374

Boletin Médico del B

Hospital Infantil de México PERMANYER ’ '.) Check for updates

RESEARCH ARTICLE

Determination of surgical intervention in pre-term infants with
necrotizing enterocolitis

Gerardo Ferndndez-Ortega™ and Gabriela del C. Mordn-Garcia?

'Servicio de Cirugia Pedidtrica, Hospital Materno Perinatal Mdnica Pretelini Sdenz, Instituto de Salud del Estado de Meéxico; 2Servicio de
Neonatologia, Hospital de Ginecologia y Obstetricia, Instituto Materno Infantil del Estado de México. State of Mexico, Mexico

Abstract

Background: Necrotizing enterocolitis (NEC) is the most common surgical disease in the neonatal period with a high mor-
tality rate. To date, there is no consensus on the indications for surgery in the absence of pneumoperitoneum. This study
aimed to determine the indications for surgery in pre-term infants with NEC and their mortality. Methods: We conducted
a descriptive, observational, cross-sectional, and retrospective study including pre-term infants with NEC from two perinatal
hospitals in Toluca, Mexico, between 2017 and 2022. Descriptive and inferential statistics and group comparisons were per-
formed using Fisher and Kruskal-Wallis tests. Results: Of 236 patients with NEC, 52 (22%) required surgery; we analyzed
42 cases with complete clinical records. The indications for surgery were divided into (a) clinical deterioration (33.3%); (b)
radiographic findings (31%); (c) laboratory alterations (19%); and (d) positive paracentesis (16.7%). The group of radiographic
findings underwent surgery later, up to 2 days after the other groups. The mortality rate of surgical NEC was 42.9%. Conclu-
sions: The most common indication for surgery in pre-term infants with NEC was clinical worsening despite optimal medical
management; radiographic findings were the indication associated with the highest mortality. Laboratory abnormalities and
positive paracentesis were the indications with the best outcomes but the least used.
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Determinacion de intervencioén quirtrgica en pacientes pretérmino con enterocolitis necrosante

Resumen

Introduccion: La enterocolitis necrosante (ECN) es la enfermedad quirdrgica mds frecuente en la etapa neonatal con una
alta mortalidad. A la fecha, no existe consenso en las indicaciones quirdrgicas en ausencia de neumoperitoneo. El objetivo
del estudio fue conocer las indicaciones de cirugia en neonatos pretérmino con ECN y la mortalidad. Métodos: Se llevd a
cabo un estudio descriptivo, observacional, transversal y retrospectivo, incluyendo a neonatos pretérmino con ECN de dos
hospitales perinatales de Toluca, México, entre 2017 a 2022. Se realizé estadistica descriptiva e inferencial y comparacion de
grupos con prueba de Fisher y Kruskal - Wallis. Resultados: De 236 pacientes con ECN, 52 (22%) requirieron cirugia; se
presenta el andlisis de 42 casos con su expediente clinico completo. Las indicaciones para intervencion se dividieron en los
siguientes grupos: a) deterioro clinico (33.3%); b) hallazgos radiogréficos (31%); c) alteraciones de laboratorio (19%) y d)
paracentesis positiva (16.7%). El grupo de hallazgos radiogréficos se operd mas tardiamente, hasta dos dias después de los
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demds grupos. La mortalidad en ECN quirdrgica fue del 42.9%. Conclusiones: La indicacion mas utilizada para determinar
cirugia en neonatos pretérmino con ECN fue el deterioro clinico a pesar de terapéutica médica maxima; los hallazgos radio-
gréficos fueron la indicacidn que se relacioné con mayor mortalidad. Las alteraciones de laboratorio y paracentesis positiva

fueron las de mejores resultados, pero las menos empleadas.

Palabras clave: Enterocolitis necrosante. Cirugia. Recién nacido. Pediatria.

Introduction

Necrotizing enterocolitis (NEC) is the most common
acquired inflammatory bowel disease in pre-term and
low-birth-weight infants. Although its incidence is 7-12%
the exact figure varies depending on the gestational
age, the definition used to determine the disease, and
whether some other pathologies, such as spontaneous
intestinal perforation, are included. NEC has an esti-
mated rate of one newborn per 1000 live births'2.

At present, NEC is one of the most common surgical
emergencies in the neonatal period, with nearly half of
the diagnosed patients requiring surgery. Surgical NEC
has worse outcomes compared to the variety that has
exclusively medical resolution, with a reported mortality
of up to 95% for the total NEC variety"4. Deciding when
a patient requires surgical management is still controver-
sial among pediatric surgeons, although it is a determining
factor in the patient’s prognosis. Pneumoperitoneum
remains the only absolute indication for surgery; unfor-
tunately, it is present in < 50% of cases. Relative indica-
tions for surgery include the presence of clinical
deterioration despite optimal medical management, por-
tal venous gas, ascites, positive paracentesis, fixed
bowel loops, abdominal distension with erythema, and
thrombocytopenia. Patient survival and quality of life
depend not only on the severity of the disease but also
on the timing of surgical interventions-.

This study aimed to determine the indications for
surgical management in pre-term infants with NEC and
their mortality.

Methods

Study design

We conducted an observational, descriptive, retro-
spective, cross-sectional, and descriptive study.

Setting and participants

Neonates < 36.6 weeks of gestation (WG) with a diag-
nosis of NEC Stage lla or greater (according to Bell cri-
teria), admitted to the neonatal intensive care unit (NICU)

of two perinatal hospitals in the city of Toluca: Hospital
de Ginecologia y Obstetricia del Instituto Materno Infantil
del Estado de México and Hospital Materno Perinatal
Ménica Pretelini Sdenz del Instituto de Salud del Estado
de México, between January 2017 and June 2022, were
included in the study. Patients with incomplete informa-
tion in their records were eliminated from the study.

Variables

We analyzed post-natal age, sex, gestational age,
weight, primary indication for surgery, procedure per-
formed, radiographic and laboratory findings, Bell stag-
ing, time from diagnosis to surgery, days of fasting and
parenteral nutrition (TPN), development of short bowel
syndrome, and mortality. Data were collected from the
medical records of the two participating hospitals.

Definitions

NEC was diagnosed according to modified Bell’s clin-
ical, radiographic, and laboratory criteria®.

Indications for surgery were categorized as (a) clini-
cal worsening despite optimal medical management,
(b) radiographic findings, (c) positive paracentesis, and
(d) laboratory alterations.

Clinical deterioration was defined as the clinically poor
evolution of patients characterized by the presence of
hypotension, oliguria, bradycardia, increased abdominal
circumference with tension (> 2 cm from the basal circum-
ference), changes in skin color at the abdominal level, and
the presence of a palpable abdominal tumor. This clinical
picture was present despite the fact that the neonate had
maximum intensive management, consisting of fasting,
orogastric tube, parenteral feeding, aminergic support,
mechanical ventilation, and broad-spectrum antibiotics.

Total NEC was defined when > 80% of the small
bowel was ischemic-necrotic.

Paracentesis was considered positive according to
Kosloske’s criteria if a sample is = 0.5 ml of fluid with
a cloudy or clear appearance but with a positive Gram
stain was obtained®.

Extensive pneumatosis was defined as being present
in four quadrants on abdominal radiographs.
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Statistical analysis

Descriptive statistics were performed using mea-
sures of frequency, central tendency, and dispersion.
For group comparisons, y2 or Fisher’s exact test was
used for qualitative variables and Kruskal-Wallis for
quantitative variables. Data processing was performed
using the SPSS V.25 statistical package.

Approval was obtained from the ethics and research
committees of the two hospitals.

Results

During the study period, 7550 pre-term infants were
born in both hospitals, of whom 236 were diagnosed
with NEC Stage lla or higher according to Bell’s stag-
ing, with a prevalence of 3%. One hundred and
eighty-four neonates (78%) did not require surgery,
and the remaining 52 (22%) underwent surgery; of
these, 10 were excluded because of incomplete
records. Finally, 42 patients with NEC requiring sur-
gery were analyzed.

The median gestational age of the pre-term neonates
who underwent surgery was 33 WG, the median age
at the time of surgery was 12 days, and the median
weight was 1400 g. Of the total number of patients,
17 (40.5%) were treated with vasoactive amines up to
72 h before surgery. Neonates were grouped according
to comorbidities into infectious (sepsis was the main
one found in 17 neonates, 40.5%), respiratory (respira-
tory distress syndrome in five, 11.9%), cardiopathies
(patent ductus arteriosus in six patients, 14.3%; other
cardiopathies including atrial septal defect, ventricular
septal defect, and Ebstein’s anomaly in four, 9.5%), and
others (intrauterine growth retardation and perinatal
asphyxia in five, 11.9%). The median of time from the
diagnosis of NEC to surgical intervention was 56 h
(interquartile range [IQR]: 37.7-86.7).

Once the surgical management was decided,
23 patients (54.8%) underwent exploratory laparotomy
(EX LAP), four (9.5%) underwent exclusive peritoneal
drainage (PD), and 15 (35.7%) underwent PD followed
by EX LAP. The procedures performed during EX LAP
were intestinal diversion in 17 neonates (40.5%), intes-
tinal anastomosis in 10 (23.8%), and diversion with
intestinal anastomosis in 11 (26.2%) of the cases.

We grouped the indications for surgery according to
the main criteria used by the different surgeons as fol-
lows: (a) clinical deterioration despite optimal medical
management (33.3%); (b) based on radiographic
changes (31%); (c) due to changes in laboratory tests

(19%); and (d) positive paracentesis (16.7%). The demo-
graphic and clinical characteristics of the patients
according to each of these groups are shown in table 1.

Radiographic findings were pneumoperitoneum in
eight neonates (19%), extensive pneumatosis in three
(7.1%), and portal venous gas in two (4.8%) neonates.

Predominant laboratory findings were thrombocyto-
penia in four neonates (9.5%), hyponatremia in three
(7.1%), and neutropenia in one (2.4%) neonate.

Total enetrocolitis was present in 16 cases (38%), of
which five patients (31.2%) belonged to the clinical
deterioration group, eight (50%) to the radiographic
findings group, two (12.5%) to the laboratory changes
group, and one neonate (6.3%) to the paracentesis
group (p = 0.18). Of these patients, three underwent a
second-look surgical reintervention 24-48 h after the
initial event, with no improvement in bowel ischemic
conditions.

The median number of fasting days in the operated
neonates was 13 (IQR: 9.7-19), and the median number
of days on TPN was 16 (IQR: 12.7-22).

One of the most frequent and worst prognostic com-
plications of surgical NEC is the development of short
bowel syndrome, which occurred in 10 (23.8%) of our
patients.

According to Bell’s staging, 13 neonates (31%) were
in Stage lla/b at the time of surgery, and 29 (69%) were
in Stage llla/b; of the latter, 45% belonged to the group
with radiographic findings, which were the patients
taken to the operating room at the latest. Other signif-
icant findings in the neonates who were Bell Stage Il
were that they accounted for 64% of all those who used
amines, 76% of those who required an intestinal diver-
sion, and 100% of those with short bowel syndrome.

The overall mortality of NEC in our study group was
42.9%, corresponding to 18 patients; 12 (66.7%) had
total NEC. Of the neonates with Bell Stage Ill, 72.2%
died. There was no difference in mortality between
neonates who underwent first-intention intestinal anas-
tomosis and those who underwent intestinal diversion.
The analysis between different factors and mortality is
shown in table 2.

Discussion

Recent technological advances have allowed more
pre-term infants to survive, leading to an increase in
the presentation of pre-term conditions, including NEC,
whose incidence in most reports is higher than our
results®'°. This may be secondary to the fact that our
study only included patients diagnosed with NEC Bell
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Table 1. Demographic and clinical characteristics of patients with surgical NEC according to the indication for

surgery

Clinical
deterioration
(n =14)

Variable

Females, n (%) 7 (50)

Gestational age in weeks, median/(IQR) 32.2/(30.3-34.1

Age in days at the time of surgery, median/(IQR) 9/(7-12)
Weight in kilograms, median/(IQR) 1.3/(1.2-1.4)
Use of amines * n (%) 5/35.7
Comorbidities n (%)
RDS 2(14.3)
Sepsis 7 (50)
PDA 1(7.1)
Other cardiopathy 2 (14.3)
Perinatal asphyxia 2(14.3)
Diaphragmatic hernia 0
IUGR 0
Time in hours from diagnosis to surgery, median/(IQR) 61.5 (44-81)
Bell's stage at the time of surgery, n (%)
Bell lla 2(14.3)
Bell IIb 6 (42.9)
Bell llla 6 (42.9)
Bell lllb 0
Surgical intervention, n (%)
EX LAP 7 (50)
Exclusive peritoneal drainage 2(14.3)
Peritoneal drainage+EX LAP 5(35.7)
Procedure, n (%)
Intestinal diversion 5(35.7)
Intestinal anastomosis 2(14.3)
Diversion + intestinal anastomosis 5(35.7)
Fasting days, median/(IQR) 16 (10-18)
Days with TPN, median/(IQR) 21 (16-23)
Short bowel syndrome, n (%) 2(14.3)
Mortality, n (%) 6 (42.9)

*Use of amines up to 72 h before surgery.
p < 0.05: statistical significance.

Radiographic Laboratory Positive
findings alterations paracentesis
(n=13) (n=8) (n=7)
6 (46.2) 3(37.5) 6 (85.7) 0.26
) 34.1/(31.4-35.3) 34/(32.4-35) 33.5/(31.5-35.2) 0.30
12/(9-13) 12.5/(8.8-14.5) 12/(10.7-14.3) 0.38
1.4/(1.4-1.8) 1.3/(1.2-1.6) 1.5/(1.1-1.6) 0.35
6/46.2 2/25 4/57.1 0.63
0.64
0 1(12.5) 2 (28.6)
4 (30.8) 3(37.5) 3 (42.9)
3(23.1) 1(12.5) 1(14.3)
1(7.7) 0 1(14.3)
1(7.7) 0 0
2 (15.4) 0 0
1(7.7) 1(12.5) 0
89 (77-96) 43 (45-52) 27 (26-37) 0.01
0.01
0 0 1(14.3)
0 1(12.5) 3 (42.9)
5 (38.5) 7(87.5) 3(42.9)
8 (61.5) 0 0
9(69.2) 3(37.5) 4 (57.1) 0.25
0 0 2 (28.6)
4(30.8) 5 (62.5) 1(14.3)
0.1
8 (61.5) 3(37.5) 1(14.3)
2(15.4) 2 (25) 4 (57.1)
3(23.1) 3(37.5) 0
14 (12-20) 11.5 (8-13) 9 (8-17) 0.13
18 (14-29) 14 (11.5-16) 13 (11-20) 0.06
7 (53.8) 0 1(14.3) 0.02
8 (61.5) 2 (25) 2(28.6) 0.37

EX LAP: exploratory laparotomy; IQR: interquartile range; IUGR: intrauterine growth retardation; PDA: persistent ductus arteriosus with hemodynamic repercussions;

RDS: respiratory distress syndrome; TPN: parenteral nutrition.

Stage lIla or higher. Similarly, our proportion of patients
with NEC requiring surgery was 22%, which is lower
than the 25-50% considered internationally®.

At present, there are no definitive guidelines for sur-
gical intervention in patients with NEC without clear
evidence of perforation. Thus, surgeons are constantly
faced with the difficult situation of choosing between
early surgery that benefits the patient or unnecessary
late surgery, and in the worst-case scenario, wrongly
deciding that a newborn does not need surgery.
Therefore, alternatives should be sought to make this

decision in a correct and timely manner. Recently, the
usefulness of different biomarkers, ultrasound, and
technologies such as infrared spectroscopy have been
mentioned'>'3, However, they have the disadvantage
of not being available in all places, as is the case of
the hospitals where this research was conducted.
Therefore, it is important to know the indications that
are considered when deciding to intervene in a patient
since, in most of the world, this decision is made
according to the severity of the disease as defined by
the modified Bell’s criteria'.
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Table 2. Bivariate analysis of mortality in patients with
surgical NEC

Gestational age

<33 WG 12 (50) 0.35
34-36.6 WG 6 (33.3)
Weight in grams
< 1500 13 (46.4) 0.37
> 1501 5(35.7)
Use of amines 9 (52.9) 0.22
Comorbidity
Sepsis 8 (47.1) 0.01
PDA 3 (50)
Other cardiopathy 4 (100)
Diaphragmatic hernia 1 (50)
IUGR 2 (100)
Bell’s stage at the time of surgery:
lla 1(33.3) 0.71
I1b 4 (40)
Illa 8 (38.1)
1lb 5 (62.5)
Indication for surgery
Clinical deterioration 6 (42.9) 0.37
Radiographic findings 8 (61.5)
Laboratory alterations 2 (25)
Paracentesis 2 (28.6)
Diagnostic time surgery
<36 h 3(33.3) 0.22
36.1-72 h 4 (28.6)
>72h 11 (57.9)
Surgical intervention
EX LAP 9(39.1) 0.58
PD 1(25)
PD + EX LAP 8 (53.3)
Procedure:
Intestinal diversion 7(41.2) 0.76
Intestinal anastomosis 4 (40)
Diversion and intestinal anastomosis 6 (54.5)
Radiographic finding 0.17
Pneumoperitoneum 5 (62.5)
Gas in the portal vein 2 (100)
Pneumatosis 1(33.3)
Laboratory findings 0.42
Thrombocytopenia 2 (50)
Leukopenia 0
Hyponatremia 0
Total NEC 12 (75) 0.01
Short bowel syndrome 5 (50) 0.43

p < 0.05: statistical significance.

EX LAP: exploratory laparotomy; IUGR: intrauterine growth retardation;

NEC: necrotizing enterocolitis; PD: peritoneal drainage; PDA: persistent ductus
arteriosus with hemodynamic repercussion; WG: weeks of gestation.

According to our results, the main indication used by
surgeons to perform surgery for a premature patient
with NEC was having a poor evolution with deterioration

of their clinical condition despite optimal medical man-
agement. In the report by Bethell et al., this failure of
medical management was the second most common
indication, the main one being the diagnosis of intesti-
nal perforation'. However, radiographic evidence of
perforation is rare, being present at best in 50% of
cases'®. Hence, many patients with bowel perforation
will not have pneumoperitoneum. Only 19% of our
patients had peritoneal free air, and in general, radio-
graphic findings were the second most common crite-
rion for deciding to operate.

In this work, we found that other criteria used for sur-
gery were laboratory findings and paracentesis.
Regarding the former, there are reports that support it as
an adequate guide for determining surgery, as in the
case of the seven indicators of metabolic deterioration
described by Tepas et al.'®'”, whose advantage is their
easy availability in most hospital units. Accordingly, we
found that thrombocytopenia, hyponatremia, and neutro-
penia were the most common changes in these indica-
tors and were the reason for the surgical decision in 19%
of our patients. Regarding paracentesis, it remains a
current recommendation in neonates with suspected
NEC complicated by necrosis and intestinal perforation;
this surgical indicator has the advantage of high sensi-
tivity and specificity (87/100%)'8. However, it was infre-
quently performed in the NICUs where we conducted this
study. It was the least common indication used by sur-
geons (16.7% of cases), perhaps due to concerns about
adverse effects secondary to abdominal puncture.

It is noteworthy that 69% of our surgical population
was in Bell Stage lll, which is described as a phase of
complications of the disease. In our report, we con-
firmed that these patients presented an advanced
stage of NEC, as more than half of them were sup-
ported by vasoactive amines before and at the time of
surgery. In addition, most of the patients required intes-
tinal diversion for the resolution of the disease, mean-
ing that the patients will require at least one more
surgery to restore intestinal transit. This stage showed
the highest mortality. We also found that all neonates
who developed short bowel syndrome corresponded to
Bell’s group lll. These are undoubtedly important find-
ings that highlight the need for early intervention to
improve outcomes in surgical NEC.

Yanowitz et al. reported that EX LAP was the most fre-
quent initial surgical procedure (68% of their cases), fol-
lowed by PD in 32%'° our data also showed a
predominance of EX LAP but a lower proportion of PD as
the only treatment since although it was used in 45.2% of
cases, it was maintained as definitive therapy in only 9.5%.
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Therefore, we observed PD as a temporary measure to
stabilize the patient with lower weight and gestational age
before surgery, which occurred in 36% of our patients.

Patient hemodynamic status, comorbidities, weight,
surgical findings, surgeon preference, and available
resources, among others, are the main factors that
influence the type of surgery performed in neonates?.
Appropriately designed studies are needed to deter-
mine the superiority of primary anastomosis over intes-
tinal diversion in cases of NEC?. According to what we
reported, we had a 2:1 ratio in the number of neonates
with intestinal diversion and anastomosis, with no dif-
ference in mortality (41.2% vs. 40%), median fasting
days (12 days for both), and median TPN days (16 vs. 17)
between the two procedures.

The key to improved survival and quality of life for
patients with NEC depends largely on early surgery.
Despite technological improvements in neonatal care,
including advances in monitoring, medications, paren-
teral nutrition, and surgical and anesthesia techniques,
high morbidity and mortality persist in these neonates®?'.
In the present study, the median of time from the diag-
nosis of NEC to the indication for surgery by the surgeon
was 56 h. According to the studied groups, we observed
that neonates in the group with radiographic findings
underwent surgery later, with a difference of > 2 days
compared with the neonates who underwent surgery
earlier in the paracentesis group (p = 0.01). Similarly, we
observed that patients who developed short bowel syn-
drome had a median of time from diagnosis to surgery
of 88.5 h compared to patients who did not develop this
complication, with a median of time of 49.5 h (p = 0.02).
We suggest that this could be because patients who
received earlier surgical care had better bowel condi-
tions—less duration of ischemia and necrosis—which
allowed the preservation of a greater amount of viable
bowel. Therefore, preventing one of the main complica-
tions that alter the quality of life, increase costs for family
members and the health system, and put the patient’s
life at risk, such as short bowel syndrome followed by
intestinal insufficiency. Regarding survival, we found no
statistical significance in the time between patients who
died and those who did not (75 vs. 49.5 h, p = 0.5).

We reported a mortality of 42.9%, higher than the
average of 34.5% in international reports®. However,
our 38% prevalence of total NEC was much higher than
the 9.3% reported by Murthy et al.?®. This high preva-
lence contributed to the increased mortality we found
since this type of NEC is the one with the worst prog-
nosis, with mortality between 68.8-95%*, consistent
with the 75% we reported.

Although no statistically significant differences in
demographics and comorbidities were found between
the groups, the group with radiographic findings had
the highest mortality (61.5%). This may be due to the
late presentation of signs, such as pneumatosis and
gas in the portal vein, as well as pneumoperitoneum,
also absent in most cases of bowel perforation. The
frequency of pneumoperitoneum in our results was
even lower than that reported in previous literature.
In addition, neonates who underwent surgery later
likely had a more compromised physiological state,
which may have contributed to the poor outcome.
Moreover, the groups with lower mortality were those
who underwent surgery for clinical NEC and labora-
tory changes, and those with positive paracentesis.
Exploring these surgical indications in prospective
studies may lead us to perform timely surgery and
improve outcomes.

The main limitation of the study is its retrospective
nature, which prevents us from exploring import-
ant associations for the evaluation of patients with
surgical NEC.

Based on our findings, we conclude that the most
common indication for surgery in pre-term neonates
with NEC was clinical deterioration despite optimal
medical management; radiographic findings were the
indication associated with the highest mortality.
Laboratory changes and positive paracentesis had the
best results but were the least used.
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