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Abstract

Infants with CHD are at increased risk of necrotising enterocolitis, which can interfere with
the achievement of adequate nutrition and, ultimately, growth and development. Necrotising
enterocolitis is classified by severity as suspected, confirmed, and advanced. We sought to
quantify the incidence of all types of necrotising enterocolitis among infants who underwent
surgery, with a particular focus on suspected necrotising enterocolitis. This is a retrospective
review of all infants <6 months of age who underwent cardiac surgery during 2012 and 2013
at Children’s Hospital Colorado. We examined the hospital course of 265 hospitalisations
(n=251 patients) and found 18 patients (19 hospitalisations) with suspected necrotising
enterocolitis and 16 patients (16 hospitalisations) with confirmed or advanced necrotising
enterocolitis. Single-ventricle physiology, lower weight, and younger age were associated with
necrotising enterocolitis. Patients with all types of necrotising enterocolitis experienced
prolonged length of hospital stay. We found suspected necrotising enterocolitis to be as
common as confirmed necrotising enterocolitis, and it frequently occurred early in the post-
operative course. We speculate that suspected necrotising enterocolitis may often be
overlooked in research owing to a reliance on billing codes. Nevertheless, suspected
necrotising enterocolitis poses a substantial barrier to post-operative progression of the CHD
patient, as does confirmed necrotising enterocolitis. Following the diagnosis of all types of
necrotising enterocolitis, there was wide variability in practice patterns. In response to this
variability, we developed care guidelines for the diagnosis and treatment of necrotising
enterocolitis in this population.

Mortality has declined for infants with CHD who undergo palliative or corrective cardi-
othoracic surgery.' In addition to survival until hospital discharge, measurable outcome
objectives for this population now consist of minimising perioperative morbidities, reducing
hospital length of stay and cost, and improving neurodevelopmental function.” Early and
consistent nutrition support after surgery may help to improve patient outcomes.” Unfortu-
nately, neonates and infants with CHD often struggle to achieve adequate enteral nutrition in
general and with oral feeding specifically. These patients, particularly those with single-
ventricle physiology, have an increased incidence of necrotising enterocolitis.*

Necrotising enterocolitis is an intestinal pathology that was first described in preterm
infants. The pathophysiology involves compromise of the intestinal mucosal barrier with
subsequent invasion of pathogenic bacteria and resultant injury to the intestinal wall. The
process can progress to bowel ischaemia, bowel perforation, sepsis, and death.* The severity of
necrotising enterocolitis is graded by the modified Bell’s criteria (Supplementary Fig S1) and
broadly categorises the pathology into suspected, confirmed, or advanced.” However, the
clinical presentation of necrotising enterocolitis may be variable and at times subtle. It may
manifest along a continuum of irritability, feeding intolerance, abdominal distension,
hematochezia, systemic inflammatory response syndrome, to haemodynamic collapse.®

The susceptibility of infants with CHD to necrotising enterocolitis is complex and multi-
factorial; some have theorised that it may have a different pathophysiology than necrotising
enterocolitis in the preterm population.” Many factors may contribute to this pathophysiology.
Mesenteric blood flow may be impaired in the setting of ductal-dependent systemic or
pulmonary blood flow,® large left-to-right shunts, or cardiac rhythm disturbances.® Additionally,
blood flow and oxygen delivery to the intestines may be impaired owing to cyanosis, thrombotic
or infectious events, or merely the presence of indwelling umbilical catheters.®”

Our goal was to quantify the incidence of suspected, confirmed, and advanced necrotising
enterocolitis in infants <6 months old who underwent cardiac surgery. Our hypothesis was
that, despite our low institutional rate of confirmed or advanced necrotising enterocolitis,
suspected necrotising enterocolitis is common and it leads to interruptions of feeds and longer
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length of stays. We also sought to document the treatment
response to all stages of necrotising enterocolitis and assess
variability in practice patterns.

We performed a retrospective chart review of children less than
or equal to 6 months of age who underwent cardiac surgery from
1 January, 2012 through 31 December, 2013. Through review of
the electronic health record, we identified all patients who had
feeding difficulties or clinical exam findings suspicious for
necrotising enterocolitis that led the care team to interrupt the
enteral feeding regimen or obtain abdominal radiographs at any
time point during their surgical admission. We then categorised
the episodes into suspected (Grade IA and IB), confirmed
(Grade IIA or IIB), or advanced (Grade IIIA or IIIB) necrotising
enterocolitis using the modified Bell’s criteria. If the patient
experienced a recurrence of necrotising enterocolitis during their
hospitalisation, only their first episode during that hospitalisation
was included in our analysis. If the patient underwent more than
one hospitalisation, demographic and patient characteristics,
excluding those associated with bowel pathology, were used once
in the analysis.

Patients were excluded if they received pre-operative or post-
operative care outside the cardiac ICU or our cardiology inpatient
floor unit, had surgery for a non-cardiac diagnosis, had extra-
corporeal membrane oxygenation as the primary indication for
surgical intervention, or had a gastrointestinal diagnosis that
precluded provision of enteral feeds (such as Hirschsprung’s
disease or imperforate anus). Patients with prematurity under-
going ligation of a patent arterial duct were excluded as their
pre-operative and post-operative care was in the neonatal ICU.
Feeding interruptions for a planned procedure or intervention
were not included.

Both the cardiac intensive care and the cardiac inpatient care
teams use a standardised feeding protocol (Supplementary Fig S2)
and a nutrition flow sheet.'® The protocol dictates that enteral
feeds be initiated in the well-perfused patient with a benign
abdomen. Exclusion criteria for feeds include abdominal girth
changes >10%, haemoccult positive stool, emesis, and bilious
residuals. For the extubated, stable neonate, bolus feeds are
started at 20 ml/kg/day divided into eight feeds, given over 1 hour.
Feeds are advanced by 20-30 ml/kg/day. The extubated, stable

N = 293 patients who underwent
surgery from 2012-2013

42 patients met one or more
of the exclusion criteria:
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infant with prior feeding experience is initiated on 10-60 ml/feed,
given over 30-60 minutes and advanced by 20-40 ml with each
feed. Continuous trophic feeds are started for neonates who were
nil per os since birth or infants at risk for decreased gastro-
intestinal perfusion. Trophic feeds are initiated at 0.5 ml/kg/hour
for 24 hours before advancing by 0.5 ml/kg/hour every 12 hours.
For patients on mechanical ventilation, with previous feeding
intolerance or otherwise determined to be too unstable for bolus
feeds, continuous transpyloric feeds are initiated at trophic rates
and similarly advanced.

For the purpose of data collection, patients who were <14 days
of age at the time of their surgical intervention had their birth
weight recorded for weight at the time of surgery. For those
patients who were >14 days of age at the time of surgery, their
weight on the day of surgery was recorded. Gestational age was
defined as weeks of gestation at the time of birth. Three patients
had a gestational age recorded as “term”. For those patients, a
gestational age of 39 weeks was used.

Each episode of necrotising enterocolitis prompted a review of
the patient’s hospital admission including the duration of thera-
peutic nil per os time, antibiotic regimen and duration, surgical
consultative practices, presence of progression of Bell’s stage after
diagnosis, and need for abdominal surgical intervention. As
neonates made up a large portion of this population, subgroup
analyses of neonates, single-ventricle patients, and single-ventricle
neonates were performed.

Categorical variables were compared using a x° test with
Bonferroni correction. Continuous variables were compared using
Kruskal-Wallis test with post hoc analysis using pairwise
matching and Bonferroni correction. Median and interquartile
ranges are reported. A p-value of <0.017 was considered
significant for pairwise comparisons of categorical variables and
<0.008 for continuous variables.

A total of 293 patients <6 months of age underwent
cardiac surgery during the calendar years of 2012 and 2013
(Fig 1). A total of 251 patients were included in the analysis,
representing 265 hospital admissions. In all, 42 patients were not
included in the analysis owing to meeting the exclusion
criteria (Supplementary Table S1). Patient demographics are
listed in Table 1.

251 patients included in the

analysis representing 265

: hospitalizations
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Figure 1. Overview of patients included in the analysis. NEC = necrotising enterocolitis; NICU = neonatal ICU.

https://doi.org/10.1017/51047951117002815 Published online by Cambridge University Press


https://doi.org/10.1017/S1047951117002815

Cardiology in the Young 641
Table 1. Characteristics and outcome data of children <6 months of age undergoing cardiac surgery with and without necrotising enterocolitis (NEC)
Confirmed or Advanced NEC
No NEC (n=217 patients Suspected NEC (n=18 patients (n=16 patients representing
representing 230 admissions) representing 19 admissions) 16 admissions) p-value
Age at time of surgery (days) (median, IQR) 36 (5, 94) 6 (3, 37) 6 (3,8) <0.0001
0.019?
0.007°
1.000¢
Weight (kg) (median, IQR) 3.7 (3.1, 4.6) 3.2 (2.5, 3.4) 3.2 (2.5, 3.4) <0.0001
1.000?
0.004°
0.024¢
Female (n, %) 93 (43) 6 (33) 4 (25) 0.243
Race or ethnicity (n, %)
Asian 2 (1) 0 1(6) 0.021
African American 10 (5) 2 (11) 2 (13)
Hispanic 48 (22) 4 (22) 5 (31)
White 139 (64) 8 (44) 8 (50)
Other 18 (8) 4 (22) 0
Prenatal diagnosis cardiac disease (n, %) 80 (37) 8 (44) 13 (81) 0.004
0.802°
0.001°
0.039°
Heterotaxy syndrome (n, %) 4 (2) 1(6) 2 (13) 0.037
Single-ventricle palliation (n, %) 34 (16) 9 (50) 8 (50) <0.0001
<0.001?
0.001°
1.000¢
Length of stay (days) (median, IQR) 10 (6, 23) 30 (12, 61) 53 (36, 93) <0.0001
0.001?
<0.001°
0.238°
Gastric tube placement (n, %) 30 (14) 7 (39) 10 (63) <0.0001
<0.003?
<0.001°
0.149°

The p-value in bold is for the y* comparison

For pairwise comparisons: p-value when no NEC and suspected NEC cohorts are compared; ®p-value when No NEC and confirmed NEC cohorts are compared; “p-value when suspected NEC
and confirmed NEC cohorts are compared; p-value <0.017 is considered significant for categorical variables and p-value <0.008 for continuous variables

A total of 34 patients had 35 admissions during which they
met criteria for suspected, confirmed, or advanced necrotising
enterocolitis. In all, 19 of these episodes (n=18 patients; one
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patient had two separate admissions) were suspected necrotising
enterocolitis and 16 episodes (n=16 patients and 16 hospitali-
sations) were confirmed or advanced necrotising enterocolitis.
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The overall incidence of suspected necrotising enterocolitis was
7.2% (Bell’s IA episodes, n=11; IB, n=28). The overall incidence
of confirmed (ITA episodes, n=13; IIB, n=2) or advanced
necrotising enterocolitis (IIIA episodes, n=1) was 6%. Both
suspected and confirmed necrotising enterocolitis occurred more
frequently in patients with younger age, lower weight, and single-
ventricle physiology. Half (50%) of the patients who had sus-
pected or confirmed necrotising enterocolitis had single-ventricle
physiology. Length of hospitalisation was significantly longer in
patients with suspected necrotising enterocolitis (p=0.001) and
confirmed or advanced necrotising enterocolitis (p <0.001) when
compared with those with no necrotising enterocolitis history. We
examined the frequency in which patients with necrotising
enterocolitis underwent surgical gastrostomy tube placement
during their hospitalisation. Patients with either suspected or
confirmed necrotising enterocolitis were more likely to undergo
gastrostomy tube placement before hospital discharge (Table 1).

E. L. Schuchardt et al

Progression of Bell’s staging was noted in three patients and
recurrence of symptoms/signs of necrotising enterocolitis occurred
in four patients (one with suspected and three with confirmed
necrotising enterocolitis) during their surgical hospitalisation. For
those patients with recurrence of necrotising enterocolitis, three of
these patients had single-ventricle physiology and the fourth had an
immunodeficiency. One patient’s recurrence fit classification for
fulminant necrotising enterocolitis. Of note, one of the patients with
suspected necrotising enterocolitis died secondary to worsening
cardiac function in the setting of prematurity and congenital com-
plete heart block requiring immediate postnatal pacemaker place-
ment. This patient also had heterotaxy with left atrial isomerism.

Patients were fed according to the standardised feeding
protocol as described in the Materials and methods section.
The majority of patients with bowel pathology were receiving
feeds via nasogastric tube or both nasogastric and oral at the time
of necrotising enterocolitis onset (Table 2).

Table 2. Characteristics of patients who were diagnosed with suspected, confirmed or advanced necrotising enterocolitis (NEC).

Confirmed or Advanced NEC
(n=16, representing 16

Suspected NEC
(n=18, representing 19

hospitalisations) hospitalisations) p-Value

Neonate (total patients, %) 14 (74) 14 (88) 0.309
Cardiac physiology: shunt type* (total patients, %)

Right to left shunt 4 (21) 3 (19) 0.073

Left-to-right shunt 8 (42) 12 (75)
On prostaglandin (total patients, %) 2 (10) 1 (6) 0.653
ECMO/VAD (total patients, %) 0 1 (6) 0.269
Days between surgical intervention and abdominal pathology (median, IQR) 5 (4, 14) 24 (9, 39) 0.008
Route of enteral feeds at time of NEC diagnosis (total during hospitalisation, %)

NPO 1 (5) 2 (13) 0.732

Oral 3 (16) 1(6)

Oral + nasogastric tube 6 (32) 6 (38)

Nasogastric tube 8 (42) 5 (31)

Transpyloric tube 0 1(6)

Gastrostomy tube 1(5) 1(6)
Multiple episodes during hospital admission (total hospitalisations, %) 1(5) 3 (19) 0.185
NEC Treatment

Made NPO (total hospitalisations, %) 17 (89) 16 (100) 0.181

NPO Duration (days) (median IQR) 0.5 (0.5, 1.2) 5(2,8) 0.001

Antibiotics (total hospitalisations, %) 8 (42) 15 (94) 0.001

Surgical consult (total hospitalisations, %) 2 (11) 3 (19) 0.489

Progression of NEC severity by Bell’s classification (total hospitalisations, %) 2 (11) 1(6) 0.653

Abdominal surgical intervention total hospitalisations, %) 0 1(6) 0.269
Other abdominal history

Gastrostomy tube placement during index hospitalisation (total patients, %) 7 (39) 10 (63) 0.149

ECMO = extracorporeal membrane oxygenation; IQR =interquartile range; NPO = nil per os; VAD =ventricular assist device

* If applicable

https://doi.org/10.1017/51047951117002815 Published online by Cambridge University Press


https://doi.org/10.1017/S1047951117002815

Cardiology in the Young

We examined the timing of onset of suspected or confirmed
necrotising enterocolitis in relation to the patient’s cardiac
operation. The diagnosis-suspected necrotising enterocolitis
occurred significantly earlier in a patient’s post-operative course,
whereas confirmed or advanced necrotising enterocolitis tended
to be sporadic throughout the patient’s hospitalisation (Table 2
and Fig 2). Two patients were diagnosed with necrotising entero-
colitis — one suspected and one confirmed —before their cardiac

643

surgical intervention. Both patients were nil per os at the time.
One patient was admitted in critical condition with a postnatal
diagnosis of coarctation of the aorta and the other patient had
single-ventricle physiology and underwent a lung biopsy before
single-ventricle palliation. No other patients in our cohort who
received enteral feeds preoperatively, including those with single
ventricle physiology, had abdominal pathology during the
pre-operative period.

@ Suspected NEC

0 00 ¢ 9| ¢ @ ¢ ¢ @ Confirmed NEC

§ 88 | ] Q | N ] [w]
0 10 20 30 40 50 60 70

Days from OR to onset of NEC episode

Figure 2. Timing of NEC following Cardiac Surgery. NEC = necrotising enterocolitis; OR = operating room.

Table 3. Characteristics of neonates with and without necrotising enterocolitis (NEC).

No NEC
(n=111 patients and Suspected NEC Confirmed or Advanced NEC
admissions) (n =14 patients and admissions) (n = 14 patients and admissions) p-Value
Age at surgery (days) (median, IQR) 5 (3, 11) 4(3,7) 5(3,8) 0.288
Weight (kg) (median, IQR) 3.3 (2.9, 3.6) 3.2 (2.5, 3.2) 3.2 (2.7, 3.4) 0.111
Female (n, %) 45 (41) 4 (29) 4 (29) 0.507
Race or ethnicity (n, %) 0.088
Asian 1(1) 0 0
African American 5 (5) 0 2 (14)
Hispanic 25 (23) 3(21) 5 (36)
White 76 (68) 8 (57) 7 (50)
Other 4 (4) 3(21) 0
Gestation age (weeks) (median, IQR) 39 (38, 39) 38 (35, 39) 38 (37, 39) 0.047
Prenatal diagnosis of cardiac disease (n, %) 56 (50) 6 (43) 11 (79) 0.104
Heterotaxy syndrome (n, %) 2(2) 1(7) 2 (14) 0.046
Single-ventricle palliation (n, %) 29 (26) 8 (57) 6 (43) 0.036
Pre-operative enteral feeds (n, %) 92 (83) 10 (71) 11 (79) 0.563
Length of stay (days) (median, IQR) 18 (10, 32) 32 (16, 55) 50 (32, 89) <0.0001
0.102%
<0.0001°
0.251°¢

Bolded p-value is for y*> comparison

For pairwise comparisons: ®p-value when no NEC and suspected NEC cohorts are compared; ®p-value when no NEC and confirmed NEC cohorts are compared; “p-value when suspected NEC
and confirmed NEC cohorts are compared; p-value <0.017 is considered significant for categorical variables and p-value <0.008 is considered significant for continuous variables
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Table 4. Length of stay in single-ventricle patients with and without necro-
tising enterocolitis (NEC).

Confirmed or

No NEC  Suspected advanced NEC
(n=34) NEC (n=9) (n=28) p-Value
Length of stay in all 23 (14, 38) 43 (29, 72) 66 (46, 93) <0.0001
single-ventricle
patients
0.028%
0.002°
1.000°
Confirmed or
No NEC  Suspected advanced NEC
(n=29) NEC (n=38) (n=6)
Length of stay in 24 (17, 38) 40 (29, 64) 51 (37, 94) 0.004
single-ventricle
neonates
0.083°
0.011°
1.00¢

The bolded p-value represents the Kruskal-Wallis ANOVA comparison

For pairwise comparisons: *p-value when no NEC and suspected NEC cohorts are compared;
Pp-value when no NEC and confirmed NEC cohorts are compared; “p-value when suspected
NEC and confirmed NEC cohorts are compared; p-value <0.008 is considered significant for
continuous variables

Additionally, we sought to document the clinical team’s treatment
response to bowel pathology (Table 2). For all patients with necro-
tising enterocolitis, the median duration of nil per os time was 2 days.
Of the patients with suspected necrotising enterocolitis, the median
nil per os time was <24 hours. Of the patients with confirmed or
advanced necrotising enterocolitis, the median nil per os time was
5 days. The majority (68%) of necrotising enterocolitis episodes of
any classification were treated with antibiotics. The antibiotic regi-
mens chosen varied widely - there were 13 different antibiotic
regimens used in a total of 23 necrotising enterocolitis episodes.

A subgroup analysis of neonates was also performed (Table 3).
There were no significant differences in patient characteristics
between neonates with suspected, confirmed, or no necrotising
enterocolitis. Neonates with confirmed or advanced necrotising
enterocolitis remained hospitalised longer than neonates without
(50 versus 18 days, p <0.0001).

Analyses of length of stay for single-ventricle patients of all
ages and of single-ventricle neonates were performed (Table 4).
Among single-ventricle patients of all ages, those who had
confirmed or advanced necrotising enterocolitis had longer length
of stay than those without necrotising enterocolitis. However,
there was no significant difference in length of hospital stay in
single-ventricle patients of all ages with suspected necrotising
enterocolitis compared with those without necrotising entero-
colitis. Among single-ventricle neonates, those with confirmed or
advanced necrotising enterocolitis had significantly longer length
of stay compared with those without necrotising enterocolitis.

In this cohort of neonates and infants with CHD, we found that
suspected necrotising enterocolitis (Bell’s classification 1A and 1B

https://doi.org/10.1017/51047951117002815 Published online by Cambridge University Press

Table 5. Care guidelines for the standard risk cardiac patient with necrotising enterocolits (NEC).

Imaging frequency

NPO time

Abdominal findings Radiographic findings Antibiotic regimen Treatment duration

Systemic signs

Stages

Every 12 hours until

24 hours

Observation

None Intestinal dilation, ileus, None

None

Incidental

stable

pneumatosis

Every 12 hours until

Central access: VAN + GEN 48 hours, then 48 hours

Normal or intestinal

Gastric retention,

None

Suspected and not

stable, then daily
until resolved

re-evaluate

Peripheral access:
AMP + GEN

dilation, mild ileus

abdominal

ill-appearing

distension, emesis,
guiac-positive

Every 8 hours until

5 days from first normal

5 days total

Intestinal dilation, Central access:

Apnea, bradycardia, Same as above, plus

Suspected and

stable, then daily
until resolved

abdominal X-ray

VAN + GEN + MTZ
Peripheral access: AMP +

pneumatosis, paucity
of colonic air, mild

ileus

hematochezia and/or

abdominal

lethargy, fever or

hypothermia
irritability,

ill-appearing*

GEN +MTZ

tenderness

Every 6 hours until

If HDS: 7 days

If HDS: 10 days

Same as suspected ad Intestinal dilation, ileus, If HDS: AMP or

Same as suspected and

Definite*

stable, then daily
until resolved

If unstable: 14 days If unstable: 10 days From

VAN +GEN + MTZ
If unstable: VAN +TZP

portal gas,

ill+absent bowel
sounds, tender

ill+ mild metabolic

acidosis and/or

first normal X-ray

pneumatosis and/or

ascites

abdomen, and/or

thrombocytopenia

E. L. Schuchardt et al

peritoneal signs

Extended NPO Every 6 hours until

14 days

VAN +TZP

Same as definite

Same as

Same as suspected ad

Advanced*

stable, then daily
until resolved

(duration undefined)

+/-pneumo-
peritoneum

definite + peritonitis

ill+ hypotension

acidosis, DIC and/or

neutropenia

piperacillin-tazobactam; VAN = vancomycin

=haemodynamically stable; MTZ = metronidazole; NPO = nil per os; TZP =

gentamicin; HDS

DIC = disseminated intravascular coagulation; GEN

Standard risk defined by: right-sided obstructive lesion, mild congestive heart failure, heart transplant

Additional recommendations: blood cultures must be drawn before first dose of antibiotics. If blood cultures remain negative for organisms requiring vancomycin for 36 hours, ampicillin or piperacillin-tazobactam can be used. In cases of renal

impairment, a third-generation cephalosporin can be used in place of gentamicin

*Surgical consultation recommended for all patients


https://doi.org/10.1017/S1047951117002815

Cardiology in the Young

= == = = —
3 c [ =] E=art e E=art
c S ST o g'c-c g'o-g g'c-o
[ % v [ [ [ [
c c c c
S | = SRCES ] 0w g > 0w S >
o p=3 > - — - — = — -
b o o< Q = =] S < O S £ O
o | 2 2+ 0 2% 0 3% 0 3+ 2
- . O 20 20 2 o
w | NL| 9= g = g = g2
“ar c c =4 c
& g‘i 55: g‘&;’: 5*‘33 gﬁ:
€| > > > > >
- w w w w w
>
s 2 5
z x| =
o v © =
= 2 >c 5
o 1Y © = o
2 = gy} g
= v o < o
© Pl a s
€ c © .. n =z o
&5 T = g
gl e (4 g€ ~3a% T =
=
€ | 5 T = 5 S £ T
S > > w o (,)'Jdo T ©
o o >0 Qé’_ c c
o | < < (S T Sw 9 s
A | o ~ e 3
= < ~ ~ == i g
£
c 0
>
) ® 8
3 03 s
= c c > <
> o9 (ol © ﬁ
© Sw®| £®© = o ..
2| 3| .2 b eI Z
S| S| 68 L =3 s
> > .. © [
£ S =) » 5 S > i
=1 o o ! > Pt ] [ £
© | @ < ¢ ] = o ]
= ~ i 25 B < kst
= < M~ ~ == — -
o
N
ol
bl
£
N ?
= @
N = N k=3
=+ = o
= & |Z& |z !
+ + a
0| -0 =0 = N
w + w + w + w =
©a| ©oa ©a G} b o
+ = + = + = T o5
155125 | &5 | &% 23
. . - 2
s | S4| =4 >4 S 2 -
I ] o @ . D - = zEt
= ] [ [ o< ©
AEEIRE g3 = i g
L G © o © gwm o . o<
0 o= o= o= =9 o a o
=28 © O c O c O <o N =z 2
‘5 — o — O — O .. © = T
— E_C E_C E_C U)‘*U‘) ES U O
8| 58| 58 =8 ag S w
=] == = 9= = = I S = N €
= (TR 9 O (TR < < 3
< |oad| O oo i s > - ©
S E
o o S
) = 3 5 g@
. ) o =
O oo | L = s= 2 = € 'c
td = e S © e = 2 N
= | © c S c a c © ]
= - [] N
=1 £ 8w 7] L 4= .2 ) 24 =
8|15 |8g| 2 g 8452 EEE =5
=l e $s8| £ .4 =2 z 82 %33 v 5
o S © o © C 6o © - o 0 S
8 = £ O o= < EZL = E & S5 c
o [ Q= © £ = ® = | wago S <
= o0 c 3 =B o c 30 n cl8 S+ © = n ©
[ = @ S m© = F TR | f= =T} | = -
+ Q n < E="¢ ?h S u O O CS g L~ o >&
c 5 oo ST E O Q0= Voo wm €+ a = c
CH ] ] < = ] S o
o0 o = = = = (%] 'Em
< ~ = ez
© S o o > ©
= o = o T V0 o5
5 2 | 5% 25 £8 | %%
=] 7 7 =) = [
@ =y .2 a © [t ! o £ [l
c | £ = € o . © + 4T o E=2) © c
© o v > U 'N LT cF ST < .
< c =5, o >0 — 0 >c® R = =
x = c® S G OcTw®wn 93 & 0-3 wn O
= — v c O o Q0 c o Qo 5o + B
© @gEg@e| ®OQSEELE| ®2cc 27T I3
= c LEZS we E5 w=z €6 w9 2
c | = o ao Y c 8o c Qo © € X =8
@ = SR =) SRR R =l £ 48
=1 o [} ESRORORS Loag oo w Qo L5
© | 5 | € b ®©T Wl E£ELw®S Eowcal|l ETE £
ol g o © © © © S S
[8) << =z O (%] (%] 0w e =
s g °
T ¢ = ] o e
5 & c c
S 2= 8L w| © =z 9
o < &8 E oo T| o o0 o
x 2o ® =) = S < (GRS
) TasL =S £308| £o3 o 8@
=
s SEERS o 29TL| 929w | o35
< c S99 . D'EC>‘ QoA B =
Y- %5 | 8 2Esg| 3885 |5g
= | @ g XE < 2ocw8| 38val| 3L
s 98 =0 5 0 oo
v | L Qa oo 0 %) 8 € n >4 ©
< -~ 08 © © = < E o < ) o @
= £ © £ = [ +f 89 + © > o T
o o =] v > [T T 0o P
5 = c c e c g2 E=aS E=ZRc| &8s
Ke) 2| o a © © © S S
w|l @z < %] %] %] g2
o )
S 2w
= o =
[ — s =
° o £
] e =
=] « S
oo T W o o0 2
c £ c £ ® T
[ o = © ' o9
< ° & © 3 x £ £
o I o a =% x 1S £E%
. = oo oo 9 o [ Ias]
© D ] Q © o © = c O
oo | O Bh—o o= = o T .2
L gg 2= 5= & 3 (=
Pl c =
RS a a a < SR
] oI

https://doi.org/10.1017/51047951117002815 Published online by Cambridge University Press

Additional recommendations: blood cultures must be drawn before first dose of antibiotics. If blood cultures remain negative for organisms requiring vancomycin for 36 hours, ampicillin or piperacillin-tazobactam can be used. In cases of renal

impairment, a third-generation cephalosporin can be used in place of gentamicin

*Surgical consultation recommended for all patients
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is common, occurring slightly more frequently than confirmed
necrotising enterocolitis, and is associated with increased length
of stay. Although the causal relationship between suspected
necrotising enterocolitis and longer length of hospitalisation
cannot be definitively determined with a retrospective study of
this nature, we speculate that the treatment team approaches
advances to the patient’s care with more caution after a single
episode of suspected necrotising enterocolitis. In addition, care of
infants with suspected necrotising enterocolitis was widely vari-
able in terms of antibiotic regimen chosen, length of antibiotic
treatment, and therapeutic nil per os times. All these variabilities
may adversely contribute to length of hospital stay. Suspected
necrotising enterocolitis, although less dramatic and debilitating
than confirmed or advanced necrotising enterocolitis, warrants
continued attention - in terms of prevention, early recognition,
and standardisation of treatment.

Previous published reports of necrotising enterocolitis in
comparable populations demonstrated an incidence of
3.3-9%.%'""? These previous studies were largely focused on
confirmed or advanced disease. We speculate that they under-
estimate the incidence of suspected necrotising enterocolitis. Our
combined incidence of any classification of necrotising entero-
colitis was higher — 13%. However, the incidence of confirmed or
advanced necrotising enterocolitis in our cohort was similar at
6%.>'"'? Similar to prior studies, we found that single-ventricle
physiology, lower weight, and younger age were risk factors for
both suspected and confirmed necrotising enterocolitis.® Among
our neonatal single-ventricle patients, the incidence of confirmed
or advanced necrotising enterocolitis was 14%, similar to the
17-18% reported in the literature.">'* Notably, 19% of our
single-ventricle population was identified as having suspected
necrotising enterocolitis, which underscores the widespread fear
of necrotising enterocolitis in this population.

The timing of necrotising enterocolitis events was notably
different between suspected versus confirmed or advanced
necrotising enterocolitis. Suspected necrotising enterocolitis
occurred earlier in the patients’ post-operative course and coin-
cided when most patients are initiating feeds for the first time
post-operatively. Although a retrospective study of this nature
cannot assign causation, we speculate that many of the suspected
necrotising enterocolitis episodes, particularly those that were
categorised as Bell’s 1 A, may in fact represent feeding intolerance,
rather than true necrotising enterocolitis pathology.

The patients who experienced a recurrence of necrotising
enterocolitis notably had confirmed necrotising enterocolitis with
their first occurrence and risk factors for a more severe course,
such as single-ventricle physiology and immunodeficiency.

Previous studies have examined the use of graduated feeding
protocols and near infrared spectroscopy monitoring in the pre-
vention of necrotising enterocolitis.'® Our institution has enacted
an enteral feeding algorithm as detailed in the Methods section.
A branch of this algorithm assists with a conservative advance of
feeds for high-risk infants. At the time of this review, an
audit revealed an institution-wide compliance rate of 70% of
infants completing the algorithm. Overall, our data support the
safety of this feeding protocol in the pre-operative patient, as no
infants developed necrotising enterocolitis preoperatively while
receiving enteral feeds. In general, our institution’s strategy
is to allow oral feeds preoperatively, even in the setting of
ductal-dependent pulmonary or systemic blood flow, unless the
patient is deemed too unstable as detailed in the attached feeding
protocol.
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Although the feeding protocol has been helpful in reducing
practice variability with provision and advancement of enteral
feeds, it did not eliminate the variability in treatment of suspected
and confirmed necrotising enterocolitis. Variability identified in
treatment for necrotising enterocolitis in our cohort included the
duration of nil per os time, antibiotic regimens, and consultation
of surgical services. Despite variability of practice, progression of
suspected necrotising enterocolitis to more serious necrotising
enterocolitis was rare. Nonetheless, we recognise the possible
unwanted and dangerous effects this can have on care of these
patients. Therefore, as outcome of this project, we have developed
and instituted care guidelines for the diagnosis and treatment of
necrotising enterocolitis in the cardiac population (Tables 5
and 6). This is an ongoing quality improvement initiative and a
collaborative effort with cardiac intensive care, cardiac surgery,
paediatric surgery, paediatric gastroenterology, pharmacy, and
cardiac nursing teams. We will track utility of the guideline and
adherence to the recommended diagnostic and therapeutic steps,
while closely monitoring the frequency of necrotising enterocolitis
progression or recurrence. We are hopeful that this will decrease
the variability in care and minimising necrotising enterocolitis
progression, as well as recurrence.

Limitations to our study include those endemic to a single-
centre retrospective chart review. In particular, the completeness
of our data relies heavily on the diligence of the bedside nurse to
document feeding interruptions and the medical provider to
identify and document their clinical suspicion for necrotising
enterocolitis. We sought to minimise this limitation by reviewing
each chart individually, not by queries for billing codes. We are
also unable to determine the causation of longer length of hos-
pitalisation in these patients, only infer correlation. Additionally,
the diagnosis and interpretation of radiographic pneumatosis is in
itself variable and included multiple radiologists. This certainly
could have contributed to difference in the interpretation of the
radiographic findings and subsequent Bell’s classification. Finally,
our subgroup analyses are limited by their small numbers.

In conclusion, suspected necrotising enterocolitis in infants
with CHD is a significant contributor to length of hospitalisation
after heart surgery. Suspected necrotising enterocolitis poses a
unique challenge owing to the potential for uncertainty of
diagnosis and recognition. Furthermore, variability of practice
and treatment may extend hospital length of stay. Suspected
necrotising enterocolitis warrants a broader conversation to
establish safe, reasonable, and consistent management in the
CHD population.

To view supplementary material for this article,
please visit https://doi.org/10.1017/S1047951117002815
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