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Background: Chronic intestinal pseudo-obstruction is a rare disorder and represents the most severe form of gastrointestinal dysmotility with significant morbidity and mortality. Emerging research shows considerable differences between the adult and pediatric population with intestinal pseudo-obstruction and the term Pediatric Intestinal Pseudo-Obstruction (PIPO) was recently proposed.

Purpose: The aim of this article is to provide pediatric gastroenterologists and pediatricians with an up to date review of the etiology and underlining pathophysiology, clinical features, diagnostic and management approaches currently available for PIPO and to discuss future perspectives for the diagnosis and management of this rare disease.
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INTRODUCTION

Chronic intestinal pseudo-obstruction (CIPO) is “a rare, severe, disabling disorder characterized by repetitive episodes or continuous symptoms and signs of bowel obstruction, including radiographic documentation of dilated bowel with air fluid levels, in the absence of a fixed, lumen-occluding lesion” (1). It represents a group of heterogeneous disorders and can affect any part of the gastrointestinal (GI) tract with the small intestine and colon mostly affected. CIPO is regarded as one of the most severe form of gut dysmotility and the prognosis in children remains guarded even with the advent of parental nutrition and intestinal transplantation (2, 3). The mortality is estimated between 10 and 32% with a significant morbidity for the remaining (4), but the prognosis of these patients is not clear. Studies from France and the United States found that the course is more severe in the pediatric population with 60–80% needing parental nutrition and 10–25% dying before adulthood (5, 6). Interestingly, a recent survey in Japan revealed that only 10% of the patients needed total parental nutrition and only 4% died from enteritis and sepsis with no statistically significant difference between the neonatal-onset and the post-neonatal onset groups (7).

Even though the term CIPO was applied to adult and pediatric population, emerging research shows considerable differences between these two groups with more congenital and primary forms of CIPO in the pediatric population. Consequently, the latest consensus proposed the term Pediatric Intestinal Pseudo-Obstruction (PIPO) for pediatric patients with CIPO (2). Being a rare disease, PIPO poses a clinical challenge and the diagnostic is often not recognized or mistaken for another functional GI disorder. Therefore, acutely estimating the prevalence of PIPO is difficult. A recent nationwide survey in Japan reported a prevalence of 3.7 in one million children with equal sex incidence (7). A nationwide study in the United States stated that around 100 infants were born every year with PIPO (8) and a more recent United States nationwide survey found an incidence of inpatient admission of 29 per 100,000 patients (9). Even though rare, PIPO inpatient admissions carry a high healthcare burden and the presence of malnutrition, parental nutrition and its complications result in longer duration and higher cost of hospitalization (9).

Pediatric Intestinal Pseudo-Obstruction remains an under-diagnosed condition and there are a lot of potential areas for future research. The objective of this review is to provide a succinct outline of the etiology and underlining pathophysiology, clinical features, diagnostic and treatments currently available for PIPO in 2022.



ETIOLOGY AND PATHOPHYSIOLOGY

The etiology of PIPO can be either primary (sporadic or familial), secondary or idiopathic. As stated before, children are affected predominantly by primary disorders of enteric neuromusculature, either by inflammation degradation or abnormal development of the enteric neuromusculature (10) and can incorporate neuropathy, myopathy, or mesenchymopathy (11). They can be further classified depending on where the insult is: enteric neurons, intestinal smooth muscle or the interstitial cells of Cajal (ICC) network (10). Primary PIPO also include inflammatory (including autoimmune) conditions as lymphocytic and eosinophilic ganglionitis and/or leiomyositis (2, 10). It also includes mitochondrial neuro-gastrointestinal-encephalomyopathy (MNGIE) and other mitochondrial diseases and neuropathy associated with multiple endocrine neoplasia type IIB (2).

Autoimmune enteric leiomyositis typically presents in infancy or early childhood with elevated antibodies on laboratory findings. Histopathology usually shows lymphocytic infiltrate of the muscularis propria on full-thickness biopsies of the small intestine (10, 12).

Patients with eosinophilic myenteric ganglionitis typically presents in the neonatal or childhood period and have histopathological findings of eosinophilic infiltration within the myenteric plexus, submucosa, and mucosa on full-thickness biopsies of the small intestine (10, 13).

With the advancement of genetic sequencing, multiple genetic mutations have been identified and associated with PIPO (Table 1; 10).


TABLE 1. Monogenic mutations associated with Pediatric Intestinal Pseudo-Obstruction.
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Secondary causes of PIPO are listed in Table 2 and includes conditions affecting GI smooth muscle, pathologies affecting the enteric nervous system (ENS), endocrinological disorders, metabolic conditions, toxic causes, immune diseases, and others (2, 14). Hirschsprung disease needs to be excluded in all forms of PIPO.


TABLE 2. Secondary causes of Pediatric Intestinal Pseudo-Obstruction.
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Autoimmune GI dysmotility (AGID) is a manifestation of autoimmune dysautonomia, affecting the ENS, that can either be idiopathic or secondary to a paraneoplasic syndrome (15). Different neuronal autoantibodies have been identified: anti-ganglionic type acetylcholine nicotinic receptors (AChR), anti-voltage-gated potassium channels (anti-VGKC), anti-voltage-gated calcium channels (anti-VGCC), type 1 anti-neuronal nuclear antibody (ANNA-1 or anti-Hu), anti-muscle AChR, anti-GAD65, anti-peripherin, and anti-Yo antibodies (15, 16). Anti-Hu GI dysmotility commonly occurs as a paraneoplasic syndrome (neuroblastoma in children), but several cases of non-paranoeplasic cases have been reported, especially in younger patients with a longer course of disease (16). Other neurological autoimmune disorders can present with early GI symptoms and are important to identify since they can greatly improve with immunotherapy. These include antibodies targeting the aquaporin-4 (AQP4) water channel, dipeptidyl-peptidas-like protein 6 (DPPX) antibodies and anti-CRP5 antibodies (17).

Idiopathic is defined when a primary or secondary etiology has not yet been identified.



CLINICAL FEATURES

The clinical presentation of PIPO depends on age at onset, the site and severity of the affected GI tract. Children with symptoms of intestinal obstruction without an occluding lesion should be suspected to have PIPO (2). In around 20% of cases, prenatal signs can be identified (6); megacystits being the most frequently reported sign. Surprisingly, dilated bowels are rarely identified during prenatal ultrasounds. Neonatal urological symptoms may come before GI symptoms after birth (6).

For 50–70% of the patients, clinical manifestations start in the first month of life, for 80% of the patients, in the first year. The others usually have a sporadic onset during their first 20 years of life (6, 18).

In the neonatal-onset form, the typical presentation consists of a combination of bilious or non-bilious vomiting, abdominal distention, and intestinal occlusion (19). In preterm infants, the diagnosis should be made with caution because the migrating motor complex (MMC) appears in its mature form only at 34–35 weeks of gestation. PIPO may then be mimicked by immature intestinal motility (20). Furthermore, the neonatal-onset form is significantly associated with urinary involvement as confirmed by a large retrospective study over a 30-year period (19).

In the late-onset form, symptoms depend on the part of the GI tract damaged. This form shares more clinical aspects with the adult CIPO than the neonatal form (4). The main symptoms are abdominal distention (88%), vomiting (69%), constipation (54%), failure to thrive (31%), abdominal pain, diarrhea (24%), and dysphagia (3%) (2). Various triggers may precipitate exacerbations including intercurrent infections, fever, general anesthesia, psychological stress, and malnutrition (2, 18). Some patients may also present with diarrhea and steatorrhea if small intestinal bacterial overgrowth (SIBO) occurs secondary to intestinal stasis (4). Late-onset PIPO is also associated with more comorbidities, except for malrotation, than the neonatal-onset PIPO (19).

Patients with suspected AGID can present with acute or subacute (<8 weeks) onset of GI symptoms, family history of autoimmune diseases, an infectious episode preceding the onset and extra-intestinal neurological symptoms like dysautonomia. They also tend to not improve with symptomatic treatment (15, 17).

Malabsorption and malnutrition are frequent since oral feedings are a challenge for PIPO patients. If parental nutrition has not started because the diagnosis is delayed, nutritional complications can arise from micronutrient deficiencies and malabsorption (10).



COMORBIDITIES

Intestinal malrotation is ten times more likely in children with congenital PIPO compared to normal children (6). The incidence seems to be the same in myopathic and neuropathic PIPO (5), but is more associated with the neonatal-onset form (19). In a large retrospective study over a 30-year period, Diamanti et al. recommended that PIPO should be suspected in the case of persistent vomiting after a Ladd’s procedure for malrotation (19). Malrotation has also been found in X-linked familial syndromes with PIPO, pyloric non-hypertrophic stenosis, and malrotation (21).

Urinary tract involvement happens in 33–92% of cases, depending on the type of PIPO (2). It occurs more commonly in those with congenital myopathy (6). The most frequent pattern of urological abnormality is megacystis with a hypocontractile detrusor, increased bladder capacity and compliance (22). Thus, a careful evaluation of bladder function is recommended.

Some patients may also present with dysmotility of the gallbladder and cholelithiasis (2, 19).

Finally, cardiomyopathy or dysfunction of cardiac sinus node may occur with PIPO so patients should be evaluated with ECG and echocardiography (2, 23).



DIAGNOSIS

The ESPGHAN published in 2018 the first expert consensus on PIPO and the following definition and diagnostic criteria: “PIPO is a disorder characterized by the chronic (≥2 months from birth or ≥6 months thereafter) inability of the GI tract to propel its contents mimicking mechanical obstruction, in the absence of any lesion occluding the gut” (2).

The diagnosis requires “at least 2 out of 4 of the following:


•Objective measure of small intestinal neuromuscular involvement (manometry, histopathology, transit).

•Recurrent and/or persistently dilated bowel loops of small intestine with air fluid levels.

•Genetic and/or metabolic abnormalities associated with PIPO.

•Inability to maintain adequate nutrition and/or growth on oral feeding (needing specialized enteral nutrition and/or parental nutrition support).”



The ESPGHAN also suggests that “a diagnosis of PIPO should be suspected in the following situations (2):
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FIGURE 1. Algorithm for diagnosis and management of Pediatric Intestinal Pseudo-Obstruction.


• In all children presenting with symptoms of intestinal obstruction without an occluding lesion.

• In neonates with:

○ Prenatal diagnosis of megacystis/enlarged bladder.

○ Persistent or recurrent obstructive symptoms after exclusion of Hirschsprung disease and hypothyroidism.

○ Persistent vomiting after a Ladd procedure for malrotation.

○ Symptoms of intestinal obstruction associated with bladder dysmotility.

• In infants of children with:

○ Persistent or recurrent obstructive symptoms after exclusion of Hirschsprung disease.

○ Persistent vomiting/intestinal obstruction after correction of malrotation.

○ Symptoms of intestinal obstruction associated with:

• Ptosis.

• Deafness.

• Abnormal cardiac rhythm/function.”

Initial work-up should be performed in a stepwise approach to rule out an occluding lesion, demonstrate GI neuromuscular involvement with a transit study, manometry and/or histopathology, find a genetic or metabolic abnormalities associated with PIPO and find a treatable systemic cause (24).

We suggest the following algorithm, adapted from the ESPGHAN algorithm, for the diagnosis and management of PIPO (2).



RADIOLOGY

When PIPO is suspected, plain abdominal X-ray should be performed as a screening test to identify air-fluid levels and dilated bowel (2). However, contrast studies are required to eliminate an organic cause of obstruction since a plain radiograph cannot differentiate mechanical from functional obstruction. It can also rule out the presence of gut malrotation. Upper GI series with small-bowel follow-through studies should be done with water-soluble contrasts to avert possible formation of barium concretions in the colon. This is a universally available and non-expensive test but the large amount of contrast to ingest limits its use in PIPO. Contrast studies have been largely replaced in the recent years with enterography high-resolution CT or MRI which can more precisely expose intestinal adhesions and mechanical obstruction, and are now proposed as the first-line modalities (25).

Furthermore, cine-MRI is becoming known as a non-invasive, radiation-free diagnostic approach particularly in the pediatric population. It allows visual assessment of the entire small bowel, diameter measurements, displacement mapping, and GI tagging and shows decreased segmental contractility and small bowel motility in patients with CIPO (26, 27). Sato et al. evaluated recently specific CIPO detection parameters and concluded that when using these parameters, cine-MRI has the potential to help in the differential diagnosis of patients with intestinal dysmotility and could reflect the severity of the disease (28). Moreover, cine-MRI could be used to evaluate fasted and fed small bowel motility patterns as demonstrated by van Rijn et al. This study was the first to show an impaired response to food with MRI with the potential to use it for diagnosis of PIPO instead of manometry (29). Unfortunately, the major drawback in younger children is the need for general anesthesia which would affect the intestinal motility and would make it impossible to analyze the feeding patterns.



ENDOSCOPY

The main role of upper endoscopy in PIPO is to eliminate a mechanical obstruction of the upper small intestine and to obtain duodenal biopsies to rule out eosinophilic gastroenteropathy or celiac disease. Colonoscopy is rarely performed, but it can also rule out mechanical obstruction and help for decompression. Finally, Valli et al. recently proposed endoscopic full-thickness biopsy as a minimally invasive procedure with a good quantity of tissue for histopathological study in adult patients (30). There is currently no study in the literature evaluating the use of endoscopy to perform full-thickness biopsy in the pediatric population.



HISTOPATHOLOGY

The role of histopathology in the confirmation of PIPO is still debatable. It may provide useful information regarding the prognosis and possible specific management. The 2009 Gastro International working group proposed guidelines for histopathological methods and describing GI neuromuscular pathology (11, 31). Nevertheless, there remains a need for homogenized practice in histopathologic techniques (2, 11, 31).

Collection of gut-full thickness biopsy may reveal abnormalities in the smooth muscle celles, extrinsic or intrinsic neurons controlling gut functions and the ICC networks (4, 32). Recent studies in pediatrics using laparoscopic techniques for full-thickness biopsy have proven to be safe and effective for the diagnosis of a variety of GI problems, including PIPO (33). Rajan et al. performed duodenal and rectal endoscopic muscle biopsy on five pigs and demonstrated the technical feasibility, safety, and reproducibility of these procedures and the presence of myenteric neurons in all tissue samples (34). Emerging studies in adults show promising results with endoscopic-full thickness wall biopsy as a minimally invasive procedure with specimens of excellent quality and size for histopathological analysis and no immediate or long-term complications (30). More studies are needed in PIPO to prove the safety and efficacy of endoscopic-full thickness wall resection.

After reviewing 91 publications in the pediatric population regarding histopathological evaluation, ESPGHAN concluded that histopathological analysis should be performed in centers with expertise to undertake a full panel of neuromuscular labeling techniques in accordance with international guidance (2). This is particularly important for patients with conditions that could benefit from treatment with immunomodulation. Moreover, when therapeutic surgery is performed in children with PIPO, full-thickness biopsy should be obtained.



MANOMETRY

Antroduodenal manometry (ADM) is helpful in children with intestinal failure to define the pathogenesis, to enhance medical treatment, to decide if intestinal transplantation is indicated, and if so, what organs should be transplanted (35). The indications, technique, methodology, analysis, and clinical utility have been described elsewhere (35). ADM is particularly helpful in evaluation of the small intestine because it is nearly always affected. The recognition of a normal fasting pattern, the presence of normal phase III of the migrating motor complex (MMC), and the replacement of the MMC cycle by a fed pattern after a meal indicate a normal neuromuscular function (2). In patients with presumed intestinal failure, one of the primary contributions of ADM is to demonstrate normal physiology because it unequivocally eliminate PIPO (36). Children with symptoms of PIPO and a normal ADM should be evaluated for fabricated illness (37).

Antroduodenal manometry can help classify the types of pseudo-obstruction as myopathic or neuropathic. A neuropathic pattern has normal amplitude contractions but with disorganized and abnormal propagation of MMC. Other features of neuropathic PIPO are continued intestinal bursts of phasic pressure activity over 30 min, uncoordinated intestinal pressure activity or failure of the meal to produce a fed pattern. A myopathic pattern has preserved MMC but very low amplitude contractions (<20 mmHg) (35). However, low-amplitude contractions might only be a consequence of dilated bowel and need to be interpreted with caution (24).

Unfortunately, ADM has several limitations. The inter-observer agreement for identifying phase III of the MMC seems excellent, but the inter-observer agreement can vary for vague motor abnormalities (38). It is also invasive, expensive and not widely available (39). Furthermore, ADM can’t analyze the distal parts of the intestine because of the length of the catheter (28). Moreover, recent studies have demonstrated no correlation between specific manometric patterns and the histopathology (40). A 10-year study of patients with clinical diagnosis of CIPO who underwent ADM and full-thickness biopsy suggested that around 75% of patients with an abnormal ADM will have an abnormal intestinal histopathology, but histopathology could not be predicted by ADM findings (40). Another recent study aimed to elaborate a protocol for enhanced analysis of ADM contractile patterns and to explore whether it provided better correlation with histopathology (41). Forty pediatric patients were included in their study and they demonstrated that their newly developed enhanced analysis and associated score could differentiate PIPO and non-PIPO patients, but also apparent histopathological findings (41). It highlighted that patients with neuropathic histopathology may also have abnormal findings of phase I, not only phase III. Moreover, they could predict the requirement of parental nutrition with a higher score which confirms what was found in a previous study that demonstrated that children without a phase III during a 4-h ADM study were more likely to need parental nutrition (42). More studies on a larger population are required to corroborate their findings.

Finally, esophageal, colonic and anorectal manometry may be used to evaluate the magnitude of the disease in children with PIPO depending on the clinical presentation (2).



TREATMENT AND OUTCOME

The goal of treatment is to improve growth and nutrition, and optimize quality of life by limiting surgical interventions. A multidisciplinary team approach is recommended for the care of PIPO since it has a high number of comorbidities (2). Treatment includes nutrition, pharmacotherapy, and surgery.

Improving nutrition in children with GI dysmotility is difficult. Different approaches include oral feeding, enteral nutrition (EN) and parental nutrition (PN) depending on the patients’ tolerability. Children with PIPO often have malnutrition from malabsorption and food avoidance because of GI symptoms. Small, frequent meals low in fat and fiber are recommended as well as avoiding lactose-containing beverages and carbonated drinks (43). Over time, one third of patients will require total or partial PN, one third EN and the remaining will tolerate oral feeding (2).

Enteral nutrition can be given in bolus or continuous feeds depending, but gastric feeding should be considered first as it is more physiologic and easier. However, post-pyloric continuous feeds may be better tolerated in patients with PIPO (44).

Parental nutrition should be contemplated in patients with severe PIPO and not tolerating jejunal feedings or those who have contraindications for enteral feedings. Long-term PN leads to an important risk of complications: central line infection, central venous thrombosis, and liver disease (2) and 90% of patients with PIPO who die have one of these complications (5). Survival probability for patients with PN is reduced if they are <2 years old, have a very short bowel, have a stoma, myopathic PIPO and failure to resume oral feeding (45).

The objectives of pharmacological therapy are prevention of SIBO, improvement of GI motor function and management of pain. Unfortunately, there is no recommended drug treatment to ameliorate GI motility in almost all patients with PIPO (2). Most of the data on different drugs come from adult studies. Prokinetics, antiemetics, and antibiotics are the main treatment options in PIPO (2, 14). Prokinetics include 5-HT3 and 5-HT4 agonists (cisapride and prucalopride), cholinergics (bethanecol, neostigmine, pyridostigmine), macrolides (erythromycin, azithromycin), clavulanate-amoxicillin, octreotide and dopamine-2 receptor antagonists (domperidone and metoclopramide) (2, 4). The indications, mechanisms of action, suggested doses and their use in PIPO patients are described in Table 3 (2). These medications could be tried in PIPO patients at the discretion of the specialist caring for the patient.


TABLE 3. Prokinetic drugs used in Pediatric Intestinal Pseudo-Obstruction.
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Recent studies have demonstrated the efficacy and safety of certain drugs used in adult CIPO for pediatric patients. Prucalopride has been shown to be safe and effective in reversing some of the symptoms of PIPO in one pediatric case series (46). In different case series, pyridostigmine was reported to be a good therapeutic option in PIPO with an easier administration than neostigmine (orally vs. intravenous) (47–50). Interestingly, a recent case report showed beneficial effects of cannabinoids in CIPO and could be considered in chronic abdominal pain non-responding to medical treatment and affecting quality of life (51). Further studies are required to consolidate these findings and to evaluate the safety in children.

A recent nationwide survey in Japan revealed that prokinetics, probiotics, laxatives and Japanese herbal medicine could be effective in some patients with PIPO (52). Furthermore, a recent pilot study demonstrated the safety of using fecal microbiota transplantation in adults with CIPO with improvement of symptoms, EN tolerance and oral feeding with no severe adverse events (53). Further studies are needed to confirm their findings, but it is promising.

A trial of immunotherapy like high doses of intravenous steroids, intravenous immunoglobulins, or apheresis, should be considered in patients with a suspected AGID, especially if antineuronal antibodies are detected (15, 17, 54). Improvement with immunotherapy could also aid in the diagnosis of AGID (15).

The main antibiotics that could be tried in SIBO are amoxicillin-clavulanate, metronidazole, trimethoprim-sulfamethoxazole, and aminoglycosides. Recent adult studies have shown clinical efficacy with rifaximin which has minimal systemic absorption and lower bacterial resistance (10). Repeated and prolonged use of antibiotics is not recommended, especially in children.

The role of surgery in PIPO is still controversial. Only necessary interventions should be performed given the potential risk of adhesions, prolonged ileus and deterioration of bowel function (2). The main procedures are palliative and include feeding/venting gastrostomies and jejunostomies and defunctionning enterostomy (ileostomy and colostomy) (2, 4). The aim is to decompress the bowel to make it work at its full potential. Recent studies evaluated the implementation of devices to provide electrical pacing to the GI musculature, but more studies are needed to confirm its safety and efficacy in PIPO patients (55, 56).

Intestinal transplantation (isolated or multi-visceral) is the only available life-saving therapy and should be considered in patients with life-threatening PN-associated complications [recurrent central line sepsis or loss of central line access, central line thrombosis or intestinal failure associated liver disease (IFALD)] and/or poor quality of life caused by repeated episodes of pseudo-obstruction with high risk morbidity and mortality (2, 10). With the simultaneous advances in post-operative management and surgical techniques, the outcomes and survival rates are better (89% at 1 year and 69% at 5 years) (57). Moreover, in the rare cases of MMIHS, the survival of these patients have significantly increased in the modern era of intestinal recovery and transplantation (100, 100, and 86% at 5, 10, and 20 years) (58).



CONCLUSION

Pediatric Intestinal Pseudo-Obstruction remains a clinical challenge and one of the most severe intractable disease in pediatric gastroenterology with a marked impairment of GI motility. With the advances in clinical diagnosis and surgical techniques, the future of PIPO may be more promising. Firstly, less-aggressive investigations, like cine-MRI and maybe even endoscopic approaches for full-thickness biopsy for histological analysis, should facilitate the investigation of PIPO patients. Secondly, with more histopathological analysis performed in PIPO patients, we may be able to better understand the aetiopathogenesis of PIPO, and therefore identify novel targeted therapeutic options. Thirdly, in the current era of genetic sequencing, genetic studies are more informative and can help in therapeutic management. The coming years will definitely lead the way to more accurate diagnosis of PIPO, a better understanding of the etiologies and hopefully targeted therapeutic options.
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