally, oedema impairs oxygen 
tissue diffusion and is responsible for cellular hypoxia, 
particularly if oxygen transport is already impaired.34

In our study, PD was associated with a reduced risk of 
NEC. PD can have a dual effect in preventing NEC. It 
is both a safe and effective method of removing fluids 
after paediatric cardiopulmonary surgery35 36 and results 
in faster and greater fluid balance negativation.37–39 The 
early onset of PD has also been associated with a lower 
level of postoperative proinflammatory cytokines, which 
could be beneficial.39–41

Limits of our study
An obvious limitation of our study is its retrospective 
nature causing data loss. Conducting a prospective study 
is however difficult, due to the low incidence of NEC.

Another limitation is the inclusion of stage I. This deci-
sion was taken because there was no difference between 
stage I and other stages (concerning length of ICU stay, 
length of hospital stay and age at surgery or death). We 
considered Bell stage I as major event impacting manage-
ment and prognosis of those patients. Therefore, our 
study concern NEC suspicion in duct- dependent CHD. 
The inclusion of preoperative and postoperative NEC in 
the same group, complicates the interpretation of the 
results and made it impossible to analyse the data on 
feeding volumes and the number of fasting days.

Although the number of cases included in our study 
is higher than in previously cited studies,4 18 21 it remains 
a small sample. The design of our study, comparing 
matched populations, increases however the power of 
our data.

CONCLUSION
NEC is a serious complication in newborns with CHD, 
responsible for increased mortality and increased length 
of hospital stay, including intensive care. Diastolic hypo-
tension is an important risk factor for NEC and must 
be controlled. Management of inotropic support and a 
better control of the fluid balance, including PD seems to 
be important tools to reduce the risk of NEC.
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