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Abstract

Research on gut-microbiota (GM) changes in infants and children with intestinal surgical conditions,
and how these changes might leverage to improve outcomes, is progressing rapidly. Nonetheless,
there is a lack of information regarding the role of GM following surgery for the most prevalent
intestinal pediatric disorders that necessitate surgical intervention, despite it receiving considerable
interest. Pre-surgical dysbiosis and post-surgical GM assessment of these disorders are still poorly
understood. This detailed review has gathered insights into the current understanding of unique
alterations in GM colonization following surgery for significant childhood conditions, such as
necrotizing enterocolitis (NEC), Hirschsprung’s disease (HD), inflammatory bowel disease (IBD),
and short bowel syndrome (SBS).In particular, surgery for NEC may result in a reduction in GM
diversity. Surgical procedures for HD can alter the GM, potentially causing shifts in GM compositions
and increasing the likelihood of complications such as Hirschsprung’s associated enterocolitis
(HAECQ). For children diagnosed with IBD, surgical interventions can bring about changes in the
diversity and structure of GM, which may lead to disease recurrence or affect the success of treatment.
Children with SBS, following extensive bowel resections, display abnormal GM profiles when
compared to healthy children. These GM patterns may include diminished. GM diversity, an increase
in inflammation-related bacteria, and a decrease in beneficial bacteria. Moreover, the most common
complications that occur after surgical procedures for the above-mentioned intestinal disorders are
greatly affected by the GM. Current research provides an initial understanding of the possible post-
surgical implications for outcomes of these intestinal disorders. Future studies could clarify GM
alterations associated with various intestinal paediatric surgical procedures and their complications,
which may influence the evaluation of GM-targeted treatments.

Keywords: gut microbiota; children; intestinal disorders; dysbiosis; surgery; post-surgical
alterations; post-surgical complications

1. Introduction

The human gut microbiota (GM), a complex ecosystem of trillions of microorganisms, is now
recognizedas a critical determinant of human health, playing a critical role in digestion, immune
modulation, metabolism, and barrier function [1]. This delicate community is particularly vulnerable
in early life, and its establishment and stability are crucial for normal growth and development in
paediatric patients [2].

Surgical procedures are often a life-saving necessity for a spectrum of pediatric intestinal
disorders, such as necrotizing enterocolitis (NEC), Hirschsprung's disease (HD), intestinal atresia,
anorectal malformations, and inflammatory bowel disease (IBD)[3-7]. While these procedures aim to
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restore anatomical function and resolve the primary pathology, they represent a major physiological
insult. The process of surgery itself in combination with factors like antibiotic administration, bowel
preparation, alterations in diet, and post-operative fasting, can cause profound and potentially long-
lasting disruptions to the GM. This post-surgical dysbiosis, characterized by a loss of beneficial
commensals and an expansion of pathobionts, is increasingly implicated in a range of post-surgical
complications, including infections, anastomotic leaks, and prolonged recovery [8,9].

Despite its clinical significance, the unique nature of post-surgical GM alterations in the
paediatric intestinal patient population remains poorly characterized [10-12]. A comprehensive
understanding of these shifts of microorganisms is essential to move beyond simple observational
studies and towards developing targeted interventions,such as using antibiotics, probiotics,
prebiotics, or tailored nutritional strategies, aimed at restoring a healthy microbiota and improving
clinical outcomes [13-18].

This narrative review aims to synthesize current evidence on the impact of intestinal surgery on
the GM of paediatric patients. We will explore common patterns of dysbiosis across different
disorders and procedures, discuss the potential clinical implications of these alterations, and
highlight avenues for future therapeutic GM modulation.

2. Methodology

2.1. Search Strategy

An extensive literature search was conducted across electronic databases, including
Pubmed/Medline, Scopus and Google Scholar, to find pertinent studies published from January 1,
2010 to August 31, 2025. The focus was on articles that studied alterations of the GM following
surgery for pediatric intestinal disorders, namely NEC, HD, IBD, and short bowel syndrome (SBS).
The search employed Boolean operators (AND, OR) to combine keywords including “gut
microbiota”, “paediatric surgery”, “intestinal disorders”, “dysbiosis”, “children”, “infants”,
“neonates”, necrotizing enterocolitis”, Hirschsprung's disease”, “Hirschsprung -associated
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enterocolitis”, “inflammatory bowel disease”, “small bowel syndrome”, “post-surgical infection”,

”ou

“post-surgical intestinal obstruction”, “anastomotic leak”.

2.2. Inclusion Criteria

Studies were chosen based on established inclusion and exclusion criteria. Randomized
controlled trials, meta-analyses, prospective and retrospective observational studies, systematic
reviews and review articles were incorporated in the analysis. In addition, this narrative review
included studies performed in animal subjects. Clinical guidelines and expert recommendations were
also taken into account. Only articles published in English language were assessed. The exclusion
criteria included articles published in languages other than English, case reports, editorials and
conference abstracts lacking sufficient data.

2.3. Process of Selecting Studies

Two reviewers (N.V. and N.Z.) conducted the data search and analysis. The selection of studies
was driven by their relevance to the review’s objectives rather than strictly by the systematic inclusion
criteria. Titles and abstracts were first screened, followed by a thorough examination of full texts.
Moreover, the reference lists of the selective articles were further screened for additional relevant
studies.

2.4. Synthesis of Data

Studies were synthesized narratively. An overview of GM alterations following surgery for
paediatric intestinal disorders, namely NEC, HD, IBD, and SBS, was included to clarify and
underscore the significance of the study’s aim. Key arguments from the studies (e.g. GM-related post-
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surgical alterations and complications of intestinal surgery in pediatric patients) were extracted to
create several thematic sections. This approach aided in the synthesis of heterogeneous evidence.

3. Physiology and Function of Gut Microbiota

The GM refers to the diverse ecosystem of microorganisms, including bacteria, fungi, viruses,
and protozoa, that reside in the human intestinal tract [19]. Based on culture-independent molecular
methods, the genetic material (the microbiome) contains around 3.3 million genes which is about 100
times more than the human genome. Of the identified genes, 99% were of bacterial origin. The entire
cohort harbored a collective pool of 1000 to 1150 prevalent bacterial species, with each individual
contributing at least 160 such species. The substantial sharing of these species highlights the vast
functional potential of the GM to influence human health [20]. Key factors influencing the
composition and function of the GM encompass host genetics, dietary patterns, age, lifestyle,
geographic location, and medication use, most notably antibiotics [21].

The advent of novel culture-independed techniques, most notably high throughput sequencies
of bacteria 16S ribosomal RNA (rRNA) gene, has fundamentally transformed our comprehension of
the GM [22]. While the 165 rRNA gene is a powerful taxonomic tool due to its universal conservation,
shotgun metagenomics overcomes its limitations by providing robust, amplification-free estimates of
entire communities of microorganisms [23]. Initiatives like Metagenomics of the Human Intestinal
Tractand the Human Microbiome Project have leveraged this method to comprehensively map the
human GM [24].

Based on new molecular techniques and methodologies, our understanding of the gut
microbiota's taxonomic landscape has been refined. It is now established that the adult
gastrointestinal tract is dominated by a few key bacterial phyla. Among these, Firmicutes (primarily
Gram-positive clostridia) and Bacteroidetes (primarily Gram-negative bacteria) are the most
prevalent, collectively accounting for the 90% of species [25,26]. Together with the less abundant but
critically important phyla Actinobacteria and Proteobacteria, Fusobacteria and Verrumicrobia, they
constitute not only the most numerous but also the most functionally diverse microorganisms in the
gut ecosystem [27]. Furthermore, the Firmicutes/Bacteroidetes ratio is dynamic across the human
lifespan, reported at approximately 0.4 in infants, 0.9 in adults, and 0.6 in the elderly, with no
significant difference observed between infant and elderly ratios [28].

A healthy and diverse GM is critical for numerous essential functions, such as intestinal
homeostasis, host immunity and systemic health, extending far beyond a purely structural role [29].
For instance, key species of microorganisms, mainly from the phyla Bacteroidetes and Firmicutes,
perform this role by fermenting indigestible fibers into various products. These products include,
short-chain fatty acids (SCFAs), hydrogen, vitamin K, carbon dioxide, ammonia, amines, and
phenolic compounds [30].5CFAs, primarily acetate, propionate, and butyrate, at a molar ratio
60:20:20 respectively, account for approximately 95% of the total SCFAs and are the GM’s main
metabolites, produced in the colon by the bacterial fermentation of dietary fibers and other non-
digestible carbohydrates [31-33]. Main functions include providing cellular energy, exerting anti-
inflammatory and anti-tumor effects, regulating appetite, and fortifying the intestinal barrier through
the upregulation of tight junction proteins [34-36].In addition, SCFAs through sophisticated,
bidirectional communication networks, known as gut-organ axesmaintain the systemic
physiological balance [37]. In the gut-brain axis, SCFAs can stimulate the synthesis of serotonin from
enterochromaffin cells, a process that influences cognitive functions such as learning and memory
[38]. In the gut-lung axis, SCFAs modulates respiratory health by mitigating pulmonary
inflammation and protecting against infections like pneumonia through systemic
immunomodulatory effects [39]. In the gut-liver axis, butyrate ameliorates metabolic diseases like
insulin resistance and obesity and directly protects against hepatic ailments, including non-alcoholic
liver disease, non-alcoholic steatohepatitis, inflammation, cancer, and liver injury [40]. In the gut-
kidney axis, SCFAs play a protective role in kidney health. In the chronic kidney disease (CKD),
however, a disruption of GM decreases the population of SCFA-producing bacteria such as
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Bifidobacterium and Lactobacillus, undermining this protective effect [41]. Lower SCFA concentrations
compromise the gut barrier, leading to increase permeability and presence of endotoxins in the blood
stream, which subsequently triggers inflammation and oxidative stress in the kidney [42].
Importantly, a recent systematic review confirmed a distinct gut dysbiosis in CKD patients,
characterized by a loss of beneficial bacteria and an expansion of pathogens [43]. In the gut-heart axis,
SCFAs have become key-mediators for comprehending the complex interplay between gut health
and cardiovascular function, There is strong evidence that the cardiovascular health may begin in the
gut, as early as during infancy. Any imbalance during this period may increase the cardiovascular
dysfunction later in adult life [44]. For example, elevated levels of the phylum Pseudomonadota
observed in preterm infants are also found in some adults with atherosclerotic cardiovascular disease
[45].

4. Unique Characteristics of the Pediatric Gut Microbiota

The GM of an infant differs from that of an adult in terms of both its composition and its function,
characterized by greater instability and heterogeneity [46,47]. Actually, the GM development in early
infancy is influenced by three factors, that contribute during the prenatal period, the delivery, and
the postnatal period. During these phases, the GM development is shaped by a multitude of factors,
including maternal transmission during birth, delivery mode, maternal health, antibiotic exposure,
and diet [48].

The long-held notion of a sterile fetal environment is now contested [49]. Evidence of
microorganisms in meconium, the placenta, and amniotic fluid supports that infant gut colonization
begins in utero [50-52], potentially via translocation of maternal gut microorganisms through the
bloodstream. The clinical significance of this process is underscored by its association with pregnancy
outcomes like preterm birth and low birth weight full-term infants [53]. The most dramatic shift of
microorganisms, however, occurs at birth, establishing a foundation that is shaped by a convergence
of early-life factors. The mode of delivery is a primary determinant: vaginally delivered infants
acquire a microbiota resembling maternal vaginal flora including Lactobacilli, Prevotella, and group B
Streptococci, while those born via Caesarian section are initially colonized by maternal skin-associated
bacteria (e.g., Staphylococcus, Corynebacterium) [54-57]. This initial inoculum is then profoundly
modified by postnatal exposures, most notably feeding type. Breastfed infants typically exhibit a GM
dominated by beneficial Bifidobacterium species, whereas formula-fed infants is associated with a
higher prevalence of taxa like Escherichia coli, Clostridium difficile, Bacteroides, and lactobacilli [58,59].
However, for preterm and very low birth weight infants, these natural processes are often disrupted
by the clinical necessities of NICU hospitalization. Practices such as antibiotic use, respiratory
support, and altered feeding protocols can lead to a dysbiotic state characterized by reduced
Bifidobacteria and elevated levels of opportunistic pathogens like Enterococcus and Staphylococcus
[60,61]. Contrary to this common clinical expectation, Li et al. [62], in a prospective cohort
study,analyzing the GM of 46 term and 23 preterm infants over the first three months of life, revealed
a more complex and ultimately positive trajectory. The authors confirmed that gestational age was
the primary factor shaping the initial meconium microbiota. However, instead of a persistently
dysbiotic state, the preterm infant GM demonstrated a notable drive towards normalization from one
month of postnatal age. Indeed, homogeneous and increasing abundance of the beneficial bacteria
Bifidobacterium and Lactobacillus, alongside a gradual decrease in potentially pathogenic genera was
noted. This suggests a resilient succession of microorganisms in preterm infants that can, under
certain conditions, overcome early clinical insults.

Following its initial establishment at birth, the GM embarks on a predictable successional
journey through early childhood. Stewart et al. [63] provided the foundational roadmap for this
process, defining three sequential phases: a developmental phase (3—14 months) of high volatility, a
transitional phase (15-30 months) of increasing stability, and a final stable phase (3146 months).
Their multinational multi-center study identified that progression along this timeline is primarily
driven by dietary changes, specifically the cessation of breastfeeding, which acts as a switch to reduce
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Bifidobacterium and promote a Firmicute-rich, more mature community. However, this core
developmental program is then modulated by other powerful factors. For instance, birth mode sets
the initial trajectory, with vaginal delivery enriching for Bacteroides and accelerating early maturation.
Moreover, Yatsunenko et al. [64] showed that, while the functional progression is universal, the
specific species of microorganisms that constitute the stable adult-like state differ dramatically
between industrialized and non-industrialized populations. Finally, the functional programming of
this assembly process is age-specific: unlike adults, whose GM was oriented towards inflammatory
functions, the paediatric GM is primed to support ongoing growth and development. [65]

5. Disruption of the Gut Microbiota in Intestinal Paediatric Surgical Diseases

The physiological trauma of surgery introduces a multitude of disruptive factors across the
perioperative timeline, including the underlying disease itself [66], the composition of GM [67], the
production of key metabolites from species of microorganisms [68,69], and iatrogenic elements such
as mechanical bowel preparation [70], antibiotics [71], anesthetic regimens [72], postoperative pain
[73], and anastomotic techniques [74]. These collective insults profoundly disrupt the symbiotic
milieu, leading to a persistent dysbiosis that can be described as a long-term "scarring” community
of microorganisms, which hinders the restoration of its pre-surgical composition [75].

In paediatric patients, the disruption of the GM (dysbiosis) is a cornerstone of intestinal
pathology. This is well-established in a spectrum of functional disorders including celiac disease,
IBD, and irritable bowel syndrome, where specific dysbiotic signatures actively contribute to disease
[76,77]. This inherent vulnerability is profoundly amplified in the context of surgical disease [78]. A
striking example is found in neonates with congenital gastrointestinal surgical conditions. Research
demonstrates that these infants undergo a severe and rapid ecological collapse of the GM within the
first two weeks of life, a period that encompasses both their underlying pathology and initial surgical
intervention [79]. While their GM is initially comparable to healthy infants, it fails to develop
normally. By the second week, a dramatic dysbiosis emerges, characterized by a significant decrease
of beneficial genera like Bifidobacterium and Bacteroides and a bloom of pathobionts such as
Escherichia,Shigella and Pseudomonas. This failure of microorganisms is coupled with a profound and
persistent deficiency in beneficial SCFAs, which stagnate instead of increasing the microorganisms,
as they do in healthy infants. This combination, a pathobiont-dominated community of
microorganisms and a critical metabolic deficit, presents a fundamental failure in the establishment
of a healthy gut ecosystem, highlighting the extreme fragility of the GM in the paediatric surgical
patient [79].

The above-mentioned pattern of harmful bacteria is more evident in surgical disorders such as
NEC, HD, Hirschsprung’s-associated enterocolitis (HAEC), IBD and SBS. In NEC, dysbiosis is
characterized by a bloom of bacteria such as GammaProteobacteria, Klebsiella, Actinobacteria, Clostridia,
Enterococcus and Staphylococcus and a decrease of Firmicutes [80]. This leads to a damaging metabolic
profile, including an overproduction of butyric acid that induces mucosal damage. In this “butyrate
paradox” the butyric acid becomes pathogenic in the immature gut of infants [69,81]. This is coupled
with a deficiency in secondary bile acids, which disrupts the Toll-like Receptor 4 pathway,
exacerbating inflammation and disease progression [82]. In HD, the risk of HAEC is defined by a
distinct shift of microorganisms and characterized by a dominance of Enterobacteriaceae, followed by
Enterococcus and Acinetobacter [83]. In an iatrogenic rectosigmoid hypoganglionosis rat model,
Budianto et al. [84] showed that neuronal disruption triggers a progressive alteration of the GM,
characterized by an increasing abundance of Proteobacteria and a decrease of Firmicutes over 12 weeks.
This escalating dysbiosis was accompanied by a worsening of enterocolitis, indicating a time-
dependent relationship between the shift of microorganisms and disease severity. Furthermore,
Arnaud et al. [85] in a neonatal porcine model of inatrogenicaganglionosis, evaluated the functional
consequences of aganglionosis on epithelial barrier function and GM compared to healthy control.
The results showed decreased tight junction protein and greater levels of the pro-inflammatory
bacteria Fusobacterium (Fusobacteria), and Biophilia (Proteobacteria), and Mogibacterium (Firmicutes)
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and Biophilia (Proterobacteria) while the control group characterized by greater levels of Firmicutes
and bacteria of Lachnospiracae family. In contrast, HD patients without enterocolitis maintain a more
balanced GM where the Bacteroides genus is most prevalent. This indicates that a shift away from
Bacteroides and toward an Enterobacteriaceae-driven community is a key risk factor for inflammatory
complications. This specific dysbiotic profile now finds support from genomic evidence. Indeed,
recent Mendelian randomization studies [86,87] have demonstrated that this microbial imbalance is
not merely associative but causal, identifying taxa like the protective Peptococcus and
Ruminococcusand the risk-associated Eggerthella as direct genetic contributors to HD susceptibility.
Furthermore, research has uncovered that the depletion of beneficial bacteria like Peptococcusleads to
a critical deficiency in protective metabolites, such as stearoyl sphingomyelin and lysine, which in
turn facilitate disease development [87]. Furthermore, in IBD, a characteristic shift of microorganisms
is observed. For instance, pediatric Crohn's disease (CD) is marked by an increased abundance of
Proteobacteria (specifically Enterobacteriaceae) alongside decreased levels of Actinobacteria and
Bacteroidetes [88]. A similar pattern in ulcerative colitis (UC) features a rise in Proteobacteria and a
concurrent decline in Firmicutes. Conversely, paediatric patients with SBS may show alterations in
GM for factors including delayed enteral diet, surgical resection of intestine, intestinal dysmotility,
bacterial translocation, and bacteremia [89,90]. The exact mechanism of GM alterations has not fully
understood, but factors such as mucosal inflammation and bacterial by-products, has been shown to
implicate [91-95], Indeed, several articles have documented this pattern of GM diversity in paediatric
patients with SBS [91-95]. Lilja et al. [91], compared neonates diagnosed with SBS with healthy
siblings, by using 16S rRNA gene sequencing in fecal samples. They reported an overall decreased
bacteria diversity and an abundance of Enterobacteriacaein neonates with SBS. In another study, it was
found an increase of Enterobacteriacae (p=0.038) in children experiencing poor growth compared with
children with SBS and adequate growth [92]. Of interest is also a study that reported alterations in
the GM composition in children with SBS who receive prophylactic antibiotics for a long period [ 95].

6. Impact of Surgical Stress on Gut Microbiota in Paediatric Patients

Surgical stress induces a physiological stress response that directly disrupts the GM, with
significant implications for recovery [66]. This is demonstrated by a consistent pattern of dysbiosis
across various procedures. For example, in rat models, surgery triggers a localized bloom of
pathogens like Enterococcus, Escherichia and Shigella at the anastomotic site [96]. Moreover, surgery-
induced gut instability extends beyond abdominal procedures, as demonstrated in infants with
congenital heart disease undergoing cardiopulmonary bypass. Infants with a spectrum of congenital
heart diseases exhibit a predictable pre-surgical dysbiosis, characterized by a significantly greater
abundance of Proteobacteria and Actinobacteria and a depletion of Bacteroides compared to controls.
This process is then exacerbated by the surgical stress of cardiopulmonary bypass [97]. The
disruption of microorganisms was directly linked to clinical risk, as these patients also developed
significant post-surgical intestinal barrier dysfunction, measured by elevated serum markers [98-
100]. Since this barrier damage occurred specifically after cardiopulmonary bypass and not in control
infants, it emphasizes that the procedure itself rather than the cardiac defect alone is mainly
associated with the gut injury. This paradigm of early surgical stress setting the stage for long-term
sequelae is further evidenced by studies showing that children with histories of major surgery harbor
altered GM years later, which are linked to persistent pathologies ranging from chronic diarrhea to
anxiety [101,102]. The above-describedevidence establishes that the initial physiological insult of
surgery can trigger a cascade of dysfunction of microorganisms, critically influencing both short-term
recovery and long-term health.
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7. Alterations of Gut Microbiota After Intestinal Surgery in Paediatric Diseases

7.1. Necrotizing Enterocolitis

NEC remains a devastating disease in newborns. For infants who require surgery, mortality
rates persist at a tragically high 20-30%, despite advancements in neonatal care [103]. The
pathogenesis of NEC is influenced by many factors such as prematurity, enteral feeding, and
dysbiosis, the latest seeming to play a critical role [104]. While the role of the GM in the initial onset
of NEC has been extensively investigated [105-108], the landscape of microorganisms after surgical
intervention remains almost entirely unexplored. Within this research gap, Lin et al. [10]
prospectively investigated the dynamic evolution of the GM following surgical intervention for NEC.
Their study enrolled a cohort of preterm infants diagnosed with NEC who required surgical
management, alongside a matched control group of preterm infants. Fecal specimens were collected
at different clinical periods: at the time of NEC diagnosis, upon initiation of refeeding, and after the
establishment of full enteral nutrition. Parallel samples were obtained from control infants at
corresponding periods. Analysis of the GM revealed significantly lower alpha-diversity, as measured
by the Shann on and Simpson indices, in the NEC patients after achieving full enteral nutrition
compared to matched controls at the same nutritional period (p <.05).Taxonomic analysis identified
a higher relative abundance of Methylobacterium, Clostridium butyricum, and Acidobacteria in the NEC
group at diagnosis. Methylobacterium and Acidobacteria remained significantly more abundant in the
NEC group. Furthermore, the abundance of these bacterial taxa demonstrated a significant positive
correlation with serum CRP levels and a significant negative correlation with platelet count. At the
12-month corrected age follow-up, the rate of delayed growth was higher in the NEC group (25%)
than in the control group (7.1%). However, this difference was not statistically significant.
Furthermore, functional analysis revealed a significantly heightened activity in ketone body
metabolism among infants with NEC, offering valuable insights into a potential metabolic link to the
disease. Ketone bodies, particularly -hydroxybutyrate, are not merely energy substrates but also key
signaling molecules known to influence intestinal stem cell fate and modulate the GM by selectively
inhibiting beneficial bacteria like Bifidobacterium, which can suppress protective Th17 immune
responses [109]. This suggests that the observed metabolic shift is not just a consequence but may
actively contribute to NEC pathogenesis by disrupting epithelial regeneration and immune
homeostasis [110]. Key findings include a long-term reduction in diversity of microorganisms,
enrichment of resilient taxa like Methylobacterium, and a distinct metabolic profile marked by elevated
ketone body metabolism and diminished sphingolipid activity.

7.2. Hirschsprung’s Disease and Hirschsprung’s-associated Enterocolitis

HD is a congenital disorder causing functional intestinal obstruction from aganglionosis [111].
While surgical resection of the aganglionic segment is the definitive treatment, approximately one-
third of patients suffer postoperative complications. The most severe of these complications is HAEC,
a life-threatening inflammatory condition with a mortality rate of approximately 5% [112].

Even in the absence of HAEC, patients with HD exhibit a persistent gut dysbiosis. This is
supported by a study, that identified a persistent state of subclinical gut inflammation in HD patients,
even though no variation in overall diversity of microorganisms was observed. In this study,
significantly higher fecal calprotectin levels that correlated with an abundance of Fusobacteria was
found [113]. Neuvonen et al. [11] further documented an enrichment of Escherichia coli and
Pseudomonas and a depletion of beneficial Bacteroidales and Ruminococcacenecompared to healthy
controls. In contrast, children with a history of HAEC demonstrate a more severe dysbiosis,
characterized by a pronounced expansion of Escherichia and Lactococcus, suggesting an increased risk
for inflammatory complications [11]. Furthermore, the extent of aganglionosis directly shapes the gut
ecosystem. Patients with total colonic aganglionosis exhibit a marked decrease in alpha diversity and
significantly altered beta diversity compared to those with rectosigmoid involvement [114].
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Emerging research reframes HAEC from a mere surgical complication to a state of distinct
ecological failure of GM. Experimentally, Ward et al. [115] found that colorectal aganglionosis in mice
causes early and persistent disruption of microorganisms, characterized by increased Bacteroidetes,
decreased Firmicutes, and altered metabolite profiles. Clinically, Yan et al. [83] showed that the HAEC
gut is defined by a Proteobacteria-dominated landscape, while Frykman et al. [116] revealed a
concurrent disruption of the fungal community, marked by a bloom of Candida. Crucially, these shifts
of microorganisms have predictive power; Tang et al. [117] identified a specific microbiota signature
at the time of surgery that could predict postoperative HAEC with approximately 85% accuracy.
They also identified exclusive breast feeding as a protective factor, potentially via microbiota
modulation that reduces pro-inflammatory Gram-negative bacteria, particularly Enterobacteriaceae.
More recently, metabolomics was used to identify distinct metabolic profiles in HD, revealing
impaired pathways like tyrosine metabolism in HAEC that suggest a breakdown of the intestinal
mucosal barrier. This collective evidence firmly establishes HAEC as a complex state of gut ecological
failure [118].

Importantly, the consequences of this dysbiotic foundation may extend beyond classic HAEC.
Emerging clinical evidence describes a rare but severe late-onset complication: a secondary, Crohn's-
like disease of the residual intestine years after HD surgery [119]. This suggests that the persistent,
surgically-altered dysbiotic state can predispose patients to chronic inflammation that manifests as a
different clinical syndrome later in life. Unfortunately, the authors did not investigate the GM species
in these cases, leaving a critical area for upcoming research. Similar refractory, IBD-like inflammation
has been observed in paediatric patients with a history of other major intestinal procedures, including
surgery for NEC and intestinal atresia.

7.3. Inflammatory Bowel Disease

Research on post-surgical alterations of GM, following procedures for IBD has almost
exclusively focused on adults. Indeed, surgical intervention is ultimately required in a significant
proportion of IBD cases, with the cumulative risk for surgery estimated at 24% for CD patients and
9% for UC patients [120,121]. While surgery is often necessary to manage complications or treat
refractory disease, it induces significant and lasting alterations to the gut ecosystem. In adult
population, several studies have demonstrated that procedures such as ileocolonic resection or
colectomy lead to persistent decreases or alterations in the diversity of both the GM and the
metabolome . For example, Fang et al. [122], compared GM and metabolome alterations after different
types of surgery for IBD patients with those who did not undergo surgery. The authors noticed a
dysbiotic state characterized by a marked decline in beneficial, anti-inflammatory bacteria, such as
Faecalibacteriumprausnitzii, alongside an expansion of potential pathobionts like Escherichia
coli,Klebsiella pneumoniae, Enterococcus faecium and Veillonellaatypicawhen compared to control cohort.
Metabolically, a key characteristic of the post-surgical condition is a marked increase in primary bile
acids, which are pro-inflammatory and create a microenvironment that may contribute to disease
recurrence. The specific alterations reported by the authors are supported by several independent
studies, reinforcing that such disruptions of microorganisms and metabolomes are a consistent
consequence of intestinal surgery [123-126]. For instance, Mondot et al. [126] examined the GM
following ileocolonic resection in patients with CD. The authors documented a shift in the
composition of microorgasnisms, specifically a decline in Lachnospiraceae pre-surgically to a post-
surgical dominance of Enterococcus durans in half of the patients who experienced endoscopic
recurrence. This crucial finding enhances the potential of targeting specific pathobionts to guide
future therapeutic strategies.It is critical to note, however, that the vast majority of this evidence
comes from adult populations. A significant gap exists in the paediatric literature, with a lack of
studies specifically investigating how the developing GM of a child responds to and is reshaped by
surgical intervention for IBD.
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7.4. Short Bowel Syndrome

SBS is defined as intestinal failure following massive bowel resection, most commonly of the
small intestine [127]. Clinical manifestations range from mild malabsorption to complete intestinal
failure, depending entirely on the length, portion, and function of the residual intestine, as well as
various superimposed factors such as total parenteral nutrition, antibiotic exposure, and variable
enteral intake [128,129]. A critical, unresolved question is the directionality of this relationship: do
the characteristic shifts of microorganisms in SBS occur as a maladaptive consequence of the altered
anatomy, or does a pre-existing dysbiotic GM increase susceptibility to the initial conditions, such as
NEC or volvulus, that necessitate the massive resection leading to SBS?

Experimental evidence from a controlled mouse study provides crucial insight [130].
Investigating the specific effects of intestinal resection independent of other diseases, they found that
a 50% small bowel resection induced long-term, site-specific alterations in the ileum community of
microorganisms, but not in the cecum or stool. The primary shift was an increase in Lactobacillus and
a decrease in Enterobacteriaceae in the resected ileum, suggesting that the altered gut anatomy creates
a new microenvironment that favors beneficial, fermenting bacteria, potentially as an adaptive
mechanism to maximize nutrient absorption. These findings strongly support the first pathway, that
the anatomical change itself is a primary driver of restructuring of microorganisms.However, the lack
of significant diversity alterations in this healthy mouse model leaves open the question of how a
preexisting dysbiosis might interact with surgical stress, highlighting the need for studies on
vulnerable hosts. Furtermore, another study demonstrated that children with SBS exhibited a higher
abundance of the phylum of Proteobacteria and the class Gammaproteobacteria, alongside an
increasedabudance of the genera Escjerichia coli/Shigella and Streptococcus from the class of
Gammaproteobacteria and Bacilli respectively, when compared to healthy controls. It is important to
mention therelatve abundance of Lactobacillus in this study among children with SBS experiencing
diarrhea. [102]. These findings are consistent with other other research, indicating a condition linked
to the generation of high ammounts of D-lactose, resulting in notable metabolic acidosis [141].

A recent systematic review by Cleminson et al. [132] further delineated the SBS dysbiosis,
revealing a depletion of beneficial SCFA-producing genera from the Lachnospiraceae family such as
Dorea, Ruminococcus, Blautia in children dependent on total parenteral nutrition when compared to
control subjects. This depletion, likely driven by antibiotics and overgrowth of microorganisms,
creates a deficit of protective metabolites, thereby exacerbating mucosal inflammation [132]. This
evidence strongly positions anatomical loss as the primary driver of this dysbiosis. However, a more
compelling, cyclical pathogenesis is likely: a pre-existing dysbiotic GM may increase susceptibility to
initial intestinal insults, and the subsequent massive resection then acts as a powerful amplifier,
locking the gut into a self-perpetuating state of pathological dysbiosis, chronic inflammation, and
failed adaptation.

In summary, surgery in NEC may result is a decrease in GM diversity. Surgical intervention for
HD can impact the GM, potentially leading to alterations in its compositions and icreasing the risk of
complications, such HAEC. In children with IBD, surgical procedures can result in alterations to the
diversity and structure of GM, which may contribute to disease recurrence or affect the effectiveness
of treatment. Children with SBS, after extensive bowel resections, exhibit abnormal GM profiles in
comparison to health peers. These GM characteristics may feature reduce diversity, an increase in
bacteria linked to inflammation, and a decrease in beneficial bacteria. Examples of various post-
surgical GM alterations and outcomes in intestinal paediatric diseases, are illustrated in Table 1.
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Table 1. Post-surgical GM alterations and outcomes in paediatric patients with intestinal diseases.

Authors  Type of Disease Gut alterations Outcomes Reference
(year) study
Alpha-di ity aft 1
l Penatei;‘ll?;g’tii)ner fu Enriched Escherichia coli,
Linetal. Prospective NEC t Methylobacterium, Pseudomonas'; depleted [10]
(2023)  case control . . Bacteroidales,
Clostridiumbutyricum, .
. ) Ruminococcaceae
Acidobacteria.
Neuvonen Prospective Enriched Escherichia coli, :i‘zisse:;neo(:gzzioself
etal. P . D Pseudomonas; depleted P .. P ety [11]
observational . ) defining a state of
(2018) Bacteroidales, Ruminococcaceae . .
ecological failure.
P1r;1t1;11‘at0 | Alpha diversity and altered agangllie(})re;zts?:;(i)rfectly
" Ret ti HD iversity in total coloni 124
(2019) etrospective beta d%ver51.ty in total colonic shapes the GM [124]
aganglionosisvs rectosigmoid.
ecosystem.
B ides-rich
Yan et al. Cross - HAEC Proteobacteria-dominated Comfriszfcdeisnr;iable [91]
(2014) sectional GM . y
patients.
HAEC invol
Frykman Cross Separate fungal dysbiosis: disru CtiIs:(c)) fv};e(s)t;
etal. sectional HAEC loss of diversity, bloom of bacterir;l and funeal [126]
(2015) Candida . ung
communities
Absence of healthy Disrupted GM
Murphy et developmental trajectory: No maturation is linked to
al. (2025) Prospective increase in alpha diversity persistent GI [123]
observational with age vs healthy controls inflammation and
tFusobacteria symptoms post-pull-
linkedtoinflammation. through
Davidocs
etal. 1 Escherichia coli/Shigella ~ Associated with D-lactic
(2016) Prospective  SBS T.Streptococcus acidosis due to hl.gh D-
} Relative abundance of lactate production, [102]
observational . . . . .
Lactobacillus noted in patients  leading to metabolic

Cleminson Systematic
etal. review

(2025)

SBS

with diarrhea.

Depletion of beneficial

SCFA-producers:

| Dorea, | Ruminococcus, |

Blautia (genera from

Lachnospiraceae family) i

children on TPN.

n

acidosis.

Deficit of protective
microbial metabolites,
exacerbating mucosal
inflammation. Likely
driven by antibiotics and
bacterial overgrowth.

[141]

NEC: necrotizing enterocolitis, HD: Hirschsprung’s disease, HAEC: Hirschsprung’s -associated enterocolitis,

SBS: short bowel syndrome.
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8. GM-Related Post-surgical Complications of Intestinal Surgery in Paediatric
Patients

Post-surgical complications represent a significant challenge in adult visceral surgery and
exhibit a similar pattern in paediatric cases, with risk fundamentally linked to the complexity of the
procedures involved [133-136]. The GM is increasingly recognized as a crucial factor in this risk,
especially through its influence on inflammation and tissue healing [137]. An individual's
vulnerability is not solely influenced by the operating conditions but is instead pre-determined by
their underlying GM status, which is shaped by various elements such as diet, physical activity, and
existing health conditions [138]. This environment of microorganisms before surgery undergoes
drastic alterations throughout the pre-surgical period. Elements such as pre-surgical preparations,
surgical injury, and physiological changes work together to disrupt an already fragile ecosystem,
leading to a dominance of pathobionts within the community. As a result, this chain of events
exacerbates exiting dysbiosis, favoring the survival of resilient pathogens and weaking the host’s
immune defense. This relationship is essential, as the most prevalent complications following
surgery, such as infections, intestinal obstruction (IO), and anastomotic leak (AL) [139,140], are
significantly influenced by the GM across all processes (Figure 1). The underlying mechanisms are
still only partially understood and the specific degree of alterations remains largely unknown.

SURGERY
Pre-surgical preparation
Surgical stress
DISTURBANCE
Homeostasis
Tissue repair
ALTERATIONS

Gut microbiota

1

POST-SURGICAL COMPLICATIONS

Infection
Intestinal obstruction

Anastoamotic leak

Figure 1. The relation between surgery and GM-related complications.
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8.1. Infection

Despite advances in surgical techniques, pre-surgical skin antisepsis, and intraoperative
antimicrobial prophylaxis, surgical infections, remain a major cause of morbidity and mortality in the
post-surgical period [140]. Experimental and adult studies have shown that the GM is implicated as
a primary reservoir for causative pathogens through several key-proposed mechanisms. For
example, Kreazalek et al. [141] proposed the "Trojan Horse" hypothesis, that refers to how immune
cells or other carriers can move bacteria like methicillin resistant Staphylococcus aureus (MRSA) from
the gut to a surgical site, leading to infection. Based on this assumption, the authors showed that
MRSA labeled with Green Fluorescent Protein originated from the gut of a mouse model, were taken
up by neutrophils andsubsequently colonized the surgical wound causing clinical infection by the
MRSA. On the other hand, Donaldson et al. [142] revealed that commensal bacteria such as Bacteroides
fragilis and Bifidobacterium release metabolites that provide essential tonic stimulation to the immune
system through epithelial receptors. Importantly, this immunomodulation does not require bacterial
translocation; it is efficiently mediated by the sampling processes of dendritic cells. This mechanism
clarifies the significant influence of the length of surgery. A brief surgical trauma allows for swift
manifestation of microorganisms, helping to uphold immune defenses. However, an extended
operation can lead to drastic reduction in communities of microorganisms within hours, resulting in
the overgrowth of harmful microorganisms such as Enterococcus faecalis, Pseudomonas aeruginosa and
Clostridium difficile which adapt to survive in challenging environmentalconditions [9,143], thereby
continuing to support immune defense. This directly links shorter, meticulous surgeries with
excellent outcomes, and longer, complex procedures with increased antibiotic needs and extended
hospitalizations. This scenario is supported by a growing body of literature linking the re-
establishment of a healthy GM to improved recovery in critically ill patients [144,145]. Recently, the
concept of enhanced recovery after surgery is becoming widely used, as enhances the early
mobilization, enteral nutrition, and discontinuation of opioid analgesia [9]. The translation of these
compelling mechanisms into evidence-based paediatric practice is hindered by a pronounced paucity
of literature. However, studies have shown the beneficial results of minimally invasive surgery in
paediatric population. For example, in a meta-analysis, comparing outcomes between open and
laparoscopic appendectomy in children with complicated acute appendicitis the results
demonstrated a clear advantage for the laparoscopic approach, which was associated with a lower
overall complication rate, a reduced incidence of infections, and a shorter hospital length of stay [146].
In another meta-analysis that compared the open approach versus laparoscopy in neonates with
duodenal atresia, statistically shorter hospital stay, faster enteral feeding and less infection were
reported (p=0.004, p<0.001, p=0.02 in the cohort of laparoscopic surgery [147]

8.2. Intestinal Obstruction

IO is a major problem for surgeons because it results in increased hospital stay and morbidity,
and readmissions in the hospital [148-150]. In the adult literature, the reported incidence varies from
10% to 30%, depending on the patient population and surgical technique [148]. Recently,a large
paediatric multicenter study reported a 7% incidence of post-surgical 10 following various intestinal
reconstructions performed through open and laparoscopic approaches. Notably, the authors found
that patients who developed IO had received significantly higher volumes and higher rates of
intraoperative fluid administration compared to those who did not (p=0.02 and p=0.03, respectively)
[150].

The clinical presentation of IO is influenced by different factors that include GM, metabolites,
inhibitory neural reflexes and neurohumoral peptides. In a study of colorectal cancer patients, among
causative pathogens that implicated in the pathogenesis of IO reported a decrease of Fermicutes,
Bacteroidetes and Fusobacteria and an increase of Proteobacteria and Actinobacteria, when compared with
the control group [151]. Furthermore, another study demonstrated a decrease of important
commensal bacteria such as Faecalibacteriumprausnitzii , which could serve as a predictor of post-
surgical 10 [152] Indeed, Faecalibacteriumprausntzii is one of the most abundant butyrate-producing
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bacterial species that participate in host epithelial homeostasis by modulating the intestinal mucus
barrier after modifying goblet cells and glycosylation [153,154]. Furthermore, studies involving
animal models have shown that a neuronal inhibition of motility may be activated by monocyte-
derived macrophages that produce various cytokines and chemokines such as TNFa, IL6, CCL2.
These substances hinder the motility of smooth gut cells, positioning macrophages as central players
in the sequence of cellular and molecular processes that may result in IO [155]. Currently, these
findings have not been applicable to the treatment of IO in human population.

8.3. Anastomotic Leak

Despite surgical advances in techniques and the introduction of innovative technology,
anastomotic leak (AL) is a serious complication that can occur after a gastrointestinal anastomosis,a
surgical procedure to restore continuity of the intestinal tract, typically healing within 7-10 days
[156,157]. Risk factors for AL differ between adult and paediatric populations. In adults, particularly
those with colorectal cancer, major risk factors include male gender, obesity, malnutrition, chronic
renal disease, smoking, a history of abdominal surgery, radiation, and neoadjuvant chemotherapy
[158]. For paediatric patients, risk factors vary by age and condition. Non-invasive ventilation may
be a potential risk factor for neonates undergoing surgery for intestinal disorders [159]. For children
undergoing ileal-pouch anal anastomosis for UC, risk factors include corticosteroid use, poor
nutritional status, a prior surgical approach, and treatment with infliximab [160].

The etiology of AL is multifactorial, with factors identified in both the pre-surgical and intra-
surgical stages. Pre-surgical susceptibilities arise from interventions such as multimodal bowel
preparation (antibiotics and mechanical cleansing), neoadjuvant radiotherapy, and the use of non-
steroidal anti-inflammatory drugs. Subsequently, intra-surgical challenges- including impaired
tissue perfusion, hypoxic conditions, and mechanical injury, directly disrupt the wound healing
process at the anastomotic site [161]. Across these diverse conditions, a common pathway leading to
AL often involves local GM dysbiosis. In a rodent study, Sjogam et al. [96] found that although stool
microbiota remained unchanged after colon surgery, the community of microorganisms adherent to
the anastomotic tissue was significantly altered. By post-surgical day 6, they observed a marked
increase in opportunistic bacteria and a concurrent decrease in beneficial taxa, indicating an injury-
specific dysbiotic response. Furthermore, Okada et al. [162] investigated the impact of GM on the
healing of intestinal anastomoses. Using germ-free, conventional, monocontaminated with
Lactobacillus acidophilus or Escherichia coli, and ex-germ-free rat models, ileal and colonic anastomoses
were created and healing was assessed after 7 days by measuring bursting pressure. Results
demonstrated that the presence of a conventional GM significantly enhanced anastomotic strength
compared to germ-free or monocontaminated conditions. In addition, Christley et al. [163] examined
a rat anastomotic leak to analyze the genetic variations between pre-surgical and post-surgical
isolates of Emnterococcus faecaliswithin the intestinal wall. They reported increased collagenolytic
activity of Enterococcus feacalis at anastomotic sites, potentially influenced by epigenetic factors
affecting collagenase production of Enterococcus faecalis. Zamorano et al. [164] in a rat model of AL,
discovered that oxygen exposure to intestinal mucus resulting in significantly reduced a-diversity,
and a relative abundance of facultative anaerobes, species that better characterize the AL phenotype.
Finally, Boatman et al. [165] reported that changing mice from a Western diet to standard diet resulted
in a lower rate of AL. These results reinforce the important function of the GM in facilitating the
healing of anastomoses, an influence that relies not only on the existence of specific species of
microorganisms but is also shaped by a pro-inflammatory environment that they help to establish.

Based on foundational evidence from animal models, recent clinical studies, mainly derived
from patients with colorectal cancer, have solidified the role of specific GM in anastomotic leakage
(AL) in humans [166-170]. A stable risk profile has emerged, characterized by reduced diversity of
microorganisms and genus-specific alterations. For example, examination of human anastomotic
tissue has directly linked AL to an increase in the Lachnospiraceae and Bacteroidaceae families [166].
This genus-specificity is further supported by a recent systematic review, that identified bacteria such
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as Lachnospiraceae and Faecalibacterium as risk factors, while others like Prevotella and Ruminococcus
were found to be protective [167]. In addition to genus-level associations, the temporal patterns of
particular pathobionts are also highly indicative. In a study of 243 patients with both benign and
malignant diseases, the concentration of Escherichia coli and Enterococcus faecalis in the early posto-
surgical days was a significant indicator of symptomatic colorectal AL, with Enterococcus faecalis
exhibiting a particularly high diagnostic odds ratio of 31.6 on day 3 [168]. In another study, Palmisano
et al. [169] compared the GM between healthy individuals and colorectal cancer patients, examining
those with and without AL, both before and after neoadjuvant treatment. They discovered that all
patients who had surgery showed a moderate increase in Bacteroidetes and Proteobacteria, coupled
with a decrease in the beneficial Faecalibacteriumprausnitzii. However, patients who developed AL
were distincly characterized by an aboundance of specific inflammatory pathogens, including
Acinetobacter lwoffii, Acinetobacter jhonsonii, and Hafnia alvei. All of them are part of the
phylunProteobacteria, a microorganism that is associated with hospital-aquired infections. Moreover
Mima et al. [170] proposed a possible mechanism, stating that the presence of Bifidobacterium in
resected surgical specimens may hinder anastomotic healing, resulting in inadequate vascularization
and tissue hypoxia incolorectal tissues. Interestingly, Hajjar et al. [171] found that fecal microbiota
transplantation from patients who subsequently experienced AL notably impaired anastomotic
healing in mice. This influence was linked to pre-surgical dysbiosis in patients prone to AL, which
was characterized by an increase in specific bacteria such as Alistipesonderdonkii and Parabacteroides
goldsteini, leading to a pre-existing inflammatory condition and a weakened immune response.
Importantly, administering Parabacteroides goldsteini orally was later shown to improve healing,
indicating a complex interaction at the species level and highlighting the potential for targeted
therapeutics of microorganisms.

Besides these clinical observations, the proposed mechanisms, especially the disruption of the
extracellular matrix, which includes collagen, fibronectin, laminin [172-174], along to a significant
decrease in beneficial metabolites of microorganisms, like butyrate, are thought to form a common
pathway that leads to compromised healing in anastomoses across the gastrointestinal tract [175].
This growing body of convincingly evidence shows that GM dysbiosis, through the dual pathways
of collagenolytic activity and a lack of protective metabolites such as butyrate, is a contributor to AL.
Although this paradigm is increasingly accepted in adult colorectal surgery, its validation and
application in the unique context of the developing gut in paediatric patients represent a critical and
necessary area for research.

9. Future Research

The study of post-surgical GM alterations in children with intestinal disorders is a rapidly
evolving field. Although current research has effectively described these alterations of
microorganisms and their correlations with clinical outcomes, future investigations must move
beyond past correlations to establish causation and creat effective interventions. Key promising
directions for future research consist of:

9.1. Elucidating Causal Mechanisms Through Germ-free Models

A primary limitation of observational studies is the inability to prove causation. Future research
should employ germ-free organisms [176]colonized with a completely defined microbiome, to
establish direct cause-and-effect relationships. For instance, an investigation was conducted to study
if ileocecal resection promotes post-surgical inflammation using interleukin-10 null and wild-type
mice [177]. The authors found that germ-free IL-10 knockout mice undergoing ileocecal resection
developed only a low incidence of significantly milder fibrosis. This provides direct in vivo evidence
that bacteria or their products are essential for producing post-surgical fibrosis.
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9.2. The Pre-surgical Microbiota Profile: An Indicator for Surgical Readiness

Future research might focus on the development of a pre-surgical readiness evaluation,
integrating a patient's pre-surgical microbiota profile with key clinical metrics to predict complication
risk [178]. This could be accomplished by analyzing communities of microorganisms from the gut,
oral cavity, and skin, allowing the early identification at risk patients. This enables a shift from
reactive treatment to preventive pre-surgical care, using targeted approaches such as particular
antibiotics or probiotics to optimize a patient's condition before surgery.

9.2.1. Dietary Prehabilitation and Stools Biomarkers

Pre-surgical nutrition significantly influences surgical outcomes through its impact on the GM.
Studies have shown that the consumption of highly processed, low-fiber, and high-fat diets induces
dysbiosis, reducing the population of microorganisms responsible for the production of crucial
immunomodulatory metabolites, like butyrate [179]. Experimental evidence from Keskey et al. [180]
demonstrates this connection: mice on a low-fiber, high-fat diet prior to surgery had a significantly
low survival rate (29%), coupled with a dysbiotic GM and reduced butyrate. Importantly, a short 7-
day pre-surgical dietary intervention was sufficient to improve survival to 79% and restore butyrate
levels, confirming the plasticity of GM. Consequently, future research should focus on applying these
findings in clinical practice.

9.2.2. Precision Antimicrobial Therapy

This strategy utilizes narrow-spectrum antibiotics that selectively target known pathogenic
bacteria while minimizing collateral damage to the beneficial GM [181]. A recent study demonstrated
that lolamicin, selectively targets gram-negative bacteria and spares the GM in mice, thus preventing
secondary Clostridioides difficileinfection [182]. Although direct evidence in paediatric surgical groups
remains limited, future clinical trials should investigate whether combining rapid pathogen
diagnostics with targeted narrow-spectrum therapies can enhance outcomes in surgical paediatric
patients by preserving their developing gut ecosystems.

9.2.3. Probiotics, Prebiotics, Synbiotics

A literature search has shown the changing the GM in targeted ways perioperatively through
the administration of probiotics and synbiotics before and after surgery, can lead to better surgical
results [183,184]. For instance, Huang et al [185] showed that probiotics and synbiotics reduce post-
surgical complications such as post-surgical IO or diarrhea.

Kanamori et al. [186] and Uchida et al. [187] demonstrated that the long-term use of probiotics
andsynbiotics effectively inhibited pathogenic GM while promoting physical growth in pediatric
patients with SBS and various congenital anomalies. More recently, Rao et al. [188] conducted a
randomized-controlled trial and found that after 2 weeks of supplementation with a three-strains
Bifidobacterium, neonates with various congenital surgical diseases such as HD, SBS, exomphalos,
gastroschisis, and congenital diaphragmatic hernia, exhibited a decreased relative abundance of
potentially pathogenic bacterial families, an increased abundance of Bifidobacterium, and elevated
SCFA levels in their stools. However, these clinical studies are still imitated, and the majority
concentrates on preventive strategies against NEC [189]. Therefore, extensive clinical studies are
necessary to confirm the safety and efficacy of probiotics in post-surgical complications, such as
infection, IO, and AL.

9.2.4. Immunonutrition

Immunonutrition has been shown to be safe and effective in perioperative use as it reduces post-
surgical complications and length of hospital stay [190]. Moreover, a recent study highlighted the
critical role of breast milk and certain dietary amino acids in managing paediatric intestinal failure
and SBS mainly by enhancing intestinal adaptation to reduce dependence on parenteral nutrition
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[191]. Future studies are required to determine if these targeted nutritional strategies can also help to
reduce particular post-surgical complications.

9.3. Precision Microbiota Engineering

Precision microbiota engineering represents a developing therapeutic strategy that utilizes
targeted approaches, including engineered probiotics, selective antimicrobials, and phage therapy,
to achieve specific therapeutic outcomes [192]. For instance, in the context of IBD, this strategy enables
the development of probiotics that can precisely adjust immune responses, correct dysbiosis, enhance
intestinal barrier integrity and SCFAs production and reduce the symptoms of IBD [193].
Furthermore, exogenous bacteriophage administration serves as a complementary strategy to
selectively target and inhibit pathogenic bacteria while preserving commensal microbiota. [194].
Ultimately, future studies must now focus on translating these sophisticated tools into validated
clinical protocols that can predict and proactively address post-surgical complications in at risk
surgical patients.

10. Conclusions

The GM plays a crucial role in post-surgical outcomes, and its disturbance triggers harmful
consequences that can result in serious complications like surgical infections, IO, and ALs. This occurs
because of the failure of protective functions and growth of microorganisms that hinder the healing
process. Although the pathophysiological role of the GM in surgical outcomes is increasingly defined
in adults, dedicated studies in children are exceptionally rare. In paediatric surgery, this point of view
emphasizes the need for a prompt research schedule to identify age-specific dysbiosis, create
diagnostics based on the GM, and develop therapies targeting the GM, with the ultimate goal to
improve surgical outcomes for children with intestinal diseases.
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Abbreviations

The following abbreviations are used in this manuscript:

GM Gut microbiota

NEC Necrotizing enterocolitis
HD Hirschsprung’s disease

IBD Inflammatory bowel disease
SBS Short bowel syndrome
HAEC Hirschsprung’s-associated-enterocolitis
165 rRNA  16S ribosomal RNA

SCFAs Short-chains fatty acids
CKD Chronic kidney disease

CD Chron’s disease

ucC Ulcerative colitis

10 Intestinal obstruction

AL Anastomotic leak
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MRSA Methicillin-resistant Staphylococcus aureous
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