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ABSTRACT

Objective: To describe the long-term health outcomes of neonates
affected by necrotizing enterocolitis (NEC) and its implications
for quality of life.

Data source: This is an integrative review, conducted by searching
the literature in the following databases: Virtual Health Library
(BVS), Latin American and Caribbean Health Sciences Literature
(LILACS), Medical Literature Analysis and Retrieval System Online
(MEDLINE), and PubMed, using Health Sciences Descriptors (DeCS):
“necrotizing enterocolitis,” “quality of life,” and “prognosis”
combined with the Boolean operators AND and OR: “quality of
life” OR “prognosis.” Inclusion criteria were: publication period
between 2012 and 2022.

Data synthesis: A total of 1,010 studies were located, of which ten
were selected to comprise the bibliographic sample of this review.
Children with NEC are prone to exhibit cognitive neurological
impairment, especially those who undergo surgical procedures due
to more severe conditions. Motor development was considered
below average when compared to healthy children, with more
noticeable delays in fine and gross motor function development.
The search for the relationship between NEC and quality of life
revealed that this condition has a negative impact on the well-
being of affected individuals.

Conclusions: NEC has proven to be a serious condition contributing
to high rates of morbidity and mortality in newborns, potentially
leading to a reduction in the quality of life of affected patients.
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RESUMO

Objetivo: Descrever os desfechos em longo prazo na salde de
neonatos acometidos com enterocolite necrosante (ECN) e suas
repercussoes na qualidade de vida.

Fontes de dados: Trata-se de uma revisdo integrativa, realizada com
base no levantamento da bibliografia nas bases de dados: Biblioteca
Virtual em Satde (BVS), Literatura Latino-Americana e do Caribe em
Ciéncias da Salde (Lilacs), Medical Literature Analysis and Retrieval
System Online (Medline) e PubMed por meio dos Descritores em
Ciéncias da Saude (DeCS): “necrotizing enterocolitis”, “quality of
life” e “prognosis” combinados com os operadores booleanos
AND e OR: “quality of life” OR “prognosis”. Os critérios de inclusdo
foram: periodo de publicagdo entre 2012 e 2022;

Sintese dos dados: Foram localizados 1.010 estudos, dos quais
dez foram selecionados para compor a amostra bibliogréfica
desta revisdo. As criancas com ECN sdo propensas a apresentar
comprometimento neuroldgico cognitivo, principalmente aquelas
submetidas a procedimentos cirlrgicos em razao de quadros
mais graves. O desenvolvimento motor foi considerado abaixo
da média se comparado ao de criancas saudaveis, com atraso
mais perceptivel no desenvolvimento de fun¢ées motoras finas
e grossas. A busca pela relacdo entre enterocolite necrosante e
qualidade vida trouxe como resultado que essa condicdo tem
impacto negativo sobre o bem-estar dos individuos acometidos.
Conclusoes: A enterocolite necrosante mostrou-se como uma
condicdo grave que contribui para altas taxas de morbimortalidade
em recém-nascidos, sendo uma potencial causa para a reducao
da qualidade de vida dos pacientes acometidos.
Palavras-chave: Enterocolite necrosante; Qualidade de vida;
Recém-nascidos
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Necrotizing enterocolitis and quality of life

INTRODUCTION

Necrotizing enterocolitis (NEC) is an acquired inflammatory
disease that predominantly affects the intestines of newborns
and ranks among the most common and devastating condi-
tions in preterm neonates, with an estimated mortality rate of
20 to 30%.' This disease is the leading cause of surgical emer-
gency in newborns and can manifest insidiously or suddenly,
with approximately 90% of cases developing after the initia-
tion of feeding.”

Affected neonates requiring surgical procedures are often
associated with longer hospitalization periods, averaging about
two months longer than those who do not require surgery.?
This extended neonatal stay in these units poses risks and con-
sequences for the well-being of the child.

Key factors associated with NEC include immaturity of
gastrointestinal motility and absorption, immune defense,
and circulatory regulation. Genetic predispositions, atypical
microbiota colonization, and high immunoreactivity of the
intestinal mucosa also contribute to this complex condition.

Regarding disease complications, a noteworthy situation is
the need for intestinal resection surgery, which is the primary
cause of short bowel syndrome (SBS), significantly compro-
mising nutrient absorption capacity.’

The significant events of this disease occur during infancy,
a critical period for the development of the brain, formation of
eating habits, establishment of social relationships, and acquisi-
tion of physical skills, making it a crucial time for future health
and well-being.® Necrotizing enterocolitis can have a lasting
impact on the lives of affected children, resulting in a direct
negative impact on their physical, psychological, and social
aspects of quality of life. These consequences were elucidated
by a study aimed at understanding how NEC affects survivors
and their families, revealing alterations in quality of life, phys-
ical and mental health, and social experiences. These include
gastrointestinal symptoms, self-esteem issues, social concerns
related to bullying and shame, anxiety, depression, and chal-
lenges in accessing healthcare.”

Some reviews have shown indicative rates of mortality
and neurodevelopmental difficulties, predominantly in devel-
oped countries, with limited insights into broader aspects
related to quality of life.®? Therefore, there is a need to delve
deeper into understanding how these manifestations occur
in a broader population, using them as a foundation and
starting point for analyzing the lives and well-being of those
affected, identifying convergences or divergences from the
existing literature.

However, little progress has been made in recent decades,
primarily due to the incompletely understood definition and

etiology of the disease.” Consequently, addressing this issue

becomes a priority, especially concerning short- and long-
term outcomes to establish prevention strategies, potential
treatments, and mitigation of complications. In this context,
this study aims to describe the repercussions on the quality of
life of patients affected by NEC during the neonatal period.

METHOD

This is an integrative review for which a guiding question was
formulated and a literature search was conducted, followed
by data collection, critical analysis of the included studies,
discussion of the results, and presentation of the review.!
The guiding question was: “What are the repercussions on
the quality of life of patients affected by NEC in the neo-
natal period?”

To this end, we searched for studies published from 2012
to 2022, aiming to encompass the recent period with more
research on the topic, on the Regional Portal of the Virtual
Health Library (BVS), in the Latin American and Caribbean
Health Sciences Literature database (LILACS), as well as
Medical Literature Analysis and Retrieval System Online
(Medline) and PubMed, in order to increase the possibility
of locating studies from developing countries such as Brazil.
We used Health Sciences Descriptors (DeCS): “necrotizing
enterocolitis,” “quality of life,” and “prognosis” combined
with the Boolean operator AND and the operator OR, in the
following configuration: “Necrotizing Enterocolitis” AND
(“quality of life” OR “prognosis”).

We included articles that addressed the guiding question
of our research: “What are the repercussions on the quality of
life of patients affected by NEC in the neonatal period?”, with
neonates as the population (P); being affected by NEC as the
exposure €; repercussions on quality of life as the outcome
(O); and observational studies as the study type (S), following
the PECOS! strategy. We considered articles published from
2012 to 2022 and available for full-text reading. We excluded
duplicated articles, reviews, animal studies, studies unrelated
to children or NEC, articles with outcomes other than qual-
ity of life, studies addressing the topic with comorbidities, and
articles unavailable for complete reading.

This selection process was carried out by two independent
and blinded evaluators who, after selection, resolved selection
discrepancies according to inclusion criteria, beginning with
the title and abstract, using the Rayyan'? platform as a tool.
Subsequently, the selected articles were read in their entirety.
Then, they were organized according to the following variables:
author and year of publication, study design and location,
sample size, and key findings, with the creation of a Microsoft

Excel® spreadsheet for data compilation.
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RESULTS

A total of 1,010 studies were identified, of which ten were
selected to comprise the bibliographic sample for this review.
Figure 1 illustrates the screening process.

The study sample includes six countries: the United States,
the United Kingdom, Japan, Canada, China, and Germany.
The studies were published between 2014 and 2021, but the
follow-up for some of them began earlier, with examples of

Article Selection for the Review

464 articles outside

Foﬁ\;g.cge& 0 —>»  the period of 2012-
’ 2022 were excluded
Articles within .
. 275 duplicates
2022?2%(?229246 7 were excluded
Unique 32 articles were
- q. — excluded because
articles: 271 -
they were reviews
Original 228 articles were
articles: 239 7 excluded due to being

animal studies (2), not
related to children
(4), not related to
enterocolitis (97),
having a different
outcome than quality
of life (120), and
the presence of
comorbidities (5)

v

Articles that met
the objectives: 10
and 1 article was not —»
found in journals for
full reading

!

Articles included
in the review: 10

Articles that met
the objetive: 11

Figure 1. Study selection flowchart.

retrospective studies starting in 2002 and 2006. The sample
in this work encompasses 767 children diagnosed with NEC.
Among these studies, there is a predominance of the analysis of

1315 with some studies observing infants'® and oth-

newborns,
ers tracking their development during childhood,"”"" or even
the beginning of adolescence.”” Table 1 and Table 2 present the

individual characterization of the studies.

Mortality, morbidity, and quality of life

Some studies relate enterocolitis to quality of life, indicating
its detrimental impact on the lives of these children.?** In a
prospective study conducted in the United States, it was con-
cluded that children with intestinal failure (with enterocolitis
being the second leading cause) experience a reduced quality
of life when compared to healthy children. This reduction is
linked to medical procedures, primarily during the school years,
further widening the disparities between healthy children and
those undergoing treatment.” Regarding mortality, numer-
ous studies have highlighted the high mortality rate of entero-
colitis, with rates of 31,'° 32,314 and nearly 20% in another
review,?® underscoring the severity of this condition. In terms
of morbidity, some studies have reported a higher incidence
of certain diseases in neonates with enterocolitis, such as bron-
chopulmonary dysplasia, severe retinopathy of prematurity,
and infection.'*' Enterocolitis has also been associated with
post-surgical low weight and shorter length, as well as cases
of cerebral palsy.'® In another study, a comparison was made
between comfort measures and surgical intervention as thera-
peutic approaches, with surgery demonstrating higher survival
rates.” In the same study, the achievement of total parenteral
nutrition autonomy without intestinal transplantation was
observed, and it was concluded that dependence on total par-
enteral nutrition was linked to a higher number of seizures,
medications, and the need for more continuous neurological
follow-up.? In line with this, another cohort study analyzed
enterocolitis in conjunction with other pathologies, and it
showed a greater likelihood of enteral autonomy, particularly
when the diagnosis of enterocolitis is associated with SBS."

Physical development

Regarding motor development, children with NEC have delayed
development compared to healthy children.'>'#1#22 This devel-
opment is even more delayed and has more deficiencies in
groups that undergo surgery when compared to non-operated
groups.'®? In another study, it was concluded that motor devel-
opment is less affected in older children,'® which corresponds
to a similar study in Japan that also found delays in fine and
gross motor development, which were more noticeable com-

pared to other functions.!>!
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Table 1. Characterization and main conclusions of studies focused on survival and quality of life.

Study design

Authors . Main results and conclusions
and location
Seattle' . . The quality of life of children with intestinal failure is lower when
Neam United States | Families of 91 children > . . L .
1 : . compared to the healthy population. This reduction in quality of
etal. Prospective 6 years (26 with NEC). lif Found to b in school hild
study ife was found to be greater in school-age children.
Japan 82 cases of low birth weight | Delays in the development of fine and gross motor functions
Muto Rezros ective newborns who underwent | were more noticeable when compared to other functions.
etal.” pec laparotomy due to NEC, FIP, | Showing a tendency for postural-motor decline between 1.5
Chart Review
and MRI and 3 years
There was higher survival in patients who were not placed
on unspecified comfort measures but underwent multiple
Boston, surgeries. Overall survival for severe surgical NEC was 68%. Of
Han United States | 268 infants with these, 32% achieved enteral autonomy without transplantation.
et al.?° Prognostic surgical NEC. Of surgery survivors, 71% did not have severe neurological
study impairment, but dependence on PN was associated with
a higher number of seizures, medications, and ongoing
neurological follow-up.
The study demonstrated a reduction in quality of life with an
United States increase in the length of hospital stay. Those who underwent
Amin Prospective 241 patients, of whom 23 more than one surgical intervention had higher quality of
etal.” observational | developed NEC. life compared to those who only underwent drainage or a
study single-stage laparotomy. After the age of 12, quality of life is
significantly impaired.
Boston gwwouglt?gitslznTisnirr]r(i)rl\lteedslt?n:l 45 patients (41%) achieved enteral autonomy after a median
>om, -I>cipiinary duration of PN of 15.3 months. Of NEC patients, 64.9%
Sparks United States | rehabilitation program, ) N )
1 3 . achieved enteral autonomy compared to 29.2% of patients
etal. Comparative | with short bowel syndrome, : - . . - - .
with a different primary diagnosis. NEC patients can achieve
study among whom 37 were autonomy even after extended periods of parenteral support
diagnosed with NEC. y P P pporL.

NEC: necrotizing enterocolitis; FIP: focal intestinal perforation; MRI: meconium-related ileus; PN: parenteral nutrition.

Neurodevelopment

The located studies also neuroanatomically addressed the

Several studies found results related to the neurodevelopment of
children with NEC. It was identified that children with NEC
experienced impairment in cognitive function, with those under-
going surgical management being more affected compared to
those managed on an outpatient basis.'*?* The main compromised
aspects included special educational needs, cerebral palsy, and
blindness.'® A U.S. prognostic study reported that the majority
(71% in this study) of surgery survivors did not have severe neu-
rological impairment, but dependence on parenteral nutrition
was associated with a higher number of seizures, medications,
and continuous neurological follow-up.?® A neurodevelopmental
assessment conducted in a Japanese retrospective study,'® using
the Kyoto Scale of Psychological Development, showed stabil-
ity in the cognitive-adaptive domain with some delays, and the
language-social domain was above the threshold with promising
expectations. A similar study conducted in Canada'® based on
the Bayley III scale identified lower scores in motor, cognitive,
and language development in children with NEC.

development of children with NEC, reporting a reduction in

head circumference,''®

adecrease in biparietal diameter and tran-
scerebellar diameter, as well as an increase in the left ventricle.”®
In most studies, the sample consists exclusively of preterm

infants, 31618

these being less than 29 weeks’ gestational age,
some with an average of 26 weeks, others 24 weeks. This can
lead to ambiguity regarding the results of neurodevelopment,
whether NEC exacerbates the already known deficits caused
by prematurity, or if this compromise in neurodevelopment is
heightened in preterm infants with NEC when compared to

preterm infants only.

Key findings
Figure 2 describes the primary long-term outcomes in patients
affected by NEC. Children with this disease are prone to

13,14,16,18,22 Wlth more

experiencing cognitive impairment,
significant findings observed in patients who underwent

surgical procedures due to more severe conditions.!®1>1

4

Rev Paul Pediatr. 2024;42:2023188



Marques BO et al.

Table 2. Characterization and key findings of studies focused on neurodevelopment and cognition.

Authors Study des.lgn Sample Main results and conclusions
and location
The overall mortality rate was 31%, and 61% had some form
United of neurological impairment. Cognitive function was the most
. 67 infants with NEC. Of commonly compromised, at 56%. Surgical management
Mondal | Kingdom . . : ; -
16 . those, 46 were born alive, was a risk factor for lower quality of life. The primary areas
etal. Retrospective ) - ; . )
. and 18 were contacted. of impairment included special educational needs, cerebral
review, cohort . P ; oo
palsy, blindness, speech difficulties, and learning difficulties.
This developmental delay can be attributed to prematurity.
Neonates had a higher rate of dysplasia severe
Canada 2,019 premature newborns bronchopulmonary disease, severe retinopathy of
Zozaya Retrospective (22 and 28 weeks). Of these, | prematurity and infections. When compared to neonates
etal.™ cohortpstud 61 had perforated NEC, and without NEC, neonates with NEC had a smaller head
y 115 had non-perforated NEC. | circumference and lower scores for motor, cognitive and
language development.
. 155 premature infants Both groups were associated with longer time on
United States th l l l L ) ith ; ired |
Lee Secondary with prenatal or neonata parenteral nutrition. Patients with sepsis required longer
atal®s retrospective infections, of whom 10 (6.5%) | ventilation time. Neonatal infections —including NEC — are
’ p had NEC, and 7 (4.5%) had associated with structural changes in the brain, but not with
analysis : . .
NEC with sepsis. neurobehavioral changes.
Of the infants, 37% were underweight, and the rate of
83 premature infants with welght lossin Fhe Eurglcal group was higher than |rlthe non-
. ) surgical group; 27% were delayed in length and 17% lagged
. China NEC who survived. They were | : . 50
Lin L o . in head circumference; 22% had motor delay/ developmental
18 Longitudinal | enrolled and divided into a N, S . .
etal. . - disabilities, and the incidence rate in the surgical group
study surgical group (n=57) and a higher than in th ical o
non-surgical group (n=26) was higher t anin the non-surgical group (28 vs. 8/0):
’ Also, 6% were diagnosed with cerebral palsy, mostly in the
surgical group.
74 participants, consisting . . .
A - Patients in group A had higher rates of psychomotor and
Germany of 37 patients with NEC. )
. X mental development compared to group B. Healthy patients
Allendorf | Retrospective | 13in group A (NEC treated h :
- h . ad higher rates of mental development than both groups.
etal. case-control conservatively), and 24 in - - .
4 Group B had a longer period of parenteral nutrition and risk
study group B (surgically treated of coanitive dela
NEC). 37 in the control group. 9 Y-

NEC: necrotizing enterocolitis.

Regarding motor development, it was also considered below

average when compared to healthy children,

13,14,18 Wlth a

mortality in the United Kingdom (31%), Japan (32%), and
the United States (20%), indicating the gravity of this condi-

more noticeable delay in the development of fine and gross
motor functions.’! Thus, the search for the relationship
between NEC and quality of life resulted in the finding that
this condition has a negative impact on the well-being of

affected individuals.?%?!

DISCUSSION

Upon the analysis of data related to NEC, it is evident that this
condition contributes to high morbidity and mortality rates,
with severe complications resulting from extensive intestinal
necrosis, as well as undesirable long-term consequences that
impact the quality of life of children. Studies report a high
prevalence of NEC-related mortality, with approximately 30%

tion.!>141620 A study conducted in the United States revealed
that NEC is the second leading cause of reduced quality of life
when compared to other intestinal pathologies. This allows for
the identification of differences between healthy children and
those with NEC who need to undergo treatments or medical
procedures during the school years."?*?! Although NEC has
been correlated as a condition detrimental to quality of life,
few studies have addressed the multidimensional long-term
impacts of NEC complications on patients’ lives. This high-
lights the need for research that addresses this aspect in a way
that can assist in the development of strategies and approaches
to improve the prognosis of these patients.

Given its severity and increasing mortality, it has been

possible to analyze some diseases related to morbidity that are
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223 PHYSICAL DEVELOPMENT

Medical Parenteral
Below-average motor

procedures nutrition NECROTIZING development
» 0 ENTEROCOLITIS

= i groups undergoing surgery
L] L]
.o : younger children
° is °
®  associated ®
L] L]
¢°; el liﬂ; Delay in fine and gross
motor function
MORTALITY, In comparison to healthy children

MORBIDITY AND
QUALITY OF LIFE

Morbidity and <
mortality

Association with
other diseases

&oooo

Severe bronchopulmonary
dysplasia, severe retinopathy of
prematurity, and infection.

Figure 2. Primary long-term outcomes related to necrotizing enterocolitis, in addition to high mortality, include
delays in neurodevelopment with cognitive, physical, and motor repercussions, impacts on the gastrointestinal
tract, with the need for parenteral nutrition being the most frequently described.

associated with NEC, such as bronchopulmonary dysplasia, special attention. This syndrome is one of the major compli-
severe retinopathy of prematurity, and infection. In addition, cations secondary to NEC, in which extensive resection was
post-surgical low weight, shorter stature, and some cases of necessary, leading to segmental loss after resection and subse-
cerebral palsy have also been linked to NEC.!>!41 quent mucosal hyperplasia. Therefore, prolonged parenteral

In view of this, measures of comfort have been analyzed in nutrition is often required due to the difficulty of intestinal
relation to the surgical approach, as well as the autonomy of readaptation to enteral nutrition, sometimes for indefinite peri-
parenteral nutrition without intestinal transplantation, since ods.* In these patients, the multidisciplinary contribution of
dependence was associated with a higher number of seizures, a dedicated nutritional support team is an important aspect of
medications, and the need for more continuous neurological care.” A novel study’” conducted with survivors of NEC and
monitoring. One study addressed NEC in conjunction with parents of children affected by NEC from various countries
other pathologies and found a greater propensity for enteral identified digestive repercussions as the most relevant cause of
autonomy, particularly when associated with SBS.?*% a decline in patients’ quality of life, due to the need for long-

There is very limited data on the gastrointestinal sequelae term enteral or intravenous nutrition. In children with SBS,
of NEC, with the notable exception of SBS and/or intestinal an interdisciplinary team becomes essential to provide a more
failure (IF).? The relationship between NEC and SBS deserves comprehensive approach to the child, thereby allowing for the
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integration of a broader perspective to enhance the quality of
life for the child and their family.*

The importance of breast milk for premature infants is
emphasized, which is associated with a reduced risk of infections
and the development of NEC, as well as providing appropriate
nutrients for the baby.”” Colostrum therapy is also highlighted as
an important measure in the prevention of NEC, and mothers
should be encouraged to provide it for the child’s protection.?®

Regarding neurological development, it is demonstrated
that children with NEC have impaired development compared
to healthy children,'>'!%22 with more visible and pronounced
deficits, including more disabilities and developmental delays,
in children who have undergone surgery than those who have
not.'*?2 A systematic review”’ analyzed five studies with results
on neurodevelopmental deficits in NEC patients, with deficits
reported in four of these studies, ranging from 24.8 to 61.1%
of a total of 1,370 patients. There are discrepancies concerning
issues related to motor development impacts, as some studies
suggest lesser consequences in older children, while another
study found greater delays in fine and gross motor develop-
ment compared to other functions.!>1416

Furthermore, research reveals that children with NEC
exhibited impairment in cognitive function, with those under-
going surgery being more affected than those who did not.'*
A study® conducted in Brazil using the Bayley III scale to assess
the cognitive development of premature patients aged six to
12 months described that the occurrence of NEC was inversely
associated with cognitive performance in preterm infants at
12 months. Concerning neurological impacts, special consider-
ations include individualized special needs, cerebral palsy, and
blindness.'®' Despite surgery not causing as much neurological
impairment for survivors, parenteral nutritional dependence
was associated with a higher incidence of seizures, medication
use, and continuous neurological monitoring.?

A retrospective study conducted in Japan, focusing on the
assessment of neurodevelopment using the Kyoto Psychological
Development Scale, revealed specific domains analyzed, such
as cognitive-adaptive, which demonstrated stable growth with
some delays, and social language, with promising expectations.
The study involved 82 cases of low birth weight, premature neo-
nates with an average gestational age of 24,5 weeks. In a similar
study in Canada, which examined 2,019 premature neonates
with gestational ages between 22 and 28 weeks, an evaluation
based on the Bayley-III scale identified impairments in cogni-
tive, language, and motor development aspects in children with
NEC.'*!'* A multicenter study conducted in the United States
with extremely low birth weight preterm infants indicated a
relationship between NEC and developmental delays, partic-

ularly associated with alterations in the neurological physical

examination and low scores on the Bayley scale, possibly due
to vasoconstriction and hypoxic-ischemic events caused by
intense inflammatory reactions.*

Additionally, there is an association between developmental
deficits and anatomical issues in children with NEC, such as a
reduced head circumference, decreased biparietal and transcere-
bellar diameters, as well as an increase in the left ventricle.'#>!®
These findings underscore the importance of early diagnosis
to reduce disease progression and achieve a better prognosis.

In summary, it is evident that children with NEC have a
higher tendency to exhibit cognitive impairment, with more
pronounced outcomes in patients who have undergone surgi-
cal procedures due to more severe cases, accompanied by neu-
roanatomical findings that correspond to the deterioration of
the condition.'®'®!%> Additionally, motor development was
considered below average compared to healthy children, with
more noticeable delays in fine and gross motor functions.
Although prematurity has a significant impact on outcome
analysis, NEC has a detrimental effect on the developing brain,
resulting in worse neurological development outcomes com-
pared to preterm babies who do not develop NEC.?

The biopsychosocial aspects were not as well addressed in
the analyzed studies. In the group of patients from the North
American study" involving 26 children diagnosed with NEC,
quality of life was reduced, especially in those of school age, due
to the need for absences for medical follow-ups and procedures,
as well as aspects related to the use of feeding tubes and gas-
trostomy bags. Another study?' conducted in the United States
with 23 patients affected by NEC pointed to this decline in
the quality of life after the age of 12. The research” conducted
with survivors of NEC and parents of children affected by
NEC from around the world described the negative impact
on the quality of life of these patients related to the constant
need for hospitalizations and lifelong dependence on paren-
teral nutrition. In this study, 80% of the interviewed survivors
reported anxiety or body image concerns, and for 74% of a
total of 143 parents, the physical or mental health was affected
by the long-term complications in the lives of their children
affected by NEC.

Given the complexity with which NEC impacts the lives
of survivor patients, the lack of studies in this area is evident.
In addition to the high mortality rate, survivors contend with
repercussions that extend not only to the gastrointestinal tract
with scarring and dependence on parenteral nutrition but also
with impairment in neurological development, resulting in phys-
ical and motor repercussions, leading to various hospitalizations
and impacting the social life of the patient and their family.

This issue also highlights the scarcity of studies address-

ing the importance of a multidisciplinary team in lifelong
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patient care, underscoring the need for the development of
new studies that emphasize the importance of a patient-cen-
tered approach in identifying later complications and early
intervention and support for these patients.’ This includes
the benefits of a standardized and multidisciplinary approach
to infants, encompassing individualized nutritional manage-
ment, developmental assessment, and necessary developmen-
tal delay interventions.?

Being a review, limitations of the included studies may affect
the results of this research. It is important to note that there is
a restriction in the examined studies, with a lack of focus on
psychosocial aspects and the consequences of parenteral nutri-
tion, particularly in short bowel syndrome. Another limitation

13,1417,1821,22 3150 examined other diseases,

is that some studies
thus not exclusively addressing patients with NEC. It is worth
noting as another significant bias that both premature and full-
term babies were included in the studies,'® which can influence
the outcomes related to developmental changes. Therefore, fur-
ther research is needed to fill these gaps and provide a more
comprehensive understanding of the impact of NEC on chil-
dren’s quality of life.

In conclusion, NEC has proven to be a severe condition
contributing to high rates of morbidity and mortality in new-
borns and can lead to serious complications that impact the
quality of life of affected children. These consequences are
more closely associated with premature and low-birth-weight
newborns and can cause a range of interferences, from phys-
ical to neurodevelopmental.

REFERENCES

1. Rich BS, Dolgin SE. Necrotizing enterocolitis. Pediatr Rev.
2017;38:552-9. https://doi.org/10.1542/pir.2017-0002

2. Alsaied A, Islam N, Thalib L. Global incidence of necrotizing
enterocolitis: a systematic review and meta-analysis. BMC
Pediatr. 2020;20:344. https://doi.org/10.1186/s12887-020-
02231-5

3. Meister AL, Doheny KK, Travagli RA. Necrotizing enterocolitis:
it's not allin the gut. Exp Biol Med (Maywood). 2020;245:85-
95. https://doi.org/10.1177/1535370219891971

4.  Sanchez JB, Kadrofske M. Necrotizing enterocolitis.
Neurogastroenterol Motil. 2019;31:e13569. https://doi.
org/10.1111/nmo.13569

5. Niemarkt HJ, Meij TG, van Ganzewinkel CJ, Boer NK,
Andriessen P, Hitten MC, et al. Necrotizing enterocolitis,
gut microbiota, and brain development: role of the
brain-gut axis. Neonatology. 2019;115:423-31. https://
doi.org/10.1159/000497420

6. Souza JM, Verissimo ML. Child development: analysis of a
new concept. Rev Lat Am Enfermagem. 2015;23:1097-104.
https://doi.org/10.1590/0104-1169.0462.2654

It has been evidenced that children with NEC exhibit
below-average cognitive and motor development, with more pro-
nounced delays in patients requiring surgery. Additionally, neu-
rological impairment, special needs, cerebral palsy, and com-
promised cognitive function were also observed in children
with NEC. Furthermore, the dependence on total parenteral
nutrition is also highlighted as one of the main causes of a
reduction in the quality of life of patients. This underscores
the impacts that the pathology has on the quality of life of
survivors, highlighting the need for further studies to develop
improved therapeutic support strategies and to assess the life-

long development of these patients subject to the repercussions
associated with NEC.

Funding
The study did not receive any funding.

Conflict of interests

The authors declare there is no conflict of interests.

Authors’ contributions

Study design: Marques BO, Gusmio ABE, Gonzaga LL, Laguna
GGC, Bragas NBS, Moncio CPM, Silva NO. Data collection:
Marques BO, Laguna GGC. Data analysis: Gusmio ABF,
Gonzaga LL. Manuscript writing: Marques BO, Gusmio ABE,
Gonzaga LL, Laguna GGC, Bragas NBS, Mongio CPM, Silva
NO. Manuscript revision: Marques BO, Laguna GGC, Silva
NO. Study supervision: Silva NO.

/. Canvasser J, Patel RM, Pryor E, Green L, Hintz SR, Fagan M,
et al. Long-term outcomes and life-impacts of necrotizing
enterocolitis: a survey of survivors and parents. Semin
Perinatol. 2023;47:151696. https://doi.org/10.1016/].
semperi.2022.151696

8. Hachem AS, Lyra JC, Scarpa EC, Bentlin MR. Enterocolite
necrosante: uma revisdo da literatura. Resid Pediatr. 2022;12:1-8.
https://doi.org/10.25060/residpediatr-2022.v12n3-519

9. Jones IH, Hall NJ. Contemporary outcomes for infants
with necrotizing enterocolitis — a systematic review. J
Pediatrics. 2020;220:86-92.e3. https://doi.org/10.1016/j.
jpeds.2019.11.011

Dantas HL, Costa CR, Costa LM, Ludcio IM, Comassetto I.
Como elaborar uma revisdo integrativa: sistematizacdo do
método cientifico. Revista Recien. 2022;12:334-45. https://
doi.org/10.24276/rrecien2022.12.37.334-345

11. Morgan RL, Thayer KA, Bero L, Bruce N, Falck-YtterY,
Ghersi D, et al. GRADE: assessing the quality of evidence
in environmental and occupational health. Environ Int.
2016;93:611-6. https://doi.org/10.1016/j.envint.2016.01.004

10.

8

Rev Paul Pediatr. 2024;42:€2023188


https://doi.org/10.1542/pir.2017-0002
https://doi.org/10.1186/s12887-020-02231-5
https://doi.org/10.1186/s12887-020-02231-5
https://doi.org/10.1177/1535370219891971
https://doi.org/10.1111/nmo.13569
https://doi.org/10.1111/nmo.13569
https://doi.org/10.1159/000497420
https://doi.org/10.1159/000497420
https://doi.org/10.1590/0104-1169.0462.2654
https://doi.org/10.1016/j.semperi.2022.151696
https://doi.org/10.1016/j.semperi.2022.151696
https://doi.org/10.25060/residpediatr-2022.v12n3-519
https://doi.org/10.1016/j.jpeds.2019.11.011
https://doi.org/10.1016/j.jpeds.2019.11.011
https://doi.org/10.24276/rrecien2022.12.37.334-345
https://doi.org/10.24276/rrecien2022.12.37.334-345
https://doi.org/10.1016/j.envint.2016.01.004

Marques BO et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Shanaa A [homepage on the Internet]. Rayyan Systems;
2021. Rayyan — Al Powered Tool for Systematic Literature
Reviews [cited 2023 Apr 22]. Available from: https://www.
rayyan.ai/

Muto M, Sugita K, Ibara S, Masuya R, Matuskubo M,
Kawano T, et al. Discrepancy between the survival rate
and neuropsychological development in postsurgical
extremely low-birth-weight infants: a retrospective study
over two decades at a single institution. Pediatr Surg Int.
2021;37:411-7. https://doi.org/10.1007/s00383-020-
04825-7

Zozaya C, Shah J, Pierro A, Zani A, Synnes A, Lee S, et al.
Neurodevelopmental and growth outcomes of extremely
preterm infants with necrotizing enterocolitis or spontaneous
intestinal perforation. J Pediatric Surg. 2021;56:309-16.
https://doi.org/10.1016/j.jpedsurg.2020.05.013

Leel, Neil JJ, Huettner PC, Smyser CD, Rogers CE, Shimony
JS, et al. The impact of prenatal and neonatal infection on
neurodevelopmental outcomes in very preterm infants. J
Perinatol. 2014;34:741-7. https://doi.org/10.1038/jp.2014.79

Mondal A, Misra D, Al-Jabir A, Hubail D, Ward T, Patel B.
Necrotizing enterocolitis in neonates: Has the brain taken a
hit 10 years later? J Pediatr Neurosci. 2021;16:30-4. https://
doi.org/10.4103/jpn.JPN_41_20

Neam VC, Oron AP, Nair D, Edwards T, Horslen SP, Javid
PJ. Factors associated with health-related quality of life in
children with intestinal failure. J Pediatrics. 2020;216:13-18.
e1. https://doi.org/10.1016/j.jpeds.2019.08.049

Lin HJ, Shi LP, Du LZ. Long-term prognosis of neonates
with necrotizing enterocolitis. Zhongguo Dang Dai Er Ke
ZaZhi.2018;20:985-9. https://doi.org/10.7499/j.issn.1008-
8830.2018.12.002

Sparks EA, Khan FA, Fisher JG, Fullerton BS, Hall A, Raphael
BP, et al. Necrotizing enterocolitis is associated with earlier
achievement of enteral autonomy in children with short
bowel syndrome. J Pediatric Surg. 2016;51:92-5. https://
doi.org/10.1016/j.jpedsurg.2015.10.023

Han SM, Knell J, Henry O, Riley H, Hong CR, Staffa SJ,
et al. Long-term outcomes of severe surgical necrotizing
enterocolitis. J Pediatric Surg. 2020;55:848-51. https://doi.
org/10.1016/j.jpedsurg.2020.01.019

Amin R, Knezevich M, Lingongo M, Szabo A, Yin Z, Oldham KT,
etal. Long-term quality of life in neonatal surgical disease.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ann Surg. 2018;268:497-505. https://doi.org/10.1097/
SLA.0000000000002918

Allendorf A, Dewitz R, Weber J, Bakthiar S, Schloesser R, Rolle
U. Necrotizing enterocolitis as a prognostic factor for the
neurodevelopmental outcome of preterminfants—match
controlstudy after 2 years. J Pediatric Surg. 2018;53:1573-7.
https://doi.org/10.1016/j.jpedsurg.2018.01.006

Bazacliu C, Neu J. Necrotizing enterocolitis: long term
complications. Curr Pediatr Rev. 2019;15:115-24. https://
doi.org/10.2174/1573396315666190312093119

Oliveira ND, Miyoshi MH. Avancos em enterocolite necrosante.
J Pediatr (Rio J). 2005;81:516-22. https://doi.org/10.1590/
S0021-75572005000200003

Jones KD, Howarth LJ. Intestinal failure following necrotizing
enterocolitis: a clinical approach. Early Hum Dev. 2016;97:29-
32. https://doi.org/10.1016/j.earlhumdev.2016.03.007

Hopkins J, Cermak SA, Merritt RJ. Oral feeding difficulties
in children with short bowel syndrome: a narrative
review. Nutr Clin Pract. 2018;33:99-106. https://doi.
org/10.1177/0884533617707493

Lapidaire W, Lucas A, Clayden JD, Clark C, Fewtrell MS.
Human milk feeding and cognitive outcome in preterm
infants: the role of infection and NEC reduction. Pediatr
Res. 2022:91:1207-14. https://doi.org/10.1038/s41390-
021-01367-z

Bassan AR, Assumpc¢ao PK, Rosa AB, Schutz TC, Donaduzzi
DS, Fettermann FA. Colostroterapia e aleitamento
materno na prevencdo da enterocolite necrotisante. REAS.
2021;13:e5176. https://doi.org/10.25248/reas.e5176.2021

Oliveira SR, Machado AC, Magalhdes LC, Miranda DM,
Paula JJ, Bouzada MC. Cognitive assessment in preterms
by Bayley-lll: development in the first year and associated
factors. Rev Paul Pediatr. 2023;42:€2022164. https://doi.
0rg/10.1590/1984-0462/2024/42/2022164

Vohr BR, Wright LL, Dusick AM, Mele L, Verter J, Steichen
JJ, etal. Neurodevelopmental and functional outcomes of
extremely low birth weightinfants in the National Institute
of Child Health and Human Development Neonatal Research
Network, 1993-1994. Pediatrics. 2000;105:1216-26. https://
doi.org/10.1542/peds.105.6.1216

Ergenekon E, Tayman C, Ozkan H. Turkish neonatal society
necrotizing enterocolitis diagnosis, treatment and prevention
guidelines. Turk Arch Pediatr. 2021;56:513-24. https://doi.
org/10.5152/TurkArchPediatr.2021.21164

© 2024 Sociedade de Pediatria de Sdo Paulo. Published by Zeppelini Publishers.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

9

Rev Paul Pediatr. 2024;42:2023188


https://www.rayyan.ai/
https://www.rayyan.ai/
https://doi.org/10.1007/s00383-020-04825-7
https://doi.org/10.1007/s00383-020-04825-7
https://doi.org/10.1016/j.jpedsurg.2020.05.013
https://doi.org/10.1038/jp.2014.79
https://doi.org/10.4103/jpn.JPN_41_20
https://doi.org/10.4103/jpn.JPN_41_20
https://doi.org/10.1016/j.jpeds.2019.08.049
https://doi.org/10.7499/j.issn.1008-8830.2018.12.002
https://doi.org/10.7499/j.issn.1008-8830.2018.12.002
https://doi.org/10.1016/j.jpedsurg.2015.10.023
https://doi.org/10.1016/j.jpedsurg.2015.10.023
https://doi.org/10.1016/j.jpedsurg.2020.01.019
https://doi.org/10.1016/j.jpedsurg.2020.01.019
https://doi.org/10.1097/SLA.0000000000002918
https://doi.org/10.1097/SLA.0000000000002918
https://doi.org/10.1016/j.jpedsurg.2018.01.006
https://doi.org/10.2174/1573396315666190312093119
https://doi.org/10.2174/1573396315666190312093119
https://doi.org/10.1590/S0021-75572005000200003
https://doi.org/10.1590/S0021-75572005000200003
https://doi.org/10.1016/j.earlhumdev.2016.03.007
https://doi.org/10.1177/0884533617707493
https://doi.org/10.1177/0884533617707493
https://doi.org/10.1038/s41390-021-01367-z
https://doi.org/10.1038/s41390-021-01367-z
https://doi.org/10.25248/reas.e5176.2021
https://doi.org/10.1590/1984-0462/2024/42/2022164
https://doi.org/10.1590/1984-0462/2024/42/2022164
https://doi.org/10.1542/peds.105.6.1216
https://doi.org/10.1542/peds.105.6.1216
https://doi.org/10.5152/TurkArchPediatr.2021.21164
https://doi.org/10.5152/TurkArchPediatr.2021.21164
http://creativecommons.org/licenses/by/4.0/

